12 Decenber 2005 Apparatus and Method for Determning the Orientation of a
Crystal l ographic Plane relative to a Crystal Surface as wel |, as Aggaratus
and Method for Cutting a Single Crystal in a Cutting Machine TTROPAP8ht i on
concerns an apparatus and a nethod for determning the orientation of a
crystal l ographic plane relative to a crystal surface as well as an -
apparatus and a nethod for cutting a single crystal in a cutting nmachine.
For certain applications, sem conductor wafers with so- called 5
m sorientation are needed. As can be seen fromFig. 1, in a sem conductor
wafer 1 with msorientation a certain crystallographic plane, e.g. the
(100) plane, is not parallel to the wafer surface 2. The angl e of 5
msorientation ~js inthis case the angle which the vector [100] whjch is"

per pendi cular to the (100) plane forns with the normal vector No which is
per pendi cul such mi.sorientation is needed,
then a si nﬁ@%‘?@%ﬁlgﬁ gﬁn?a&lvéﬁfl ?ﬁ&f ﬁ%ei\l/\é/a ey etl'(?:%td}'l?lsé;3 R B3 tthe

pr edef i nedrgsghlograpatit @laaei selakdeat €d anckheteldt curFapkane, welk. the
wafer surface 2. Wth the_known pethod of jnner hole saw ng, to produce

such ni sor iFhFRBFREHE ] MFHIDEH THENRY & FLrgteCrestat vdk ®n a

work piece holder is neasured\Mddkgﬁhqcﬂéghi&gwnoneter by, nmeasuring the
position of the Bragg reflection relative to the-work piece holder. By
means .of this holder, holding is effected on the inner hole cutting saw

whi ch has 12 Decenber 2005

The invention concerné an apﬁaratus and a method for
determining the orientation of a c¢rystallographic plane
relative to a crystal surface as well as an apparatus and a
method for cutting a single crystal in a cutting machine.

For certain applications, semiconductor wafers with so-
called misorientation are needed. As can be seen from Fig.
1, in a semiconductor wafer 1 with misorientation a certain
crystallographic plane, é.g. the (100} plane, 1is not
parallel to the wafer surface 2. The angle of misorientation
¢ is in this case the angle which the vector [100] which is
perpendicular to the (100) plane forms with the normal
vector Np which is perpendicular to the wafer surface 2. If

such misorientation is needed, then a single crystal from

which the wafers are cut is tilted by the predefined angle ¢
about an axis T located in the cutting plane, i.e. the wafer
surface 2, ' |

" With the known method of inner hole séwing, to produce
such misorientation the orientation of the crystal which is
"stuck on a work piece holder is measured with an X-ray
goniometer by measuring the posiﬁion of the Bragg reflection
relative to the -work piece holder. By means of this holder,

holding is effectéd on the inner hole cutting saw which has



2 a-horizontally and vertically displaceable support on which the neasured
orientation of the crystal can be corrected or adjusted toliﬁe %ﬁSIred
value. The first wafer cut off is again neasured on an X-ray g8 Grra? *r,
and-the support is recorrected if necessary. Inprecisions in orlentatlon
which arise when the work piece holderzis inserted in the inner hole
sawi'ng apparatus can thus be elimnated only by repeated nmeasurenent and
recorrection. Wth the known nmethod of w re sawi ng, such correction by
remeasur i ag hand Foenyaldnt ain@w&:&tiﬁlmséi@ﬂbieacéﬁﬁﬁélsQup@b!rtt be %&@hs are
~cut froma_single crystal. sinultaneously As can be seen fron1F|g I n
wire samﬁﬁ&eamﬁﬁﬁﬁn?Qn%Eﬂ%ﬂta?¥QQ;QﬁH¥PQrF%Y$E@He€annb? spswRCcEA qu ' 2a,
which is .pmoyabka by, a-gdLiue Qgea R%ﬁ% uni, d opRr.ds kg%é@réﬁ@#§§f4lgf a
wWire saw at "a feed rate v ang ehe starting posit e Wwre saw
consi sts agaaHMmﬂaHun@dobnpan&ﬁ+ﬁayvg¢mmommteﬁb ahd Whehsapgott ghkened
by nmeans of rollers ?pt shown in Fig. 2, and novable in planes

per pendi cAFSPTEG e Hro iSRG - refigQngy bp PﬁéegFﬁBF@ncW9§F§I 3in
the direchir9Bs SHRM tie t RBrRM HAWEA NG | g F&ase%%edﬂh% Vh{ €5 5AM.Ng.
apparatus further includes devices 5 and 6 for applying a paste containing
silicon cé@%ﬁdesﬁaingcléEPﬁﬁatné weens thus4bbedcednménshesi dendf the
single cr¥§%gg%§d &Qa§ %eﬁ?mgﬁg %Eégrf ﬁétrlcally bound cutting

particles, yI'ng a coo *PUbricant is further provi ded.

Wre saws are wnaMnumarknﬁwawméﬁﬁamgoﬂnw&rwh@awﬂﬂg adpnstappbceiohhe

desired njsorientatigon, as can be seen in
by remeasuring and reorientation is not possible, because

all the wafers are cut from a single crystal simultaneously.
As can be seen from Fig. 2a, in wire sawing a single crystal
3 is held in a holder, not shown in Fig. 2a, which is
movable by a drive of a feed unit towards the wire area 4 of
a wire saw at a feed raté v and back to the étarting
position. The wire saw consists of a plurality of parallel
.wires 4a, 4b, 4c which are tightened by means of rollers,
not shown in Fig. 2, and movable in planes perpendicular to
the longitudinal centre axis M of the single crystal 3 in
. the directions shown by the arrows A and B in Fig. 2a. The
wire saw1ng apparatus further includes devices 5 and 6 for
.applylng a paste contalnlng 8111c0n carblde partlcles to the
wires 4a, 4b, 4c on each side of the 31ng1e crystal 3. In
‘wire sawing with electrically bound cutting particles, a
deVice for applying a cooling lubricant is further provided.
Wire saws’ are known with an orienting unit which for
adjustment of the desired misorientation, as can be seen in
Fig. 2b, allows exclusively displacement in a plane parallel
to the plane of the wire area 4. For this purpose the
crystal is measured outside the wire saw on an X-ray
goniometer and stgck to a work piece substrate in such a way

that the ndsorieﬁtation:to be set lies in the horizontal

HF 49-16668.7/A0/bs/28.6.02



Fig. 2b, allows exclusively displacenment in a plane parallel to the plane
of the wire area 4. For this purpose the crystal is neasur out i de the
wWire saw on an X-ray gonionmeter and stuck to a work piece su PREeP5
such a way that the nmisorientation. to be set lies in the horlzontal HF
49-16668. 7/ AQ bs/ 28.6.02 12 Decenber 2005 plane, that is, the angle $
shown in Fig. 1 in a plane parallel to the wire area 4. The neasurenents
of the X-ray gonioneter in this case relate to a stop face of the work
piece substrate, which is then applied to a reference face on the wre
saw. Then the desired orientation is set horizontally. Wth this method,

however, errors due to contamination of the stop and reference faces as
is stuck to

wel | as dhe5|o errors which ari en the single cr sta
~the mor? pl&ee gﬂﬁgtrh?e are gﬁ&et@c?gawna51QW| |onlﬁea§ur2%ﬁﬂﬁ
takes pbaegiodtsiwle the wmBchi BecaFut hehe tnn:.%sﬂﬂ&leelt%r Y&t alehausg—ad pays
be turned in such a way that the msorientation to be set lies in the
horlzonﬂQPlﬁmﬁﬁ@rpéPthéF E3sehkchifte BPedt atomsface eafll Ehe twerk PRt i on

of procgspkigats, JAAIMEd DY hBE PR 4 sorientaljQn Andscap therefore
vary from one single crystal to the next. It is known from US 5,904, 136

t hat theirequiaved Thep tdel eeﬁereéetqm{@ﬁal’ieqn sbPi eetat honl cemtdbly.
perfor”ﬁ@thntﬁlé'déﬂﬂ&a‘“HBﬁé%é%“f% f%“ggg %8“%%%t%ﬁ9ﬁé%&?ﬁeﬁﬂ?ﬁgﬁi“ the

crystal orientation is determ ned wi ray device an
crystal stpe entlt sdfenenhe ﬁabesngsdeeddeaﬁnadhesuzonbatoaadwhtmmiazdse

direCtiQﬂénrgﬂgtgyﬁbfé)égv%egfeﬁéa%%%bk to the work piece substrate are

not detected, as orientation measurement takes place outside the

machine. Further, the single crystal must always be turned in
such a way that the misorientation to be set lies in the
horizontal plane parallel to the wire area 4. As a result, the
direction of ©processing is governed by the reguired

- misorientation and can therefore vary from one single crystal to
the next.

| It is known. from US 5,904,136 that the required tilt
angle for setting the misorientation can be performed in a
.tilting device outside a wire sawing apparatus, wherein the
crystal orientation is determined with an X-ray device and
then the crystal:. is tilted in the tilting device in
horizontal and vertical directions relative to the wire area.
Possible errors upon insertion of the tilting device together
with the crystal in the wire sawing apparatus therefore
likewise cannot be eliminated, however. _

_ An object may be to provide an apparatus and a method
for determining the orientation of a crystallographic plane
relative to a crystal surface as well as. an apparatus and a

'method for cutting a single crystal in a cutting machine, with
which it is possible to carry out precise cutting and at the

same time increase the yield of wafers



Possi bl e errors upon insertion of the tilting device together wth the
crystal in the wire sawi ng apparatus therefore |ikew se can Bt be

el i m nat ed, however. An object may be to provide an apparat Lllg S5Rber 2988 hod
for determning the orientation of a crystallographic plane relative to a
crystal surface as well as an apparatus and a nethod for cutting a single
crystal in a cutting machine, with which it is possible to carry out
precise cutting and at the same tinme increase the yield of wafers 12
Decenber 2005 3a during cutting of the single crystal. According to a
first aspect of the invention, there = provi ded an apparatus for cutting

si ngl e diystiplstaamer bsi Rge aingUstépgseevi ce for cutting off wafers from
an essentially «cylindrical single crystal having a |ongitudinal centre
axi s, an orAa@Emndiggdevd ce pfbvsdedsprdtheofippdreat isvéntian, erthieng the
single crystal relative to the cutting device, a feed device for noving
the crysPBPVIiFE@A FecPRATAAS dipresydnitlingl |spngper pedtebbaromprissng: a

| ongi t udi nal , cen%e axis relative to the cutting device, characterjsed in

that theSoFFErdi MFYd&EH cEOFs CHdsithe®iitn WRERTS wihP® h&P t fEsenRhipely
.crystal js.r t abl e_. about an_axjs.,detfined the feed.direction and an
axiys. \Ahi%:jzllﬁ?é]?lpcea&peﬁh?%ﬁ? a?rY%&? ehSIvéﬂg \ﬁh;)%%qjgcuéieéﬂa&eo‘? tthe?** 3/
ongl t uckaby LA 116 Ay NGRS dkeed dihecLLB0, 2 £02T AGE CLLRE 1Ad) {1 an
opti cal wedge plate having a given wedge ang is provided on t surface
of the singiee cey?gaélw@iewtwetQobechém@@wﬁdgfeévﬁgéystai Nl device

predeterm ned angle offset of the X-Y

for moving the «crystal 1in a feed direction essentially
perpendicular to its longitudinal centre axis relative to the
cutting device, characterised in that the orienting device is
designed in such a way that the single crystal is rotatable
about an axis defined by the feed direction and an axis which
is perpendicular to the ©plane which 1is defined by the
longitudinal centre axis and the feed direction, characterised
in that an optical wedge plate having a given wedge angle is
provided on the surface of the single crystal which is to be
measured for adjusting a predetermined angle offset of the X-Y
orientation of the single crystal.

According to a second aspect of the invention, there is
provided a method for cutting a single crystal in a cutting
machine in which wafers are cut off from the single crystal by
movement of the single crystal in a feed direction relative to
a cutting device, with the steps of: determining the angle
between the crystallographic plane and an external surface of
the single crystal outside the cutting machine;‘measuring the

orientation of the external surface of the single crystal




orientation of the single crystal. According to a. second aspect of the
invention, there is provided a nethod for cutting a single £@¥stal in a
cutting machine in which wafers are cut off fromthe singlé ﬁ%@aPO%y
novenent of the single crystal in a feed direction relative to a cutting
device, with the steps of: determ ning the angle between the
crystal |l ographi c plane and an external surface of the single crystal
outside the cutting machine; neasuring the orientation of the external
surface of the single crystal 12 Decenber 2005 3b in the cutting machine;
positioning the single crystal on the 3lbasis of the orientation of the
external surface in such a way that the given crystallographic plane forns
wi th thelfe&le @utééhporaghpredeositaeniafigithe &iaradar rapwsgaduton highe
cutting,, wherein the deternm ning of the angl e between the

crystal | B3P EphPt pPaner SHUEA Wkt Rk ndte sTF R bf SYHESS nidt SV 1Y

i ncl udes f.al | ow.ng_st eps: surinag the.angl e.whi ch .the st al
B Fs % n oA VPaF TR B ) PARRBcord bt 1o i EhB, £2d

surf ace Forns W ref erence daxi

measuri ng; the. a9 & SfeddiGe iy Al P aphi g BlARg P! ald Vend ochbein

reference axis by X-ray gonionetry,” and subtracting the neasured aﬁﬁles.
Accor di nghéfein t hitrk aspeste@iidiigy | Nwent | ofhe they@yis ppoMmiLdad anne

apparatus for determning the orientation of a crystallographic plane
rel ati vectystaadroystagphisurglaoes andnph séxigsrrathosaefador ofhehsl ngireyley yst al
with which the single crystal is held in such a way that its surface to be
measur edc¥wstedpoged,udes amgl oldewinungtdpvi ceehonrhe@stné ngngle which
the crystal surface forms with a reference axis by an
autocollimation method,. measuring the angle of the
crystallographic plane relative to the reference axis by X-ray
goniometry, and subtracting the measured angles.
According. toe a third aspect of the invention, there is
provided an apparatus for determining the orientation of a
crystallographic plane relative to a crystal Surface,

. comprising: a holder for the single crystal with which the
single crystal is held in such a way that its surface to be
measured is exposed, an angle measuring device for measuring
the angle which the surface to be measured has relative to a
reference axis of the holder, and an X-ray measuring device for
determining the angle of the crystallographic plane relative to
the reference axis, wherein the angle measuring device includes
a mirror arranged on the surface to be measured and an auto-

collimation telescope whose optical axis coincides with the

reference axis.




t he angle which the surface to be neasured has relative to a reference
axis of the holder, and an X-ray neasuring device for dete[ 1.ning the
angl e of the crystallographic plane relative to the refereﬁg%“ﬁ%‘§?m5
wherein the angl e neasuring device includes a mrror arranged on the

. surface to be neasured and an auto- collinmation tel escope whose optical
axis coincides with the reference axis. 12 Decenber 2005 3c According to a
fourth aspect of the invention, there is Provided a nethod for determ ning
the orientation of a crystallographic plane relative to a crystal surface
for the application in a method for c3tting single crystals, conprising
‘the steps of neasuring the angle which the crystal surface forns with a
reference axis by an autocollimation nethod, nmeasuring the angle of the

crystal | ogr ASPEIPPEInECr 81 5PPTER 3PS He Flefdredt¥erkienpytheFayifoni onet ry,
and subtgacti the neasured angles.. 12 Decenber, 2005 4 The .0bj ect. may be
achi eved“g ?/‘;lacpne%appaar arfl%t:h%(gcof%]?ngg?%erw]é}% S m B lé’ﬁlld 5 a ")rlret hod
accordi. t l; al o] . Preferred i invention
oo pr o e B ke B e e o Ptk ave
the advasppga-dtiain Hhe a aalndy rof Eﬁ%tWﬁfye%.@n%ﬁei peyeased, anddhali y gher

feed rates during cutting are nade possible. e to the inproved quality
the steps of measuring the angle which the crystal surface
forms with a reference axis by an autocollimation method,
measuring the angle of the crystallographic plane relative

to the reference axis by X-ray goniometry, and

subtracting the measured angles.




of the wafers produced, further processing steps which are otherw se
commonpl ace can be largely elimnated. Further, the preci s*ﬂg of
orientation can be increased. There follows a description o FreBhE 380 rent
with reference to the figures. The figures show. Fig. 1 a schematic view
of a wafer; Fig. 2a a schematic view of a wire sawi ng apparatus with a
single crystal to be cut; Fig. 2b a schenmatic view of adjustnent of the
msorientation in a wire sawi ng apparatus according to the state of the
art; Fig. 3 a schematic view of the forces arising during wire saw ng;
Figs. 4a a two-di mensi onal graphic representation of warp to 4d and bow of
‘Wi re-sawn wafers as a function of the direction of processing with two
different feed values; Fig. 5a a schenmatic view of the apparatus according
to the inveﬁP?or?ki‘J&Ctdé?%\? nPRi AGHERE S iRsht 3R | BRPEF251S c AFSCAAGr dihi ¢
plane rei@invecifia ¢rysetab haaDecenrbele 3P AaxStiidf o FdGen®dbcBaih ew of
a single crystal inserted in a saw holder in the direction of one of the
end facks;°Y1£%ecenber 2005 5 Fig. 6 a schematic view of an orienting

devi ce accor fGerred embodiments of the invention are provided in the

subsidiary claims.
The method and the apparatus have the advantage that the

quality of the wafers is increased and that higher feed rates

during cutting are made possible. Due to the improved quality

.0f the wafers produced, further processing steps which are
otherwise commonplace can be largely eliminated. Further, the
precision of orientation can be increased.

There follows a description of an embodiment with

reference to the figures. The figures show:

Fig. 1 a schematic view of a wafer;

Fig. 2a a schematic view of a wire sawing apparatus with a
single crystal to be cut;

Fig. 2b a schematic view of adjustment of the
misorientation in a wire sawing apparatus
according to the state cof the art;

Fig. 3 a schematic view of the forces arising during wire
sawing; -

~Figs. 4a a two-dimensional graphic representation of warp to 4d

' and bow of wire-sawn wafers as a function of the
direction of processing with two different feed
values;

Fig. -5a a schematic view of the apparatus according to the
invention for determining the orientation of a

crystallographic plane relative to a crystal



to the invention in a wire saw ng apparatus; and Fig. 7 a schematic view of
a detail of Fig. 6. For a better understanding, first the fgﬁ@gs acting on
the wafer during wire sawi ng are descri bed below with the 8?“??@ﬁres 1
to 4. As can be seen fromFig. 3, during wire sawing the wires 4a, 4b, 4c
penetrate into the single crystal 3 for cutting off wafers la, |b, Ic,

etc. During the cutting operation, after reaching a critical depth of
penetration into the single crystal 3 the dianond particles of the wires
produce m crocracks which lead to renoyal of material due to nutua
crosslinking. This critical depth of %%netration depends on the
orientation of a given crystallographic direction Klocated in the wafer
surface 2, for exanple the [010] direction, relative to the feed

direction V, whi cH48E%pl ai ned bel ow. As can be seen from Figures 1 and
2a, thesyngke & wsiah drexhididgl ancerisayatigehealdire, iy the formof a
pl ane outer-surface section 7, the so-called flat, which has been applied
in a given nmannePCafesr 18r B il ¥t e ongr pét &helend SaepsSa way that an
-angle a which the given crystallographic direction K fornms with the norma
NF on the plane outer-surface section in the wafer surface 2 is known. As
the angle a is known, an angle p between the given crystall ographic
direction K and the feed direction V of the single crystal in a plane
perpendi cular to the longitudinal centre axis Mof the single crystal and
hence in the cutting plane is therefore also known.: It should be noted
that, instead of the flat, an incision called a notch can be




provi ded -on the outside of the single crystal. The crucial HF
49-16668. 7/ AQ bs/ 28.6. 02 12 Decenber 2005 6 factor is only an external
feature whose arrangenent relative to the given crystalIogPQ%ﬁP@mﬁﬁ9%htion
Kis known. As can be seen fromFig. 3, during penetration of the wres
4a, 4b, 4c, etc. into the single crystal the forces F,- or F,~ acting on
each wire differ on account of differenf critical |l oads L.' or Lx on the
front and rear sides Sor S of a wafer la, |Ib,.lc, etc., so that the
- disequilngjunkif forces arisin ,Ieadf to drift of awire until the

repel 1ing F¥%br & of & HEIHALET rE #AsCT eRR oPELCERENEqHREVIGR GREOFIHFST ces.
The critical |oads aie gy SifAlds RaUnVal ¢Aket Sali gt bipbacalwdepthg of
penetration. Figures 4a to 4d in each case show thé warp or bow for a

waf er as &Fidncti on ofsdismatdmyviiaw adj astetatlobft Féggi ven
crystall ographic direction K relative to the feed direction V. It follows
‘that a lowwarp or a |ow quantity of the bow value, which are desired, are

obt ai ned ei t helrdyy o ashxidyy hldefeethdaie, VEDfst e arbirgbs beedngaba, by
adj usting the aqgée of the crystallographic direction Krelative to the
feed di r edticorWafg® hduriBgd "iate S ndFdi AeseEibelakstilovwn wiwintbew

val ues arqungd @P%i \%15@&: 124Q0 4‘%”%%39aﬁfseagghﬁv%‘}omwﬁgg.th??e ¥glyes, the
resul tant force 'Th arises fromthe sumof the constr ‘hi ng Force Fx or
F'' is m miinml .sahiengpriierwides afgl egbat 4vhipenethe teonsitt@i thagsiogtes
(descri bed ABOYVE 1858 £ g0 R NIAL° S A" atDE M L oS, RONEL! ALE ! "B, RS 8L09' e
- crystal
cutting operation, after reaching a critical depth of
penetration into the single crystal 3 the diamond particles
of the wires produce microcracks which lead to removal of'
material due to mutual crosslinking. This critical depth of
penetration depends on the orientation of a given
crystallographic direction K located -in the wafer surface 2,
for example the [010] direction, relative to the feed
direction V, which is explained below.
As can be seen from Figures 1 and 2a, the single
crystal 3 exhibits an orientation feature in the form of a
plane_outer—surface section 7, the so-called flat, which has
been applied in a given manner after growing the single
crystal 1 iﬁ such a way that an angle. o which the given

crystallographic direction K formg with the normal Ny on the
plane outer-surface sgection in the wafer surface 2 is known.
As the angie o is known, an angle p between the given
crystallographic direction K and the feed direction V of the
single crystal in a plane perpendicular to the longitudinal
centre axis M of the single crystal and hence in the cutting
plane is therefore also known. It should be noted that,
instead of the flat, an incision called a notch. can ' be

provided on the outside of the single crystal. The crucial

HF 49-16668.7/A0/bs/28.6.02




"W thout transverse deflection depend on.the material of the single
crystal, or in the case of sem conductors on the doping as 1, and on
other factors. They are to be deternmned enpirically for e ?ﬂﬁﬁ?@ﬁ
crystal material. The device according to the, invention for orienting a
single crystal in the cutting machine, in particular in the wre saw ng
apparatus, allows the utilisation of this effect HF : '
49-16668. 7/ AQ bs/ 28. 6. 02 12 Decenber 2005 7 and at the sane tinme precise

adj ust nentg 0f 3 des r%lsﬂ;?%i epfaLiom - ASafapebeyfgen fLomEid, pa. the

device for orienting a _ crystaﬁ |h a cutting nacﬁlne conpri SéEs an
appar at us rel@tlioeated thwt gident keyvatbldbgeaphingdieebithenf #r i sdkhewi ni ng

t he angl e between a crystall ograghi C,BI ane, for, exanple the (100) Ipll ane,
and the cryst afSelf@® & 28Rh&TOUpFiPat iz PO RER R HAY P 180¢0r t he

single crystak 3a, Wbh acp! ang surdacecddaswiibeh isrieherahl vedesigned as
a vacuum chuck and i n which the essentially cylindrical single crystal is
hel d at iFs em Bdcachynghenaeachnwbtepdiffal oprassavet FhedafEeunehal
orientatign.of the.single crystal, i.e. the angular position jn the.
"subsequenFr&gﬁFFEglﬁﬁgge?xi%?cﬁﬁiﬁ@dt%? %ﬂ%n%rg%#tﬁfg nsb@e?h%,°¥l t 7 or
other exberaalwdfeat ure, | Dbt hecappaeat Usol@hathaisd N SoGiyBiEtign &8 I N
this case _either stuck fast to a sawing substrate 12 with which it can
| ater be FR¥EREBTLAITHe Fiades Sawidd ftamfaratise dintahesienreretting ace

after meagype@enis IR taut wire has restored the equilibrium of
' .forces. The critical loads are physically equivalent to the
critical depths of penetration. Figures 4a to 4d in each
case show the warp or bow for a wafer as a function of the
angular adjustment of the given crystallographic direction K
rélative to the feed direction V. It follows that a low warp
or a low quantity of the bow value, which are desired, are
obtained either by reducing the feed rate v or, for a high
feed rate, by adjusting the angle of the crystallographic
direction K relative to the feed direction. With a feed rate
of 2 mm/min, for example minimum bow values around 60°,
150°, 240° and 330° are achieved. With these wvalues, the
resultaﬁt force which arises from the sum of the
constraining forées Fx' or Fy' is minimal. The preferred
angles at which the constraining forces.described above are
compensated and the wires penetrate into the single crystal
' Without transverse deflection depend on the material of the
single crystal, or in the case of semiconductors on the
- doping as well, and on other factors. They are to be
determined empirically for each single crystal material.
The device according to the invention for orienting a
single crystél in the cutting-machine, in particular in the

wire sawing apparatus, allows the utilisation of this effect

HF 49-1666_8.7/}\0/1’33/28.6.02




angul ar position of the flat 7 provided on the single crystal 3 relative
to the holder 11 is adjusted by neans of a stop 13 in such way. that the
angle p exhibited by the given crystallographic direction Erabsrdaos o
the feed direction in the cutting nmachine, as can be seen in Fig. 5b, has
an enpirically predeterm ned val ue as dgscri bed above, for the mninum

w re defl ection and hence maxi num possible feed rate. The holder 11 is
novable in a vertical direction. Further, the holder 11 is rotatable by
means of eaandt &t ortheeciwdr smimeot pgkawne abdytiskmentendfal a axdssadh
runs parallel to the longitudinal centre axis of the single crystal.
Opposi t e orisgyohantatidnep. surface 2 of the single crystal 3, which forms
t he subsequent ﬁsurfac of thg :échtF:ﬁF 49-1 6}2834\'%%’ bs/28.6.02 8 wafer to
be cut off, is Bt AU - HUtocdN 1 i vk T SSEHPE 1P W eietng @

posi ti onedsigyiidiaérié6adptincal Qxttsiny @athchdesowbi-isthe atorafdatpidde
surface |la of _the holder 11. There is further provided an X-ray .

goni onet erl&ondPsetag oPuapider aFheubeadtuahd Sittdsiduti afeghéBeectfr 16

which is \ahli6, ud hig, a e nqul _ : l.e of bout
200, aboutc{%E pmﬁ%lm'o(# h%l?? g?ﬁégg %hgﬁgﬁgf gcecqé( s{:)t%qtg' E}gljag)}hr}g'f( ¢h ;?/asft a O.la
Furt her, axEmie pahal |{@o00dptptahe m andr the csyptali éedl fdxee n2rr @hel7 can

be €0, bl dieans, o1, Yagum fechani ofl 1ot shous, L9, Lle end face 2 of
~of the siRghe | yglahe3s8@raset A1l akH hes Opti£alaBxiSde8ighb8 as a
autocol limati on tel escope. The range of neasurenent :
vacuum chuck and in which the essentially cylindrical single
crystal is held at. its end face by the action of partial .
pressure. The azimuthal orientation of the single crystal,
i.e. the angular position in the subsequent cutting plane,
is defined by the orientation of the flat 7 or other
external feature in the apparatus 10. The single crystal 3
is in this case either stuck fast to a sawing substrate 12
-with which. it can later be inserted in the wire sawing
apparatus, or adhesion fakes place after measurement. The
angular position of the flat 7 provided on the single
crystal 3 relative to the holder 11 is adjusted by means of
a stop 13 in such a way that the angle p exhibited by the
given crystallogfaphic direction K relative to the feed
direction in the cutting machine, as can be seen in Fig. 5b,
has an empirically predetermined value as described above,
1for the minimum wire deflection and hence maximum possible
feed rate. The=holder 11 is movable in a vertical direction.
Further, the holder 11 is rotatable by means of a rotation
mechanism, not shown, about its central axis which runs
7 parallel to the longitudinal centre axis of the single
crystal. Opposite or above the free surface 2 of the single

crystal 3, which forms the subsequent surface of the first
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of the autocollimation telescope is appndxinately 1. In the event that the

angle which the end face 2 of the crystal has relative to %ﬂf
surface | l'a exceeds this range of nmeasurenent, there is pr g@”ﬁﬁm5
optical wedge plate, not shown, having a given wedge angle, which causes a
gi ven beam deflection of e.g. 2 in ordgr to bring the surface to be
measured within the range of nmeasurement again. Control "of the apparatus 10
is designed in such a way. that first an angul ar neasurenent of the mrror

orientati amards casrigd oshirauberntigal | yrevtiBetine adut erAldddmtin®it ion
“tel escope and then a neasurenent of the desired crystallog raghlc pl ane,
for exarrplt@]{ﬂf@qm@‘l gﬂaxcéhp;%\r@omv\}%e@héoxthap g‘éﬁl epttienrl exaAsré is

further h t t h enment s
can be carr?ﬁg'oﬁ¥ a‘ggntﬁfmﬁxg&ggné cryéggﬁﬂfﬁrﬁgﬂ£ ﬁroug @gﬁ%% out
‘the | ongi tudi mMHereerits ervaditerMprdsricaid ke seeay Honilbn@itees doridtingan
appar at us for cutting the single crystal which in this enbodinent i.s HF
49- 16668. PEAGDSF 2826, bpbe135pedghiFal S IR LBh A ERE A asb a"itFB d&wi ng

appar at us H%Qra(bqr@rdrﬁ‘?ﬁarf{"' Le prdld i la Hé{@Iaz\_“’“F: Ehe eeﬁélgﬁlé b¥

;guided in a horizont direction, and guide ro s 22 | ocat t her eunder
for returﬁbmudtRQWMr&b@m@aabpbbmtthé @¢UQah\mnwthqﬂsumfa¢emh|oﬁ tbeting

ke P eGtogiote IS T8I0 ¢ 4o RS AP Aud S VU el T o
attached 4@ @Rovided. The mirror 17 can be fixed by means of a vacuum
| méchanism, not shown, to the end face 2 df the single
crystal. The mirror 17 can further be fixed to the end face
2 of the single crystal 3 so as to lie on the optical axis
of the autocollimation telescope. The range of measurement
of the autocollimation telescbpe is approximately Zl°. In
the event that the angle which the end face 2 of the crystal
has relative to the plane surface 1lla exceeds this range of
measurement, there is provided an optical wedge plate, not
shown, having a given wedge ahgle, which causes a given beam
deflection of e.g. 2° in order to bring the surface to be
measured within the range of measurement again. _
Control of the apparatus 10 is designed in such a way.
'that first an angular measurement of the mirror orientation
is carried out: automatically with the autocollimation
telescope and then a measurement of the desired .
crystallographic plane, for example the (100) grate plane,
with the X-ray goniometer. Control is further designed in
'Such a way that in a second step the same measurements can
be carried out again with a single crysﬁal turned through
90° about the longitudinal centre axis M.
As can be seen from Figures 6 and 7, an apparatus for

cutting the - single cxrystal which in this embodiment is
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X-Y positioning unit 24, in a vertical direction relative to the wire area
at a given feed rate v. The X-Y positioning unit 24 is constructed so as
to be able to displace the single crystal 3 referred to a JEFeEmeages
systemon the nmachine side XM YM ZMin a direction parallel to the wire
area 4, which is the XMdirection, and jn a direction perpendicular to the
wre area 4, which is the YMdirection.” The pivot range is about 5 in the
XM direction and about 2 in the YMdirection. There is further provided an

aut ocol | i g inn..1 cgpe 25, Which d.sidfenti Wt ot h | Ljsnmtion
tel escope 14 of t eeqippgr at ug 13, vanosgd %%#%%% ‘X\%xi S Og?ﬁnggilgﬁgaup#%ne
paral | el tmwolleersu 24 aceard.whildie adteocwhikrensdrem tdel dscogei@sddi sid umt her

arranged i.n such way, .t hat .its optical axis when_the, single_crystal is
ot al | ed T altion HESPY18B:t PPy % ne CLIEFE ada  JPPFEdsi ngl o
crystal . AhS@idddd T UNdE RS icE RHViAed hoka 8¥ALUALIRD JRANGi8e

measur enent. of the autocollimtion telescope. Further, the apparatus 20
i ncl udes #®leng om MNhigh cwttsind dedrsisc 3l awet. hAbbwenitheowit? efreghd is

apparatus 10 _.a i C i.s fixed,by ns ..of .a vacuum_nechanj s ot, _shown,
Co the. oRr A B! berd sl e2d) v Sofhl: 1BSY SR e Ral s
aut ocol | i meiviabil < &lies aoRe sdwirkuldiibetrata apti Ghkchedge atplaahed?8ol an
provi ded i.n_a rotatable socket 29 for produci n% HF 49-16668. 7/ AQ bs/ 28. 6. 02
12 Decenbér RFPFLEGoRigGid &R ite £ défy 8cVreRispleddrestipny rglasvangonedge

the wire area at a given feed rate v. The X-Y positioning
unit 24 is constructed so as to be able to'displace the
single crystal 3 referred to a coordinate system on the
machine side Xu, Yu, Zy in a direction parallel to the wire
area 4, which is the Xy direction, and rin. a direction

perpendicular to the wire area 4, which is the Yy direction.
The pivot range is about #5° in the Xy direction and about

+2° in the ¥y direction. There 1is further provided an
autocollimation telescope 25 which is identical with the
autocollimation telescope 14 of the apparatus 10, whose
optical axis O lies in a plane parallel to the wire area 4.
The autocollimation telescope 25 is further arranged in such
a way that. itsg .optical axis when the single crystal is
installed lies apprdximately at the level of the centre axis
of the single crystal. An evaluating unit 26 is provided for-
evaluating the angle measurement of the autocollimation
telescope.

Further, the apparatus 20 includes a mirror 27 which is
identical with the mirror 17 of the apparatus 10 and which
is fixed by means of a wvacuum mechanism, not shown, to the
end face 2 of the single crystal 3 facing towards the
autocollimation telescope 25. Further, an optical wedge

plate 28 is provided in a rotatable socket 29 for producing
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pl ate 28 are attached to a hol der 30 which contains the vacuum nechani sm
Al so provided is a stop 31 which fixes a predefined di stance between the
mrror 27°'with the wedge plate 28 and the X-Y positioninglg i erbep2005To
adj ust the whol e apparatus, there is further provided a reference face 32
which is attached to the feed unit 23 jgpposite the autocol limation

tel escope 25. The reference face has high planarity and nechani cal
stability and an easy-to-clean surface for easily renoving dirt prior to

measur enend . gByeffe a0l daftaseion BFE Shewnzowhimiresn ke ApUNtedge
directly on the reference face, the reference face can be orlented in the

hor i zont alPift&nhe?Parcdid etittiéchﬁ‘é ta re Aeddez. Zti)ewﬁltlpbn @-’Pnttéhlensappheat uses
10 d 20 i fall . t.h
.19 an v%%nfj rﬂ@%ﬁ&&llg}ﬁ fgc?g%h?@ 48438 t%h\é%’ ﬁF Ol-ﬁtegs%% §avm ng

crystal own 1n uck W

substrat e p]t”&,de\ﬂltnl&dt héiatsnoé destwepn ndie SthWIﬁorl PR giran tlngukage
orlentatloq to the sawi ng substrate 12. The 'angle here is selected so
that the B&e7 %8s agF &bfed- |nPPﬁét18?Fﬁﬁtﬁ§V18Fr§étlon in such a way that

the given crysial l.egraphi eyl reptdad Kybsaalea predeter m ngd @HQL&

the feed direction V-at which the constralnln orces acting on't
al nost - caeeividach sotiwference | face d22 whhas th lze talglhed ocsethé héeeﬁm me

possible (a8 e ollEtie o BRI D iR hE Al e s s Ao
appar at us regerdater fﬂa@d?%éélehﬂaheﬁlahta@mtﬁ alride m@étya&tféatpgéaabth@y ane
relative to the end face of t
and an easy-to-clean surface for easily removing dirt prior
to measurement. By means of 'a camera, not shown, which can
be mounted directly on the reference face, the reference
face can be oriented in the horizontal plane parallel to the
wire area 4. _
Operation of the apparatuses 10 and 20 according to the
. invention is as follows. First the single crystal 3 is, as
shown in Fig. 5b, stuck with the flat 7 onto the sawing
substrate 12, with the aid of a stop, not shown, in a given
angular orientation to the sawing substrate 12. The ‘angle
here is selected so that the flat 7 is oriented in the
azimuthal direction in such a way that the given
crystallographic direction K is at a predetermined angle p
to the feed direction V at which the -constraining forces
acting on the wire almost cancel each other out, in order
t:hus to be able to set the maximum possible feed rate. Then,
as shown in Fig. 5a, the single crystal 3 together'with the
sawing substrate 12 is inserted on the holder 11 of the
apparatus for determining the orientation of the
jcrystallographic plane relative to the end face 2 of the
vsingle crystal by means of a vacuum mechanism, not shown.

The wvacuum mechanism allows the single crystal "3 to rest
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single crystal by neans of a vacuum nechani sm not shown. The vacuum
mechani sm all ows the single crystal 3 to rest HF 49-16668. 7/ AQ bs/ 28. 6. 02 .
12 Decenber 2005 11 directly on the surface Ila of the hol derPaEmberREns t he
hol der 11 is noved into a given height position, so that the end face 2 of
the single crystal is located in the fogal plane of the X-ray gonioneter.
Then-the mrror 17 is placed and fixed on the end face'2 by neans of the
vacuum mechani sm Next an angle nmeasurenment of the mirror surface is made .
by nmeans ofitdet byt eepl theatduntdwd escapafldthbBy heei&F Mini NgrResle @t | on
of reflected cross hairs fromthe cross hairs projected onto the mrror
sur f ace. A&OJtiF‘er Shriadeewd tHe-qrig rpvery hesioht @ssdd isar.aldcelthed tthe end

face 2 of dhe siLpgle cLys ; th |cal _axis f the .
aut ocol | i mation tel %sc%%er’:%% i%sl erepenc}lf)sggu lgrk?o)if'ﬁzg(%s?%rf%ethlel &°5f1t he
hol der 11 pimch $OruBet herapf gorhoeetace, Theh hthé hinsrieasurerenplbbeg -

~angul ar ag%rgqst\i%nt%?of the mrror _ surface or,  of the end face of the single
crystal r i VR e $OFf aBYl 1 526F the ol deganel @fn diedevacHifed.

Alternati v@lahardiih Sitgke ghyahahel holRATURANIN UM, hiLSIMNGace

substrate, the orientation of t at in the -ray device bei'ng

by a stop,1= omaéﬁalbm gneqpe o@dsitted suyscal ldgatpbinc tellaseopeorlexabpl e the

(100) ! 30 TS eyt B ) Lol g a0 2 ol SISl

Bragg ref loeeissonhiad rideapitbgdcted onto the mirror surface. As the
surface of the mirror 17 is oriented parallél to the end .
face 2 of the single crystal 3 and the optical axis O of the
autocollimation telescope 14 is perpendicular to the surface
lla of the holder 11 which forms the reference face, with
this measurement the angular adjustment of the mirror
surface or of the end face of the single érystal relative to
the surface 1la of the holder 11 can be determined.

- Alternatively, the single crystal is measured without
the sawing substrate, the orientation of the flat in the
X-ray device being defined by a stop, for example.
The desired crystallographic plane, for example the

(100) plane, is in general not parallel to the end face 2 of
the single crystal 3. To determine the direction of the
crystallographic plane, the Bragg refl'.ection is measured
With the X-ray goniometer 15, 16 which for this purpose is
moved within a predefined angular range. The X-ray tube 15
and the detector 16 are for this purpose located in the
known manner at a fixed angular distance from each other and
are moved in an arc within the given angular range. The
Bragg reflection indicates  the angle which the
crystallographic plane forms wi-th the surface 1la of the
holder 11. The X-r;y goniometer measurement is repeated, the

single crystal béing rotated through 90°. Two vectors arxe

HF 49-16668.7/A0/bs/28.6.02




with the X-ray gonionmeter 15, 16 which for this purpose is noved within a
predefined angul ar range. The X-ray tube 15 and the detect 16 are for
this purpose located in the known manner at a fixed angul a Dicembi @805 r om
each other and are noved in an arc within the given angul ar range. The
Bragg reflection indicates the angle whiach the crystallographic plane
forms with the surface |la of the holder 11. The X-ray goni oneter .
"~ neasurenent is repeated, the single crystal being rotated through 90. Two
vectors acbtERngd 16668h#/ ADthek28.:0D2X - A2y Dgorhbret2D0mehzuebtanned by
X-ray goni onet er rreaszéerrents, t he X-ray neasurenents

- the optic an
(x133l,o IYl%%‘F and"tHé o ‘?lacgdjlrre"f?é’gs%re KOs (X’@m,) yoRRdwi tHe esPBELCRS t he
Zero poi Nnedkulrbfhern®’s GRLA! 100) S¥EEEMredPecHi LLELRACE DAL %Sglt;{ﬂf two

vectors yields the orientation of the crystallographic ( ane to the
crystal epfifatetzonndypsimtent Tlye ofliffkrerter haltweeef erlencewsysketrtersuch as

kit bars, _thrust .pieces, fastenin ucks, etc.. After, thi neasur enent ,
the orienta :j'(%)irsl ot‘lf%% heE L e TR Rt oéfa%?u’iec 9 aﬁ&l%%%% fje%%)ecpi?’&et he
end face 2o ofhd hergishglle erystaled s2kngWdpeHishttve!l 8 Garr egkiapnyal ues

for the X-Y_positioni ng in the wire saw for adjusting a desired
ni sori ent REFBRENREXEYSERBSpSEFR| 8F bitt Rerendthnustopbacene Eagtenings

measur ed eAutRe, Weke SaWcel hiPHs Aledlid 4 Cali AU 0RO | LERLAEN

tel escope 25 and the identical plane- p | mTror € ZEer o- poi nt
adj ust mrencrpftahéodryphic (100} plane with respect to the end face 2

of the single crystal is known. This vyields correction
values for the X-Y positioningrin the wire saw for adjusting
a desired misorientation.

Next, the position of the end face 2 on the crystal is
measured on the wire saw 20 by means of the identical
autocollimation telescope 25 and ther identical plane-
parallel wmirror 27. The zero-point adjustment of the X-Y
positioning unit 24 in the coordinate system on the machine
.side Xu, ¥y 1s made in this case. by means of the reference
face 23. In the Y directibn} that is, in the feed
direction, the adjustment is made only once at the factory,
for example with a dial gauge. The zero-point definition in
the Xy direction, i.e. in ﬁhe wire plane, takes place at
each change of roller of the cutting wife. For this purpose
the reference face 32 is oriented horizontally on the wire
area with a camera which is attached to the reference face
and which determines the X positioﬁ relative to a reference
wire of the wire area.

To adjust the autocollimation telescope 25, the feed
‘unit 23 is moved into the reference position, i.e. the
reference face 32 ig located in the optical-axis of the
autccollimation telescope 25, and the mirror 27 is placed on

the reference face and also the position of the
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positioning unit 24 in the coordinate systemon the machine side XM YMis
made in this case. by neans of the reference face 23. Int YM d| rection,
that is, in the feed direction, the adjustment is made only 3HEBPEEM%e
factory, for exanple with a dial gauge. The zero-point definition in the
XM direction, i.e. in the wre plane, tgkes place at each change of roller
of the cutting wire. For this purpose the reference face 32 is oriented

" horizontally on the wire area with a canera which is attached to the

ref er ence dfaeeoldnnathiceh desbpssides the Xmpashtean rehabi velltaoneker ence
wire of the wre area. To adjust _.the autocollimation tel escope 25, the feed
unit 23 | FESRENGIRD inhecfireiefckiphsitiicoid *f Ehe reérsreree fRsee 32

s |ocateg neﬁeeprfpp}f%ao PS80 6P&m AUKGOLL TRLEAR.LELCFGARE 135, ANd

the mrror 'S erence acea alsot ep03|t|on Yof the:
HF 49- 1666&371%@1335}11‘% Bad2um 1PaBeerither d200ce 13Thahothe| mimkben2veligscope
I s neasured. The ctroni referenci.ng is effected th the aid of the

ref er ence "FHEYE 2an hes i r %8!3 d) BLE nd Sar BMEDntid Ehe tREF F BT a8 32 by

means of 1hq ¥RGWIMIASIEI N 0akleVERE: s1RgN et Re-BLEI0T3 2751 S chefBYedoand
the feed unit is noved into the | oading or orirenting position and the

si ngl e cr {¥ealsadving ssubstieate 012t hé"hgavmthg subzomata7 1s Fheachad worror
2% SR S, U0 85 BB LS T R e
face 2 is n@asured with the autocollimation telescope 25.
Then the correction values obtained from the measurement in
. the apparatus lO.are‘ehtered and the horizontal and vertical
position adjustments of the single crystal are made, so that
Ehe crystallographic plane exhibits the predefined angle to
the wire area. The mirror is removed and. cutting is carried
out. |
With the method described, the azimuthal angular
adjustment of the given -crystallographic direction K is
maintained, and operation can be carried out at high feed
rates compared with the state of the art. The feed rates
are, for example for cutting a 6-inch GaAs single crystal,
approximately fourfold compared with - the traditional
orientation, at Ghich it is not possible to suitably adjust
the azimuthal angular positibn. _
In a medification, the desired misoriéntation is taken
into consideration by providing the wedge plate. In a
further modification of the cutting apparatus according to
the invention, the single crystal is rotatable in the
cutting apparatus about its axis N, shown in Fig. 1, which
- is perpendicular to the wafer surface, in order to adjust
the optimum angle .to minimise the cutting forces.
Alternatively, it is also possible to adjust the optimum

angle to nﬁnimise the cutting forces by tilting the wire
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Then the correction values obtained fromthe neasurenent in the apparatus
10 are entered and the horizontal and vertical position aﬁj tments of the
single crystal are made, so that the crystallographic pla @%%§ﬁm%TF@5the
predefined angle to the wire area. The mrror is renoved and.cutting is
carried out. Wth the nethod described, the azinuthal angular adjustnent
of t'he given crystallographic direction Kis maintained, and operation can
be carried out at high feed rates conpared with the state of the art. The

feed rategrear.e, pégfefésﬁyl e f%e&éh&ﬂﬁg Aelzlach; £ags, -9 ng%@vfcﬁé@t%

approxi mately fourfold conpared with the tra |t|onal orientation, at which
it is not meessiviel ethe sdefdbbyiadj usf tiles aziunttihed appaAmtysosidurdng | n a
nodi fication, .the desired msorientation is taken into consideration by
provi di ng Fﬁg dge plate. In a further nodification of the cutting

appar at us accorngisk@atio of heheN\RH1IQ1dhei§i peke rﬁéél@&ﬁinésab%hébéﬁée in
the cutting apparatus about its axis No shown in Fig ,
per pendi cdPar &t gonkachdess ddstasse mgagndéngt syatpustant hdsopbenusedngl e

to ”‘”'”‘%Ertﬁgt%BE&bﬂg %OE%%SorlAhkgE ﬁklvgl he'%%aﬁcalso pO§S|bIe to

adj ust _the optimim mnimse the gt I'fig es by tilting the
wire HF 49- 166@&17/@%@’% 2&1@ 63 aliBeBtoanber A¥mniharem &febeopbly, a
measuring device is then provided to_ nmeasure the deflection of the cutting
apparatusragﬁFﬁﬁce faces, etc. are eliminated, as measurements can be
made directly on the wire sawing apparatus 20. The apparatus
described and the method allow high-precision direct
measurement on the wire saw without a safety risk. Further,
the angle measurement with the autocollimation method is
independent of the measuring distance, so that it is
-possible to mount the autocollimation telescope 25 outside
the cutting space. For cutting, the correéponding protective
hood can then be closed. The X-Y positioning unit allows
vertical and horizontal adjustment of the components of the
misorientation, so that the processing directioﬁ. of the
crystal is freely selectable at any time and can be used as
a control variable for the wire deflection.
The invention is not confined to a wire sawing

apparatus, but can also be used in an inner hole cutting

apparatus, for example.

HF 49-16668.7/A0/bs/28.6.02




-cutting. Instead of the deflection in the neasuring apparatus 10, a
contactl ess di stance neasuring system can al so be used for tection of
the orientation of the flat. Al errors due to adhesion or teambsialdon of
stops, reference faces, etc. are elimnated, as neasurenents can be nade
directly on the wire sawi ng apparatus 20. The apparatus described and-the
nmet hod al | ow hi gh-precision direct neasurenent on the wire saw without a
safety risk. Further, the angle nmeasurenment with the autocollinmation
method is independent of the neasuri nig di stance, so that it is possible
to mount the autocollimation tel escopel®25 outside the cutting space. For
cutting, the corresponding protedgig+ @edygan then be closed. The X-Y
positioning unit allows vertical and horizontal adjustnment of the
conponenis Gippidretus Sotri entaithonsisgld haty dte proomesisiggedi rection of the
crystal is freely selectable at any tine and can be used as a control

vari abl eaf outthagwidavidef | éeti onttThe iafenvabers s fmom cunf easentbablwire
saw ng apfarat_us, but can also be used in an inner hole cutting.

appar at uSY1 ¥ San i@ lar caystedeBavingy dst 26wl nal cpatErberiz2nns 15
Patent Cains 1. .Ap aratﬁls for cutti L ng stal s copprising:

CUtt]ng devite FHFTRATE HETORP BAPEIGo bt SRS COLRRETaT yERby T I B
si ngl e cryst @l Jayidld A 100dh Ludi,Bal o CEIL T & AN Ry device,

a feed device for moving the crystal in a feed direction

essentially perpendicular to its longitudinal centre axis
relative to the cutting device,

characterised in that the orienting device 1s designed in
such a way that the single crystal is rotatable about an axis
defined by the feed direction and an axis which is
perpendicular to the plane which is defined by the longitudinal
centre axis and the feed direction, characterised in that an
optical wedge plate having a given wedge angle is provided on
the surface of the single crystal which is to be measured for
adjusting a predetermined angle offset of the X-Y orientation,

of the single crystal.

2. The apparatus according to claim 1, characterized in that .
the cutting device is designed as a wire saw having a plurality
of parallel wires which form a wire plane for cutting, and in
that the orienting device is designed as an X-Y positioning
~unit with which the single crystal 1s displaceable in a plane
parallel to the wire plane and a plane perpendicular to the

wire plane.



an orienting device provided in the apparatus for orienting the single
crystal relative to the cutting device, a feed device for ving the
crystal in a feed direction essentially perpendicular to rB%Dﬁﬁﬁbﬂﬁwﬂina
centre axis relative to the cutting device, characterised in that the
orienting device is designed in such a way that the single crystal is
rotatabl e about an axis defined by the feed direction and an axis which is
perpendi cular to the plane which is defined by the |ongitudinal centre
axis and the feed direction, characterised in that an optical wedge plate
"having a given wedge angle is providedlon the surface of the single
crystal which is to be neasured for adjusting a predeterm ned angl e offset
of the XY dHemRRIGITUS cFcttedigihgre ewwa%, Thamgetappacdt ds advdr di ng

to claiml, characterized in that, the cutting device i,s designed as a wire
saw havi 7y FPrurfasyFing 9pLLSF &F Rf?%%é%ﬁré%FfWﬁ%ﬁQ§%ﬁgr§hﬁlane for

cutting, in. that-the aorienting devige i.s_designed.as an - XY
positicnﬁé%%k%éh OWM%% aﬁigﬁdtﬁéu§?ﬁafe£§?y§%§ ﬁﬁsqﬁpgﬁﬁacé§b%§lﬁﬁ éxblane
paral | el ({0 f & Wi Pl ane and a plane perpendicular to the wre plane. 12
Decenber 2005 16 3. The apparatus according to claim2, characterised in
that an angle neasuring device is provided for neasuring the orientation
of an end face of the single crystal relative to the wire plane. 4. The
appar at ub. ditcor dppgrdtous| acov2dioig 3tochdradat €2 i sed 3i,n characterised in

that the angle measuring device comprises a mirror which can be
fixed to +the end face of the single crystal, and an
autocollimation telescope whose optical axis is perpendicular

to the cutting plane.

5. The apparatus according teo claim 4, chsracterised in that
the mirror can be attached to the end face of the single

crystal by means of a vacuum device.

6. The apparatus according to any of c¢laims 2 to 5,
characterised in that a reference device is provided for the X-

Y positioning unit.

7. The apparatus according to one of c¢laims 1 to 6,
characterised in that the optical wedge plate is rotatable in
the cutting plane about the longitudinal centre axis of the
single crystal in such a way that a given azimuthal orientation

of the wedge angle is adjustable.




that the angle neasuring device conprises a mrror which can be fixed to
‘the end face of the single crystal, and an autocollimtion telescope whose
optical axis is perpendicular to the cutting plane. 5. Theu%%%ﬁmhvagﬁ
according to claim4, chsracterised in that the mrror can be attached to
the end face of the single crystal by neans of a vacuum device. 6. The
apparatus according to any of clains 2 to 5, <characterised in that a

" reference device is provided for the X- Y positioning unit. 7. The
apparatus according to one of clains 1 to 6, characterised in that the
optical wedge plate is rotatable in tHe cutting plane about the

| ongi tudinal centre axis of the single crystal in such a way that a given
azi nut ha$ - or Teait agPparatpis t hecoritinangte i 8nndj ast ableing?2 becdwber’,2005

17 8. The apparatus according to any of clainms 1 to 7, characterised in
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| ongi tudi nal centre axis and inthat preferably there is a device for
measur i ngpdiltds ondeblactdonbofit t fige CLbAgithdierdICceetitiengxeBt ti ng, which is

9. The apparatus according tco one of élaims 1 to 7,
characterised in that a rotating device 1is provided for
rotating the single crystal about its longitudinal centre axis
and in that preferably there is a device for measuring the
deflection of the cutting device during cutting, which is

coupled to the rotating device.

10. The apparatus according to one of cilaims 1 to 3, further
- characterised by a device for determining the orientation of a
crystalloéraphic plane relative to a crystal surface, wherein
the device comprisés:

a holder for the single crystal with which the single
crystal is held in such a way that its surface to be measured
in exposed,

an angle measuring device for measuring the angle which the

~surface to be measured has relative to a reference axis of the
holder, and

an X-ray measuring device for determining the angle of the




coupled to the rotating device. 10. The apparatus according to one of
clains 1 to 3, further characterised by a device for determ ning the
~orientation of a crystallographic plane relative to a crysf%P“@@hﬁé@@i
wherein the device conprises: a holder for the single crystal with which
the single crystal is held in such a way that its surface to be nmeasured

-1 n exposed, an angle neasuring device for neasuring the angle which the
surface to be nmeasured has relative to a reference axis of the holder, and
an X-ray neasuring device for determning the angle of the 12 Decenber 2005
18 crystall ographic plane relative tolBhe reference axis. 11. The apparatus
according to claim10, characterised in that the single crystal is

essent | afT¥St@ALAWFAPEAC RAGNENESSBFHER et tidi & GREFSHICEd 274 San end face of
~the cylinder and the holder conprises a plane surface to which the single
crystal can be fixed with its end face opposite the surface to. be

measur edy Ak | dpddialedde el Rrenee AX i e 1016 Qermlda dhe Bl A

surface. 12 e ‘apparatus according to a|n1fo or aracterised in
that t hecl?élgéﬂu@F@SénygaﬂeYbC_%s's@fﬁ'tﬂgﬂ?/ac%&h@ﬁci@éiaﬁﬁﬁd_t@fé dhve 3w face
to be neasured and an autocol limation tel escope whose optical axis
coi nci deso ibé hméhsured eienee aqds.fdd: dhetnapparatitideacenddithg thplary of
claims 10 to 12, <characterised in that the X-ray nmeasuring device is
desi gnedcaaprises a plane surface to which the single crystal can be
fixed with its end face opposite the surface to. be measured;
and in that the reference axis is the normal to the plane

surface.

12. The apparatus according to claim 10 or 11, characterised in
that the angle measuring device includes a mirror arranged on
the surface to be measured and an autocollimation telescope

whose optical axis coincides with the reference axis.

13. The apparatus according to any of claims 10 to 12,
characterised in that the X-ray measuring device is designed as
an X-ray goniometerrwhich includes'an:x ray tube and a detector
which are movable together within an angular range about the
reference axis for measuring Bragg reflections for the

crystallographic plane.

14. The apparatus according to any of c¢laims 10 to 13,
characterised in that the holder is movable in the direction of

the reference axis.




an X-ray goni ometer which includes an X ray tube and a detector which are
movabl e together within an angul ar range about the reference axis for -
measuring -Bragg reflections for the crystallographic plane$&@%¢m¢ﬁé@ﬁ§}%*
apparatus according to any of clains 10 to 13, <characterised in that the
hol der is novable in the direction of the reference axis. 19 15. The
apparatus according to any of clains 10 to 14, characterised in that the
hol der conprises a vacuum suction device for fixing the single crystal by
means of partial pressure or vacuum 16. The apparatus according to any of
claims 10 to 15, <characterised in that®the single crystal in the hol der
conprises_a stop with which the sLn%Ie crystal can be fixed in

a
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ref erenc i 7. t hod.fqor cutting .a_sinagle crystal in. a cuttin
machi ne %\%ﬁt}% et er g gcrheaoccufh%f fhogflce)rlﬁ th psrilnsg % r Qrsatcéllumbys%%% fent  of

the singhey£EysStaly | B18;hgedekll r a6t AR relgbiye tQ, a GUill ngr O8YLCE; W Lh
the steps of: detgkn?ﬁ?ﬁgsthe angleggetmee% t%e g%§sta%lographﬂ§ H?ane and
an ext erppésswd age wicdudie single crystal outside the cutting nmachine,;

measuring the orientation of the external surface of the single crystal in
the cutting machine; positioning the single crystal on the basis of the
orientation of the external surface in such a way that the
16. The apparatus according to any of «claims 10 to 15,
characterised in that the single c¢rystal in the holder
comprises a stop with which the single crystal can be fixed in
a predetermined angular orientation in a plane perpendicular to

the reference axis.

17. Methed for cutting a single crystal in a cutting machine in
which wafers are cut off from the single crystal by movement of
the single crystal in a feed direction relative to a cutting
device, with the steps of:

determining the angle between the crystallographic plane
and an external surface of the single crystal outside the
cﬁtting machine;

measuring the orientation of the external surface of the
single crystal in the cutting machine; |

positioning the single c¢rystal on the basis of the
orientation of the external surface in such a way that the
given crystallographic plane forms with the feed direction a
predetermined angle, and

carrying out the cutting, wherein the determining of the




gi ven crystall ographic plane forns with the feed direction a predeterm ned
angle, and carrying out the cutting, wherein the deterninin%H@L the 12
Decenber +2005 20 angl e between the crystall ographic plane SRPeE 290y nal
surface of the single crystal includes the follow ng steps: neasuring the
angl e which the crystal surface fornms with a reference axis by an
autocollimati on nethod, neasuring the angle of the crystall ographic plane
relative to the reference axis by X-ray gonionetry, and subtracting the
measured angles. 18. The nmethod according to claim 17, characterised in
that the angular position of a given Z®ystall ographic direction of the
single crystal in the cutting plane is adjusted in such a way that during
cutting ¥MIthe Rt cripst aICItYﬁéaflépééépgéﬁi nglane taedclan i meptRiade are

m ni m sed. 19. The apparatus for determ ning the orientation of a
crystal | 9Y4r éx%ﬁgﬁésﬁgﬁéﬁi9éyFBa£ BRGERdEs e £0d 1oWEBApFEEPAG: a hol der

for the single crystal wth which t singl e rystal is held in.such a way
t hat itsnrsléécjgu‘:}‘:':"%ralcnegtgl;1 e lseurveq lg?nglfpoge%?t%ﬁ %Hﬁ%@c asourrrflisngwa f\%/i & for

measur i “Befél%r%&'a%i‘é’%%gahhﬁuté%if‘ﬁﬁaﬁfoxp%né@ﬁﬁ”ed has relative to a

reference axis of the I'der, and an X-ray neasuring device for

det er m ni ngmeReuanghe tok theyleCrarstild ogF gpthd 01 i ikelAtdnee 1 ddigre
ref erence axis, wherein
to the reference axis by X-ray goniometry, and

subtracting the measured angles.

18. The method according to claim 17, characterised in that the
angular position of a given crystallographic direction of the
single crystal in the cutting plane is adjusted in such a way
that during cutting of the single crystal the forces acting on

the cutting device are minimised.

19. The apparatus for determining the orientation of a
crystallographic plane relative to a crystal surface,
comprising:

a holder for .the single c¢rystal with which the single
crystal is held in‘such a way that its surface to be measured
is exposed,

an angle measuring device for measuring the angle which the
surface to be measured has relative to a reference axis of the
holder, and
| an X-ray measuring device for determining the angle of the

crystallographic plane relative to the reference axis, wherein




12 Decenber 2005 21 the angle neasuring device includes a mrror arranged
on the surface to be neasured and an auto-collimation tel escope whose
optical axis coincides with the reference axis. 20. The app%ﬁé&%@“%é@ﬁrding
to claim 19, characterised in that the single crystal is essentially
cylindrical and the surface to be nmeasured is an end face of the cylinder
and the holder conprises a plane surface to which the single crystal can
be fixed with its end face opposite the surface to be neasured and in
that the reference axis is the normal to the plane surface. 21. The
apparatus according to claim19 on 20, cHaracterised in that the X-ray
measuring device is designed as an X-ray gonioneter which includes an
x-ray tube dW¢ serptecRepsWALR® d&vecRoVaBHEdesged hBi TRPE hiatr Tamashg imar

range about the_ reference axis for neasurlng Br ag reflectlons for the
crystal | b3 aghréapfane. 22. m?ﬁ%“ﬁ%%a@&?u§”hc BF%‘ Hnafiorof telefsPeL9 to

21, characterl ed |n %Hat t he h e #% e |n the direction of the
reference axt P lTl?e gpﬁgrafﬁ 5006 %% t?) qe &4iPns 19 to 22,

characterised in that t he hol der conprises a vacuunlsuction devi ce for
fixing the single crystal by neans of partial 12 Decenber 2005 2la pressure

Oor vacuuwm, Zﬁhe m&ité&@&ﬁ(ﬁgﬁﬂg éBaﬁEWI@f EhA 4 b9 41 43 that
characterised in that the single crystal in the hol der
the single crystal is essentially cylindrical and the surface
to be measured is an end face of the cylinder and the hclder
comprises a plane surface to which the single crystal can be

fixed with its end face opposite the surface to be measured and

in that the reference axis is the normal to the plane surface.

21. The apparatus according to claim 19 on 20, characterised in
that the X~ray measuring device 1s designed as an X-ray
gonicmeter which includes an x-ray tube and a detector which
are movable together within an angular range about the
reference axis for measuring Bragg reflections for the

crystallographic plane.

22. The apparatus according to one of c¢laims 19 to 21,
characterised in that the holder is movable in the direction of

the reference axis.

23. The apparatus according to any of c¢laims 19 to 22,
jcharacterised in that the holder comprises a vacuum suction

device for fixing the single crystal by means of partial




conprises a stop with which the single crystal can be fixed in a
predeterm ned angul ar orientation in a plane perpendicul ar ltﬁ) t he
reference axis. 25. Method for determning the orientation G egember 2005
crystall ographic plane relative to a crystal surface for the application
in a nethod for cutting single crystals, conprising the steps of measuring
the angle which the crystal surface forns with a reference axis by an
~autocol l'i mation nmethod, neasuring the angle of the crystallographic plane
relative to the reference axis by X-ray gonionetry, and subtracting the
measur ed angl es. 2la

pressure Oor vacuum.

24, The apparatus according to any of c¢laims 19 to 23,
characterised 1in that the single crystal in the holder
comprises a stop with which the single crystal can be fixéd in
a predetermined angular orientation in a plane perpendicular to

the reference axis.

25. Method for determining the orientation of a
crystallographic plane relative to a crystal surface for the
application in a method for cutting single crystals, comprising
the steps of measuring the angle which the crystal surface
forms with a reference axis by an autocollimation methoed,

| measuring the angle of the crystallographic p;ane relative
to the reference axis by X-ray goniometry, and |

subtracting the measured angles.






