OPTI CAL AXI' S ADJUSTI NG METHOD FOR LASER PROCESSI NG

APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an optical axis
adjusting nethod for a | aser processing apparatus.

Description of the Related Art

Conventionally known is a |aser processi ng
apparatus for dividing a sem conductor wafer into
i ndi vi dual device chips by applying a |aser beam to the
sem conductor wafer to form |aser processed grooves or
nodi fied |ayers and then dividing the sem conductor wafer
along these |aser processed grooves or nodified |ayers
(see Japanese Patent Laid-OCpen No. 2007-275912 and

Japanese Patent Laid-Open No. 2017-163079, for exanple).

SUMVARY OF THE | NVENTI ON
In general, a conventional | aser processi ng
apparatus includes a laser oscillator for generating a
| aser beam and a plurality of optical conponents such as
mrrors and lenses for guiding the |aser beam generated
from the laser oscillator to a processing point where a

wor kpi ece is to be processed by the |aser beam The | aser



beam is focused by a focusing lens as one of the plura
optical conponents and then applied to the workpiece.

In the case that contam nation or burning occurs on
the optical conponents included in the |aser processing
apparatus due to the laser beam the occurrence of
contami nation or burning may cause a reduction in power
of the laser beam or a distortion in beam shape of the
| aser beam Accordingly, there is a possibility that the
wor kpi ece  cannot be desirably processed to cause
def ecti ve processing.

To determ ne the cause of such defective processing,
the optical conponents nust be renoved to be checked one
by one, and nmi ntenance such as cleaning and replacenent
must be perfornmed. However, when the optical conponents
are renmnoved once, the optical axis in the |laser
processi ng apparatus is deviated, so that it is necessary
to perform a troublesone operation for adjusting the
optical axis, thus causing an increase in nunber of man-
hour s.

It is therefore an object of the present invention
to provide an optical axis adjusting nmethod for a |aser
processi ng apparatus which can suppress the nunber of
man- hours required for the adjustnment of the optical axis

in the | aser processing apparatus.



In accordance with an aspect of the present
i nvention, there is provided an optical axis adjusting
nmet hod for a |aser processing apparatus including a |aser
beam applying wunit, the |laser beam applying unit
including a laser oscillator for oscillating a laser and
emtting a |laser beam a plurality of optical conponents
for guiding the |aser beam generated from the |aser
oscillator to a processing point where a workpiece is to
be processed by the laser beam a plurality of optical
conmponent holders for holding the plurality of optical
conmponents, respectively, each optical conponent holder
havi ng an adj usting nechani sm for adjusting a position of
the | aser beam and a position detecting unit adapted to
be provided at the processing point for detecting the
position of the laser beam the optical axis adjusting
method including a position detecting step of emtting
the |aser beam from the laser oscillator, applying the
| aser beam to the processing point, and detecting the
position of the |laser beam by wusing the position
detecting unit set at the processing point, a storing
step of storing the position of the I|aser beam as
detected in the position detecting step as a reference
position, and an adjusting step of operating the

adj usting nmechanism of each optical conponent holder in
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the case that the position of the |laser beam is deviated
from the reference position after perform ng naintenance
of each optical conmponent, thereby adjusting the position
of the laser beam so that the position of the |aser beam
is shifted back to the reference position.

The above and other objects, feat ures, and
advantages of the present invention and the manner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the following description and appended clains wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view depicting the
configuration of a |aser processing apparatus for use in
performng an optical axis adjusting nethod according to
a preferred enbodi nent of the present invention;

FIG 2 is a schematic diagram depicting the
configuration of a l|laser beam applying unit included in
the | aser processing apparatus depicted in FIG 1,

FIG 3 is a perspective view depicting the
configuration of a mrror holder included in the Iaser

beam appl ying unit depicted in FIG 2;
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FIG 4 is a flowhart depicting the flow of the
optical axis adjusting nethod according to this preferred
enbodi nent;

FIG 5 is a schematic diagramdepicting the outline
of a position detecting unit setting step included in the
optical axis adjusting nethod depicted in FIG 4,

FIG 6 is a schematic plan view of a photodetecting
surface on which the position of a |aser beamis detected
by a position detecting unit in a position detecting step
included in the optical axis adjusting nmethod depicted in
FIG 4;

FIG 7 is a schematic plan view simlar to FIG 6,
depicting an optical axis adjusting step included in the
optical axis adjusting nethod depicted in FIG 4; and

FIG 8 is a perspective view simlar to FIG 1,

depicting a nodification of this preferred enbodi nent.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A preferred enbodinent of the present invention

will now be described in detail with reference to the
dr awi ngs. The present invention is not limted to this
preferred enbodi nent. Further, the conponents used in

this preferred enbodi nent may include those that can be

easily assunmed by persons skilled in the art or
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substantially the sanme elenments as those known in the art.
Further, the configurations described below my be
suitably conbi ned. Further, the configurations my be
variously omtted, replaced, or changed w thout departing
fromthe scope of the present invention.

There wll now be described an optical axis
adjusting nmethod for a |laser processing apparatus
according to a preferred enbodinment of the present
invention with reference to the draw ngs. FIG 1 is a
perspective view depicting the configuration of a |aser
processi ng apparatus 1 for use in performng the optical
axis adjusting nethod according to this preferred
enbodinent. FIG 2 is a schematic diagram depicting the
configuration of a |aser beam applying unit 20 included
in the |aser processing apparatus 1 depicted in FIG 1.
FIG 3 is a perspective view depicting the configuration
of a mrror holder 26 included in the |aser beam applying
unit 20 depicted in FIG 2. FIG 4 is a flowhart
depicting the flow of the optical axis adjusting nethod
according to this preferred enbodi nent.

The optical axis adjusting nethod according to this
preferred enbodinment is performed in the |aser processing
apparatus 1 depicted in FIG 1. The | aser processing

apparatus 1 depicted in FIG 1 is an apparatus for



applying a pulsed |aser beam 21 to a workpiece 200,
t hereby | aser-processing the workpi ece 200.
(Vor kpi ece)

The workpiece 200 as a target to be processed by
the | aser processing apparatus 1 depicted in FIG 1 is a
di sk- shaped seniconductor wafer or optical device wafer
having a substrate 201 forned of silicon, sapphire, or
gal lium arseni de, for exanple. As depicted in FIG 1, the
substrate 201 of the workpiece 200 has a front side 202
and a back side 205 opposite to the front side 202. A
plurality of crossing division Iines 203 are set on the
front side 202 of the substrate 201 to thereby define a
plurality of separate regions where a plurality of
devices 204 are respectively forned. That is, the
wor kpi ece 200 has the plural devices 204 on the front
side 202 so that the plural devices 204 are separated
from each other by the division lines 203. For exanple,
each device 204 is an integrated circuit such as
integrated circuit (IC and large scale integrated
circuit (LSI) or an inage sensor such as charge coupled
devi ce ( CCD) and a conpl enentary nmet al oxi de
sem conduct or ( CMOS) .

The back side 205 of the substrate 201 of the

wor kpi ece 200 (i.e., the back side of the workpiece 200)



is attached to a circular adhesive tape 211 at a centra
portion thereof. The circular adhesive tape 211 has a
di aneter | arger than the dianeter of the workpiece 200. A
ring frame 210 having a circular inside opening 207 is
attached to a peripheral portion of the adhesive tape 211.
That is, the inside opening 207 of the ring frame 210 has
a dianmeter smaller than the dianeter of the adhesive tape
211. Accordingly, the workpiece 200 is supported through
the adhesive tape 211 to the ring frane 210 in such a
manner that the workpiece 200 is disposed in the inside
opening 207 of the ring franme 210. In this preferred
enbodi nent, the workpiece 200 is divided along the
division lines 203 by the | aser processing apparatus 1 to
thereby obtain a plurality of individual device chips
respectively including the plural devices 204.

(Laser processing apparatus)

As depicted in FIG 1, the |laser processing
apparatus 1 includes a chuck table 10 having a holding
surface 11 for holding the workpiece 200, a |aser beam
applying unit 20 for applying a laser beam to the
wor kpi ece 200 held on the holding surface 11 of the chuck
table 10, a noving nechanism 30 as noving neans for
noving the chuck table 10 in the X direction depicted by

an arrow X and in the Y direction depicted by an arrow Y
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and al so noving the |aser beam applying unit 20 in the Z
direction depicted by an arrow Z, an inmaging unit 90 for
i magi ng the workpiece 200 held on the holding surface 11
of the chuck table 10, and a control wunit 100 for
controlling these conponents.

As nentioned above, the workpiece 200 is adapted to
be held on the holding surface 11 of the chuck table 10.
The hol ding surface 11 has a di sk-shaped suction hol ding
menber formed of porous ceramc, for exanple. The suction
hol ding nenber is connected through a suction passage
(not depicted) to a vacuum source (not depicted) for
produci ng a suction force. By applying this suction force
to the suction holding nenber, the workpiece 200 placed
on the holding surface 11 can be held under suction. In
this preferred enbodinent, the holding surface 11 is a
hori zontal surface parallel to an XY plane defined by the
X direction and the Y direction. A plurality of clanps 12
are provided on the outer circunference of the chuck
table 10, so as to hold the ring frame 210 supporting the
wor kpi ece 200 through the adhesive tape 211 in such a
manner that the workpiece 200 is disposed in the inside
openi ng 207 of the ring franme 210. The chuck table 10 is
rotatable about its vertical axis extending in the Z

direction by operating a rotating mechanism 13. The chuck



table 10 and the rotating nmechanism 13 are novable in the
X direction by operating an X noving nechanism 40 and
al so novable in the Y direction by operating a Y noving
mechani sm 50, in which the X noving nmechanism 40 and the
Y novi ng mechani sm 50 constitute the novi ng mechani sm 30.

The | aser beam applying unit 20 is a unit applying
a pul sed laser beam 21 to the workpiece 200 held on the
chuck table 10. As depicted in FIG 2, the |aser beam
applying unit 20 includes a laser oscillator 22 for
generating the |laser beam 21 for processing the workpiece
200, a plurality of mrrors 23 for reflecting the I|aser
beam 21 generated fromthe |aser oscillator 22 toward the
wor kpi ece 200 held on the holding surface 11 of the chuck
table 10, a focusing lens 24 for focusing the |aser beam
21 reflected by the mrrors 23 to the workpi ece 200, and
focal position adjusting neans (not depicted) for
di splacing a focal point 25 (see FIG 2) of the Iaser
beam 21 in the Z direction perpendicular to the hol ding
surface 11 of the chuck table 10.

The wavel ength of the |laser beam 21 to be applied
from the Jlaser beam applying wunit 20 nmay be a
transm ssion wavel ength to the workpi ece 200 or nmay be an
absorption wavelength to the workpiece 200. In this

preferred enbodi nent, the focal point 25 is set on the
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upper surface (front side 202) of the workpiece 200 held
on the holding surface 11 of the chuck table 10 in a
hori zontal plane parallel to both the X direction and the
Y direction.

The mrrors 23 and the focusing lens 24 are opti cal
conmponents for guiding the |aser beam 21 generated from
the laser oscillator 22 to a processing point where the
wor kpi ece 200 is to be processed by the |aser beam 21.
Further, the |aser beam applying unit 20 includes a
plurality of mrror holders 26 as optical conponent
hol ders for holding the plural mrrors 23, respectively,
and a lens holder 27 as an optical conponent holder for
hol ding the focusing lens 24. As depicted in FIG 3, each
mrror holder 26 includes an adjusting nmechanism 261 for
adjusting the position of the center 28 (depicted by a
phantom line in FIG 2) of the laser beam 21 on a
phot odet ecting surface 71 of a position detecting unit 70
to be hereinafter described. Although not depicted in FIG
3, the lens holder 27 also has an adjusting nechanism
simlar in function to the adjusting nechanism 261. The
configuration of each mrror holder 26 wll now be
described with reference to FIG 3, and the description
of the lens holder 27 will therefore be omtted.

As depicted in FIG 3, each mrror holder 26

11



i ncludes the adjusting nmechanism 261 nentioned above, a
first plate 262 for holding the mrror 23, and a second
plate 263 fixed to the | aser processing apparatus 1. Each
of the first plate 262 and the second plate 263 has an L-
shaped configuration. The mrror 23 is held at a centra
portion of the first plate 262.

The adjusting mechanism 261 includes a spring 264
for connecting the first plate 262 and the second plate
263 and normally biasing the first plate 262 and the
second plate 263 in such a direction that the first plate
262 and the second plate 263 approach each other. 1In this
preferred enbodinment, the first plate 262 and the second
plate 263 are connected at their central portions by the
spring 264. The adjusting nechanism 261 further includes
a pair of adjusting screws 265 and 266 threadedly engaged
with the second plate 263 at its opposite end portions.
The front ends of the adjusting screws 265 and 266 abut
against the first plate 262 at its opposite end portions.
By rotating the adjusting screw 265 about its axis, the
spaci ng between one end portion of the first plate 262
and one end portion of the second plate 263 can be
adjusted. Simlarly, by rotating the adjusting screw 266
about its axis, the spacing between the other end portion

of the first plate 262 and the other end portion of the
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second plate 263 can be adjusted. As a result, the
direction of the optical axis of each mrror 23 can be
adjusted. In other words, the optical path of the [|aser
beam 21 can be adj usted.

Wile the mrrors 23 and the focusing lens 24 are
depicted as the optical components in this preferred
enbodi nent, the optical conponents are not |limted to the
mrrors 23 and the focusing lens 24 in the present
invention. Further, while the mrror holders 26 and the
| ens holder 27 are depicted as the optical conponent
holders in this preferred enbodi nent, the optical
conponent holders are not |imted to the mrror holders
26 and the lens holder 27 in the present invention.

The noving nechanism 30 functions to relatively
nove the chuck table 10 and the | aser beam applying unit
20. The noving nechanism 30 includes an X noving
mechani sm 40 as feeding neans for noving the chuck table
10 in the X direction parallel to the holding surface 11,
a Y noving nechanism 50 as indexing nmeans for noving the
chuck table 10 in the Y direction parallel to the holding
surface 11 and perpendicular to the X direction, and a Z
novi ng nechanism 60 for noving the |aser beam applying
unit 20 in the Z direction perpendicular to the hol ding

surface 11.

13



The | aser processing apparatus 1 has a box-shaped
base housing 2. The X noving nmechanism 40 and the Y
novi ng nmechani sm 50 are provided on the upper surface of
the base housing 2. More specifically, the X noving
mechani sm 40 functions to support an X novable plate 14
so that the X novable plate 14 is novable in the X
di rection. The rotating mechanism 13 for rotating the
chuck table 10 about its axis extending in the Z
direction is supported to the X novable plate 14.
Accordingly, the ~chuck table 10 and the rotating
mechani sm 13 are novable with the X novable plate 14 in
the X direction. The Y noving nmechanism 50 functions to
support a Y novable plate 15 so that the Y novable plate
15 is novable in the Y direction. The X novable plate 14
is nmovably supported to the Y novable plate 15.

An L-shaped colum 3 is provided on the upper
surface of the base housing 2. The Z noving nechani sm 60
is provided on the L-shaped colum 3. The Z noving
nmechani sm 60 functions to support at |east the focusing
lens 24 of the |aser beam applying unit 20 so that the
| aser beam applying unit 20 is novable in the Z direction.
The X noving nmechani sm 40 includes a known ball screw 41
rotatable about its axis extending in the X direction, a

known pul se notor 42 for rotating the ball screw 41 about
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its axis, and a pair of known guide rails 43 extending in
the X direction and supporting the X novable plate 14 so
that the X novable plate 14 can slide on the guide rails
43 in the X direction, in which the ball screw 41 is
operatively engaged with the X novable plate 14, and the
X novable plate 14 can be noved by the rotation of the
ball screw 41. SSmlarly, the Y noving mechanism 50
includes a known ball screw 51 rotatable about its axis
extending in the Y direction, a known pulse notor 52 for
rotating the ball screw 51 about its axis, and a pair of
known guide rails 53 extending in the Y direction and
supporting the Y novable plate 15 so that the Y novable
plate 15 can slide on the guide rails 53 in the Y
direction, in which the ball screw 51 is operatively
engaged with the Y novable plate 15, and the Y novable
plate 15 can be noved by the rotation of the ball screw
51. Simlarly, the Z noving nmechani sm 60 includes a known
ball screw 61 rotatable about its axis extending in the Z
direction, a known pulse notor 62 for rotating the bal

screw 61 about its axis, and a pair of known guide rails
63 extending in the Z direction and supporting the I aser
beam applying unit 20 so that the |aser beam applying
unit 20 can slide on the guide rails 63 in the Z

direction, in which the ball screw 61 is operatively
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engaged with the |aser beam applying unit 20 so that the
| aser beam applying unit 20 can slide on the guide rails
63 in the Z direction.

Further, the |aser processing apparatus 1 includes
an X position detecting unit (not depicted) for detecting
the X position of the chuck table 10 in the X direction,
a Y position detecting unit (not depicted) for detecting
the Y position of the chuck table 10 in the Y direction,
and a Z position detecting unit (not depicted) for
detecting the Z position of the focusing lens 24 of the
| aser beam applying unit 20 in the Z direction. The
result of detection by each position detecting unit is
output to the control unit 100.

The imging wunit 90 functions to image the
wor kpi ece 200 held on the chuck table 10. For exanple,
the imaging unit 90 is configured by a charge coupled
device (CCD) canera or an infrared canera capable of
i magi ng the workpi ece 200 held on the chuck table 10. In
this preferred enbodinent, the imaging unit 90 is fixed
to the laser beam applying unit 20 at a position adjacent
to the focusing lens 24. The workpiece 200 is imged by
the imaging unit 90 to obtain an imge for wuse in
perform ng alignnment for nmaking the alignment between the

wor kpi ece 200 and the |aser beam applying unit 20. The
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i mage obtained by the imaging unit 90 is output to the
control unit 100.

The control wunit 100 functions to control the
above-nentioned conponents of the |aser processi ng
apparatus 1 and thereby perform a |aser processing
operation to the workpiece 200. The control wunit 100 is
configured by a conputer including a conputing unit
having a m croprocessor such as a central processing unit
(CPU), a storing unit having a nenory such as a read only
menory (ROM and a random access nenory (RAM, and an
i nput/output interface unit. The computing unit in the
control wunit 100 perfornms conputation according to a
conmputer program stored in the storing unit and then
outputs a control signal for controlling the |aser
processi ng apparatus 1 through the input/output interface
unit to each conponent of the |aser processing apparatus
1, thus realizing the function of the control unit 100.

Further, the l|aser processing apparatus 1 includes
a display unit 101 such as a liquid crystal display for
di splaying the condition of the |aser processi ng
operation and the inmage obtained by the imaging unit 90
and an input unit (not depicted) for wuse in recording
information on the details of |aser processing from an

oper at or. The display unit 101 and the input unit are
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connected to the control wunit 100. The input unit is
configured by either or both of a touch panel provided in
the display unit 101 and an external input device such as
a keyboard. The display unit 101 has a display screen 102
on which the information or inmage is displayed. By
operating the input unit, the condition of the display
screen 102 can be changed.

As depicted in FIG 1, the control wunit 100 is
connectable to a position detecting unit 70. The position
detecting unit 70 has a photodetecting surface 71 for
receiving the laser beam 21 generated from the |aser
oscillator 22 and then guided by the mrrors 23 and the
focusing lens 24. In this preferred enbodinent, the
position detecting unit 70 is configured by a power neter
having a pointing function capable of detecting the
position of the laser beam 21 on the photodetecting
surface 71. However, the position detecting unit 70 may
be configured by a profiler in the present invention.
Information on the position of the |aser beam 21 on the
phot odetecting surface 71 as detected is output from the
position detecting unit 70 to the control wunit 100. I n
this preferred enbodi ment, the photodetecting surface 71
has a square shape as viewed in plan. However, the shape

of the photodetecting surface 71 is not limted in the
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present invention.

Prior to performng the |aser processing operation
to the workpiece 200 by wusing the |Ilaser processing
apparatus 1, the adjusting nechanism 261 of each of the
holders 26 and 27 is operated to thereby adjust the
position of the |aser beam 21. In performng the |aser
processing operation, the information on the details of
| aser processing is first recorded by the operator into
the nmenory in the control wunit 100. Thereafter, the
wor kpi ece 200 supported through the adhesive tape 211 to
the ring frame 210 is placed through the adhesive tape
211 on the holding surface 11 of the chuck table 10. That
is, the front side 202 of the workpiece 200 held on the
chuck table 10 is oriented upward. Thereafter, the
control unit 100 receives an instruction to start the
| aser processing apparatus 1 from the operator through
the input unit. Accordingly, the control unit 100 starts
the laser processing operation according to the
information on the details of |aser processing as
recorded previously.

In the | aser processing operation, a suction force
produced by the vacuum source is applied to the hol ding
surface 11 of the chuck table 10. As a result, the

wor kpi ece 200 is held under suction through the adhesive
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tape 211 on the holding surface 11 of the chuck table 10.
Thereafter, the ring frame 210 is fixed by the clanps 12.
Thereafter, the noving nechanism 30 is operated to nove
the chuck table 10 to a position below the inmaging unit
90, and the imaging unit 90 is next operated to inage the
wor kpi ece 200 held on the chuck table 10. Thereafter, the
control unit 100 perforns inmge processing such as
pattern matching by wusing an inmge obtained by the
I maging unit 90, so as to nmeke the alignnent between a
target one of the division lines 203 of the workpi ece 200
held on the chuck table 10 and the focusing lens 24 of
the laser beam applying unit 20. Thus, alignnent is
per f or med.

Thereafter, the |aser beam applying unit 20 is
operated to apply the pulsed laser beam 21 to the
wor kpi ece 200 as the |aser beam applying unit 20 and the
wor kpi ece 200 are relatively noved in the X direction by
operation of the noving nmechanism 30. Mre specifically,
the X noving nmechanism 40 is operated to nove the chuck
table 10 with respect to the |aser beam applying unit 20
in the X direction. Accordingly, the workpiece 200 is
processed along the target division line 203 by the |aser
beam 21. Thereafter, the X noving nechanism 40, the Y

nmovi ng nechani sm 50, and the rotating nmechanism 13 are
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operated to simlarly perform the |aser processing
operation along all of the other division lines 203.
Thereafter, the application of the laser beam 21 is
stopped to finish the |aser processing operation.

In general, such a |aser processing operation to
the workpiece 200 rmy —cause the occurrence  of
contam nation or burning on the optical conponent s
including the mrrors 23 and the focusing lens 24 due to
the |aser beam 21. The occurrence of contam nation or
burning may cause a reduction in power of the |aser beam
21 or a distortion in beam shape (power distribution) of
the laser beam 21. Oamng to such a reduction in power of
the laser beam 21 or a distortion in beam shape (power
di stribution) of the |aser beam 21, there is a
possibility that the workpiece 200 cannot be desirably
processed to cause defective processing. When such
defective processing occurs, the laser processi ng
operation is once stopped and the optical conponents
including the mrrors 23 and the focusing lens 24 of the
| aser beam applying unit 20 are next denmpunted one by one
for the purpose of maintenance work such as cleaning and
repl acenent. After finishing the maintenance work, the
| aser processing operation to the workpiece 200 is

restarted.
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(Optical axis adjusting nethod)

The optical axis adjusting nmethod according to this
preferred enbodi ment is a nethod of adjusting the optical
path of the |aser beam 21 to be applied from the |aser
beam applying unit 20 in the |aser processing apparatus 1.
This nmethod is also a nmintenance nethod for the optical
conponents including the mrrors 23 and the focusing | ens
24 of the |aser beam applying unit 20. As depicted in FIG
4, the optical axis adjusting nethod according to this
preferred enbodi nent includes a position detecting unit
setting step ST1l, position detecting step ST2, storing
step ST3, conponent adjusting step ST4, and optical axis
adj usting step ST5.

(Position detecting unit setting step)

FIG 5 is a schematic diagram depicting the outline
of the position detecting unit setting step of the
optical axis adjusting nethod depicted in FIG 4. The
position detecting unit setting step STl is a step of
setting the position detecting unit 70 for detecting the
position of the |laser beam 21 at a predeterm ned
processing point before performng the naintenance of
each optical conponent.

In the position detecting unit setting step ST1

the position detecting unit 70 is connected to the
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control unit 100 by the operator and next set at a
predeterm ned position as the predeterm ned processing
point as depicted in FIG 5 by the operator. In this
preferred enbodinent, this predetermned position is
defined as the center of the holding surface 11 of the
chuck table 10. However, the predeterm ned position is
not limted to the center of the holding surface 11 in
the present invention. After setting the position
detecting unit 70 at the center of the holding surface 11,
the net hod proceeds to the position detecting step ST2.
(Position detecting step)

FI G 6 is a schematic plan view of t he
phot odetecting surface 71 on which the position of the
| aser beam 21 is detected by the position detecting unit
70 in the position detecting step of the optical axis
adjusting nethod depicted in FIG 4. The position
detecting step ST2 is a step of generating the |aser beam
21 from the laser oscillator 22 and applying the |[aser
beam 21 to the predeterm ned processing point, i.e., to
the photodetecting surface 71 of the position detecting
unit 70 set on the holding surface 11 at the center
thereof as the predeterm ned position, thereby detecting
the position of the |aser beam 21, prior to performng

t he mai ntenance of each optical conponent.
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In the position detecting step ST2, the input unit
is operated by the operator to start the operation of the
| aser processing apparatus 1. Accordingly, the noving
mechanism 30 is operated to relatively nove the |aser
beam applying unit 20 and the chuck table 10 so that the
focusing lens 24 of the |aser beam applying unit 20 is
vertically opposed to the photodetecting surface 71 of
the position detecting unit 70 set on the holding surface
11 of the chuck table 10 in the Z direction. Thereafter,
the laser beam 21 is generated from the |aser oscillator
22 and then applied to the photodetecting surface 71 of
the position detecting unit 70. That is, the laser beam
21 applied from the |aser beam applying unit 20 is
recei ved by the photodetecting surface 71.

Thereafter, the position of the |aser beam 21 on
the photodetecting surface 71 depicted in FIG 6 is
detected by the position detecting unit 70. Thereafter
information indicating the position of the |aser beam 21
on the photodetecting surface 71 as detected above is
output to the control unit 100. Thereafter, the nethod
proceeds to the storing step ST3.

(Storing step)
The storing step ST3 is a step of storing the

position of the laser beam 21 on the photodetecting
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surface 71 as detected in the position detecting step ST2,
as a reference position 300 (see FIG 6). In the storing
step ST3, the control unit 100 stores into the nenory the
position of the laser beam 21 on the photodetecting
surface 71 as detected above as the reference position
300. That is, the detected position of the |aser beam 21
on the photodetecting surface 71 as the reference
position 300 is stored into the nenmory of the contro

unit 100. Further, the position of the chuck table 10,

i.e., the position of the position detecting unit 70 as
positioned in the position detecting step ST2 is also
stored into the nenory of the control unit  100.

Thereafter, the nmethod proceeds to the conponent
adj usting step ST4.

In FIG 6, the laser beam 21 is applied to the
center of the photodetecting surface 71 in the position
detecting step ST2, so that the center of t he
phot odetecting surface 71 is stored as the position of
the laser beam 21, i.e., the reference position 300.
Further, in FIG 6, the beam spot of the |aser beam 21
formed on the photodetecting surface 71 has a circular
shape and depicts a Gaussian distribution such that the
nearer to the center 28 of the |aser beam 21, the |arger

the power of the |aser beam 21. Further, in the position
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detecting step ST2 and the storing step ST3, the position
of the laser beam 21 on the photodetecting surface 71 of
the position detecting unit 70 may be displayed on the
di spl ay screen 102 of the display unit 101.

( Conponent adj usting step)

The conponent adjusting step ST4 is a step of
removing one of the plural mrrors 23 and the focusing
lens 24, i.e., one of the plural optical conponents of
the laser beam applying unit 20 after performng the
storing step ST3, next performng the naintenance of the
optical conponent renoved above, e.g., cleaning or
repl acenent of the optical conponent renoved above, and
next nounting the optical conponent again to the |aser
beam applying unit 20 after perform ng the maintenance.
That is, in the conponent adjusting step ST4, one of the
plural optical conponents of the |aser beam applying unit
20 is first renoved by the operator. Thereafter, the
mai nt enance work is perforned to this optical conponent
r enoved. Thereafter, this optical conponent is nounted
again to the |aser beam applying unit 20 by the operator.
Thereafter, the mnethod proceeds to the optical axis
adj usting step ST5.

(Optical axis adjusting step)

FI G 7 is a schematic plan view of t he
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phot odetecting surface 71 on which the position of the
| aser beam 21 is detected by the position detecting unit
70 in the optical axis adjusting step of the optical axis
detecting nethod depicted in FIG 4. The optical axis
adjusting step ST5 is a step of generating the |aser beam
21 from the laser oscillator 22 and then applying the
| aser beam 21 to the photodetecting surface 71 of the
position detecting unit 70 set at the predeterm ned
position on the holding surface 11 as the predeterm ned
processing point, thereby detecting the position of the
| aser beam 21 on the photodetecting surface 71, after
perform ng the maintenance of the one optical conponent
as nmenti oned above.

After perform ng the mai ntenance of the one opti cal
conmponent, there is a possibility that the position of
the |laser beam 21 on the photodetecting surface 71 as
detected by the position detecting wunit 70 may be
deviated from the reference position 300 as depicted in
FIG 7. In this case, in the optical axis adjusting step
ST5, the adjusting nmechani sm 261 of the optical conponent
hol der for holding the one optical conponent subjected to
the mai ntenance work is operated to shift the position of
the laser beam 21 back to the reference position 300,

thereby adjusting the optical path of the |aser beam 21.
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In the optical axis adjusting step ST5, the input
unit is operated by the operator to restart the |aser
processi ng apparatus 1. Accordingly, the noving nmechani sm
30 is operated to nove the chuck table 10 to the sane
position as that set in the position detecting step ST2.
Thereafter, the | aser beam 21 is generated from the | aser
oscillator 22 and applied to the photodetecting surface
71 of the position detecting unit 70 set on the holding
surface 11 of the chuck table 10 at the predeterm ned
position.

Thereafter, the position of the |aser beam 21 on
the photodetecting surface 71 depicted in FIG 7 is
detected by the position detecting wunit 70 after
perform ng the mai ntenance work. In FIG 7, the beam spot
of the |aser beam 21 on the photodetecting surface 71
after performng the maintenance work is denoted by
reference nuneral 21-1. Thereafter, information depicting
the position of the |aser beam 21-1 on the photodetecting
surface 71 as detected above is output to the contro
unit 100. As apparent from FIG 7, the beam spot of the
| aser beam 21-1 is deviated from the beam spot of the
| aser beam 21 at the reference position 300.

Thereafter, the display unit 101 is controlled by

the control unit 100 to display the position of the |aser
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beam 21-1 on the photodetecting surface 71 of the
position detecting unit 70 as detected above and the
reference position 300 previously stored. That is, the
position of the |laser beam 21-1 and the reference
position 300 are displayed on the display screen 102 of
the display unit 101. As depicted in FIG 7, the position
of the laser beam 21-1 is deviated from the reference
position 300. In this case, the adjusting nechanism 261
of the optical conponent holder for holding the optical
conmponent subjected to the nmaintenance work is operated
to shift the position of the |aser beam 21-1 back to the
reference position 300 as depicted by a white arrow in
FIG 7.

In the optical axis adjusting step ST5 the
position of the laser beam 21 on the photodetecting
surface 71 of the position detecting unit 70 as detected
in the position detecting step ST2 may be displayed on
the display screen 102 of the display unit 101. Further,
the center 28-1 of the laser beam 21-1 my also be
di spl ayed on the display screen 102 of the display unit
101.

After performng the optical axis adjusting step
ST5, the nethod proceeds to step ST6, in which it is

determ ned whether or not the mai ntenance work has been
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performed for all of desired ones of the plural optica

conponents of the |aser beam applying unit 20 by the
operator. If the maintenance work has not been perforned
for all of the desired optical conponents by the operator
(step ST6: No), the nethod returns to the conponent
adjusting step ST4 to perform the maintenance work for
one of the desired optical conponents, and the optica

axis adjusting step ST6 is next perfornmed. In this manner,
the conponent adjusting step ST4 and the optical axis
adjusting step ST5 are repeated until the maintenance
work is perfornmed for all of the other desired optica

conponents by the operator. As a result, when the
mai nt enance work has been performed for all of the
desired optical conponents of the |aser beam applying
unit 20 by the operator (step ST6: Yes), the nethod is
ended.

As described above, the optical axis adjusting
nmet hod according to this preferred enbodi nent includes
the position detecting step ST2, in which the focusing
|l ens 24 of the |aser beam applying unit 20 is opposed to
the photodetecting surface 71 of the position detecting
unit 70, and the laser beam 21 is applied to the
phot odet ecti ng surface 71 bef or e per form ng t he

mai nt enance work for each optical conponent. Then, the
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position of the laser beam 21 on the photodetecting
surface 71 is detected and stored as the reference
position 300. Accordingly, after renobving the optical
conponents, next performng the naintenance work, and
next nounting the optical conponents again, the anmount of
deviation of the position of the |aser beam 21 after
mai nt enance work from the reference position 300 can be
easily recogni zed by checking the result of detection by
the position detecting unit 70.

In the case of renoving the mrror 23 |ocated just
downstream of the beam outlet opening of the Iaser
oscillator 22 in the |aser processing apparatus 1 having
a conplex optical system conposed of plural optica
conmponents, it is only necessary to operate the adjusting
mechani sm 261 of the optical conponent hol der for hol ding
the mrror 23 renoved, thereby adjusting the position of
the laser beam 21. That is, it is unnecessary to perform
the adjustnent of the optical axes of all the other
optical conponents |ocated downstream of the mrror 23.
Accordingly, the nunber of nman-hours can be greatly
reduced. As a result, the optical axis adjusting nethod
according to this preferred enbodinent can exhibit an
effect that the nunmber of man-hours required for the

adjustnment of the optical path of the |aser beam 21 can
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be suppressed.
(Modi fi cation)

An optical axis adjusting nethod according to a
nodi fication of the above preferred enbodinent will now
be described with reference to FIG 8. FIG 8 is a
perspective view depicting the configuration of a |aser
processing apparatus 1-1 for wuse in performng the
opti cal axis adjusting nmethod according to this
nodi fication. In FIG 8, the sane parts as those depicted
in FIG 1 are denoted by the sane reference nunerals, and
the description thereof will therefore be omtted.

As depicted in FIG 8, the position detecting unit
70 is previously located on the X novable plate 14 in the
| aser processing apparatus 1-1 at a predeterm ned
position corresponding to the predeterm ned processing
point. That is, the position detecting unit setting step
STl in the above preferred enbodinment is not performed in
this nodification. Further, in the position detecting
step ST2 and the optical axis adjusting step ST5, the
focusing lens 24 of the |aser beam applying unit 20 is
opposed to the photodetecting surface 71 of the position
detecting unit 70 set on the X novable plate 14 in the Z
direction. The other configuration is simlar to that in

t he above preferred enbodi nent.
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In the position detecting step ST2 of the optica
axis adjusting nethod according to this nodification, the
focusing lens 24 of the |aser beam applying unit 20 is
opposed to the photodetecting surface 71 of the position
detecting unit 70 in the Z direction. Thereafter, the
| aser beam 21 is generated and applied to the
phot odet ecting surface 71, and the position of the |aser
beam 21 on the photodetecting surface 71 is detected and
stored as the reference position 300, before performng
the rmaintenance work for each opti cal conponent .
Accordingly, this nodification can exhibit a simlar
effect that the nunber of man-hours required for the
ajustnent of the optical path of the |aser beam 21 can be
suppressed.

Further, in the optical axis adjusting method
according to this nodification, the position detecting
unit 70 is previously located on the X novable plate 14.
Accordingly, in adjusting the optical path of the |aser
beam 21, there is no need for tinme and effort for
providing the position detecting unit 70 on the holding
surface 11 of the chuck table 10. Accordingly, the effect
of suppressing the nunber of man-hours required for the
adjustnent of the optical axis in the |aser processing

apparatus can be made greater.
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The present invention is not limted to the above
preferred enbodi nent, and various nodifications may be
made wi thout departing from the scope of the present
i nventi on. For exanple, before any defective processing
occurs, the position detecting unit setting step ST1, the
position detecting step ST2, and the storing step ST3 nay
be performed to detect and store the reference position
300.

The present invention is not limted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clainms and all
changes and nodifications as fall within the equival ence
of the scope of the claimare therefore to be enbraced by

the i nventi on.
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WHAT | S CLAIMED | S:

1. An optical axis adjusting nmethod for a |aser
processi ng apparatus including a | aser beam applying unit,
said | aser beam appl ying unit including:

a laser oscillator for oscillating a |aser and
emtting a | aser beam

a plurality of optical conponents for guiding said
| aser beam generated from said l|laser oscillator to a
processi ng point where a workpiece is to be processed by
sai d | aser beam

a plurality of optical conmponent holders for
hol di ng sai d plurality of opti cal conponents,
respectively, each optical conponent holder having an
adj usting nechanism for adjusting a position of said
| aser beam and

a position detecting unit adapted to be provi ded at
said processing point for detecting said position of said
| aser beam

said optical axis adjusting nmethod conprising:

a position detecting step of emtting said |aser
beam from said | aser oscillator, applying said | aser beam
to said processing point, and detecting said position of
said | aser beam by using said position detecting unit set

at sai d processing point;
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a storing step of storing said position of said
| aser beam as detected in said position detecting step as
a reference position; and

an adjusting step of operating said adjusting
mechani sm of each optical conponent holder in a case that
the position of said laser beam is deviated from said
reference position after perform ng maintenance of each
optical conponent, and adjusting the position of said
| aser beam so that the position of said |laser beam is

shifted back to said reference position.
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