METHOD OF PROCESSI NG WORKPI ECE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a method o
processing a plate-shaped workpiece having rectangu
face and reverse sides.

Description of the Related Art

Optical parts such as substrates for use as
screens of flat panel displays are manufactured by
processing workpieces such as glass plates that are
transparent in the visible light range. For proces
such workpieces, for example, there are used a proc
apparatus including a laser processing apparatus fo
generating and using a high-output laser beam and a
cutting apparatus that has an annular cutting blade
including abrasive grains and that is mounted on a
spindle (see, for example, JP 2006-93333A).

These processing apparatuses generally extr
pattern of devices or the like existing on a workpi
from an image of the workpiece that is captured by
camera and confirm a position, i.e., a projected
processing line, where the workpiece is to be proce

In a case where a workpiece free of such a pattern
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be processed by a processing apparatus, the workpie
placed in a predetermined position on a chuck table
the processing apparatus such that the workpiece ca

processed at a given position, for example.

SUMVARY OF THE | NVENTI ON

A delivery mechanism for delivering the wor
in the processing apparatus is arranged to be able
load the workpiece highly accurately onto the chuck
table. However, the actual position into which the
workpiece is loaded often deviates from a target po
on the chuck table by a distance of up to 5 mm.
Therefore, the above process of placing the workpie
the predetermined position on the chuck table is no
effective enough to assist in processing the workpi
with sufficiently high accuracy.

For example, a workpiece having circular fa
reverse sides can be processed highly accurately by
determining a position corresponding to the center
circular shape from the positions of three points o
outer circumferential edge of the circular shape.
However, this process of processing a workpiece hav
circular face and reverse sides cannot directly be

applied to the processing of workpieces having
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rectangular face and reverse sides.

It is therefore an object of the present in
to provide a method of processing with high accurac
plate-shaped workpiece having rectangular face and
reverse sides.

In accordance with an aspect of the present
invention, there is provided a method of processing
plate-shaped workpiece having a first rectangular s
having four sides and a second rectangular surface
positioned opposite the first surface, with use of
chuck table having a holding surface and of a proce
unit for processing the workpiece held on the chuck
table. The method includes an acquiring step for,
the second surface of the workpiece is being held o
holding surface of the chuck table, acquiring an
orientation of the four sides of the workpiece in a
plane parallel to the holding surface and four sets
coordinates indicating positions of the four sides
XY plane, from displacement information obtained by
measuring a height of an area including the four si
the workpiece, and a processing step for processing
workpiece on the basis of the orientation of the si
and the four sets of XY coordinates.

In the above aspect of the present inventio
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acquiring step may further include an orientation
acquiring step for moving a measuring instrument fo
measuring a height and the chuck table relatively t
other to thereby measure a height of an area includ
side of the workpiece on two straight lines that ex
through different positions in Y directions and tha
parallel to X directions, and calculating XY coordi
indicating two positions where the side and the two
straight lines intersect with each other, from obta
displacement information, to acquire an orientation
the side, a first coordinate acquiring step for adj

an orientation of the chuck table about a rotationa
perpendicular to the XY plane in order to make the
orientation of the side acquired in the orientation
acquiring step parallel to the Y directions, then m
the measuring instrument and the chuck table relati
to each other to thereby measure a height of an are
including two opposite sides of the workpiece on a
straight line parallel to the X directions, and acq
two sets of XY coordinates indicating two positions

the two opposite sides and the straight line inters

with each other, from obtained displacement informa

and a second coordinate acquiring step for adjustin

orientation of the chuck table about the rotational
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in order to make the orientation of the side acquir
the orientation acquiring step perpendicular to the
directions, then moving the measuring instrument an
chuck table relatively to each other to thereby mea
height of an area including other two opposite side
the workpiece on a straight line parallel to the X
directions, and acquiring two sets of XY coordinate
indicating two positions where the other two opposi
sides and the straight line intersect with each oth
from obtained displacement information.

In the above aspect of the present inventio
acquiring step may further include a first coordina
acquiring step for moving a measuring instrument fo
measuring a height and the chuck table relatively t
other to thereby measure a height of an area includ
two opposite sides of the workpiece on two straight
that extend through different positions in Y direct
and that are parallel to X directions, and acquirin
three or more sets of XY coordinates indicating thr
more positions where the two opposite sides and the
straight lines intersect with each other, from obta
displacement information, a second coordinate acqui
step for, while an orientation of the chuck table a

rotational axis perpendicular to the XY plane is
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perpendicular to an orientation of the chuck table
first coordinate acquiring step, moving the measuri
instrument and the chuck table relatively to each o
to thereby measure a height of an area including ot
two opposite sides of the workpiece on a straight |
parallel to the X directions, and acquiring two set
XY coordinates indicating two positions where the o
two opposite sides and the straight line intersect
each other, from obtained displacement information,
orientation acquiring step for acquiring an orienta
of one of the two opposite sides from the two sets
coordinates that are acquired in the first coordina
acquiring step and that indicate two positions wher
of the two opposite sides and the two straight line
intersect with each other, and a corrected coordina
acquiring step for correcting the two sets of XY
coordinates that are acquired in the first coordina
acquiring step and that indicate two positions wher
two opposite sides and one of the straight lines
intersect each other and correcting the two sets of
coordinates acquired in the second coordinate acqui
step, on the basis of the orientation of the side
acquired in the orientation acquiring step, and acq

corrected four sets of XY coordinates.
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In accordance with another aspect of the pr
invention, there is provided a method of processing
plate-shaped workpiece having a first rectangular s
having four sides and a second rectangular surface
positioned opposite the first surface, with use of
chuck table having a holding surface and of a proce
unit for processing the workpiece held on the chuck
table. The method includes an acquiring step for,
the second surface of the workpiece is being held o
holding surface of the chuck table, acquiring an
orientation of a side of the workpiece in an XY pla
parallel to the holding surface, from an image capt
of an area including the side of the workpiece, and
acquiring four sets of XY coordinates indicating
positions of the four sides of the workpiece in the
plane, from displacement information obtained by
measuring a height of an area including the four si
the workpiece, and a processing step for processing
workpiece on the basis of the orientation of the si
the four sets of XY coordinates.

In the methods of processing a workpiece ac
to the aspect and other aspect of the present inven
since the orientation of either side of the first s

of the workpiece and the four sets of XY coordinate
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indicating positions on the four sides of the first
surface are acquired, the workpiece can be processe
highly accurately on the basis of the orientation a
four sets of XY coordinates.

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 of a laser pro
apparatus for carrying out a method of processing a
workpiece according to an embodiment of the present
invention;

FIG. 2 is a flowchart of the method of proc
workpiece according to the present embodiment;

FIG. 3 is a plan view illustrating an outli
orientation acquiring step of the method;

FIG. 4 is a side elevational view, partly i
section, illustrating the manner in which the heigh

the workpiece is measured,;
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FIG. 5 is a graph illustrating an example o f
displacement information;

FIG. 6 is a plan view illustrating an outli ne of a
first coordinate acquiring step of the method,;

FIG. 7 is a plan view illustrating an outli ne of a

second coordinate acquiring step of the method;

FIG. 8 is a side elevational view, partly i n cross
section, illustrating an outline of a processing st ep;
FIG. 9 is a flowchart of a method of proces sing a

workpiece according to a first modification;

FIG. 10 is a plan view illustrating an outl ine of a
first coordinate acquiring step of the method accor ding
to the first modification; and

FIG. 11 is a plan view illustrating an outl ine of a
second coordinate acquiring step of the method acco rding

to the first modification.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A method of processing a workpiece accordin gtoa
preferred embodiment of the present invention will be
described hereinbelow with reference to the accompa nying
drawings. FIG. 1 illustrates in perspective a lase r
processing apparatus, i.e., a processing apparatus, 2 for

carrying out the method of processing a workpiece
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according to the present embodiment. In FIG. 1, so
the components of the laser processing apparatus 2
omitted from illustration. X directions, i.e., for

and rearward directions or processing feed directio
directions, i.e., leftward and rightward directions
indexing feed directions, and Z directions, i.e.,
vertical directions or incising feed directions, re

to in the description that follows extend perpendic
to each other.

As illustrated in FIG. 1, the laser process
apparatus 2 includes a base 4 that supports thereon
plurality of components of the laser processing app
2. The laser processing apparatus 2 also includes
column- or wall-shaped support structure 6 projecti
upwardly at a rear end of the base 4. Further, the
processing apparatus 2 includes a columnar housing
projecting upwardly at a front corner thereof.

The housing 4a has an opening defined in an
end thereof and defines a space therein that is ope
outwardly through the opening in the upper end ther
The housing 4a houses therein a cassette support ta
having a generally flat upper surface and a lifting
lowering mechanism, not depicted, for lifting and

lowering the cassette support table 8. The cassett
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support table 8 has an upper surface exposed upward
through the opening of the housing 4a. A cassette
is capable of storing a plurality of workpieces 11
placed on the upper surface of the cassette support
8.

Each of the workpieces 11 is of a plate sha
of a glass material that is transparent in the visi
light range, for example. The workpiece 11 has a f
rectangular surface, i.e., a face side, 11a having
sides and a second rectangular surface, i.e., a rev
side, 11b (see FIG. 4, etc.) positioned opposite th
first surface 11a. The first and second rectangula
surfaces 11a and 11b of the workpiece 11 are free o
structures such as devices.

A tape, i.e., a dicing tape, 13 that is lar
diameter than the workpiece 11 is affixed to the se
rectangular surface 11b of the workpiece 11. The t
has an outer circumferential portion fixed to an an
frame 15 that is disposed around the workpiece 11.
other words, the workpiece 11 as supported on the a
frame 15 by the tape 13 is stored in the cassette 1

The workpieces 11 are not limited to any ma
shapes, structures, sizes, etc. For example, subst

made of materials including a semiconductor typifie
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silicon, ceramic, resin, metal, and so on may be us
the workpieces 11. Similarly, devices such as inte
circuits (ICs) or light emitting diodes (LEDs) may
formed on the workpieces 11. Further alternatively
workpieces 11 may not be supported on the annular f
15 by the tapes 13.

A positioning unit 12 for roughly positioni
at a time of the annular frames 15 that support the
workpieces 11 is disposed in a position adjacent to
housing 4a. The positioning unit 12 includes a pai
guide rails that are movable toward and away from e
other while being kept parallel to the Y directions
example. Each of the guide rails has a bottom surf
supporting the frame 15 thereon and a side surface
extending perpendicularly to the bottom surface.

For example, an annular frame 15 that suppo
workpiece 11 is unloaded from the cassette 10 is pl
on the guide rails of the positioning unit 12. The
guide rails are moved toward each other to grip the
annular frame 15 therebetween, thereby positioning
annular frame 15 and hence the workpiece 11. A del
unit 14 for delivering an annular frame 15 is dispo
above the positioning unit 12.

The laser processing apparatus 2 further in
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moving mechanism, i.e., a processing feed mechanism
indexing feed mechanism, 16 disposed on the base 4
laterally of the positioning unit 12. The moving
mechanism 16 includes a pair of Y-axis guide rails

that are fixedly mounted on an upper surface of the

4 and that extend generally parallel to the Y direc

A Y-axis movable table 20 is slidably mounted on th
axis guide rails 18.

The Y-axis movable table 20 has a lower sur
which a nut, not depicted, is fixedly disposed. Th
is operatively threaded over a Y-axis ball screw 22
rotatable about its central axis, the Y-axis ball s
22 extending generally parallel to the Y-axis guide
18. The Y-axis ball screw 22 has an end coupled to
axis stepping motor 24. When the Y-axis stepping m
IS energized, it rotates the Y-axis ball screw 22 a
its central axis, causing the nut to move the Y-axi
movable table 20 in one of the Y-axis directions al
the Y-axis guide rails 18.

The Y-axis movable table 20 has an upper su
which there are fixedly mounted a pair of X-axis gu
rails 26 extending generally parallel to the X
directions. An X-axis movable table 28 is slidably

mounted on the X-axis guide rails 26. The X-axis m
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table 28 has a lower surface on which a nut, not
depicted, is fixedly disposed.

The nut is operatively threaded over an X-a
screw 30 rotatable about its central axis, the X-ax
ball screw 30 extending generally parallel to the X
guide rails 26. The X-axis ball screw 30 has an en
coupled to an X-axis stepping motor 32. When the X
stepping motor 32 is energized, it rotates the X-ax
ball screw 30 about its central axis, causing the n
move the X-axis movable table 28 in one of the X-ax
directions along the X-axis guide rails 26.

The X-axis movable table 28 supports a

xis ball
is

-axis

-axis

6 table 34

on an upper surface thereof. The 6 table 34 includes a

table base 34a (see FIG. 4, etc.) rotatable about a
vertical axis generally parallel to the Z direction
a rotary actuator, not depicted, such as an electri
motor, coupled to the table base 34a. A chuck tabl
fixedly mounted on an upper surface of the table ba
34a. The chuck table 36 is thus rotatable in uniso
the table base 34a.

The chuck table 36 includes a disk-shaped f
(see FIG. 4, etc.) made of a metal typified by stai
steel, for example. The frame 38 has a recess 38a

FIG. 4, etc.) defined in an upper surface thereof,
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recess 38a having a circular opening in an upper en
thereof. A disk-shaped porous holding plate 40 (se

4, etc.) made of ceramic or the like is fixedly dis

in the recess 38a. The holding plate 40 has an upp

surface lying generally parallel to the X direction

the Y directions and acting as a holding surface 40

holding the second surface 11b of a workpiece 11 wi

tape 13 interposed therebetween.

The holding plate 40 has a lower surface co
to a suction source, not depicted, such as an eject
through a fluid channel 38b defined in the frame 38
valve, not depicted, etc. When the tape 13 affixed
workpiece 11 is held in contact with the holding su
40a and then the valve is opened to allow a negativ
pressure from the suction source to act through the
channel 38b on the holding surface 40a, the workpie

is drawn under suction to the chuck table 36 with t

tape 13 interposed therebetween. Four clamps 42 ar

disposed around the chuck table 36 for securing the
annular frame 15 that supports the workpiece 11, at
corresponding positions with respect to the chuck t
36.

A horizontal support arm 6a projects from a

vertical surface of the support structure 6. An
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irradiating head, i.e., a processing unit, 44 is mo

on a distal end of the support arm 6a. The irradia
head 44 applies a pulsed laser beam 44a (see FIG. 8
emitted from a laser oscillator, i.e., the processi

unit, not depicted, downwardly to an object to be
processed by the laser processing apparatus 2, i.e.
workpiece 11, on the chuck table 36.

The laser beam 44a generated by the laser
oscillator may be any desired wavelengths. Accordi
the present embodiment, however, the laser oscillat
generates a laser beam 44a having a wavelength
transmittable through the workpieces 11, i.e., a
transmissive laser beam 44a. The irradiating head
applies the transmissive laser beam 44a to a workpi
while positioning a focused point thereof within th
workpiece 11, thereby modifying portions in the wor
11, for example.

A camera, i.e., an image capturing unit, 46
mounted on the distal end of the support arm 6a on
side of the irradiating head 44 in one of the X
directions. The camera 46 includes a two-dimension

optical sensor such as a complementary metal oxide

semiconductor (CMOS) image sensor or a charge coupl

device (CCD) image sensor, the sensors having sensi
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in the visible light range, and a focusing lens. T
camera 46 captures an image of the upper surface, i
the first surface 11a, of a workpiece 11 held on th
chuck table 36, i.e., generates an image including
workpiece 11.

An optical displacement measuring instrumen
a measuring instrument, 48 for measuring the distan
to an object, i.e., a workpiece 11 on the chuck tab
is mounted on the distal end of the support arm 6a
side of the camera 46 in one of the X directions.
displacement measuring instrument 48 includes an em
unit for applying a laser beam 48a (see FIG. 4)
downwardly to the object and a detecting unit for
detecting a laser beam 48a reflected upwardly from
object. The displacement measuring instrument 48 m
the height of the upper surface, i.e., the first su
11a, of the workpiece 11 held on the chuck table 36
the basis of the detected laser beam 48a, and gener
information regarding a displacement, i.e., displac
information on the basis of the measured height.

Some of the components described above, i.e
lifting and lowering mechanism, not depicted, for |
and lowering the cassette support table 8, the

positioning unit 12, the delivery unit 14, the Y-ax

17

he

the

t, i.e.,
ce up
le 36,
on one
The

itting

the
easures
rface

, on
ates

ement

., the

ifting



stepping motor 24 and the X-axis stepping motor 32
moving mechanism 16, the rotary actuator for the
34, the valve connected to the chuck table 36, the
irradiating head 44, the laser oscillator, the came
the displacement measuring instrument 48, etc. are
connected to a control unit 50. The control unit 5
control the above components according to a sequenc
steps required to process a workpiece 11.

The control unit 50 includes a computer inc
processor 50a as a processing unit such as a centra

processing unit (CPU) and a storage unit 50b includ

main storage device such as a dynamic random access

memory (DRAM) and an auxiliary storage device such
flash memory. The control unit 50 has its function
performed when the processor 50a executes software,
programs, stored in the storage unit 50b. Alternat
the functions of the control unit 50 may be impleme
by only hardware.

For example, a workpiece 11, i.e., an annul
15, unloaded from the cassette 10 and positioned by
positioning unit 12 is loaded onto the chuck table
the delivery unit 14 and has its second surface 11b
under suction on the holding surface 40a of the chu

table 36. At this time, the position of the workpi
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actually loaded on the chuck table 36 may often dev

from a target position on the chuck table 36 for th

workpiece 11 on account of the accuracy of the posi

of the tape 13 affixed to the workpiece 11, the acc
of the delivering operation of the delivery unit 14
other factors.

According to the present embodiment, inform
regarding the orientation, the position, etc. of th
workpiece 11 on the chuck table 36 is acquired and
the workpiece 11 is processed taking the acquired
information into account in order to eliminate adve
effects of such a positional deviation. FIG. 2 is
flowchart of the method of processing a workpiece

according to the present embodiment. As illustrate

FIG. 2, the method of processing a workpiece accord

the present embodiment includes orientation acquiri

step ST11 that is carried out to acquire the orient
of a side of the first rectangular surface 11a of t
workpiece 11. FIG. 3 illustrates in plan an outlin
orientation acquiring step ST11 of the method. In
some parts including the tape 13 are omitted from
illustration.

In orientation acquiring step ST11, the hei

an area including at least one side 11c of the work
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11 is measured, and XY coordinates representing the
position of the side 11c are calculated from displa
information that is obtained. FIG. 4 illustrates i
elevation the manner in which the height of the wor
11 is measured. In FIG. 4, some parts are illustra
Cross section.

For example, the control unit 50 operates t
displacement measuring instrument 48 to obtain the
relation between the position in the X directions a
height of the workpiece 11 while moving the chuck t
36 that is holding the workpiece 11 in one of the X
directions, as illustrated in FIG. 4. Specifically
control unit 50 moves the displacement measuring
instrument 48 and the chuck table 36 relatively to
other and measures the height of the area including
side 11c of the workpiece 11 on a straight line par
to the X directions.

FIG. 5 is a graph illustrating an example o
displacement information obtained by measuring the
of the area including the side 11c of the workpiece

As described above, when the control unit 50 moves

displacement measuring instrument 48 and the chuck

36 relatively to each other and measures the height

the area including the side 11c of the workpiece 11
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the straight line parallel to the X directions, the
control unit 50 obtains displacement information
representing a profile of the thickness of the work
11. The control unit 50 stores the displacement
information thus obtained in the storage unit 50b.

More specifically, the control unit 50 meas
height of the area including the side 11c of the
workpiece 11 along a first straight line 21a illust
in FIG. 3. At this time, there is a large differen
i.e., a large height difference, between the height
position A where the first straight line 21a and th
11c intersect with each other and the height of a
position outside of the workpiece 11 adjacent to th
position A.

As illustrated in FIG. 5, the control unit

calculate the X coordinate (X 1) of the position A by

extracting, from the obtained displacement informat

position where there is a large height difference.
coordinates of any positions on the first straight
21a parallel to the X directions are equal to each

Therefore, the control unit 50 can calculate the Y

coordinate (Y 1) of the position A from information, etc.

representing the position of the Y-axis movable tab

I.e., the chuck table 36, at the time the height of
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area including the side 11c of the workpiece 11 is
measured.
Specifically, the processor 50a calculates the X
coordinate (X 1) of the position A where the first straight
line 21a and the side 11c intersect with each other , from

the displacement information obtained by the

measurements, and also calculates the Y coordinate (Y 1) of
the position A from information, etc. representing the
position of the Y-axis movable table 20 at the time the

height of the area including the side 11c of the
workpiece 11 is measured. The processor 50a then s tores
the calculated coordinates (X 1, Y 1) of the position A in

the storage unit 50b.

After having measured the height of the are a
including the side 11c of the workpiece 11 along th e
first straight line 21a, the control unit 50 moves the
chuck table 36, i.e., the Y-axis movable table 20, in one
of the Y directions, and then makes similar measure ments.
Specifically, the processor 50a measures the height of an
area including the side 11c of the workpiece 11 alo ng a
second straight line 21b that extends through a pos ition

different from the first straight line 21a in the Y
directions and that is parallel to the X directions

Then, the processor 50a calculates the X co ordinate

22



(X 2) of a position B where the second straight line 21

and the side 11c intersect with each other, from th e
displacement information obtained by the measuremen ts,
and calculates the Y coordinate (Y 2) of the position B
from information, etc. representing the position of the
Y-axis movable table 20, i.e., the chuck table 36, at the
time the height of the area including the side 11c of the
workpiece 11 is measured. The processor 50a then s tores
the calculated coordinates (X 2, Y 2) of the position B in
the storage unit 50b.

According to the present embodiment, the
coordinates of positions are calculated in relation toa
coordinate system having its origin O located at a
position where the axis about which the chuck table 36 is
rotatable and an XY plane parallel to the holding s urface
40a intersect with each other. However, the coordi nates
of positions may be calculated in relation to anoth er
coordinate system having its origin set to another
position.

After having calculated the coordinates (X 1, Y 1) of
the position A and the coordinates (X 2, Y 2)of the
position B, the processor 50a acquires the orientat ion of
the side 11c in the XY plane parallel to the holdin g
surface 40a from the coordinates (X 1, Y 1) of the position

23



A and the coordinates (X 2, Y 2) of the position B. For

example, the processor 50a calculates an angle 01 formed

between the side 11c and the Y directions by applyi ng

trigonometry to the coordinates (X 1, Y 1) of the position A

and the coordinates (X 2, Y 2) of the position B. The

processor 50a stores the calculated angle 61 in the

storage unit 50b, as the orientation of the side 11 C.
The processor 50a may alternatively calcula te the

angle between the side 11c and the X directions as the

orientation of the side 11c. According to the pres ent

embodiment, the processor 50a acquires the orientat ion of

the side 11c from the coordinates (X 1, Y 1) of the position

A where the first straight line 21a and the side 11 c

intersect with each other and the coordinates (X 2, Y 2)of

the position B where the second straight line B and the

side 11c intersect with each other. However, the

processor 50a may instead acquire the orientation o fa
side 11d opposite the side 11c, from the coordinate s of
two positions on the side 11d.

After orientation acquiring step ST11, the control
unit 50 carries out first coordinate acquiring step ST12
(see FIG. 2) for acquiring two sets of coordinates
representing positions on two opposite sides of the

workpiece 11 in the XY plane parallel to the holdin g

24



surface 40a. FIG. 6 illustrates in plan an outline of
first coordinate acquiring step ST12 of the method. In
FIG. 6, some parts including the tape 13 are omitte d from
illustration.

In first coordinate acquiring step ST12, th e
control unit 50 adjusts the orientation of the chuc k
table 36 about its vertical axis perpendicular to t he XY
plane in order to make the orientation of the side 1llc
that has been acquired in orientation acquiring ste p ST11
parallel to the Y directions. Specifically, the co ntrol
unit 50 turns the chuck table 36 about its axis fro m the
angular position illustrated in FIG. 3 through the angle
01, i.e., through the angle 61 clockwise as viewed in plan
according to the present embodiment. The side 11c and the
side 11d of the workpiece 11 that are opposite each other
now extend parallel to the Y directions.

Thereatfter, the control unit 50 moves the c huck
table 36 that is holding the workpiece 11 thereon i n one
of the X directions and operates the displacement
measuring instrument 48 to obtain the relation betw een
the position in the X directions and the height of the
workpiece 11. Specifically, the control unit 50 mo ves the
displacement measuring instrument 48 and the chuck table
36 relatively to each other and measures the height of an
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area including the side 11c and the side 11d of the
workpiece 11 on a straight line parallel to the X
directions. The control unit 50 stores the displac
information thus obtained in the storage unit 50b.
More specifically, the control unit 50 meas
height of the area including the side 11c and the s
11d of the workpiece 11 along a third straight line
illustrated in FIG. 6. At this time, there is a la
difference, i.e., a large height difference, betwee
height of a position C1 where the third straight li
and the side 11c intersect with each other and the
of a position outside of the workpiece 11 adjacent
position C1. There is also a large difference, i.e
large height difference, between the height of a po
C2 where the third straight line 21c and the side 1
intersect with each other and the height of a posit
outside of the workpiece 11 adjacent to the positio
The control unit 50 can calculate the X coo
(X 31) of the position C1 and the X coordinate (X
position C2 by extracting, from the obtained displa
information, positions where there is a large heigh
difference. The Y coordinates of any positions on
third straight line 21c parallel to the X direction

equal to each other. Therefore, the control unit 5
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calculate the Y coordinate (Y 3) of the positions C1 and C2

from information, etc. representing the position of the
Y-axis movable table 20, i.e., the chuck table 36, at the
time the height of the area including the side 11c and

the side 11d of the workpiece 11 is measured.
Specifically, the processor 50a calculates the X

coordinate (X 31) of the position C1 where the third

straight line 21c and the side 11c intersect with e ach
other, from the displacement information obtained b y the
measurements, and also calculates the Y coordinate (Y 3) of
the position C1 from information, etc. representing the
position of the Y-axis movable table 20 at the time the
height of the area including the side 11c and the s ide
11d of the workpiece 11 is measured. The processor 50a
then stores the calculated coordinates (X 31, Y 3)of the

position C1 in the storage unit 50b.
In addition, the processor 50a calculates t he X

coordinate (X  32) of the position C2 where the third

straight line 21c and the side 11d intersect with e ach
other, from the displacement information obtained b y the
measurements, and also calculates the Y coordinate (Y 3) of
the position C2 from information, etc. representing the
position of the Y-axis movable table 20 at the time the
height of the area including the side 11c and the s ide
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11d of the workpiece 11 is measured. The processor
then stores the calculated coordinates (X
position C2 in the storage unit 50b.

After first coordinate acquiring step ST12,
control unit 50 carries out second coordinate acqui
step ST13 (see FIG. 2) for acquiring two sets of
coordinates representing positions on other two opp
sides of the workpiece 11 in the XY plane parallel
holding surface 40a. FIG. 7 illustrates in plan an
outline of second coordinate acquiring step ST13 of
method. In FIG. 7, some parts including the tape 1
omitted from illustration.

In second coordinate acquiring step ST13, t
control unit 50 adjusts the orientation of the chuc
table 36 about its vertical axis perpendicular to t
plane in order to make the orientation of the side
that has been acquired in orientation acquiring ste
perpendicular to the Y directions. Specifically, t
control unit 50 turns the chuck table 36 about its
from the angular position illustrated in FIG. 6 thr
an angle of 90°, i.e., through the angle of 90° clo
as viewed in plan according to the present embodime
Two sides other than the sides 11c and 11d, i.e., s

11e and 11f, of the workpiece 11 that are opposite

28

50a

32, Y 3) of the

the

ring

osite

to the

the

3 are

he

he XY
11c

p ST11
he

axis
ough
ckwise
nt.

ides

each



other now extend parallel to the Y directions.
Thereafter, the control unit 50 moves the c

table 36 that is holding the workpiece 11 thereon i

of the X directions and operates the displacement

measuring instrument 48 to obtain the relation betw

the position in the X directions and the height of

workpiece 11. Specifically, the control unit 50 mo

displacement measuring instrument 48 and the chuck

36 relatively to each other and measures the height
area including the side 11e and the side 11f of the
workpiece 11 on a straight line parallel to the X
directions. The control unit 50 stores the displac
information thus obtained in the storage unit 50b.
More specifically, the control unit 50 meas
height of the area including the side 11e and the s
11f of the workpiece 11 along a fourth straight lin
illustrated in FIG. 7. At this time, there is a la
difference, i.e., a large height difference, betwee
height of a position D1 where the fourth straight |
21d and the side 11e intersect with each other and
height of a position outside of the workpiece 11 ad
to the position D1. There is also a large differen
i.e., a large height difference, between the height

position D2 where the fourth straight line 21d and
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side 11f intersect with each other and the height o fa

position outside of the workpiece 11 adjacent to th e
position D2.

The control unit 50 can calculate the X coo rdinate
(X 41) of the position D1 and the X coordinate (X 42) of the
position D2 by extracting, from the obtained displa cement
information, positions where there is a large heigh t
difference. The Y coordinates of any positions on the
fourth straight line 21d parallel to the X directio ns are
equal to each other. Therefore, the control unit 5 0 can
calculate the Y coordinate (Y 4) of the positions D1 and D2
from information, etc. representing the position of the
Y-axis movable table 20, i.e., the chuck table 36, at the
time the height of the area including the side 11e and

the side 11f of the workpiece 11 is measured.
Specifically, the processor 50a calculates the X

coordinate (X  41) of the position D1 where the fourth

straight line 21d and the side 11e intersect with e ach
other, from the displacement information obtained b y the
measurements, and also calculates the Y coordinate (Y 4) of
the position D1 from information, etc. representing the
position of the Y-axis movable table 20 at the time the
height of the area including the side 11e and the s ide

11f of the workpiece 11 is measured. The processor 50a
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then stores the calculated coordinates (X 41, Y 4) of the
position D1 in the storage unit 50b.
In addition, the processor 50a calculates t he X

coordinate (X  42) of the position D2 where the fourth

straight line 21d and the side 11f intersect with e ach
other, from the displacement information obtained b y the
measurements, and also calculates the Y coordinate (Y 4) of
the position D2 from information, etc. representing the
position of the Y-axis movable table 20 at the time the
height of the area including the side 11e and the s ide

11f of the workpiece 11 is measured. The processor 50a
then stores the calculated coordinates (X 42, Y 4) of the

position D2 in the storage unit 50b.

As described above, after having measured t he
height of the workpiece 11 along the third straight line
21c, the control unit 50 turns the chuck table 36 t hrough

the angle of 90° for measuring the height of the

workpiece 11 along the fourth straight line 21d.

Therefore, the position of the workpiece 11 cannot

appropriately be expressed by using the coordinates (X 31,
Y3) of the position C1 and the coordinates (X 32, Y 3) of the
position C2, and the coordinates (X 41, Y 4) of the position

D1 and the coordinates (X 42, Y 4) of the position D2 as

they are.
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Consequently, after second coordinate acqui
step ST13, the control unit 50 carries out correcte
coordinate acquiring step ST14 (see FIG. 2) for acq
corrected coordinates by correcting either the
coordinates (X 31, Y 3) of the position C1 and the
coordinates (X 32, Y 3) of the position C2 or the
coordinates (X 41, Y 4) of the position D1 and the
coordinates (X 42, Y 4) of the position D2.

Specifically, for example, the processor 50
carries out an arithmetic process for turning the

coordinates (X 41, Y 4) of the position D1 and the

coordinates (X 42, Y 4) of the position D2 through an angle

of -90°, i.e., through the angle of 90° countercloc
as viewed in plan according to the present embodime
thereby acquiring coordinates of the position D1 th
have been corrected, i.e., corrected coordinates of
position D1, and coordinates of the position D2 tha
been corrected, i.e., corrected coordinates of the
position D2. The processor 50a stores the correcte
coordinates of the position D1 and the corrected
coordinates of the position D2 that have been acqui
the storage unit 50b.

The control unit 50 of the laser processing

apparatus 2 already knows the shape of the workpiec
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i.e., the shape of the first surface 11a. Therefor

e, the

control unit 50 can appropriately grasp the positio n of
the workpiece 11 from the corrected coordinates of the
position D1 and the corrected coordinates of the po sition
D2 as well as the coordinates (X 31, Y 3) of the position C1

and the coordinates (X 32, Y 3) of the position C2.

According to the present embodiment, the co ntrol
unit 50 acquires the corrected coordinates of the
position D1 and the corrected coordinates of the po sition
D2. However, the control unit 50 may acquire corre cted
coordinates of the position C1 and corrected coordi nates
of the position C2. In the latter case, the proces sor 50a
carries out an arithmetic process for turning the
coordinates (X 31, Y 3) of the position C1 and the
coordinates (X 32, Y 3) of the position C2 to match the
coordinates (X 41, Y 4) of the position D1 and the
coordinates (X 42, Y 4) of the position D2 through an angle
of 90°, i.e., through the angle of 90° clockwise as
viewed in plan according to the present embodiment.

After corrected coordinate acquiring step S T14, the
control unit 50 carries out processing step ST15 (s ee
FIG. 2) for processing the workpiece 11 with use of the
information regarding the position and the orientat ion of
the workpiece 11 that has been acquired in the abov e
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acquiring steps including orientation acquiring ste
ST11, first coordinate acquiring step ST12, second
coordinate acquiring step ST13, and corrected coord
acquiring step ST14. Specifically, the workpiece 1
processed on the basis of the orientation of the si
and the four sets of XY coordinates representing th
positions of the sides. FIG. 8 illustrates an outl
processing step ST15 in side elevation, partly in ¢
section. In FIG. 8, some parts are omitted from
illustration.

In processing step ST15 according to the pr
embodiment, internal portions of the workpiece 11 a
modified along projected processing lines on the
workpiece 11. Specifically, the control unit 50 ad
the orientation of the chuck table 36 in view of th
orientation of the sides described above, to make a
target projected processing line parallel to the X
directions. Next, the control unit 50 adjusts the
orientation of the chuck table 36 in view of the fo
sets of XY coordinates described above, to position
align the irradiating head 44 with a position above
extension of the target projected processing line.

Then, as illustrated in FIG. 8, while the

irradiating head 44 is applying the laser beam 44a
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workpiece 11, the chuck table 36 is moved in one of
directions. In other words, the chuck table 36 and
irradiating head 44 are moved relatively to each ot
a direction parallel to the projected processing li
The irradiating head 44 is adjusted to focus the la
beam 44a within the workpiece 11, for example.
Since the laser beam 44a whose wavelength i
transmittable through the workpieces 11, i.e., the
transmissive laser beam 44a, is focused in the work
11, internal portions of the workpiece 11 are modif
into modified layers 17. According to the present
embodiment, as the laser beam 44a is applied to the
projected processing line while the chuck table 36
the irradiating head 44 are being moved relatively
each other, the modified layers 17 are formed in th
workpiece 11 along the projected processing line.
above process is repeated until the workpiece 11 is
processed along all the projected processing lines.
With the method of processing a workpiece a
to the present embodiment, inasmuch as the orientat
the side, i.e., the side 11c, of the first surface
the workpiece 11, and the four sets of the XY coord
of the positions, i.e., the position C1, the positi

the position D1, and the position D2, on the four s
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i.e., the side 11c, the side 11d, the side 11e, and
side 11f, of the first surface 11a, are acquired, t
workpiece 11 can be processed with high accuracy on
basis of the acquired orientation and four sets of
coordinates.

With the method of processing a workpiece a
to the present embodiment, further, since the orien
of the side and the four sets of the XY coordinates
acquired using the displacement measuring instrumen
that measures the distance up to an object, the pos
of the workpiece 11 can accurately be grasped even
workpiece 11 is transparent or structures such as
devices, i.e., a pattern, are not formed on the wor
11.

Consequently, the method of processing a wo
according to the present embodiment is highly effec
in a case where the laser beam 44a is not to be app
to an outer circumferential edge of the workpiece 1
the workpiece 11 is to be processed, for example.
method of processing a workpiece according to the p
embodiment is also able to prevent the laser beam 4
from being applied in error to a region outside of
workpiece 11, for example.

The present invention is not limited to the
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embodiment, and various changes and modifications m

made therein. FIG. 9 is a flowchart of a method of
processing a workpiece according to a first modific
As illustrated in FIG. 9, a sequence of acquiring s
for acquiring the orientation of a side of the work

11 and the four sets of XY coordinates representing
positions on the four sides of the workpiece 11 is
different from the sequence of acquiring steps acco
to the above embodiment.

Specifically, the method of processing a wo
according to the first modification includes first
coordinate acquiring step ST21 for measuring the he
of an area including two opposite sides of the work
11 on two straight lines parallel to the X directio
for acquiring three or more sets of XY coordinates
representing three or more positions where the two
opposite sides and the two straight lines intersect
each other, from the displacement information that
obtained. FIG. 10 illustrates in plan an outline o
coordinate acquiring step ST21 of the method. In F
some parts including the tape 13 are omitted from
illustration.

In first coordinate acquiring step ST21 acc

to the first modification, the control unit 50 oper
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the displacement measuring instrument 48 to obtain
relation between the position in the X directions a
height of the workpiece 11 while moving the chuck t
36 that is holding the workpiece 11 in one of the X
directions. Specifically, the control unit 50 move
displacement measuring instrument 48 and the chuck
36 relatively to each other and measures the height
the area including two opposite sides of the workpi
on a straight line parallel to the X directions. T
control unit 50 stores the displacement information
obtained in the storage unit 50b.

More specifically, the control unit 50 meas
height of the area including the opposite sides 11c
11d of the workpiece 11 along a first straight line
illustrated in FIG. 10. At this time, there is a |
difference, i.e., a large height difference, betwee
height of a position E1 where the first straight li
and the side 11c intersect with each other and the
of a position outside of the workpiece 11 adjacent
position E1. There is also a large difference, i.e
large height difference, between the height of a po
E2 where the first straight line 31a and the side 1
intersect with each other and the height of a posit

outside of the workpiece 11 adjacent to the positio
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The control unit 50 can calculate the X coo rdinate
(X 51) of the position E1 and the X coordinate (X 52) of the
position E2 by extracting, from the obtained displa cement
information, positions where there is a large heigh t
difference. The Y coordinates of any positions on the
first straight line 31a parallel to the X direction s are
equal to each other. Therefore, the control unit 5 0 can
calculate the Y coordinate (Y 5) of the positions E1 and E2
from information, etc. representing the position of the
Y-axis movable table 20, i.e., the chuck table 36, at the
time the height of the area including the side 11c and
the side 11d of the workpiece 11 is measured.

Specifically, the processor 50a calculates the X
coordinate (X 51) of the position E1 where the first
straight line 31a and the side 11c intersect with e ach
other, from the displacement information obtained b y the
measurements, and also calculates the Y coordinate (Y 5) of
the position E1 from information, etc. representing the
position of the Y-axis movable table 20 at the time the
height of the area including the side 11c and the s ide
11d of the workpiece 11 is measured. The processor 50a

then stores the calculated coordinates (X
position E1 in the storage unit 50b.

In addition, the processor 50a calculates t
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coordinate (X  s2) of the position E2 where the first
straight line 31a and the side 11d intersect with e
other, from the displacement information obtained b
measurements, and also calculates the Y coordinate
the position E2 from information, etc. representing
position of the Y-axis movable table 20 at the time
height of the area including the side 11c and the s
11d of the workpiece 11 is measured. The processor
then stores the calculated coordinates (X

position E2 in the storage unit 50b.

After having measured the height of the are
including the opposite sides 11c and 11d of the wor
11 along the first straight line 31a, the control u
moves the chuck table 36, i.e., the Y-axis movable
20, in one of the Y directions, and then makes simi
measurements. Specifically, the processor 50a meas
the height of an area including the side 11c and th
11d of the workpiece 11 along a second straight lin
that extends through a position different from the
straight line 31a in the Y directions and that is
parallel to the X directions.

Then, the processor 50a calculates the X co
(X61) of a position F1 where the second straight line 3

and the side 11c intersect with each other, from th
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displacement information obtained by the measuremen ts,

and also calculates the Y coordinate (Y 6) Of the position
F1 from information, etc. representing the position of
the Y-axis movable table 20 at the time the height of the

area including the side 11c and the side 11d of the
workpiece 11 is measured. The processor 50a then s tores
the calculated coordinates (X 61, Y ) Of the position F1 in
the storage unit 50b.
In addition, the processor 50a calculates t he X

coordinate (X  62) of a position F2 where the second

straight line 31b and the side 11d intersect with e ach
other, from the displacement information obtained b y the
measurements, and also calculates the Y coordinate (Ye) of
the position F2 from information, etc. representing the
position of the Y-axis movable table 20 at the time the
height of the area including the side 11c and the s ide
11d of the workpiece 11 is measured. The processor 50a
then stores the calculated coordinates (X 62, Y ¢) Of the

position F2 in the storage unit 50b.

In first coordinate acquiring step ST21 acc ording
to the first modification, all of the four sets of XY
coordinates representing the four positions where t he
first straight line 31a and the second straight lin e 31b,
and the side 11c and the side 11d intersect with ea ch
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other are acquired. According to the present inven
however, it is sufficient if any three of those fou
of XY coordinates are acquired.

After first coordinate acquiring step ST21,
control unit 50 carries out second coordinate acqui
step ST22 (see FIG. 9) for measuring the height of
area including two other opposite sides of the work
11 on a straight line parallel to the X directions
for acquiring two sets of XY coordinates representi
positions where the two other opposite sides and th
straight line intersect with each other, from the
displacement information that is obtained. FIG. 11
illustrates in plan an outline of second coordinate
acquiring step ST22 according to the first modifica
In FIG. 11, some parts including the tape 13 are om
from illustration.

In second coordinate acquiring step ST22, t
control unit 50 adjusts the orientation of the chuc
table 36 about its vertical axis with respect to th
orientation of the chuck table 36 in first coordina
acquiring step ST21 described above. Specifically,
control unit 50 turns the chuck table 36 about its
from the angular position illustrated in FIG. 10 th

an angle of 90°, i.e., through the angle of 90° clo
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as viewed in plan according to the first modificati
Thereafter, the control unit 50 moves the c
table 36 that is holding the workpiece 11 thereon i
of the X directions and operates the displacement
measuring instrument 48 to obtain the relation betw
the position in the X directions and the height of

workpiece 11. Specifically, the control unit 50 mo

displacement measuring instrument 48 and the chuck

36 relatively to each other and measures the height
the area including the two other opposite sides of
workpiece 11 on a straight line parallel to the X
directions. The control unit 50 stores the displac
information thus obtained in the storage unit 50b.
More specifically, the control unit 50 meas
height of an area including the opposite sides 11le
11f of the workpiece 11 along a third straight line
illustrated in FIG. 11. At this time, there is a |
difference, i.e., a large height difference, betwee
height of a position G1 where the third straight li
and the side 11e intersect with each other and the
of a position outside of the workpiece 11 adjacent
position G1. There is also a large difference, i.e
large height difference, between the height of a po

G2 where the third straight line 31c and the side 1
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intersect with each other and the height of a posit ion

outside of the workpiece 11 adjacent to the positio n G2.
The control unit 50 can calculate the X coo rdinate
(X 71) of the position G1 and the X coordinate (X 72) of the
position G2 by extracting, from the obtained displa cement
information, positions where there is a large heigh t
difference. The Y coordinates of any positions on the
third straight line 31c parallel to the X direction s are
equal to each other. Therefore, the control unit 5 0 can
calculate the Y coordinate (Y 7) of the positions G1 and G2
from information, etc. representing the position of the
Y-axis movable table 20, i.e., the chuck table 36, at the
time the height of the area including the side 11e and

the side 11f of the workpiece 11 is measured.
Specifically, the processor 50a calculates the X

coordinate (X  71) of the position G1 where the third

straight line 31c and the side 11e intersect with e ach
other, from the displacement information obtained b y the
measurements, and also calculates the Y coordinate (Y 7) of
the position G1 from information, etc. representing the
position of the Y-axis movable table 20 at the time the
height of the area including the side 11e and the s ide

11f of the workpiece 11 is measured. The processor 50a
then stores the calculated coordinates (X 71, Y 7) of the
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position G1 in the storage unit 50b.

In addition, the processor 50a calculates t
coordinate (X  72) of the position G2 where the third
straight line 31c and the side 11f intersect with e
other, from the displacement information obtained b
measurements, and also calculates the Y coordinate
the position G2 from information, etc. representing
position of the Y-axis movable table 20 at the time
height of the area including the side 11e and the s
11f of the workpiece 11 is measured. The processor
then stores the calculated coordinates (X
position G2 in the storage unit 50b.

After second coordinate acquiring step ST22
control unit 50 carries out orientation acquiring s
ST23 (see FIG. 9) for acquiring the orientation of
two opposite sides of the workpiece 11, from the tw
of XY coordinates that are acquired in first coordi
acquiring step ST21 and that represent the two posi
where one of the two opposite sides and the two str
lines intersect with each other.

For example, the processor 50a calculates a
6. formed between the side 11c and the Y directions,
applying trigopnometry to the coordinates (X

position E1 where the side 11c and the first straig
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line 31a intersect with each other and the coordina tes

(X61, Y 6) Of the position F1 where the side 11c and the

second straight line 31b intersect with each other. The

processor 50a stores the calculated angle 02 in the

storage unit 50b, as the orientation of the side 11 C.
The processor 50a may alternatively calcula te the

angle between the side 11c and the X directions as the

orientation of the side 11c. The processor 50a may

further alternatively calculate the angle between t he
side 11d and the Y directions or the X directions b y
applying trigopnometry to the coordinates (X 52, Y s5) of the
position E2 where the side 11d and the first straig ht
line 31a intersect with each other and the coordina tes

(X62, Y ) Of the position F2 where the side 11d and the

second straight line 31b intersect with each other.

After orientation acquiring step ST23, the control
unit 50 carries out corrected coordinate acquiring step
ST24 for acquiring corrected coordinates by correct ing
either the two sets of XY coordinates acquired in f irst
coordinate acquiring step ST21 and the two sets of XY
coordinates acquired in second coordinate acquiring step

ST22, on the basis of the orientation of the side
acquired in orientation acquiring step ST23.

Specifically, for example, the processor 50 a
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carries out an arithmetic process for turning the

coordinates (X 51, Y s5) of the position E1 where the side

11c and the first straight line 31a intersect with each
other and the coordinates (X 52, Y s) of the position E2

where the side 11d and the first straight line 31a

intersect with each other through an angle of 62, i.e.,
through the angle of 02 clockwise as viewed in plan

according to the present modification, thereby acqu iring
coordinates of the position E1 that have been corre cted

and coordinates of the position E2 that have been

corrected, i.e., corrected coordinates of the posit ion E1
and corrected coordinates of the position E2. The

processor 50a stores the corrected coordinates of t he
position E1 and the corrected coordinates of the po sition

E2 that have been acquired in the storage unit 50b.

The processor 50a may alternatively carry o ut an
arithmetic process for turning the coordinates (X 61, Y 6)
of the position F1 where the side 11c and the secon d

straight line 31b intersect with each other and the

coordinates (X 62, Y o) Of the position F2 where the side

11d and the second straight line 31b intersect with each
other through the angle of 62, i.e., through the angle of

62 clockwise as viewed in plan according to the prese nt
modification, thereby acquiring corrected coordinat es of

a7



the position F1 and corrected coordinates of the po sition
F2.
Further, the processor 50a carries out an
arithmetic process for turning the coordinates (X 71, Y 7)
of the position G1 where the side 11e and the third
straight line 31c intersect with each other and the
coordinates (X 72, Y 7) of the position G2 where the side
11f and the third straight line 31c intersect with each
other through an angle of 02 -90°, i.e., through the angle
of 62 -90° clockwise as viewed in plan according to the
present modification, thereby acquiring corrected
coordinates of the position G1 and corrected coordi nates
of the position G2. The processor 50a stores the
corrected coordinates of the position G1 and the
corrected coordinates of the position G2 that have been

acquired in the storage unit 50b.

The corrected coordinates thus acquired ind icate
the position E1, the position E2, the position G1, and
the position G2 with the orientation of the side 11 Cc
being adjusted parallel to the Y directions. Using the

coordinates thus corrected, the workpiece 11 can be
processed accurately. The control unit 50 may acqu ire
corrected coordinates indicating the positions with the

orientation of the side 11c being adjusted
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perpendicularly to the Y directions, according to a
similar process.

After corrected coordinate acquiring step S
control unit 50 carries out processing step ST25 fo
processing the workpiece 11 with use of using the
information regarding the position and the orientat
the workpiece 11 that has been acquired in the abov
sequence of acquiring steps including first coordin
acquiring step ST21, second coordinate acquiring st
ST22, orientation acquiring step ST23, and correcte
coordinate acquiring step ST24. Specifically, the
workpiece 11 is processed on the basis of the orien
of the sides and the four sets of XY coordinates
representing the positions of the sides. Specific
of processing step ST25 may be the same as those of
processing step ST15 according to the above embodim

With the method of processing a workpiece a
to the first modification, inasmuch as the orientat
the side, i.e., the side 11c, of the first surface
the workpiece 11, and the four sets of the XY coord
of the positions, i.e., the position E1, the positi
the position G1, and the position G2, on the four s
I.e., the side 11c, the side 11d, the side 11e, and

side 11f, of the first surface 11a, are acquired, t
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workpiece 11 can be processed with high accuracy on
basis of the acquired orientation and four sets of
coordinates.

With the method of processing a workpiece a
to the first modification, further, since the orien
of the side and the four sets of the XY coordinates
acquired using the displacement measuring instrumen
that measures the distance up to an object, the pos
of the workpiece 11 can accurately be grasped even
workpiece 11 is transparent or structures such as
devices, i.e., a pattern, are not formed on the wor
11.

Consequently, the method of processing a wo
according to the first modification is highly effec
in a case where the laser beam 44a is not to be app
to an outer circumferential edge of the workpiece 1
the workpiece 11 is to be processed, for example.
method of processing a workpiece according to the f
modification is also able to prevent the laser beam
from being applied in error to a region outside of
workpiece 11, for example.

According to the embodiment described above
control unit 50 acquires the orientation of the sid

the first surface 11a of the workpiece 11 by obtain
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displacement information with use of the displaceme
measuring instrument 48. However, the control unit
acquire the orientation of a side of the first surf

11a, according to a second modification in which th
camera 46 is used to capture an image of the workpi
11, for example.

According to the second modification, speci
a method of processing a workpiece includes an
orientation acquiring step in which the processor 5
acquires the orientation of a side of the workpiece
calculating the coordinates of two positions on the
from an image captured by the camera 46 of an area
including the side of the workpiece 11. The method
processing a workpiece according to the second
modification includes other steps that may be the s
those of the method of processing a workpiece accor
to the embodiment described above.

In the above embodiment and modifications,
coordinate acquiring step ST13 and second coordinat
acquiring step ST22 are carried out after first
coordinate acquiring step ST12 and first coordinate
acquiring step ST21. However, these steps may be s
around. According to the first modification, furth

orientation acquiring step ST23 is carried out afte

51

nt
50 may

ace

ece

fically,

Oa

11 by

side,

of

ame as

ding

second

e

witched
ermore,

r



second coordinate acquiring step ST22. However,

orientation acquiring step ST23 may be carried out
first coordinate acquiring step ST21 and before sec
coordinate acquiring step ST22.

In the above embodiment and modifications,
moreover, the modified layers 17 are formed in the
workpiece 11 in processing step S15 and processing
S25. According to the present invention, the workp
may be ablated by a laser beam in the processing st
this case, a laser processing apparatus having a la
oscillator for generating a laser beam having a
wavelength absorbable by the workpiece 11, i.e., an
absorbable laser beam is used to process the workpi
11.

According to the present invention, the wor

11 can be processed by an annular cutting blade mad

abrasive grains bound by a binder, i.e., a processi
unit, such that the annular cutting blade is caused
cut into the workpiece 11 while in rotation. In th
case, a cutting apparatus having a spindle with an
annular cutting blade mounted thereon, i.e., a proc
apparatus having a processing unit, instead of the
irradiating head 44 or the laser oscillator, is use

process the workpiece 11.
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In the above embodiment and modifications,
optical displacement measuring instrument 48 is use
measure the distance up to an object with the laser
48a. However, a back-pressure sensor, an ultrasoni
sensor, or the like can be used as a displacement
measuring instrument, i.e., a measuring instrument,
instead of the optical displacement measuring instr
48.

In the methods of processing a workpiece ac

to the embodiment and modifications described above

X directions and the Y directions may be switched a
insofar as no contradictory results are achieved.
example, according to the above embodiment and
modifications, the height of an area including any
desired side is measured by moving the chuck table
the displacement measuring instrument 48 relatively
each other in the X directions. However, the heigh
area including any desired side can be measured by
the chuck table 36 and the displacement measuring
instrument 48 relatively to each other in the Y
directions.

Further, the coordinates of a desired posit
the workpiece, e.g., the coordinates of the center

gravity of the workpiece 11, may be acquired on the
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of the orientation of the sides and the four sets o
coordinates that are acquired according to the abov
embodiment and modifications, and may be used in
subsequently processing the workpiece 11.

The structures, methods, etc. according to
above embodiment and modifications may be changed o
modified within the scope of the object of the pres
invention.

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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WHAT IS CLAIMED | S

1. A method of processing a plate-shaped w
having a first rectangular surface having four side
a second rectangular surface positioned opposite th
first surface, with use of a chuck table having a h
surface and of a processing unit for processing the
workpiece held on the chuck table, the method compr

an acquiring step for, while the second sur
the workpiece is being held on the holding surface
chuck table, acquiring an orientation of the four s
of the workpiece in an XY plane parallel to the hol
surface and four sets of XY coordinates indicating
positions of the four sides in the XY plane, from
displacement information obtained by measuring a he
of an area including the four sides of the workpiec

a processing step for processing the workpi
basis of the orientation of the sides and the four
of XY coordinates.

2. The method of processing a workpiece ac
to claim 1, wherein

the acquiring step further includes

an orientation acquiring step for m

measuring instrument for measuring a height and the

table relatively to each other to thereby measure a
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height of an area including a side of the workpiece
two straight lines that extend through different
positions in Y directions and that are parallel to
directions, and calculating XY coordinates indicati
positions where the side and the two straight lines
intersect with each other, from obtained displaceme
information, to acquire an orientation of the side,

a first coordinate acquiring step f
adjusting an orientation of the chuck table about a
rotational axis perpendicular to the XY plane in or
make the orientation of the side acquired in the
orientation acquiring step parallel to the Y direct
then moving the measuring instrument and the chuck
relatively to each other to thereby measure a heigh
an area including two opposite sides of the workpie
a straight line parallel to the X directions, and
acquiring two sets of XY coordinates indicating two
positions where the two opposite sides and the stra
line intersect with each other, from obtained
displacement information, and

a second coordinate acquiring step
adjusting the orientation of the chuck table about
rotational axis in order to make the orientation of

side acquired in the orientation acquiring step
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perpendicular to the Y directions, then moving the
measuring instrument and the chuck table relatively
each other to thereby measure a height of an area
including other two opposite sides of the workpiece
straight line parallel to the X directions, and acq
two sets of XY coordinates indicating two positions
the other two opposite sides and the straight line
intersect with each other, from obtained displaceme
information.

3. The method of processing a workpiece ac
to claim 1, wherein

the acquiring step further includes

a first coordinate acquiring step f
a measuring instrument for measuring a height and t
chuck table relatively to each other to thereby mea
height of an area including two opposite sides of t
workpiece on two straight lines that extend through
different positions in Y directions and that are pa
to X directions, and acquiring three or more sets o
coordinates indicating three or more positions wher
two opposite sides and the two straight lines inter
with each other, from obtained displacement informa
a second coordinate acquiring step

while an orientation of the chuck table about a
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rotational axis perpendicular to the XY plane is
perpendicular to an orientation of the chuck table
first coordinate acquiring step, moving the measuri
instrument and the chuck table relatively to each o
to thereby measure a height of an area including ot
two opposite sides of the workpiece on a straight |
parallel to the X directions, and acquiring two set
XY coordinates indicating two positions where the o
two opposite sides and the straight line intersect
each other, from obtained displacement information,

an orientation acquiring step for a
an orientation of one of the two opposite sides fro
two sets of XY coordinates that are acquired in the
coordinate acquiring step and that indicate two pos
where one of the two opposite sides and the two str
lines intersect with each other, and

a corrected coordinate acquiring st
correcting the two sets of XY coordinates that are
acquired in the first coordinate acquiring step and
indicate two positions where the two opposite sides
one of the straight lines intersect each other and
correcting the two sets of XY coordinates acquired
second coordinate acquiring step, on a basis of the

orientation of the side acquired in the orientation
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acquiring step, and acquiring corrected four sets o
coordinates.

4. A method of processing a plate-shaped w
having a first rectangular surface having four side
a second rectangular surface positioned opposite th
first surface, with use of a chuck table having a h

surface and of a processing unit for processing the

workpiece held on the chuck table, the method compr

an acquiring step for, while the second sur
the workpiece is being held on the holding surface
chuck table, acquiring an orientation of a side of
workpiece in an XY plane parallel to the holding su
from an image captured of an area including the sid
the workpiece, and acquiring four sets of XY coordi
indicating positions of the four sides of the workp
in the XY plane, from displacement information obta
by measuring a height of an area including the four
of the workpiece; and

a processing step for processing the workpi
basis of the orientation of the side and the four s

XY coordinates.
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