Method for producing a multiplicity of semiconductor wafers by processing a single crystal The
invention relates to a method for producing a S. multiplicity of semiconductor wafers by processing a
single crystal, the central longitudinal axis of which has an orientation that deviates from a sought
orientation of the crystal lattice of the semiconductor wafers. 10 conocrystalline semiconductor wafers
are usually cut from single crystals obtained by semioonguttor mated-Hal melted inductively in a
crucible gradually being crystallized on a rotating seed crystl. A virtually 15 round ingot having a.
centnal longitudinal. axis as a geometrical axis arises in the process. Afterward, the ingot is reworked
to form one or more ¥ &FRAAcHBIoBRCHHE Lothito RddGEP Wifdivh Vin g ersmeifieryarl orientation.
are sliced from these blocks. resfxkingbge rerathy esinprise ssalicifligtherklodk from the single crystal
along cutting liJanes perpendicular to the central longitudinal axis of the single and cylindrically
grinding the blockﬁrgungﬁ%%%gengal Igngityginal*arxis to form,,_q block having the form of a cvinder.
r,,.jcesewsareusuallyusédfors icingthe Semiconductor wafbrs: itérnafdiarfete? sawsarealso
suitable, in principlé “attionchtheir tHroutfHput 75 S066Wwer. Wikesaws have zowire vwely formed by
wires lying. simgthe couyse of thessawing :opesatSom; the wirespenetrate through: the block, as a
result of which a nurgber.of semicondugtor wafers correspongdng.to the ymber of gaps between the
wires penetrating él}rpyygrhg? ;[)rle plfgc_‘kgnsgyslmy.!‘t nqu_s_ly.ﬁ In grge_[ to optimize the throughput, the
wire web availablé should bé Ttilizéd as tompiétely as Possible. Thereforé i< Stentha case that two
or more blocks aré%rfariged one behind another and sawn simultaneously.

10
Lo

o oy pmdm = 1Y . P N N A e o v R T ;
Monocrystalline semiconductior wafsrs are usually  cut

. . . A » .
£ oo HPE, PR . g = o R 2 R N - 2 -
Irom single crystals obtained by semiconductor materia

R

fRus)
o

loWal
£

Lad
[ ]




The customer for the semiconductor wafers demands a specific orientation of the crystal lattice. The
normal to the surface of the front side of the semiconductor wafer is intended to lie parallel, to a vector
representing the specific orientation of the crystal lattice, this being referred to hereinafter as the
sought oriantataon of the crystal lattice. If the central.longitudinalaxisof the block represents the sought
orientation, of the crystal lattice,semiconductor wafershaving thesought 15 orientation of the crystal
lattica arise 4fin the process of slicing the semiconductor cuttingplanesthrouchhtheblockareplaced
perpendicularly to the central longitudinal axis of the. block. 20 There are reasons, however, on
account of which Sirgté crystaisiareamsorieritation. Riis6rientatiss ok fife sihgsen/tatpresent if the
central Longitudinad iaxisiotthe: Singlescrystal@oesinat represent the sought orientation of the crystal
lattice of the semiconductor wafers, but rather forms an angle 0 with a crystallographic axis
representing this orientation. That can happen uQLntentrionglle/# for example if the seed crystal is
already misorientad or c<or the misofientation afises -Re Process of pu rthé Sigié Erystal, or
intentionally, for eXanplelifthermidorientatHon He 'O motight i ordet thatedislbeation cer be better
eliminated, whichtis often perfofmesl. practice infarder to:produce semicopgductorwaterseamposedof
silicon. The presgptimventian is:concerned with the produgtion of semiconductor wafers having a
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5 Inaccordancewiththemethoddescribedin 5892000323443 A2, firstly a block is sliced from the seingie
crystal,the cutting planesbeing placed perpendicularly to the central longitudinal axis of the 10 single
crystal. This is followed by grinding the circumferential surface of the block around the crystalloaraphic
axis representing the sought orientation of the crystal Igttica of the semiconductor wafers. The ground
block has the form of an oblique 15cylinder,the end sarrfaces of which do not lie perpendicular to said
crystallographic axis. The advantage of this method is that correctly oriented round semiconductor
wafers arise if the > caftdng nlanes durHnip the process of slicing the semiconductor wafers zu from the
block are oriehe8%a FTRHE &Xi5 répresenting the' soiigitoriettation-6f the erystariafticedt. the
semiconductor wafers:0ie dishdvantage:6kthis isahatproductsthaving-a wedge:shaped:25 block,
which products, ashwasteylewer thezyield-of the,methed. acsordancewithtbemethoddescribedin IF 1
498 516 is.1, firstly qplogk is sliced from the 90 single crystal, the cutting pAanes bagna placed
perpendicular to tﬁe central longitudinal axis of the sinale crystal. This is followed by grinding the block
around the centra.l longitudinal axis, said block acguiring the form of a cylinder.. The end surfaces of
35 the ground. bléck lie aeq@an’dienl@r to thé:(’:entraﬂmwgitunimw adis the‘m,’:pm’mb theiprocess of
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to the crvstallographic axis representing the sought orientation of the crystal lattice of. the.
semiconductox wafers. One disadvantage of this method is that products having a wedge-shaped
cross section. arise at a the end sides of the block, which products, as waste, method. TA further
disadvantage is that the.of the block has to be effected in the wire saw. The cutting of a plurality of
short blocks in one cut is not possible, and the orientdtion 10 of the block in the wire saw is
complicated and susceptible to faults. What is also disadvantageous is that the sliced semiconductor
wafers are not round, but rather have an oval form, owing to the position of: the cutting planes. Itis an
object of the present invention 16 presetita MethodiWhith d6ES Hidt havé the ‘difaadvaridges
mentioneali The ®bjett is Achieved.. the nigarstera hrsthodFor 20tprodaeng e multiplicity of
semiconductor watefs by processing:a single-crystal, the centraldongituding) axissof whigh, has an
orientation that deyigtes fram a.soyght orientation of he grystal lattice, of the semiconductor wafers,
comprising slicing at least one hlock from a sirigle crystal ore sent in a grown state a?ong cutting
planes perpendicuiar t6 A crystaffographit dkistepresentifig the Botght-drientdtion”Gfhé crystal lattice
of the semiconductotiiaférs: 30 grindingithe faterat sorface bf theloek aroundthe crystallographic
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slicing a multiplicity of semiconductor wafers from the ground block along cutting planes perpenthicular
to the crystallographic axis. 35 Upon application of the method, the ground block can be nn4--into
semiconductor wafers having the sought orientation of the crystal lattice without losses CS, a yield
arising owing to products having a wedge-shaped cross section. Furthermore, two or more blocks that
are arranged one behind another with a short spacing or in comparatively large diameter have to be
cut into 10semiconductor wafers. It is preferred, therefore., apply the method in order to produce

semiconductor waders composedsilicon having a nominal diameter tuU km or 450 rum in which case
preferably or Y vieid ari S1Nng owing o products navi ng "’—"C}G"—"—'cﬁi‘“‘md
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more ground blocks are arranged one behind another in tv order that. the semiconductor wafers are
simultaneously sliced from the blocks. The starting rodbot of the method is a single crystal present in.
the grown state ("as-grown") and having a 20 misorientation in the sense defined in the introdbotion,
preferably a corresponding single crystal composed of silicon. The ralsorientation, exorbssed by the
angle 0 between the central longitudinal exee end thé& crystallographic axis representing the sought 05
orientation of the. crystal lattice of. the. semiconductor wafers, is preferably more than 0' and not more
than 2'0 particularly praferably not more_than 10 . end product of the method is semicondutor
wafers hat..vng the oGRS iéitatiod of tHe crystiitiarbice. The scughtBHentation 6fthe Erystal.
Lattice is as desired: sz bevfeprésentéd, foF examplet &l<100- of apx1103<or a <L¥1.> -oriented
axis or by an axiszwhese otientationteyviates from sach zan axis by an-35a09le a andwhose
projection the surfage.of the semicondugtor wafer forms an angle p with 4 [eference direcfion in the
cane of the surface. Representatives of the last-mentioned type of semiconductor wafers are
semiconductdr wifers tomposed of silicon havina a surface which deviates slightly from the
(110)orientatHom. DE 10 2008 026 784 Al describes a method which comprises the production of
such semiconducter wafers:; Atithe heginning et the-method, atleast.ere blockiis sliced from the single
crystal. In the cowrse of this, a first.and.a secand conical section gre alsq removed 10 from the
beginning and respectively from the end of the single crystal. The p’referre“d? 4ecaratin tool is a band
saw. The cutting planes Are hoseh stichthat they e perpéndicuiar 16 the“cryStaliggraphic axis
representing‘the Seught-oriertation of e erystaldattice of tise 15emicohduetod wafershEhe. resulting
block has approximately: the-ferm:of. arr pbligue eylinder awipg:tethe miserientation of the:single
crystal. Itis prefewred for.two armore of such blocks to be sliced frgm the sing2g crystal.along cutting
planes which lie 20n,rirz-lig-mi The position of thp crystallographic axis representing the sought
orientation of the'crystal fattice of the-semiconductor watersrefative’to-thA éentral = - -~ 1¢
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85 lonpttudinam axis of the single crystal can be determined by means of X-ray diffraction, hor
example. A method which manages without the use of X-ray radiation is preferred., however. Such a
method is described in DE 195 26 711 Al for example. It uses 30 surfaces visible on the single crwstal
and having a. known orientation as reference planes. Such surfaces are the (111) surfaces for
example, which are visible in the case of single crystals composed of silicon navinp a. <100>
orientation or an orientation slightly 35 deviating therefrom( in the shoulder region of the first conical
section of the single crystal. The position of the crystallographic axis representing the sought
orientation of the &fystaflattiCe of thé Semicondetor 7 ivaférs 15-déterifiedoptically witkthe aid. of the
surfaces having & knbwrterientationas referemcerplanes. . Expediently, alaserhgamds: directed onto
the surfaces and the reflected: beam byimeans of suitably. arranged; mirrors, is evalyated n order to
determine positiop, of the crystallographic axis, The information thus obtained.is then used to orient the
single crystal such thét,‘"d”u?ing"iﬁe process of 10 slicing the ‘at least' 6né block, thé cuts fofmed by the
band saw are effécted’iA uttifig planes lying c&identicddr tothe crystalldgrapHic axisidetermined. In
accordance with ohe preferredembddimentof/the=15 method ;. thezinfermation thus obtained can
fumthermore be used for orienting the single crystal in. the manner described, and for marking a
reference dilsectilon in the of the subseauent surface of the semigﬁgrgctgrq ﬂv\,\éaf%rci Tgat__ can be. done.,
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for example, by grinding a 20 notch that marks the reference direction into the circumferential surface
of the single crystal, or by fitting markings in order to be able to orind such a notch at a 7ater ntint in.
time, 25 The lateral surface of the block sliced from the single crystal -as subsequently ground around
the crystallographic axis determined, such that said block acquires the form of a cylinder. The
crystallographic axis representing the sought orientation of the crvstal 30 lattice of the semiconductor
wafers lies parallel to the central: ionoftudinal axis of the cylinder. diameter of the cylinder is preferably
somewhat larder than the nominal diameter of the semiconductor wafers to be prodocoH, in order that

the edges thereof ¢art stiit be groGid and polished withsut e didmeterbeira aRd&shot! 8 After the
process of grindiri-tife lateral‘surface 6f theiblotk semséenductor svafels are sliced:fromithe ground

block, to be precige alorg eutting planesdying.perpeadicular @, ~--ing idithegrystallographic axis
representing the squght.orientation of the crystal lattice of the semiconductor wafers. The end surfaces
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of the orounq 1-2;70ck form reference surfaces fying "b"é?élfeﬁ? {6 the Cuitting planes oroviged.
Therefore, it is comarafivély sinfpie 6 correctly Grient fife grbiRdblockFor skding 1o thes
semiconductor wafers cCare merely hrastohe tdken terehsurethatthe sepdarating tpol,: for.example the
wires of the wire web-of a wire. sav ehe-the-end surfaces ofithe.ground block are.qriented in e parallel

fashion, or that the wires %ieige&rpggdi,gtlgl,@g%tg tine mjgpg:[alosvujfacmé%ofﬁthe gylin@qr. ... order to optimize
the throughpuba it. is preferred to slice the semiconductor wafers with the aid of & wire $aw end, in the
process, to use aSfar ag possitite afihelsr theires of thediire welifappropfiate; tRéfefore, two or
more blocks ‘are afrangedhonerbéhirid anothée with a’shert spacing of:preferablyadhesively bonded

together in this arrangement: such-thatithe wireueh avail ablg is utme-b as complate2y,as possible.
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25 Furthermore or as an alternative, two or more of the blocks can also be arranged alongside one
another and the semiconductor wafers can be sliced from the blocks simultaneously. 30 The invention
is described in greater detail bellow on the basis of an example with reference to drawings. :Figure 1
shows a single crystal ("ingot") present in a grown state before the processing thereof in a
e<'conventional manner. 9 Figure 2 shows the singlescrystal ("ingot”) present in the grown state
before the processing thereof in a manner according to the invention. Figure 3 shows a block sr199aa
from the single crystal in a conventional manner in accordance with figure 1. Figure 4 shows the block
in accordance withnf¢'3% < aftéf trie 1atétalsutface thersofhas bedi GroundTtafGaId the central
lonat8)dna7 axle.=7ik"-0:5 showss thetslodka A axeordancerwithrfigared afteraheddterahsudace thereof
has been ground:aseuad the: crystaliographicraxis representing the 15 desired orientation of tine crystal
lattice of the semiconductor wafers. Figure 6 shows a block sliced from the single crystal: in
accordance with figure 2 after application of the 20 method according to the invention. 77Hn"r 7 shows
the block in accordaficewitt figlre’8 aftertie fatetal §iface thereot has bedhsgrodnd =2+
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around the crystallographic axis representing the 25desired orientation of toe crystal lattice of the
semiconductor wafers. Figure 8 shows the orientation of the crystal lattice of a. semiconductor wafer
sliced from the ground block 30in accordance with figure 4. Figure9showstherelativepositionofthe
crystallographicaxisrepresentingthesought orientation cf the crystal. lattice of the semiconductor 35
wafers, and oa cutting planes during the process of slicing semiconductor wafers in a conventional
manner iio- -. ground block in accordance wth fegnre 5. Figure70showsthe relative position ,4 githe
crystallographic axis representing the desired orientation of the crystal lattice of the semiconductor
wafers, and of cuftirdy pfanes-duringthp rocess of dicirf séficomrtifctor Wafersfrom tHiFground block
in accordance w3th figuige Youperrapplicatior of the method accdrting tothe inventionr dhe single
crystal illuptrated dn.ifigure-k and digure. 40 2; ins the example.employed.a single srystal-composed of
silicon having a central longitydinal axis M oriented in, the <100 direction, comprises in,the grown
state conlcal sections 7 and 2 at the b‘_eglnning'_an}j at the_end of 1 the single ctystal'an.d a’section 3
having a 1; virtuafly tinifoFm didmetetbetwaen tie Eonicalséetion$ irfthd-fegion-6fthe shouddprd that
is to say. in the region ofthiatzpart of: thetfirst eonicabsectepd whichiadiloirfs séetion=3,frdanar surfaces
4 are present, the: surface normal with respeetthereto facing 00 in the <1.11> direction. The central
longitudinal axis M hasanorientationthatdeviatesL17.7Mthe

14

e

[S%]
e

[

5

()

[
L

b e T R
;C‘.’;x—g.a CRGINE L




crystalographic axis A representing the sought orientation of the crystal lattice of the semiconductor
wafers. The two axes form an. angle 0. The surfaces. 4 are preferably used as reference surfaces with
resppct to which the position of the crystallographic axis A is determined by optical means. The angle
between the surface normal with respect to the surfaces 4 and the <COO> direction is 54.73' for
example. 30 At leas: one block is sliced from the single crystal. Carried out in a conventional manner,
the block sliced aMend cutting planes SM(figurefin perpendicular to the central longitudinal axis M.
The block 5 illustrated in Figure 3 arises in the process. The central. longitudinal axis M of said block
has an orientatior- that devidtes #om the Griehtatiofs of thEF&y&tNobPaphic das A FEprasénting
thesought orientation ©f the crystaldantice of-thezseémicenductor wafets: 5ddpan applieation of the
method according,tosthesinvention, the block is sliced along cutting planes SA lying perpendicular to
the crystallographic axis A (figure 2). The block 6 illustrated in figure 6 arises in the process. 10
Thelateralsurface"thehionkisaround cylindrically. Carried out in a conventional manner, the lateral 15
surface of the block & frorfitigbié 3tisGrourd arduidl thETehnfal. 448 M dF 2fourid: the he
crystallographic akiszArinthe, first;€asécthis gives iise4o the araundblock 7 in acserdange with figure
4, having the form o a;cylinder. grthe.ground. block 3 in accordance with 20figure, 5. haying the form
of an oblique cyllr}cierC Upon,apnlleatlop of the method accordlng to the,lnventlon therlgtcgegall .ofthe
block4 ” ~
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illustrated in figure 6 is around around the crystallographic axis A, as a resuin of which the around
block 9 acquires the form of a cylinder as illustrated in figure 7. The crystallographic axis A of the
ground block lies ifnctiruffnal axis. thereof, 30 If semiconductor wafers are sliced from a ground block 7
- obtained in the conventional. manner described. - along cuttng planes SM perpendicular to the
central longitudinal axis misoriented 35 semiconductar wafers arise, one 12 of which is illustrated in
figure 8. The surface normal farina in <Ilna> direction and the crystallographic axis. A) representing the
sought orientftion of the crystal 12 lattice of the semiconductor wafer form the angle 0, The [0-11]
direction, marked By Arittci? 10, d&sciibls réferdice” diréiibhilyinG if the Blarié 6f the Surface of the
semiconductor wafer( Theazimatirangleop a describésithie angte-between thesreferenee direction and
the projection of thererystatlographicaxis:A onto-the surf-ace of the semiconductar wafer.
Semiconductor wafers are sliced from the. ground hlock. 10 If semiconductor wafers are sliced from a
ground block 8 (fgjre.béilvobtgiﬁ%a%ﬁﬁé \é%ﬁflent”i&gﬁa%"tﬁann“{e‘f?desErTb”ga*_é*ﬁd the §Zﬁaraﬁng cuts are
performed in”cuttifif pranes S A perpelfticulaF td'tHe crystallogrphie 157 akis?& Sas- [ shovin in figure. 9,
products 11 having a wedge-shaped cfosstsoctisy ariselatihe ©ntksides exjiheblock,:whkich products
cannot be used as. segteonductaewaters; 20-usos-application of. the method according to the
invention, the ground block 9 illustrated in figure 7 is divided into semiconductor wafers. The-
semiconductor wafers, in accordance with the illustration in figure  are sliced from the dround block
S along cutting piAHEs SR B phaiculdr e Tristadgphic 3%is A SNE Viaste i #tiéform of products
haring a wedge-shaped cross section arises in. this tee. The norms: to the surface of the resulting
semiconductsr wafers fages-inthe-direction of the ervsteliogeashic- axis A, &
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oTiehtetion of the crystal lattice. 13 Patent Claims 1. A methodfor producinga multiplicityof
semiconductor wafersprocessing a single crystal, the central longitudinal axis of which hasan
orienfat.ich that deviates from a sought orientation of the crystal iannbaa of the semiconductor wafers,
comprising 10 slicing at least one block from a single crystal present in a grown state along cutting
planes perpendicular to a crystallographic axis revfooenglgna the sought orgentatron of the crystal
Int4ce of the semiconductor wafers; aninalna the lateral surface of the block around the
crystallographic axis; and slicing a multiplicity of semiconductor wafers from 20 ground block alonp
cutting planes perpendicular to the crystallog?aapt?ﬁélﬁx%%aéﬁsne method as claimed in claim I,
comprising degerminthq the position of the crystallographic axis 25 using surfaces visible on. the
single crystal andihaving a kpewn-eriengeginth asseferenee planes...: « j Fhednethod agclaimed in
claim | or claim 2, wherein the blgck is Iv'd fOin the single; crystal by 30means of e. band saw.

Crystad,

4.The method as claimed in any of claims1to 3,
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comprising marking the block with a marking that Hinsicagas 4 reference direction in the plane of the
35semicondfactor wafers. more ground blocks arranged one behind another by means of a wire saw.
6.The method as claimed in claim 5, wherein the two or more ground blocks for slicing the
semiconductor wafers are arranged one behind another and adhesively bonded together.
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