- 1 - Method for Cooling a Workpiece made of Semiconductor Material during Wire Sawing The
present invention relates to a method for cooling a cylindrical workplace made of semiconductor
material, for example silicon, germanium or gallium arsenide, during wire sawing, a liquid coolant
being applied onto the semiconductor material wotkpiece by means of nozzles during the cutting. 10
Forelectronics,microelectronicsandmicro- electromechanics, semiconductor wafers with extreme
requirements for Yebabdnd tocafprakanty, ridesiip ieferemaddocy phemipphitetogology),
roughness and cleanness are neegigd as sdart@g-naterigsAsuksiiates) Semiconductor wafersare
wafersof semiconductormaterials,inparticularcompound semiconductorssuchasgalliumarsenideand
predominantly elementary semiconductors such as silicon 20 and sometimes germanium. According to
the prior art, seRiieoBdREORWafary are produceddn asmultiplicityof Bactessiveroedssisteps: in a first
step, for exampie.a single srystab(rag) ef-semicenducior matgralds utted by the €zeoghralski method

for example silicon, germanium or gallium arsenide,

’_3,

during wire sawing, & liguid coolant being applied onto
the semiconductcr material workplece by means of

nozzles during the cutting.

For selectronics, microelectronics and micrc~-
electromechanics, semiconductor wafers with extreme
requirements for global and local planarity, one-side
referenced local planarity [(nanotopology), roughness

15 and cleanness are needsd as starting materials

{substrates) . Semiconductor wafers are wafears okl
semiconductor materials, in particuliar compound
semiconductors such as gallium arsenide and

predominantiy elementary semiconductors such as silicon

20 and sometimes germanium. According to the prior art,
semiconductor wafers are produced in a multiplicity of
successive process steps: in a first step, for exampls,
a single crystal {rod) of semiconductor material 1s
pulled by the Czochralskl method or a polycrystalline

25 block o©of semiconductor material 1s cast, and in a
further step the resulting circular-cylindrical oz
block-shaped workpiece of semiconductor material
(ingot) 1s cut intce individual semiconductor wafers by
wire sawing.

30
Wire saws are used 1in order toc cut a multiplicity of
wafers from & workpiece made of semiconductor matserial.
<

U&-5,771,876¢ describes the functional principle of a

(%
on

wire saw, which 1s suitable for the production of
semiconductor waifers. The essential components of thes

wire saws 1nclude & machine frame, a forward feed



25 block of semiconductor material further step the resulting block-shaped workpiece (ingot) is cut wire
sawing. 30 Wire saws are used in order to cut a multiplicity of wafers from a workpiece made of
semiconductor material. US-5,771,876 describes the functional principle of a wire saw, which is
suitable for the production of 35 semiconductor wafers. The essential components of these wire saws
include a machine frame, a forward feed - 2 - device and a sawing tool, which consists of a web (wire
web) of paralleldite sectinns. in generaly theowire webiisHormedby aiplicify of patalléwire sections

which are tensigned between atleast tyo,wirg guideJolls, the wire guide rolls being rotatably mounted
and at least one of them being a driven roll.

In general, the wire web i1s formed by a muitiplicity of
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allel wire sections which are tensioned between at
least two wire guide rolls, the wire guide rolls being
rotatably mounted and at least one of them being a
driven roll.

10 The wire sections may belong to a single finite wire,

which is guided spirally around the roll system and 1s
unwound frem a stock roll onto a receiver roll. Patent
specification us 4,655, 191, on the other nand,

discloses a wire saw in which a multiplicity of finite
15  wires are provided and each wire section of the wire
web 1is assigned to one of these wires. EP DZZ 542 Al
alsc discloses a wire saw in which a multiplicity of

endless wire loops run around the roll system.

20 The sawing wire may be covered with a cutting layer
When using wire saws having a sawing wire without
firmly bound abrasive, abrasive 1in the form oi &
suspension (cutiing suspension, sawing slurry, lurry)

s
is supplied during the cutting process. During the
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cutting process, the workpiece passes through the w
web, in which the sawing wire i1s arranged in the for
of wire sections lying parallel <t©o cone another. Tn
passage through the wire web is brought about by means
of a forward feed device, which moves <the workplecs
30  against the wire web, the wire web against the
workpiece or the workpiece and the wire web against one
ancther,

When cutting semiconductor wa

th

ers from & workpiece made
35  of semiconductor materizl, i

ct

is conventional Zfor the
workpiece to be connected to a sawing strip intce which

the sawing wire cuts at the end of the process. The



10 The wire sections may belong to a single finite wire, which is guided spirally around the roll system
and is unwound from a stock roll onto a receiver roll. Patent specification US 4,655,191, on the other

hand, discloses a wire saw in which a multiplicity of finite 15 wires are provided and each wire section
of the wire web is assigned to one pf these wires. EP522 542 Al also discloses a wire saw in which a
multiplicity of endless wire loops run around the roll system. 20 The sawing wire may be covered with
a cutting layer. ¥dWemasing wire sE&wsThavisg asainGwie MthdbEfirfily bBund’ 8bradsives abrasive in
the form of a suspension{cutting suspension saiRg sturmprslurmy islsupphied during=the tutting

process. Duing fhe 25 culting process, the, workpiece, passes thiguaf e uite webip which the

sawing wire is arrang"éarln he form of wire sections lyin paral[eT to one another. The passage through
the wire web is br6ight ABBTUEBY nfdars oferloRkardTeed detick®whidhtmovéd tHeSworkpfece 30
against theswire-web; thenwire yeehi agrinstthe workpieee:or themoikpiece and thewiretweb against

one another. When cyffing. semiconductarwafers fram a warkpigee made; 35 gf semigonductor
material, it is conventiohal for the workpiece to be connected to a salwmg Strip |ntcmv¥h|cg r’gge sawing
. + b T T . ;. > Elstil=lars b4 1T X
wire cuts at the B0 HHe protkss *the" shfing™Xtrip RIOPEITPie'a graphite SFP- whictris
adhesively bondedvancementedron the laterab facecfthe WotkpieceThe Workpietewithdbhe sawing
strip is then cemgented on a support body. After the cutting, the 5 resulting semiconductor wafers
remain fixed on the sawing strip like the teeth of a comb, and can thus be removed from the wire saw.
Subsequéﬁ}ly, the remaining sawing strip is separated from the semiconductor wafers. 10 The
production of sethieoneuetoravafers frém sedtkpieses:fiate of sémiconduetdr ivaerial Sfof @xample
from circular-cylingdrical single seystaldods of suboighpolserystallinerblocks; placesgreat demands on
the circular-cylindrical single crystal rods or cuboid
polycrystalline blocks, piaces great demands on the
15 wire sawing. The aim of the sawing process 1s generally
for each sawed semiconductor wafer to have side faces
which are as plane as possible and lie parallel to one
another. The sc-called warp of the wafers 1s a known
measure of the deviation of the actual wafer shape Ifrom
20 the desired ideal shape. The warp should generally
amount to at most a few micrometers {pm). It results
from a2 relative movement of the sawing wire sections
relative to the workpiece, which takes place in the
axial direction with respect to the workpiece in the
25 course of the sawing process. This relative movement
may for example be caused by cutting ZIorces which
occurred during the sawing, axial displacements of the
wire quide rolls due tTc thermal expansion, bearing
+

he workplece.

30
2 significant amount oZf heat is released when the
workpiece is cut by the abrasive, which iIn the course
of the sawing process leads to heating of the workplece
and therefore to thermal expansion. This in turn leads
35 not only to an increase cf the warp, but alsc to

significant waviness or the sawed wafers. B

particularly strong temperature increase takes place




15 wire sawing. The aim of the sawing process is generally for each sawed semiconductor wafer to
have side faces which are as plane as possible and lie parallel to one another. The so-called warp of
the wafers is a known measure of the deviation of the actual wafer shape from 20 the desired ideal
shape. The warp should generally amount to at most'a few micrometers (um). It results from a relative
movement of the sawing wire sections relative to the workpiece, which takes place in the axial
direction with resjsect fo'the WorRFiecelih 1RE'252HErsE bf thé 3aviikg procéss THis refatife movement
may for example.be caused by ctitting-fesces which oceurred durirg: thensawinggaxiahdisplacements of
the wire guide rlo‘FvI]\I{s1q e to .Lth(;:‘émaé g@g%nségr,}ﬁ&ean%g Plays or M% gxpansion. of the_workpiece. 30

significant amount of héat is released when the wor piecg_ls cut by abrasive, thilck):in‘“the course
of the sawing pféédssibads 16 hehfifg of fié'Wérkpidce anttherdforetotheriiad @XpANSion. This in
turn leads 35 notoalyitp anincreage-attheararp; butralse to:significantwaviressofthesawedwafers.

particularly stropg femperature increase takes.place 54<,avet the first millimeters of;the-gut after
cutting into the workpiece. With an increasing engagement length, the temperature of the workpiece
increases furth& ¥ #7 regioh of theakimitim’ehgagetent féngth, 1€ workpiéce tefiipérature also
reaches its maxdmuni lantesulrsequenthedecreasessslightly adil besidesthetecreasingedttifigheatisalso
attributable to the egoling fin effect of. thedggulting walers» Workpieee temperature ghanges of +/- 5C

IC beut %%%ot generally

during 10 the wire sawing have a negligible effect on the warp and.t gﬁvyavinessd
be achieved withdit a‘f’&d% l'gaﬁfc“e thie vr\}grgf(bfe%lékfé” heated HUFingO{he V\?ire sawing

SEW1ng
ona"Tl ouﬂay. | a e [
and the waviness, but cannot generaily be achieved

without additional outlay.

Since *the workpiece is heated during the wire sawing
15  process in order to produce semiconductor wafers, it
needs to be cooled continucusly during the sawing
process in order To prevent thermally induced expansion
of the workpiece and therefore to prevent a perturbing
curvature of the cutting profile. Various methods for
20 cocling the workpiece during wire sawing are known. In
EP 2 070 653 RAl, the cooling rate of the workplece is
monitored and an additricnal <oolant {cooling slurry,
siurry) is added when the cutting depth of the sawing
wire is 2/3 or more of the diameter of the workplece.
EP 1087782 BL and DE 10122628 Al describe methods in

.
n

which & thermally regulated coolant is applied onto the

workplece.

The disadvantage of the aforementioned methods is that
30 the coolant flows intc the region of the cut, where 1t
is mixed with the cutting suspension. The cho
suitable coolant 1s therelore great
i must have a similar composition to the cutting
suspension. Even when using exactly The same media for

3% the coolant and the cutting suspension, the problem
=

remains +that the ccolant detrimentally affects tThe

cutting behavior.



15 process in order to produce semiconductor wafers, it needs to be cooled continuously during the
sawing process in order to prevent thermally induced expansion of the workpiece and therefore to
prevent a perturbing curvature of the cutting profile. \E(arious methods for 20 cooling the workpiece
during wire sawing are known. In EP 2 070 653 Al, the cooling rate of the workpiece is monitored and
an additional coolant (cooling slurry, slurry) is added when the cutting depth of the sawing wire is 2/3
or more of the diameter of the workpiece. EP 1097782 81 and DE 10122628 Al describe methods in
which a thermatheregulated.caolant iscapplied onte theuworkpiece.rEhe tisadvariage of the
aforementioned methods is that 30 the coolant flows intg the region,of the cut, whete itis. mixed with
the cutting suspension. The choice (L“) ‘a sJitZ%Iéf1 rgglolg}ft%ls t %Fe !é?ﬁe‘_gré%%y ?é’lsé{\;ic%éd,%ﬁa it must have
a similar comp@3itivhde thé'etiting SFspefsion ZEveR WwHehGeing exaciythe SAME media for 35 th
coolant arid the eutting=suspension, the problen temainsibatthe toolanttdetimentallyaffects the

cutting behaviar, - 5 ; The detrimental effect is.due.to the.fagt that the temperature-of the coolant for
optimal cooling of the crystal must be at a different Tevel from the temperature of the cutting

suspension. Howdver, the*feffperiture of the cutting' 8G&pehsiontis crddidl for itd 9id28Sity; which
determines thestramsportipropetties for tlse abrasiveiand theneford Iretued affectsithe dquiality of the cut.
The temperature: of.the:10- cutting, suspension 19, thergfore usually segulatad accuratelypand
optionally gariedﬁip%aq controllgd Wary QUrlng tpg cutgng.vggwrticularlyu\évgem.iusing Tg:hé%cml% as ? carrier
medium in‘the Glitting Ssp&MsiéiT therd'is a'lirge t€mperatire dependancy of the Viscosity.
Furthermore, the coslanefiowing bhtothe keiftinglwebvalsé affects the teiRpératuresst the&sutting
suspension. Thig leads te an updesitable charge ef:the-wite web temperature,lwhishgeststs in a
degradation of the 20 quality of the cut. US,2010/163010 Al describes.a methad.in which an attempt is
made to avoid fhis Sfo%ﬁarﬁ. nt Fs,uénasé?thé%ceoo%%ﬁgsléit%rr?a?%%%v%c Eé]a of?gen%eon*%o tghat 25 the
coolant is only appRed bRTFRESIYE 8f RARBAPIECE shrwhich the $affiig-Wire leaves the workpiece.
This is intended to prevent the coolant from being mixed directly with the sawing suspension which

enters the sawing kert. However,.coolant stillreaches 30 the wire,weh gnd -albeit to,a frduced extent

- alters the thermal and mechanical conditions of the cut. In"this method, it is necessary to use exactly

the same medi@rh™for tHe" &5d1ant = the Rty Sdspenision. SinC&othertisa B clitting suspension

would be uncomtrolablysrodifiede an undesirable change of the wire web
temperature, which results in a degradation of the

20  guality of the curt.

Us 2010/16301C A1l  desc

attempt is made to avol

ibes a method 1in which an

i

this problem. In this case,

N

the coolant is alternately switched cff and on so that

the coclant 1s only applied onto the side of the

Mo
€3}

workpiece on which the sawing wire leaves the
workpiece., This 1s intended to prevent the coolant from
veing mixed directly with the sawing suspension which

nters the sawing kerf. However, coolant still reaches

®

30

[

+

—

e wire web and - albeit to a reduced sxtent - alters
he thermal and mechanical conditions of the cut. In
this method, 1t is necessary To use exactly the same

medium for the coclant and the cutting suspension,

since otherwise the cutting suspension would Dbe

(V8
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unc
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ntrollably modified.



- 6 - JP 2005 329506 A2 discloses a method in which a cooling gas is blown as a coolant onto the
sawing wire. In this way, the viscosity of the cutting suspension can likewise be impaired and tho
oualitv of the cut degraded. Furthermore, oases are only very limitedly suitable for cooling since their
relatively low heat capacity does not ensure sufficient dissipation of the amounts of heat usually
produced durin%the cuttin .010 It was an object of the invention to devecl}?ﬁ‘a methodlwhich ensures
optimal cooling dufif§ the wire Kaviing o BWErKpecE Misde S semicEhdudtor matétial-And at the
same time does Botiaffect thepropestiesooflthe tuttingcsuspensien {sawing sturryl BIUERY-.SThis object is
achieved by a,method fer.cooling aylindrical:workpiece made; ef-semicapducior-materiah during wire

sawing, the wire web ,consstigg of Wire,sec%gions ar,rangegi@ parallel Q%thraéipg into the ZOtworkpiece
during the sawinig By ‘ah“oppdsitely Hifetted reldtive movémertt of the wire sections and the workpiece,
and the témperatare gtthe workpisea belity coaRalfed darisy the Wire E&wing by &gt oolant,
wherein wipers bearon the svoarkpiece, the liquid 25 ceolantis applied:onta the workpiece:above the
wipers bearing on the workpiece surface and the liguid coolant is removed from the warkplace surface
by the wipers k?eaé'@r?‘n“g*éﬁ]th%{jﬁgrksféée.e :Ilﬁg ?ﬁ”ethsou“ 5(%06?(%2@ toéfhg]e%ﬁggﬁtilod;r%alsgd malées it possible
to cool a crystaltie 30 suchia Wag thatthe-warp ariPratotopotraphy praduct propétties of the resulting
semiconductor wafers are improved. Furthermore, the method according to the invention makes it
possible 49 use.a coolant yhich, ¢an be selecked independepily ofthe cyling suspapsion. 35 -7 faces)
and a lateral face, which is formed by parallel straight lines. In the case of acircular-cylindrical body,

the end faces #ferotinG aRdtRE 1B Tace fEConVER. e Casé bFa Cubaid Tylindical workpiece,
the lateral facezis planepEic ¢ shews the'streeture fordsawing a Bcaak-aoylirdricalavorksiéce made of
Semkmnduao@@ﬁ@“@hme does not affect the properties of the cutting

suspension (sawing siurry, slurry,;.

15
This object 1is achieved by & method for cooling a
cylindrical workpiece made of semiconductor material
during wire sawing, the wire web consisting of wire
sections arranged parallel penetrating intc the
20 workpiece during the sawing by an cppositely directed
relative movement of the wire sections and the

workpiece, and the temperature of the workpiece Dbein

9]
QO
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trolled during the wire sawing by a liguid coolant,
wherein wipers bear on the workplece, the liguid
25  cooclant is applied onto the workpiece above the wiper

bearing on the werkpiece surface and the liquid ccolant

is removed from the workpiece surface by tThe wiper

(.

)]

bearing on the workpiece. The method according to the
invention also makes it possible to cocl a crystal in
30 such a way that the warp and nanctopography product

properties o©f the resulting semiconductor wafers
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improved. Furthermore, +the method according tTo
invention makes it peossible to use a coolant which can

be selected indepsndently of the cutting suspension.
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ndrical workpisce i1s 2 geometrical body having a
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surface consisting of two paraliel plane £faces (end



according to the prior art. The designation of the 10 objects represented in Fig. | is identical to the
designation in Fig. 2, and wiU be discussed in the explanatory text for Fig. 2. Fig. 2 shows the
preferred basic structure of the method according to %h(—‘:-_ invention with reference to the example of
acircular-cylindrical workdiece made of semiconductor material.  An embodiment of the method
according to the invention 20 will be described below with the aid of Fig. 2: A conventional wire saw is
used in the meffctEatcaraMgao & fRehtidi The e88éhtial t6mPBRERE df thedd fire Saws include a
machine frames eferward feed £5.device and asawingddol,avhichrconisists of aiwely bf parallel wire
sections. The warkpiece,is gengrally fixed an a maunting plate and.clamped withdtindhe wire saw. 30
In general, the wire web or the wire saw is formed by a multiplicity of parallel wire sections 6, which are
tensioned betwedh’atleasttwd tand dpfiorfatly ﬂwrgé%‘?8&90r?ﬁ’&rg51%fe“@$déﬂ rollsE7, 36 wire guide

rolls beingtrotatatdy hrounted ahdcat leastoneraf the wire 35 guide rolls being driven. The wire sections
generally

Fig 1 shows the structure for sawing a circular-
cvlindrical workpiece made oI semiconductor material
according to the prior art. The designation of the

10 objects represented 1in  Fig 1 i3 didentical tc the
designation in Fig. 2, and will be discussed 1n the
explanatory text for Fig .

Fig. 2 shows the preferred basic structure oif the
15 method according to the invention with reference to the
example of & circular-cylindrical workpiece made of

semiconductor material.

An embodiment of the method according te the invention

20 will be described below with the aid of Fig. 2Z:
2 conventional wire saw is used in the method according
to the invention. The essential components of tThess
wire saws include a machine frame, a forward feed
25 device and a sawing tool, which consists cf a web of
parallel wire sections. The workplece Is generally
fixed on a mounting plate and clamped with 1t in the

wire saw.

30 Tn gensral, the wire web of the wire saw 1s formed by a
multipiicity of parallel wire sections ¢, which ars
tensioned between at least Two (and optionally thres
four or more) wire guide rolls 7, the wire guid
being rotatably mounted and at lesast one of the wire

35 guide rolls being driven. The wire sectlons genera

pelong to a single finite wire, which 1s guided



belong to a single finite wire, which is guided _ 6 _ spirally around the roll system and is unwound
from a stock roll onto a receiver roll. cutting suspension is applied by means of the nozzles 5 5 to the
wire sections. The workpiece 3 to be sawed, having a lateral face 10 and two end faces 3a, is fastened
by means of a sawing strip | on a holding device (ho?sﬁown) so that the end faces 3a are aligned
parallel with the wire sections 6. During the sawing 10 process, the forward feed device induces an
oppositely dirested edlativesmoverieritiof theowire sectio s adddhel workpietelAs aicdhséquence of
this forward fegd fnevement thg wire, tg-which,a sawing suspension is applied, works through the wo
kpiece to form parallel sawing kerfs. Both wire saws in which the sawing wire in the wire web contains
firmly bound abrasives, for example diamond abrasive or silicon carbide, and wire saws in which the
20 sawing wird:dees hothavearabrasife lajerandtCcuting sewer i provited B%a-Eiitting
suspension cogtaining-akrasivess which:s appliedronto the-sawiagawire duringer befersthe sawing
process, are syitable for the method accarding to the ipventiqn. 25 All suspensions.accarding to the

[ I

prior art are suitable as a cutting suspension. Cutting suspensions comprising glycol, oil or water as
carrier materiaf &A@ 37lieBn Cafbidé a8 abrasive aré prefefablyused. 3o ©° ¢ "OLORRd

device (not shown) so that the end faces 3a are aligned

paraliel with the wire sections ¢. During the sawing

(SN

10 process, the forward feed device inducss an ocppositely
directed relative movema&nt oI the wire sections and the
workplece. As a consequence of this forward feed
movement the wire, +to which a sawing suspension 1s
applied, works through the workpilece to form parallel

15 sawing kerfs.

Both wire saws in which the sawing wire in the wire web
contains firmiy bound abrasives, for example diamond
abrasive or silicon carbide, and wire saws in wnich the
20  sawing wire does not have an abrasive layer and the
cutting power is provided by a cutting sSuspension
containing abrasives, which is applied ontc the sawing
wire during or before the sawing process, are suitable

a
for the method according tc¢ the invention.

25
All suspensions according to the pricr art are sultable
as a cutting suspension. Cutting suspengions comprising
glycol, ©il or water as carrier material and silicon
carbide as abrasive arse preferably used.

30
211 liquid media which have a heat capacity suffilcient
to  dissipate *the heat produced during the sawing
process are suitable as a coolant. Suitable coolants
are for example water, glvcols, or cutting suspensions

35 according to the prior art.



All liquid media which have a heat capacity sufficient to dissipate the heat produced during the sawing
process are suitable as a coolant. Suitable coolants are for example water, glycols, or cutting
suspensions 35 according to the prior art. - 9 - The cutting suspension which is used during the
sawing process is preferably used as the coolant.A fhedium having a high heat capacity, for example
water, is also preferably used as the coolant. The carrier medium for the cutting suspension (for
example Glycot,rail @uwateryispasteulady preferably usedasdhe doolant10 The wdreisections 6 of
the wire web prgferably. penetrate-nta. the workpiece.3 bglow hg application points of the wipers 8
during the sawing. The coolant 4 is applied through the nozzles 2 during the sawing process above the
wiper system used in the method according to the invention, onto the lateral face 10 of the workp ece
3 on which the Avipersis preferablyrajso beal batbothsides. Fhpavipéiysystét préeaalsly tonsisting of
two wipers;8 ang, preferably arespegtive-20gollection-trough 9bearng va-each of the wipers 8, is
guided by means of a fastening device consisting of holders 11 so that the two wipers 8 bear on the
left and right (in relation to the workpiece axis) on the lateral face 10 during the sawing process until
defined horizorftakcuttiag positior6ithefviré Web isreached in-the woHEEde=3 f5'be ctit“The coolant
4 flowing over thgdateral facek@-isiremoved Intodhe respective collection traughs:Q by:the wipers 8
bearing on the lateral face 10. This ensutes that the cqolant 4 30 is discharged during the sawing

T

process arld does not come in contact with the cutting suspension 12 and the \Nitre sections 6 of the
wire web¥hich lie below the wipers.

The wire secticons & 0O D
penetrate intc the workpiece 3 below the application

points of the wipers £ during the sawing. The coolant 4

is applied through the nozzles 2 during the sawing

[
(92

process above the wiper system used in the method
according to the invention, ontc the lateral face 10 of
the workpiece 3 on which the wipers 8 preferably also
bear on Dboth sides. The wiper system, preferably
consgisting of two wipers 8 and preferably a respective
20 cellection trough ¢ bearing on each of the wipers &, 1is
guided by means of a fastening device consistin

holders 11 so that t

4}

twe wipers 8 bear on the isft

and right {in relat

3

h
0

[

, To the workpiece axis) on ths

lateral face 10 during the sawing process until =z
e

o]
&3]
Q.
[}
Fh
5_1
s

d horizontal cutting position of the wire web 1s

L

ched in the workpiece 3 to be cut. Tne coolant 4

a
flowing over the lateral face 10 1s removed intc ths
spec

respective collection troughs 9 by the wipers £ Dbearing
on the lateral face 10. This ensures that the coolant 4
30 is discharged during the sawing process and does not

come in contact with the c¢utting suspension 12 and the

wire sections ¢ of the wirs web which lie below the

wipers
25  In a preferred embodiment, the cooling of the workplece
begins before or at the start of cutiing, that 1s to



- 10 - say at the time when the sawing wires 6 of the wire web come in contact with the surface of the
workpiece 3. The coolant 4 is preferably applied onto the lateral face 10 of the cylindrical workpiece 3
above the wiper system bearing on the lateral face 10 of the workpiece 3 during the sawing process. In
a likewise preferred configuration of the invention, 10*the coolant 4 is applied onto the end faces 3a of
the workpiece above the wiper system beefing on the end faces during the sawing process. In another
possible configuration of thesinvéntiony the 15 sawdrystrp 148 Bppliéd bélowtheviarkpieed 3 and the
wire web penetratgs.into, the,workpiege fram-ahove during-the sawing..khe.wiper system, which in this
embodiment lies below the wire web, removes the cutting suspension from the surface (either lateral
face or end 20 faces) of the workpiece in this embodiment, and thus prevents mixing with the coolant 4
which is guided Bnto thesugfate from belbwe ThEFastEnifdaevies foP T wipeF systent hfdy consist 25
of preferably mohilecholders,ffor-example; eanr be dteoandias raeved-hosizontallyrespectte the wire

web. The fastening deyice, used in.a preferred embodiment of 30 the igyention far g wiper system
consists of two "~ iy

2 during the sawing process.

10 +the coolant 4 1s applied ont

- : e ] e o+
—he enc Ifaces 5& 0I The

o
vstem bearing on the end

In another possible configuration of the invention, the
15 sawing strip 1 1s applied below the workpiece 3 and the

wire web penetraites into the workpiece Zfrom above

during the sawing. The wiper system, which in this

embodiment lies below the wire web, removes tThe cutting

suspension from the surface (either lateral face or end

20 faces) ¢f the workpiece 1in this embodiment, and thus
prevents mixing with the coclant 4 which is gulded onto

the surface IZrom below.

The fastening device for the wiper system may consist
25  of preferably mobile holders 11 whi

1, for example, can
be tilted and/cr moved horizontally

The fastening device used
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30  the invention for the wiper system consists of tTwo
mopile (preferably tiltable) holders 11, which are
preferably connected by means of a spring 13. On each

of the ends of the two holders directad tToward the

workplecse, there is a wiper 8 and a collection trough ©
3% bearing on the wiper &. The fastening device 1s firmly
connected to  the ire sawing device sc  that the

vertical distance between the application points of T




mobile (preferably tiltable) holders fl, which are preferably connected by means of a spring 13. On
each of the ends of the two holders directed toward the workpiece, there is a wiper 8 and a collection
trough 9 bearing on the wiper 8. The fastening device is firmly connected to the wire sawing device so
that the vertical distance between the application"po’rﬂts_of the wipers 8 on the lateral face 10 or the
end faces 3a and the wire web is constant until a defined, freely selectable horizontal cutting -position
Or penetrationwdeptt of thewireweb streseledimthe Workpiecd fo BadawedeThe defiféd point may,
for example, beneached whendhe wike sections£H0f therwire web cutétotheisawingssrly When the
wire web cuts n the saing stig), the,10.developmant otieat by dhe qiting is already relatively small
since the cutting length 1s short, and cooling is'no [onger necessary. In addition, the faces of the
wafers which gt&Rjenefated i GHRR tiHTE by the® Sawing rocess Het 4s chbhFg fins. “Unth the defined
point is reacheg: thelwipers:8 hear or thedateral face,10 drthe endfaces, 3akduring 4l sawing
process. When this defined, paint is, reached..the application g the cpolant.4 onto the latetal face 10 20
or the end faces 3a is ended and the wiper system is removed with the holders 11 from the lateral face
10 or the end faé&s-34. Fhe rémoval of the wipers 8 on both sides from the

When the wire web cuts 1In the sawing strip 1, the
10 development o©of heat Dby the cutting is  alrsady

relatively small since the cutting length 1s short, ana
cocling is no longer necessary. In addition, the faces
of the wafers which are generated up to this time by

the sawing process act as cocling IZins.

fE)
(51

Until the defined point is resached, the wipers 8 bear

on the lateral

face 10 or the end faces 3a during thes

sawing process. When this defined point is reached, the
application of the coolant 4 ontc the lateral zface 10

20 or the end féces Za is ended and the wiper system 1s
1d : e 10 or

removed with the holders 11 from the laterai face 1
3a

the end faces
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& wire wepk. The end-stop device pre

pers away from th

E_l

h
folding of the w e la
he end faces 3a o0f the workpiece 3. Liksew

preferakbly, the removal of the wipers on both

d out on a rail extending

rizontally with respect to the plane of the wire web.

o8
Jt

Particularly preferably, the removal of the wipers ¢t

from The lateral face 10 or the end faces 3a c¢f the



25 lateral face 10 or the end faces 3a of the workpiece 3 is preferably carried out mechanically using a
suitable end-stop device coupled to the forward feed movement of the wire web. The end-stop device
preferably triggers folding of the wipers away from th lateral face 10 or 30 the end faces 3a of. the
workpiece 3. Likewise preferably, the removal offhe*\%/ip'érs on both sides from the lateral fare 10 or
the end faces 3a of the workpiece 3 is carried out on a rail extendinc horizontally with respect to the
plane of the wirewebiecE -Ivokkpieterd isscarradtout BS$iRg s&Tsor eontFslWithCthe Hid6f a servo
motor. The holdges Lk of the wipessystems age preferably 5 designed (not represented in Fig. 2 for the
sake of clarity) so as to ensure that even in the case of a circular-cylindrical workpiece 3 having a
convex lateral face 10, the wipers 8 bear continuously on both sides of the lateral face 10 during the
sawing proces3 19 adeordingo the prior ark thtil thiePdaTined5ifilis r@aehed So-5< i efisure flow of
the coolant 4 inte she cellection troughs-9 wwtikremoval ofithe wipgerst At therstart=efithe sawing
process, in the oase f & 15.aircular eylindical workpiege 3haying aconyex latetal fage 10, the

spacing of. the two application points of the wipers 8 is smaller in comparison with the diameter of the
workpiece 3, afid ?t%cﬁ%%@g I &Gtrse of the Sawiig process Uf o e didmet&F6fo0 the
workpiece 3 thér decreasésagairt (in telatien teethe diameter of-thetworkpiecey3)c Whertthe defined
point is reached ; the wipers § tociether.wbth4he coligetian, troudhs: 9 areseemevedfromdhe lateral face
10. The qoptinuoﬁus bearing of. the, WipeLs, 6 on tgg 25 convex lateral é%cgi;lo, Jrobrg ;@g stggt of the
sawing process GhfitH& defined point &5 redchéd, s préferably ensurad by the ténsion force of the
spring 13 and the alelsigh ofthe doldears 15 80 the @ase bf & bfockasheed orkpieee Sinfwhich the
lateral face is formed:-by paraliel straight tines, that are-perpendicelariie the gad faces, the holders 11
together with the sprino 13 likewise ensure that during the sawing process, until the defined point is

reached, the wipers 8 together with the collection troughs 9 bear on the lateral face 10 to which the
COMant4ksamﬁ@d§he start of the sawlng process, in the case oif a

15 circular-cylindrical workplece 3 having a convex
lateral face 10, the spacing of the two application
points of the wipers 8 1s smaller in comparison with
the diameter of the workpiece 3, and it increases 1In
the course of the sawing progess Up toe the diameter of

20 the workplece 3 then decreases again (in relation o
the diameter of the workpiece 3). When the defined
point is reached, the wipers 8 together with the
collection troughs 9 are removed from the lateral ZIface
10. The ceontinucus bearing of the wipers & on the

25 convex lateral face 10, from the start of the sawing
process until the defined point 13 reaached, is
preferabply ensured by the tension force of the spring

13 and the design of the holders 11.

30 In the case of a block-shaped workpiece, Iin which the

lateral face is formed by parall
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are perpendicular to the end faces
together with the sprinc 13 likewl

the sawing process, until th
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tne wipers 8 together with the ccllection troughs ¢

bear on the lateral face 10 tc which the coolant 4 1is



- 13 - In a likewise preferred embodiment of the invention, the mobile (preferably tiltable) holders 11
are connected to the wire sawing device so that the holders 5 can be moved parallel in the cutting
direction of the wire sections 6 of the wire wet, for example on a rail, in order for example to be able to
compensate for different spacings of the applicati'on*’“ﬁoiﬁts of the wipers on the lateral face 10 during
the sawing 10process. Preferably, the bearing of the wipers 8 on the lateral face 10 or the end faces
3a of the workpiece 3 is ensured by the force of a spring 13. In another preferred embodiment, the
bearing of the-wipey system.is santrolled by.sensassthe mevement of the holders dicof the fastening
device during the sawm Er)]rocess Whlch IS d|ctated by. the external sgfgg,zg of {he warkp ece to be

sawed, Is carried out Wéchahicall y 7 Motore so that the Wlﬁe?é 8 bear with a constant pressure on the

lateral face 10corthe @heidaces 3R during thoeSailing pPEEsSUNTP a detined Poirt fe Fached. 25 A
respective collegtiontrough2 preferablyikears en eaeh ofihe wipers 8y astepreserited ireFin. L.

Likewise preferred is a collection trough 9.wicn located below the wiper hut does:not pear on the wiper
30 8. The med“umTIowagw éway by means of tﬁe wiper is preferably gwded via a channel or a slope

into the collection trotigR D inthis efEd@IMENt. The ESilectibn Frolgh 998 Préferdbly desighed so that

35 no liquid mediareeentainetiathe collection troaigha@can emerge upcanticiledh Thismay
preferably be

wipers on the lateral face 10 during the sawing

10 process.

Preferably, the bearing of the wipers 8 on the lateral
face 10 or the end faces 3a of the workpilece 23 18

ensured by the force of a spring 13.

[
o

In another preferred embodiment, the be ring oI the

v

wiper system is controlled by sensors. The movement of
+he holders 11 of the fastening device during the
sawing process, which i1s dictated by the external shape
20 of the workplece to be sawed, is  carried out
mechanically by motors sc that the wipers 8 bear with a
constant pressure on the lateral face 10 or the end

s

faces 3a during the sawing procce until a defined

[R]
o

“ -

L respective collection <trough ¢ preferably bears on

csach of the wipers §&, as represented in Fig. .
Likewise preferred is a collection <trough 9 which 1Is
located below the wiper but does not bear on the wiper

30 £. The medium flowing away by means o the wiper

(e
=
0}
thy
D
s}
U
9]
’_.J
b

guided via & <c<hannel or a slope into the

collecticn trough % in this embodiment.

The collection trough ¢ is preferably designed so that

{at
[$2]

no liguid medium contained in the collection trough ¢

can emerge uncontrollaediy. This may preferably be



- 14 achieved by an outlet device (not represented in Fig. 2) integrated into the collection trough 9. The
coolant 4 preferably flowing away by means of the wipers 8 is collected in the collection troughs 9. The
coolant 4 may if necessary be separated and fed through a regulated cooling circuit (not shown). In
this case, the desired temperature of the coolant2réstofed andcoolant 4 is applied again onto the
lateral 10face 10 of the workpiece 3 through the nozzles 2. As an alternative, the coolant 4 may also
be discharged4rom thescollegticer troughs=g intbea Storagecontainer: For teSawifg frogess (cutting),
a cutting suspgqsiq@lggésrg@gl@pdﬂ]{guglﬂéh%ggggggg donta the,wire sections 6 of the wire web. The
wire web is guided according to the prior art by means of the rolls 7 perpendicularly (vertically) with
respect to the axis of the workplace 3. 20 A cutting suspension which contains glycol as a carrier
material and silicen carbiderds an atrasivess partiu Ry preféradly (Fsed 9% The fengflf the wiper 8
is preferally equalde or greater than he lengthofithe lateral taceilthofithe wntkpiece torlse sawed.
The wiper system is preferably placed so that the wiper [s.0on the entire axial lengthof the
workpiece to bé%%W%%B(% Trﬁ%egl)eﬁgthngf‘iﬁg :Ox%f)eér 5%9 %hgr%ﬁ%e%% Bn%{ﬁé eﬁéé%(acéée(g% Ica)!fyqthe
workplace is preferably-eyuaf to sigreater thart the-horizontaPifitth of thefend face of‘the'workpnece
to be sawed. Theavipes systemn isreferahlyplaced sathat theaiper 8 Bears oncthetT-1tHE horizontal
VWdﬂ]Ofﬂuaengggceégéhegﬁg¥gggeﬁol%%S@ﬂﬂgiied again onto the lateral
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10 face 10 of thes workpiece 3 througn the noz:z
alternative, the coclant 4 may also be discharged from

the collection troughs 9 into a storage container.

For *the sawing process (cu
15 12 is applied through =tThe n S

sections 6 of the wire web. The wire web is guilded
of the rolls 7

s
perpendicularly (vertically) with respect to the axis

Z cutting suspension which contains giycol as a carriler

material and silicon carbide as an abrasive ig

particularly preferably used.
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o that the wiper § bears on the entire axlal

s
length of the workplece to be sawed.

The length of the wiper & when it bears on the end
ce 15 preferably egual to or

e
greater than the horizontai width of the end Zface oI
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The wiper 8 is preferably made of a soft material, for example a soft plastic or rubber, which does not
cause any damage to the lateral face 10 or the end faces 3a and ensures good sealing. A plastic or a
rubber having a Shore R hardness of between 60 aqd 80 is preferably used. 10 In the likewise
preferred embodiment in which the wipers 8 bear‘orfﬁw‘workpiece 3 with a constant pressure, a
plastic or a rubber having a Shore A hardness of less than 60 is preferably used. 15 After the sawing,
the semiconductor wafers sawed by the method according to the invention have a significantly more
planar surface i, kelation. to ranofopolam:than:semiserdustor waferswhich bave, beerr sawed
according to the prior.art. 20 Fig. 3 shows as an example the n‘Varquorpolo% 6pa}g%r{1ete£§ -waviness”
(W) and "local Watp* (L f6r & Semicondictor wafer having a diameter of mm, Wﬁlcﬁ was produced
according to themprickare by wire $avwing3fod 25 crystal made bf sémicokduetot Thatefial. Fig. 4 shows
as an exampledhe nanetepalogwparaseeters,yvaviness" (W) and "local warp” (L) for a semiconductor
wafer having a diameter of 300 mm, which was produced 30 with the method according to the
invention by wire sawing from a crystal made of semiconductor material. The changes of the
"waviness" (W) antithé “focal Warp® (14 Br. 3 2RdFig. 4areTeprésented ira 35 formalized fashion
(without units) tartbetter régresentation; thecsanie narmalizatied having been used for both figures.

10 In the likewise preferred embodiment in which the
wipers § bear on the workpiece 3 with & constant
pressure, & plastic or a rubker having a Shore B

s

hardness of less than 60 is preferably used.

15 After the sawing, the semiconductor wafers sawed by the
method according to the invention have a signiilicantly
more planar surface in relation to nanctopology than
semiconductor wafers which have been sawed according to
the pricr art

20
Fig. 3 shows as an example the nanotopology parameters
"wavinegs" (W! and "local warp” (L) for a semiconductor
wafer having a diameter of 300 mm, which was preduced
according tTo the prior art by wire sawing Zfrom &

25  c¢crystal made of semiconductor material.

Fig. 4 shows as an example the nanotopology parame
"waviness" (W: and "local warp" (L) for & semicondu
wafer having & diamester £ 30C mm, which was produced
30 with the method according to the Invention by wire

sawing from & crystal made of semiconductor material.

The changes of +the "waviness" (W) and the "local w

arp
(LY in Fig. 2 and Fig. & are repressnted In 2
3% normalized fashicn {without units; for better
representation, the same normalization having been used



- 16 - Figs 3 and 4 represent the "local warp" (L) as a measure of the curvature of the wafer in the saw
forward feed direction, and the "waviness" (W), which 5 is derived from the "local warp" (L) by placing
a moving window with a window length of 10 mm over the local warp curve and plotting the respective
maximum deviations within this window. 10 The "loddl warp"(L)represented in Fig.3 is characteristic of
a wafer when the temperature of the crystal 3 is controlled during the cutting by supplying a coolant 4
onto the crystal lateral face 10, the coolant 4 having had a temperature profile applied to 15 it so that
the crystal 9 is:ata substantially constantdemperature during the cuiting. The(cgolaak4 in this case
flows unimpeded over the c;ystg@ onta the wire sectigns 6,0f the wire web, whore it i mixed with the
cutting suspenws‘cf‘c?n“’ﬁ and affects the Mechanical and 20 tﬁeFmanFobértiés of the wire sections 6 of
the wire web. Thegebietrs tieadiifcrrentin FighBEhoWs a CIEsFR detAmerital effeét calised by this
on the sawed wafermade:0f semicanduetor nateriall This:perturbing eftect isineparticulas greatest

from the middle of the wafer 4@{9%@%{9%5%94‘ the.‘local warn” (I)-from abput pgsition- 435 mm), since

the angle between the C}Kysta side face 10 and the wire web is less than 90 decrees 30 here and a

perturbing effecP 6 staditation 6Fhecuiting siispensidr 12 dtcurs Swhichis TirthBF éxaterbated by the
coolant 4. Fig.dkeshows forscompatisonzawafer:maie of semiconductor material which was sawed
under the same conditions but by using the method according to the invention. Owing to the lateral
removal of the coolant, - 17 - 4, no detrimental effect on the cutting behaviqr.of the wire web occurs

and a subStantidlfy stratgtt Eutting préfile is'ensured With tHe éthod accortig to the invention, a
reduction of thellocatwarp'sL). by mbrezthar 65% cdiebe adhievedPRE methed accofdifig to the
invention is suitablefan alkworkpieces te beawirersawed, regardiess-afthe dianmetes) ying
a coolant 4 onto the crystal lateral face 10, the
coolant 4 having had & temperature profile applied to
15 it so that the crystal 3 is at a substantially constant
temperature during the cutting. The coolant 4 in this
case flows unimpeded over the crystal 3 ontoc the wire
sections 6 of the wire wel, where it is mixed with the
cutting suspension 12 and affects the mechanical and

20 thermal properties of the wire sections € of the wire

The geometry measurement in Fig. 3 shows a cle

detrimental effect caused by this on the
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llarge decrezse of the "local warp" (L} Irom apo
position +23 mm), since the angle between the crystal

side face 10 and the wire web is less than 90 degrees

30 here and & perturbing eiffect of stagnation of the
cutting sugpension 1z cocours, whnich is further
exacerbated by the coclant £
Fig. 4 shows for comparison a wafer made of

semicondustor material which was sawed under the same

(ad
o

conditions but by using the method accerding tc the

invention. Owing to the lateral removal of tThe coclant

wilT



10 The method according to theen on is preferably used for crystals having a diameter of more than
200 1 7., The method according to the invention is particularly preferably used for crystals having a
diameter greater than or equal to 300 mm. - 18 - Patent Claims: R method for cooling a cylindrical
workpiece made of semiconductor material having alsurface consisting of two end faces and a lateral
face, during wire sawing, the wire wet, consisting of wire sections arranged parallel penetrating into the
workpiece during the;sawing y=an ephesitedy-directed nelativermovementefithewire sections and the
workhiece, and, A ihe fempesatute of the yorkpisge being:conirolled.during,ie wirecsaing by a liuid
t

coolant, wherein wipers bear on the workpiece surface, the liquid coolant is applied ontg.t@e workpiece
above the wipeFs Beariid drith& witkpiece Sirfdce ahd tHESTBIGtid To6Hnt is femoved fiom the
workpiece surfaceey: theowipers hearing-dr thenworkpiecd.1 2CFhe methidd ds: clavedriprclaim |,
wherein the liquid coolant is-applied ontg the lateral face above the 20wipers bearing on the lateral
face of the workpiece. 3. The method as claimed in claim I, wherein the -llona coolant is applied onto

the end faces above t wipers bearing on the end faces of the workpiece. 2-5 )
The method accerding To the invention 1s suitaple I0C-

all workpieces to be wire-sawed, regardless of the

10
The method according to the invention is preferably
used for corystals having a diameter of more than 200

L

fod

The method according te the invention is particularly
preferably used for crystals having a dilameter grea

than or egual to 300 mm.



The method as claimed in one of claims | to wherein the wire sections of the wire web penetrate into
the workpiece below the wipers bearing on the workpiece. 30 S. The method as claimed in one of
claims | to 4, wherein during penetration of the wire sections of the wire web into the workpiece, the
wipers hear on the lateral face or the end faces until a freely 35 selectable penetration depth of the
wire web into the workpiece is reached, and when this penetration depth is reached the application of
the coolant is exgledrandctheismare removed from the workpiece surface. 6. The method as claimed in
one of claimsto wherein a cutting suspension, which contains loose abrasives, is applied onto the wire
sections of the saw web. 7. The method as claimed in claim 6, wherein the 10cutting suspension
contains a glycol as'a Bgrmaterish. 8 “Five rethct &8/ clalied fifond’of SRS ® mﬂgre#f the liquid
coolant consists of thercarrieriliamedium farthe €utting suspensior:. 9; Theemethod as claited in one
of claims 1 {0 5, wherein.the wite sections contajp firmly; hound-abrasives.

sawing, the wire web consisting of  wire

during wire

secTlons

arranged parallel ©penetrating intc the workpiece
during the sawing by an oppositely directed relative

movement of the wirse sectior

j-
(o]

the temperature o¢f the workp
during the wire sawing by a
wipers bear on the workplece suriace, tne liguid
coolant is applied onto the workpiece above the
wipers bearing on the workpiece surface and the
15 liguid coolant is removed from the workplece suriace
by the wipers bearing on the workpiece.

B2
o]

ne methnod as claimed in claim 1, wherein the liguid

@]
O

lant is applied onto the lateral ZIace above the

(=

O
20 wipers bearing on the lateral I

(Al

The method as claimed in claim 1, wherein the liguid

coolant 1s applied ontce the end faces above the

wipers bearing on the end faces of the w

fi=N

The methoed as claimed in ons of
wherein the wire sections o©of the

1nto

(ms

he workpiece below the wipers bearing on

Workp

]

ce.

5

The method as claimed in one oI claime
wherein during penstration oi the wire secti I
the wire web into the workplece, the wi

the lateral face or the end faces until

(%
(o]

selectable penetration depth of the wire
the workpiece 1is reached, and when this p

e d i

depth is reached the application ©0I tThe



ended and the wipers are removed from the workpliece
surface.

The method as claimed in one of claims 1 to 3
wherein & cutting suspension, wnhich contains loose
o

abrasives, i1z appiled onto the wire secil

The method as claimed in claim &, whersin the
cutting suspension contalns & gLlycol as a carrisr
material

The method as claimed in one of claims & and 7

wherein the liguid coolant consists of the carrier

medium for the cutting suspension.

The method as claimed 1n one of claims 1 to

e

r

wherein the wire sections contain firmlv bound

i
a3

abrasives,



