
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 cylindrical blocks and semiconductor wafers hsvind a specific crystal orientation.
are sliced from these blocks. reworking generally comprises slicing the hlodk from the single crystal
along cutting liJanes perpendicular to the central longitudinal axis of the single and cylindrically
grinding the block around. the central longitudinal axis to form, a block having the form of a cvinder.
r,,,jcesewsareusuallyusedforsl icingthe semiconductor wafers. Internal-diameter saws are also
suitable, in principle, althonch their throughput is 30cower. Wire saws have a wire web formed by
wires lying.              in the course of the sawing operatSon, the wires penetrate through the block, as a
result of which a number of semiconductor wafers correspongdng to the number of gaps between the
wires penetrating through 35 the block arise simultaneously. In order to optimize the throughput, the
wire web available should be utilized as completely as possible. Therefore, it is  often the case that two
or more blocks are arranged one behind another and sawn simultaneously. 



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 single crystais area misorientation. misorientation of the single crystal present if the
central Longitudinal axis of the single crystal does not 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 unintentionally, for example if the seed crystal is
already misorientad or c<'or the misorientation arises -he process of pullin the single crystal, or
intentionally, for example if the misorientatHon He Omought in order that dislocation cen be better
eliminated, which is often performed. practice in order to produce semiconductorwaterscomposedof
silicon.  The present invention is concerned with the production of semiconductor wafers having a
sciudht orientation of the crystal lattice by processing misoriented single crystals. 



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 lgttica of the semiconductor wafers. The ground
block has the form of an oblique 15cylinder,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 catt4ng nlanes durHnip the process of slicing the semiconductor wafers zu from the
block are oriehe8.a rTh the axis representing the sought orientation of the crystal lattice of. the
semiconductor wafers. One disadvantage of this is that products having a wedge-shaped 25 block,
which products, as waste, lower the yield of the method. accordancewiththemethoddescribedin IF 1
498 516 is.1, firstly a block is sliced from the 90 single crystal, the cutting pAanes bagna placed
perpendicular to the 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. block lie oerpandienlar to the central longitudinal axis thereof. pnrino the process of
siodhug 4ne semiconductor wafers, the ground block is oriented such. that the cutti.ng. planes lie
perpendicular  4  



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 orientation 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. It is an
object of the present invention to present a method which does not have the ddaadvantages
mentioneali  The object is achieved..  he means or a method for  20 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,
comprising slicing at least one block from a single crystal ore sent in a grown state along cutting
planes perpendicular to a crystallographic axis representing the sought orientation of the crystal lattice
of the semiconductor wafers; 30 grinding the lateral surface of the block around the crystallographic
axis; and 



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 



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 the 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 sought orientation of the crystal iarbice. The sought orientation of the crystal.
Lattice is as desired. it can be represented, for example, a <100- or a. <110>- or a <111.> -oriented
axis or by an axis whose orientation deviates from such. an axis by an 35 angle a and whose
projection the surface of the semiconductor wafer forms an angle p with a reference direction in the
cane of the surface. Representatives of the last-mentioned type of semiconductor wafers are
semiconductor wafers composed 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 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 4ecaratin tool is a band
saw. The cutting planes are chosen such that they lie perpendicular to the crystallographic axis
representing the sought orientation of the crystal lattice of the 15 semiconductor wafers. The. resulting
block has approximately the form of an oblioue cylinder owing to the miscrientation of the single
crystal. It is preferred for two or more of such blocks to be sliced from the sing2g crystal along cutting
planes which lie 20n,rirz-iig-mi The position of thp crystallographic axis representing the sought
orientation of the crystal lattice of the semiconductor wafers relative to thA central 



85 lonpttudlnam 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 crystal lattice of the semicondctor  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 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 ceroendicular to the crystallographic axis determined. In
accordance with one preferred embodiment of the 15 method, the information 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 semi=ductor  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 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 can ;still be ground and polished without the diameter beina undershot.  8 After the
process of grindin the lateral surface of the block, semiconductor wafers are sliced from the ground
block, to be precise along cutting planes lying perpendicular e,                  id the crystallographic axis
representing the sought orientation of the crystal lattice of the semiconductor wafers. The end surfaces
of the orouno 1-2,7ock form reference surfaces lying parallel. to the cutting planes orovHged.
Therefore, 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 seoarating tool, for example the
wires of the wire web of a wire saw, ehd the end surfaces of the ground block are oriented in e parallel
fashion, or that the wires lie perpendicular to tine 15lateral surface of the cylinder.     order to optimize
the throughpuba it. is preferred to slice the semiconductor wafers with the aid of a wire saw end, in the
process, to use as far as possible all he 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 avail able is utme b as complate2y as possible. 



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 single crystal ("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 withnrc 3       after the lateral surface thereof has been ground ruaround the central
lonat8)dna7 axle. 7ii."-0 5 shows the block in accordance with figure 3 after the lateral surface thereof
has been ground around the crystallographic axis 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 accordance wift figure 6 after tine lateral surface thereof has been ground 



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 cutting planes during thp process of slicing semiconductor wafers from thp ground block
in accordance w$th figure 7 upon application of the method according to the invention_ The single
crystal illuptrated in. figure 1 and figure 10 2, in the example employed a single crystal composed of
silicon having a central longitudinal axis M oriented in. the <100> direction, comprises in the grown
state conlcal sections 7 and 2 at the beginning and at the end of the single crystal an.d a section 3
having a 1; virtually uniform diameter between the conical sections. in thd region of the shouddprd that
is to say. in the region of that part of the first conical secton 1 which adiloins section 3, rdanar surfaces
4 are present, the surface normal with respect thereto facing 00 in the <1.11> direction. The central
longitudinal axis M hasanorientationthatdeviatesL17.7Mthe 



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 orientation that deviates from the orientation of the  crystallographic axis A representing
thesought orientation of the crystal lantice of the semiconductor wafers. 5 Upon 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 6 arises in the process. 10
Thelateralsurface"thehionkisaround cylindrically. Carried out in a conventional manner, the lateral 15
surface of the block 5 from figure 3 is ground around the cennral. axis M or around. the
crystallographic axis A. In the first, case, this gives rise to the around block 7 in accordance with figure
4, having the form of a. cylinder, or the ground. block 3 in accordance with 20figure 5, having the form
of an oblique cylinder. Upon apnlicatiop of the method accordina to the invention,thelateral.ofthe
block4 



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 semiconductor wafers arise, one 12 of which is illustrated in
figure 8. The surface normal farina in <Ina> 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 a notch 10, describes reference direction lying in the plane of the surface of the
semiconductor wafer( The azimuth angle p a describes the angle between the reference direction and
the projection of the crystallographic axis A onto the surf ace of the semiconductor wafer.
Semiconductor wafers are sliced from the ground block. 10 If semiconductor wafers are sliced from a
ground block 8 (figure. 5) obtained in the conventional manner described and the separating cuts are
performed in cutting planes SA perpendicular to the crystallogrphic 15  axis A, as Is shown in figure. 9,
products 11 having a wedge-shaped cross soctisn arise at the end sides cxj the block, which products
cannot be used as. semiconductor waters, 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 planes SA prpndicular to the crystallographic axis A. No waste in the form of products
haring a wedge-shaped cross section arises in. this tee. The norms: to the surface of the resulting
semiconductsr wafers faces in the direction of the crvsteliograshic axis A, and the 30
semiconductorwafersthereforehavethesought 



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 crystallographic axis.  2. The method as claimed in claim I,
comprising degerminthq the position of the crystallographic axis 25 using surfaces visible on. the
single crystal and havinp a known oriengeginth as reference planes.          The method as claimed in
claim I or claim 2, wherein the block is 'Th'^d frOin the single crystal by 30means of e. band saw.
4.The method as claimed in any of claims 1 to 3, 



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. 


