LASER PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a laser pr ocessing
apparatus.

Description of the Related Art

As a method for dividing a wafer such as a

semiconductor wafer, a method has been proposed in which
a wafer is split by using a breaking apparatus alon g
laser-processed grooves formed by executing irradia tion

with a laser beam along streets formed on the wafer

(refer to Japanese Patent Laid-open No. Hei 10-3054 20).
A laser processing apparatus for executing such
laser processing includes a chuck table that holds a

workpiece and a laser beam irradiation unit that

irradiates the workpiece held by the chuck table wi tha
laser beam. This laser beam irradiation unit inclu des a
laser oscillator that oscillates a laser and a cond ensing
lens that condenses a laser beam emitted from the | aser
oscillator.

Regarding the laser beam irradiation unit, itis

desirable that the laser beam made incident on the

condensing lens be a collimated beam having a



predetermined beam diameter. However, the laser be
emitted from the laser oscillator has individual
difference of each laser oscillator and has a diver
angle. As a countermeasure against this, a laser
processing apparatus has been disclosed in which be
adjusting means for adjusting the beam diameter and
divergence angle of a laser beam emitted from a las
oscillator is disposed between the laser oscillator
condensing lens (refer to Japanese Patent Laid-open

2008-168323).

SUMVARY OF THE | NVENTI ON

However, the conventional beam adjusting me
executes adjustment to desired beam diameter and
divergence angle after the beam diameter and the
divergence angle (parallelism) of the laser beam re
by a receiver of a charge coupled device (CCD) or t
like are checked. Therefore, the adjustment needs
executed each time. That is, when change to a diff
beam diameter in laser processing is desired, adjus
work for the desired beam diameter and divergence a
needs to be executed after the apparatus is stopped
Thus, there is a problem that the productivity lowe

Thus, an object of the present invention is
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provide a laser processing apparatus that can chang
beam diameter of a laser beam without stopping the
apparatus in laser processing.

In accordance with an aspect of the present
invention, there is provided a laser processing app
including a chuck table that holds a workpiece, a |
beam irradiation unit that irradiates the workpiece
by the chuck table with a laser beam, input means t
inputs a processing condition of the laser beam, an
control unit that controls at least the chuck table
laser beam irradiation unit, and the input means.
laser beam irradiation unit includes a laser oscill
a condensing lens that condenses the laser beam emi
from the laser oscillator, and a beam adjusting uni
is disposed between the laser oscillator and the
condensing lens and adjusts a beam diameter of the
beam emitted from the laser oscillator. The beam
adjusting unit includes a first lens unit and a sec
lens unit that are disposed on the optical path of
laser beam emitted from the laser oscillator and ar
disposed movably along the optical path, and a firs
movement mechanism and a second movement mechanism
move the first lens unit and the second lens unit,

respectively, along the optical path. The control
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includes a storing section that stores the beam dia

of the laser beam and positions of the first lens u

and the second lens unit corresponding to the beam
diameter in advance. The control unit causes the f
movement mechanism and the second movement mechanis
the beam adjusting unit to be actuated to move the

lens unit and the second lens unit to positions
corresponding to a predetermined beam diameter inpu

the input means.

According to the invention of the present
application, the beam diameter of the laser beam ca
changed without stopping the apparatus in laser
processing.

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

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view illustrating a

configuration example of a laser processing apparat
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according to an embodiment;

FIG. 2 is a schematic diagram schematically
illustrating a configuration of a laser beam irradi
unit of the laser processing apparatus illustrated
FIG. 1,

FIG. 3 is a perspective view illustrating a
configuration example of a beam adjusting unit of t
laser beam irradiation unit illustrated in FIG. 2;

FIG. 4 is a diagram illustrating a configur
example of a screen displayed on a touch panel of t
laser processing apparatus illustrated in FIG. 1;

FIG. 5 is a diagram illustrating another
configuration example of the screen displayed on th
touch panel of the laser processing apparatus illus
in FIG. 1;

FIG. 6 is a diagram illustrating still anot
configuration example of the screen displayed on th
touch panel of the laser processing apparatus illus
in FIG. 1; and

FIG. 7 is a table illustrating one example
processing condition data of the laser processing

apparatus illustrated in FIG. 1.
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An embodiment of the present invention will
described in detail below with reference to the dra
The present invention is not limited by contents
described in the following embodiment. Furthermore
can be easily envisaged by those skilled in the art
what are substantially the same are included in
constituent elements described below. Moreover,
configurations described below can be combined as
appropriate. In addition, various kinds of omissio
replacement, or change of a configuration can be ex
without departing from the gist of the present inve

A laser processing apparatus 1 according to
embodiment of the present invention will be describ
based on the drawings. FIG. 1 is a perspective vie

illustrating a configuration example of the laser

processing apparatus 1 according to the embodiment.

2 is a schematic diagram schematically illustrating
configuration of a laser beam irradiation unit 20 o
laser processing apparatus 1 illustrated in FIG. 1.

3 is a perspective view illustrating a configuratio
example of a beam adjusting unit 24 of the laser be
irradiation unit 20 illustrated in FIG. 2. FIG. 4,

5, and FIG. 6 are diagrams illustrating configurati

examples of a screen displayed on a touch panel 80
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laser processing apparatus 1 illustrated in FIG. 1.

7 is a table illustrating one example of processing
condition data 913-1 of the laser processing appara
illustrated in FIG. 1. The laser processing appara
according to the embodiment is an apparatus that
irradiates a workpiece 100 that is a processing tar
with a laser beam 21 to thereby process the workpie
100.

As illustrated in FIG. 1, the laser process
apparatus 1 includes a chuck table 10, the laser be
irradiation unit 20, an X-axis direction movement u
40, a Y-axis direction movement unit 50, a Z-axis
direction movement unit 60, an imaging unit 70, the
panel 80, and a control unit 90. In the following
description, an X-axis direction is one direction i
horizontal plane. A Y-axis direction is a directio
orthogonal to the X-axis direction in the horizonta
plane. A Z-axis direction is a direction orthogona
the X-axis direction and the Y-axis direction. In
laser processing apparatus 1 of the embodiment, a
processing feed direction is the X-axis direction,
indexing feed direction is the Y-axis direction, an
focal point position adjustment direction is the Z-

direction.
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The workpiece 100 is a wafer such as a

semiconductor wafer or an optical device wafer that

contains silicon (Si), sapphire (Al 2), gallium arsenide

(GaAs), silicon carbide (SiC), or the like as a sub
and has a circular plate shape. The workpiece 100
limited to the embodiment and does not need to have
circular plate shape in the present invention. For
example, processing of the workpiece 100 by the las
processing apparatus 1 includes modified layer form
processing in which a modified layer is formed insi
workpiece 100 by stealth dicing, groove processing
which a groove is formed in a surface of the workpi
100, cutting processing in which the workpiece 100
along a planned dividing line, and the like.

The chuck table 10 holds the workpiece 100
holding surface 11. For example, the workpiece 100
placed on the holding surface 11 of the chuck table
a state in which a tape 111 to which an annular fra
Is stuck and that has a diameter larger than an out
diameter of the workpiece 100 is stuck to a back su
of the workpiece 100 and the workpiece 100 is suppo
in an opening of the annular frame 110.

The holding surface 11 is formed of porous

or the like and has a circular disc shape. In the
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embodiment, the holding surface 11 is a flat surfac
parallel to the horizontal direction. The holding

11 is connected to a vacuum suction source through
vacuum suction path, for example. The chuck table
sucks and holds the workpiece 100 placed on the hol
surface 11. Plural clamp parts 12 that clamp the a
frame 110 that supports the workpiece 100 are dispo
around the chuck table 10.

The chuck table 10 is rotated around an axi
center parallel to the Z-axis direction by a rotati
unit 13. The rotation unit 13 is supported by an X
direction moving plate 14. The rotation unit 13 an
chuck table 10 are moved in the X-axis direction by
X-axis direction movement unit 40 through the X-axi
direction moving plate 14. The rotation unit 13 an
chuck table 10 are moved in the Y-axis direction by
Y-axis direction movement unit 50 through the X-axi
direction moving plate 14, the X-axis direction mov
unit 40, and a Y-axis direction moving plate 15.

The laser beam irradiation unit 20 is a uni
irradiates the workpiece 100 held by the chuck tabl
with the pulsed laser beam 21. As illustrated in F
the laser beam irradiation unit 20 includes a laser

oscillator 22, the beam adjusting unit 24, a beam
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measuring unit 25, a mirror 26, and a condensing le
At least the condensing lens 27 in the laser beam
irradiation unit 20 is supported by the Z-axis dire
movement unit 60 installed on a column 3 disposed u
from an apparatus main body 2 of the laser processi
apparatus 1 illustrated in FIG. 1.

The laser oscillator 22 emits the laser bea
having a predetermined wavelength for processing th
workpiece 100. The laser beam 21 emitted by the la
beam irradiation unit 20 has a wavelength having
transmissibility or absorbability with respect to t
workpiece 100.

The beam adjusting unit 24 adjusts a beam d
of the laser beam 21 emitted from the laser oscilla
22. In the embodiment, the beam adjusting unit 24
disposed between the laser oscillator 22 and the be
measuring unit 25. However, in the present inventi
beam adjusting unit 24 may be disposed at any place
long as the place is between the laser oscillator 2
the condensing lens 27. The beam adjusting unit 24
includes a reference lens 23, a first lens unit 241
second lens unit 242, and a lens movement mechanism

The reference lens 23 is disposed between t

oscillator 22 and the first lens unit 241 on an opt
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path of the laser beam 21 emitted from the laser
oscillator 22. The reference lens 23 is a plano-co
lens in the embodiment, but is not limited thereto
present invention. The reference lens 23 is a lens
serves as a basis of positions of the first lens un
and the second lens unit 242 that can move based on
control by the control unit 90 to be described late
does not move based on control by the control unit
The first lens unit 241 is disposed on the
path of the laser beam 21 emitted from the laser
oscillator 22 movably along the optical path. Int
embodiment, the first lens unit 241 is a plano-conc
lens disposed between the reference lens 23 and the
second lens unit 242. The lens included in the fir
unit 241 is one lens in the embodiment. However, t
first lens unit 241 may be configured by a group of
plural lenses in the present invention. The first
unit 241 is disposed at a position at a first dista
243 from the reference lens 23 along an optical axi
first distance 243 can be adjusted through moving t
first lens unit 241 along the optical path by a fir
movement mechanism 34 of the lens movement mechanis
to be described later.

The second lens unit 242 is disposed on the

11

nvex
in the
that

it 241

r and
90.

optical

he

ave

st lens

he

lens
nce

s. The
he

st

m 30

optical



path of the laser beam 21 emitted from the laser

oscillator 22 movably along the optical path. Int he
embodiment, the second lens unit 242 is a biconvex lens
disposed between the first lens unit 241 and the be am
measuring unit 25. The lens included in the second lens
unit 242 is one lens in the embodiment. However, t he
second lens unit 242 may be configured by a group o f
plural lenses in the present invention. The second lens
unit 242 is disposed at a position at a second dist ance
244 from the first lens unit 241 along the optical path.
The second distance 244 can be adjusted through mov ing
the second lens unit 242 along the optical path by a

second movement mechanism 35 of the lens movement

mechanism 30 to be described later.

The beam adjusting unit 24 can adjust the b eam
diameter of the laser beam 21 emitted from the lase r
oscillator 22 by adjusting the first distance 243 a nd the
second distance 244 of the first lens unit 241 and the
second lens unit 242. At this time, the beam adjus ting
unit 24 can adjust the laser beam 21 that is emitte d from
the laser oscillator 22 and has a divergence angle to the

laser beam 21 that is collimated.
The lens movement mechanism 30 moves each o f the

first lens unit 241 and the second lens unit 242 al ong

12



the optical path of the laser beam 21. As illustra

FIG. 3, the lens movement mechanism 30 includes a s
base 31, a first lens support component 32, a secon
support component 33, the first movement mechanism
the second movement mechanism 35, first lens positi
detecting means 36, and second lens position detect
means 37.

The support base 31 includes a first guide
and a second guide rail 312. In the first guide ra
and the second guide rail 312, lateral sides of bot
sides are disposed in parallel to each other and in
parallel to the optical path of the laser beam 21.

The first lens support component 32 is disp
movably along the first guide rail 311 of the suppo
base 31. The first lens support component 32 inclu
first guided rail 321. The first guided rail 321 i
fitted to the first guide rail 311 of the support b
31. The first lens support component 32 can move i
direction parallel to the optical path of the laser
21 through movement of the first guided rail 321 al
the first guide rail 311. The first lens support
component 32 supports the first lens unit 241. Tha
the first lens unit 241 moves integrally with the f

lens support component 32 in the direction parallel
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the optical path of the laser beam 21.

The second lens support component 33 is dis
movably along the second guide rail 312 of the supp
base 31. The second lens support component 33 incl
second guided rail 331. The second guided rail 331
fitted to the second guide rail 312 of the support
31. The second lens support component 33 can move
direction parallel to the optical path of the laser
21 through movement of the second guided rail 331 a
the second guide rail 312. The second lens support
component 33 supports the second lens unit 242. Th
the second lens unit 242 moves integrally with the
lens support component 33 in the direction parallel
the optical path of the laser beam 21.

The first movement mechanism 34 moves the f
lens unit 241 along the optical path of the laser b
by moving the first lens support component 32 along
first guide rail 311 of the support base 31. The f
movement mechanism 34 includes a male screw rod 341
pulse motor 342, a bearing block 343, a female scre
block 344, and a penetration female screw hole 345.

The male screw rod 341 is disposed in paral
the first guide rail 311 of the support base 31. T

screw rod 341 is disposed rotatably around an axis.
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pulse motor 342 is disposed to be fixed to the supp
base 31 on one end part side of the male screw rod
The pulse motor 342 is a drive source for rotationa
driving the male screw rod 341. An output shaft of
pulse motor 342 is joined to the male screw rod 341
pulse motor 342 is controlled by the control unit 9

be described later. The bearing block 343 is dispo
be fixed to the support base 31 on the other end pa
side of the male screw rod 341. The bearing block
supports the male screw rod 341 rotatably around th
axis. The female screw block 344 is disposed to be
to the first lens support component 32. The penetr
female screw hole 345 is formed in the female screw
344. The male screw rod 341 is screwed to the pene
female screw hole 345.

The female screw block 344 moves along the
screw rod 341 through driving of the male screw rod
for forward rotation or reverse rotation thereof by
pulse motor 342. Due to this, the first lens suppo
component 32 to which the female screw block 344 is
moves along the first guide rail 311. Therefore, t
first lens unit 241 supported by the first lens sup
component 32 moves along the optical path of the la

beam 21. That is, the first movement mechanism 34

15

ort

341.

the

. The

Oto

sed to
rt

343

e
fixed

ation
block

tration

male
341
the
rt
fixed
he
port
ser

moves



the first lens unit 241 along the optical path of t
laser beam 21 through controlling the pulse motor 3
the control unit 90 to be described later in such a
manner that the male screw rod 341 is driven for fo
rotation or reverse rotation thereof.

The second movement mechanism 35 moves the
lens unit 242 along the optical path of the laser b
by moving the second lens support component 33 alon
second guide rail 312 of the support base 31. The
movement mechanism 35 includes a male screw rod 351
pulse motor 352, a bearing block 353, a female scre
block 354, and a penetration female screw hole (not
illustrated).

The male screw rod 351 is disposed in paral
the second guide rail 312 of the support base 31.
male screw rod 351 is disposed rotatably around an
The pulse motor 352 is disposed to be fixed to the
support base 31 on one end part side of the male sc
rod 351. The pulse motor 352 is a drive source for
rotationally driving the male screw rod 351. An ou
shaft of the pulse motor 352 is joined to the male
rod 351. The pulse motor 352 is controlled by the
unit 90 to be described later. The bearing block 3

disposed to be fixed to the support base 31 on the
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end part side of the male screw rod 351. The beari
block 353 supports the male screw rod 351 rotatably
around the axis. The female screw block 354 is dis
to be fixed to the second lens support component 33
penetration female screw hole (not illustrated) is

in the female screw block 354. The male screw rod
screwed to the penetration female screw hole.

The female screw block 354 moves along the
screw rod 351 through driving of the male screw rod
for forward rotation or reverse rotation thereof by
pulse motor 352. Due to this, the second lens supp
component 33 to which the female screw block 354 is
moves along the second guide rail 312. Therefore,
second lens unit 242 supported by the second lens s
component 33 moves along the optical path of the la
beam 21. That is, the second movement mechanism 35
the second lens unit 242 along the optical path of
laser beam 21 through controlling the pulse motor 3
the control unit 90 to be described later in such a
manner that the male screw rod 351 is driven for fo
rotation or reverse rotation thereof.

The first lens position detecting means 36
the movement position of the first lens unit 241.

first lens position detecting means 36 includes a |
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scale 361 and a reading head 362.

The linear scale 361 is disposed in paralle
male screw rod 341 of the first movement mechanism
The reading head 362 is disposed on the female scre
block 344 fixed to the first lens support component
The reading head 362 moves along the linear scale 3
The reading head 362 detects the movement position
first lens unit 241 corresponding to the linear sca
361. The reading head 362 sends out a detection si
the control unit 90 to be described later.

The second lens position detecting means 37
the movement position of the second lens unit 242.
second lens position detecting means 37 includes a
scale 371 and a reading head 372.

The linear scale 371 is disposed in paralle
male screw rod 351 of the second movement mechanism
The reading head 372 is disposed on the female scre
block 354 fixed to the second lens support componen
The reading head 372 moves along the linear scale 3
The reading head 372 detects the movement position
second lens unit 242 corresponding to the linear sc
371. The reading head 372 sends out a detection si
the control unit 90 to be described later.

The detecting means that detect the movemen

18

| to the

34.

32.
61.

of the
le

gnal to

detects
The

linear

| to the
35.
w
t 33.
71.
of the
ale

gnal to



positions of the first lens unit 241 and the second

unit 242 are not limited to the embodiment. In the
present invention, for example, the movement positi
may be calculated based on count values of driving
that drive the pulse motor 342 of the first movemen
mechanism 34 and the pulse motor 352 of the second
movement mechanism 35.

The beam measuring unit 25 illustrated in F
measures the beam diameter of the laser beam 21 for
the beam diameter has been adjusted by the beam ad]
unit 24. The beam measuring unit 25 is disposed mo
to a position at which the beam measuring unit 25
receives the laser beam 21 for which the beam diame
has been adjusted by the beam adjusting unit 24. |
embodiment, the beam measuring unit 25 is disposed
subsequent stage of the beam adjusting unit 24. Fo
example, the beam measuring unit 25 includes a beam
profiler that measures the beam diameter and spatia
intensity distribution of the laser beam 21. For e
the beam profiler images the laser beam 21 and acqu
planar image of the laser beam 21 that indicates a
and the spatial intensity distribution of the laser
21. The position at which the beam diameter of the

beam 21 is measured by the beam measuring unit 25 i
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limited to the embodiment. In the present inventio
position may be a focal point on which the laser be
is focused by the condensing lens 27, a position at
the laser beam 21 diverges after passing through th
focal point, or the like.

The mirror 26 reflects the laser beam 21 to
workpiece 100 held on the holding surface 11 of the
table 10. In the embodiment, the mirror 26 reflect
laser beam 21 for which the beam diameter has been
adjusted by the beam adjusting unit 24 toward the
condensing lens 27.

The condensing lens 27 focuses the laser be
emitted from the laser oscillator 22 on the workpie
held by the holding surface 11 of the chuck table 1
cause irradiation thereof. The condensing lens 27
the laser beam 21 reflected by the mirror 26 on a
processing point 28.

In the embodiment, the processing point 28
the focal point of the laser beam 21 is set on the
surface of the workpiece 100. By executing process
feed of the chuck table 10 while irradiating the
processing point 28 with the laser beam 21, a laser
processed groove along a planned dividing line is f

in the front surface of the workpiece 100.
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The X-axis direction movement unit 40 illus
in FIG. 1 is a unit that moves the chuck table 10 a
laser beam irradiation unit 20 relatively in the X-
direction, which is the processing feed direction.
embodiment, the X-axis direction movement unit 40 m
the chuck table 10 in the X-axis direction. In the
embodiment, the X-axis direction movement unit 40 i
installed over the apparatus main body 2 of the las
processing apparatus 1. The X-axis direction movem
unit 40 supports the X-axis direction moving plate
movably in the X-axis direction.

The X-axis direction movement unit 40 inclu
well-known ball screw 41, a well-known pulse motor
and well-known guide rails 43. The ball screw 41 i
disposed rotatably around an axial center. The pul
motor 42 rotates the ball screw 41 around the axial
center. The guide rails 43 support the X-axis dire
moving plate 14 movably in the X-axis direction. T
guide rails 43 are disposed to be fixed to the Y-ax
direction moving plate 15.

The Y-axis direction movement unit 50 is a
that moves the chuck table 10 and the laser beam
irradiation unit 20 relatively in the Y-axis direct

which is the indexing feed direction. In the embod
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the Y-axis direction movement unit 50 moves the chu
table 10 in the Y-axis direction. In the embodimen
Y-axis direction movement unit 50 is installed on t
apparatus main body 2 of the laser processing appar
1. The Y-axis direction movement unit 50 supports
axis direction moving plate 15 movably in the Y-axi
direction.

The Y-axis direction movement unit 50 inclu
well-known ball screw 51, a well-known pulse motor
and well-known guide rails 53. The ball screw 51 i
disposed rotatably around an axial center. The pul
motor 52 rotates the ball screw 51 around the axial
center. The guide rails 53 support the Y-axis dire
moving plate 15 movably in the Y-axis direction. T
guide rails 53 are disposed to be fixed to the appa
main body 2.

The Z-axis direction movement unit 60 is a
that moves the chuck table 10 and the laser beam
irradiation unit 20 relatively in the Z-axis direct
which is the focal point position adjustment direct
In the embodiment, the Z-axis direction movement un
moves the laser beam irradiation unit 20 in the Z-a
direction. In the embodiment, the Z-axis direction

movement unit 60 is installed on the column 3 dispo
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upright from the apparatus main body 2 of the laser
processing apparatus 1. The Z-axis direction movem
unit 60 supports at least the condensing lens 27 (s
FIG. 2) in the laser beam irradiation unit 20 movab
the Z-axis direction.

The Z-axis direction movement unit 60 inclu
well-known ball screw 61, a well-known pulse motor
and well-known guide rails 63. The ball screw 61 i
disposed rotatably around an axial center. The pul
motor 62 rotates the ball screw 61 around the axial
center. The guide rails 63 support the laser beam
irradiation unit 20 movably in the Z-axis direction
guide rails 63 are disposed to be fixed to the colu

The imaging unit 70 images the workpiece 10
by the chuck table 10. The imaging unit 70 include
camera or infrared camera that images the workpiece
held by the chuck table 10. For example, the imagi
70 is fixed to be adjacent to the condensing lens 2
FIG. 2) of the laser beam irradiation unit 20. The
imaging unit 70 images the workpiece 100 to obtain
image for performing alignment in which position
adjustment between the workpiece 100 and the laser
irradiation unit 20 is executed, and outputs the ob

image to the control unit 90 to be described later.
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The touch panel 80 is installed on the lase
processing apparatus 1 in a state in which a displa
surface is oriented outward. Various screens displ
the touch panel 80 have a screen configuration acco
to a kind and a version of a program that runs in t
laser processing apparatus 1. A setting screen dis
on the touch panel 80 is configured to include sett
items corresponding to the apparatus configuration
laser processing apparatus 1, i.e., parts installed
the laser processing apparatus 1, kinds of the part
so forth. The touch panel 80 has a display unit 81
input means 82.

The display unit 81 is configured by a disp
device such as a liquid crystal display (LCD), an o
electro-luminescence display (OELD), or an inorgani
electro-luminescence display (IELD).

The display unit 81 displays various screen
relating to operation of the laser processing appar
and so forth. The display unit 81 displays various
screens on the basis of control by an arithmetic se
92 of the control unit 90 to be described later. F
example, various screens include a menu screen 83
illustrated in FIG. 4, a processing condition data

screen 84 illustrated in FIG. 5 and FIG. 6, a setti
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screen to individually set processing condition dat
so forth.

The input means 82 illustrated in FIG. 1 in
processing conditions of the laser beam 21 with whi
workpiece 100 is irradiated to the laser processing
apparatus 1 according to operation by an operator t
operation screen displayed on the display unit 81.

The input means 82 can be configured to inc
input device such as a touch screen. When the inpu
82 is configured by a touch screen, the input means
can detect contact or approach of a finger of an
operator, a pen, a stylus pen, or the like. The de
system of the touch screen may be any system such a
capacitive system, a resistive film system, a surfa
acoustic wave system, an infrared system, and a loa
detection system.

In the configuration example illustrated in
plural menu buttons 831 to 837 for executing mainte
operation, setting, and so forth of the laser proce
apparatus 1 are displayed on the menu screen 83. T
button 831 can accept operation for displaying an
operation screen relating to full automation. Furt
the menu button 832 can accept operation for displa

an operation screen relating to manual operation.
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Moreover, the menu button 833 can accept operation
displaying the processing condition data list scree
illustrated in FIG. 5 and FIG. 6. In addition, the
button 834 can accept operation for displaying an
operation screen relating to laser maintenance. Fu
the menu button 835 can accept operation for displa
an operation screen relating to operator maintenanc
Moreover, the menu button 836 can accept operation
displaying an operation screen relating to machine
maintenance. In addition, the menu button 837 can
operation for displaying an operation screen relati
engineering maintenance.

The processing condition data list screen 8
illustrated in FIG. 5 and FIG. 6 is displayed on th
touch panel 80 when the arithmetic section 92 of th
control unit 90 to be described later detects opera
operation of selecting the menu button 833 in the m
screen 83 illustrated in FIG. 4, for example. Int
processing condition data list screen 84, a list of
processing condition data of the workpiece 100 is
displayed. The processing condition data list scre
includes a directory display part 85, a list displa
86, a data number display part 87, an ENTER button

and an EXIT button 89.
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In the directory display part 85, a list of
directories in which processing condition data of t
workpiece 100 are saved is displayed. In the direc
display part 85, as exemplified in images 851 to 85

information on the directories is displayed with

predetermined icon images and directory names confi

by character strings such as “rist_samplel.” As th
directory name, a directory name set by an operator
the time of saving of processing condition data may
displayed.

In the list display part 86, a list of file
of the processing condition data saved in the direc
is displayed. For example, when operator’s operati
selecting the image 851 from the directory display
85 is detected as illustrated in FIG. 5, the arithm
section 92 of the control unit 90 to be described |
causes a list of processing condition data saved in
directory whose directory name is “rist_samplel” to
displayed in the list display part 86 as illustrate
FIG. 6. In the following description, explanation
made based on the assumption that the processing
condition data saved in the directory whose directo
name is “rist_samplel” include data relating to the

diameter of the laser beam 21.
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In the list display part 86, as exemplified
images 861 to 864, information on the processing
condition data is displayed with data numbers confi
by numerals such as “110” and file names configured
character strings such as “Beam_diameter_A-1.” As
data number, a unique numeral automatically assigne
the laser processing apparatus 1 at the time of sav
processing condition data may be displayed. As the
name, a file name set by an operator at the time of
saving of processing condition data may be displaye
the example illustrated in FIG. 6, the processing
condition data includes data relating to the beam
diameter of the laser beam 21.

In the data number display part 87, the dat
uniquely assigned to the currently-selected process
condition data is displayed. For example, when ope
operation of selecting the image 863 corresponding
processing condition data of a beam diameter of “da
number: 130" and “file name: Beam_diameter_B-1" is
detected as illustrated in FIG. 6, the arithmetic s
92 of the control unit 90 to be described later cau
the data number “130” of the currently-selected
processing condition data to be displayed in the da

number display part 87.
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Execution functions of various kinds of ope
corresponding to the screen currently displayed on
touch panel 80 are assigned to the ENTER button 88.
example, as one of functions assigned to the ENTER
88 when the processing condition data list screen 8
being displayed on the touch panel 80, a function o
causing a setting screen of the processing conditio
selected in the list display part 86 to be displaye
included. For example, when operation to the ENTER
88 is detected in a state in which the data number
processing condition data is displayed in the data
display part 87, the arithmetic section 92 of the ¢
unit 90 to be described later causes the touch pane
to display a setting screen of the currently-select
processing condition data (for example, data number
“130” and file name: “Beam_diameter_B-1").

The setting screen of the processing condit
includes a processing condition data display part i
which plural setting items of the processing condit
data are individually displayed, for example. The
processing condition data display part displays
individual processing condition data on the setting
screen of the processing condition data through tou

a desired file name displayed in the list display p
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by the operator. In the setting screen, setting va
set by the operator can be input from the input mea
regarding the respective items displayed in the
processing condition data display part. The touch
80 can display a user interface such as a software
keyboard and so forth on the display unit 81 accord
the detection result of the input means 82. For ex
when operation to an item of the processing conditi
data display part of the setting screen is detected
touch panel 80 can display a pull-down menu, a soft
keyboard, or the like corresponding to the item.

A function of causing the touch panel 80 to
redisplay the menu screen 83 illustrated in FIG. 4
forth are assigned to the EXIT button 89. For exam
when operation to the EXIT button 89 is detected, t
arithmetic section 92 of the control unit 90 to be
described later causes the touch panel 80 to redisp
the menu screen 83 illustrated in FIG. 4.

The control unit 90 illustrated in FIG. 1 i
computer including an arithmetic processing device
arithmetic means, a storing device as storing means
an input-output interface device as communication m
The arithmetic processing device includes a

microprocessor such as a central processing unit (C
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for example. The storing device has a memory such
read only memory (ROM) or a random access memory (R
The arithmetic processing device executes various k
of arithmetic operation on the basis of a predeterm
program stored in the storing device. The arithmet
processing device outputs various control signals t
above-described respective constituent elements thr
the input-output interface device, according to an
arithmetic result, to execute control of the laser
processing apparatus 1. The control unit 90 includ
storing section 91 and the arithmetic section 92.

The storing section 91 can store programs a
for implementing various kinds of processing execut
the control unit 90. The storing section 91 stores
control program 911, system data 912, and processin
condition data 913.

The control program 911 can provide functio
controlling processing treatment by the laser proce
apparatus 1. More specifically, the control progra
can provide functions for controlling operation of
rotation unit 13, the laser beam irradiation unit 2
lens movement mechanism 30, the X-axis direction mo
unit 40, the Y-axis direction movement unit 50, the

axis direction movement unit 60, the imaging unit 7
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the touch panel 80.

The system data 912 is data relating to the
configuration of the laser processing apparatus 1.
system data 912 includes data relating to the scree
configuration of various operation screens displaye
the touch panel 80.

The processing condition data 913 is plural
of data relating to basic conditions involved in la
processing treatment. The processing condition dat
is saved in a predetermined directory, for example.
processing condition data 913 includes processing
condition data created by an operator in the laser
processing apparatus 1 and a duplicate (copy) of
processing condition data created in another laser
processing apparatus 1.

The processing condition data created by an
operator in the laser processing apparatus 1 includ
processing condition data 913-1 set for each of
individual laser processing apparatuses 1 correspon
to the machine difference between apparatuses. As
exemplified in FIG. 7, the processing condition dat
1 includes data in which the beam diameter of the |
beam 21 and the positions of the first lens unit 24

the second lens unit 242 (see FIG. 2 and so forth)
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corresponding to the beam diameter are associated.
case of the example illustrated in FIG. 7, the proc
condition data 913-1 includes data in which a file
configured by a character string such as
“Beam_diameter_A-1" and the position of the first |
unit 241 and the position of the second lens unit 2
forming the beam diameter corresponding to the file
are associated. The character strings such as
“Beam_diameter_A-1" correspond to the file names
displayed in the list display part 86. Data number
configured by numerals such as “110” may be used in
of the character strings such as “Beam_diameter_A-1
position of the first lens unit 241 and the positio

the second lens unit 242 are represented by the fir
distance 243 and the second distance 244 (see FIG.
so forth) in the example illustrated in FIG. 7. Th
processing condition data 913-1 is generated for ea
individual laser processing apparatuses 1 at the ti
manufacturing of the laser processing apparatuses 1
the time of factory shipment, or the like, for exam
Thus, even in the same kind of laser processing
apparatuses 1, the processing condition data 913-1
differs for each of individual laser processing

apparatuses 1 in some cases.
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Based on the control program 911 stored in
storing section 91, the arithmetic section 92 contr
each of the above-described respective constituent
elements of the laser processing apparatus 1 and ca
the laser processing apparatus 1 to execute process
operation on the workpiece 100. The arithmetic sec
controls the rotation unit 13, the laser beam irrad
unit 20, the lens movement mechanism 30, the X-axis
direction movement unit 40, the Y-axis direction mo
unit 50, the Z-axis direction movement unit 60, the
imaging unit 70, and the touch panel 80.

For example, the arithmetic section 92 caus
storing section 91 to store the beam diameters of t
laser beam 21 and the positions of the first lens u
241 and the second lens unit 242 (see FIG. 2 and so
forth) corresponding to the beam diameters as the
processing condition data 913. The arithmetic sect
causes the imaging unit 70 to image the workpiece 1
for example. The arithmetic section 92 executes im
processing of an image obtained by imaging by the i
unit 70, for example. The arithmetic section 92 de
processing line of the workpiece 100 by the image

processing, for example. For example, the arithmet

section 92 causes the first movement mechanism 34 a
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second movement mechanism 35 (see FIG. 2 and so for

be actuated to move the first lens unit 241 and the
second lens unit 242 to positions corresponding to
predetermined beam diameter specified from the inpu
means 82 of the touch panel 80 to be described late
example, the arithmetic section 92 causes the X-axi
direction movement unit 40 to be driven to cause th
processing point 28 that is the focal point of the

beam 21 to move along the processing line and cause
laser beam irradiation unit 20 to execute irradiati

with the laser beam 21.

As described above, in the laser processing
apparatus 1 of the embodiment, the storing section
the control unit 90 stores the beam diameters of th
laser beam 21 and the positions of the first lens u
241 and the second lens unit 242 corresponding to t
beam diameters in advance. The beam diameters of t
laser beam 21 and the positions of the first lens u
241 and the second lens unit 242 corresponding to t
beam diameters, stored by the storing section 91, a
for each of individual laser processing apparatuses
corresponding to the machine difference between
apparatuses. The beam diameters of the laser beam

the positions of the first lens unit 241 and the se
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lens unit 242 corresponding to the beam diameters,
by the storing section 91, may be set regarding eac
frequency of the laser beam 21 emitted from the las
oscillator 22.

The processing condition data of the beam d
of the laser beam 21 and the positions of the first
unit 241 and the second lens unit 242 corresponding
the beam diameters can be generated by measuring th
diameters of the laser beam 21 with the respective
distances 243 and second distances 244 by the beam
measuring unit 25, for example.

In the laser processing apparatus 1 of the

embodiment, the control unit 90 causes the first mo

mechanism 34 and the second movement mechanism 35 o

beam adjusting unit 24 to be actuated to move the f
lens unit 241 and the second lens unit 242 to posit
corresponding to a predetermined beam diameter spec
from the input means 82. At this time, the control

90 moves the first lens unit 241 and the second len
242 on the basis of the processing condition data s

in the storing section 91 in advance. That is, the
processing apparatus 1 can automatically change the
diameter of the laser beam 21 to the respective bea

diameters specified from the input means 82. Thus,
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laser processing apparatus 1 allows adjustment to a
desired beam diameter in a short time and has
repeatability for the same beam diameter.

Therefore, the laser processing apparatus 1
provides an effect that the beam diameter does not
to be adjusted each time and therefore selection of
laser processing condition when a different device
processed becomes easy. For example, even in the ¢
processing a wafer different in material, thickness
street size, and so forth depending on the kind, it
easy to execute the processing with change in the b
diameter of the laser beam 21 incident on the conde
lens 27. Furthermore, it is also easy to execute |
processing with combining the laser beam 21 of vari
beam diameters, such as changing the beam diameter
first path and the second path.

Moreover, the apparatus does not need to be
for adjustment of the beam diameter and adjustment
automatically executed even in laser processing.
Therefore, the time taken for adjustment work can b
shortened and the lowering of the productivity can
suppressed. Furthermore, the beam diameters of the
beam 21 and the positions of the first lens unit 24

the second lens unit 242 corresponding to the beam
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diameters are set for each of individual laser proc
apparatuses 1, and therefore, the machine differenc
between apparatuses can be reduced.

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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VWHAT IS CLAIMED | S:
1. A laser processing apparatus comprising
a chuck table that holds a workpiece;
a laser beam irradiation unit that irradiat
workpiece held by the chuck table with a laser beam
input means that inputs a processing condit
the laser beam; and
a control unit that controls at least the ¢
table, the laser beam irradiation unit, and the inp
means,
wherein the laser beam irradiation unit inc
a laser oscillator,
a condensing lens that condenses th
beam emitted from the laser oscillator, and
a beam adjusting unit that is dispo
between the laser oscillator and the condensing len
adjusts a beam diameter of the laser beam emitted f
the laser oscillator,
the beam adjusting unit includes
a first lens unit and a second lens
that are disposed on an optical path of the laser b
emitted from the laser oscillator and are disposed
movably along the optical path, and

a first movement mechanism and a se
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movement mechanism that move the first lens unit an
second lens unit, respectively, along the optical p

the control unit includes a storing section
stores the beam diameter of the laser beam and posi
of the first lens unit and the second lens unit
corresponding to the beam diameter in advance, and

the control unit causes the first movement
mechanism and the second movement mechanism of the
adjusting unit to be actuated to move the first len
and the second lens unit to positions corresponding

predetermined beam diameter input from the input me
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