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LASER BEAM PROCESSING MACHINE

Field of the Invention

The present invention relates to a laser beam
processing machine for applying a laser beam along dividing

lines formed on a workpiece.

Description of the Prior Art

In the production process of a semiconductor device,
aplurality of areas are partitioned by dividing lines called
“streets” arranged in a lattice pattern on the front surface
of a substantially disk-like semiconductor wafer, and a
circuit such as IC or LST is formed in each of the partitioned
areas. Individual semiconductor chips are manufactured by
cutting this semiconductor wafer along the dividing lines
to divide it into the areas each having a circuit formed
thereon. An optical device wafer comprising gallium
nitride~based compound semiconductors laminated on the front
surface of a sapphire substrate is also cut along dividing
lines to be divided into individual optical devices such as
light emitting diodes or laser diodes, which are widely used
in electric appliances.

Cutting along the dividing lines of the above
semiconductor wafer or optical device wafer is generally
carried out by using a cutting machine called “dicer”. This
cutting machine comprises a chuck table for holding a
workpiece such as a semiconductor wafer or optical device
wafer, a cutting means for cutting the workpiece held on the
chuck table, and a cutting-feed means for moving the chuck
table and the cutting means relative to each other. The
cutting means has a spindle unit comprisincj a rotary spindle,
a cutting blade mounted on the spindle and a drive mechanism
for rotary-driving the rotary spindie. The cutting blade is

composed of a disk-like base and an annular cutting-edge
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which is mounted on the side wall peripheral portien of the
base and formed as thick as about 20 pum by fixing diamond
abrasive grains having a diameter of about 3 um to the base
by electroforming.

Since a sapphire substrate, silicon carbide substrate,
etc. have high Mohs hardness, cutting with the above cutting
blade is not always easy. Further, as the cutting blade has
a thickness of about 20 pm, the dividing lines for
partitioning devices must have a width of about 50 pm.
Therefore, in the case of a device measuring 300 um x 300
um, the area ratio of the streets to the device becomes 14 %,
thereby reducing productivity.

As a means of dividing a plate-like workpiece such as
a semiconductor wafer, a laser processingmethod for applying
a pulse laser beam of a wavelength capable of passing through
the workpiece with its focusing point set to the inside of
the area to be divided is also attempted nowadays, and
disclosed by Japanese Patent No. 3408805, for example. 1In
the dividing method making use of this laser processing
technique, the workpiece is divided by applying a pulse laser
beam of an infrared range capable of passing through the
workpiece to it from one surface side of the workpiece with
its focusing point set to the inside to continucusly form
a deteriorated layer in the inside of the workpiece along
the dividing lines, and exerting external force along the
dividing lines whose strength has been reduced by the
formation of the deteriorated layers.

The laser beam processing machine for carrying ocut the
above laser processing has a chuck table for holding a
workpiece, a laser beam application means for applying a
pulse laser beam to the workpiece held on the chuck table,
and a processing-~feed means for processing-feeding the chuck
table and the laser beam application means relative to each

other.
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The chuck table of the above laser beam processing
machine is processing-fed at a feed rate shown in Fig. 11.
In Fig. 11, the horizontal axis shows a processing-feed
amount of the chuck table and the vertical axis shows a
processing-feed rate of the chuck table. As shown in Fig.
11, the processing-feed rate of the chuck table is
accelerated from a processing—feed_start position (m0} and
reaches a predetermined processing-feed rate (V) at a first
processing-feed positicn (ml). Then, the chuck takle moves
at a predetermined processing-feed rate (V), and when its
processing-feed rate reaches a second processing-feed
position (m2), the processing-feed rate begins to decelerate
and becomes nil (0) at a processing-feed end position {(m3).
To carry out uniform laser processing along the dividing
lines of the workpiece, however, a pulse laser beam must be
applied in a state where the processing-feed rate of the chuck
table is a uniform velocity. Therefore, the pulse laser beam
is applied between the first processing-feed position (ml)
and the second processing-feed position (m2) between which
the chuck table moves at a predetermined uniform
processing-feed rate (V). Consequently, the area where the
laser proéessing is actually carried out is the area between
the first processing-feed position {ml} and the second
processing-feed position (m2), and the area between the
processing-feed start position (md) and the first
processing-feed position {ml) between which the chuck table
moves at an accelerated velocity and the area between the
second processing-feed position (m2) and the processing-feed
end position (m3) between which the chuck table moves with
decelerated velocity become invalid stroke areas where laser
processing is not carried out, thereby reducing productivity
and prolonging the moving stroke of the chuck table, which

impedes the downsizing of the apparatus.
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Summary of the Invention

It is an object of the present invention to provide
a laser beam processing machine capable of carrying out
uniform processing by applying a pulse laser beam to a
workpiece over the entire area from the processing-feed start
pesition up to the processing-feed end position of a chuck
table.

To attain the above object, according to the present
invention, there is provided a laser beam processing machine
comprising a chuck table for holding a workpiece, a laser
beam application means for applying a pulse laser beam to
the workpiece held on the chuck table, and a processing-feed
means for processing-feeding the chuck table and the laser
beam application means relative to each other, wherein

the machine further comprises a feed amount detection
means for detecting the processing~feed amount of the chuck
table and a control means for controlling the laser beam
application means based on a detection signal from the feed
amount detection means; and

the control means outputs an application signhal to the
laser beam application means for each predetermined
processing-feed amount based on a sighal from the feed amount
detection means.

Further, according to the present invention, there is
also provided a laser beam processing machine comprising a
chuck table for holding a workpiece, a laser beam application
means for applying a pulse laser beam to the workpiece held
on the chuck table, and a processing-feed means for
processing-feeding the chuck table and the laser beam
application means relative to each other, the
processing-feed means controlling the processing-feed rate
of the chuck table sc as to accelerate it to reach a
predetermined processing-feed rate in the course of from a

processing-feed start position up to a first processing-feed
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amount, to maintain the predetermined processing-feed rate
at the uniform velocity in the course of from the first
processing-feed amount up to a second processing—-feed amount,
and to decelerate the processing-feed rate to nil in the
course of from the second predetermined processing-feed
amount up to a processing-feed end position, at the time of
rrocessing-feeding the chuck table, wherein

the machine further comprises a feed amount detection
means for detecting the processing-feed amount of the chuck
table and a control means for controlling the laser beam
application means based on a detection signal from the feed
amount detection means; and

the control means comprises a storage means for storing
a control map for setting the processing condition of a laser
beam based on the processing-feed rate for the
processing-feed amount from the processing-feed start
pbsition up to the processing-feed end position of the chuck
table by the processing-feed means, and outputs an
application signal of the processing condition set by the
control map to the laser beam application means based on a
signal from the feed amount detection means.

The above control map is a frequency control map for
setting a repetition frequency of a laser beam based on the
processing-feed rate for the processing-feed amount from the
processing-feed start position up to the processing-feed end
position of the chuck table by the processing-feed means.

According to the present invention, since a pulse laser
beam is applied from the laser beam application means each
time the chuck table holding the workpiece is moved a
predetermined processing-feed amount, even in the
acceleration movement area and the deceleration movement
area where the processing-feed rate of the chuck table is
not constant, the pulse lasex beam is applied to the workpiece

at equal intervals and hence, uniform processing is carried
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out from the processing-feed start position up to the
processing-feed end position. Therefore, the area from the
processing-feed start position up to the processing-feed end
position becomes the processing area and there is no invalid
stroke of the chuck table, thereby making it possibie to
shorten the processing time and reduce the size of the whole
apparatus.

Further, in the present invention, since the above
control means comprises a storage means for storing a control
map for setting the processing condition of a laser beam based
on the processing-feed rate for the processing-feed amount
from the processing-feed start position up to the
processing-feed end position of the chuck table by the above
processing-feed means and cutputs an application signal of
the processing condition set by the control map fo the laser
beam application means based on a signal from the above feed
amount detection means, even in the acceleration movement
area and the deceleration movement area where the
processing—feed rate of the chuck table is not constant, the
pulse laser beam of the processing condition based on the
processing-feed rate is applied to the workpiece: and hence,
the uniform processing is carried out from the
processing-feed start position up to the processing-feed end
position. Consegquently, the area from the processing—feéd
start positionup to the processing-feed end position becomes
the processing area and there is no invalid stroke of the
chuck table, thereby making it possible to shorten the

processing time and reduce the size of the whole apparatus.

Brief Description of the Drawings

Fig. 1 is a perspective {fiew of a laser beam processing
machine constituted according to the present invention;

Fig. 2 is a block diagram schematically showing the

constitution of a laser beam application means provided in
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the laser beam processing machine shown in Fig. 1;

Fig. 3 is a schematic diagram explaining the focusing
spot diameter c¢f a laser beam applied from a laser beam
application means shown in Fig. 2;

Fig. 4 1s a perspective view of a semiconductor wafer
as a workpiece;

Figs. 5(a) and S{b) are explanatory diagrams showing
the relationship of the coordinates of the semiconductor
wafer shown in Fig. 4 in a state where it is held at a
predetermined position of the chuck table of the laser beam
processing machine shown in Fig. 1;

Fig. 6 is an explanatory diagram showing a dividing
line detecting step carried out by the laser beam processing
machine shown in Fig. 1;

Figs. 7{(a} and 7(b) are explanatory diagrams showing
a laser beam application step carried out by the laser beam
processing machine shown in Fig. 1;

Fig. 8 1is an explanatory diagram showing the
relationship among the processing-feed amount and
processing-feed rate of a chuck table provided in the laser
beam processing machine shown in Fig. 1 and the processing
area;

Fig. 9 is an explanatory diagramof a frequency control
map stored in a control means provided in the laser beam
processing machine shown in Fig. 1;

Fig. 10 is an explanatory diagram of an energy control
map stored in the control means provided in the laser beam
processing machine shown in Fig. 1; and

Fig. 11 is an explanatory diagram showing the
relationship among the processing-feed amount and
processing-feed rate of the chuck table provided in the laser
beam processing machine shown in Fig. 1 and the processing

area of the prior art processing method.
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Detailed Description of the Preferred Embodiments

Preferred embodiments of a laser beam processing
machine constituted according to the present invention will
be described in detail hereinunder with reference to the
accompanying drawings.

Fig. 1 is a perspective view of a laser beam processing
machine constituted according to the present invention. The
laser beam processing machine shown in Fig. 1 comprises a
stationary base 2, a chuck table mechanism 3 that is mounted
on the stationary base 2 in such a manner that it can move
in a processing~feed direction indicated by an arrow X, and
holds a workpiece, a laser beam application unit support
mechanism 4 mounted on the stationary base 2 in such a manner
that it can move in an indexing~feed direction indicated by
an arrow Y perpendicular to the above direction indicated
by the arrow X, and a laser beam application unit 5 mounted
on the laser beam application unit support mechanism 4 in
such a manner that it can move in a direction indicated by
an arrow 2.

The above chuck table mechanism 3 comprises a pair of
guide rails 31 and 31 that are mounted on the stationary base
2 and arranged parallel to each other in the processing-feed
direction indicated by the arrow X, a first sliding block
32 mounted on the guide rails 31 and 31 in such a manner that
it can move in the processing-feed direction indicated by
the arrow X, a second sliding block 33 mounted on the first
sliding block 32 in such a manner that it can move in the
indexing-feed direction indicated by the arrow ¥, a support
table 35 supported on the seccnd sliding block 33 by a
cylindrical member 34, and a chuck table 36 as a workpiece
holding means. This chuck table 36 has an adsorption chuck
361 made of a porous material, and a disk-like semiconductoer
wafer as the workpiece is held on the adsorption chuck 361

by & suction means that is not shown. The chuck table 36 is
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turned by a pulse motor {not shown) installed in the
cylindrical member 34,

The above first sliding block 32 has, on its
undersurface, a pair of to-be-guided grooves 321 and 321 to
be fitted to the above pair of guide rails 31 and 31 and,
on its upper surface, a pair of guide rails 322 and 322 formed
parallel to each other in the indexing~feed direction
indicated by the arrow Y. The first sliding block 32
constituted as described above 1s so constituted as to be
allowed to move in the processing-feed direction indicated
by the arrow X along the pair of guide rails 31 and 31 by
fitting the to-be-guided grocves 321 and 321 to the pair of
guide rails 31 and 31, respectively. The chuck table
mechanism 3 in the illustrated embodiment comprises a
processing-feed means 37 for moving the first sliding block
32 along the pair of guide rails 31 and 31 in the
processing-feed direction indicated by the arrow X. The’
processing-feed means 37 includes a male screw rod 371 that
is arranged between the above pair of guide rails 31 and 31
in parallel to them, and a drive source such as a pulse motor
372 for rotary-driving themale screwrod 371. Themale screw
rod 371 has one end that is rotatably supported to a bearing
block 373 fixed on the above stationary base 2 and the other
end that is transmission-coupled with the output shaft of
the above pulse motor 372. The male screw rod 371 is screwed
into a threaded through-hole formed in a female screw block
{not shown) projecting from the undersurface of the center
portion of the first slidingblock 32. Therefore, bydriving
the male screw red 371 in a normal direction or reverse
direction with the pulse motor 372, the first sliding block
32 is moved along the guide rails 31 and 31 in the
processing-feed direction indicated by the arrow X.

The laser beam processing machine in the illustrated

embodiment comprises a feed amount detection means 374 for



10

15

20

25

30

10

detecting the processing-feed amount of the above chuck table
36. The feed amount detection means 374 comprises a linear
scale 374a arranged along the guide rail 31 and a read head
374b that is mounted on the sliding block 32 and moves along
the linear scale 374a together with the first sliding block
32. The read head 374b of this feed amount detection means
374 supplies a one-pulse signal each time the chuck table
36 moves 0.1 pm to a control means which will be described
later, in the illustrated embodiment. The control means
later described counts the input pulse signals to detect the
processing-feed amount of the chuck table 36. When the pulse
motor 372 is used as the drive source for the above
processing-feed means 37, the processing-feed amount of thé
chuck table 36 can be detected by counting the drive pulses
of the later-described control means for outputting a drive
signal to the pulse motor 372. When a servo motor is used
as the drive source for the above processing-feed means 37,
a pulse signal from a rotary encoder for detecting the
revolution of the servomotor is supplied to the control means,
and the pulse signals input into the control means is counted
to detect the processing-feed amount of the chuck table 36.
The above second sliding block 33 has, on its
undersurface, a pair of to-be-guided grooves 331 and 331 to
be fitted to the pair of guide rails 322 and 322 provided
on the upper surface of the above first sliding block 32 and
is constituted s0 as to be able to move in the indexing-feed
direction indicated by the arrow Y by fitting the
fo-be-guided grooves 331 and 331 to the pair of guide rails
322 and 322, respectively. The chuck table mechanism 3 in
the illustrated embodiment has a f£irst indexing—-feed means
38 for moving the second sliding block 33 in the indexing-feed
direction indicated by the arrow Y along the pair of gquide
rails 322 and 322 provided on the first sliding block 32.

The first indexing-feed means 38 includes a male screw rod
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381 that is arranged between the above pair of guide rails
322 and 322 in parallel to them, and a drive source such as
a pulse motor 382 for rotary-driving the male screw rod 381.
The male screw rod 381 has one end that is rotatably suppcrted
to a bearing block 383 fixed on the upper surface of the above
first sliding block 32 and the other end that is
transmission-coupledwith the output shaft of the above pulse
motor 382. The male screw rod 381 is screwed into a threaded
through~hole formed in a female screw block (not shown)
projecting from the undersurface of the center portion of
the second sliding block 33. Therefore, by driving the male
screw rod 381 in a normal direction or reverse direction with
the pulse motor 382, the second sliding block 33 is moved
along the guide rails 322 and 322 in the indexing-feed
direction indicated by the arrow Y.

The above laser beamapplicationunit support mechanism
4 comprises a pair of gulde rails 41 and 41 that are mounted
on the stationary base 2 and arranged parallel to each other
in the indexing-feed direction indicated by the arrow Y and
a movable support base 42 mounted on the guide rails 41 and
41 in such a manner that it can move in the direction indicated
by the arrow Y. This movable support base 42 consists of a
movable support portion 421 movably mounted on the guide
rails 41 and 41 and a mounting portion 422 mounted on the
movable support porticn 421. The mounting portion 422 is
provided with a pair of guide rails 423 and 423 extending
parallel to each other in the direction indicated by the arrow
Z on one of its flanks. The laser beam application unit
support mechanism 4 in the illustrated embodiment has a
second indexing-feed means 43 for moving the movable support
base 42 along the pair cf guide rails 41 and 41 in the
indexing-feed direction indicated by the arrow Y. This
second indexing-feed means 43 includes a male screw rod 431

that is arranged between the above pair of guide rails 41



10

15

20

25

30

12

and 41 in parallel to them, and a drive source such as a pulse
motor 432 for rotary-driving themale screw rod 431. Themale
screw rod 431 has one end that is rotatably supported to a
bearing block (not shown) fixed on the above stationary base
2 and the other end that is transmission-coupled with the
output shaft of the above pulse motor 432. The male screw
rod 431 is screwed into a threaded through-hole formed in
a female screw block (not shown) projecting from the
undersurface of the center portion of the movable support
portion 421 constituting the movable support base 42.
Therefore, by driving the male screw rod 431 in a normal
direction or reverse direction with the pulse motor 432, the
movable support base 42 is moved along the guide rails 41
and 41 in the indexing-feed direction indicated by the arrow
Y.

The laser beam application unit 5 in the illustrated
embodiment comprises a unit holder 51 and a laser beam
application means 52 secured to the unit holder 51. The unit
holder 51 has a pair of to-be-—guided grooves 511 and 511 te
be slidably fitted to the pair of guide rails 423 and 423
provided on the above mounting portion 422 and is supported
in such a manner that it can move in the direction indicated
by the arrow Z by fitting the to-be-guided grooves 511 and
511 to the above guide rails 423 and 423, respectively.

The illustrated laser beam application means 52 has
a cylindrical casing 521 that is secured to the above unit
holder 51 and extends substantially horizontally. In the
casing 521, there are installed a pulse laser beam
oscillation means 522 and a transmission optical system 523,
as shown in Fig. 2. The pulse laser beam oscillation means
522 is constituted by a pulse laser beam oscillator 522a
composed of a YAG laser oscillator or YVO4 laser oscillator
and a repetition frequency adjusting means 522b connected

to the pulse laser beam oscillator 522a. This repetition
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frequency adjusting means 522b adjusts a repetition
frequency oscillated by the pulse laser beam oscillator 322a
based on a control sigrnal from the control means later
described. The transmission optical system 523 comprises
suitable optical elements such as a beam splitter, etc. A
condenser 524 housing condensing lenses {not shown)
constituted by a combination of lenses that may be formation
known per se is attached to the end of the zbove casing 521.

A laser beamoscillated from the above pulse laser beam
oscillation means 522 reaches the condenser 524 through the
transmission optical system 523 and is applied from the
condenser 524 to the workpiece held on the above chuck table
36 at a predetermined focusing spot diameter D. This
focusing spot diameter D is defined by the expression D (pm)
=4 x Ax £/{n x W) (wherein A is the wavelength (um) of the
pulse laser beam, W is the diameter (mm) of the pulse laser
beam entering an objective lens 524a, and f is the focusing
distance (mm) of the objective lens 524a) when the pulse laser
beam showing a Gaussian distributicn is applied through the
objective lens 5Z24a of the condenser 524 as shown in Fig.
3.

Returning to Fig. 1, an image pick-up means 6 is
attached to the front end of the casing 521 constituting the
above laser beam application means 52. This image pick-up
means 6 is constituted by an infrared illuminating means for
applying infrared radiation to the workpiece, an optical
system for capturing the infrared radiation applied by the
infrared illuminating means, and an image pick-up device
{infrared CCD) for outputting an electric signal
corresponding to the infrared radiation captured by the
optical system, in addition to an ordinary pick-up device
{CCD) for picking up an image with visible radiation in the
illustrated embodiment. An image signal is supplied to the

control means that is not shown.
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The laser beam application unit 5 in the illustrated
embodiment has a moving means 53 for moving the unit holder
51 along the pair of guide rails 423 and 423 in the direction
indicated by the arrow 2. The moving means 53 comprises a
male screw rod (not shown) arranged between the pair of guide
rails 423 and 423 and a drive source such as a pulse motor
532 for rotary~driving the male screw rod. By driving the
male screw rod (not shown) in a normal direction or reverse
direction with the pulse motor 532, the unit holder 51 and
the laser beam applilication means 52 are moved along the guide
rails 423 and 423 in the direction indicated by the arrow
Z. Intheillustratedembodiment, the laser beamapplication
means 52 is moved upward by driving the pulse motor 532 in
a normal direction and moved downward by driving the pulse
motor 532 in the reverse direction.

The laser beam processing machine in the illustrated
embodiment has the control means 10. The control means 10
is constituted by a computer which is composed of a central
processing unit (CPU) 101 for carrying out arithmetic
processing based on a control program, a read-only memory
(ROM) 102 for storing the control program, etc., a read/write
random access memory (RAM) 103 for storing the results of
operations, a counter 104, an input interface 105 and an
output interface 106. Detection signals from the above feed
amount detection means 374, image pick-up means 6, etc. are
input to the input interface 105 of the control means 10.
Control signals are output Lrom the output interface 106 of
the control means 10 to the above pulse motor 372, pulse motor
382, pulse motor 432, pulse moteor 532, the laser bheam
application means 52, etc.

The laser beam processing machine in the illustrated
embodiment is constituted as described above, and its
operation will be described hereinbelow.

Fig. 4 is a perspective view of a semiconductor wafer
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20 as the workpiece to be processed by a laser beam. The
semiconductor wafer 20 shown in Fig. 4 consists of a silicon
wafer and has a plurality of areas partitioned by a plurality
of dividing lines 201 arranged in a lattice pattern on its
front surface 20a, and a circuit 202 such as IC or LSI is
formed in each of the partitioned areaé.

A description will be subsequently given of a first
embodiment of laser processing for forming a deteriorated
layer along the dividing lines 201 in the inside of the
semiconductor wafer 20 by applying a laser beam along the
dividing lines 201 of the above semiconductor wafer 20 by
using the above laser beam processing machine.

The semiconductor wafer 20 is first placed on the chuck
table 36 of the above-described laser beam processing machine
shown in Fig. 1 in such a manner that the back surface 20b
faces up, and is suction-held on the chuck table 36, The
chuck table 36 suction-holding the semiconductor wafer 20
is brought to a position right below the image pick-up means
6 by the processing-feed means 37.

After the chuck table 36 is positioned right below the
image pick-up means 6, alignment work for detecting an area
to be processed by a laser beam of the semiconductor wafer
20 is carried out by the image pick-up means 6 and the control
means 10. That is, the image pick-up means 6 and the control
means 10 carry out image processing such as pattern matching,
etc. to align a dividing line 201 formed in a predetermined
direction of the semlconductor wafer 20 with the condenser
524 of the laser beam application unit 52 for applying a laser
beam along the dividing line 201, thereby performing the
alignment of a laser beam application position. The
alignment of the laser beam application position is also
carried out on dividing lines 201 formed on the semiconductor
wafer 20 in a direction perpendicular to the above

predetermined direction. Although the front surface 20a, on
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which the dividing line 201 is formed, of the semiconductor
wafer 20 faces down at this point, an image 0f the dividing
line 201 can be taken through the back surface 20b as there
is provided the image pick~up means 6, that is constituted
by the infrared illuminating means, the optical system for
éapturing infrared radiation and the image pick-up device
(infrared CCD) for outputting an electric signal

corresponding to the infrared radiation, as described above.

After the alignment is carried out as described above,
the semiconductor wafer 20 on the chuck table 36 becomes a
state of being positioned at a coordinate position shown in
Fig. 5{a). Fig. 5(b) shows a state where the chuck table 36,
that is, the semiconductor wafer 20, is turned at 90° from
the position shown in Fig. 5(a).

After the dividing line 201 formed on the semiconductor
wafer 20 held on the chuck table 36 is detected and the
alignment of the laser beam application position is carried
out as described above, the chuck table 36 is moved to bring
the topmost dividing line 201 in Fig. 5(a) extending in the
predetermined direction (right-and-left direction in Fig.
5{a)} to a position right below the image pick-up means 6.
Further, then, as shown in Fig. 6, one end {left end in Fig.
6) of the above dividing line 201 is positioned right below
the image pick—-up means 6. After the one end (left end in
Fig. 6) of the dividing line 201 is detected by the image
pick-up means 6 in this state, its coordinate value (Al in
Fig. 5(a)) is supplied to the control means 10 as the
coordinate value of the processing-feed start position. The
chuck table 36 is then moved in the direction indicated by
the arrow X1 to bring the other end (right end in Fig. 6]
of the dividing line 201 to a position right below the image
pick-up means 6. The image pick-up means 6 detects the other
end of the dividing line 201 and supplies its coordinate value

(BL in Fig. 5(a)) to the control means 10 as the coordinate
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value of the processing-feed endposition. The control means
10 temporarily stores the coordinate wvalues of the
processing-feed start position (Al) and the coordinate
values of the processing~feed end peosition (B1l) of the
dividiﬁg line 201 in the random access memory (RAM) 103
(dividing line detection step). Accordingly, the random
access memory (RAM) 103 serves as a storage means for storing
the coordinate values of the processing-feed start position
and the coordinate values of the processing~feed end position
of the dividing line detected by the image pick-up means 6.

After the coordinate value of the processing—feed start
position and the coordinate value of the processing-feed end
position of the topmost dividing line 201 in Fig. 5(a) are
detected as described above, the chuck table 36 is mcved by
a distance corresponding to the interval between the dividing
lines 201 in the indexing-feed direction indicated by the
arrow Y to bring the second dividing line 201 from the topmost
in Fig. 5(a) to a position right below the image pick-up means
6. The above-described dividing line detecting step is
carried out on the second dividing line 201 from the topmost
to detect the coordinate values of the processing-feed start
position (A2} and the coordinate values of the
processing-feed end position (B2) of the seconddividing line
201 from the topmost and temporarily store them in the random
access memory (RAM) 103. Subsequently, the above-described
indexing-feed step and the dividing line detecting step are
carried out repeatedly up to the lowermost dividing line 201
in Fig. 5(a} tc detect the coordinate values of the
processing-feed start positions (A3 to An) and the coordinate
values of the processing-feed end positions (B3 to Bn} of
the dividing lines 201 and temporarily store them in the
random access memory (RAM) 103.

After the dividing line detecting step is carried out

on the dividing lines 201 extending in the predetermined
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direction as described above, the chuck table 36, that is,
the semiconductor wafer 20 is turned at 20° to be positioned
to a state shown in Fig. 5(b). Thereafter, the
above-described dividing line detecting step is also carried
out on dividing lines 201 extending in a direction
(right-and-left direction in Fig. 5(b)) perpendicular to the
dividing lines 201 extending in the above predetermined
direction to detect the coordinate walues of the
processing-£feed start positions (C1 to Cn)) and the
coordinate values of the processing-feed end positions (D1
to Dn) of each of the above dividing lines 201 and temporarily
store them in the random access memory (RAM) 103. As for the
coordinate values of the processing~feed start positions (Al
to An) and the coordinate values of the processing-~feed end
positions (Bl to Bn) of the dividing lines 201 extending in
the predetermined direction, formed on the semiconductor
wafer 20 and the coordinate values of the processing-feed
start positions {(Cl to Cn) and the coordinate values of the
processing-feed end positions (D1 to Dn) of the dividing
lines 201 extending in the direction perpendicular to the
predetermined direction, it is preferred that these design
values of the semiconductor wafer 20 should be in advance
stored in the read-only memory (ROM) 102 or the random access
memory {(RAM) 103 to comit the above-described dividing line
detecting step.

Next comes a step of forming a deteriorated layer by
applying a pulse laser beam along the dividing lines 201
formed on the semiconductor wafer 20.

In the deteriorated laver forming step, the chuck table
36 is first moved to bring the topmost dividing line 201 in.
Fig. 5{a) to a position right below the condenser 524 of the
laser beam application means 52. And, the coordinate value
(Al) of the processing-feed start position (see Fig. 5(a))
that is one end (left end in Fig. 7{a)) of the dividing line
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201 is positioned right below the condenser 524, as shown
in Fig. 7{(a). The chuck table 36, that is, the semiconductor
wafer 20 is then processing-fed in the direction indicated
by the arrow X1 in Fig. 7{(a) while a pulse laser beam of a
wavelength capable of passing through the semiconductor
wafer 20 as the workplece is applied from the condenser 524.
When the other end (right end in Fig. 7(a)), that is, the
coordinate-value (Bl) of the processing-feed end position
of the dividing line 201 reaches the application position
of the condenser 524 of the laser beam application means 52,
as shown in Fig. 7(b), the application of the pulse laser
beam is suspended and the movement of the chuck table 36,
that is, the semiconductor wafer 20 is stopped. In this
deteriorated layer forming step, the focusing point P of the
pulse laser beam is set to a position near the front surface
20a {undersurface) of the semiconductor wafer 20. As a
result, a deteriorated layer 210 is exposed to the front
surface 20a (undersurface) of the semiconductor wafer 20 and
formed from the front surface 20a toward the inside. This
deteriorated layer 210 is formed as a molten and
re-~solidified layer (that is, as a layer that has been once
molten and then re-scolidified), and has reduced strength.
In the above deteriorated layer forming step, the
processing-feed rate of the chuck table 36, that is, the
semiconductor wafer 20, changes as shown in Fig. 8. Fig. 8
corresponds to Fig. 11, and the horizontal axis shows the
processing-feed amount of the chuck table and the vertical
axis shows the processing-feed rate of the chuck table. As
shown in Fig. 8, the processing~feed rate of the chuck table
is accelerated from the processing-feed start position {m0)
and reaches a predetermined rate (V) at the first
processing-feed position (ml}. After the chuck table then
moves at the predetermined feed rate (V) and reaches the

second processing-feed position (m2), its feed rate is
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decelerated and becomes nil at the processing-feed end
position (m3). The processing-feed amount from the
processing-feed start position (m0) up to the
processing-feed end position (m3) differs depending on the
distances from the coordinate values (Al to An) of the
processing-feed start positions up to the coordinate values
(Bl to Bn) of the processing-feed end positions of the
dividing lines 201 that are formed on the semiconductor wafer
20 and extend in the predetermined direction, and the
distances from the coordinate values (Cl to Cn) of the
processing-feed start positicns up to the coordinate values
(D1 to Dn) of the processing-~feed end positions of the
dividing lines 201 extending in the direction perpendicular
to the predetermined direction. However, the length from the
processing~feed start position (m0) up to the first
processing-feed position (ml) is fixed regardless of the
length of the dividing line as the processing-feed rate is
accelerated uniformly and the length from the second
processing-feed position (m2) to the processing-feed end
position (m3) is fixed regardless of the length of the
dividing line as the processing-feed rate is decelerated
uniformly. Therefore, the area that changes according to the
length of the dividing line is the area of the length of from
the first processing-feed position {ml) up to the second
processing-feed positien (m2). ,

As shown in Fig. 8, the processing speed between the
processing-feed start position (m0) and the first
processing-~feed position (ml) between which the chuck table
moves with accelerated velocity and the processing speed
between the second processing-feed position (m2) and the
processing-feed end position (m3) between which the chuck
table moves at a decreasing velocity are lower than the
predetermined processing speed between the first

processing-feed position (ml) and the second processing-feed
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position (m2) between which the chuck table moves with
uniform velocity. Therefore, when the repetition frequency
of a pulse laser beam is set based on the predetermined
processing speed between the first processing-feed position
(ml) and the second processing-feed position (m2), the
application pulses of the laser beam becomes excessive in
the above acceleration movement area and the deceleration
movement area.

Then, in the first embodiment of the present invention,
each time the processing-feed amount of the chuck table 36,
that is, the semiconductor wafer 20, becomes a predetermined
value, one pulse of the laser beam is applied. That is, the
control means 10 receives a pulse signal that is the detection
signal of the read head 374b of the above feed amount detection
means 374. The control means 10 counts the input pulses by
means of the counter 104, and when the number of pulses becomes,
for example, 10, an application signal is output to the laser
beam application means 52. Therefore, since in the
illustrated embodiment, the read head 374b ocutputs a
one-pulse signal each time the chuck table 36, that is, the
semiconductor wafer 20, moves 0.1 pm, one pulse of the laser
beam is applied along the dividing line 201 of the
semiconductor wafer 20 each time the chuck table 36, that
is, the semiconductor wafer 20, is moved 1 um. As a result,
even in the acceleration movement area from the
processing-feed start position (m0} up tec the first
processing-feed position (ml) and the deceleraticn area from
the second processing-feed position (m2) up to the
processing-feed end position (m3) where the processing-feed
rate of the chuck table 36, that is, the semiconductor wafer
20, is not constant, a pulse laser beam is applied along the
dividing line 201 of the semiconductor wafer 20 at regular
intervals, whereby uniform processing is carried out from

the processing-feed start position (m0) up to the



10

15

20

25

30

22

processing-feed end position (m3). Consequently, as the
entire area from the processing-feed start position (m0) up
to the processing-feed end position (m3) becomes the
processing area and hence, there is no invalid stroke of the
chuck table 36, that is, the semiconductor wafer 20 in this
embodiment, the processing time can be shortened and the
entire apparatus can be reduced in size.

Further, when the pulse motor 372 is used as the drive
source for the above processing-feed means 37, it is possible
that the processing-feed amount of the chuck table 36 is
detected by counting the drive pulses of the control means
10 that outputs a drive signal to the pulse motor 372 so that
one pulse of the laser beam is applied each time the
processing-feed amount of the chuck table 36, that is, the
semiconductor wafer 20, becomes a predetermined value. That
is, in the illustrated embodiment, the processing-feed means
37 is designed to move the chuck table 36 0.1 um each time
onedrivepﬁlseisappliedtothepulsenmtor372. Therefore,
the control means 10 outputs 1,000,000 drive pulses per
second to the pulse motor 372 when the predetermined
processing-feed rate (V) is 100 mm/sec. And, the control
means 10 counts the drive pulses output to the pulse motor
372 bymeans of the counter 104 and sends an application signal
to the laser beam application means 52 when the number of
pulses reaches 10. Therefore, one pulse of the laser beam
is applied along the dividing line 201 of the semiconductor
wafer 20 each time the chuck table 36, that is, the
semiconductor wafer 20 is processing-fed 1 pm.

The processing conditions in the above deteriocrated
layer forming step are set as follows, for example.

Light source: 1D excited Q switch Nd: YVO4 laser
Wavelength: pulse laser having a wavelength of 1,064 nm
Energy: 3 (J/sec)

Focusing spot diameter: 1 um
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Processing-feed rate: 100 mm/sec between the first
processing-feed position (ml) and
the second processing-feed
position (m2)

When the semiconductor wafer 20 is thick, the
above-described deteriorated layer forming processing is
carried out a plurality of times by changing the above
focusing point P stepwise to forma plurality of deteriorated
layers 210. The deteriorated layer 210 may be formed only
in the inside without being exposed to the front surface 20a
and the back surface 20b.

The above deteriorated layer forming step is carried
cut along all the dividing lines 201 formed in the
predetermined direction of the semiconductor wafer 20. Then,
the chuck table 36, that is, the semiconductor wafer 20 is
turned at 90° to carry out the above-described deteriorated
layer forming step along dividing lines 201 extending in a
direction perpendicular to the above dividing lines 201 that
are formed in the predetermined direction of the
semiconductor wafer 20.

A description will be subsequently given of a second
embodiment of the present invention.

In the second embodiment, there is beforehand prepared
a frequency control map, for example, shown in Fig. 9 in which
the repetition frequency of a pulse laser beam for each amount
of processing-feed is set based on the processing-feed rate
for the processing-feed amount from the processing-feed
start position up to the processing~feed end position of the
chuck table 36 by the processing~feed means 37 as shown in
Fig. 7. In Fig. 9, the horizontal axis shows the
processing~feed amount of the chuck table and the vertical
axis shows the repetition frequency of the pulse laser beam
corresponding to each amount of processing-feed. In the

frequency control map shown in Fig. 9, the chuck table is
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moved frcm the first processing-feed position {(ml) up to the
second processing-feed position (m2) at a uniform
processing-feed rate, for example, 100 mm/sec, and the
repetition frequency (F) of the pulse laser beam between
these positions is set to 100 kHz, for example. The
repetition frequencies of the pulse laser beam for the
acceleration movement area from the processing-feed start
position (m0) up to the first processing-feed position (ml}
and the deceleration movement area from the second
processing-feed position (m2) up to the processing-feed end
position {m3) are set as follows.

When the uniformly accelerated movement of the chuck
table 36 from the processing-feed staft position (m0) up to
the first processing-feed position (ml) is represented by
Almm/s?), the uniform velocity movement from the first
processing-feed position (ml) up to the second
processing-feed position (m2) is represented by V{mm/s), the
time required for movement from the processing-feed start
position (m0) up to the first processing-feed position (ml),
that is, the time required for the processing-feed rate of
the chuck table to reach V(mm/s) from 0 (mm/s} is represented
by t, and the repetition frequency of the pulse laser beam
in the uniform velocity mcvement area from the first
processing-feed position (ml) up to the second
processing-feed position {m2) is represented by F{Hz), the
repetition frequency f(Hz) of the pulse laser beam in the
acceleration movement area from the processing~feed start
position (m0) up to the first processing-feed position (ml)
i1s obtained from the expression f(Hz) = (Fx A x t)/V. And,
when the uniformly decelerated movement from the second
processing-feed position (m2} up to the processing-feed end
position {(m3)} is represented by B{mm/s?), and the time
required for movement from the second processing-feed

position (m2) up to the processing-feed end position (m3),
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that is, the time required for the processing-feed rate of
the chuck table to reach 0 (mm/s) from V(mm/s) is represented
by t, the Ifrequency f(Hz) of the pulse laser beam in the

deceleration movement arez from the second processing-feed
position (m2) up to the processing-feed end position (m3)
is obtained from the expression f(Hz) = (F x B x t)/V.

The thus-prepared frequency contrel map as a control
map for setting processing conditions is stored in the
read-only memory (ROM) 102 or the random access memory (RBM)
103 of the control means 10. The control means 10 controls
the repetition frequency adjusting means 522b of the pulse
laser beam oscillation means 522 of the laser beam
application means 52 based on the frequency control map in
the above deteriorated layer forming step. .

That is, in the above deteriorated layer forming step,
the control means 10 grasps the processing-feed amount of
the chuck table 36, that is, the semiconductor wafer 20 based
on a pulse signal that is the detection signal of the read
head 374b of the feed amount detection means 374 (or a drive
pulse signal when the drive source for the processing-feed
neans 37 is the pulse motor 372 or a pulse signal from a rotary
encoder when the drive source for the processing-feed means
37 is a servo motor), as described above. The control means
10 controls the repetition frequency adjusting means 522b
of the pulse laser beamoscillation means 522 so as to generate
a pulse laser beam having a repetition frequency
corresponding to a speed accelerated at the uniformly
accelerated velocity shown in Fig. 9 while the chuck table
36, that is, the semiconductor wafer 20 moves from the
processing—-feed start positicon (m0) up to the first
processing-feedposition (ml). When the chuck table 36, that
is, the semiconductor wafer 20 reaches the first
processing-feed position (ml), the control means 10 controls

the repetition freguency adjusting means 522b of the pulse
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laser beam oscillation means 522 so as to generate a pulse
laser beamhaving a preset wavelength of 100 kHz in the uniform
velocity movement area from the first processing-feed
position (ml) up to the second processing-feed position (m2).
When the chuck table 36, that is, the semiconductor wafer
20 reaches the second processing-feed position (m2), the
control means 10 controls the repetition frequency adjusting
means 522b of the pulse laser beam oscillation means 522 so
as to generate a pulse laser beam having a freguency
corresponding to a speed decelerated at the uniformly
decreased velocity shown in Fig. 9 while the chuck table 36,
that is, the semiconductor wafer 20 moves from the second
processing-feed position {m2) up to the processing~feed end
poesition {(m3).

Thus, in the second embodiment of the present invention,
since the repetition frequency of the pulse laser beam is
controlled based on the frequency control map in which the
repetition frequency of the pulse laser beam for each amount
of processing-feed is set based on the processing-feed rate
for the processing-feed amount from the processing-feed
start position up to the processing-feed end position of the
chuck table 36, the pulse laser beam is applied to the
semiconductor wafer 20 along the dividing lines 201 at
regular intervals and hence, uniform processing is carried
out from the processing-feed start position up to the
processing-feed end position. Therefore, even in the second
embodiment, the area from the processing-feed start position
{(m0) up to the processing-feed end position (m3) is the
processing area, and there is neo invalid stroke of the chuck
table 36, that is, the semiconductor wafer 20, therebymaking
it possible te shorten the processing time and reduce the
size of the whole apparatus.

In the above first and second embodiments, the number

of pulses of the pulse laser beam is controlled based on the
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processing-feed rate of the chuck table. It is alsopossible,
however, to make the energy of the pulse laser beam applied
per unit distance along the dividing lines formed on the
semiconductor wafer uniform. That is, Fig. 10 shows an
energy control map in which the energy of the pulse laser
beam is set as a processing condition, based on the
processing-feed rate for the processing-feed amount from the
processing—féedstartpositionuptx)theprocessing—feedend
position of the chuck table 36. In Fig. 10, the horizontal
axis shows the processing-feed amount of the chuck table and
the vertical axis shows the energy of the pulse laser beam
for each amount of processing-feed. In the energy control
map shown in Fig. 10, the chuck table moves from the first
processing-feed position (ml) up to the second
processing-feed position (m2) at a uniform velocity of, for
example, 100 mm/sec, and the energy (P) of the pulse laser
beambetween these positions is set to 3 (J/sec), for example.
And, the energy of the pulse laser beam for the acceleration
movement area from the processing-feed start position (m0O)
up to the first processing~feed position (ml) and the
deceleration movement area from the second processing-feed
position (m2) up to the processing-feed end position (m3)
is set as follows.

When the uniformly accelerated movement of the chuck
table from the processing-feed start position {m0} up to the
first processing-feed position (ml} is represented by A
(mm/s?), the uniform velocity movement from the first
processing-feed position (ml) up to the second
processing-~feed position {(m2) is represented by V (mm/s),
the time required for movement from the processing-feed start
position (m0) up to the first processing-feed position (ml),
that is, the time required for the processing-feed rate of
the chuck table to reach V (mm/s) from 0 (mm/s} is represented

by t, and the energy of the pulse laser beam in the uniform
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velocity movement area from the first processing-feed
position (ml) up to the second processing-feed position (m2)
is represented by P (J/sec), the energyp (J/sec) of the pulse
laser beam in the acceleration movement area from the
processing-feed start position (m0} up to the first
processing-feed position {(ml) is obtained from the
expressionp {(J/sec) = (PXA X t)/V. And, when the uniformly
decelerated movement from the second processing-feed
position (m2) up to the processing-feed end position (m3)
is represented by B (mm/s?), and the time required for
movement from the second processing-feed position (m2) up
to the processing-feed end position (m3), that is, the time
required for the processing-feed rate of the chuck table to
reach 0 (mm/s) from V {mm/s) is represented by t, the energy
p (J/sec) of the pulse laser beam in the deceleration movement
area from the second processing-feed position (m2) up to the
processing-feed end position (m3) is obtained from the
expression p (J/sec) = (P X B x t)/V.

The thus-prepared energy control map is stered in the
read-only memery (ROM) 102 or the random access memory (RAM)
103 of the control means 10. The control means 10 controls
the pulse laser beam oscillation means 522 of the laser beam
application means 52 based on the energy control map in the
above-described deteriorated layer forming step.

That is, in the above deterliorated layer forming step,
the control means 10 grasps the processing-feed amount of
the chuck table 36, that is, the semiconductor wafer 20 based
on a pulse signal that is the detection signal of the read
head 374b of the feed amount detection means 374 (or a drive
pulse signal when the drive source for the processing-feed
means 37 is the pulse motor 372 or a pulse signal from a rotary
encoder when the drive source for the processing-feed means
37 is a2 servo motor), as described above. The control means

10 controls the pulse laser beam oscillation means 522 so
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as to generate a pulse laser beam having an energy
corresponding to a speed accelerated at the uniformly
accelerated velocity shown in Fig. 10 while the chuck table
36, that is, the semiconductor wafer 20 moves from the
processing-feed start position (m0)} up to the first
processing-feedposition (ml). When the chuck table 36, that
is, the semiconductor wafer 20 reaches the first
processing-feed position (ml), the control means 10 controls
the pulse laser beam oscillation means 522 so as to generate
a pulse laser beam having a preset energy of 3 (J/sec) in
the uniform velocity movement area from the first
processing-feed position (ml) up to the second
processing-feedposition (m2). And, when the chuck table 36,
that is, the semiconductor wafer 20 reaches the second
processing-feed position {m2}, the control means 10 controls
the pulse laser beam oscillation means 522 s0 as to generate
a pulse laser beam having an energy corresponding to a speed
decelerated at the uniformly decreased velocity shown in Fig.
10 while the chuck table 36, that is, the semiconductor wafer
20 moves from the second processing-feed position (m2) up
to the processing-feed end position {m3).

Thus, in the embodiment using the energy control map
shown in Fig. 10, as the energy of the pulse laser beam for
each amount of processing-feed is controlled based on the
processing-feed rate for the processing-feed amount from the
processing~feed start position up to the processing-feed end
position of the chuck table 36, the energy of the pulse laser
beam applied per unit distance along the dividing lines 201
of the semiconductor wafer 20 becomes uniform from the
processing-feed start position up to the processing-feed end
position. Therefore, in this embodiment, too, the area from
the processing-feed start position (m0) up to the
processing~feed end position (m3) becomes the processing

area and there is no invalid stroke of the chuck table 36,
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that is, the semiconductor wafer 20, thereby making it
possible to shorten the processing time and reduce the size

of the whole apparatus.
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Claims:

1. A Jaser beam processing machine comprising:

a chuck table for holding a semiconductor wafer as a work-
piece,

a laser beam application means for applying a pulse laser
beam to the workpiece held on the chuck table,

a processing-feed means for processing-feeding the chuck
table and the laser beam application means relative to
each other, the processing-feed means controlling a pro-
cessing-feed rate of the chuck table so as to accelerate it
to reach a predetermined processing-feed rate in the
course from a processing-feed start position to a first
predetermined processing-feed position, to maintain the
predetermined processing-feed rate at a uniform veloc-
1ty in the course from the first predetermined processing-
feed position to a second predetermined processing-feed
position, and to decelerate the processing-feed rate to nil
in the course from the second predetermined processing-
feed position to a processing-feed end position, at the
time of processing-feeding the chuck table,

ait image pick-up means for detecting the coordinate values
of the processing-feed start position and the processing-
feed end position respectively after the processing-feed
start position and the processing-feed end position are
positioned right below the image pick-up means,

a feed amount detection means for detecting the process-
ing-feed position of the chuck table, and

a control means for controlling the laser beam application
means based on a detection signal from the feed amount
detection means; wherein

the feed amount detection means comprises a linear scale
arranged along a guide rail and a read head that is
mounted on a first sliding block and moves along the
linear scale with the first sliding block;

the control means comprises a storage means for storing a
control map for setting the processing condition of a
laser beam based on the processing-feed rate for the
processing-feed position from the processing-feed start
position to the processing-feed end position of the chuck
table by the processing-feed means and outputs an appli-
cation signal of the processing condition set by the con-
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trof map to the laser beam application means based ona
signal from the feed amount detection means.
2. The laser beam processing machine according to ¢laim
1, wherein the control map is a frequency control map for
setfing a repetition frequency of a laser beam based on the
processing-feed rate for the processing-feed position from the
processing-feed start position to the processing-feed end
position of the chuck table by the processing-feed means.



