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Sawi ng strip and nmethod for sinultaneously cutting off
a multiplicity of slices froma cylindrical workpiece
using the sawing strip 5 The invention relates to a
sawing strip and to a nmethod carried out using this
saw ng strip for sinultaneously cutting off a
multiplicity of slices froma cylindrical workpiece, in
particul ar a workpi ece consi sting of sem conductor
material, the workpiece and a wire frame of a wire saw
performng, with 10 the aid of a feeding device, a

rel abwfnawtanal heeh&dl £okl saﬁﬁp\@m&wl@r u@tiR§ off a
| on i.nal s of the workpiece, whi ch the

WGP RIS SReY GoF el aan Gagh  her ke Fph oo rkbaece using the
Sem conduct or mafers ar e gpnismgakkyipr oduced by a
cylindrical, 15 nonocrystalline or polycrystalline

wor kpi ece of the seniconductor materi al bei ng di vi ded
dpei ApgeRtheR tiHatEst Foor SIBMET oitdder spdwapep smethod carried

Siiulfumsaﬁh@OLtS'il)s I dnwdihgy oarigt i T WilrhilthAaeoakly of:uaty\mg €cff a
?n%\ytl nglhif%i{ rmcgf] Cgfpcergemfsr %fewt Egsgn\émnélelcsa w?rq%:'lece, in

ne, eedi ng a saw n
mr@hcebmr |ase"$0rd<ﬁlreézl¢e CCmaﬁdétGIDGOfOfpa$%[h31Q§Indpl@rtpiromB’iterlal

afh eWio@ kpTBEe \/\@ﬁdfp!aeﬁ@résfféﬁf@dof on whad é1§w kﬁ@ﬂ!’bﬁﬁn@, with
Wi ng, strip er.al cenentin uin

%ﬁ %ﬁfnﬁfét?l eeglpﬁ t W%c§eCU?e§g6ﬁ£5V% gﬁ?PBgChreCted

pleapendieulrmderot dhel ahmditadioekpiaede iaf t biee wwogkpiece, by

S@&WchVaRd QusritiRes 96 saMMdD SibhBs ane (i RClegRd. i N
US 6035845. The sawi ng strips according to the prior

art are distinguished by a substantially rectangul ar
Seossoséedticon, walers sae @¢éndied lyawroglusedi pybed ngylindrical,

%@ﬂBE?gs{&fﬁ% Cy'éPd“ﬁé‘iyéﬂfs@aﬁQné’f tQ%r&?{é(@é' €CePY  the

a concave curvature. The wire frame of re saw.i.s.
@@ﬁ‘é?%?‘?‘}l/c"fctﬁ rﬁ?d:edf)}aé PRePE; PEVERSY Wt ald gpultiplicity of
B@mtb6m6uéﬂome&femﬂﬂs&muﬂtan@baﬁpﬁdinbehmee@eahthemSWith the

r [ rollers, the wire guiding 35 rollers
bgﬁné%r%f%t Iggnounted and at | east one of them being

driven. The portions of wire generally belong to a

ghaghein EsEEntd g, tWhkshyi e Hiwdednspisal & ymasrowed frame,
tIﬂ](:“fere%llllngr dse\(rsitc%mand a sawing tool, which comprises a frame
made up of parallel portions of wire. The workpiece is fixed
on what is known as a sawing strip, generally by cementing or
gluing it on. The sawing strip is in turn secured on a
mounting plate, in order to clamp the workpiece in the wire
saw. Various types of sawing strips are disclosed in
US 6035845. The sawing strips according to the prior art are
distinguished by a substantially rectangular cross section, one
side of the sawing strip being adapted to the cylindrical form

of the workpiece by a concave curvature.

The wire frame of the wire saw 1is generally formed by a
multiplicity of parallel portions of wire, which are clamped
between at least two wire guiding rollers, the wire guiding
rollers being rotatably mounted and at least one of them being
driven. The portions of wire generally belong to a single,
endless wire, which is guided spirally around the roller system

and is unwound from a supply roller onto a take-up roller.
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and is unwound froma supply roller onto a take-up
roller. 2 During the sawi ng operation, the feeding
devi ce brings about an oppositely directed relative
novenent of the portions of wire and of the workpiece.
As a consequence of this feeding 5 novenent, the wre,
to which a sawi ng suspension is applied, works its way
t hrough t he workpi ece, fornin? paral |l el sawi ng gaps.
The sawi ng suspension, which fs also referred to as
slurry, contains particles of hard material, for
exanple of silicon carbide, which are suspended in a
liquid. A sawing 10 wire with fixedly bound particles
birivay dheatewial opgyratlism, beheuﬁeddiﬂglddﬁﬂseca$¢ngs about an

%pﬁgél%tl'yo%quec%eéa%mgt%pxﬁ(glxg’ n%qltl 331‘_”0& e n[?&@tc‘lsbqlrsy of wire

that 'is needed is to add I qui d coo
?Qﬂw|Q§atheVWWQﬂ¥p6F6?ectspﬁheaMA?Q?%%%HePﬁ% Wﬂ?kﬁ@éée feeding
fiswmenay erdheatwing ,angh athidre sawwimmsﬁﬁwﬂ Sis applled
Lver f e o] he nd
§%g¥§ ﬁ%@ wa%dﬁg? ﬁﬁ %ﬁgeﬁlco % fgﬂi Qggfiéi sawing
&3NS - ndr|Té18I S aEMdC OFHIIRENGH Ofrat e»rhllalh #Sorab&%nﬁleéefr%ﬁn to as

§mgdye C&drs&aa_lnsl n@@ﬁtsbclerél J‘ESth&hmé@QHizEEJTEEBS @xatBee of

nmet had It s.general | the aimof the sa
e e el S Sidherter e Thal i Fue 4 "huing
Whﬁ@guﬂmaﬁiaﬁélasbpha@apaQﬂ;qim§spﬁl@aaddmbterp@lamaxﬂalso be
tegach Pt AR @rt Pb@ﬂ&iﬁ%nVQJf' at Is%tauha Tshbﬁ&'i‘s?ﬁ'&) is not

the planarit wo 25 faces of sem conduct or
iheplanart by, of e tho 20, laces of tgaSem Sondustor, s ng
Jfbrd csemi c ondiugt oprstﬂgt£ ghestalre f and ekerplwordpiece from

éﬁéﬂﬂ@%%lﬁbnggﬁdcr¥§takhebysﬂﬁﬁnQJQE a M hepsAVs thBivers of
waf ers produced as a result have a wavy surface. In the

P GGENPUE B Fﬁﬁbﬁu5§lF%rg%BénﬁBpea§?Ynd|ng or

Iapplng, this 30 wavi ness can be partially or

g LJ)’ct %gov%% dseé?rﬁ%%'nggcggr tQSfé"@é’e k?@gt hc?ffindrlcal

the wavi ness and on the
%ﬁﬁ%ﬂqnchF@ﬁDW%}er%ﬁirtﬁ@rmﬁﬁémpk%s%ioﬂaﬁ%@géﬁtéFYStal ingots,
fIldeshihigh EefRi Namedft st binS twavi sessy mayehstl.l | 1beis generally

éﬁ?(é %g 5 VLQSWI$§”£¥¥% %gggong%ﬁnsawn Egﬁboﬂggéghr wafer
has two faces that are as planar as possible and lie parallel

to each other.

Apart from the variation in thickness, the planarity of the two
faces of the semiconductor wafer is of great significance.
After the dividing up of a semiconductor single crystal, for
example a silicon single crystal, by means of a wire saw, the
wafers produced as a result have a wavy surface. In the
subsequent steps, such as for example grinding or lapping, this
waviness can be partially or completely removed, depending on
the wave length and amplitude of the waviness and on the depth
of the material removal. In the worst case, even after
polishing, remains of this waviness may still be detected on
the finished semiconductor wafer, where they have adverse
effects on the local geometry. These waves are present to
varying degrees at different locations on the sawn wafer.
Particularly critical here is the end region of the cut, where

particularly pronounced waves can occur and, depending on the
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35 effects on the |ocal geonetry. These waves are
present to varying degrees at different |ocations on
the sawn wafer. Particularly critical here is the end
region of the cut, where particularly pronounced waves
can occur and, depending on the 3 kind of steps that
follow, may al so be detectable on the end product. It
is known from DE 102005007312 Al that the wave in the
end 5 region of the cut that occurs in saw ng
processes according to the prior art is particularly
ronounced in the case_of slices. which have been cut
£Rdf PEMSLRRS o8t of Ot he¥ cyPFdRE 8AI PewBRkpFRRLS 190 t He end
prddhet of the workpiece (in the axial direction) on
t he other hand, the cut-off slices have virtually 10 no
waves in the end region of the cut. Furthernore, the

aki aF kparR presshFe 1GPaBPeNt3In Jelucietr thyt hehewasiy Hy the end
sd§penSdONEWMAScu t ctem:ﬂ fdefirasia sawmbeg Ofrddie swaveccording to

d the saw cess. . Accqrdin
P oot - AE G BF AT TR0 S lgh oo
ghipendiags dpgri eGU{Co effe firpe fuhgneelds 19fr etie ectylandrical
ﬁér]@pi&%ﬂt the V@a\él NeSs1Qf  bhe 3R_RWLSERp CRAUGL AT the axial

f th th
MEhEL B, E T GhBR PRl o, Sk e S g renany
adeq&e@% 1m)tnﬁ|$ﬁQ/nﬂmeonlnéreh3|ﬂ@treqﬁurwhﬂamusetothe axial

BQ@k'@Q@Es@ﬁQ”@Eéﬂleﬁg)ﬂ*&ﬁd@@deQB/mgﬁetQQ%?&@rgugﬁbn51on was

duce_ st further th wavi ness produced
R Ui o ti0 Tht TS e, St G i £F the
sawi my §r®¢¢sﬂ.foﬂctpxdn@gatos@Bsﬂ@@wDaDDVBE@IAhdrtbakefore,

WRL KRh86E: 208D, eHE T ERGOfdi o 16831085 IS AR NiSre  frame is

wor kpiece 2 with a wre sam1 the saw ng strip 1 hayi g
Lequreq 2hce a8, AWRPERLT SCREOMGAVERYS cBiF vERE pRa"Pefgid GPAguctor
vafets longhd udhdakedisrecdf obhandut sis nkteddesd f or However, it

f%%‘r‘r?ecéd %u%% thQ% M:[é(%%ea%%r% lénggfogcﬁ’e% eg;’o ‘é’ﬁ't?@fy the

i es opposit rst
é%ﬁﬁﬁﬁﬁ%ﬂﬁgrﬁéuarﬁ%ﬁﬁﬁﬁrﬁ?rpFa?elO%ﬁkiQﬁ?mﬁﬁ6Y5|de faces
6, 7, which connect the first face 4 and the second

{,gge ogj epcqe wta\go @kgegreesfo§:’e gtoof rgggcec'avsvit'iqngtfruirQ:h%ratthe local

waviness produced in the end region of the cut.

The object is achieved by a sawing strip 1 for fixing a
substantially cylindrical workpiece 2 when cutting off slices
from this workpiece 2 with a wire saw, the sawing strip 1
having a first face 4, which is concavely curved perpendicular
to its longitudinal direction and is intended for connecting to
the workpiece 2, a second face 5, which lies opposite the first
face 4 and is intended for connecting to a mounting plate, and
two side faces 6, 7, which connect the first face 4 and the
second face 5, the two edges 8, 9 of the sawing strip 1 at
which the side faces 6, 7 meet the first face 4 being at a
distance a from each other, an imaginary line 10 on the first
face 4 marking its minimum distance d from the second face 5,
and the side faces 6, 7 being at a distance b, measured at the
height of the line 10 and perpendicular to the distance d,

wherein the distance b is less than the distance a.
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which the side faces 6, 7 neet the first face 4 being
at a distance a fromeach other, an imginary line 10
on the first face 4 marking its m ni mum di stance d
fromthe second face 5, 35 and the side faces 6, 7
being at a distance b, neasured at the height of the
l'ine 10 and perpendicular to the distance d, wherein
the distance b is less than th di stance a. 4 The
object is also achieved by a nethod for sinultaneously
cutting off a nultiplicity of slices froma

bst nt.i IIy [indrica kpi ec h ,
20nné%?e§%to a s%ﬁ?naChs r?&o%gndiamﬁféé§fr§ne S%mditaneOUSly
AHERLRAWOSESr f@r rﬁqigl\ml@ﬁlthe ofi dsbiegs a frewdi ag Wdsiteatially

@y[f—‘ﬂl@ﬁld/aq nﬁélﬁ]f@.ﬂice‘#' regd e@o@ﬁﬁ?@é@' C@bﬁﬁecﬁ&i t @S a sawing
ag tud| axis pof the rk i ece, mﬁg b oth q

i cend Ty Bl ata o G e IR ARy B gthe ai
Qémﬁn@eegtmqpﬁQNmnﬂchrupha31Whenmnemﬂmtomureruﬁ§é¢erp©ndlcular

fhe ﬁweqtdneatu&ﬁ@lscraxl&d bR npf{ee JRt-abl e el OVByonwthQ@h the
basj s, of ur e shows. t he cross sect’ion of

HOLkRE $F s’c‘?l B‘”a‘i%%r Hﬁgﬁ‘@ug}i o Rhe"hFT of THRE, WYRREYn a sawing
sytimdrdaaldingr kpi ece fniveadiod5iomsddd. Figure 2 shows

the cross section of a sawing strip according to the
invention with a cylindrical workpiece fixed on it. 20
ﬁ“‘%u%‘%veé‘trl@ﬁ‘r éSeARECHIRI I Mocs d%%]arki"‘s]d%‘f’ S tthe basis of
fegutds: with respect to the waviness in the saw ng-out
region when a sawing strip according to the prior art

used and when a sawing strip according to the

Fh@%ﬁﬁl%nwspgwﬁséae ﬂr§éﬁﬁﬁ@c§%?$pofsaaﬁa@ﬁaﬁgéﬁélgtPFﬁordlng
whi ch i s ppodueedrfibemaat sdithakl ecyEie@riabh]l Wotkpiece fixed
exanpl e frgn}graphite, gl ass, plastic or the |like, and

i s intende or fixing a workpiece during the 30 wire
sawi ng process. A sawing strip according to the prior

Bfdure 2 shows the cross section of a sawing strip according

to the invention with a cylindrical workpiece fixed

on it.

Figure 3 represents a statistical comparison of the results
with respect to the waviness in the sawing-out region
when a sawing strip according to the prior art is
used and when a sawing strip according to the

invention is used.

A sawing strip is an elongate strip which is produced from a
suitable material, for example from graphite, glass, plastic or
the like, and is intended for fixing a workpiece during the
wire sawing process. A sawing strip according to the prior art
is distinguished by a substantially rectangular cross section,
but the face which is intended for fixing the cylindrical
workpiece has a concave curvature corresponding to the
workpiece, so that the form of the sawing strip 1s adapted to
the form of the workpiece. According to the invention, in a
way similar to according to the prior art, the fixing of the
workpiece on the sawing strip is preferably performed by

cementing or gluing it on. The adaptation to the form of the
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is distinguished by a substantially rectangul ar cross
section, but the face which is intended for fixing the
cylindrical workpiece has a concave curvature
corresponding to the workpiece, so that the form of
the sawing strip is adapted to 35 the formof the
wor kpi ece. According to the invention, in a way
simlar to according to the prdor art, the fixing of
the workpiece on the sawing strip is preferably
performed by cenenting or gluing it on. The adaptation

%rﬁcg_@eé@r%lﬁfe\;elge alql a&ﬂ%%@rﬁ@%&“a‘%e%%? Zﬂlﬁdzlesr ea%d large as

surface area IS as 0SSI
PrREFEPHR e aa%%nn*éE%af%OIfeorcae b%‘?%’flflﬁe fReFRpi beswapy the
mbeksawmmgasdrtpetbawln§ asrgpeahaaslposslbkeat Eheposs1b1e

El‘?l%lmf)grn? %@ng]g s%JNE.h of neg; %§$e %ll eneers eg Qgrlbed as

ows: First onm
driéevson of the samnng strip lis understood as
meani ng the direction paraIIeI to the | ongitudina
xi s, 3.0f the tkple nect ed. .t o
3é§%F B%d l?hgégéﬁgng%g rlﬁﬂf n%ﬂ?¥¥3€1fé%g%Et¥wﬁ(ﬁ$ the
sgwinne awis yl cig v@eﬂq@@rtp@ddla@umaant@g i the | digfittudinnglarallel

dbr egti 08n @iﬂﬂjﬂn%l' %th@d@dt EO:’thQO?BEE;E éfrzga t20 dfi®ected to it.
i ec opposite e firs ac

?DcﬁﬁaCfg%%dfs i s R M puds Mepop. duRRecirf Bo Hhich is

nounavmbypbateeQnGErpepdgsehnedyo iThe B ofidodéngdl amdréction

%3 Cﬁ“”@ﬁ%@ﬁ’d&y (3002 %o%%etzegﬁg 8o 7theTh@oE¥\§’:tLe<feéngS 8, Lying
1 TS ace

, at, whi e face
SPBO%&t% %ﬁféé gaF?o Bach scﬁ%’élrd £pfRet he Whifih 4is 1ntended
feglamn@bctth@ ftior s4 tacetidngapllene lMotanrdyerdehitrdd, The

Yypping Lpgt Bearteowhheéw@' f LeGtLof tpraughs ald th@he two

points on this face t e at a m ni num di'st ance
F%?ﬁt%’e %feca&nd’hflﬁéet?se B&b%e%asc@é bandt Rett vidie fifiss face 4

braeadOardhstancd he flrongicheti pahedi retd i e ddnt@al region of
PRL Al ek t ;%g‘i:@e 4,0ng1 § udi ngly %ﬁ B Oé%fl'}%&"mmrﬁ%% in the

connecte esavvln strlp ere the sawn strlp
haRoi Hdingtadiesrtipn civerigh tHils tAENPAHMG S MTcKidss face that

beé ngt sy nenyimus s tanth HherdetH@CQecfbndTh‘f%del me 1l@xpressed
lai‘lgi?he% \t»lgﬁlgﬁ.%lggngt 1Bhircflt;lls in the longitudinal direction
(i.e. parallel to the longitudinal axis 3 of the workpiece
connected to the sawing strip) where the sawing strip 1 has the
smallest thickness, this minimum thickness being synonymous
with the distance d. The line 10 lies at the location at which
the wire frame leaves the workpiece 2 at the end of the sawing
process. A further dimension that is characteristic of the
sawing strip is the length b of a line which intersects the
line 10, is perpendicular to the distance d and the end points
of which lie on the side faces 6, 7. Expressed another way, b
is the distance between the side faces 6, 7, measured at the
height of the line 10.

A sawing strip 1 according to the invention (Figure 2) 1is
distinguished by the fact that the distance b is less than the

distance a.
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the wire frame | eaves the workpiece 2 at the end of the

sawi ng process. A further dinension that is

characteristic of the sawing strip is the length b of

a line which intersects the I|ine 10, is perpendicul ar

to the distance d and the end points 30 of which lie on

the side faces 6, 7. Expressed another way, b is the

di stance between the side faces 6, 7, neasured at the

hei ght of the line 10. A sawirfg strip 1 according to

the invention (Figure 2) is 35 di stingui shed by the

fact, t hat %he dj st ance | ess than the distance a.

&° 115 i Brptefks eaoforthfaher‘?]ealtd'topéﬁéﬂl P-0:%a<®H & 0.96a to

@ppbm.t o Iapply. dartisupariyculm@fleyrpdefferr edhéorrdlationship

hekat iopshi g, 7§a6€o<é§bf§(3 75a to apply. 5 By contrast,

in the case of a sawng strip according to the prior

art (Figure 1), the distances a and b are of equa

eyzeonthetuseno&hbhexﬁaMﬁm@ stshpimgcetdimgatootdieng to the

FgggPté er§ ng ﬁé %Q%n%gsa Sé&ﬁ"fla %ngkyequal size.
uce maV| ess in 10 saw ng-out region ot

clear on what this effect i's based However, the

frakl ows&g @bsameat isanings Sk i radd@edlﬁ@ur&e OifheI h&nvention

i.nv §t|§9t|on rrled oyt |n connecti on wi

he
sur ghegn |on 3 ?P ?ﬁﬁ?%%a 5§ OperaFlav1ness in the
§9W@l‘@"@ﬁ5péﬁ‘gi@h i's Iéppllﬂ eﬂotoclehe Wi‘lr evHatanghisTheffect is

BaEta ONS fwaNdE tﬁﬁﬁsﬁeﬂlo&bﬁgS@B@@Q&a§ﬂ§pew§éOﬂaaE in the
|rect|on of thg gg iece and . into

t
R D AR epEE ot braSr b gach che

Asesenn awearfiéonire frane penetrates into a sawi ng
strip 20 according to the prior art, which has a
substanthall rectan%ular Cross sectlon it can

BBELRY elinE hSEWEBHe OBFTEhEC" s afF R S uSPERITIPT st | ﬁﬂ@lled to
baek wiiae ifirdanke di Teet ipprtdppesed twird heramymyment tind sawing

EB§p¥%§benégrﬁidﬂn@%%%dmﬁhhtBQed§£éé%£HH 6%‘%%e K% §§183e and

t € Saw ng stri p, sone of he saw n suspensit on th
iBEe| Gh§ BAWENEgSRRShi f”thﬁﬁﬁ fife BPLRBRASs 16F \APEESsFet REEION.

®bBresoon as the wire frame penetrates into a sawing strip
according to the prior art, which has a substantially
rectangular cross section, it can be observed that some of the
sawing suspension is flung back far in the direction opposed to
the movement of the wire by the impact with the straight side
faces of the sawing strip, some of the sawing suspension that
is flung back again hitting the portions of wire of the wire
frame that are running in the direction of the workpiece. By
contrast, when sawing into a sawing strip according to the
invention, it is observed that some of the sawing suspension is
flung back substantially vertically upward, but not in the
opposed direction, by the impact with the sloping side faces of
the sawing strip. The sawing suspension flung back onto the
wire frame ©possibly causes uneven application of sawing
suspension to the portions of wire or uncontrolled 1lateral
deflection of the portions of wire in the longitudinal
direction of the workpiece. It 1is conceivable that the
reduction in the waviness in the sawing-out region 1is
attributable to the extensive elimination of this effect.

However, other explanations are also conceivable.
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frame that are running in the direction of the

wor kpi ece. By contrast, when sawing into a saw ng
strip according to the invention, it is observed that
some of the sawi ng suspension is flung back
substantially vertically upward, but not in the 30
opposed direction, by the inpact wth the sloping side
faces of the sawing strip. The sawi ng suspension flung
back onto the wre frane pos§| bly causes uneven
application of sawing suspension to the portions of
wire or uncontrolled lateral deflection of the
portions of wire in the longitudinal 35 direction of
The wewkppececrid kecooabtej vabl ethidatinvbatiseduct i pheférably

Egﬁn?\fl\\% c%%s%ol &) tp %néa%ﬁglgyt?ﬁf%g%n tTh% 1%%&%&'1% axis 3

extensive“elim nation

of helte exi 'drigiccorts ade thies @ 186nd8i vaBite 157 1tkeviani pgeferred

8bf 1 mhacca_rdis' nga&@sltiae iﬂVEBtiwthar&ﬁEf @aai@éy It(:j 1sl also
trical to a plane running through the |ongitudina

§¥£'%TE fhgh(\e/\ogip?néjcéfafearﬂg t eqﬁ Ae? ?6 7t]‘ga

Ilkevvlse preferred 5 for the side faces 6, 7 to be

Phanakef agestnét éasual;sostﬂ&:efséd&dnfn@r wetgscqmeﬁ@@sn is
Ianar face. use, of the sawi ng,str

ARG o BERB T UGS s VopSI 19 Clhidt ry oaving sBspension
eoivaitrdggo s nien enordfi npndl timterdaw, ngvhdasparmssi spraybed onto

@P@tv?iﬂ'@ NG aR@r R'Jll%he%hgf ab@rgf r@g e_l[éa%lt’ o%' %@zk§e59ﬁ§&/e(ﬂ1rlng
onto the wr ranme. WMmth the ajd | east ﬁne nozzl e

of
i tCU&l}ﬁPﬁgo%thf CHt A6 TGPR ShesPEEs qaem ARG Sawing strip
a\mdoqmwlge tdl'hehsavmm@nstibnp magG Cc dtaiengrt, 0 41w | by entsiedn when

B NOVeYEn, ?ﬁs%u%n%arg§hlp8s o§a}’1‘éaﬂ I‘(\‘%’E@rlal to

W|th bound partlc es o teria

YRR & cdAUitAg CIOE?BFP%ah‘fb-?lscaé‘ﬁplllseépwif-ﬁdtWet%u thofaig of at
least ommendpzréeuntrit. A nozzle unit refers to all the

nozzl es which apply sawi ng suspension or cooling

| ubricant to the wire frame on one side 20 of the _
%PRBF&eunAtndfﬁleésurﬁq ﬁh%/ f8e éb@&ﬁ'é?é e igh qujﬂgat@w1ng
Shsfershapedrneaalienyunobpgcad atd ethd ovide Exee® ofn tdie side
&% éﬁq %%&%bgg050|yﬁrnozz d 5%1£h%agx gk(gxgﬂgiemgrkglecféngate
slot- shaped nozzle running parallel to the axes of the wire
guiding rollers and to the axis of the workpiece, which 1is
preferred. If a number of such nozzles are provided on one
side of the workpiece above the wire frame, these nozzles
together form a nozzle unit. A nozzle unit may also comprise a
preferably linearly arranged row of individual nozzles, this
row running parallel to the axes of the wire guiding rollers
and to the axis of the workpiece and each nozzle having for
example a round cross section and applying sawing suspension or

cooling lubricant to a portion of wire of the wire frame.

If a sawing suspension is used, it is preferred to reduce the
flow of the sawing suspension at the end of the cut, as
disclosed in DE 102005007312 Al.

It is likewise preferred to increase the temperature of the
sawing suspension over the last 10% of the cutting distance, in

order to reduce the viscosity of the sawing suspension and
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preferred. If a nunber of such nozzles are provided on
one side of the workpiece above the wire franme, these
nozzl es 25 together forma nozzle unit. A nozzle unit
may al so conprise a preferably linearly arranged row
of individual nozzles, this rowrunning parallel to
the axes of the wire guiding rollers and to the axis
of the workpi ece and each nozzle having for exanple a
round cross section and appl ying saw ng suspensi on or
30 coollng Iubrlcant to a portion of wire of the wire
suspension is s preferred

frane. %1 ed
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"o 8f the UG Stlﬁae%iﬁon ¥ &RFl 8841 A orftfetUto
|nvest|gate the effect of the use of the sawing 20
Btdrdissaccording to the invention, a considerable
nunber of cylindrical pieces of nonocrystalline
silicon ingot with a
In order to investigate the effect of the use of the sawing

strips according to the invention, a considerable number of
cylindrical pieces of monocrystalline silicon ingot with a
diameter of 300 mm and a length of 80 mm to 355 mm were cut by
means of a commercially available four-roller wire saw into
slices with a thickness of approximately 930 pm. A sawing
suspension which contained particles of hard material,
comprising silicon carbide, suspended in dipropylene glycol was
applied to the sawing wire. At the end of the cut, the amount
of sawing suspension was reduced, as described in DE
102005007312 Al. In half of the sawing operations, a sawing
strip according to the prior art (comparative example) was used
and in the other half a sawing strip according to the invention

(example) was used.

On each of the silicon slices or wafers produced in this way,
the waviness was determined in the sawing-out region. Waviness
refers to dimensional deviations (peak to vwvalley) 1in the

spatial wavelength range of 2 mm to 10 mm, without the
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di aneter of 300 nmand a |length of 80 nmto 355 mm were

cut by neans of a commercially available four-roller

wire saw into slices with a thickness of approxi mately

930 pm A sawi nhg 25 suspensi on whi ch cont ai ned

particles of hard material, conprising silicon

carbi de, suspended in dipropyl ene glycol was applied

to the sawing wire. At the end of the cut, the anount

of sawi ng suspensi on was reduced, as described in DE

102005007312 Al. In half of the samﬁng operations, a

sawing 30 strip according to the prior art (conparative ,
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of the silicon slices or wafers produced in this way,

35 the wavi ness was deternmned in the saw ng-out
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the front side and

To determine the waviness in the sawing-out region, a window of
10 mm in length is then allowed to run over the last 50 mm,
seen in the cutting direction, of each of the two evaluation
curves for the front side and the rear side (rolling boxcar
filtering). The maximum deviation (peak to valley) within the
window 1is referred to as the waviness at the location of the
center of the window. The greatest of all waviness on the
front side and the rear side, determined over the last 50 mm of
the evaluation curves, 1is referred to in the following
comparative example and in the example as the waviness of the

sawing-out region.
Comparative example
Symmetrical sawing strips according to the prior art were used,

the distances a and b (see Figure 1) each being 170 mm and the

thickness d being 14.5 mm. Altogether, approximately 1000
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the rear side of the' silicon wafer are available. 20 To
determ ne the waviness in the sawi ng-out region, a

wi ndow of 10 mmin length is then allowed to run over
the last 50 mMm seen in the cutting direction, of each
of the two evaluation curves for the front side and
the rear side (rolling boxcar 25 filtering). The

maxi mum devi ation (peak to valley) within the w ndow
is referred to as the wavi nesst®at the |ocation of the
center of the wi ndow The greatest of all waviness on
the front side and the rear side, determ ned over the
F44EC8D WATBFS VRES ePAPHAETDNIRUENES, wp¥ PBfetPed "Ryinpss of
tthe bahlmoydag IRgeenApasatdaerexaspl &s agikddribld examp) e
as the wavi ness of the saw ng-out region. Conparative
exanple 35 Symmetrical sawing strips according to the
prpoPlart were used, the distances a and b (see Figure
1) each being 170 nmand the thickness d being 14.5
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§a®i mg- ourt ?eglénmmagndekbrﬂ1hédSammpwesermbed abddgogether,
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vention wth a mm 114 mm and d

mm
r8 uddY. A4 ogté‘teheWaVlP?%%vm%fe &ﬁlﬁroiﬁﬂh?%ﬁﬁtlod@glon was
skekecomenhfeer presreipeddleed.in this way and the
wavi ness of the sawi ng-out region was 10 determ ned as
&éescribed above. The results of these measurenents
PeretatisteicdiliapcePapaarementsThE et gtpsipbhfally evaluated.
emaluahkmatiSarepwesemtﬁﬁuimsF&gptes@nt&meinmaubness3WA The

QEVEH $§QM"Q% % ate Igge5§t é¥§p Inﬁﬁﬂk%gdtgg Emlg? the x

e accurru uenc Of t occurren
exw 1 The protEdted tfﬁéqyemy st durthe rranergcehet 0 to 1

niesphbreédt Ba teenparatise exar €11 Culides 12hé heesestll &f the
%Em££¥%éa anplxamé&e, curve 12 the result of the example. The
curves respectively indicate what proportion of the silicon
wafers at most have the waviness W, of the sawing-out region
that is indicated on the x axis. So, for example, Figure 3
reveals that only approximately 35% of the silicon wafers
produced according to the comparative example (curve 11) have a
waviness of the sawing-out region of at most 10 pm. On the
other hand, however, approximately 80% of the silicon wafers
produced according to the example (curve 12) have a waviness of
the sawing-out region of at most 10 pm. Altogether, it 1is
evident from the fact that curve 12 is shifted significantly to
the left in comparison with curve 11 that the waviness of the
silicon wafers produced according to the invention 1is
considerably less than that of the silicon wafers produced
according to the prior art. Furthermore, the steeper slope of
the curve 12 reveals that it was possible to reduce the spread
of the waviness of the sawing-out region in comparison with the

prior art.

The application range of the invention extends to all sawing
methods in which cylindrical workpieces are divided up into a

multiplicity of slices by means of a wire saw and with a sawing



curves respectively indicate what proportion of the

silicon wafers at nost have the wavi ness WA of the

sawi ng-out region 20 that is indicated on the x axis.

So, for exanple, Figure 3 reveals that only

approximately 35% of the silicon wafers produced

according to the conparative exanple (curve 11) have a

wavi ness of the sawi ng-out region of at nost 10 pm On

the other hand, however, appféxi mately 80% of the

silicon wafers } 25 produced according to the exanple
(curve 12) have a wavi ness of the saw ng-out region of
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a n t; ion extends to al

;érgg\n %gﬁfr?gt %gggala%’ \%\’ﬁ?l{g{? cl)t}fﬁ gr | gtl:1fa1 wor kpi eces are

divided up intoa nmultiplicity of slices by neans of a

wire saw and with a sawing 11 suspensi on being

supplied, and for which a high degree of planarity and

a | ow degree of waviness of the products are

inmportant. The invention is preferably used for the

production of sem conductor wafers, in particular

silicon wafers. The 5 term"cylindrical" is to be

understood as neani ng that the workpieces have a

substantially circular cross section, certain

devi ations, for exanple orientation notches or flats

applied to the lateral surface, being inmaterial. i2

Patent clainms: 1. A sawing strip (1) for fixing a

cylindrical workpiece (2) when cutting off slices from



the workpiece (2) with a wwre saw, the sawing strip (1)
having a first face (4) which is concavely curved
perpendi cular to its longitudinal direction and is
-intended for connecting to the workpiece (2), a second
face (5) which lies opposite the first face (4) and is
i ntended for connecting to a nounting plate, and two
side faces (6, 7) which agpect the first face (4) and
the second face (5), the t edges (8, 9) of the saw ng
SPatdnt clahs:at whi ch the side faces (6, 7) neet the
first face (4) being at a distance a fromeach other
an imaginary line (10) on the first face (4) marking
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wHBR die{ligtARee g S‘ieg’c%eir at?so@ﬁ]i‘llég)tge tt<?9 P§ ‘ng strip
by cenmenting or gluing it on before beginning to
divide it up. 5. The nmethod of claim3 or g, wherein
the wire frane is sprayed with a sawi ng suspension,
whi ch contains particles of hard material suspended in

l'f.‘h%%' %}{&Mhﬁﬁ?f agin:? %Vhe%lngﬁ Jeﬁ%%%sh?ﬂ;ﬁg%%é%ﬁ2%&%*)1511%
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cI a|m5 wher ei n the tenperature of the saw ng

SYSRENSHON fdrSsimhiRSeBAS§ Cuig  off BontiBphicifP8P Qicel B®m a cylindrical

cutting distance.
workpiece, the workpiece, connected to a sawing strip, and a wire frame of a wire saw

performing with the aid of a feeding device a relative movement directed perpendicular
to the longitudinal axis of the workpiece, by which the workpiece is guided through the
wire frame, wherein the sawing strip as claimed in claim 1 is used.

B The method of claim 3, wherein the workpiece is connected to the sawing strip by
cementing or gluing it on before beginning to divide it up.

5. The method of claim 3 or 4, wherein the wire frame is sprayed with a sawing
suspension, which contains particles of hard material suspended in a liquid, with the aid
of at least one nozzle unit during the cutting-off operation.

6. The method of claim 5, wherein the temperature of the sawing suspension is
increased over the last 10% of the cutting distance.



