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1. A method of making an elongate cut using high

energy radiation, comprising pasing a beam of radiation
through a system which cylindrically affects the beam
such that the beam is converged to a focal spot in the
cut both as viewed normal to the plane in which the cut
lies and as viewed normal to the plane transverse to the
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substantially greater as viewed normal to the former

plane than as viewed normal to the latter plane.

6. Apparatus for making an elongate cut using high
energy radiation, comprising a system which
cylindrically affects a beam of the radiation to
converge tha beam to a focal spot in the cut both as
viewed normal to the plane in which the cut lies and as

viewed normal to the plane transverse to the cut, the
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angle of convergence to the focal spot being
substantially greater as viewed normal to the former

plane than as viewed normal to the latter plane.
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(54) Title: MAKING AN ELONGATE CUT USING HIGH ENERGY RADIATION

(57) Abstract

To mak_e an elongate cut (1) in a diamond (2) using a laser rad_iation, a cylindrical optical system (5, 6) is used which con-
verges the radiation at a greater angle of convergence in the plane of the cut (1) than in the transverse plane. In this way, the focal
spot energy density is increased and cutting at depth is made more 2{fective.
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MAKING AN ELONGATF CUT USING HIGH ENERGY RADIATION

Background of the Invention

The present invention relates to making an elongate cut
using high energy radiation focussed to a focal spot in
the cut, the radiation usually being a laser beam. A
blind groove or hole may be formed in the workpiece, or
the workpiece may be cut or pierced right through. The
invention has general applicability and in general
terms, unnecessary material removal must be avoided as
this slows down the cutting process; however, the
invention is particularly applicable to gemstones, where
it is specially important to avoid unnecessary material
removal, and it is also necessary to avoid applying
excessive thermal stress; in addition, a particular
problem with gemstones such as diamond is that usually
only a small percentage of the radiation may be
absorbed, so it is important that coupling of the energy

to the workpiece be as effective as possible.

In gemstones, the laser cutting can be referred to as

forming a kerf (a groove, either for cleaving or for
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later sawing), or sawing (cutting right through). In
other applications using jewels or gemstones, a blind
hole or a through-hole may be formed in order to employ

the stone as a bearing.

When sawing gemstones, normal practice is to form a
V-section, which should be as narrow as possible to
reduce weight loss. There is automatic machinery (work
handling) for benching out the V-shape (i.e. scanning
the area formed by the length and width of the cut) and

for refocussing the beam as the cut depth increases.

A fundamental problem is that the energy density in the
focal spot should be as great as possible, but a smaller
focal spot (and thus higher energy density) can caly be
obtained by increasing the cone angle of the focussed
beam (i.e. higher numerical aperture). The machined
V-section has then to be wider, otherwise the laser
energy focussed into the cut is apertured (vignetted) at

the entrance to the cut as the depth increases.

The Invention

In accordance with the invention, a system is used which
converges the radiation at a substantially greater angle
of convergence in the plane in which the cut lies than

in the plane transverse to the cut.

.
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Using the invention, the energy density of the focal
spot can be increased without widening the machined
V-section, as the uninterrupted access provided
longitudinally of the cut is utilised. Consequently the
angle of the V-section may be reduced and rate of

propagation of the cut increased.

Using the invention, the amount of laser energy entering
the cut can be increased by cylindrically compressing a
spherically expanded beam in the transverse direction.
This allows the use of higher spherical beam expansion
ratios than is possible without use of the invention
because the effect of vignetting by the cut opening is

reduced.

The numerical aperture of the optical system is higher
in the longitudinal direction than in the transverse
direction. The focii must be at the same depth in each
plane (transverse and longitudinal). The focal spot (as
seen on the flat bottom of the cut) will be an ellipse
with its major axis transverse of the longitudinal
direction of the cut. The size of the focal spot in the
major axis (transverse) direction will be larger than
that without using the invention. The full advantage of
the invention cannot be observed unless the spherical
beam expansion coefficient is irncreased, so that the
focal spot area is reduced without a proportional

reduction in the energy entering the cut. The beam can
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be expanded and then focused in both planes in order to

achieve a sufficiently high focal spot energy density.

1f the numerical aperture were to be increased by the
same factor in both planes (transverse and
longitudinal), as would be the case with a conventional
beam expander, any increase in energy density resulting
from a reduction in focal spot area, will be at least
partially offset by a reduction in energy entering the
cut, due to vignetting at the opening, as cutting

progresses.

In practice, the ratio of convergence angles (included
angle) of the transverse to longitudinal directions can
be any value less than unity but the preferred values
are from 0.5 to 0.25. 1In order to achieve this
cylindrical optics may be used, preferably with a beam

compressor or beam expander having cylindrical lenses.

The Drawing

The invention will be further described, by way of
example, with reference to the accompanying drawing, in

which:-

Figure 1. is a schematic view, showing the optical systenm
andi a stone being cut, in section transversely to the

cut; anad
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Figure 2 is a schematic view of the optical system, as

seen in section normal to that of Figure 1.

A cut 1 is being formed in a diamond 2. The optical
system includes a laser 3, a spherical beam expander 4,
a beam contractor formed by two lenses 5,6, and a
focussing lens 7. The lenses 5,6 are cylindrical
lenses, forming a beam compressor for contracting the
beam in the plane of Figure 1 but not in the plane of
Figure 2. 1In this way., the angle of convergence is
substantially greater in the plane longitudinally of the
cut (Figure 2) than in the plane transversely of the cut
(Figure 1). The focussing lens 7 can be a conventional
spherical lens. The laser 3 can be a high-power
O-switched YAG laser in fundamental TEMOO mode - the
beam has a Gaussian distribution and produces a very"

small focal spot.

In practice, magnification values of 10 to 20x have been
used for the beam expander 4 and 0.25% to 0.5x for the
beam contractor 5,6. If the width of the beam between
the laser 3 and the beam expander 4 is w, it is
typically 3w - 5w between the lenses 6,7 in Figure 1 and

10w - 20w between the lenses 6,7 in Figure 2.
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The present invention has been described above purely by
way of example, and modifications can be made within the

spirit of the invention.
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AMEMNDED CLAIMS
[received by the International Bureau on 30 January 1990 (30.01.90)
original claims 1 and 3 replaced by amended claims 1 and 6;

claims 2, 4, 5 and 6 replaced by new claims 2, 7,'11 and 12;
new claims 3-5 and 8-10 added (3 pages)]

1. A method of making an elongate cut using high
energy radiation, comprising pasing a beam of radiation
through a system which cylindrically affects the beam
such that the beam is converged to a focal spot in the
cut both as viewed normal to the plane in which the cut
lies and as viewed normal to the plane transverse to the
cut,.the angle of convergence to the focal spot being
substantially greater as viewed normal to the former

plane than as viewed normal to the latter plane.

2. The method of Claim 1, wherein the pbeam of
radiation is spherically expanded and is then
cylindrically compressed as viewed normal to the plane

transverse to tie cut.

3. The method of Claim 2, wherein focussing means are
used to converge the beam to the focal spot, the beam
entering the focussing means being substantially
narrower as viewed normal to the plane transverse to the

cut than as viewed normal to the plane in which the cut

lies.

4. The method of Claim 3, wherein the beam entering
the focussing means is substantially parallel, both as
STRq A veiwed normal to the plane in which the cut lies and as

viewed normal to-the plane transverse to the cut.
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5. The method of any of the proceeding Claims, wherein

the cut is made in a gemstone.

6. Apparatus for making an elongate cut using high
energy radiation, comprising a system which

cylindrically affects a beam of the radiation to

converge the beam to a focal spot in the cut both as
viewed normal to the plane in which the cut lies and as
viewed normal to the plane transverse to the cut, the
angle of convergence to the focal spot being
substantially greater as viewed normal to the former

plane than as viewed normal to the latter plane.

7. The apparatus of Claim 6, wherein said system
comprises a spherical beam expander for expanding the
beam in both said planes, followed by a cylindrical beam
compressor for compressing the beam as viewed normal to

the plane transverse to the cut.

8. The apparatus of Claim 7, wherein the system

comprises focussing means for converging the beam to the

focal spot, and the beam entering the focussing means is
substantially narrower as viewed in the plane transverse
to the cut then as viewed in the plane in which the cut

lies.
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9. The apparatus of Claim 8, wherein the beam entering
the focussing means is substantially parallel both as
viewed normal to the plane in which the cut lies and as

viewed normal to the plane transverse to the cut.

10. The apparatus of any of Claims 6 to 9, and
comprising a laser for forming the beam, the .beam having
a Gaussian distribution.

11. A method nf making an elongate cut, substantially
as herein described with reference to the accompanying

drawing.

12. Apparatus for making an elongate cut, substantially
as herein described with reference to, and as shown in,

the accompanying drawing.
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