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—(?:%téflsé%?lfje%n By tthe
predef i nedrasghiloghaphianradsng Telatdivedtbnat beyeukli BYrFhaeasi wellt he
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: measuring 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 saw h§CaTSRRYITE T Sketatiqry Cl’feltﬂ'“? rCHR et HeFannbe SREWRCLAS Pﬂ-’g 2a,
which is .pouabba B a-gLive Qgea R%ﬁ% Unidy,d opal 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 Fi 2,. and novabl-e_ in pl anes

perpendlcﬁFSPrFSCteghé | JHfi R QQ¥§%8Q§hﬁ%f°Fﬁ%n§FH§P€ EP}§PaI 3

In the dareski Qiershone msrkh%l@rc@ovrﬁ:ménd& ':.Hsghrgedzeﬁ.n The Yhh&rSaw ng
_apparatus further includes devices 5 and 6. for applying a paste
cont ai ni-n 0%?I|§éwl@§rbﬁﬁéapatusclegntothhé er eeldmindbeddconhyeabh side

of the S'98g8a5é¥5&8£§§reh@nF“%£8 §gg59? %%th electrically bound cutting

particles, 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 nmisori.entation.to be set lies in the horlzontal HP
49-16668. 7/ AQ/ bs/ 28. 6. 02 12 Decenber 2005 plane, that is, the angle 0 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 nethod, however,
errors due to contam nation of the stop and reference faces as well as
adhesion_errors _which, aris when the,single crystal is stuck to the work
pi ece shbélfatetHRE  Hdt @yl easd’o?ﬂ%ﬂ?at} n feksurlendht #akRs2}t ace
out si depkke11archidecnkuniihes , atbg s ngtﬁecrmé%tsidre&ﬂé%ttsal yByshe firped in
such a way that the msorientation to be set lies in the horizontal plane
paral | eBOPéO{nﬁEew tB SPés gasasralebsube, 2t RECPdfReRtPBNTRE WROESRLEFR) i s
gover nedyBytthee! eqiiled 141 %ﬁéhe@p%tﬂ iUy apd gan-dhsrefor efé(@éyofnr qpone
single crystal to the next. It is Known from US 5,904, 136 that the
reqU|reHlFﬁtsa%mgWéeﬂoﬂhﬁﬂ@?ﬁgr?ﬁeQﬁkﬁﬂﬁﬁﬁn@ﬁ|bﬁ @@ttﬁp{m@¢mﬁmhhy4n a
tilting i u ‘ﬁgmn Appar S r
orlentayggﬁ ?gl%eﬁgﬁﬁﬁﬁgdWhﬁﬁ% an Qgiay de@%%etgwggkg Rﬁhgﬁéogr¥§ia
tilted Bhophenti keifryedeei fecen ahoweidn@ala@hesventEcabrdlwbn¢hom£1se

relativg Lo Lpg Wi &' E*stal is stuck to the work piece substrate are

not detected, as orientation measurement takes place outside the

S

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 cangBt be

el i m nat ed, however. An object may be to provide an appar at U8 P555aber 2088 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 thg single crystal. According to a first
aspect of the invention, there is profided an apparatus for cutting single

cryst al su€oprdditieyg af edbt knggdeviepstor. cutting of f wafers from an
essentially cylindrical single crystal having a |ongitudinal centre axis,

an orienti ngaaerddagprovi dedfinst heesgegdr avfis ther oOnventiog, t bersi nigh e
crystal relative to the cutting device, a feed device for noving the
crystal PROWL 4R ER FRRAT Sefantquditiyiy pdngésdiceBarlsocPmeriahed t uali nal
centre axis relatjve to the cuttjng device, characterised in that the

ori enti nguHEVR¢e 9 1Gesf GhedCH it At h 4 twayf2fREE tHES Rl ee8PRERI 11X
~rotatabl about an axis, define y.the feed directiogn _agnd an axi s which
is per peﬁ%ﬁ:u %Jrcafalofh%g%p? aﬁéyiﬁ?ghhﬁg}agf iang]darb‘{#[uﬁignaﬁonﬁqq&cﬁ naft Tent re
axis anted Nord &0 ) IRENIANpRALRG! S 38d abBathehs AB.OPbLESh HadOG P! at e
havi ng a given wedge angle is provided on t surface of the single

C][ yS}] al Xy\t\;i@ib I eryorde rERasU;ed thoreiad] Sgt{ 1y aqapy edel exmmady angl fof f set
of the X-
for moving the c¢rystal in 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

cryst al | ogr AFPEIPPEnEr 81 5PTTER 3P eHe Hefterd¥erkisnpy the¥ayt Yoni onet ry,
and, SUDLERGILI L1 TRABHLES o o3, A Deeroer 2005 . T o ecte my be
2o YA SRS 5 S SUUELELA e o, BB O4.6501010 1
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 method,
measuring the angle of the crystallographic plane relative

to the reference axis by X-ray goniometry, and

subtracting the measured angles.




quality of the during cutting are nade possible. of the wafers produced,
further wafers is increased and the are to patent claimproie/%ged in _the
advant age that the that higher feed rates Due to the inprov ﬁﬁ‘&"‘?r@%
processi ng steps which are otherw se commonpl ace can be largely elim nated.
Further, the precision of orientation can be increased. There follows a
description of an enbodinent with reference to the figures. The figures
show. Fig. 1 a schematic view of.a wafer; Fig. 2a a schematic view of a

Wi re sawi ng apparatus with a single crystal to be cut; Fig. 2b a schematic
view of adjustment of the msorientati‘on in a wire sawi ng apparat us
according to the state of the art; Fig. 3 a schematic view of the forces

‘arising duri nﬁ Wi re sawi n Figs. .4a a two-di nensi onal graphic
repr esent at i GRSoPRIGT tPYid eaﬁEhBS\X/eSIf Ry r 80 s gRRaRatBFs a5Sor HRdction of

t he diﬁ@@éﬁ@”cpélﬂr 0C88ShBY aWdt Byt WO ndidH RS etcdeethg to patent claim
17 or 25.

Preferred 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



val ues; Fig. 5a a schematic view of the apparatus according to the
invention for determning the orientation of a crystallogrﬁﬁgic | ane
relative to a crystal 12 December 2005 4a surface; Fig. 5b“a VFEW 8905
single crystal inserted in a saw holder in the direction of one of the end
faces; 12 Decenber 2005 5 Fig. 6 a schematic view of an orienting device
according to the invention in a wire sawi ng apparatus; and Fig. 7 a
schematic view of a detail of Fig. 6. For a better understanding, first the
forces acting on the wafer during mﬁrf sawi ng are described below with the
‘aid of Figures 1 to 4. As can be seen ffomFig. 3, during wre sawing the
wres 4a, 4b, 4c penetrate into the single crystal 3 for cutting off
wafers la, |Ib, Ic, etc. During the cutting operation, after reaching a
critical depth of°“4&f&fration into the single crystal 3 the dianond
particlesy, obbt heys Wi@s PrOAUGE Y £& Oeh-dGHSa Whi gBeh@ady ton rgmewal of
material due to nmutual crosslinking. This critical depth of penetration
depends on the oPPeAEat LBnthe dixgierPrn @f «ng dgithghreddffeesi on K | ocat ed
-in the wafer surface 2, for exanple the [010] direction, relative to the
feed direction V, which is explained below. As can be seen fromFigures 1
and, 2a, the single




crystal 3 exhibits an orientation feature in the formof a plane
outer-surface section 7, the so-called flat, which has been applied in a
gi ven. manner after growing the single crystal | in such a CEIRRAr 2005
angle. a which the given crystallographic direction K forms with the
normal NF on the plane outer-surface section in the wafer surface 2 is
known. As the angle a is known, an angfe p between the given

crystall ographic direction K and the feed direction V of the single

crystal in,a plane perpendicular to the longitudinal centre axis Mof the
Singl e cr ot Gnd HortSTRLHE THEYi %G Bl GReCRE HCFERIFE ACSHTRNBRN. . |t

shoul d be noted thaty, dHestieAgidde Lk ran shihsi Appeakled ;apatch can
be provided on the outside of the single crystal. The Crucial HF

49- 16668. NN s/ 28.26 . Fhe tDat oiger oX0@5dethddt of Fdgonley an ext er nal
feature whose arrangenent relative to the given crystallographic direction
K 'is known. As can be seen fromFig.. 3, during penetration of the wres
4a, 4b, 4c, et Eor i bdiheesSinglerstymdiaig t heifaf cese Forc8s EctingCbhng on
each wire differ_on account of different «critical loads L.' or L,{- on the
front and H&arvaieesdusipg FireofSaying c#*¢ adepprikbed dedow seithathehe

di sequi | I iU ©of 5 LOL LS, akiSiNng §39§nt8edfsgfeh'%fro% V)ﬂl'{% ugt i g Etﬂﬁ |
repelling force of“the taut wire has restored the equi |_r|un1oP Br ces.
The criti cdlrel coosimy eclphysicas| yagqabyakentper@tirtate cintde cehedephpde of
penetration. Figures 4a to 4d in %ach case show the warp or bow for a
“waf er as gr?ﬁﬁégign QF FREting off wafers Ia, 1b, 1lc, etc. During the

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 bé seen from Figures 1 and 2a, the sgingle
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




“angul ar adj ustnment of the given crystallographic direction K relative to
the feed direction V. It follows that a lowwarp or a low guantity of the
bow val ue; which are desired, are obtained either by reduc PIRRST PRGSI
rate v or, for a high feed rate, by adjusting the angle of the
crystall ographic direction Krelative to the feed direction. Wth a feed
rate of 2 mimn, for exanple m ni mum bow val ues around: 601, 150, 240 and
3300 are achieved. Wth these values, the resultant force which arises

fromthe SRR t he raini ng..f oFS Féaah-E- *whSshl N '

preferred angles at &ﬁ?%% the constra%%inge?g?ﬁgs g%sgg}bégggggggggFe
conpensat eeland viehéonities gieret catyetedflogtrhphscndiecctyshak iwi khowt .
transverse defl ecti on depend ogﬁthe mat erial_ of, the single crystal, or in

the case of seffcGfductorESsh £AE™ Eofing adWeing RERFIGRGIHEroF akkers.
They are 49.-R8 Aetejpi ngd enpidically £0& e3pBisi nohacnystial ppteLial .

The device according to the, invention for oriénting™a single crystal in
the cutti Bg rmacHideacthngaehi eathr winet Aef feirensascagnappfr df Serant ows

the utilisation_of -thi,s effect HF 49-16668. 7/ AQ bs/ 28.6.02_.12 cenpber 2005
e bt ERtEBal 1bRER T R Ty 00 MR CCETAG BHL ToT TIdThi Bt T on o
As can beogseen Wafe® Fig, DB, the devicesborhenr eiid ngiSeqei ML @i ystal in
a cutting _nachine conprises an apparatus _ 10 | ocated outside the actual

cutting nhERFRE RERS1AG dofds ¢ 1 n@te Bbethisernnt & yetal Fepebbing
plane, fOforce of the 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




exanpl e the (100) plane, and the crystal- end face 2. The apparatus 10
conprises a holder 11 for the single crystal 3. wth a plapg.surface Ila
which is preferably designed as a vacuum chuck and in whic Pggmber 2005
essentially cylindrical single crystal is held at its end face by the
action of partial pressure. The azinuthal orientation of the single
crystal, 1i.e. the angular position in the subsequent cutting plane, is
defined by the orientation of the flat 7 or other external feature in the
apparat us dfl Hte dilrgl eaey/sttdme3 pirecibet hedjoasaentt hef ssiuckediasddto a
sawi ng substrate 12 with which it can later be inserted in the wire saw ng
appar at us, tigoniddsitokon akes pl ace after measurement. The angul ar position

of the flat 7 provided on the single crystal, 3 relative to the holder 11
Pl a ust o by SRAr e RS 14 o SRR g AR Hod liedRgR o
by the gigdenyles ystpktoUr aphiL dlitenid onakhigt atbwprieeshed egshamitect i on

in the cutting nmachine, as can be seen in Fi?. Sb, has an empirically
predet er milfed darateds desesided &b6ve, ackerlt heuhtiingim BrRFRIBef | &9 on

and hence 'x‘??rirHiH—%sf:t%ﬁ eanéfgdb[eﬁ%?alél-rge i)?:%@%ﬁl%g;xj H1RY laq'lei,noi?%ra

vertical direction. her? the r 11 1ts rotatable by neans
rotation eavesipdd sthendil shownlamboutnidt £leentrpbtaki emdhi Cdce us Ther al | el
to the longitudinal centre axis of th n

(ol he Longudinal coniic or ool bhFask 1ol et vseL QRosi e o dbove

~surface ofyitdhe 4 i pBAn&F=A48rL666a14 ARRS 254 %P@féﬁa@f?ﬂggﬁgﬁ@@5 a8 a
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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wafer to be cut off, is provided an autocollimtion telescope 14 whichis
positioned so that its optical axis O coincides with the nar | to the
surface 1la of the holder 11. There is further provided an _ercgg;berzoos

goni oneter consisting of an X-ray tube 15 and an associ ated detector 16
which is novable within a predefined aggul ar range, for exanple of about
200, about a point of origin on the surface 2 of the single crystal.
Further, a plane-parallel optical mrror 17 is provided. The mrror 17 can

be fixed Ryaf@ans:®f BeVagum ofE¢hanks MprbetdeBowan t euitheand nf-2gen2 of
“the single crystal. The mirror 17 can further be fixed to the end face 2
of the sirflesaops al4 Ikbclasis oppsit bpned; septhedl 168 sptéralhaxis O

aut ocol | i npyt.i e cape h e aof as t e t | i mation
tel escoperi&smg&éeoéxs%a el §h%0$o{cﬁ99t ﬁ'g’ g\%ﬂté{{ﬁ%g%t hleP%nEdPet\?\%i g%?.tdﬁé:_ end
face 2 of mhe Tarsd dls A Hert ariovd d=el tHe Xphrage guibaee ekl acexdeedsgt hi s
range of neasurenent, there_is provided an optical wedge plate, not

shown, hafing Y178 heBGel8ngre thidTPAAREL L hearn "HérPedfi on of
e.g. 2 ingprdesd o, Him g }ahgvfl%{fé(ﬁ%eé Oy gyl dEasUhed Wiy Nk hg1ange of

_measurenment again. Contro the apparattus 10 "1s~designed I n such a way..
t hat firsebamtarffd . araineasua epenntobft beiginr on dhientatfare 2sofakheed out

automatical,ly.-with the .autocaol,limtion,tel esco d then a neasurenent of
Phe tos! T Bambal gt Rt e A Profe iR b N ophEhat FaeRts The.
W th the Xaf a¥cgQGiedTedle nE@Rbkol 7 %ahubtehﬂxéasbg_nﬁﬂah@ ofughvacway that

in a second step the sane neasurenents can be carried out again with a
singl e Cr@gpapnggﬂhednphrdﬂgﬁwh to the end face 2 of 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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90 about the longitudinal centre axis M As can be seen from Figures 6 and
7, an apparatus for cutting the single crystal which in th%@Denbodinent S
HF 49- 16668. 7/ AQ bs/ 28. 6. 02 12 Decenmber 2005 9 constructed geirer 8005awi ng
apparatus 20 conprises wire rollers 21 over which the wire area 4 is
guided in a horizontal direction, and guide rollers 22 | ocated thereunder
for return of the wire area belom/the actual wire plane in which cutting
takes place. Above the wire area 4 is provided a feed unit 23 with mhlch

the singl Gdfatihledd agOvADLE Yl & ;fag%agréy@gt%t Cedpr 1BLEN )%

attached to an p05|t|on| ng unit a vertical ction relative
to the vmrcelm a2l acyeverwhiodd rtdiee wirdhearédf @osiki ogundedunid 24 is

constructed so as to be.able.to dis ce th sin ystal 3 referred to
a coor di njl gEHSCtFrQEhl ne g%‘?de% ‘%ﬁ?ﬁsa &4 ectioSREFSr al | el
‘to the w r&ez%ﬁfrﬁdéb f@ﬁ:’ Gethserd e XMdiviest 'a%a 884 o 8 i RO ire
perpendi cul ar to the wire area 4, which is the YMdirection. The pivot

range i s abdaue 30 iwhitdie oxMtdingediakes @ddcgbodbove ithet hd reMadicre dt iLen.

There is furrth row deg n . ,aul coII rratlioc Ehescope 265 whi @ai s
| dent i cal pwic{ ol et £8n “léifest of T app%ﬂﬁ% 16 whose

optical axisrablld erial the Rladneganidsitelateo 1tzhewmr:ﬁ akeat4achideto an
autocollimation telescope 25 is further arranged _in such a way that its
optical adid WeSH tipaing h’@llé @ﬂ’yst%l a yertpspd| FiéHelcltéé’naﬁﬁllé‘ L&t EPy at

the level 9f Lig-LeQtLe 8¢ S 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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of the single crystal. An evaluating unit 26 is provided for evaluating
the angl e neasurenent of the autocollinmation .telescope. F];irt her, the
apparatus 20 includes a mirror 27 which is identical with H&¥CFRIF 0517 of

t he apparatus 10 and which is fixed by nmeans of a vacuum mechani sm not
shown, to the end face 2 of the singlgqgcrystal 3 facing towards the
autocol limati on tel escope 25. Further, an optical wedge plate 28 is
provided in a rotatable socket 29 for producing HF 49-16668. 7/ AQ bs/ 28. 6. 02

12 Decenber 2006nl®eangi ¥eH1beaMACHECs N oF .Mk ror Mofr Oén@7w@8ﬁew_5dge
plate 28 are attached to a holder 30 which contains the vacuum mechanism
Al so proviRiedd s28 ssp dttaphed ficxes Aolgesdedl nwbighsteerieains webe t he

mrror 27\ pl e. X I tioni ng. device 24, To
adj ust thé)/g\%{%ih%ppar aesuné', ‘?%e? gglfs ?%c%c?hé%( Xpr%gcvrpde a%?]é%%rgﬁ%%sfﬁce 32
which is giredictdtetdo dhetdred bemivee3 pponikeorhe Auwaeal | tHmt veage

tel escope 25. The reference face has high planarity and nechani cal
stabi | ityPi@g 27 &Ry ths Q-daRCsdrieBdnBofle¥ase y4renoving dirt prior to

measur enent. Byoeans; Qi a Galerg,onot ghown, . whi chogan, be mownief.

directly on the reference face, the reference 'ace can be oriente Tn the
hori zont alPrpivadedpar atd Bdremce hfacei 32 wheah4isOpartatdherd dfo t tiee appadat uses

10 2nd 20,89801 dN0oL 0o L0E | INEN AL 130 Yd0 R o1 B! "Gs S
reference face has high planarity and mechanical stability
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 Eonstraining forces
acting on the wire almost cancel each other out, in order
;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
single crystal by means of a vacuum mechanism, not shown.

The vacuum mechanism allows the single crysta153 to rest

HF 49-16668.7/A0/bs/28.6.02




shown in Fig. _5b., stuck wth the flat 7 onto the sawing substrate 12,
with the aid of a stop, not shown, in a given angular orieptation to the.
sawi ng substrate 12. The 'angle here is selected so that tHePfrRber20ps
oriented in the azinuthal direction in such a way that the given
crystall ographic direction Kis at a prgdetermined angle p to the feed
direction V at which the constraining forces acting on‘'the wre al nost
cancel each other out, in order thus to be able to set the maximm
possi bl e fékrkewle. cfhebhe asirhen iDaFiE BBe tHSI&MOha Crygial e
together with the sawi ng substrate 12 is inserted on the holder 11 of the
appar at us%%d%tje* m $i FeVehel e entditiesh heti ahite posriyrsitaal | ey dlaite tibleane
relative t h d f 1 Si | rystal b ns of.a vacuym
mechani smé)%%t E%ﬁ%wnz].c agﬁhgh\%acsﬁ% lr?ec n|§cs£ml a?%o%gct%ﬁéa silrfbl éh%rétc -3 to
rest HP 49IkB6687/ 0k bx/ 28y 6g62idReDecenbesn 2008 mirdbreety! ¥soplhbeg
- surface 1la C?frf'r;%‘(f{]o' der %é Then the holder 11 is noved into a given
hei ght postt% orf A% t P4t ERE f5R€S2 Bf Rhe M3y e < yh®  vechumat ed
n the foclondlane afekbieai a1 GONATRLBhenE R thte Mhi L0, 1T ¢ placed
and fixed on the end face 2 by freans of the vacuum nechani sm RExE —an
angl e neasift ehede &Y theansr pdr the f ageocoll maleiby tedescobet b2, by

aut ocol |'i i t el escop det ermini devi ation of reflected o
cross hai %%fe%nﬁﬁ%hngs %rggiéﬁg?;? S%j%%%g%cr‘%er@ocmﬁsmh@ﬂ&s S{PFCI’%CEheAs t he
surface oferdss nmhakes lprbjeetib@ntegtpariid elnitre-dhe £AFace. as the |

surface of the mirror 17 is oriented parallel 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
1lla 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 reflection 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 with the surface 1la of the
holder 11. The X-r;y goniometer measurement is repéated, the

single crystal béing rotated through 90°. Two vectors arxe
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face 2 of the single crystal 3 and the optical axis 0 of the
autocollimation tel escope 14 is perpendicular to the surfac 11a of the
hol der 11 which forms the reference face, with this measur@r% mpgy 2005
angul ar adjustnent of the mrror surface or of the end face of the single
crystal relative to the surface 1lla ofjat he hol der 11 can be determ ned.
Alternatively, the single crystal is neasured wthout the saw ng .

- substrate, the orientation of the flat in the X-ray device being defined
by a st oppebtednedanyt eth#heptdsbiedrt y$twdy ogoapbinet ptaneast:eenexaspl e t he

- (100) pl ar%%% I s,in_general not arall?l to the end face 2 of the single
crystal 3-%Fo RTERHI nd3RIH on ‘00t he Yierlyst @Rfogridphi c OBE&RBL t he

Bragg r ef h@%fsh%nie%t@a(%ﬁ,ﬁdyosw mtahﬁeépgéu 98“-%88%8%015%916 Whi ehefor

this purpose is noved wWwthi'n a predefined angul ar range. e X-ray tube 15
and t he dereensatienarsystemt hTike pdipbsechoeabedwiernt e kingonveahoes at a

fi xed angul.ar .di stance from each oth and are noved . in an arc wWthin the
gi ven anggﬁgp'd_rsazcghe? %Jeen%?%’g%nrgh 3 | SHFYHACRBLRIHE ahtf Y WAL 2Rt he
crystall ogeapitie RhgReallor aadWrded he sudaeaddnd19f bhe a1hol dateidal The
X-ray goni oneter neasurenent is repeated, the single crystal being rotated
t hrough 9BSLThBNGECcFEEElFe SHRh49516668P3FAQ bhrrstepbeces, DéeshbRin2005 12

obt ai ned byuthe, ORkbcah 3 Xofidy [N ATRGY, TRAMTEIENLS, e X fay
measurement s (x100,” Yi o¢) an the optical ~nEasurenen s% . YOF) Wth
respect toryheatéogrpphnt dfiobheplane 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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orientation system The difference between the two vectors yields the

orientation of the crystallographic (100) plane to the cry | end face 2
2 fegph
i ndependently of all external reference systens such as ki FEoer 2003 st

pieces, fastening chucks, etc. After this measurenent, the orientation of
the crystallographic (100) plane with respect to the end face 2 of the
single crystal is known. This yields correction values for the X-Y

- positioning in the wire saw for adjusting a desired msorientation. Next,
t he positianrtaafolilhiensmichr aceesLedfopdie CsysSiahsiisedieagiend @&lddte-dnice saw
20 by nmeans._of the identical autocollinmation telescope 25 and the

i dent i cal FREEFENG DRl 1ol effeebedoyitihd e bRt the) vefessncsf fage X- Y
posi tioni und C I n y t l.pe Lde, XM, YMis
made in t%s’ [:Egsee.?m %/fbrr%g%?s %?ix?%ea%mréﬁgg Qggcgggg?gﬁln:@t g%%v?ai.r ction, °
that is, meagise dieathe .dhoeohi Dastéhinqdfiesti cent Thennale oubkyo@nee ak t he

factory, for e |l e wi.th di,al gauge. The zero-point_ _defjnition in the
XM di rect ir(?ﬂi,o‘ﬁe?égh‘g?ﬁ e \/\{%P@d'pl‘éﬁ’e’f ik eBopFace Ehen PR ofTrol | er
of the CuldiRetWHe pdedit {dH SaRd PASC sihiBR el @h8/230e § ace 32-heneyi epted

horizontally on the wire area with a caffera which is attached to the
r ef er ence thec @aaridahsepetieatee niBes Thive Xhpogiitiner 27 atsvettachedwbpe of

Lhe W 1 BiReoARhielin, Facahua U ulanatl ! UB L o0k L e36oRg Zngl e
face 32 i sakecat etlsi madheire@ iwbthathe Qfutdi®llimation 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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autocol limation tel escope 25, and the mrror 27 is placed on the reference
face and also the position of the HF 49-16668.7/A(7bs/28.682 12 Decenber
2005 13 autocol limation tel escope is nmeasured. Then el ectr o1i CGW§T@W§nCing
is effected with the aid of the reference face 32, the mirror 27 being
‘drawn onto the reference face 32 by ns of the vacuum fasteni ng device.
Then the mrror 27 is renoved and the feed unit is noved into the | oading
or orienting position and the single crystal 3 is attached to the saw ng

substrat e gkéa . ThBRcEBLaPI {1 Oy ZfedSyAligched e i@eé‘ﬁre_lﬁs Lﬁi‘%\?f'&jeé agg 2 and
f W th the

the angul ar adj ust nent of” the end ace 2 Is neasure

aut ocol | i merisyret ekbscogef2bctidhencf hetlvor redttiiony vapresashtsai dedifhgom t he
neasurenenttin t he apparatus 10 are entered and the horizontal and verti cal
position &dj nts of the single crystal are made, so that the

crystal | ogr aphirpspleane exhibiet dfiedvedel inednanghead@ritde Woheagnga. The
mrror is renmoved and.cutting is-carried out. Wth the nethod descri bed,
t he azi nuflRal @afgutactlggisusigsancef nepsugingnsyeysmakhogrdphi beditsedt i on K

is maintalpne .qper at i rri { igh feed rates

conpar ed aF?hSFﬁgggﬁg eogf%g%egggggg?ﬁgoPeég ?g egaa re, for exanple for
cutting a 6-inablGeAsrarisngiiee ctyshdhesiappoexid@itelnidaiidol 6 cagppsed wWith
-the traditional orientation, at which it is not possible to suitably

adj ust t hEeASFRIFRal2GRGul &FCposFei Bhiminated, 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.
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In a nodification, the desired msorientation is taken into consideration
by providing the wedge plate. In a further nodification of t$e cutting
apparatus according to the invention, the single crystal i & PSembappes i n
the cutting apparatus about its axis No shown in Fig. 1, which is
perpendi cular to the wafer surface, in order to adjust the optinum angl e
to mnimse the cutting forces. Alternatively, it is also possible to
adjust the optimum angle to mnimse the cutting forces by tilting the
wire HF 49-16668. 7/ A0/ bs/ 28.6.02 12 Decenber 2005 14 area. Preferably, a
measuring device is then provided to Hheasure the deflection of the cutting

apparatus during cutting. I-nsteadQf kg dgkl ection in the nmeasuring
apparatus 10, a contactless di stance neasuring systemcan al so be used

for detetti Gwprefratthes dorentatiog oindghe dhadtalA lcompirassindue to adhesion or
contam nation of stops, reference faces, etc. are elimnated, as

measur engntgittandbelevigde 8br ecultyion tdfed wvaBesawifmgmappar assenarlhe

apparatus _described and the nethod all ow hi gh-precision direct
measur engRt 1T 19 il lSawrwctRéuRaBiBEf 2t JORgLIdinglt ket et RElangl e

t with .the., t [ 11 ti th i i nd dent of.the,
B gt SR G R S L PO

tel escopg, 25 QIS q:ef‘rysht%%. %%tl%itﬂges%‘%ﬁne %&fﬁé | 1g,; Jhe corresponding
protective Thood can-then be closed. e X-Y positioning unit allows

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.




vertical and horizontal adjustnent of the conponents of the

m sorientation, so that the processing direction of the Ystal is freely
sel ectable at any time and can be used as a control var i abl&PfsmberR0mi r e
defl ection. The invention is not confined to a wire sawi ng apparatus, but
can al so be used in an inner hole cutting apparatus., for exanple. HF
49-16668. 7/ AQ bs/ 28. 6. 02 12 Decenber 2005 15 Patent C ains 1. Apparatus
for cutting single crystals conprising: a cutting device for cutting off
wafers froman essentially cylindrical single crystal having a
"longitudinal centre axis, an orientingl@evice provided in the apparatus for
orientin the single crystal relative to the cutting device, a feed device
f or novigg ﬁW@(ﬁREﬁ%ﬂtQ%1%FQQﬁQ}Qﬂr%%tFéﬁlmeébeﬁﬂﬁﬁﬁp¢e§éﬁ§énmﬂuﬂhﬁtto

its | ongitudi centre axis .relative to.the cuttin evice, characterised
et e T A AR e 8&Ve§edé§.@ﬁ%ﬂl%d fs‘?.ﬁ:ﬁ“eéﬁ%&&“tgh&f‘et he si ngl e

-crystal I qut an fiLped he fee irecti.qn _and an

axis whic l%égg%%rpendlgﬂlgp toa\:e Ofa%g wﬁlc e s deri (jﬁ§i Yy e Yo

longi t udipaly,; cepirgeaxi s and the feed dlrectlon characterlsed in that an

optical wedge plate having a given wedge angl e is provi ded on the surface

of the single crystal which is to be neasured for adjusting a

predeterm ned angle offset of the X-Y orientation, of the single crystal.
4, The apparatus according to claim 2 or 3, 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.




2. The apparatus according to claim1l, characterized in that the cutting
"device is designed as a wre saw having a plurality of parallel wres
which forma wire plane for cutting, and in that the orien]c%%e@'éﬂiﬁ@@is
designed as an X-Y positioning .unit with which the single crystal is

di spl aceable in a plane parallel to the wire plane and a pl ane

perpendi cular to the wre plane. 12 Decenber 2005 16 3. The apparatus
~according to claim 2, characterised in that an angle neasuring device is
provi ded for measuring the orientation of an end face of the single
crystal relative to the wire plane. 47 The apparatus according to claim 2
or 3, characterised in that the angle neasuring device conprises a mrror
whi ch- cah- beTh¢ | xePeprtte endcdadendf the sivigl efcryseans add &9 7.

autocol I imati on tel escope whose optical axis is perpendicular to the
cutting Prafpeterisere Appdidtus 2ackothg ifo Bravided &Rt atherisidWlien t hat

th ' be att d,tq.th d f h ingle . t al

of a vaCODH avi G4 b ARG o of LAY LECOrAPRE L & Bk OT AT e 2 (B,
' a vactiufi el _f sEcbF dFig .

N R ol o e s B R
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pl ane about the |ongitudinal centre axis of the single crystal in such a

way thatpasigiiven raziefutihaboot i ¢ aldgli tudinal centre axis.

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




of the wedge angle is adjustable. 12 Decenber 2005 17 8. The appar at us
according to any of clains 1 to 7, characterised in that a holder is

- provided for the single crystal, with which the single cryé%gﬁmm§ﬁ2005
positioned in the cutting apparatus in such a way that a predetermn ned
external feature of the single crystal is oriented in a predeterm ned

- position rotated about the longitudinal centre axis. 9. The apparatus
according to one of clainms | to 7, <characterised in that a rotating device
is provided for rotating the single crystal about its longitudinal centre
axis and in that preferably there isl8 device for neasuring the

defl ection of the cutting_device_during cutting, which is_ coupled to the

r ot at i ngCdRALE G PIFRe PaAPET BELRTHER oF Qi Hf G TGHENGE éFdPms 1 to 3,
~further characterised by a device for determning the orientation of a
crystal l ographic plane relative to a crystal- surface, wherein the device
conpri ses; I .ngl stal: w4 i .sJ.ngl. t al
is hel dejl'sln' 2{1%%1) %{/@c&%?%%ﬂ%& ggc&el (%%llbrﬁg 1nd1:'a\gl}}ag%églbﬁrl§><eggs@d,tq%r{fsangl e
nmeasur i ngh&leyiggl d ok pEasUr wg_etsla%n@mghfywalryqfﬂnabgca§ucafnacecﬂeo de-Mp@sured
has relative to a reference axis of the “~holder, and an X-ray neasuring
devi ce fur ket reasarad ibeaangel ofaddecf2tecephend2002nd8 the holder

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.

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.



crystall ographic plane relative to the reference axis. 11. The apparatus
according to claim 10, characterised in that the single crystal is

essentially cylindrical and the surface to be neasured is 5ﬁﬁ@ﬁ@b¢é@@§kﬁ'
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. 12. The apparatus according to claim 10 or 11, characterised in
that the angl e neasuring device includes a mrror arranged on the surface
to be measured and an autocol | i mation 2l escope whose optical axis
coincidegsmﬁth the reference axis., 13. The apparatus_according to any of

claims 1 t ot A, af%ﬁ?a‘?ae{cdjts_eriaé:é;(?rl‘jﬁn?hait?t h&PX-r 89 nEa3tPFnglleviee 1%
Ges 1. g LKLY SO0\ GTRY oL L s X Lo Ui 8o

det ect or are novabl e together w ra

referencge.gxts fiyy Mpaguplnge i agg f Ak eEHI?@éiLf Ay t ARGl YSEal L ogr aphi
pl ane. 14. The apparatus according to any of c aims 10 to 13,

char act ept&eshidd dhataddg.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 pressure or vacuum of partial 16. The
appar at uk® acdw dianparatawy efccekding 100t oany, 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




characterised in that the single crystal in the holder conprises a stop
with which the single crystal can be fixed in a predetermf} angul ar
orientation in a plane perpendicular to the reference axis. SFEmE 2Hd f or
cutting a single crystal in a cutting nmachine in which wafers are cut off
fromthe single crystal by novenent of the single crystal in a feed
direction relative to a cutting device, with the steps of: determning the
angl e between the crystallographic plane and an external surface of the
single crystal outside the cutting machine; neasuring the orientation of
the external surface of the single cr3&tal in the cutting machine;
positioning the single crystal on the basis of the orientation of the
ext er nal 2Rk § adeetwpaucHhe warysial leggsaprigenpéa)st adtdgraiphi exipenee f or ns
with the feed direction a _predeterm ped angle, and carr¥%ngtout t he

0

cutting,?® %ﬁquH%mﬁéﬂgﬂﬁFnFﬁésB?lth%cﬁ%d%%éﬁﬁbé¥ﬂé@@§ “&Rgf e bet ween
the crysiall agraphie plans and,an external . surfage.of the single prystal

i ncl udes OW Nng st®eps:  neasuring e anhgl’e e crysta

surface fOFdR.AMd 8 s E)?Lﬁhegﬁﬁo?]lﬁrpé/t ah;:)!%ﬁfo(&i limation nethod,

nmeasuring the angle of e cryst ogr aphi c ane’relative to the
reference axiesshyiXgl @¥cdAMQREIITY, t1N e Pt 4 BICI d ipHike Jmasured Angles.

18. The method according to claim 17, characterised in that the
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




angul ar position of a given crystallographic direction of the single
crystal in the cutting plane is adjusted in such a way tha{ during cutting
of the single crystal the forces acting on the cutting deviadecepler 2005

m nimsed. 19. The apparatus for determ ning the orientation of a :
crystal l ographic plane relative to a crystal surface, conprising: a hol der
for the single crystal with which the single crystal is held in such a way
that its surface to be nmeasured is exposed, an angle neasuring device for
measuring the angle which the surface to be neasured has relative to a
reference axis of the holder, and an X-Zlay nmeasuring device for

determ ning the angle of the «crystallographic plane relative to the
reference aXihe aerei BeasuperentlevigeosiiEludaie anfisratastiangedeite

includes a mrraor arranged on the surface to be nmeasured and an
auto-col??%aFPBﬁaF%I§§bgﬁ% MGRBEES D peal 2Pt ROF It AL 341t htehes s %r ence

axis. 20.. The apparatus, .according to claim119 haracteri.sed in that the
single cV%%?%ﬂoégﬁqgésgnlﬁaFP§n8§gFﬁdwf%§IQ%ﬁuf?é%f%ﬂﬁgfS@és'to be neasured
is an end face of the cylinder and the holder conprises a plane surface to
which the single crystal can be fixed wwth its end face opposite the

surface 1@, bendreassy st @ hcddrdiia) thecyefer encecpad sodsSritdiy nef n@lad 0 the
pl ane surface. 21. The apparatus according to claim19 on 20, characterised
in thatthdesXaghy oeastal ngsdewseatialdesSicgnéadascab Xndaythe 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




goni onet er which includes an x-ray tube and a detector which are novable
together within an angul ar range about the reference axis f nmeasuri ng
Bragg reflections for the crystallographic plane. 22. The ApT5aTahen 2005
according to one of clainms 19 to 21, <characterised in that the holder is
novable in the direction of the reference axis. 23. The apparatus
according to any of clains 19 to 22, <characterised in that the hol der

- conprises a vacuum suction device for fixing the single crystal by neans
of partial 12 Decenber 2005 2l a pressure or vacuum 24. The appar at us
according to any of clains 19 to 23, Z2kharacterised in that the single
crystal in the holder conprises a stop with which the single crystal can
be fixed in a predeterm ned angular orientation in a plane perpendicul ar
to the reference axis. 25 Method for determning the orientation of a
crystall%ﬁ?%%%%% %ﬁaﬂﬁg%gﬁ‘ative to a crystal surface for the application
in a nmethod for cutting single crystals, conprising the steps of neasuring
the angle which the crystal surface fornms with a reference axis by an
aut ocol | pattid nEdhadcyeasiddiigihie @sgl an9of the eiyshal | pgr aphi o pl ane
relative to the reference axis by X-ray gonionetry, and subtracting the
measur edcladtp @serilkk2decenbethaA005c? single crystal 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.

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.




Abstract An apparatus and a nethod for determning the orientation of a

crystal |l ographic pl.ane (100) relative to a crystal surface  ( are
provi ded, ‘in which the orientation is free from errors of Eﬂﬁggﬂﬁﬁzgﬁ t he

crystal or contam nation of the holders for the crystal. For this purpose,
the angle which the crystal surface t@2be neasured forns with a reference
axi s and the angle which the crystallographic plane forns wth the
reference axis are neasured and subtracted. In a wre saw ng apparatus
with an X-Y positioning unit, next Wietrdesired correction is made with the
aid of neasurement of the orientation and at the same tine the crystal is
di spl aced in horizontal and vertical positions. As a result there renains

a further adegres ok s ea@ﬁO@ ea‘etrh%affbend@fcessl?.ﬁngh§;te:%§ Eﬁ%aﬁ%h egep' ane

for achieving a cut which is free fromforces pe i cufar to t
di r ect i on dagdyswmald odirepdiiicoplage ﬂhaD)nueﬁabhvdetbeatcmystakesupface or

(he. SULll 9, LOfees A Atl Ty BTN BISRAION Ofs LIS gig 1o
errors of adhesion of the crystal or contamination of the
holders for the crystal. For this purpose, the angle which
the crystal surface to be measured forms with a reference
axis and the angle which the crystallographic plane forms
with the reference axis are measured and subtracted. In a
wire sawing apparatus with an X-Y positioning unit, next the
desired correction is made with the aid of measurement of
the orientation and at the same time the crystal is
displaced in horizontal and vertical positions. As a result,
there remains a further degree of freedom of rotation of the
crystal in the cutting plane for achieving a cut which is
free from forces perpendicular to the feed direction and
wire direction, so that no tool deflection takes place or
the cutting forces are minimal. Further, the precision of

orientation is increased.

(Fig. 6)
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