DIVIDING METHOD OF WORKPIECE AND LASER PROCESSING

APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a dividing method
for dividing a plate-shaped workpiece (herein after
simply called workpiece) and laser processing apparatus.

Description of the Related Art

There is a method in which, in order to divide a
workpiece, for example, laser processing (ablation
processing) in which processed grooves are formed in the
workpiece by irradiating the workpiece with a laser beam
with such a wavelength as to be absorbed by the workpiece
is carried out and thereafter an external force 1is
applied along the ©processed grooves to divide the
workpiece 1into cut pieces having a predetermined shape
(for example, refer to Japanese Patent Laid-Open No. Hei
10-305420) . Furthermore, there is a method in which, in
order to divide a wafer on which devices are formed in
the respective regions marked out by planned dividing
lines in a lattice manner on a surface into individual
chips, for example, processed grooves with a

predetermined depth along the planned dividing lines are



formed by a laser beam or a cutting blade and thereafter
an external force is applied along the planned dividing
lines to divide the wafer with the processed grooves
being the point of origin (for example, refer to Japanese
Patent Laid-Open ©No. 2007-7668). As apparatus that
applies the external force to the wafer, expanding
apparatus that can expand the wafer supported by an
annular frame with the intermediary of an adhesive tape
in the surface direction is used (for example, refer to

Japanese Patent Laid-Open No. 2002-334852).

SUMMARY OF THE INVENTION

However, when processed grooves are formed in a
workpiece by the above-described laser processing, a
problem occurs that debris generated through melting of
the workpiece due to irradiation with a laser beam enters
the processed grooves and chips obtained by dividing join
due to the debris and cannot be divided. Normally, in the
case of forming grooves that completely cut a workpiece
by laser processing, the workpiece is completely divided
by repeatedly carrying out irradiation of the same
planned dividing 1line with a laser Dbeam. Here,
accumulation of the debris can be prevented 1if the

processing condition 1is set to a condition in which the



output power of one time of irradiation with the laser
beam is set lower and the time interval of the
irradiation with the laser beam is set longer. However,
for example, if laser processing 1s carried out under the
above-described processing condition also for a workpiece
like a warped metal, the position of the planned dividing
line deviates. Therefore, there is a problem that it is
impossible to accurately irradiate the same position with
the laser beam and the workpiece cannot be completely
divided.

Thus, an object of the present invention 1is to
provide a dividing method of a workpiece and laser
processing apparatus that prevent Jjoining of cut pieces
or chips due to debris and allow the workpiece to be
completely divided.

In accordance with an aspect of the present
invention, there 1s provided a dividing method of a
workpiece in which the workpiece is divided into
predetermined dimensions marked out based on a first
direction and a second direction orthogonal to the first
direction. The dividing method includes a dicing tape
sticking step of sticking a dicing tape to the workpiece,
a first laser processing step of holding a side of the

dicing tape on a holding table and irradiating the



workpiece with a laser beam with such a wavelength as to
be absorbed by the workpiece along the first direction to
form first laser-processed grooves, a first expanding
step of expanding the dicing tape in the second direction
to enlarge the width of the first laser-processed grooves
after carrying out the first laser processing step, a
second laser processing step of irradiating the workpiece
with the laser beam with such a wavelength as to be
absorbed by the workpiece along the second direction to
form second laser-processed grooves after carrying out
the first expanding step, and a second expanding step of
expanding the dicing tape in the first direction to
enlarge the width of the second laser-processed grooves
after carrying out the second laser processing step.

In accordance with another aspect of the present
invention, there is provided laser processing apparatus
including workpiece holding means that holds a workpiece
supported by an annular frame with the intermediary of a
dicing tape, laser beam irradiation means that irradiates
the workpiece held by the workpiece holding means with a
laser beam, and imaging means that images the workpiece.
The laser processing apparatus includes frame holding
means that holds the frame, movement means for relatively

separating the frame holding means and the workpiece and



expanding the dicing tape, and heating means for applying
heat to a region between the workpiece on the dicing tape
and the frame and shrinking the region.

According to the dividing method of the present
invention, even when debris generated in the execution of
the first laser processing step or the second laser
processing step enters the first laser-processed groove
or the second laser-processed groove, 1t is possible to
prevent the possibility of joining of cut pieces obtained
by the dividing due to the debris and completely divide
the workpiece because the width of the first laser-
processed grooves 1is expanded in the second direction by
the first expanding step and the width of the second
laser-processed grooves is expanded in the first
direction by the second expanding step.

According to the laser processing apparatus of the
present invention, after the first laser-processed
grooves are formed in the workpiece, the first laser-
processed grooves can be enlarged by expanding the dicing
tape by the movement means while keeping the held state
of the workpiece by the workpiece holding means and the
frame holding means. In addition, after the second laser-
processed grooves are formed in the workpiece, the second

laser-processed grooves can be enlarged by expanding the



dicing tape by the movement means while keeping the held
state of the workpiece by the workpiece holding means and
the frame holding means. Therefore, for example, even
when debris generated 1in the laser processing of the
workpiece having the pattern enters the first laser-
processed groove or the second laser-processed groove, 1t
is possible to prevent the possibility of joining of the
chips obtained by the dividing due to the debris and
completely divide the workpiece.

The above and other objects, features and
advantages of the present invention and the manner of
realizing them will become more apparent, and the
invention itself will best be understood from a study of
the following description and appended claims with
reference to the attached drawings showing some preferred

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 1is a perspective view depicting a dicing
tape sticking step of a first embodiment;
FIG. 2 1is a perspective view depicting a first
laser processing step of the first embodiment;
FIG. 3 1is a plan view depicting a workpiece 1in

which first laser-processed grooves are formed;



FIGS. 4A to 4D are sectional views depicting a
first expanding step of the first embodiment;

FIG. 5 1s a perspective view depicting a second
laser processing step of the first embodiment;

FIG. 6 is a plan view that depicts the workpiece in
which second laser-processed grooves are formed and
depicts a second expanding step of the first embodiment;

FIG. 7 1is a perspective wview depicting the
configuration of one example of laser processing
apparatus;

FIG. 8 is a sectional view depicting the
configuration of workpiece holding means and frame
holding means;

FIG. 9 1is a perspective view depicting a dicing
tape sticking step of a second embodiment;

FIG. 10 1is a perspective view depicting a first
laser processing step of the second embodiment;

FIGS. 11A to 11C are sectional views depicting a
first expanding step of the second embodiment;

FIG. 12 is a perspective view depicting a second
laser processing step of the second embodiment; and

FIG. 13 is a plan view that depicts the workpiece
in which second laser-processed grooves are formed and

depicts a second expanding step of the second embodiment.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

1 First Embodiment

A workpiece W depicted in FIG. 1 has a heat
dissipation substrate for light-emitting diodes (LEDs)
with a rectangular plate shape, for example. In the
example depicted in the diagram, on the upper surface of
the workpiece W, devices such as LEDs are not formed and
a pattern is not formed. The material of the substrate
that forms the workpiece W is a metal composed of copper
or tungsten, for example. In the following, description
will be made about a dividing method of a workpiece in
which the workpiece W 1is divided 1into predetermined
dimensions marked out based on a first direction and a
second direction.
(1) Dicing Tape Sticking Step

As depicted in FIG. 1, the peripheral part of a
dicing tape 1 having adhesiveness is stuck to the lower
surface of an annular frame 2 whose central part 1is
opened, and the workpiece W is stuck to the dicing tape 1
exposed from the central part of the frame 2. Thereby,
the frame 2 and the workpiece W are integrally formed
with the intermediary of the dicing tape 1. The region in
which the dicing tape 1 is exposed in a ring manner

between the outer circumferential side of the workpiece W



and the inside of the frame 2 is an exposed part la. As
the dicing tape 1, a tape that can be stretched and
thermally shrinks due to heat equal to or higher than a
predetermined temperature is used.
(2) First Laser Processing Step

As depicted in FIG. 2, the workpiece W integrated
with the frame 2 with the intermediary of the dicing tape
1 is conveyed to laser processing apparatus 10, for
example. The laser processing apparatus 10 includes at
least a holding table 11 that holds the workpiece and can
rotate and laser beam irradiation means 12 disposed on
the upper side of the holding table 11. To the lower side
of the holding table 11, movement means that causes the

holding table 11 and the laser beam irradiation means 12

to relatively move in horizontal directions (first
direction and second direction) orthogonal to the
vertical direction is connected. Furthermore, a suction

source, which is not depicted in the diagram, and a clamp
mechanism for holding the frame 2 are connected to the
holding table 11. The laser beam irradiation means 12 has
a laser processing head 120 that emits a laser beam
downward. To the laser processing head 120, an oscillator
that oscillates a laser beam LBl with such a wavelength

as to be absorbed by the workpiece W and an output power



adjuster that adjusts the output power of the laser beam
LBl are connected. 1Inside the laser processing head 120,
a collecting 1lens for focusing the laser beam LBl
oscillated from the oscillator is incorporated. The laser
processing head 120 is movable in the vertical direction
and can adjust the focusing position of the laser beam
LB1.

When laser processing 1is «carried out for the
workpiece W by using the laser processing apparatus 10
configured in this manner, the workpiece W is held by
suction in the holding table 11 through the dicing tape 1.
In addition, the upper part of the frame 2 is held by the
clamp mechanism and the frame 2 1is fixed so as to be
immobile. Then, the position of the laser processing head
120 in the second direction is aligned with the position
to be irradiated with the laser beam. In addition, the
laser processing head 120 is lowered in such a direction
as to come closer to the workpiece W and the focusing
point of the laser beam LBl is positioned at a desired
position. The output power of the laser beam LBl is
adjusted to output power at such a level that the dicing
tape 1 does not melt, and is set 1in the output power
adjuster.

Subsequently, while the holding table 11 is

10



horizontally moved in e.g. the first direction by the
movement means to relatively move the laser processing
head 120 and the holding table 11 in the first direction
parallel to the workpiece W, the laser Dbeam LBl 1is
emitted from the laser processing head 120 toward the
workpiece W. Thereby, a first laser-processed groove Gl
is formed in the workpiece W. The depth of the first
laser-processed groove Gl 1is at such a level that the
dicing tape 1 is exposed and it suffices that the first
laser-processed groove Gl 1is a groove that completely
cuts (fully cuts) the front and back surfaces of the
workpiece W. The first laser-processed groove Gl 1is
formed by emitting the laser beam LB1 along the first
direction plural times in a divided manner. After the
first laser-processed groove Gl of the first row oriented
in the first direction is formed in this manner, the
holding table 11 1is horizontally moved in the second
direction by the movement means and the laser processing
head 120 is positioned at a position at a predetermined
interval. Then, the first laser-processed groove Gl 1is
formed in the workpiece W by emitting the laser beam LB1
from the laser processing head 120 toward the workpiece W
while relatively moving the laser processing head 120 and

the holding table 11 in the first direction parallel to
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the workpiece W similarly to the above description. Then,
with indexing feed of the laser processing head 120 in
the second direction by a predetermined amount for every
indexing feed, a predetermined number of first laser-
processed grooves Gl are formed in the workpiece W along
the first direction as depicted in FIG. 3. Thereby, the
workpiece W is divided into plural cut pieces RCP having
a thin strip shape.
(3) First Expanding Step

After the first laser processing step 1is carried
out, the workpiece W is conveyed from the laser
processing apparatus 10 to expanding apparatus 20
depicted in FIG. 4A, for example. The expanding apparatus
20 includes a support table 21 that supports the
workpiece W, plural frame holding means 22 that are
disposed around the support table 21 and hold the frame 2,
movement means 25 that raise and lower the frame holding
means 22 1in the wupward and downward directions, and
heating means 26 for applying heat to the exposed part la
in the region between the workpiece W on the dicing tape
1 and the frame 2 to shrink the exposed part 1la. The
frame holding means 22 includes a frame placement base 23
that is disposed on the outer circumferential side of the

support table 21 and on which the frame 2 is placed and a
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clamp part 24 that clamps the frame 2 placed on the frame
placement base 23. The movement means 25 includes a
cylinder 250 and a piston 251 driven to be raised and
lowered by the cylinder 250 and can raise and lower the
frame placement base 23 by the wupward and downward
movement of the piston 251. The heating means 26 is not
particularly limited. It may be a heater that injects hot
air at a predetermined temperature or may be an infrared
heater that radiates an infrared ray.

As depicted in FIG. 4A, the side of the workpiece W
is placed over the support table 21 with the intermediary
of the dicing tape 1 and the frame 2 1is placed on the
frame placement bases 23. At this time, the clamp parts
24 hold the upper part of the frame 2 and fix the frame 2
so that the frame 2 may be immobile. Subsequently, as
depicted in FIG. 4B, the pistons 251 move downward to
lower the frame placement bases 23 relatively to the
support table 21 and expand the dicing tape 1 in the
second direction orthogonal to the first direction. Due
to this, the dicing tape 1 is stretched in the state in
which the exposed part la is inclined from the outer
circumference of the support table 21 toward the frame 2.
In addition, the unexposed part to which the workpiece W

is stuck in the dicing tape 1 is stretched in the second
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direction, so that an external force in the second
direction 1is given to the workpiece W. As a result, the
width of the first laser-processed grooves Gl depicted in
FIG. 4A 1is enlarged in the second direction and gaps 3
are formed between adjacent cut pieces RCP. Due to this,
even when debris generated in the first laser processing
step enters the first laser-processed groove Gl, it 1is
possible to prevent the possibility of Jjoining of cut
pieces obtained by dividing into predetermined dimensions
finally due to the debris because the width of the first
laser-processed grooves Gl is expanded by the first
expanding step.

If the gaps 3 between the respective cut pieces RCP
have a desired width, the pistons 251 move upward to
return the frame placement bases 23 to the original
positions as depicted in FIG. 4C. At this time, flexures
are generated in the exposed part la of the dicing tape 1
and thus the exposed part la 1is heated by the heating
means 26. Specifically, the heating means 26 heats the
exposed part la Dby injecting e.g. hot air at a
predetermined temperature toward the exposed part la and
thermally shrinks the exposed part la. Due to this, as
depicted in FIG. 4D, the dicing tape 1 becomes the state

of being stretched in parallel to the support table 21
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and the frame placement bases 23. Thus, the flexures
disappear in the thermally-shrunk exposed part la and the
expanded width of the first laser-processed grooves Gl
can be kept. That 1is, the respective gaps 3 between
adjacent cut pieces RCP can be kept.

Here, if the dicing tape 1 has been excessively
stretched after the first expanding step is carried out
and before a second laser processing step to be described
later 1is carried out, there is a possibility that it 1is
impossible to hold the workpiece W by suction through the
dicing tape 1 in the above-described holding table 11 and
therefore it 1is preferable to convey the workpiece W
integrated with the frame 2 with the intermediary of the
dicing tape 1 to e.g. tape sticking apparatus and change
the excessively-stretched dicing tape 1 to a new dicing
tape.

(4) Second Laser Processing Step

After the first expanding step is carried out, as
depicted in FIG. 5, the workpiece W integrated with the
frame 2 with the intermediary of the dicing tape 1 1is
conveyed to the laser processing apparatus 10 again.
Specifically, similarly to the first laser processing
step, the workpiece W is held by suction in the holding

table 11 through the dicing tape 1. In addition, the
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upper part of the frame 2 is held by the clamp mechanism
and the frame 2 is fixed so as to be immobile. Then, the
position of the laser processing head 120 in the first
direction 1s aligned with the position to be irradiated
with the laser beam. In addition, the laser processing
head 120 is lowered in such a direction as to come closer
to the workpiece W and the focusing point of the laser
beam LBl 1is positioned at the height position of the
upper surface of the workpiece W.

Subsequently, while the holding table 11 is
horizontally moved in e.g. the second direction by the
movement means to relatively move the laser processing
head 120 and the holding table 11 in the second direction
parallel to the workpiece W, the laser beam LBl 1is
emitted from the laser processing head 120 toward the
workpiece plural times in a divided manner. Thereby, a
second laser-processed groove G2 is formed in the
workpiece W. The second laser-processed groove G2 is also
a groove that completely cuts the front and back surfaces
of the workpiece W similarly to the first laser-processed
groove Gl. In this manner, as depicted in FIG. 6, a
predetermined number of second laser-processed grooves G2
are formed in the workpiece W along the second direction

and thereby the workpiece W is divided into plural cut
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pieces CP having desired dimensions.
(5) Second Expanding Step

After the second laser processing step 1s carried
out, similarly to the first expanding step, the workpiece
W is conveyed from the laser processing apparatus 10 to
the expanding apparatus 20 and the width of the second
laser-processed grooves G2 1is enlarged by expanding the
dicing tape 1 in the first direction orthogonal to the
second direction as depicted in FIG. 6. The expansion
operation is similarly to the above-described first
expanding step. Specifically, the pistons 251 depicted in
FIG. 4 move downward to lower the frame placement bases
23 relatively to the support table 21 and expand the
dicing tape 1 in the first direction. Due to this, the
dicing tape 1 1is stretched in the state in which the
exposed part la is inclined from the outer circumference
of the support table 21 toward the frame 2, and the
unexposed part to which the workpiece W is stuck in the
dicing tape 1 1is stretched in the first direction, so
that an external force in the first direction is given to
the workpiece W. As a result, the width of the second
laser-processed grooves G2 1is enlarged 1in the first
direction and gaps are formed between adjacent cut pieces

CP. Due to this, even when debris generated in the second
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laser processing step enters the second laser-processed
groove G2, 1t is possible to prevent the possibility of
joining of the cut pieces CP obtained by the dividing due
to the debris because the width of the second laser-
processed grooves G2 1is expanded by the second expanding
step. In this manner, the workpiece W 1is completely
divided to acquire the individual cut pieces CP. In order
to keep the gaps between the respective cut pieces CP,
the exposed part la may be heated to be thermally shrunk
by the heating means 26 similarly to the first expanding
step.

In the first embodiment, the case is described in
which the dicing tape 1 is expanded by lowering the frame
2 together with the frame placement bases 23 by the
movement means 25. However, the configuration is not
limited thereto. A raising/lowering mechanism may be
provided on the side of the support table 21 and the side
of the support table 21 may be raised to relatively
separate the frame 2 and the support table 21 and expand
the dicing tape 1. Furthermore, although the case in
which the workpiece W is supported by the annular frame 2
is described in the first embodiment, the configuration
is not limited to this case. Therefore, the workpiece W

may be directly stuck to the dicing tape 1 without using
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the frame 2. In this case, for example, the workpiece W
may be divided by using expanding apparatus that can
clamp the four sides of the dicing tape 1 and pull the
dicing tape 1 and clamping the four sides of the dicing
tape 1 to expand the dicing tape 1 in a radial manner.

As above, the dividing method of a workpiece
according to the present invention includes the dicing
tape sticking step of sticking the dicing tape 1 to the
workpiece W, the first laser processing step of holding
the side of the dicing tape 1 on the holding table 11 and
irradiating the workpiece W with the laser beam LB1 with
such a wavelength as to be absorbed by the workpiece W
along the first direction to form the first laser-
processed grooves GI1, the first expanding step of
expanding the dicing tape 1 in the second direction to
enlarge the width of the first laser-processed grooves G1,
the second laser processing step of irradiating the
workpiece W with the laser beam LBl with such a
wavelength as to be absorbed by the workpiece W along the
second direction to form the second laser-processed
grooves G2 after carrying out the first expanding step,
and the second expanding step of expanding the dicing
tape 1 in the first direction to enlarge the width of the

second laser-processed grooves G2 after carrying out the
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second laser processing step. Therefore, even when debris
generated in the execution of the first laser processing
step or the second laser processing step enters the first
laser-processed groove Gl or the second laser-processed
groove G2, 1t is possible to prevent the possibility of
joining of the cut pieces CP obtained by the dividing due
to the debris and completely divide the workpiece W
because the width of the first laser-processed grooves Gl
is expanded 1in the second direction by the first
expanding step and the width of the second laser-
processed grooves G2 is expanded in the first direction
by the second expanding step.
2 Second Embodiment

In the above-described first embodiment, the case
in which the laser processing and the expansion of the
dicing tape 1 are carried out by separate pieces of
apparatus is described. However, the configuration is not
limited thereto. For example, by using laser processing
apparatus 30 depicted in FIG. 7, laser processing for a
workpiece W1l depicted in FIG. 8 and expansion of a dicing
tape 4 may be carried out by the same apparatus. The
laser processing apparatus 30 has an apparatus base 31
and includes the following means over the apparatus base

31: workpiece holding means 40 that holds the workpiece
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Wl integrated with an annular frame 5 with the
intermediary of the dicing tape 4; frame holding means 41
that are disposed around the workpiece holding means 40
and hold the frame 5; movement means 42 for relatively
separating the frame holding means 41 and the workpiece
Wl and expanding the dicing tape 4; processing feed means
43 that carries out processing feed of the workpiece
holding means 40 in an X-axis direction; first indexing
feed means 44 that carries out indexing feed of the
workpiece holding means 40 in a Y-axis direction; laser
beam irradiation means 45 that irradiates the workpiece
Wl held by the workpiece holding means 40 with a laser
beam; imaging means 48 that images the workpiece W1;
heating means 49 that applies heat to the region between
the workpiece W1l on the dicing tape 4 and the frame 5 and
thermally shrinks the region; second indexing feed means
46 that carries out indexing feed of the laser Dbeam
irradiation means 45 in the Y-axis direction; and
raising/lowering means 47 that raises and lowers the
laser beam irradiation means 45 in a Z-axis direction.

The workpiece holding means 40 is fixed onto a
cover table 400 having an opening part 400a and rotation
means 401 is connected to the lower part of the workpiece

holding means 40. The rotation means 401 can rotate the
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workpiece holding means 40 by a predetermined angle. As
depicted in FIG. 8, the workpiece holding means 40 has a
holding part 40a formed of a porous member and the upper
surface of the holding part 40a serves as a holding
surface 40b that holds the workpiece Wl by suction. A
suction source, which 1s not depicted in the diagram, 1is
connected to the holding part 40a through a suction path
40c. The workpiece holding means 40 <can hold the
workpiece Wl Dby suction by the holding surface 40b on
which a suction force by the suction source is made to
act. The frame holding means 41 includes a frame
placement base 410 on which the frame 5 is placed on the
outer circumferential side of the workpiece holding means
40 and a clamp part 411 that clamps the frame 5 placed on
the frame placement base 410.

As depicted in FIG. 7, the movement means 42
includes a cylinder 420, a piston 421 driven to be raised
and lowered by the cylinder 420, and an expanding member
422 that 1s connected to the tip of the piston 421 and
surrounds the workpiece holding means 40. By the upward
and downward movement of the piston 421, the expanding
member 422 can be raised and lowered inside the opening
part 400a of the cover table 400. With the workpiece

holding means 40 and the frame holding means 41, in the
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state in which the workpiece Wl in the state of being
integrated with the frame 5 with the intermediary of the
dicing tape 4 is held by the workpiece holding means 40
and the frame 5 is held by the frame holding means 41,
the dicing tape 4 can be expanded in a radial manner by
raising the expanding member 422 through the rise of the
piston 421 and pushing up the dicing tape 4 by the tip
part of the expanding member 422. Although the case in
which two units are disposed on the outer circumferential
side of the workpiece holding means 40 as the frame
holding means 41 depicted in the present embodiment is
diagrammatically represented, the number of frame holding
means 41 is not limited to this number.

The processing feed means 43 includes a ball screw
430 that extends along the X-axis direction, a motor 431
connected to one end of the ball screw 430, a pair of
guide rails 432 that extend in parallel to the ball screw
430, a bearing part 433 that supports the other end of
the ball screw 430 rotatably, and a movement base 434
that supports the workpiece holding means 40. One surface
of the movement base 434 is in slidable contact with the
pair of guide rails 432 and the ball screw 430 is screwed
to a nut formed at the central part of the movement base

434, When the motor 431 rotates the ball screw 430, the
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movement base 434 moves in the X-axis direction along the
guide rails 432, which can move the workpiece holding
means 40 in the X-axis direction.

The first indexing feed means 44 includes a ball
screw 440 that extends along the Y-axis direction, a
motor 441 connected to one end of the ball screw 440, a
pair of guide rails 442 that extend in parallel to the
ball screw 440, a bearing part 443 that supports the
other end of the ball screw 440 rotatably, and a movement
base 444 that supports the workpiece holding means 40.
One surface of the movement base 444 1is 1in slidable
contact with the pair of guide rails 442 and the ball
screw 440 is screwed to a nut formed at the central part
of the movement base 444. When the motor 441 rotates the
ball screw 440, the movement base 444 moves in the Y-axis
direction along the guide rails 442, which can move the
workpiece holding means 40 in the Y-axis direction.

The second indexing feed means 46 includes a ball
screw 460 that extends along the Y-axis direction, a
motor 461 connected to one end of the ball screw 460, a
pair of guide rails 462 that extend in parallel to the
ball screw 460, and a movable support part 463 that
supports the laser beam irradiation means 45 and has a

substantially L shape as the sectional shape. The lower
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surface of the movable support part 463 is in slidable
contact with the pair of guide rails 462 and the ball
screw 460 is screwed to a nut formed at the lower part of
the movable support part 463. The motor 461 rotates the
ball screw 460 and thereby the movable support part 463
moves in the Y-axis direction while being guided by the
guide rails 462, which can move the laser Dbeam
irradiation means 45 in the Y-axis direction.

The raising/lowering means 47 includes a ball screw
that extends along the Z-axis direction and is not
depicted in the diagram, a motor 470 connected to one end
of the ball screw, and a pair of guide rails 471 that
extend 1in parallel to the Dball screw. The motor 470
rotates the ball screw, which can raise and lower the
laser beam irradiation means 45 in the Z-axis direction.

The laser beam irradiation means 45 includes a
laser processing head 450 that emits a laser beam in the
vertical direction to the workpiece Wl held by the
workpiece holding means 40, a casing 451 having a tip to
which the laser processing head 450 is attached, and a
holder 452 that horizontally supports the casing 451. The
casing 451 has a configuration 1in which the tip part
thereof extends to a position on the upper side of the

movement path in the movement direction (X-axis

25



direction) of the workpiece holding means 40. Inside the
casing 451, an oscillator that oscillates the laser beam
with such a wavelength as to be absorbed by the workpiece
Wl and an output power adjuster that adjusts the output
power of the laser beam are housed. Inside the laser
processing head 450, a collecting lens for focusing the
laser beam oscillated from the oscillator is incorporated.
The laser processing head 450 can move upward and
downward in association with the movement of the casing
451 in the wupward and downward directions Dby the
raising/lowering means 47 and adjust the focusing
position of the laser beam.

The imaging means 48 is a camera in which a charge-
coupled device (CCD) image sensor or a complementary
metal-oxide semiconductor (CMOS) image sensor is
incorporated, for example. The 1imaging means 48 can
detect the position that should be irradiated with the
laser beam on the workpiece Wl by imaging the workpiece
Wl held by the workpiece holding means 40 and executing
image processing such as pattern matching. The heating
means 49 is not particularly limited. It may be a heater
that injects hot air at a predetermined temperature or
may be an infrared heater that radiates an infrared ray.

The laser processing apparatus 30 includes control
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means 300 that controls at least the workpiece holding
means 40, the frame holding means 41, the movement means
42, the processing feed means 43, the first indexing feed
means 44, the laser beam irradiation means 45, the second
indexing feed means 46, the raising/lowering means 47,
the imaging means 48, and the heating means 49. The
control means 300 includes a central processing unit
(CPU) that executes arithmetic processing by a control
program and a storing element such as a memory. Data
necessary for control of various kinds of drive
mechanisms 1is stored in the storing element and the
control means 300 controls these respective drive
mechanisms. When the position that should be irradiated
with the laser beam on the workpiece Wl is detected by
the imaging means 48, this detection data is sent to the
control means 300. Based on the detection data, the
control means 300 can control rotational operation of the
workpiece holding means 40, movement operation of the
workpiece holding means 40 by the processing feed means
43 and the first indexing feed means 44, and movement
operation of the laser beam irradiation means 45 by the
second indexing feed means 46. Position alignment between
the position of the laser processing head 450 and the

position that should be irradiated with the laser beam is
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carried out by indexing feed of the workpiece holding
means 40 together with the movement base 444 in the Y-
axis direction by the first indexing feed means 44 or by
indexing feed of the laser beam irradiation means 45
together with the movable support part 463 in the Y-axis
direction by the second indexing feed means 46.

Next, as an operation example of the laser
processing apparatus 30, a dividing method of a workpiece
in which the workpiece Wl is divided by using the laser
processing apparatus 30 will be described. As depicted in
FIG. 9, the workpiece Wl has a substrate having a
circular disc shape. On a front surface Wa thereof,
devices D are formed in the respective regions marked out
by plural first planned dividing lines S1 that extend
along a first direction and plural second planned
dividing lines S2 that extend along a second direction
orthogonal to the first direction, for example. On the
other hand, the surface on the opposite side to the front
surface Wa of the workpiece Wl 1is a stuck surface to
which the dicing tape 4 is stuck.

(1) Dicing Tape Sticking Step

First, as depicted in FIG. 9, the dicing tape 4 1is

stuck to the lower surface of the frame 5 and the

workpiece Wl is stuck to the dicing tape 4 exposed from
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the central part of the frame 5 from the side of a back
surface Wb. Due to this, in the state in which the side
of the front surface Wa 1is exposed wupward in the
workpiece W1, the frame 5 and the workpiece Wl are
integrally formed with the intermediary of the dicing
tape 4. The region in which the dicing tape 4 is exposed
in a ring manner between the outer circumferential side
of the workpiece Wl and the inside of the frame 5 is an
exposed part 4a. Subsequently, the side of the workpiece
Wl is placed over the holding surface 40b of the
workpiece holding means 40 depicted in FIG. 8 with the
intermediary of the dicing tape 4. In addition, the frame
5 is placed on the frame placement bases 410 of the frame
holding means 41. At this time, the clamp parts 411 hold
the upper part of the frame 5 and fix the frame 5 so that
the frame 5 may be immobile.
(2) First Planned Dividing Line Detecting Step

The workpiece holding means 40 is positioned below
the imaging means 48 by the processing feed means 43
depicted in FIG. 7, and the workpiece Wl is imaged and
image processing such as pattern matching is executed by
the imaging means 48. Thereby, alignment to detect the
position that should be irradiated with the laser beam

(first planned dividing line S1) is carried out. In the
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first planned dividing 1line detecting step, all first
planned dividing lines S1 may be detected. However, it
suffices to detect the first one line with which laser
processing 1is started because the widths of the first
planned dividing lines S1 and the second planned dividing
lines S2 have not been expanded. The detection data
detected by the imaging means 48 is sent to the control
means 300.
(3) First Laser Processing Step

By carrying out the first planned dividing 1line
detecting step, position alignment between the laser
processing head 450 and the detected first planned
dividing 1line S1 1s carried out. Subsequently, as
depicted in FIG. 10, the laser beam irradiation means 45
lowers the laser processing head 450 in such a direction
as to come closer to the workpiece W1 and adjusts the
focusing point of a laser beam LB2 to the height position
of the front surface Wa of the workpiece Wl. The output
power of the laser beam LB2 is adjusted to output power
at such a level that the dicing tape 4 does not melt, and
is set in the output power adjuster.

Subsequently, while the workpiece holding means 40
depicted in FIG. 7 is horizontally moved in e.g. the - X

direction by the processing feed means 43 to relatively
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move the laser processing head 450 and the workpiece Wl
in the first direction parallel to the workpiece Wl as
depicted in FIG. 10, the laser beam LB2 having such a
wavelength as to be absorbed by the workpiece W1 1is
emitted from the laser processing head 450 along the
first planned dividing line S1. Thereby, a first laser-
processed groove G3 1is formed in the workpiece Wl. The
depth of the first laser-processed groove G3 1is at such a
level that the dicing tape 4 is exposed and it suffices
that the first laser-processed groove G3 1is a groove that
completely cuts (fully cuts) the front and back surfaces
of the workpiece Wl. The first laser-processed groove G3
is formed by emitting the laser beam LB2 along the first
planned dividing line S1 plural times in a divided manner.

After the first laser-processed groove G3 is formed
along the first planned dividing 1line S1 of one row
oriented in the first direction, indexing feed of the
laser processing head 450 1is carried out in the Y-axis
direction by the second indexing feed means 46 depicted
in FIG. 7 and the laser processing head 450 is positioned
on the upper side of the adjacent first planned dividing
line S1. Then, the first laser-processed groove G3 1is
formed by emitting the laser beam 1LB2 from the laser

processing head 450 along the first planned dividing line
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S1 while moving the workpiece holding means 40 in e.g.
the - X direction by the processing feed means 43
similarly to the above description. When the first laser-
processed grooves G3 are formed along all first planned
dividing 1lines S1, the first laser processing step is
completed.
(4) First Expanding Step

After the first laser processing step 1is carried
out, the width of the first laser-processed grooves G3 1is
enlarged by expanding the dicing tape 4 in the second
direction orthogonal to the first direction while keeping
the held state of the workpiece Wl by the workpiece
holding means 40 and the frame holding means 41.
Specifically, the piston 421 depicted in FIG. 7 moves in
the + Z direction, for example. Thereby, as depicted in
FIG. 11A, the expanding member 422 is raised to push up
the dicing tape 4 by the tip part thereof and relatively
separate the frame holding means 41 and the workpiece Wl.
When the dicing tape 4 is expanded in the second
direction due to this, the dicing tape 4 is stretched in
the state in which the exposed part 4a is inclined from
the outer circumference of the workpiece holding means 40
toward the frame 5. In addition, the unexposed part to

which the workpiece Wl is stuck in the dicing tape 4 is
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stretched in the second direction, so that an external
force in the second direction 1is given to the workpiece
Wl. As a result, the width of the first laser-processed
grooves G3 depicted in FIG. 10 is enlarged in the second
direction and gaps 6 are formed between adjacent devices
D. Due to this, even when debris generated in the first
laser processing step enters the first laser-processed
groove G3, 1t is possible to prevent the possibility of
joining of chips obtained by dividing finally due to the
debris because the width of the first laser-processed
grooves G3 is expanded by the first expanding step.

If the gaps 6 between the respective devices D have
a desired width, the piston 421 depicted in FIG. 7 moves
in e.g. the - Z direction to lower the expanding member
422 depicted in FIG. 11B. At this time, flexures are
generated in the exposed part 4a of the dicing tape 4 and
thus the exposed part 4a is heated by the heating means
49. The heating means 49 heats the exposed part 4a by
injecting e.g. hot air at a predetermined temperature
toward the exposed part 4a and thermally shrinks the
exposed part 4a. Due to this, as depicted in FIG. 11C,
the dicing tape 4 becomes the state of being stretched in
parallel to the workpiece holding means 40. Thus, the

flexures disappear in the thermally-shrunk exposed part
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4a and the expanded width of the first laser-processed
grooves G3 can be kept. That is, the respective gaps 6
between adjacent devices D can be kept.
(5) Second Planned Dividing Line Detecting Step

After the first expanding step is carried out, the
workpiece holding means 40 is rotated by 90 degrees
around the axial center in the Z-axis direction by the
rotation means 401 depicted in FIG. 7. Thereby, the
second planned dividing lines S2 oriented in the second
direction depicted in FIG. 9 are oriented into the X-axis
direction and the first planned dividing lines Sl
oriented in the first direction are oriented into the Y-
axis direction. Subsequently, the workpiece holding means
40 is positioned Dbelow the imaging means 48 by the
processing feed means 43. Then, the workpiece Wl 1is
imaged and image processing such as pattern matching is
executed by the imaging means 48 to carry out alignment
to detect the first planned dividing lines S1 along which
the first laser-processed grooves G3 are formed and the
position that should be irradiated with the laser beam
(second planned dividing line S2). 1In the second planned
dividing line detecting step, the width of all first
planned dividing 1lines S1 expanded in association with

the expansion of the first laser-processed grooves G3 is
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detected. In addition, all second planned dividing lines
S2 are detected and the detection data is sent to the
control means 300. The expanded width of the first
planned dividing lines S1 is set in the control means 300
as the indexing feed width of the laser processing head
450 in the Y-axis direction.
(6) Second Laser Processing Step

By carrying out the second planned dividing line
detecting step, position alignment between the laser
processing head 450 and the detected second planned
dividing 1line S2 is carried out. The laser beam
irradiation means 45 lowers the laser processing head 450
in such a direction as to come closer to the workpiece Wl
and adjusts the focusing point of the laser beam LB2 to
the height position o0of the front surface Wa of the
workpiece WI1. Subsequently, while the workpiece holding
means 40 is horizontally moved in e.g. the - X direction
to relatively move the laser processing head 450 and the
workpiece Wl 1in the second direction parallel to the
workpiece Wl as depicted in FIG. 12, the laser beam LB2
having such a wavelength as to be absorbed by the
workpiece Wl is emitted from the laser processing head
450 along the second planned dividing line S2. Thereby, a

second laser-processed groove G4 is formed in the
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workpiece Wl. The second laser-processed groove G4 1is
also a groove that completely cuts the front and back
surfaces of the workpiece Wl similarly to the first
laser-processed groove G3.

After the second laser-processed groove G4 1is
formed along the second planned dividing line S2 of one
row oriented in the second direction, indexing feed of
the laser processing head 450 1is carried out in the Y-
axis direction by the second indexing feed means 46
depicted in FIG. 7 and the laser processing head 450 1is
positioned on the upper side of the adjacent second
planned dividing 1line SZ2. Then, the second laser-
processed groove G4 is formed by emitting the laser beam
LB2 from the laser processing head 450 along the second
planned dividing 1line S2 while moving the workpiece
holding means 40 in e.g. the - X direction by the
processing feed means 43 similarly to the above
description. When the second laser-processed grooves G4
are formed along all second planned dividing lines S2,
the workpiece Wl is divided into plural chips C.

(7) Second Expanding Step

After the second laser processing step 1s carried

out, similarly to the first expanding step, the width of

the second laser-processed grooves G4 1is enlarged by
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expanding the dicing tape 4 in the first direction
orthogonal to the second direction as depicted in FIG. 13
while keeping the held state of the workpiece W1l by the
workpiece holding means 40 and the frame holding means 41.
The expansion operation is similarly to the above-
described first expanding step. Specifically, the dicing
tape 4 1is pushed up by the expanding member 422 of the
movement means 42 and the frame holding means 41 and the
workpiece W1l are relatively separated. When the dicing
tape 4 1is expanded in a radial manner due to this, the
width of the second laser-processed grooves G4 is
enlarged and gaps are formed. Due to the forming of such
gaps, even when debris generated in the second laser
processing step enters the second laser-processed groove
G4, it 1is possible to prevent the possibility of joining
of the chips C obtained by the dividing due to the debris
because the width of the second laser-processed grooves
G4 1is expanded by the second expanding step. In this
manner, the workpiece W1l is completely divided to acquire
the individual chips C. 1In order to keep the interval of
the gaps between the respective chips C, the exposed part
4a 1in the region between the workpiece Wl and the frame 5
may be heated to be thermally shrunk by the heating means

49 similarly to the first expanding step.
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As above, the laser processing apparatus 30
according to the present invention includes the workpiece
holding means 40 that holds the workpiece Wl stuck to the
annular frame 5 with the intermediary of the dicing tape
4, the laser beam irradiation means 45 that irradiates
the workpiece Wl held by the workpiece holding means 40
with the laser beam LB2, and the imaging means 48 that
images the workpiece Wl, and further includes the frame
holding means 41 that hold the annular frame 5, the
movement means 42 for relatively separating the frame
holding means 41 and the workpiece Wl and expanding the
dicing tape 4, and the heating means 49 for applying heat
to the region between the workpiece Wl on the dicing tape
4 and the frame 5 and shrinking the region. Thus, after
the first laser-processed grooves G3 are formed in the
workpiece Wl, the first laser-processed grooves G3 can be
enlarged by expanding the dicing tape 4 by the movement
means 42 while keeping the held state of the workpiece Wl
by the workpiece holding means 40 and the frame holding
means 41. In addition, after the second laser-processed
grooves G4 are formed in the workpiece W1, the second
laser-processed grooves G4 can be enlarged by expanding
the dicing tape 4 by the movement means 42 while keeping

the held state of the workpiece W1 by the workpiece
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holding means 40 and the frame holding means 41.
Therefore, even when debris generated 1in the laser
processing enters the first laser-processed groove G3 or
the second laser-processed groove G4, it is possible to
prevent the ©possibility of Jjoining of the chips C
obtained by the dividing due to the debris and it becomes
possible to completely divide the workpiece Wl.

Regarding the laser processing apparatus 30, the
case 1s described in which the frame holding means 41 and
the workpiece W1l are relatively separated to expand the
dicing tape 4 by raising the expanding member 422 by the
movement means 42. However, the configuration is not
limited thereto. For example, the frame holding means 41
and the workpiece Wl may be relatively separated to
expand the dicing tape 4 by providing a raising/lowering
mechanism on the side of the frame holding means 41 and
lowering the side of the frame 5.

Furthermore, regarding the laser processing
apparatus 30, the case of dividing the workpiece W1l in
which a pattern is formed 1is described. However, the
laser processing apparatus 30 can be applied also to the
workpiece W in which a pattern 1is not formed like that
depicted in the first embodiment.

The present invention is not limited to the details
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of the above described preferred embodiments. The scope
of the invention is defined by the appended claims and
all changes and modifications as fall within the
equivalence of the scope of the claims are therefore to

be embraced by the invention.
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WHAT IS CLAIMED IS:

1. A method of dividing a workpiece into predetermined
dimensions based on a first direction and a second direction
orthogonal to the first direction, the method comprising:

a dicing tape sticking step of sticking a dicing tape to
the workpiece;

a first laser processing step of holding a side of the
dicing tape on a holding table and irradiating the workpiece
with a laser beam along the first direction to form first laser-
processed grooves;

a first expanding step of expanding the dicing tape in the
second direction to enlarge width of the first laser-processed
grooves after carrying out the first laser processing step;

a second laser processing step of irradiating the workpiece
with the laser beam along the second direction to form second
laser-processed grooves while the first laser-processed grooves
are enlarged in the second direction after carrying out the
first expanding step; and

a second expanding step of expanding the dicing tape in the
first direction to enlarge width of the second laser-processed

grooves after carrying out the second laser processing step.

2. Laser processing apparatus comprising:
workpiece holding means for holding a workpiece supported
by an annular frame with intermediary of a dicing tape;
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laser beam irradiation means for irradiating the workpiece
held by the workpiece holding means with a laser beam;

an image sensor that images the workpiece;

frame holding means for holding the frame;

means for moving the frame holding means and expanding the
dicing tape in a first direction and in a second direction
orthogonal to the first direction; and

means for heating a region between the workpiece on the

dicing tape and the frame and shrinking the region.

3. The method of claim 1, wherein the first laser-processed

grooves fully cut the workpiece and expose the dicing tape.

4, The method of claim 3, wherein the second laser-processed

grooves fully cut the workpiece and expose the dicing tape.

5. The laser processing apparatus of claim 2, the means for

moving comprising a piston and a cylinder.

6. The laser processing apparatus of claim 2, the frame
holding means comprising a frame placement base and a clamp

part.

7. The laser processing apparatus of claim 2, wherein the
means for moving are configured to expand the dicing tape in the
second direction only in a first expanding step and in the first
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direction only in a second expanding step.
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