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(57) Abrégé/Abstract:

The invention relates to a method for cutting a single crystal (1) having a first polar axis (P1) comprising the steps of arranging the
single crystal (1) relative to a cutting tool (2) in such a way that the first polar axis (P1) is oriented perpendicular to an intended
cutting plane (SE); arranging at least one further single crystal (5) having a second polar axis (P2) in such a way that the first (P1)
and the second polar axis (P2) are oriented substantially parallel but opposite one another; and simultaneously guiding a cutting
tool (2) through the single crystal (1) and the at least one further single crystal (5) along the intended cutting plane (SE).
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(54) Title: METHOD FOR CUTTING A SINGLE CRYSTAL
(54) Bezeichnung : VERFAHREN ZUM SCHNEIDEN EINES EINKRISTALLS

(57) Abstract: The invention relates to a method for cutting a single crystal (1)
having a first polar axis (P1) comprising the steps of arranging the single crystal
(1) relative to a cutting tool (2) in such a way that the first polar axis (P1) is

v
VAN oriented perpendicular to an intended cutting plane (SE); arranging at least one
> further single crystal (5) having a second polar axis (P2) in such a way that the first
O (P1) and the second polar axis (P2) are oriented substantially parallel but opposite
> R one another; and simultaneously guiding a cutting tool (2) through the single
A crystal (1) and the at least one further single crystal (5) along the intended cutting
> plane (SE).
<l N (57) Zusammenfassung: Die Erfindung betrifft ein Verfahren zum Schneiden
g eines Finkristalls (1) mit einer ersten polaren Achse (P1) mit folgenden Schritten:
A Anordnen des Einkristalls (1) beziiglich eines Schneidwerkzeugs (2) derart, dass
> die erste polare Achse (P1) senkrecht zu einer beabsichtigten Schnittebene (SE)
ausgerichtet ist; Anordnen zumindest eines weiteren FEinkristalls (5) mit einer
¥4 zweiten polaren Achse (P2) derart, dass die erste (P1) und die zweite polare Achse
A (P2) im Wesentlichen parallel, aber entgegengesetzt zueinander ausgerichtet sind;
Pl und Gleichzeitiges Fithren eines Schneidwerkzeugs (2) durch den Einkristall (1)
e p2 und den zumindest einen weiteren Einkristall (5) entlang der beabsichtigten
A Schnittebene (SE).
>
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Method for cutting a single crystal

The invention relates to a method for cutting a single crys-

tal having a polar axis.

According to the prior art, it is known, for example from DE
197 29 578 B4, to saw or to cut single crystals into a plu-
rality of thin slices by means of a wire saw. Slices of this
type are then machined further, for example by grinding, hon-
ing, lapping or polishing. Such further-machined slices or

wafers are then processed into semiconductors.

In order to cut out as many slices as possible from a single
crystal and also to minimise the outlay of the following ma-
chining steps, it is necessary for the sawing or cutting fac-
es of the slices to be planar and to run exactly parallel.
When sawing single crystals having a polar axis, there is the
problem that the cut faces of the slices have a bend when
conventional cutting methods are used. To produce planar sur-

faces, the slices have to then be ground at high cost.

The object of the invention is to overcome the disadvantages
according to the prior art. In particular, a method that can
be carried out as easily and cost-effectively as possible for
cutting a single crystal having a polar axis into slices with

planar cut faces is to be specified.

This object is achieved by the features of Claim 1. Expedient
embodiments of the invention will emerge from the features of

Claims 2 to 7.
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In accordance with the invention, a method is proposed for
cutting a single crystal having a first polar axis comprising

the steps of:

arranging the single crystal relative to a cutting tool in
such a way that the first polar axis is oriented substantial-

ly perpendicular to an intended cutting plane;

arranging at least one further single crystal having a second
polar axis in such a way that the first and the second polar
axls are oriented substantially parallel but opposite one an-

other; and

simultaneously guiding a cutting tool through the single
crystal and the at least one further single crystal along the

intended cutting plane.

It is possible with the proposed method to cut slices having
planar cut faces from a single crystal having a polar axis in

a simple and cost-effective manner.

A further advantage of the method according to the invention
lies in the fact that the single crystal can be cut using

conventional devices, for example wire saws or the like.

In accordance with the method according to the invention, the
further single crystal is used to compensate for a deflection
of the cutting tool when producing a cut through the single
crystal.

It is assumed that the mutually opposed surfaces have differ-
ent mechanical properties on either side of the cutting plane

running perpendicular to the polar axis. Consequently, a
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force acting on the cutting tool in the direction of a pole
of the polar axis is exerted and deflects the cutting tool in
the direction of this pole. The deflection of the cutting
tool is compensated for in accordance with the invention in
that the cutting tool is guided simultaneously through an ad-
jacently arranged further single crystal having a second po-
lar axis, of which further poles are opposite the poles of
the first polar axis. Here, the first and the second polar
axis are substantially parallel, that is to say the first and
the second polar axes deviate from one another with respect
to the parallel orientation by at most 1°, preferably by at

most 0.5°.

In accordance with an advantageous embodiment, the at least
one further single crystal is geometrically formed such that,
as the cutting tool is guided, a first cut length in the sin-
gle crystal deviates by at most 30 % from a second cut length
in at least one further single crystal. The first and the
second cut length preferably deviate from one another by at
most 20 %, particularly preferably by at most 15 %. It is

thus possible to produce particularly planar cut faces.

Furthermore, the single crystal and the further single crys-
tal expediently have a substantially similar geometry. It has
proven to be advantageous if a middle first diameter of the
single crystal running perpendicular to the first polar axis
deviates by at most 30 % from a middle second diameter run-
ning perpendicular to the second polar axis. The first and
the second diameter advantageously deviate from one another
by at most 20 %, particularly preferably by at most 10 %. A
particularly efficient production of slices from single crys-

tals having a polar axis can thus be achieved.
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In accordance with a further advantageous embodiment, the
single crystal and the at least one further single crystal
match in terms of their chemical composition. The single
crystal and the at least one further single crystal may have,
in particular, a chemical composition selected from the fol-
lowing group: AlN, GaN, GaAs, InP. Single crystals having the
aforementioned composition have a polar axis. They are pre-
sent in zinc blende structure, for example GaAs, InP, or

wurtzite structure, for example AlLN, GaN.

In accordance with a particularly advantageous embodiment,
the single crystal and the at least one further single crys-
tal match in terms of the symmetry of their crystal lattice.
The further single crystal is expediently one that matches
the single crystal both in terms of the symmetry of the crys-

tal lattice and in terms of the composition.

In principle, further single crystals can be provided by any
single crystals having a polar axis that are suitable for
this purpose. The method according to the invention, however,
can be carried out particularly cost-effectively and effi-
ciently if both the single crystal and the at least one fur-
ther single crystal consist of the material desired for the

production of the slices.

In particular, at least one wire, preferably a wire web, of a
wire saw can be used as a cutting tool. However, it is also

possible to use a hole saw or the like, for example.

The prior art and also exemplary embodiments of the invention
will be explained in greater detail hereinafter on the basis

of the drawings, in which:
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Fig. 1 schematically shows a single crystal having a polar
axis,
Fig. 2 schematically shows a section through the single

crystal according to Fig. 1 in accordance with the

prior art,

Fig. 3 shows slices cut in accordance with the prior art,

Fig. 4 shows a schematic first arrangement according to

the invention,

Fig. 5 shows a schematic second arrangement according to

the invention, and

Fig. 6 shows a schematic third arrangement according to

the invention.

Fig. 1 schematically shows a single crystal 1 having a first
polar axis Pl. The first polar axis Pl has 2-fold symmetry.
The single crystal 1 is not symmetrical with respect to a
plane of symmetry S running perpendicular to the first polar
axis P1l. The single crystal 1 may be, for example, an AIN or

a GaN single crystal.

Fig. 2 and 3 show a method for cutting slices from the single
crystal 1 shown in Fig. 1. An intended cutting plane SE is
indicated in Fig. 2 by the interrupted lines and runs sub-
stantially perpendicular to the first polar axis Pl. Refer-
ence sign 2 denotes a wire or saw wire, which is guided par-
allel to the intended cutting plane SE. In practice, the saw
wire 2 is deflected, in spite of the guidance thereof, in the

direction of the intended cutting plane SE. The actual cut-
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ting plane TE shown in Fig. 2 is produced, which is curved
and does not run perpendicular to the first polar axis Pl.
Should the single crystal 1 according to the prior art be
sawn using a wire saw having a wire web, slices 3 as shown in
Fig. 3 are produced. The surfaces of the slices 3 are curved
and do not run perpendicular to the first polar axis P1l. In
order to produce slices 3 having plane-parallel surfaces, it
is necessary to grind these at high cost. In Fig. 3, refer-
ence sign 4 denotes a wafer that can be produced by grinding

the slices 3.

Fig. 4 shows a first arrangement according to the invention.
Here, a further single crystal 5 is arranged immediately be-
side the single crystal 1. The further single crystal 5 has a
second polar axis denoted by reference sign P2. The single
crystal 1 and the further single crystal 5 are arranged such
that the first polar axis Pl and the second polar axis P2 are
arranged parallel to one another, however the poles of said
polar axes, indicated in each case by an arrow, point in dif-
ferent directions. Both the single crystal 1 and the further
single crystal 6 have substantially the same diameter. Conse-
quently, a first cut length produced by the saw wire 2 in the
single crystal 1 is substantially identical to a second cut
length in the further single crystal 5. A deflection of the
saw wire 2 in the single crystal 1 is compensated for by an
opposite deflection of the saw wire 2 in the further single
crystal 5. On the whole, an actual cutting plane TE is pro-
duced for both single crystals 1, 5, which matches the in-
tended cutting plane SE. Consequently, slices having planar
opposed surfaces can be cut using the method according to the
invention. Grinding work in order to level the surfaces is
spared. Compared with the prior art, more slices can be ob-

tained from the single crystal 1.
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Fig. 5 schematically shows a second arrangement according to
the invention. Here, the single crystal 1 is firstly cut
along the plane of separation denoted by reference sign E in-
to a first part Tl and a second part T2. The plane of separa-
tion E runs here substantially perpendicular to the first po-
lar axis Pl. The first part Tl and the second part T2 are ar-
ranged one beside the other such that the first polar axis Pl
and the second polar axis P2 are oriented parallel to one an-
other, but with opposite polarity. The proposed method is
suitable in particular when merely one single crystal 1 is to
be cut into slices. Alternatively, it is of course also pos-
sible to cut the single crystal 1 parallel to the first polar
axis Pl thereof and to then arrange and cut the produced
parts again with opposed polarity in accordance with the in-

vention.

Fig. 6 shows a third arrangement according to the invention.
Here, a number of single crystals 1 and a plurality of fur-
ther single crystals 5 are arranged side by side. The single
crystals 1 and the further single crystals 5 are arranged in
this case such that the polar axes Pl, P2 thereof run sub-
stantially parallel to one another. Two adjacent single crys-
tals 1, 5 are always arranged such that the poles of the po-

lar axes P1l, P2 point in opposite directions.

Within the sense of the present invention, the term “first
cut length” is generally understood to mean the cut length
through a single crystal. If a number of single crystals are
provided at the same time, the term “first cut length” is un-
derstood to mean the sum of the cut lengths produced by all
the first single crystals. Similarly, the term “second cut

length” in the case of the use of a number of further single
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crystals is understood to mean the sum of the second cut

lengths produced in all the further single crystals.

The method according to the invention can be carried out par-
ticularly efficiently if the single crystals 1 and the fur-
ther single crystals 5 match in terms of their chemical com-
position and also in terms of their symmetry. It is also ad-
vantageous if the single crystals 1, 5 also match substan-
tially in terms of their geometry. In this case, a large num-
ber of slices having parallel surfaces can be produced highly
efficiently in accordance with the method according to the

invention, for example using a wire saw having a wire web.
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List of reference signs

g W N

Pl
P2

SE
TE
T1
T2

single crystal
wire

slice

wafer

further single crystal

first polar axis
second polar axis
plane of symmetry
intended cutting plane
actual cutting plane
first part

second part
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Patent Claims

1. A method for cutting a single crystal (1) having a first

polar axis (Pl) comprising the steps of:

arranging the single crystal (1) relative to a cutting tool
(2) in such a way that the first polar axis (Pl) is oriented
substantially perpendicular to an intended cutting plane

(SE) ;

arranging at least one further single crystal (5) having a
second polar axis (P2) in such a way that the first (P1l) and
the second polar axis (P2) are oriented substantially paral-

lel but opposite one another; and

simultaneously guiding a cutting tool (2) through the single
crystal (1) and the at least one further single crystal (5)

along the intended cutting plane (SE).

2. The method according to Claim 1, wherein the at least
one further single crystal (5) is geometrically formed such
that, as the cutting tool (2) is guided, a first cut length
in the single crystal (1) deviates by at most 30 % from a

second cut length in at least one further single crystal (5).

3. The method according to one of the preceding claims,
wherein a middle first diameter of the single crystal (1)
running perpendicular to the first polar axis (P1l) deviates
by at most 30 % from a middle second diameter of the further
single crystal (5) running perpendicular to the second polar

axis (P2).
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4, The method according to one of the preceding claims,
wherein the single crystal (1) and the at least one further
single crystal (5) match in terms of their chemical composi-

tion.

5. The method according to Claim 4, wherein the single
crystal (1) and the at least one further single crystal (5)
have a chemical composition selected from the following

group: AlIN, GaN, GaAs, InP.

6. The method according to one of the preceding claims,
wherein the single crystal (1) and the at least one further
single crystal (5) match in terms of the symmetry of their

crystal lattice.

7. The method according to one of the preceding claims,
wherein at least one wire, preferably a wire web, of a wire

saw 1s used as cutting tool (2).
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