;_L~e3éJT6TJX\ HF 49 - 16668. 7 AQ bs Apparatus and Method for Determ ning
the Orientation. | ographic Plane relative to a Crystal Surface
-as well as Appadgmmam@wmmﬂahhod for Cutting a Single Crystal in a Cutting
Machine ' The i erns an apparatus and a nethod for determ ning
the orientation of dB¥%stall ographic plane relative to a crystal surface
as well as an a nethod for cutting a single crystal in a
cutting nachinzmmﬂ@@WHﬁm@E@n'applications, sem conductor_wafers with
socal | ed nisori needed. As can be seen fromHH ¢ 16698 -o
sem conduct or waf er'S®®i th nisorientation a certain crystall ogr MR8 pl ane,
e.g. the (100) plane, is not parallel to the wafer surface 2. The angl e of
m sor i entet-eof—s—-R—t-hi-s—ease—the—anrgre—wheh—the—recter—-100}—whi-ch i s
per pendi cular to the (100) plane forns with the normal vector No which is
perpendi CUABhatQthiBeaN@ RELBYAT 868 BetbimSHENg MBET bBNEAL hPDoH Sopegded,
then a single crystal fromwhich the wafers are cut is tilted by the
pr edef i nérystglld adhmpthign Bhare Tdladdnmed tion a Kerysiatli ynflaaee as wellt he
waf er surface, 2. Wih_ the.kpo hod.of . inner hol e sawn 0. produce
such ni sorig%n‘f\‘%??ﬁ#ltlﬁea%gi @ﬁ%g??qg Qro?uF%%n%r?sgqa?g%\ﬂi egn‘-ﬁyggajsthlgkaon' a
wor k piece holder is measured wetbt dhgXMaaigeni oneter by nmeasuring the
position_af 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 2 a horizontally and vertically displaceable support on which
the nmeasured orientation of the crystal can be corrected or adjusted to the
desired val ueThEhei hvést ival ebnevinafl fard Sageat- o G aswEeth ORe8AcY- FY
goni oneter, and the support is recorrected if necessary. Inprecisions in
ori ent at I°6F SRFILEH NG | §glevm@ﬁl?ﬁ§a’wéﬁn pPEced hirkatalslagianhiead ipdamiee i nner

hol ' I nat t
and T ocor O IaY W th TN R o "o o Rl G SAEh ‘Bor Beth on by

e wn et ,
r emeasur meg haidd frogoraugrttiatg @n dinglet cqrystiall en becaittd ngl naicdhd neaf ers are
cut froma single c(rgf)ést,al si mul t aneously. As can be seen fromFig. 2a, in
wire sawing a‘ St S@s BRPF G 108Ed SFT O O yRisrewyith Bog. 2a,

whi ch iscanvall eieridiiamei i a@rd efdedBll hewalds Kdieguiherappa ripof a
wire saw at a feed rate v and back to the starting position. The wre saw
consi st s lof 1@ @ genieondicrr avaber wiresthamigpriaptabion ar eemtghimened by
nmeans of 2 0 in Fig. a % i n_pl anes perpendi cul ar
to the | gr% isb:%&iaﬁg{}%%’gﬁ{&r \g%alxa}q%e’M ot he%‘%& ?é?bstgﬁagei’ n tfe &iO%ecti ons

shown by phlreldelows Ahandaern stirdac?az . THheWahegleawingizppdedtas iwr t her
includes devices 5 and 6 for applying a paste containing silicon carbide
particled i8 tife thiisesrare Whe apgbs whitehstde vecthe JilAglewbdgdt dls 3. In

W re saw i lectrcal bo Qﬂ%cuttin particles,_.a device for
applyingbggggéﬁgﬁgl %br#%an H?s #hr)heplspgvi Qgms with he “hormal
vector Ny 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 sawing, 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 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 which has

oo o



Wre saws are known with an orienting unit which for adjustnent of the
desired misorientation, as can be seen in Fig. 2b, allows exclusively
- di splacenent in a plane parallel to the plane of the wire area 4. For this
purpose the crystal is neasured outside the wire saw on an X-ray goni oneter
and stuck to a work piece substrate in2such a way that the msorientation
to be set lies in the horizontal HF 49-16668. 7/ AQ bs/ 28. 6. 02 3 pl ane,
that is, the angle's shown in Fig. 1.in a plane parallel to the wire area
4. The n@aé@@r@ntsa%kytmdxveaylg@hlﬁnéﬂéplaﬁeagilg CapPord Mre Wiah st op
face of Lece [ [ appli t ref eyence face
on the W.tér?w.:e \gge\r/vé%%e:% ?ﬁgg%téés?{rcg% %?i gﬁ?a? F%%g?% éE(% %%r icgoor%eaﬁeyd’ %t h
t hi s net katiudtewkvies , ther ates idier] twalwent aTheatfiiastofwd fwer stap adfd rief er ence
faces as wel| as adhesion errors which arise when the single crystal is

stuck to a9 hofRapreed St AN of e¥AY e IRDHLOWELELY e ANhsTBE | EMPROSN 18
measur engicd kRS 44 ace Hé'ééﬁgﬁr&hexﬂ%gt@b?ﬁioﬁgr thelorilhe i Gntf st al

nmust al ways be turned in such a way t e msorientation to be set lies
in the hadizentwlhenpl| dhe pad Iplet® hbdderr dsarigmelrted anr ¢éhel tinddwe
direction af processing . is verned by .the required msorientation and can
thereforglqa‘aﬁy FHorin O%‘%rfﬁ%l T hPheR HOFEK NSRS r I US

5, 904, 13&-ddealt ddhendfiittdnischt idrid arA-ditigpiting the misorientation can
be perfornmed in a tilting device outside a wire saw ng apparatus, wherein

the crystal oMidh athrenknswaemethiofe®fini Wiransxwiag. dévicde earredicipn he
crystal i ti‘%tﬁ&QshPiﬁQe arld Ff@&rggff&&giéﬁ'. E%r |0t ?Bsgggl\éﬁr W&Myge
directions relative to"the wire area. Possi ble errofs upon i'nsertion of the
tilting ceMi dhe ogeidey and euthemwmy st airigle herymtrad sawuly apparslivs

t her ef orﬁ‘ | i kewi,se cannot be elimnated, however. It is the object of the

i nvent i on*% &3 &G #8h s Zihd 1L W FAN & sHRFie g arEal

orientatizon;gf Herd Yahal i ofARNC Phape dijhal | YR (P&, chyst amféeﬁf aGe as
wel | as an apparatus and a nethod for cutting a singlfe crystal in a cutting
machi ne, mgvalplghikoh & tddigrepaxfsiahlfead wety yovwrds ddiesevioe tamep andfat t he

sane ti i ase_the.yield.of .wafers durin utting of _the single

crystal %Fagg-glé%‘ﬁ. ﬁtAOabslf%%QG.r@%e V4 alrllfg gjtﬁc}ct g|°s SRR é‘ifeﬁfgcb‘ﬁ‘gan

appar at upcadtdrati .ngrlii® parentael donsises SHAnd pyusabithodragerdilng to

patent claim 18 or %g Preferred enbodi g%{réts of the invention are provided
cFdr

in the sisiH 33 metC ‘I"ﬁl'élcfﬁt fAba shghtgeesy b a‘f‘%%{'lﬁa@é thfl k@R mant age
that the qgaldHomdfid heiyafersahg hBGhBasednapd shiaat é:@cz]:g%‘ﬂdifc‘%ﬁ o ales

during cutting are made possible. Due to the inprove Ity of the wafers
pr oduced.theurlidrgipuadtrali ngnsrepaxilsi dh af etbehesiviglee conystpl ade ioan be
| argely

el y SRSy B Bt D7 BEECHSLANC LT aLL 0B can e el eased
The figumdseshewwing apparatus further includes devices 5 and 6 for
applying a paste containing silicon carbide particles to the
wires 4a, 4b, 4c on each side of the single 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 stuck to a work piece substrate in such a way

that the ndsoriehtation_to be set lies in the horizontal

HF 49-16668.7/A0/bs/28.6.02



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 schematic view
- of adjustnment 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 sawi ng; Figs. 4a a two-di mensional3 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
accor di ngplané he thatent s pn ther ategke mdni sigowrhe iar i Big at iloninf aa plane

crystall ographic plane relative to a crystal surface; Fig. 5h a view of a
singl e cr%‘f%l?%sE?tééei WiFes /%9l Her TPR PRESHFRPBERLSn Off Wi Hrfdte end

ces, Hgdrkic 1A0¢ re I go LC o w
faces; HRydo JR668: 74 AOBS/28 £ d2re1 S &l o G SESHCRBLLC o QWO W3Ry
orienting device according to the invention in a wire saw ng apparatus; and
Fig. 7 apdremsubsvrateof whigbt did tdierri gppbiedokoa sbetefmremauter S2emdi ng,
first theofortg_iaes z%vc.t ieng Qn thi“hvé’arf er duri ng.vm' r,e savméng are descri bed bel ow
with the arild_ Fidlfressf“f'o . As gg_n 88 %58%}‘?5?71?‘8 +°3 ,lﬁurﬁ‘l‘-g wire
sawi ng t heowd 2@t A8l y 4b, wikh pengly ahethdldg t hewsiesl,e ekysial guéortsutting
off wafers la, Ib, |c, etc. During the cutting operation, after reaching a
critical tRPpidNHAbERRt Pt il | AEBPt S| Rgferengst flaces hasdiwgddngs
particlesy dhe, WS r j i d ﬁmv I
mat eri al ueeto nn%%a?r%r@ggﬁn%%%é) |ss%})r{?t]§£% f%e%%’ﬁs% ple%e ‘?‘gcf]fon
depends oo tttee orontpieosn adbst vatve s sdial dogeapdd ¢ as reci éentatidmwcat ed
in the wafer surface 2,kfor anpl e the %01 direction, relative to the
feed di ré?:eﬁ%‘ffg}‘,‘e%i ER<PE _n8Ht5éT1 w.E : ‘E%?I}_lb’éeseghlrl‘:ﬁ’&’ﬁ_ 'Fighfes 1
and' 2a, dfyynd f@fﬁs@éysrhéét?’aﬂﬁggbl bs BlraeHeAhaldRh fLajdyf ecndt thge form
of a plane outer-surface section 7, the so-called flat, whi'ch has been
appl i ed iMLLRReRAEPmertaf the @edwi Adesheisi nghe chgsiapntaln glete a way
t hat anagg_[ i ch e _gi.ve st al } ogr aphi irection or ith the
normal N onﬂtﬁ%f@#gnghguﬁlgfiés%%%e‘f'sezlé“c?i énglgﬁﬁtlﬁé \%a%feer&sxttjerétalcoe Zov%s
known. Aprdmessigie asi ydvmmed abyanglee pedeivednnii@rdiev®dtion and
crystall (%gafap ic direction K and the feed direction V of the single crystal
in a plarféhédr F AL af2 1% @f@“l%i%f_&ﬂ]rﬁlc@é‘?ﬁﬁje & Eh 23X% he single
crystal and hefice; 5n o UL dROuR! @18 oS 1hleraf eFﬁéa} 0Ly 'Ei}g@w' d
be noted that, instead of the flat, an incision called a notch can be
provi ded anglsefont seticioy tthe siimpwientstizin Jém beupealformed 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.
It is the object of the invention 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 during cutting of the single crystal.
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HF 49-16668. 7/ AQ bs/ 28. 6. 02 6 factor is only an external feature whose
arrangenent relative to the given crystallographic direction K is known. As
- can be seen fromFig. 3, during penetration of the wires 4a, 4b, 4c, etc.
into the single crystal the forces FX- or FX+ acting on each wire differ on
account of different critical l|oads LX4 or LX- on the front and rear sides
Sor S of awafer la, Ib, Ic, etc., so that the disequilibriumof forces
arising leads to drjft of a wire until the repellingtforce of the taut wire

has restored tHé& 8Bl eFbr iifim 8FRi8YEEs PYThan c ARRAEAT UhaBSCarelplyital | y
equi val enfa ittt he1 gLkt i1caby dgptlisy ObyPepehEahban add BH /R 480t Qb dtn each
case show the warp or bow for a wafef as a function of the angul ar

adj ust nentladfm ti8e agi en crystal | ographic direction Krelative to the feed
direction V. It follo that.a | ow p_or a |low quantity of the bow val ue,
which are desifr& ,erfre\gf ?Wlﬁ?%\r’@{ B?leréHﬁEPﬁboPh@rFe@EorV&:é&‘ﬁJﬁ’r, f or
a high f eed rcfidarmdusdidyy the angle of the crystall ographic direction
Krelative to the feed direction. Wth a feed rate of 2 mimn, for exanple
i ni mum bow v@heesnefeddasd, tivy, aprarands 33aver ke hadvantaget Hhatese

val ues, r:ﬁ%l;gl tant j arLs h um, Qf (o ra§ ni ng
forces Fgr([ill%or -&tl%}; ong g‘%ﬁn%l ‘\.“,’\Q)l':l'%gs p%%’af g??%%igg%gl ggaagh\%ﬁi tg{]l%[hﬁ%n%eed

const r ai matgsf ahoeingescrt eyl aboveads eposappbsat bdeand the win@oveenetrate
into the single crﬁst.ﬁ_l1 vvit?out trancﬁ“\l/e%i,e defl ecti on depend on the

mat eri al Y sPhglE'%r YAEEFS RTIHIIHEY cAVETHLTSF CERABLESr SEEPR he
dopi ng as/nARM a0 doeRe B/ 08E E@%@hﬁm@@%ﬁ{ epd Olaﬁgéﬁyer eichAGY rical 1y
for each single crystal material. The device according to the 1 nvention for
orienti n@uartgierxgl &her potegdision o cutitentg tiwehioas, bien ipeeiamsddar in t he

W re sawi ng apparatu | lows _the utilisation pof this effect HF |

49- 16668. 7/ AO’&%‘?FEB. g.bc"éws afld §?S?ﬁbpghﬂ% t"r‘ﬁe %‘}ec‘?‘@%“g]dﬁfétt mHtof a
desired meferepRicaticOtlre AuERs bahseddurem Bhew:5a, the device for
orienting a single crystal in a cutting nmachi ne conprises an apparatus 10

| ocat ed outside the actual cutting machine for determ ning the angle
between gjerystall QorapiunG Rlang e ¥ eXaRs .t he (100) plane, and the
crystal end face 2. The apparatus 10 conprises a holder 11 for the single
crystal Figi.t Raa plamehsmeftdce vikw wifi @hwiisepsefdnablappdesitgred/iah @ vacuum
chuck and in which the.essentially cylindrical single crystal is held at
its end face by thgl&@tlieoﬁrgfsrﬁ&r%ioa ®F&Sdure. The azinuthal orientation
of the simigl.e2er ystal , doremddi®: angeHed pPosfti OQdH]ﬁsHﬂénélJbS%(iuentth%Utti ng
plane, is defined by the orientation of the flat or other external
feature in the appdl&O¥SenGatied si afl e @rysidie 3 iSAWING hi Spp@g@taist her
stuck fast to a saw rat 2 M i i an later be inserted in
the wire saw ng ap\gac;&g)tlﬁlsi?l%rt%agﬁésis\gr?tt?age%s%pea%:ier%éfter measur enent. The
angul ar pagi.t Bon of tsiehehadti c7 viieav iofedhen folreesi rglieiciky shaling wdlrat i ve to
the holder 11 is adjusted by neans of a stop 13 in such a way that the

angl e p exhibited BVt 7gi ven crystallographic direction K relative to the
feed direabisan4an GheweldidasTeeR1NGraghicaRebecs@ORatN i & JRrphas an
empirically predeterm ned val ue as described above, for the mnimmwre
defl ecti 68 4Rd henéd8dmbawmed pBssebfawr ewadfense asThe. fighdetoniofs tinevabl e
in a vertical diregti Eurt her er 11 i ot e b a of a
rotation nechani smﬁt]"ﬁ%?ték%lm?faggé?%is?ghgen‘fﬂr%}f g)‘?)l’os %ﬂﬁﬁ FF sr%g:&zl | el
to the | ongitudi navadestsr;e axis of the single crystal. Opposite or above

the free surfgce 2 of rghe si.ngl e cry%t ag 3, which forns the subsequent
surface 8f9rhedfir & SAPHGTiscEa Y REy bEe28PBagatus according to the

invention for determining the orientation of a
crystallographic plane relative to a crystal
surface; |

Fig. 5b a view of a single crystal inserted in a saw

holder in the direction of one of the end faces;

HF 49-16668.7/A0/bs/28.6.02



8 wafer to be cut off, is provided an autocollinmation tel escope 14 which is
positioned so that its optical axis 0 coincides with the normal to the

- surface 1la of the holder 11. There is further provided an X-ray goni oneter
consisting of an X-ray tube 15 and an associ ated detector 16 which is
novable within a predefined angul ar ragge, for exanple of about 20, about a
point of origin on the surface 2 of the single crystal. Further, a

pl ane-parallel optical mrror 17 is provided. The mrror 17 can be fixed by
means of Biguacium rechehesaticovishoof, aho diergrnichd aberikzeofa¢herdimgl e
crystal. The mrror_17 can further be fixed to the end face 2 of the single

crystal 3 so as to 19 £ IMERIIR A0 AL TR DG FIATEHER § RPC

tel escoperjhe; range Qindmasit apedh of éf}f‘e@éﬁpf&ﬂﬂ‘i%.“@.n tel escope is
approximately tl. 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
measurenent, there i ovi ded an. opt.i cal d at not shgwn, having a
gi ven wedge anI'g %, 2 |e§ eEaﬁgggrgtal eéﬁgbe\gflnrggf I%léat i%(? S° EGFE i or der
to bring tle saféaceurdande weasusedingt Bire tdesd@ilge] Obe MBRS WikENthagai n.
Control of the_ apparatus 10 is designed in such a way that first an angul ar
nmeasur emetitd oPf t ReIRFRROL d19 eht afPofans Reargse BreMadiomatd caUSingth t he

aut ocol | iati o S e t r t esired, .

oryat al | Gor kB A e e e R B Ao rREe HRCE T P inal S 1 ay
goni onet erxy @it rolfors dustirey aeSivyabers nsuctb a vmy dthatl Duringedond step
t he sane surenments can be carried out ,again with a single crystal_turned
through SOSOGH (FRETTNRT udi TR TerltI e IlS M AFtaete RRERr G |
Fi gures Geafutrat ddh aDpes athe éQﬁ?‘Eét brggthmewtm@ i@l padt L dd) this
enbodi nent_is HF 49-16668. 7/ A0 bs/28.6.02 9 constructed as a wi re saw ng
appar at u®Dotkenpiress riieduge| pegsoouagksr wiickh ewd wkee ramexyad iaf gui ded
in a hori | di tion gul 22, .ocated .t hereunder for
return of“%at exalvalr e&"gge%gb@ ggvg%hgkgg Eg}-‘k\?\ﬁ%é %Pé(r%e%ltrﬁ%v:\h‘;{égh %GLH%} Ny t akes

pl ace. Apmreetiretiwrn e depandsi S qiiovittied aofpefitaién23 o t hawhigirdhe
single crystal is novable via the sawing substrate 12, which is attached to
an X-Y pSSASilRgraRiioAigertdqrek ilonatad dat i MRy xR mire

area at &y V@acafngﬁcé rahe V.[olB§ XaYrBeeibhoni pg1dpile24cds CROSIFML] ed sO
as to be able to displace the single crystal 3 referred fo a coordinate

syst em oflitnectigghihe Wiidth X\ e lamead keldiw.ection parallel to the wire

area 4, which directi angd. | directipn,perpendicul ar, to the
wire area 4, \ﬂﬁsc%gﬁs%e {ﬁ\ﬁrgil (r}'%(?ﬂ og.lb{%ﬁgspi%otanr nag’i sgﬁﬁou?”}?]ﬁ t he
XM di r ectdrystarld Bbexhib2tsnahheriMntiatéehn dvatlher ein sther Fhemn provd ded an
autocol limati on tel escope 25 which is identical wi_th the autocollimtion

t el escop@ PRI EPPrU S Y, 1 Mhdve it ifaicabdad Glates W @b flate
paral | el Yeard hsﬁm&edarﬁ@ 4. i{b@eﬁ%@%ﬂ«a&l @fﬁntﬁl&m@oeﬁé 'éirf%fl{é her

arranged in such a way that s optical axis the si'ngl e cryst IS
i nstal | edtryisgsalappr dxi n@hieh y aatwdhethavelarnof ahdibe centwiei dxi shef dihersi ngl e
crystal. An evaluating unit 26 is provided for evaluating the angle

measur en&ﬁY%raltlr?@%ﬂ '_ Iqiﬁrr?ef_ﬁlé?ﬂ the | *¥ebh &1 Furt i rmoxmel dfparattile 20
| ncl udes A MAd IRt eal MPLd Sd AU 68l eMd Rdhe Bl 2 Afs bl gppar at us

10 and which is fixed by neans of a vacuum mechanism not shown, to the end

face 2 ofad hehei nghgler yst ak Zkdaen Ng amovandset e detaeen | gRéI Qliver] escope
25. Further, an optical, wedge plate 28 is provided in a rotatable socket 29
for prodF&Y%eF R QBreRlEes SATRIHOR K Grgb theyfeed 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



a given beamdeflection of e.g. 2. Mrror 27 and wedge plate 28 are
attached to a hol der 30 which contains the vacuum nechani sm Al so provi ded
-is a stop 31 which fixes a predefined distance between the mrror 27 with
the wedge plate 28 and the X-Y positioning device 24. To adjust the whole
apparatus, there is further provided aé6reference face 32 which is attached
to the feed unit 23 opposite the autocollimtion tel escope 25. The
reference face has high planarity and nechanical stability and an
easy-t o- daathvsuriaceonby easi | gxtemnailng féatiirer i whdse neastarearnt By

nmeans of a .camera, nat. shown, which n be nounted directly on the
referencerefja?c%el,vet e reber BNt 1o Clﬁara(ﬂgﬂ&nt 9T ¥k I‘%qolr"-:'t 2511+ pl ane

parallel to thg wWi€ Beededn NAlFRN 0f, LG PREAPRLEESAL10NAME 40
according to the invention is as follows. First The single crystal 3 is, as
shown i n WAixes 582, stthck 44 .t hetthe fhhp Thentsindle saviagadulbdter aferdey with
the aid -a_stap, : o Qi Vv ul ar orientation,to the saw ng
substr at g"lZ‘.}éTﬁ’é gngﬁél%hh%\rﬁg eias&lsgilgrlc e&fgfgeq'} Fat at%cé)%tato‘g qlstofoer]?eé}ﬁ ed in
the azi mdriadiadilr deddden It such, a omaytHeh&ronfte agidv e aat sitddd agraphs ©
directionqé IS a% a Erede ermned angle p to the feed direction V at_which
the constYaithi ¥3L¢brids a&ri nF ofthe e etBRRoEhec di@eaudddprdtmercfout, in
order th ] t } pgssi ble rate. . shown
B e T R PR s S i e oG L T T P

i nsert ed fmraeheoliol tee Thuf wheeaphas atmestfooredetheni equilibeiani et ati on
of the cr stalloglé_?ephi c.tgl(éajt?rrlfm{aelgtive to, the e face ;2 of the single
cryst al s XAt QA%Ri 8hF RBYSiABMY PAELVARLGHN hEcHdlR sm

al l ows theridirglle geychal o tgeh&Statifondd- F66068c8/ AR bsH2&®. 93 eakh
directly on the surface 11la of the holder 11. Then the holder 11 is noved
into a giSAS® HEIYhtERRSVRrBNOrsowhdon e vafed aze 2 Stinchaoni ofl dhe yst al
is | ocat j ; f - i Fa T mrror 17
is pl ace%q}gr\lﬂ'a%ih%e&&q%ﬁ!n% eta&ﬁfd%fhe?tcgﬁﬁébn;% a%sglg%%gh\}ggﬁdt}rﬁt%&clh%i@m

Next an aedlat iveasior erhentfeafd tdherentrircor Wurftade lilowmdhadty ar8ans welrg he

aut ocol I'i mat | on tel escoEe 14, bti]é:l tern‘iqr;li ng a deviation of reflected cross
hairs fr&h the" ¥ od¥aRELFE Bioj it ie Wirichragar fesdreds @re

surface Qbtliedd [dlihek! by PEhRAIARY PARAls epd, | i Jihe
single crystal 3 and the o%ti cal ax?s O of le?ﬁe%ﬁ%l??ha?lggn%t g{lgtshzope 14
i s perper@iedul ateo bire asirdstciondl 1thef angdehodflethé 1 onyista flagrmadHie

ref erencey.f 2\ i_S .neasur ement. t ngul ar__adj ment_ of . the mrror
surface ?rn%f%%tlﬁg téé;§ éac%elq"c(; %[%g:hsﬁ nfgeleleéeg%%tcﬁlolnél e & & $9% T80 ace
1la of tleE hal der/ndih,cafiobe caledigyla nedniduinersdt i vallyest hersingl &oor,yst al
i's rreasur%g)ov»i tgg(gg th%dsavm' ng substrate, the orientation of the flat in
the X-ray>devi c&*bei RFuYel? hedb§ LGS or "ekAnmpiheserngaleesy eghe
crystal | e@isatiatitP| af6rcé OF wBIP! €atSed 10@)-oRf angne Sg’u'?n geger ale ot
parallel to the end face 2 of the single crystal 3. To determ ne the

di rect i ogopRtiRdéndngst Sprogeaphi c Pf afe; tilse Binjgalef |'Bot i prafermedsur ed

with the_X- im&e. er..15 16 which.for_this pyrpose,.i ved within a
predef f i r%lgﬁ%%g%l%gr raénl'bet.hel'h%o&s-’?%?/”tlh%% 18T GRT gﬁgcﬁépgéﬂ? °Y§ &€ for
this pur peseenaseaiced and tdlee kitDyes NBenet rate aihtyedhanguhan edicstaneg from
each ot her, gg%&are noved in an_arc within the given angul ar ran%e. The

! p

Bragg refit& n FRRSVALES 19RF e ienwieRrenhecr r HRe ampegraphi ©pltise for ns
wi th the ssupfiacecddac of, t e hohdamdl 1caghe of 1 | MEgSULGIENt i S
r epeat ed,s t%e Si ng}%e crystal being rofgtggd ﬁrgégﬁgggaﬁ\%@%\?ec oré:%?rse HF
49- 166689PPAQAhsAES. BebR, ad oltrni welelyy fhetopsi caThemd 2fe aytagobieonet er

measur e . X-ray _measyrenents | 00~ yi 00) and._.the opt.i cal

measur e@%ﬁzér %’%d )?g\p%r\ﬁc[aﬁliyegg&gaicg Fﬁé’gggr 8%7b’8itﬁ'} BRteRe3dri ent at i on
system The drheerdgnaedeivesriite t¥0twectionentidistéhecoiapiayi an of
the crystallographic (100) plane to the crystal end face 2 independently of
all ext ePREELFefEY, Systidis QUching mdehing s, iRhpastigiéassinf &48eeni ng
chucks, ete¢ t i re t ofi-ent ati of ¢t he .

crystall ogr gpﬁ%?g%?ogyis;%%ggw tg%m%ggpggfe pg??%gsgggnf %ge@gugf etfﬁeecg'i ngl e
crystal is known. This yields correction values for the X-Y positioning in
the wire saw for adjusting a desired m sorientation. Next, the position of
the end face 2 on the crystal is neasured on the wire saw 20 by neans of
the identical autocollimation telescope 25 and tdtesd-desdsi cab /Rl aneparal | el
mrror 27. The zero-point adjustnent of the X-Y positioning unit 24 in the
coordi nate systemon the nachine side XM YMis nmade in this case by neans
of the reference face 23. In the YMdirection, that is, in the feed
direction, the adjustnent is made only once at the factory, for exanple

—— o



HF 49-16668. 7/ AQ bs/ 28. 6. 02 13 autocol limation tel escope i s neasured.
TFhen el ectronic referencing is effected with the aid of the reference face
32, the mrror 27 being drawn onto the reference face 32 by neans of the
vacuum fasteni ng device. Then the mrror 27 is renoved and the feed unit is
noved into the loading or orienting po§ition and the single crystal 3 is
attached to the sawi ng substrate 12. Then the mrror 27 is attached to the
crystal end face 2 and the angul ar adjustnment of the end face 2 is neasured
with the and o | ithe | @amee| §so€pepPZ8cisRenadhustoentct Pén gal desivddai ned
fromthe neasurenment in the apparatus 10 are entered and the horizontal and
vertical PoiREIRtaldfetbents of the single crystal are made, so that the

crystall ographig exdd bi £ 5ok e T fi &QﬁJ t h Lre.area. The
mrror is rennvedcp%lﬁ:iﬁecu%(%lﬁg ;13% carifi g%fbut{}.%]Wt ﬁep%%tﬁ%#%g}s@éi%ed,
t he azi meitadlanguyataddjinstarecutoing heaghivea copgtilskegraaphappalraeesi on K

i s maintaj hed, and gperatjon_can be carrjed out at high feed.rates_conpared
with the}s at goﬁf"’lt@%e aPEESHe f&&? rafE5Uale, FHr-H@nplEPdrScuttfhg a

6-inch Cafist S BnS ' ¥BE abhng2BPbRXWEBhE 2y drd0l1bpmarebwnd), thsr
traditional orientation, at which it is not possible to suitably adjust the
azi mut hale%afRd &r thesi tith. Phaaenp@ind e ofryshaldend efaafsari efiQti on

is taken ] i gderation. pr.oyi.di e d | at n r
nodi f i catéli%gné)% efl(gu?{blllnﬁglg%%argaﬁhgaggcg? dif\r%% ?; gletohsglrﬁlvéen?%gn%g# E%
singl e crwistlal ai plaakatsahifaden e whidh ns appafarablgbadsiignedardss No

shown in Fig. 1, which i erpendi cular to the wafer surface,_in, order to
adj ust th‘@%ﬁm rﬁnhl%%ﬁge}%rftﬁl i _s@ﬁ REGRETHGY o EESIIn §2 3t PetPy, it
is also pospdde 49 aUSta{ herapiddpinEangl ¢4 O-Hd NLAL S8R R cgéft forces
by tilting the wire HF 49-16668. 7/ AQ bs/ 28. 6702 14 area. Preterably, a
measur i ngexkagwee i sThhemazomorhddd dwigrsasiran t e dbkl editrigire ofryéeakutti ng

appar at us, duri cutting. lnstead of.thg deflection int nmeasurin
abparat s 1 Bl oRrablRE: SR S ihoblfir PHEERE SHFLTED BLAfR e 1 or
detecti oni®f ddfirmydd emfyat tha obribftitabn A @Hor F1de t7o gdhestloar or

. contam nation of_ stops, reference faces, etc. are elimnated, as

measur emeHESSTRMT bESRBYES diFle 1y ARPATREUR k0 safihfg Sapsadcattyy Rl The
appar at us; desgrifed angdet ke t yosg:iugr%(}i opp i ggép‘ée%'a%iﬁ% A 6l J|RASHS enent

on the wire saw w thout a safe Further, the angl e neasurenent with
t he aut oowith nwhiioh met howhrn slendepdrelerinsefrtiede teadiie ngidiest sameing so

that it is _possible to moyunt the auiocol limatiop telescope 25 outsjide the
cutting SHRAFHG cﬁi"”tiE’rf:g',“astlr%1 cg?f‘ﬁgpéﬂﬂ’icr?g ?)EB?’écﬂe\?é’ §8§Can tHen be
cl osed. Thegutat Pesddiitardg ofni thal | pr&e ver t igdlvidd hehi zepkal s aghlst ment
of the conponents of the m sorientation, so that the processing direction

of the cr§ifeftal s3 frekpyive| ket GBrehatdgry 1 e Al usliebhowdeapng of

cont ol el ke eatOn L I 2 g8l SOt TSRS LGRS Gorfhged to

appar at usgivéd eX3aHa81ddraphiko668r&cAbAS/R8.1&1%kive to the feed
direction in the cutting machine, as can be seen in Fig. Sb,
has an empirically predetermined value as described above,
for 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
parallel to the longitudinal centre axis of the single
crystal. Opposite or above the free surface 2 of the sgingle

crystal 3, which forms the subsequent surface of the first

HF 49-16668.7/A0/bs/28.6.02



15 Patent clains 1. Apparatus for cutting single crystals conprising: a
cutting device (4) for cutting off wafers froman essentially cylindrical
~single crystal (3) having a |ongitudinal centre axis (M, an orienting
device (24) provided in the apparatus for orienting the single crystal
relative to the cutting device, a feed8device (23) for noving the crystal
(3)"in a feed direction (V) essentially perpendicular to its |ongitudinal
centre axis relative to the cutting device, characterised in that the
ori enti ngrafess cetq 24pei scubsi ghdd | Assudroyiwed t et  tdetetogl Bnatien al (3)
is rotat bIe bout a defln e |ret|on and .an a.X|s whi ch
i's perperalt dicul arr fl‘?heﬁ%) %neswﬁ gﬁgxonﬁef F’%egh&rf g I@r?@%al}dla}ﬁ centre

axis (M asichdied etitHi eRet nRFmMaY) .to?. tHPPREAE AkSe atcar @ifNGHed K ddh 1,
characterised in that the cutting device is designed as a wire saw having a

pluralitytlof Tha%s I @wwgewrw%df%% M AW rEPPIAPRESF gForetsig and
in that t t%g' ﬁ.t%?gt%\é' Cl% %Aa gséba E’eésdéeef.‘téﬁrpa%' ;*rﬁquglém't

with whic singfe crystal acea elnapane par to the
wire pl amowaile wb’.tahenper Qeneideﬂimdt anghéawi rmargjes,nefoﬂ ebprplat st

accordin o cl char act er,i n that an | e rre suring device is
provi dedgaf trre% ut i ﬂﬁ Hhe 30PCd atqtjorP%lngh %rhdt %c@uf RCEf 4 Iﬁgestl%l e

crystal (Bing®d abiyscdD, tf‘@rt‘hé? Phape ant- pARBAN Y USARGCRNDiInNG A ¢l Al m 2
or 3, characterised in that the angl € nmeasuring devicCe conprises a mrror

(27) HF 4% 18868.48QQThe 8l srar 17 ieamiie H gtad thyfmeeats t@f tadhevagint %e
2) of | t cql | i mat | 2
(2) o thr?ecﬁ.{%%)sﬁncr%%tta gé’s?m a"é’?g@tr%“ gnd gdmiion Le eéﬁgpgs};gq 0s€

optical axis i's perpendrcuflar e Cutting plane

accor di ng:xt}(st(}i]a,l nrme mheroct €7i sefl Furthat bbe fikedorto Zhe Gt badd t ached
to the end é of _.the single crystal by neans of a vacuum_device. 6.
Appar at u52 B ngirglanyreetéladms® 3% t750 thar 9Bt Ehes Ptifalh axis

refer enc%ﬁjeﬂhéeaﬁégcogﬁlmat?18510"66.‘1%@55dﬂe L heh & YaRgsi YUronhdigsiiident

of the autocollimation telescope is approximately *1°. In
the event that the angle which the end face 2 of the crystal
has relative to the plane surface lla exceeds this range of
measurement, there is provided an optical wedge plate, not
shown, having a given wedge angle, 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 crystal turned through
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 this embodiment is

HF 49-16668.7/A0/bs/28.6.02



7. Apparatus according to any of clains 1 to 6, characterised in that a
wedge plate (28) having a given wedge angle is provided for adjusting a

- predeterrined angle offset of the X-Y orientation of the single crystal. 8.
Appar atus according to claim7, characterised in that the wedge plate (28)
is rotatable in the cutting plane abou®9 the | ongitudinal centre axis of the
single crystal in such a way that a given azinuthal orientation of the
wedge angle is adjustable . 9. Apparatus according to any of claims 1 to 8,
char act er¢ergtinctedt ag hal tdre( 123wing prppaded usor2® heosiprglsescrystal ;

wi th which e single crystal .i sitiqned in the,cutting., ratus_in
such a Waf/oiﬂ% sar}gT eJ&EEr nt’ éaﬁegc}é‘? ndt Feaftfd of tife ﬁ%r%oeglacﬂ}st%l is
ori ent ed horpzdrespt ergiired pesi t i @AAr otqlage abaw] 1idyes | ongi t udbpategentre

axis (M . HF 49-16668.7/ A0 bs/28.6.02 17 10. Apparatus according to any
of cl ai nethexeumderhiprcretisedof nthadiize raren ibrloevike actpabvwies for

rotating i ngl S I i tugdi tre axj nd | n that
preferably i %r%gi@qgé%e%‘?%%ﬁ?%ﬁ%‘%%téf%gét@%I%g i"(")lnr%fé]fs%% ‘gqu%]i ng
devi ce dustrowgidedt BngEeadhi ahits 2Couplted whithe thed asingldeurgatall. idkt hod
for cuttin ingle crystal . in a cutting nachine .in which fers are cut
of f frpmrf‘%éﬁ%f?lg‘? ?c‘?@%t%?wb?gnf)%mﬁ”? fl%hgw@%ljesc?’i/%?‘gﬁe @ #ed

di recti onx{W)ps&l @l bivEnd Oudi €Ui4 | Noh deW&es i M T i Recsiopsrofar fed efdi ni ng
t he angl e between the crystall ographic plane and an external surface (2) of

t he singl@herysral aregasily i agginenofiesst atdton vi The Skiterpesisiofing (2)
of the si rystal in the cutting machi ne; pasi.tioning.the singl.e

crystal ol%%ltﬁegéasjiss Pn?hguSElegntsa i 37 & ﬁ’l% é‘%l& na? SHPAEES gtl%euch a
way that d¢hegle veryetrit ab | e@fphied ptana f epsedihhbet e di0fl dinr eghéon a

predeterm ned angle, and carrying out cutting. 12. Method according to
cl ai m 11,MxFxRRt 8tf8edni nYehabn diet ek nihEeFbROBS PaKaldgdl &9 Sharvies out

with a mefhod wthyhRensteps Gle Measus] A N6n and fy WRinCh,t h&ifééfftﬁ{
surface (2) formse wth a reference axis by an autocol I'it mati on net hod,
measur i neerrendigwlaf thetle ygine | ageaphi cwipianeisethei ¥ diorddreiorf er ence

axis by X-ray gonjionetry, and subtracting the neasured angl es.
The "pivot range is about #5° in the Xy direction and about

12° in the Yy direction. There is 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 its optical axis when the single crystal is
installed lies approximately 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

HF 49-16668.7/A0/bs/28.6.02



13. Method according to claim 1l or 12, characterised in that the angul ar
position of a given crystallographic HF 49-16668. 7/ AQ bs/ 28. 6. 02 18
-direction (K) 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
fhe cutting device are minimsed. 14. Wpparatus according to any of clains
1 to 10, further characterised by a device for determning the orientation

of a crystaILograqgic pl.ane relative.to a crystal surface, wherein the
devi ce cohpPi¥ER: Reap| deflestioprorot h@'gi-ng#/e- cMHEERE (Z) @Pch WREI t he

single cryid@d £8) dfe hghdaicRedUCL agWayoidd BbS W dRCEoMELiHhE Bohe
nmeasured i s exposed, an angle neasuring device (14, 17) for neasuring the
angl e whivgruue mechanesti2) Aleobprovideded shas sedpt Blewhdch rfdbersence axi s

of the haqlder .and,an.X.ra asurin vi ce, (15 ) for. determ ning the
angl e of Rlﬁeeéécfr%%dal E&SF&B Fc e?%"ﬁeeer?egﬁﬁi JELRTPR hégr e“fjerrlénggeaﬁ .9%5.
Appar at UpIaaeOral nthd G ld at Y s gt Lrdsseitd o4 hat the single crystal
(3) is essentially cylindrical and the surface (2) to be neasured is an end

face of the cyld ndiedjugihd the hwhaée (@appazehpsiseshens anie sufimteey 11a)
to whi ch Jhe, aidigl @ eLyabahcl3)kacan e e WD LL8n8Rd Lags OPposite the
0 . and | efe

surface e neasure nthat the'r rencé axrs s thenornal to the
pl ane surdrEide (Blapppbsitéppahat uauaoccolllimgtioncl aebeddope 155. The

characterised in that the angl.e neasuring device (14, 17) .includes a mrror
(17) arr DS h agﬁrﬁﬁéeq“(lght W?}’gta\éu?ﬁé H\%@h&ﬁué«)@tloc%q?kﬂfﬂa‘ttﬁbn
t el escopeiridldn Wase- opLbrahn agisrbfe €6kNehde Wirldhdad &ffeneeigxi s. HF

49- 16668. 7/ AQ bs/ 28. 6. 02 19 17. Apparatus according to any of clalinms 14
to 16, cl&r deeaguxenent. t Byt meprssxafaya ngamera ngndevisbewns désianerhras an

o 2 SOBETBA AR S SR BB 19 B0 pdete a0
for measifddig BHrAge: reflandddnm ftie tHuridotidaal IAHRPHL-DI AL 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 bonstraining forces
acting on the wire almost cancel each other out, in order
thus 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
crystallographic 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 crystal 3 to rest

HF 49-16668.7/A0/bs/28.6.02



18. Apparatus according to any of clainms 14 to 17, characterised in that
the holder (11) is novable in the direction of the reference axis. 19.
- Apparatus according to any of clains 14 to 18, characterised in that the
hol der (11) conprises a vacuum suction device for fixing the single crystal
(3) by neans of partial pressure or vaduum 20. Apparatus according to any
of clains 14 to 19, characterised in that the single crystal in the hol der
conprises a stop (13) with which the single crystal (3) can be fixed in a
pr edet er dimettdngubar the esuatfiege | hla glanthperipeitdculldr. t Thehe thef er ence

axi s, wherei r.ef er abl st 13),.iS pravi.ded. 21.. paratys faqr
ot o1 i il S o en e ah T, & iaish Msdenn rotitial P A dipe,
crystal sfd aggece CONSE SERE: sArQlededrydddl f 08 t1kRRaHdd! £n Censt &odad) With

whi ch the single crystal (3) is held in such a way that its surface (2) to
be measulddnss i pdaedX - FHEY 48016688 9¥ ACTBEN 28he. B2 rror2@d 7ank sarRjlased

measuring Vif‘i?ceqmonl?)c Eoreggas%ggg ﬁhgbﬁnqué 1){\Qi C ”'Eehesuéja%% 2) to
be measured has rel ative to a referance axi e of the ho der’ and an Xx-ray
measur i ngneddardesn(.1 NedH) afioand@ e measurgndne anfyl ehef mikeoer wsirfdazgr aphi c
pl ane relative.to the reference axis. 22 e'g\&%arat us according to claim 21,

char act eriSseT2Rf Hiat MEFRS siOhg| 1% r gEEQFO pEigBsditiedqspeyttndmal and

the surfaeh rdidihPea TRBFYRRdohS A 281686640k ARG A1 AdeEroRNd e
hol der (11) conprises a plane surface (1la) to which the single crystal (3)

can be ficusdsn tlaiivss parditatedoppotpt ethhe mirface swrimcereasis edthend in
that the ference_axis i s, the normal to the ane_surface (1 . 23

Appar at ussrugrccgredi%’a ttk‘eclnéjfﬁ:ﬁ% g? 73 %Wa‘?%%%)%rf’gé'&liﬁ'ﬁﬁt ht%é %ﬁé aﬁ{’gﬂ e
measur i nFatevixof the Bindlcldigefaa B End thb/ opilclgesian d ke wHd ace
(2) to be neasured and an autocol limation tel escope (14) whose optical axis

(O coi nGHEShilimamion sdedrapeads inperRspigiaadcortdinFudaasy of
claims 2% 10 98, cfBakRATRY SPO R LhakELh Heayr%%é%'ggg‘é%' C&ith

desi gned as an X-ray goni oneter Ich i'ncludes an i15)""and a
det ect or t{ili) weachirmmenoydile togetllrer wdjhistrentangifl arthreange rtoaut t he

reference axis for rin r reflectiqgns for the crystall,ographic
pl ane. 2845 a?ré’frugﬁéi:g"(?r(ﬁ ég:%arﬁ (J}?’ecls&inﬁ&ezfqyt?t?i r(,er]é%"'&é’%ertiosed in
that the diel Grirfakl) 115 BEVaMe Holddie 1di i@et e Jft it el .er ence axis. HF

49-16668. 7/ AQ bs/ 28. 6. 02
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 1lla of the
holder 11. The X-ray goniometer measurement is repeated, the

single crystal béing rotated through 90°. Two vectors are

HF 49-16668.7/A0/bs/28.6.02



21 26. Apparatus according to any of claims 21 to 25, characterised

the hold
crystal

er (11) conprises a vacuum suction device for fixing the sing
(3) by neans of partial pressure or vacuum 27. Apparatus acc

to any of clainms 21 to 26, characterised in that the single crystal i

hol der ¢

onprises a stop (13) with whictp the single crystal (3) can be

n that
l e

ordi ng
n the
fixed

in-a predeterm ned angular orientation in a plane perpendicular to the

ref erenc

det er m nigkg aimedrbenthei aptdicad crydt 2 ragr gphiomeltamre med sairamterdits a

crystal
crystal
met hod,
referenc

e axis, wherein preferably a stop (13) is provided. 28. Mtho

surfacg, conprising the steps of measurjng the angle which th
§E’ﬁ ac® T3y fd?‘?%s‘gﬁ?‘?'fe%tsr ef éXattce a%ios) by 3 au’EgEOI | SRt G2

RAsHdMEdde angl ey WhenCheshal0giARRC z@x@‘f‘%&i%itatdﬁ’%ﬁé)

e axis by X-ray gonionetry, and subtracting the asured angl

49- 16668 .CHixDHss/iZ8) 6sP2tem. The difference between the two vectors

. AhL. As.
AGE. A3?
HOHARH g

Y8 *Ehé} xaRjdt L) cahaa] fadeabea] sadseddaher) clcabea] calicaheal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cTa] cTa!// =1\ 1"1WIE8d8f 8;

R EVEaRaK §YRREMBAR UG (35 it Paged) »BWiup zrdfaed c djastjering] ca] ca

]ca] ca
' deef f f ghi " KF VLgﬂ%ﬁ?kﬁ%%%ﬁ%ﬁﬁ%ﬁ3%§?§§€§@§%§2%?3%%?%@%%%?%3?%@?%@?%& cal ca]
ca] ca] cajojstaldaiaapts]c al 1] )c ap kaaje ab Ll caéspéct] ca] cakc @ndalferdecd ca] cal

4?2S?V?F!
]calcalc

{{{| ~aHz

: jd Z ] ca] ca] ca] ca] ca] ca]
cal cal caltta] EapcapLagls] sl o chhebca) £A1ea) 0418 C Rostdaqeion
1 109%66& (axriludsl Féh&He +Jy w@hﬁ%nﬁg‘ & VBRI fh @oﬁ%@justing
& ()-& MO%h&' () - HzX9.

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 the identical plane-
parallel mirror 27. The zero-point adjustment of the X-Y
positioning unit 24 in the coordinate system on the machine
side Xy, Yy is made in this case by means of the reference
face 23. In the Yy direction, 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 the 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 position 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 is located in the optical axis of the
autocollimation telescope 25, and the mirror 27 is placed on

the reference face and also the position of the
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autocollimation telescope is measured. Then electronic

referencing is effected with the aid of the reference face
32, the mirror 27 being drawn onto the reference face 32 by
means of the vacuum fastening device. Then the mirror 27 is
removed and the feed unit is moved into the locading or
orienting position and the single crystal 3 is attached to
the sawing substrate 12. Then the mirror 27 is attached to
the crystal end face 2 and the angular adjustment of the end
face 2 is measured with the autocollimation telescope 25.
Then the correction values obtained from the measurement in
the apparatus 10 are entered and the horizontal and vertical
position adjustments of the single crystal are made, so that
the 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 which it is not possible to suitably adjust
the azimuthal angular position.

In a modification, the desired misorientation 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 minimise the cutting forces by tilting the wire
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area. Preferably, a measuring device is then provided to

measure the deflection of the cutting apparatus during
cutting.

Instead of the deflection in the measuring apparatus
10, a contactless distance measuring system can also be used
for detection of the orientation of the flat.

All errors due to adhesion or contamination of stops,
reference 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 1is
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 direction of the
crystal is freely selectable at any time and can be used as
a control variable for the wire deflection.

The invention 1is not confined to a wire sawing
apparatus, but can also be used in an inner hole cutting

apparatus, for example.
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Patent claims

1. Apparatus for cutting single crystals comprising:

a cutting device (4) for cutting off wafers from an
essentially cylindrical single crystal (3) having a
longitudinal centre axis (M),

an orienting device (24) provided in the apparatus for
orienting the single crystal relative to the cutting device,
a feed device (23) for moving the crystal (3) in a feed
direction (V) essentially perpendicular to its longitudinal
centre axis relative to the cutting device,

characterised in that the orienting device (24) is designed
in such a way that the single crystal (3) is rotatable about
an axis defined by the feed direction and an axis which is
perpendicular to the plane which ié defined by the

longitudinal centre axis (M) and the feed direction (V).

2. Apparatus according to claim 1, characterised in that the
cutting device is designed as a wire saw having a plurality
of parallel wires (4) which form a wire plane, for cutting,
and in that the orienting device (24) is designed as an X-Y
positioning wunit with which the single crystal is
displaceable in a plane parallel to thé wire plane and a

plane perpendicular to the wire plane.

3. Apparatus according to claim 2, characterised in that an
angle measuring device is provided for measuring the
orientation of an end face (2) of the single crystal (3)

relative to the wire plane.

4. Apparatus according to claim 2 or 3, characterised in

that the angle measuring device comprises a mirror (27)
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which can be fixed to the eﬂd face (2) of the single crystal
(3), and an autocollimation telescope (25) whose optical

axis (0O) is perpendicular to the cutting plane.

5. Apparatus according to claim 4, characterised in that the
mirror (27) can be attached to the end face (2) of the

single crystal by means of a vacuum device.

6. Apparatus according to any of c¢claims 2 to 5,
characterised in that a reference device (32, 25) is

provided for the X-Y positioning unit.

7. Apparatus according to any of «claims 1 to 6,
characterised in that a wedge plate (28) having a given
wedge angle is provided for adjusting a predetermined angle

offset of the X-Y orientation of the single crystal.

8. Apparatus according to claim 7, characterised in that the
wedge plate (28) 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.

9. Apparatus according to any of «c¢laims 1 to 8,
characterised in that a holder (12) is provided for the
single crystal,; with which the single crystal is positioned
in the cutting apparatus in such a way that a predetermined
external feature of the single crystal is oriented in a
predetermined position rotated about the longitudinal centre

axis (M).
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10. Apparatus according to any of «claims 1 to

characterised in that a rotating device is provided

8,

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.

11. 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:

(V)

determining the angle between the crystallographic plane and

an external surface (2) of the single crystal;

measuring the orientation of the external surface (2) 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

given crystallographic plane forms with the feed direction a

predetermined angle, and

carrying out cutting.

12. Method according to claim 11, characterised in that

determination of the angle is carried out with a method with

the steps of

measuring the angle which the crystal surface (2) 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.

13. Method according to c¢laim 11 or 12, characterised in

that the angular position of a given crystallographic
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direction (K) 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.

14. Apparatus according to any of claims 1 to 10, further
characterised by a device for determining the orientation of
a crystallographic plane relative to a crystal surface,
wherein the device comprises:

a holder (11) for the single crystal (3) with which the
single crystal (3) is held in such a way that its surface
(2) to be measured is exposed,

an angle measuring device (14, 17) for measuring the angle
which the surface (2) to be measured has relative to a
reference axis of the holder, and

an X-ray measuring device (15, 16) for determining the angle
of the crystallographic plane relative to the reference

axis.

15. Apparatus according to claim 14, characterised in that
the single crystal (3) is essentially cylindrical and the
surface (2) to be measured is an end face of the cylinder,
and the holder (11) comprises a plane sufface (11a) to which
the single crystal (3) 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 (1lla).

l6. Apparatus according to claim 14 or 15, characterised in
that the angle measuring device (14, 17) includes a mirror
(17) arranged on the surface (2) to be measured and an
autocollimation telescope (14) whose optical axis (0)

coincides with the reference axis.
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17. Apparatus according to any of claims 14 to 156,
characterised in that the X-ray measuring device is designed
as an X-ray goniometer which includes an X-ray tube (15) and
a detector (16) which are movable together within an angular
range about the reference axis for measuring Bragg

reflections for the crystallographic plane.

18. Apparatus according to any of claims 14 to 17,
characterised in that the holder (11) is movable in the

direction of the reference axis.

19. Apparatus according to any of claims 14 to 18,
characterised in that the holder (11) comprises a vacuum
suction device for fixing the single crystal (3) by means of

partial pressure or vacuum.

20. Apparatus according to any of claims 14 to 19,
characterised in that the sgingle crystal in the holder
comprises a stop (13) with which the single crystal (3) can
be fixed in a predetermined angular orientation in a plane
perpendicular to the reference axis, wherein preferably a

stop (13) is provided.

21. Apparatus for determining the orientation of a
crystallographic plane relative to a crystal surface,
compriging:

a holder (11) for the single crystal (3) with which the
single crystal (3) is held in such a way that its surface

(2) to be measured is exposed,
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an angle measuring device (14, 17) for measuring the angle
which the surface (2) to be measured has relative to a
reference axis of the holder, and

an X-ray measuring device (15, 16) for determining the angle
of the crystallographic plane relative to the reference

axis.

22. Apparatus according to claim 21, characterised in that
the single crystal (3) is essentially cylindrical and the
surface (2) to be measured is an end face of the cylinder,
and the holder (11) comprises a plane surface (1la) to which
the single crystal (3) 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 (1lla).

23. Apparatus according to claim 22 or 23, characterised in
that the angle measuring device (14, 17) includes a mirror
(17) arranged on the surface (2) to be measured and an
autocollimation telescope (14) whose optical axis (O)

coincides with the reference axis.

24. Apparatus according to any of claims 21 to 23,
characterised in that the X-ray measuring device is designed
as an X-ray goniometer which includes an X-ray tube (15) and
a detector (16) which are movable together within an angular
range about the reference axis for measuring Bragg

reflections for the crystallographic plane.
25. Apparatus according to any of claims 21 to 24,

characterised in that the holder (11) is movable in the

direction of the reference axis.
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27. Apparatus according to any of claims 21 to 28,
characterised in that the single crystal in the holder
comprises a stop (13) with which the single crystal (3) can
be fixed in a predetermined angular orientation in a plane
perpendicular to the reference axis, wherein preferably a

stop (13) is provided.

28, Method for determining the orientation of a
crystallographic plane relative to a crystal surface,
comprising the steps of

measuring the angle which the crystal surface (2) 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

gubtracting the measured angles.
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