Method for producing a multiplicity of semiconductor wafers by processing a single crystal The
invention relates to a method for producing a 5 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 Monocrystalline semiconductor wafers
are usually cut by semiconductor material crucible gradually being on a rotating seed crystal. A
virtually having a central longitudinal axis as a axis arises in the process. Afterward, the ingot is
reworked to form one or more cylindrical blocks and semiconductor wafers having a specific crystal

orientation are slic&® aas tifcse BrEeRECERE 29 rewoikinigariarathf commrisendsiiehmythe block from

the single crystal along cuttingagitanesiperpendicsiainig the £anybélangiugiial axis of the single crystal
and cylindrically grinding the block around the central longitudinal axis to form a block having the form

of a : .
The invention relates to a method for producing a

[

multiplicity of semiconducteor wafers by processing a
gingle crystal, the central longitudinal axis of which
has an orientation that deviates from a socught
orientation of the crystal lattice of the semiconductor

wafers.

Monocrystalline sgemiceonductor wafers are usually cut
from single crystals obtained by semiconductor materizl
melted inductively or in a crucible gradually being
crystallized on a rotating seed crystal. A virtually
15 round ingot having a central longitudinal axis as a
geometrical axis arises in the process. Afterward, the
ingot is reworked to form one or more cylindrical
blocks and semiconducteor wafers having a specific
crystal orilentation are sliced from these blocks. The
20 reworking generally comprises slicing the block from
the single crystal along cutting planes perpendicular
toc the central longitudinal axis of the single crystal
and cylindrically grinding the block around the central
longitudinal axis to form a block having the form of a

25  cylinder.

Wire SaWS are usually used for slicing The
semiconductor wafers. Internal-diameter saws are also
suitable, 4in principle, although their throughput is
30 lower. Wire saws have a wire web formed by wires lying
parallel. In the course of the sawing operation, the
wires penetrate through the hlock, as a result of which
a number of semiconductor wafers corresponding to the
number of gaps between the wires penetrating through
35 the block arise simultanesously. In order to optimize
the throughput, the wire web available should be

utilized as completely as possible. Therefore, it 1is



25 cylinder. Wiresawsareusually usedforslicingthe semiconductor wafers. Internal-diameter saws are
also suitable, in principle, although their throughput is 30 lower. Wire saws have a wire web formed by
wires lying parallel. In the course of the sawing operation, the wires penetrate through the block, as a
result of which a number of semiconductor wafers corresponding to the number of gaps between the
wires penetrating through 35 the block arise simultaeously. In order to optimize the throughput, the
wire web available should be utilized as completely as possible. Therefore, itis 2 often the case that
two or more blocks are arranged one behind another and sawn simultaneously. The customer for the
semiconductor wafésrdémangs a5 Spacifit orientatiorref thewrystak kxttice: Hreyadrmaleto the surface
of the front side efdtherseniconductorwalesisminiended 4o lie parallel to a vector representing the

specific orientation of the crystal lattice, this being referred to hereinafter as the
The customer for the semiconducter wafers demands a
5 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

10  sought orientation of the crystal lattice.

If the central longitudinal axis of the block
represents the scught orientation of the crystal
lattice, semiconcuctor wafers having the sought

15 orientation of the crystal lattice arise if, in the
process o©f slicing the semiconductor wafers, the
cutting planes through the blogk are rlaced
perpendicularly to the central longitudinal axis of the
block.

There are reasons, however, on account of which single
crystals are produced with a misorientation. )
miscrientation of the single crystal is present if the
central longitudinal axis of the single crystal does
25 not represent the sought orientation of the crystal
lattice of the semiconductor wafers, but rather forms
an angle O with a crystallographic axis representing
this orientation., That c¢an happen unintentionally, for
example 1f the seed crystal is already misoriented ox
30 the misorientation arises during the process of pulling
the single crystal, or intentionally, for example if
the misorientaticn i1s Dbrought about in order that
dislocations can be beiter eliminated, which is often
performed in practice in crdar to produce
35 (110)~oriented semiconductor wafers composead of

silicon.



10 sought orientation of the crystal lattice. If the central longitudinalaxis of the block represents the
sought orientation of the crystal lattice,semiconductor wafers having the sought 15 orientation of the
crystal lattice arise if, in the process of slicing the semiconductor wafers, the cutting planes through the
block are placed perpendicularly to the central longitudinal axis of the block. 20 There are reasons,
however, on account of which single crystals are pragduced with a misorientation. A misorientation of
the single crystal is present if the central longitudinal axis of the single crystal does 25 not represent
the sought orientation of the crystal lattice of the semiconductor wafers, but rather forms an angle O
with a crystallographiatig¥BpreseRfiftG RIS otientiivfe TRaE cal appérs uRiRtshtiSHey, for example
if the seed crystalis akeadymisotientedof Bfstheamisoyieatation @tises digingahe proeess of pulling
the single crystak:q intentianally, for. examplg if the-misariantatiop.is brought.about in,qrder that
dislocations can be b%tgﬁr eliminated, which is often performed in practice in order to produce

35(110)-oriented%lé%slconéuctorwaferscomposedof silicon. The present invention is concerned with

the productién of semiconductor wafers having a sought orientation of the crystal lattice by processing
misoriented single:crystats.ci flaccerdaneewiththemethoddescribedin 82000323443 A2, firstly a block

is sliced from thessingls arysialihg cutting planes beingplaged ;s s1iced from the
single crystal, the cutting planes Dbeing placed
perpendicularly te the central Longitudinal axis of the

10  single crystal. This is followed by grinding the
circumferential surface of the Dblock around the
crystallographic axis representing the sought
orientation of the crystal lattice of the gemiconductor
wafers. The ground block has the form o¢f an obligue

15  cylinder, the end surfaces 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 cutting planes
during the process of slicing the semiconductor wafers

20 from the block are oriented perpendicularly to the axis
representing the sought orientation of the crystal
lattice of the semiconductor wafers. One disadvantage

of this procedure 1s that products having a wedgs-
shaped c¢ross section arise at the end sides of the

25 block, which products, as waste, lower the vield of the

method.,

In accordance with the methed describead in
Ep 1 458 516 A1, firstly a block is sliced from the
30  single crystal, the cutting planes being placed
perpendicular to the central longitudinal axis of the
single crystal. This is followed by grinding the block
around the central longitudinal axis, said block
acquiring the form of a cylinder. The end surfaces of
35 the ground block lie perpendicular o the central
lengitudinal axis therecf. During the process of
slicing the semiconductor wafers, the ground block is

criented such that the cutting planss lie perpendicular



perpendicularly to the central longitudinal axis of the 10 single crystal. This is followed by grinding the
circumferential surface of the block around the crystallographic axis representing the sought
orientation of the crystal lattice of the semiconductor wafers. The ground block has the form of an
oblique 15 cylinder, the end surfaces of which do notlie perpendicular to said crystallographic axis.
The advantage of this method is that correctly oriented round semiconductor wafers arise if the cutting
planes during the proessof siiag the sapidondgetoswafSIRTEFE ROIMING blobk arewiEhted

perpendicularly-teithgaxis repregenting the-gaught orientation ofthe seystaldaties @hitherr
semiconductor wafers. One.disadvantage of this procedure js that produgcts having a wedge-shaped
Cross section avrvi%aég%ﬁﬁe end %icljegil ofthe 25 E%%)E Wﬁ%h pjrctﬁ).ldluscts, ma%gwﬁgs%;, Ic:)Lv%/qler tggéﬁeld of the
method. InaccdaACETithtsid g ddestifstin ERpeds SI854, fRshid BlbcRisisiRed from the 30
single crygal, the<uting piangshes ) plaeedqiespendiatiacto thecantraldongitudinataxis of the
single crystal. Hhig {5 ollawed by gunding tbe blagkaigund he sepirabipngiiuding).axis, said block
acquiring the form of a cylindér. The end surfaces of 35 the ground block lie perpendicular to the

central longitudhal BXfthERSofOBURAY Bfe-BroceEs bR gl tHe S&ficbRdiGofkafss e ground
block is orientetirsuti¢hat theecuttivg. pldires lieypsrpegdicflara plurality of short

blocks in one cut is not possible, and the orientation
16 o©of the block in the wire sgaw ig 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.
15
Embodiments of the pregent invention seek to present a

method which does not have the disadvantages mentioned.

Eecording to an agpect of the present invention, there
20 is provided a method for producing a multiplicity of
semiconductor waferg by processing a single crystal,
present in a grown state, the central longitudinal axis
of which has an orientation that deviates from a sought
orientation of the crystal lattlce of the semiconductor
25 wafers, comprising the following steps performed in an
order described below:
determining a position of a crystallographic axis of
the single crystal;
slicing at least one block from the single crystal
30 along cutting planesg perpendicular to the
crystallographic axis representing the gsought
orientation of the crystal lattice of the semiconductor

wafers;



4 to the crystallographic axis representing the sought orientation of the crystal lattice of the
semiconductor wafers. One disadvantage of this method is that products having a wedge-shaped
cross section arise at 5 the end sides of the block, which products, as waste, lower the yield of the
method. A further disadvantage is that the orientatigtof 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 orientation 10 of the block in
the wire saw is €6hiplicated Bnd shsdestible t6faliecevhatis sy disauviantagesaslis the the sliced
semiconductor wajers:aredigtseund, kit ratheshave an oval form, owing to the position of the cutting
planes. 15 Embodiments of the prasent invaptiag seek o.Bresent amejhed whidh does nat have the
disadvantages mentioned. According to an Xspe_ct of the present invention, there 20's provided a
method for prod@XSNG'a rdigpfcitd tPREmicohattdr Rafdls Dy PrEcssthia A sigletCryStRE present in a
grown state, the centralilbagitaginalaxis o&which has an orientation that deviates from a sought
orientation of the crystal lattice of the semiconductor 25 wafers, comprising the following steps
perfoLmed in an order described below: determining a position of a crystallographic axis of the single
crystal;  slicifg 8P1e2BPIHE BiothFr ot i SingR G55l §&?%Io?f@o&ﬂf?né°§%ﬁ%sf)%?pé?f’dicular to the
crystallographiccakis rejprésentingrthie socigtittarientatiofi @f the drpstahiattice béthe sengtanductor
wafers; 4a grinding.the-lateral sirfage.ofthe block argund the grystrllographic axisyand  slicing a
multiplicity of semiconductor wafers from the ground block along cutting planes perpendicular to the 5
crystallographic axis. Upon application of the method, the ground block can be cut into semiconductor
wafers having the sought orientation of the crystal lattice without losses of



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 a manner touching one another can be
simultaneously 5 separated into semiconductor wafers with almost complete utilization of the wire web
available. The economic advantage associated therewith is particularly high if comparatively short
blocks having a comparatively large diameter have tg be cut into 10 semiconductor wafers. It is
preferred, therefore, to apply the method in order to produce semiconductor more ground blocks
are arranged one behind another in 15 order that the semiconductor wafers are simultaneously sliced

from the blocks. Thé-<farfind product vt Be hethoads &sifgle Ryl fresEias tHd grswn state
("as-grown") anddhandisg as20: misorigéhtation the sense defined i the intreductionpreferably a

corresponding single-erystal camposed.of siligonn The misarientation.expressed.by the;angle 0
between the cenfral longitudinal axis and the crystalloglgaaphic axis representing the sought orientation
of the crystal lattice of the semiconductor wafers. is preferably more thar B-and RoCHiore than 2,
particularly prefef&5i§ Tt Fiore tHEP1'. THEERAPTEEGETOf théahetfod iéémicordassitwafers 30
having the soughtwriertationwf the caystahlattice. The seught orentatioraafithelcrystattattice is as
desired. It can be representess {arexample; by & £100>+ 02 51107 - or aslll>-grented axis or by an
axis whose o Ienllla:l,tclg%n de\ﬂ%tes fé%rrgpsauzpﬁﬁggf? by ggo rt blocks having a
comparatively large diameter have tc be cut into
10 semiconductor wafers. It 1is preferred, therefore, to
apply the method in order to produce semiconductor
wafers composed of silicon having a nominal diameter of
300 mm or 450 mm, in which case, preferably, two or
more ground blocks are arranged one behind another in
15  order that the semiconductor wafers are simultaneously

sliced from the blocks.

The starting product 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
introduction, preferably a corresponding single crystal
cocmposed of silicon. The misorientation, expressed by
the angle O between the central longitudinal axis and

the crystallographic axis representing the scught

]
[#34

crientation of the crystal lattice of the semiconductor

wafers, is preferably more than 0° and not more than 2°,

- O

particularly preferably not more than 1

The end product of the method is semiconductor wafers
30 having the sought orientaticn of the crystal lattice.
The sought orientation of the crystal lattice is as
desired. It can be represented, for esxamples, by a
<100>- or a <110>- or a <lll>-oriented axis or by an
axis whose orilentation deviates from such an axis by an
35 angle o and whose projection onto the surface of the
semiconducter wafer forms an angle [ with a reference
direction in the plane of the surface. Representatives

of the last-~mentioned type of semiconductor wafers are



35 angle a and whose projection onto the surface of the semiconductor wafer forms an angle p with a
reference direction in the plane of the surface. Representatives of the last-mentioned type of
semiconductor wafers are semiconductor wafers composed of silicon having a surface which deviates
slightly from the (110)- orientation. DE 10 2008 026 784 Al describes a method which comprises the
production of such semiconductor wafers. At the beginning of the method, at least one block is sliced
from the single crystal. In the course of this, a first and a second conical section are also removed 10
from the beginning and respectively .from the end of the single crystal. The preferred separating tool is
a band saw. The®&tiRGHIATES dre BRGSET suATERRTRBY liPerpenticitar to A8 @ystafographic axis
representing thessaughterientatioh of thevdrystal latticel ohitheyl5 semicondbetor wafets.-The resulting
block has approximately:thedarm ef:an ebligue cylindesewing to;the-misprientatiop.otthe single

crystal. Itis pref%r%%%lflor fwo or more o{ggch @88%%{0 be S|IC§d I;Q{;%thggxw le crystal %Iong cutting

planes which lie 2 paralle?. The position of the crystaﬁgélrap%lc axis represéln f?\%ﬂ %"s%ught
orientation of thé"&%/2E 1attice of the semiconductorwafersrelativetothecentral 25 longitudinal axis of
the single crystal can be determined by means of X-ray diffraction, for example. A method which
manages without, theruse ef-Xay radiatien igpreferred,however. Sugh a methad is.described in DE
orientation a5 refrnss PG Sih STags 3¢ T8 (111) Suices 1o € arfsle. Wiikh are visible in
the case of singlé cfystals coithoded of Silicor Halfifyra S 2663 GtieRtitiod ot anGistitaton slightly 35
deviating thérefrémrin thesshotdderregioreofithesfirst conical sedtiomrofithe simgle €fystak The position
of the crystallographis axis representingdhe sought efentationof the crystal lattice ofhe
semiconductor saw. The cutting planes are chosen such that they lie
perpendicular to the crystallographic axls representing
the soucght orientation of the c¢rystal lattice of the
15 semiconductor walers. The resulting nlock has
approximately the form of an cbligue cylinder owing to
the misorientation of the single c¢rystal. It is
preferred for twe or more of such blocks to be sliiced
from the single crystal along cutting planes which lie
20 parallel.

The position of the crystallographic axis reprassenting
the sought orientation of the crystal lattice of the
semiconductor wafers relative to the central
25 longitudinal axis of the single c¢rystal can be
determined by means of X-ray diffraction, for example.
A method which manages without the use of ¥-ray
radiation is preferred, howsver. Such a method 1is
described 1in DE 185 26 711 Al for example. It uses
30  surfaces visible on the single crystal and having a
known orientation as reference planes. 8uch surfacaes
are the (111} surfaces for example, which are wvisible

£

in the case of single crystals composed of silicon

having a <100> orientation or an orientation slightly

83
53]

deviating therefrom in the shoulder region of the first
conical section ©of the single crystal. The position of
the crystalleographic axis <representing the socught

orientation c¢f the crystal lattice of the semiconductor



7 wafers is determined optically with the aid of the surfaces having a known orientation as reference
planes. Expediently, a laser beam is directed onto the surfaces and the reflected beam, by means of
suitably arranged mirrors, is evaluated in order to determine the position of the crystallographic axis.
The information thus obtained is then used to orient the single crystal such that, during the process of
10 slicing the at least one block, the cuts formed by the band saw are effected in cutting planes lying
perpendicular to the crystallographic axis determined. In accordance with one preferred embodiment
of the 15 method, the information thus obtained can furthermore be used for orienting the single crystal
in the manner desefBed, ahtl fotanamking erefebdricadikection fitthé bfane bf the Subseguent surface
of the semiconductorf wader. That'¢an beadonke; forrexamplenhy gtinding2:20 potthr-that earks the

reference directign iptohe gircumferantial surface et the.single crystal, or by fitting makings in order
to be able to gringu%cr{\:gsnogcnh att%leaatejép igtci,*n i %625 The lateral surface of the block sliced from
the single crystal“is“suabsequeryﬁiy ground aroundef e cry%rt%ﬂlo l%pﬁ%‘%as 8£teﬁﬁﬁ1%?}?%ﬁch that said
block acquirés tHe- fdiPEfa Eylineef SThelérystaRographic akis répresentity the soughterientation of
the crystal 30 lattice afthe. sémicordudter waferszlics-paratiet to theigentral longitudinal axis of the
cylinder. The diameter of the cylinder is preferably somewhat larger than the nominal diameter of the
semiconductor V\?Igrsj}gpoe produced, in ordergpag theded es thereof can 35 still be ground and
polished without the normiial diameter -béing Undershot. B Aftel te p1ocess 6f grindiny the lateral
surface of the bIGER sErCoTRIuCtBY Wafers #ite lsliceifffom fhecgrsund bock edsSpreeise along
cutting plaiés lymngi perpendictlarito the stystakodsaphic,axisee presentingriiesoughtardentation of the

crystal lattice of the,semiggpductor.wafers: Jhe.gnd syrfaces,of the ground block form reference
surfaces lying parallgl to Pg _c,ugtlin qulees gg:oy?iq:qq. E@gﬂrefq{e%it IS comparatively simple to correctly
orient the grouncﬁ)%foé?( or sﬁéing 10'the semlé’ond:uclfor“v‘vgpér%f’cg}r{e‘ﬁ1e 8[y“ﬁg'sltb68e taken to ensure

that the separating tool, for example the wires of the wire web of a wire saw, and the end surfaces of
the ground blockiare arientstkinca paraliel fashion,rardhat-thedwiresdiedqierpendicutar tonthe 15lateral

surface of the cylipderdn order to gptimize the, thioghput, itis preferred 10, oy e rmore
be used for orienting the single crystal in the manner

described, and for marking & reference direction in the

plane of the subseguent surface of the semiconductor

wafer. That can be done, 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 grind such &

notch at a later poilnt in Time.

25 The lateral surface of the block sliced from the singl
crystal is subseguently ground around the
crystallographic axis determined, such that said block
zcquires the form of a cylinder. The crystallographic
axlis representing the sought orientation of the crystal

30 lazttice of the semiconducter wafers lies parallel to
the central longitudinal axis of the cylinder. The
diameter of the cylinder is preferably somewhat larger
than the nominal diameter of the semiconductor wafers
toe be produced, in order that the eadges therecf can

35 still Dbe ground and polished without the nominal

diameter beling undershot.



slice the semiconductor wafers with the aid of a wire saw and, in the process, to use as far as possible
all 20 of the wires of the wire web. If appropriate, therefore, two or more blocks are arranged one
behind another with a short spacing or preferably adhesively bonded together in this arrangement,
such that the wire web available is utilized as completely as possible. 25 Furthermore or as an
alternative, two or more of the blocks can also be arganged alongside one another and the
semiconductor wafers can be sliced from the blocks simultaneously. 30 The invention is described in
greater detail below on the basis of an example with reference to drawings. Figure 1 shows a single
crystal ("ingot") preseht i grBwn &afe tetoreTHE Brodessing tHeredf mla 95 Eorventidhal manner. 9
Figure 2 shows thessingle chystak tingott)doresent invttfe grown states before théqprocessing thereof in a

manner accordingto,the inveation. Figue 3:shows & hlgekslicedframthe single crystalin a
conventional mapper in aecordance with figure 1. Figure 4 shows the block in accordance with figure
3 after the lateral surface thereof has béen gTﬁt\jnaal around the central Fo‘f%ﬁﬁ%llen%“l axis. Figure 5
shows the block T accStaaRte With Fiytré Larte? thebferdt suffate tHerebt Ras Béentdrdund around
the crystallographicaxisiéprésenting fleer 45 désiredeorentatiofsafethe crystath kattigeafithe

semiconductor wafers: Figure Beshows,ablogk sliged fromfhe single,cry-al in acgordapce with figure
2aﬁerappncam%%gggggoﬁyggggi%%gggggépt@gggg éggv it is comparatively
simple to correctly orient the ground block for slicing
10 the semiconductor wafers. Care merely has to be taken
to ensure that the separating tool, for example the
wires of the wire web of a wire saw, and the end
surfaces of the ground block are oriented in a parallel
fashion, or that the wires lie perpendicular to the
15  lateral surface of the cylinder.

In order to optimize the throughput, it is preferred to
slice the semiconductor wafers with the aid of a wire
saw and, 1n the process, to use as far as possible all
20 of the wires of the wire web. If appropriate,
therefore, two or more blocks are arranged one behind
another with a short spacing or preferably adhesively
bended together in this arrangement, such that the wire
web available is utilized as completely as possible.
25 Furthermcre ©r as an alternative, two or more of the
bilocks can also be arranged alongside one another and
the semiconductor wafers can be sliced from the blocks

simultaneously.

3¢  The invention i1s described in greater detail belcow on

the basis of an example with reference to drawings.

Figure 1 shows a single crystal ("ingot") present in a
grown state Dbefcre the processing thereof in a

25 conventional manner.



Figure 7 shows the block in accordance with figure 6 after the lateral surface thereof has been ground
around the crystallographic axis representing the 25 desired orientation of the crystal lattice of the
semiconductor wafers. Figure 8 shows the orientation of the crystal lattice of a semiconductor wafer
sliced from the ground block 30 in accordance with figure 4. Figure9showstherelative position of the
crystallographicaxisrepresentingthesought orientatiah of the crystal lattice of the semiconductor 35
wafers, and of cutting planes during the process of slicing semiconductor wafers in a conventional
manner from a ground block in accordance with figure S. 10 Figure 10 shows the relative position of
the crystallographid axfs repfeseiing e GeSiPed ofiditatidh of the R/stal IRTRE Bt the 8emiconductor
wafers, and of ctittihg praries defing the prdoess of Bsslicing senticonductor weaférs fromahe ground
block in accordangg:with figura-£ upgn-applicationwfthednethod according to the invention. The single
crystal illustrated in figure 1 and figure 10 2, in the example employed a single crystal composed of
silicon havirlg a central longitudinal axis M oriented in the <100> direction, comprises in the grown
state conical sectiohs T ard 34t ¥fe Bedinfing aitf-&tthe ERtFof Hhé sifigRediystar 5RB3H section 3
having a 15 virtugillyauriforirediahmetel batweesry the conical sectionsy Iri the fegion of the shoulder, that
is to say in the region of that part of the first conical section 1 which adjoins section 3, planar surfaces

4 are present, the; syrface norma| with fespeetinerelo fading  v.nce with figure 3
after the lateral surface theresof has Dbeen ground

10  around the central longitudinal axis.

Figure 5 shows the block in accordance with figure 3
after the lateral surface thersof has besn ground

round the crystallographic axls representing the

=t
ut

desired orientation of the crystal lattice cf the
semiconductor wafers.

4
A

Figure & shows a block sliced from the single crystal
in accordance with figure 2 after application cof the

20  method according to the invention.

Figure 7 shows the block in accordance with figure 6
after the lateral surface therecf has Dbeen ground
around the crystallographic axis representing the
25 desired orientation of the c¢rystal lattice of the

semicenductor wafers.

Figure 8 shows the orientation of the crystal lattice
of a semiconductor wafer sliced from the ground bklock

3C  in accordance with figure 4.

Figure 9 shows the relative position of the
crystallographic axls representing the sought
orientation of the crystal lattice of the semiconductor
35 wafers, and of cutting planes during the process of
slicing semiconductor wafers in a conventional manner

from a ground block 1in accordance with figure 5.



20in the <111> direction. hasanorientation crystallographic axis The central longitudinal axis M

thatdeviatesfromthe A representing the sought orientation of the crystal lattice of the semiconductor
wafers. The two axes form an angle O. The surfaces 4 25 are preferably used as reference surfaces
with respect to which the position of the crystallographic axis A is determined by optical means. The
angle between the surface normal with respect to thessurfaces 4 and the <100> direction is 54.73 for
example. 30 At least one block is liced from the single crystal. Carried out in a conventional manner,

the block is sliced along cutting planes SM (figure 1) lying 35 perpendicular to the central longitudinal
axis M. The block ¥ifitiStrated in Fi§aré®3 arfdes in et process, position  of  the

crystallcgraphic axlis representing the desired
orientation of the crystal lattice of the semiconductor
wafers, and of cutting planes during the process of
5 slicing semiconductor wafers from the ground block in
accordance with figure 7 upon application of the method

according to the invention.

The single crystal illustrated in figure 1 and figure
10 2, in the example employed a single crystal composed of
silicon having a central longltudinal axis M oriented
in the <100> directicon, comprises in the grown state
conical sections 1 and 2 at the beginning and at the
end of the single crystal and @ section 3 having a
15 wvirtually uniform diameter between the conical
sections. In the region of the shoulder, that is to say
in the region c¢f that part of the first conical section
1 which adicins section 3, planar surfaces 4 are
present, the surface normal with respect thereto facing
20 in the «11l> direction. The central longitudinal axis M
has an orientation that deviates from the
crystallographic axis A representing the  sought
orientation of the crystal lattice of the semiconductor

wafers. The twe axes form an angle 9. The surfaces 4

25 are preferably used as refesrence surfaces with fespect
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
<100> direction is 54.73° for example.

30

At least one block is sliced from the single crystal.

Carried out in & conventional manner, the block is
sliced along cutting planes SM (figure 1) 1lying
35  perpendicular to the central longitudinal axis M. The
hlock & illustrated in Figure 3 arises in the process.
The central longitudinal axis M of said klock has an

rientation that deviates from the orientation of the



The central longitudinal. axis M of said block has an orientation that deviates from the orientation of
the 11 crystallographicaxisA representing thesought orientation of the crystal lattice of the
semiconductor wafers. 5 Upon application of the method according to the invention, the block is lying
perpendicular to (figure 2). The block 6 in the process. sliced along cutting planes SA the
crystallographic axis A illustrated in figure 6 arises 10;Thelateralsurface cylindrically.
oftheblockisground Carried out in a conventional manner, the lateral 15 surface of the block 5 from
figure 3 is ground around the central axis H or around the crystallographic axis A. In the first caae, this
gives rise to the §rolfePBloRR i décordantd with figuremr hagiteg-the forfmef a citindet, or the
ground block 8 ivageordance:withi the crystal lattice of the semiconductor

wafers.

5 Upen application of <the method according to the
invention, the block is sliced along cutting planes SA
lying perpendicular to the crystallographic axis A
(figure 2). The block 6 illustrated in figure & arises
in the process,.

10
The lateral surface of the plock is ground

cylindrically.

Carried out in a conventional manner, the lateral
15  surface of the block 5 from figure 3 is ground around

Che central axis M or around the crystallographic axis

¢t

A. In the first case, this gives rise to the ground
block 7 in accordance with figure 4, having the form of
a cylinder, or the ground biock 8 in accordance with

20 figure 5, having the form of an obligque cvlinder.

"Upon  application of fths method accordiﬁg to the
invention, the lateral surface of the block 6
illustrated in figure ¢ is ground around the

25  crystallographic axis A, as a result of which <the
ground block 9 acguilres the form of a c¢ylinder as
iliustrated in figure 7. The crystallographic axis A of
the ground Dblock lies parallel to the central

longitudinal axis thereof.

30
If semiconductor wafers are sliced from a ground block
7 =~ obtained in the conventional mannsr described -
along cutting planes SM perpendicular to the central
Longitudinal axis M (figure 4%, misoriented
35 semiconductor wafers arise, one 12 of which is

illustrated in figure 8. The surface norxmal facing in
<100>» direction and the c¢rystallographic axis 2

representing the sought orientation of the crystal



20 figure 5, having the form of an oblique cylinder. Upon application of the method according to the
invention,the lateral surface of the block 6 illustrated in figure 6 is ground around the 25
crystallographic axis A, as a result of which the ground block 9 acquires the form cf a cylinder as
illustrated in figure 7. The crystallographic axis A of the ground block lies parallel to the central
longitudinal axis thereof. 3C) If semiconductor waferg are sliced from a ground block 7 - obtained in
the conventional manner described - along cutting planes SH perpendicular to the central longitudinal
axis (figure misoriented 35 semiconductor wafers arise, one 12 of which is illustrated in figure 8. The
surface normal fadirginx106> Bit&ctRATaRa MR ehstallbaEashid axs AN 1amiee of the
semiconductor witer fobmithe angle®:iThe [Grdtkditettions marked byta netch-10-desciibes a
reference direction hdngin theplane:ofthe syrfage ofthe,semigonductor wafer. The azimuth angle 9 5
describes the angl beﬁtylvgenggeﬁrgfer{gggggl[rectlonan th%grojectio_.n of %he crystallographic axis A
onto the surface of the é_emicon%Uc?or water. Seficonductor wafers-are-siited tb the 8round block.
10 If semicondu&tBF aterdtare dicBHFSm zeGrotmd BIbEk BYRiglif S Fobthlivstiheaswhventional
manner describedhandthej separating tutsareperfaormedin-eytting ptanes 3A petpendieular to the
crystallographic 15 axis-A, a¢ is shown.infiguse 9, products 11 having a wedge-shaped cross section
arise at the end sides of the block, which products cannot be used as semiconductor wafers. 90 Upon
application of the method according to the invention, the ground block 9 illustrated in figure 7 is divided
into semiconducfFWwafers “rié Sefficiducidfwaterssth aécdrdanee WithiiHe idseétion in figure 10,
are sliced from the ground block 9 along gutting

If semiconductor wafers are sliced from a ground block
8 (figure 5) obtained in the ceonventional manner
described and the smseparating cuts are performed in

cutting planes SA perpendicular to the crystallographic

=
[}

axis A, as is shown in figure 8, products 11 having a
wedge-shaped cross section arise at the end sides of

the bhlock, which products cannot be used as

e

semiconductor wafers.

20 Upon application of the method according to the
invention, the ground block ¢ illustrated in figure 7
is divided into semiconductor wafers. The semiconductor
wafers, in accordance with the i1llustration in figure
10, are sliced from the ground block 9 along cutting

25 planes SA perpendicular to the crystallographic axis A.
No waste in the form ¢f products having a wedge-shaped
cross section arises in this case, The normal to the
surface of the resulting semiconductor wafers faces in
the dirsction of the crystallographic awxis A, and the

30 semiconductor wafers therefore have the scught

orientation of the crystal lattice.



25 planes SA perpendicular to the crystallographic axis A. No waste in the form of products having a
wedge-shaped cross section arises in this case. The normal to the surface of the resulting
semiconductor wafers faces in the direction of the crystallographic axis A, and the 30 semiconductor
waferstherefore havethesought orientation of the erystal kattice. - 13 - Patent Claims 1. A method for
producing a multiplicity of semiconductor wafers by processing a single crystal, 5 present in a grown
state, the central longitudinal axis of which haswasnerientatigiszthat deviates from a sought orientation of
the crystal lattice of the semiconductor wafers, comprising the following steps performed in an order
described below: 10determining a position of a crystallographic axis of the single crystal; slicing at
least one block¥rom the siftféeBiStal diefgcutiingplanésiferpehdiculartdthelicity  of
crystallographicaxist epresentingthesopght 15erienfatios of theycrystakladtice=of theysariconductor
wafers; — 5grin @egs@gt'aﬁezﬁa'afﬁé‘se fthe, block éfé%‘j”cdi@?xcﬂﬂi‘_'& ﬁE@&%&% al is slicing a
multiplicity of semiconductor wafers 20 fromthegroundblockalongcuttingplanes perpendicular to the
mys&ﬂognuﬂﬂ&gﬂyﬁlCh has an orientation that deviates from a sought
orientation of the crystal lattice of the semiconductor
wafers, comprising the following steps performed in an
order described below:
10 determining a position of a crystallographic axis
of the gingle crystal;
slicing at least one block from the single crystal
along cutting planes perpendicular to the
crystallographic axis representing the sought
15 orientation of the crystal lattice of the semiconductor
wafers; '
grinding the lateral surface of the block around
the crystallographic axis; and
slicing a multiplicity of semiconductor wafers
20 from the ground block along cutting planes

perpendicular to the crystallographic axis.

2. The method as claimed in claim 1, comprising
determining the position of the crystallographic axis
25 using surfaces visible on the single crystal and having

a known orientation as reference planes.

3, The method as claimed in c¢laim 1 or c<laim 2,
wherein the block is sliced from the single crystal by

30 means of a band saw.

4, The method as claimed in any of claims 1 to 3,
comprising marking the block with a marking that
indicategs a reference direction in the plane o0f the

35 gemiconductor wafers.



2. The method as claimed in claim 1, comprising determining the position of the crystallographic axis
25 using surfaces visible on the single crystal and having a known orientation as reference planes.

3. The method as claimed in claim 1 or claim 2, wherein the block is sliced from the single crystal by
30 means of a band saw. 4. The method as claimedii any of claims 1 to 3, comprising marking the -
block with a marking that indicates a reference direction in the plane of the 35 semiconductor wafers.
14 - 5. The method am&aim@tiﬁb@yaﬁ claims dda 4,iwhesein thefsealiedndictor wafers are sliced
from two or more grounl%;l] %ﬁﬁ%’&%%qiﬂ@%g:?h'ﬂ éhea[%:y ?gﬁg f%{\gg; sayw, §..The method

erein t or sli

as claimed in claim 5, Re two or more groun ocks cing the semiconductor wafers are
arranged one J&hid Qﬁ(ﬂHé‘FiaMﬁﬂﬁés@éI?%%ﬁﬁ@d W GetheR TSNS T praddFR1E multiplicity
of semiconductef waferszday proeessing a single crystal Abstract

5

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.



The invention relates to a method for producing a 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. The method comprises slicing at least
one block ' from a single crystal present in a grown state along cutting planes perpendicular to a
crystallographic axis representing the sought orientation of the crystal lattice of the semiconductor
wafers; grinding the lateral surface of the block arognd the crystallographic axis; and slicing a
multiplicity of semiconductor wafers from the grounﬂSbIock along cutting planes perpendicular to the

crystallographic axis. Fig. 2 o
Method for producing a multiplicity of semiconductor

wafers by processing a single crystal
Abstract

The invention relates to a method £for producing =&
multiplicity of senmiconductcr wafers by processing a
singie crystal, the central longitudinal axis of which
has an orientation that deviates from a sought
orientation of the crystal lattice of the semiconductor
‘wafers. The method comprises slicing at least one block
" from a single crystal present in a grown state along
cutting planes perpendicular to a crystallographic axis
representing the scught orientation of the crystal

lattice of the semiconductor wafers; grinding the

D

lateral surface of the block around the
crystallographic axis; and slicing a multiplicity of
sémiconductor wafers from the ground block along
cutting planes perpendicular to the crystallographic

axis.

Fig. 2



