LASER PROCESSI NG APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a laser pr
apparatus which is capable of efficiently processin
plate-shaped workpiece such as a wafer, thereby enh
productivity.

Description of the Related Art

A wafer formed with devices such as integra
circuits (ICs) or large scale integrations (LSIs) o
front surface thereof partitioned by division lines
processed along the division lines by a laser proce

apparatus, and is divided into individual device ch

which are used for electrical apparatuses such as

personal computers, mobile phones, and television s
As the laser processing apparatus, there ha

known one that includes, at least, a cassette table

placing thereon a cassette in which a plurality of

workpieces are accommodated, carrying-out means

carrying out the wafer from the cassette placed on

cassette table, temporary placing means for tempora

placing the wafer carried out by the carrying-out m

carrying means for carrying the wafer from the temp
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placing means to a chuck table, imaging means for i

the wafer held on the chuck table and detecting a r

to be processed, and laser beam applying means incl

a focusing unit for applying a laser beam to the wa

held on the chuck table (see, for example, Japanese
Patent Laid-Open No. 2004-022936). In the laser
processing apparatus, the wafer can be processed wi
high accuracy by reciprocating the chuck table, whi
holds the wafer, in relation to the laser beam appl

means.

SUMMARY OF THE | NVENTI ON
According to the aforementioned laser proce
apparatus, the wafer as a workpiece can be processe
high accuracy. However, the processed wafer having
placed on the chuck table and processed by the lase

applying means is again returned to the temporary p

means, before being accommodated therefrom into the

cassette placed on the cassette table. Therefore,
route along which the processed wafer is carried ov

with the route along which the wafer to be processe

is carried. In this case, a new wafer can be carri

from the cassette only after the processed wafer is

accommodated into the cassette. Thus, there is a p
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that wafers cannot be processed efficiently.

Accordingly, it is an object of the present
invention to provide a laser processing apparatus c apable
of efficient processing of a workpiece including a wafer.

In accordance with an aspect of the present
invention, there is provided a laser processing app aratus
for processing a plate-shaped workpiece by applying a

laser beam to the workpiece, the laser processing

apparatus including a cassette table for placing th ereon
a cassette in which a plurality of the workpieces a re
accommodated, carrying-out means for carrying out t he
workpiece from the cassette placed on the cassette table,

temporary placing means for temporarily placing the
workpiece carried out by the carrying-out means, ca rrying
means for carrying the workpiece from the temporary
placing means to a chuck table, imaging means for
detecting a region to be processed of the workpiece held

on the chuck table, and laser beam applying means

including a focusing unit for applying a laser beam to
the workpiece held on the chuck table. The carryin g-out
means carries out the workpiece having been process ed by
the laser beam applying means from the chuck table and
accommodates the workpiece into the cassette placed on

the cassette table.



Preferably, let a direction in which the ca
out means is disposed in relation to the temporary
placing means be an X-axis direction, and let a dir
orthogonal to the X-axis direction be a Y-axis dire
then a receiving position at which the chuck table
receives the workpiece is set in the Y-axis directi
relation to the temporary placing means; the focusi
unit is disposed in the X-axis direction in relatio
the receiving position of the chuck table; the carr
means carries the workpiece placed on the temporary
placing means to the chuck table positioned in the
direction; the chuck table is configured to be mova
by X-axis moving means, between the receiving posit
and a processing position at which the workpiece is
processed by the laser beam applied from the focusi
unit; the carrying-out means includes a carrying-ou
guide rail disposed in the Y-axis direction, a carr
out moving base disposed on the carrying-out guide
so as to be movable, and a robot hand disposed on t
carrying-out moving base; and the robot hand is
positioned between the cassette table and the tempo
placing means, carries out the workpiece from the
cassette, temporarily places the workpiece on the

temporary placing means, is positioned adjacently t
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chuck table positioned at the receiving position, ¢ arries

out the processed workpiece from the chuck table, a nd
accommodates the processed workpiece into the casse tte.
Preferably, the temporary placing means inc ludes a

temporary placing table which is rotatable, and a

periphery detecting section including a light emitt ing
element and a light receiving element at positions on
upper and lower opposite sides of a periphery of th e
workpiece temporarily placed on the temporary placi ng
table. Also, preferably, the periphery detecting s ection
is for detecting a maximum and a minimum of the dis tance
between a periphery of a circularly shaped wafer se rving
as the workpiece and a periphery of the temporary p lacing
table attendant on rotation of the temporary placin g
table, periphery positions corresponding to the max imum
and the minimum, and the position of a notch indica tive
of crystal orientation of the wafer, detects an ang le at
which the notch is detected, and positions a direct ion of

a straight line connecting the positions correspond ing to
the maximum and the minimum into the Y-axis directi on,
and determines a center of the wafer, and the cente r of
the wafer is positioned at the rotational center of the
chuck table when the wafer is carried to and placed on

the chuck table by the carrying means.



Preferably, the X-axis moving means for mov
chuck table includes at least an X-axis guide rail
disposed in the X-axis direction, a moving base
positioned on the X-axis guide rail so as to be mov
and a drive source for moving the moving base. The
base is formed from a carbon fiber-reinforced plast
and supports the chuck table. Preferably, the temp
placing table includes a transparent plate, and the
periphery detecting section is configured to be abl
be advanced and retracted in a radial direction
correspondingly to a size of the wafer.

According to the laser processing apparatus
present invention, the carrying-out means carries o
wafer having been processed by the laser beam apply
means from the chuck table, and accommodates the
processed wafer into the cassette placed on the cas
table, whereby the processed wafer is directly carr
out from the chuck table and accommodated into the
cassette.  Therefore, the route of carrying of the
processed wafer does not overlap with the route of
carrying-out of the wafer to be newly processed.
Consequently, the wafers can be laser processed
efficiently.

The above and other objects, features and
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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 general perspective view of a |
processing apparatus according to an embodiment of
present invention;

FIG. 2 is an exploded perspective view for
separately explaining main portions of the laser
processing apparatus depicted in FIG. 1,

FIG. 3 is a perspective view depicting a ch
table and a moving base of the laser processing app
depicted in FIG. 1;

FIGS. 4A and 4B are perspective views for
explaining an operation of a carrying-out mechanism
the laser processing apparatus depicted in FIG. 1;

FIGS. 5A to 5C are schematic views for expl
an operation of a periphery detecting section of th
laser processing apparatus depicted in FIG. 1;

FIGS. 6A and 6B are plan views for explaini
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calculation method for calculating a deviation amou nt of
a wafer on a temporary placing table by the periphe ry
detecting section depicted in FIGS. 5A and 5B;

FIGS. 7A and 7B are perspective views for
explaining an operation of a carrying mechanism of the
laser processing apparatus depicted in FIG. 1;

FIGS. 8A and 8B are plan views for explaini ng an
operation of correcting the position of a notch in the
wafer held on the chuck table;

FIG. 9 is a perspective view for explaining an
operation of carrying out a processed wafer from th e
chuck table and holding the wafer on the temporary
placing table, by the carrying-out mechanism; and

FIG. 10 is a perspective view for explainin g an
operation of accommodating the processed wafer into a
processed workpiece cassette by the carrying-out

mechanism.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBQODI MENT
A preferable embodiment of a laser processi ng
apparatus configured according to the present inven tion
will be described in detail below, referring to the
attached drawings. FIG. 1 depicts a perspective vi ew of

one embodiment of the laser processing apparatus



configured according to the present invention. The
processing apparatus 1 in the embodiment illustrate
includes a stationary base 2, a holding table mecha
which is disposed on the stationary base 2 and hold
workpiece, and laser beam applying means 4 for appl
laser processing to the workpiece held by the holdi
table mechanism 3.

Main components of the laser processing app
described in FIG. 1 will be described while referri
FIG. 2 which separately illustrates the main compon
The holding table mechanism 3 includes a pair of Y-
guide rails 31 disposed on the stationary base 2 in
parallel to each other along a Y-axis direction ind

by arrow Y, an X-axis table 32 disposed on the Y-ax

guide rails 31 so as to be movable in the Y-axis

direction indicated by arrow Y, a pair of X-axis gu
rails 322 disposed on an upper surface of the X-axi
table 32 in parallel to each other along an X-axis
direction indicated by arrow X, a moving base 33 di

on the X-axis guide rails 322 so as to be movable i
X-axis direction indicated by arrow X, a chuck tabl

supported on the moving base 33, a suction chuck 35

forms an upper surface of the chuck table 34 and is

formed from a gas-permeable porous ceramic, Y-axis
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direction moving means 36 for moving the X-axis tab le 32
in the Y-axis direction along the Y-axis guide rail s 31,

and X-axis direction moving means 37 for moving the

moving base 33 in the X-axis direction along the X- axis
guide rails 322. Note that suction chuck 35 is con nected
to a suction pump (not depicted), and is configured to be

able to suction hold a workpiece placed on an upper

surface thereof.

The Y-axis direction moving means 36 includ esay-
axis linear rail 361 disposed between the two Y-axi S
guide rails 31 and extending in the Y-axis directio n, and
a Y-axis coil movable element 362 fitted to the Y-a Xis
linear rail 361 in a movable manner and mounted to a
lower surface of the X-axis table 32. The Y-axis | inear
rail 361 has a configuration in which, for example, N
poles and S poles of a plurality of cylindrical per manent
magnets are alternately joined to form a shaft-shap ed
body, and the plurality of cylindrical permanent ma gnets
thus formed into the shaft-shaped body are disposed in a
hollow cylindrical case formed of a non-magnetic ma terial
of stainless steel. Support members 363 as depicte din

FIG. 2 (in FIGS. 1 and 2, only one of them s
illustrated) are mounted to both end portions of th e Y-

axis linear rail 361 configured in this way, and th e Y-

10



axis linear rail 361 is attached to an upper surfac
the support base 2 through the support members 363.
Y-axis direction moving means 36 including the Y-ax
linear rail 361 and the Y-axis coil movable element
constitutes a so-called linear shaft motor serving
drive source. When a current flows in the Y-axis c
movable element 362, an attracting force and a repe
force due to magnetic forces are repeatedly generat
whereby a thrust is generated. Therefore, the dire
in which the Y-axis coil movable element 362 is mov
along the Y-axis linear rail 361 can be changed by
changing the direction of the current applied to th
axis coil movable element 362. Such a movement in
axis direction is to move in a so-called indexing f
direction orthogonal to a processing feed direction
the chuck table 34, and acts as an indexing feeding
mechanism.

The X-axis direction moving means 37 is con
in substantially the same manner as the Y-axis dire
moving means 36, as a drive source for moving the m
base 33 in the X-axis direction. The X-axis direct
moving means 37 includes an X-axis linear rail 371
is disposed between the two X-axis guide rails 322

guiding the moving base 33 in the X-axis direction
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extends in the X-axis direction, and an X-axis coil
movable element 372 fitted to the X-axis linear rai

in a movable manner and mounted to a lower surface
moving base 33. The X-axis linear rail 371 has a
configuration in which, for example, N poles and S

of a plurality of cylindrical permanent magnets are
alternately joined to form a shaft-shaped body, and
plurality of cylindrical permanent magnets thus for

into the shaft-shaped body are disposed in a hollow
cylindrical case formed of a non-magnetic material
stainless steel. Support members 373 are mounted t

end portions of the X-axis linear rail 371 configur

this way, as depicted in FIG. 2, and the X-axis lin

rail 371 is attached to an upper surface of the X-a

table 32 through the support members 373. The X-ax
direction moving means 37 including the X-axis line
rail 371 and the X-axis coil movable element 372
constitutes a so-called linear shaft motor similarl

the Y-axis direction moving means 36. When a curre
flows in the X-axis coil movable element 372, an
attracting force and a repelling force due to magne
forces are repeatedly generated, whereby a thrust i
generated. Accordingly, the direction in which the

coil movable element 372 is moved along the X-axis

12

| 371

of the

poles

the

med

of
0 both
ed in
ear

XIS

ar

y to

nt

tic

X-axis

linear



rail 371 can be changed by changing the direction o
current applied to the X-axis coil movable element
Such a movement in the X-axis direction is to move
so-called processing feed direction of the chuck ta
and acts as a processing feeding mechanism.

Referring to FIG. 3, the moving base 33 and
chuck table 34 supported on the moving base 33 will
described more specifically. In FIG. 3, the chuck
34 fitted to the moving base 33 is illustrated in a
separated state and as viewed from an oblique lower
The chuck table 34 is formed from a lightweight cer
whereas the moving base 33 is formed from a carbon
reinforced plastic (CFRP). The CFRP is formed to h
specific gravity of approximately 1.5 to 2.0, which
varies to a certain extent depending on a molding m
The CFRP is an extremely lightweight blank material
compared to those formed of a metal such as stainle
steel (specific gravity: 7.9), and is excellent in
strength.

As illustrated in FIG. 3, a circular recess
formed in the center of an upper surface of the mov
base 33, and a bottomed hollow cylindrical member 3

rotatably fitted or inserted in the recess 331. Th

hollow cylindrical member 332 is formed in a bottom
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portion 333 thereof with gas suction holes 334 and 335.

The gas suction hole 334 formed in the center is

connected to a ventilating hole 34b, formed in the center
of a circular projection 34a formed at a lower surf ace of
the chuck table 34, when the circular projection 34 ais
fitted or inserted in the hollow cylindrical member 332.
Further, the gas suction hole 335 is formed to suct ion
hole the chuck table 34 when the chuck table 34 is fitted

or inserted in the hollow cylindrical member 332. The
chuck table 34 to be placed on the moving base 33 i S

configured to be freely rotatable in the directions
indicated by arrows in the figure, together with ro tation

of the hollow cylindrical member 332.

Returning to FIG. 2, for the laser beam app lying
means 4, a generally known configuration may be ado pted.
The laser beam applying means 4 includes a laser be am

oscillator, an attenuator for output adjustment, a

galvanometer scanner for adjusting the Ilaser beam

applying direction, a reflective mirror, a focusing lens
included in the focusing unit 4a, etc. (omitted in

illustration). Imaging means 43 is for detecting a region
to be processed of a workpiece held by the chuck ta ble 34.
The imaging means 43 includes an optical system

constituting a microscope, and an imaging element

14



(charge-coupled device (CCD)), and is configured to be

able to send an image signal obtained by imaging to

control means and to display an image on display me ans
(not depicted). Note that the control means is com posed
of a computer, and includes a central processing un it
(CPU) for arithmetic processing according to a cont rol
program, a read only memory (ROM) for storing the c ontrol

program and the like, a random access memory (RAM)
capable of reading/writing for tentatively storing
detected values, calculation results, etc., an inpu t

interface, and an output interface (omitted in

illustration).

As depicted in FIGS. 1 and 2, temporary pla cing
means 5 is disposed on an upper surface of the stat ionary
base 2 at a position in the Y-axis direction in rel ation
to the X-axis table 32 on which the chuck table 34 IS
disposed in a slidable manner. The temporary placi ng
means 5 includes a rotatable temporary placing tabl e 51,
and a periphery detecting section 52 for detecting a

periphery of a workpiece temporarily placed on the
temporary placing table 51. As depicted in FIG. 2, the
periphery detecting section 52 is provided with an
opening 52a opening laterally at the height of the

temporary placing table 51, and a light emitting el ement

15



is provided on the upper side of the opening 52, wh ereas

a light receiving element is provided at that posit ion on
the lower side of the opening 52 which is opposed t o the
light emitting element (details will be described | ater).
Further, the periphery detecting section 52 is conf igured
to be movable in the directions indicated by arrows in
the figure, namely, in the directions for moving to ward
and away from the temporary placing table 51 by a d riving
mechanism disposed inside the stationary base 2. N ote

that the temporary placing table 51 includes a
transparent resin plate, and rotational angle of th e
temporary placing table 51 is detected by a rotatio nal

angle sensor (not depicted).

In the laser processing apparatus 1 in the present
embodiment, as depicted in FIG. 2, carrying-out mea ns 6
is provided at a position which is adjacent, in the X-

axis direction, to a region in which the temporary

placing means 5 and the holding table mechanism 3 a re
disposed on the stationary base 2. The carrying-ou t means
6 is provided with a carrying-out mechanism mount b ase 60,
a carrying-out mechanism 61, and carrying-out mecha nism
moving means 62 for moving the carrying-out mechani sm 61

in the Y-axis direction.

The carrying-out mechanism 61 includes a ca rrying-

16



out moving base 611, a hollow cylindrical member 61 2

advanced and retracted in the vertical direction by an
air cylinder incorporated in the carrying-out movin g base
611, a flat plate-shaped first arm section 613a one end
portion of which is rotatably connected to an upper end
portion of the hollow cylindrical member 612, a sec ond
arm section 613b one end portion of which is rotata bly

connected to the other end portion of the first arm

section 613a, and a robot hand 614 connected to the other
end portion of the second arm section 613b. A lowe r
surface of the robot hand 614 is formed with a plur ality
of suction holes (omitted in illustration), which a re

connected to a suction source through the hollow

cylindrical member 612 and the first and second arm

sections 613a and 613b, so that sucking the workpie ce and
letting off the workpiece can be performed by contr olling
the operation/non-operation of the suction source. Note

that the robot hand 614 can perform an action for

inverting upside down through a support portion at the
other end portion on the second arm section 613b si de,
whereby its surface formed with the suction holes ¢ an be

directed to the upper side.
The carrying-out mechanism moving means 62 is

configured substantially the same manner as the

17



aforementioned Y-axis direction moving means 36 and
axis direction moving means 37. The carrying-out
mechanism moving means 62 includes two carrying-out

rails 621 disposed on an upper surface of the carry

out mechanism mount base 60 in the Y-axis direction
linear rail 622 which is disposed between the carry

out guide rails 621 and extends in the Y-axis direc

and a coil movable element 623 fitted to the linear

622 in a movable manner and mounted to a lower surf

the carrying-out moving base 611. The linear rail

configured in the same manner as the Y-axis linear

361 and the X-axis linear rail 371 which constitute

Y-axis direction moving means 36 and the X-axis dir

moving means 37, respectively. Support members 624
mounted to both end portions of the linear rail 622

the linear rail 622 is attached to an upper surface

the carrying-out mechanism mount base 60 through th
support members 624. The carrying-out mechanism mo
means 62 including the linear rail 622 and the coil
movable element 623 constitutes a so-called linear

motor. When a current flows in the coil movable el

623, an attracting force and a repelling force due
magnetic forces are repeatedly generated, whereby a

thrust is generated. Therefore, the direction in w
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the coil movable element 623 is moved along the lin
rail 622 can be changed by changing the direction o
current applied to the coil movable element 623.

A housing 40 incorporating laser beam apply
means 4 is provided adjacently to the stationary ba
in such a manner as to be along the X-axis table 32
disposed on the stationary base 2. The housing 40
includes a vertical wall section 41 extending verti
upward from a floor surface, and a horizontal wall
section 42 extending horizontally from an upper end
the vertical wall section 41. As depicted in FIG.
carrying means 8, the imaging means 43, and the foc
unit 4a of the laser beam applying means 4 are disp
in the state of being aligned in the X-axis directi
a lower surface of a tip portion of the horizontal
section 42.

As depicted in the figure, a cassette placi
mechanism 7 is disposed in such a manner that the
carrying-out means 6 is located between the station
base 2 and the cassette placing mechanism 7 in the
direction of the stationary base 2. The cassette p

mechanism 7 is provided with an unprocessed workpie

cassette 72a in which to accommodate unprocessed

workpieces, a processed workpiece cassette 72b in w
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to accommodate processed workpieces, and a cassette table

71 on which the unprocessed workpiece cassette 72a and
the processed workpiece cassette 72b are disposed i n the
state of being aligned in the Y-axis direction. It IS
preferable that the unprocessed workpiece cassette 72ais
disposed at a position near the temporary placing m eans 5,
whereas the processed workpiece cassette 72b is dis posed
on the side near the receiving position of the chuc k

table 34, as depicted in the figure. Note that the

“receiving position” of the chuck table 34 refers t 0 a
position with which the center of the chuck table 3 4
coincides on a straight line drawn in the Y-axis

direction from the center of the temporary placing table

51 when the chuck table 34 is moved in the X-axis

direction on the X-axis table 32.

As depicted in FIG. 1, the carrying means 8 that
sucks the workpiece on the temporary placing table 51 and
carries the workpiece onto the chuck table 34 locat ed at
the receiving position is provided on the lower sur face
of the horizontal wall section 42 of the housing 40 . In
FIG. 2, the carrying means 8 is illustrated on the upper
side in the state of being separated from the horiz ontal
wall section 42. Describing more specifically base d on
the figure, the carrying means 8 includes a casing 81

20



incorporating a known belt mechanism therein, an op

82 opening in a side wall of the casing 81 in a
longitudinal direction, a carrying arm 83 which is
supported by the belt mechanism incorporated in the
casing 81 and extends to the outside from the openi

a rod 84 mounted to a tip portion of the carrying a

in such a manner that it can be advanced and retrac

regard of a downward direction, and a sucker pad 85
supported by a tip portion of the rod 84. The suck

85 is formed with a plurality of suction holes on t

lower surface side (not depicted), and is connected

suction source (not depicted) through the rod 84 an
carrying arm 83 so that a workpiece can be sucked o

off by the lower surface side of the sucker pad 85.

The laser processing apparatus 1 configured
according to the present invention generally has th
above-mentioned configuration, and its operation wi
described based on FIGS. 4A to 10. Note that in FI
and 10, the housing 40 is omitted for convenience o
explanation.

In performing laser processing by the laser
processing apparatus 1 in the present embodiment, a
operator places on the cassette table 71 of the cas

placing mechanism 7 the unprocessed workpiece casse
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72a in which unprocessed workpieces (in the present
embodiment, silicon wafers W) are accommodated, and
processed workpiece cassette 72b which is prepared
empty state for accommodating the processed wafers
Note that the laser processing apparatus 1 in the p
embodiment is for performing laser processing consi
in applying a laser beam of such a wavelength as to
transmitted through the wafer W to the wafer W so a
thereby to form a modified layer inside the wafer W
wafers W, each with a protective tape adhered to it
front surface side on which devices are formed, are
accommodated in the unprocessed workpiece cassette
predetermined intervals, with their front surface s

When the start of laser processing is comma
the laser processing apparatus 1 by the operator, f
the carrying-out mechanism moving means 62 is opera
position the carrying-out moving base 611 of the
carrying-out mechanism 61 in front of the unprocess
workpiece cassette 72a. When the carrying-out mech
61 has been positioned in front of the unprocessed
workpiece cassette 72a, the robot hand 614 is advan
into the unprocessed workpiece cassette 72a in orde
carry out an unprocessed wafer W accommodated in th

unprocessed workpiece cassette 72a, as depicted in
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4A. In this instance, the surface formed with the
holes of the robot hand 614 is directed to the uppe
In the unprocessed workpiece cassette 72a, a plural
unprocessed wafers W are accommodated in a horizont
state and at predetermined vertical intervals. The
hand 614 is advanced to the lower surface side of a
predetermined wafer W in a state in which the robot
hand’s surface formed with the suction holes is dir
up, and the back surface side of the unprocessed wa
is sucked from below.

When the back surface of the unprocessed wa
sucked by the suction hole-formed surface of the ro
hand 614 inside the unprocessed workpiece cassette
the first arm 613a and the second arm 613b are rota
appropriately to thereby take out the unprocessed w
from the unprocessed workpiece cassette 72a, and, a
depicted in FIG. 4B, the wafer W sucked by the robo
614 is moved toward the temporary placing table 51.
During this operation, the robot hand 614 is rotate
such a manner that the suction hole-formed surface
thereof is directed downward, namely, that the surf
holding the wafer W thereon is directed downward.
the movement onto the temporary placing table 51, t

hollow cylindrical member 612 is lowered to thereby
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the wafer W into contact with the upper surface of
temporary placing table 51, and the operation of th
suction source is stopped, to release the sucked st

Note that as depicted in FIG. 4A, the temporary pla

table 51 is also provided in its center with a suct

hole connected to the suction source, so that when
suction through the suction hole 5la on the tempora
placing table 51 side is conducted simultaneously w
the releasing of the sucked state on the robot hand

side, the wafer W can be smoothly sucked onto the
temporary placing table 51. In this way, the unpro

wafer W is held on the temporary placing table 51,

its back surface side up.

When the unprocessed wafer W is suction hel
temporary placing table 51, the periphery detecting
section 52 is operated to perform a periphery detec
step of detecting the peripheral portion of the waf
and the position of a notch N indicative of the cry
orientation of the wafer W. The periphery detectin
will be described more specifically. As depicted i
5A, at the time of placing the wafer W on the tempo
placing table 51, the periphery detecting section 5
been moved into a retracted position of being space

the temporary placing table 51 such as not to conta
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wafer W. After the wafer W is placed on the tempor ary

placing table 51, driving means (not depicted) is

operated to move the periphery detecting section 52 to
the temporary placing table 51 side, to let a perip heral
portion of the temporary placing table 51 advance i nto
the opening 52a, as depicted in FIG. 5B. In this i nstance,
the size (diameter) of the wafer W to be processed IS
preliminarily registered in control means (not depi cted),
and a periphery position of the wafer W is position ed

substantially at the center of the opening 52a, as

depicted in FIG. 5C. As illustrated in the figure, a
light emitting element 521 having a predetermined | ength
in the left-right direction in the figure is dispos ed on
the upper side of the opening 52a, and a light rece iving
element 522, for example, a line sensor, is dispose d on
the lower side of the opening 52a at a position opp osed
to the light emitting element 521. The operation o f the
periphery detecting section 52 will be described mo re.

In the case where the wafer W on the tempor ary

placing table 51 is carried onto the chuck table 34

located at the above-mentioned receiving position b y use
of the carrying means 8, the center position of the wafer
W must be situated on the Y-axis line passing throu gh the

center of the chuck table 34. However, when the
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unprocessed wafer W is placed onto the temporary pl
table 51 by the aforementioned carrying-out means 6

is difficult to place the wafer W such that the cen
position of the wafer W coincides accurately with t
center position of the temporary placing table 51.

the wafer W whose center position is deviated on th
temporary placing table 51 is carried from the temp
placing table 51 onto the chuck table 34 by the car
means 8 in the deviated state, a deviation results
between the center of the chuck table 34 and the ce

of the wafer W. In view of this, in the present
embodiment, the periphery of the wafer W and the po

of the notch N indicative of the crystal orientatio

the wafer W are detected by use of the periphery

detecting section 52, whereby the center position o
wafer W suction held on the temporary placing table
and the direction in which the notch N is positione
grasped. The detection method will be described be

In the state as depicted in FIG. 5C, the li
emitting element 521 and the light receiving elemen
are operated, and the temporary placing table 51 is
rotated in the direction indicated in FIG. 5B by us
driving means (not depicted). As aforementioned, t

temporary placing table 51 includes a transparent p
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and the rotational position thereof has been detect ed.

Therefore, a region where light radiated from the | ight
emitting element 521 is shielded by the wafer W and a
region where the wafer W is absent and the light is not
shielded but reaches the light receiving element 52 2 are
distinguished from each other, and an outer edge sh ape of
the wafer W on the temporary placing table 51 is de tected

in correspondence with the rotational angle of the

temporary placing table 51. In addition, with the outer
edge shape of the wafer W thus grasped, the notch N

indicative of the crystal orientation of the wafer W can
also be detected.

Referring to FIGS. 6A and 6B, a method of

calculating the positional deviation amount of the wafer
W relative to the temporary placing table 51 and th e
angle thereof will be described. As depicted in FI G. 6A,
when the outer edge shape of the wafer W is detecte din
correspondence with the rotational angle of the waf er W
by the aforementioned periphery detecting section 5 2, a
minimum dmin of the distance of the outer edge shap e from

an outer edge of the temporary placing table 51
preliminarily stored and a maximum dmax of the dist ance
are grasped together with the rotational angle posi tion.

In addition, when a straight line L1 (indicated by
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alternate long and short dash line) connecting the
positions where the minimum dmin and the maximum dm
obtained is specified, to what extent a center Ol o
wafer W is deviated toward the dmin side from a cen
of the temporary placing table 51 is grasped from t
following expression (1), since the straight line L
necessarily pass the center Ol of the wafer W and t
center O2 of the temporary placing table 51 whose
position is preliminarily specified.

[dmax — dmin]/2 = deviation amount -+ (1)

For example, where the maximum dmax in the
embodiment is 8 mm and the minimum dmin is 2 mm, it
gasped from calculation of the deviation amount bas
the above expression (1) that the center O1 of the
W is deviated by 3 mm toward the minimum dmin side
the center O2 of the temporary placing table 51. |
addition, when the straight line L1 is detected by
periphery detecting section 52, an inclination angl
of the straight line L1 relative to the Y-axis dire
(indicated by a dotted line P) is grasped, and the
position of the notch N is also grasped. Therefore
angle 62 between a straight line L2 (indicated by
alternate long and two short dashes line) connectin

center of the wafer W and the notch N and the strai
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line L1 is also grasped. The position of the wafer
deviation amount, and the angle as above are stored
the memory of the control means (not depicted).

When the deviation amount (3 mm) of the pos
the wafer W on the temporary placing table 51 and t
direction ( 01) thereof have been  grasped
aforementioned, the temporary placing table 51 is r
by 61, as depicted in FIG. 6B, to cause the straight li
L1 and the straight line P indicative of the Y-axis
direction to coincide with each other. As a result
center O1 of the wafer W and the center O2 of the
temporary placing table 51 are aligned in the Y-axi
direction, and the center O1 of the wafer W is devi
by 3 mm in the Y-axis direction from the center O2
temporary placing table 51. It is grasped, simulta
with this, that the inclination angle of the notch
relative to the Y-axis direction (straight line P)

When the temporary placing table 51 has bee
rotated by 61, a carrying step of carrying the wafer W
onto the chuck table 34 is then conducted by use of
carrying means 8. As depicted in FIG. 7A, the carr
arm 83 of the carrying means 8 is operated by drivi

means (not depicted) to position the sucker pad 85

position on the upper side of the temporary placing
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51, the rod 84 is extended and lowered, to bring th
sucker pad 85 into contact with the wafer W, and th
suction source (not depicted) is operated so that t
wafer W is sucked by the sucker pad 85. In this in
since the sucker pad 85 is so set that its center a
coincides with the center O2 of the temporary placi
table 51, the wafer W is sucked by the sucker pad 8
state in which the center O1 of the wafer W is devi
by 3 mm in the Y-axis direction from the center of
sucker pad 85.

When the wafer W has been sucked by the suc
85, the rod 84 is shrunk to raise the sucker pad 85
the carrying arm 83 as is directly moved in the Y-a
direction, as depicted in FIG. 7B. In this instanc
chuck table 34 is positioned in a position at which
center is aligned with the center O2 of the tempora
placing table 51 in the Y-axis direction, that Iis,
positioned in the receiving position, so that by mo
the carrying arm 83 in the Y-axis direction by a
prescribed amount, it is possible to cause the cent
the sucker pad 85 and the center of the chuck table
located in the receiving position to coincide with
other. Here, since it is grasped that the wafer W

onto the sucker pad 85 sucked in the state of being
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deviated by 3 mm in the Y-axis direction and this i S
stored in the control means, as aforementioned, the

moving amount is corrected by 3 mm at the time of

carrying the wafer W by the carrying arm 83. In ot her
words, a distance smaller than the prescribed amoun t by 3
mm is the moving amount for the carrying arm 83. T hen,
the carrying arm 83 is moved by the distance correc ted in
relation to the prescribed amount, as depicted in F IG. 7B,
whereon the wafer W is positioned in a position whe re the
center of the wafer W and the center of the chuck t able
34 coincide with each other in plan view, so that b y
extending the rod 84 to lower the sucker pad 85, th e
wafer W is placed on the chuck table 34 in a state where
their centers coincide with each other. When the w afer W
has been placed on the chuck table 34, the operatio n of
the suction means on the sucker pad 85 ide is stopp ed,
whereas the suction means for acting on the suction chuck
35 forming the holding surface of the chuck table 3 4 is
operated, to suction hold the wafer W. Note that i n this
instance, the wafer W is placed on the chuck table 34 in
a state in which its front surface side on which th e
devices are formed is placed on the chuck table 34, with

a protective tape (not depicted) therebetween.

As depicted in FIG. 8A, according to the
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aforementioned carrying means 8, the wafer W is pla

the chuck table 34 with its center O1 positioned
accurately on a center O3 of the chuck table 34. |
state, however, the position of the notch N in the
W is deviated by the angle 92 in
prescribed direction indicated by the dotted line P
indicated by the straight line L2. As aforemention
62 has been detected by the periphery detecting sect
52 in the state where the wafer W is placed on the
temporary placing table 51 and been stored in the m
of the control means. Therefore, while referring t
value of 62 stored in the control means, the chuck table
34 is moved by 62 to thereby move the notch N into a
prescribed position, as depicted in FIG. 8B. As a
the position of the notch N is corrected, and the c
orientation of the wafer W is positioned in a
predetermined direction suitable for laser processi

Through the above-mentioned steps, the wafe
correctly placed on the chuck table 34, and, by mov
the chuck table 34 to a position under the imaging
43 and the focusing unit 4a of the laser beam apply
means 4 illustrated in FIG. 1, a laser processing s
can be carried out. In performing the laser proces

step, first, so-called alignment is conducted in wh
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processing region of the wafer W to be processed is
imaged by the imaging means 43 and positional match ing
between the focusing unit 4a and the processing reg ion is

performed. Then, laser processing is conducted by

applying a pulsed laser beam while relatively movin g the
focusing unit 4a and the processing region of the w afer W
by operating the aforementioned Y-axis direction mo ving
means 36 and X-axis direction moving means 37. Not e that,
for example, for enabling alignment from the back s ide of
the wafer W formed of silicon, the imaging means 43 in

the present embodiment includes a light source for

radiating infrared rays able to be permitted throug h
silicon from the back side of the wafer W, an optic al
system for catching the infrared rays, an imaging e lement

(infrared CCD) for outputting an electrical signal
corresponding to the infrared rays, etc.
As laser processing conditions in the prese nt
embodiment, for example, the following processing
conditions may be selected.
Wavelength of laser beam: 1064 nm
Repetition frequency: 10 kHz
Average output: 1.0 W
Processing feed velocity: 2,000 mm/second

By this operation, a modified layer is form ed
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inside the wafer W along each of division lines for
dividing the wafer W. Note that the laser processi
in the present embodiment is a known technology, an
not constitute an essential part of the present inv
and, therefore, a detailed description thereof is o

The laser processing apparatus 1 in the pre
embodiment has the configuration as described above
Therefore, while laser processing is conducted afte
wafer W is carried onto the chuck table 34 by use o

carrying means 8, it is possible carry out a new

unprocessed wafer W from the unprocessed workpiece

cassette 72a by operating the carrying-out means 6

cause the wafer W to be placed and held on the temp
placing table 51, as depicted in FIG. 7B. In other

after the wafer W is carried from the temporary pla

table 51, the carrying-out means 6 is immediately
operated to perform an operation as depicted in FIG

and 4B, whereby the new wafer W can be placed on th
temporary placing table 51 and be suction held ther
Then, while the wafer W formerly carried onto the ¢

table 34 is undergoing laser processing, the periph
detecting section 52 can be operated to detect the
deviation amount of the position of the new wafer W

on the temporary placing table 51, the direction th
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and the position of the notch N, and the deviated
direction thereof can be preliminarily corrected by
rotating the temporary placing table 51, as require

The wafer W formerly carried onto the chuck
34 and subjected to laser processing is moved into
receiving position of the chuck table 34 together w
the chuck table 34. When the chuck table 34 has be
moved into the receiving position, as depicted in F
the carrying-out mechanism 61 of the carrying-out m
is moved on the carrying-out guide rails 621 by ope
the carrying-out mechanism moving means 62, and
positioned in the vicinity of the receiving positio
When the carrying-out mechanism 61 has been moved i
the vicinity of the receiving position, the hollow
cylindrical member 612, the first arm 613a, the sec
arm 613b, and the robot hand 614 are operated to su
processed wafer W on the chuck table 34 on the lowe
surface side of the robot hand 614, as depicted in
figure.

When the processed wafer W has been sucked
operating the robot hand 614, the first arm 613a, t
second arm 613b, and the hollow cylindrical member
are further operated to accommodate the processed w

into a predetermined position in the processed work
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cassette 72b, as depicted in FIG. 10. Note that af
processed wafer W is sucked at the chuck table 34,
robot hand 614 is rotated such that the processed w
iIs accommodated in the cassette 72b, with its devic
formed surface side up and with its back surface si
down. Note that the present invention is not restr
to this mode of operation. A mode may be adopted i
the unprocessed wafers W are preliminarily accommod
in the unprocessed workpiece cassette 72a with thei
surface side directed up, the back surface side of
wafer W is sucked by the robot hand 614 from above
carried, whereas the processed wafer W on the chuck
34 is sucked by the robot hand 614, after which the
processed wafer W is accommodated into the processe
workpiece cassette 72b, with its back surface side
up, without rotating the robot hand 614.

After the wafer W is carried out from the c
table 34 by the carrying-out mechanism 61, the carr
means 8 can be operated to carry the wafer, which i
on the temporary placing table 51 and is to be proc
next, onto the chuck table 34, and correction of th
direction of the notch N and the laser processing s
can be performed, as described above referring to F

8A and 8B. In other words, in the laser processing

36

ter the

the

afer W
e-
de

icted

n which
ated

r back
the

and is

table

kept

huck
ying
s held

essed

tep

IGS.



apparatus configured based on the present invention , the
processed wafer W can be accommodated into the proc essed
workpiece cassette 72b in a direct manner, without

passing through the route along which the unprocess ed
wafer W is carried. Therefore, the route of the

unprocessed wafer W and the route of the processed wafer
W do not overlap each other, so that the wafers W ¢ an be

processed efficiently.

The present invention is not restricted to the
above-described embodiment, and various modificatio ns can
be assumed. For example, while the temporary placi ng

table 51 of the temporary placing means 5 has been

composed of a transparent plate and the periphery

position of the wafer W has been detected by the li ght
emitting element 521 and the light receiving elemen t 522
disposed in the periphery detecting section 52 in t he
present embodiment, this is not restrictive. In th e case
where the temporary placing table 51 is not compose d of a
transparent plate, a configuration may be adopted i n
which a laser beam is radiated downward on the uppe r side
of the opening 52a of the periphery detecting secti on 52,
and the reflected laser beam is received, to thereb y

detect ruggedness (projections and recesses) on the

temporary placing table and detect the periphery po sition.
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Alternatively, a configuration may be adopted in wh
the ruggedness on the temporary placing table is de
by use of a known ultrasonic-wave or infrared-ray
technique, thereby detecting the periphery position
Further, a configuration may be adopted in which th
outside diameter shape is recognized by such means
image recognition processing.

While the unprocessed workpiece cassette 72
the processed workpiece cassette 72b have been prep
in the present embodiment, the present invention is
restricted to this configuration. A configuration
adopted in which only one cassette is prepared, and
processed wafer W is returned into a predetermined
position in the cassette in which the wafer W has b
accommodated before processing.

While a case of laser processing in which a
beam of such a wavelength as to be transmitted thro
the wafer W is applied to the wafer W to form a mod
layer inside the wafer has been described in the pr
embodiment, this is not restrictive of the present
invention. The present invention is also applicabl
laser processing apparatus for performing so-called
ablation processing by applying to the wafer W a la

beam of such a wavelength as to be absorbed in the
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W. The present invention is applicable to laser
processing apparatuses, irrespectively of the kind
laser processing.

While an example in which the Y-axis direct
moving means 36, the X-axis direction moving means
and the carrying-out mechanism moving means 62 are
by the so-called linear shaft motor has been explai
the present embodiment, this is not restrictive of
present invention. A mechanism in which a so-calle
screw is rotated by a motor to convert a rotational
motion of the motor into a rectilinear motion can b
as a drive source for each of the aforementioned dr
means.

In the present embodiment, a configuration

adopted in which the periphery detecting section 52

provided with the opening 52a, and the periphery

detecting section 52 is movable in the direction of
temporary placing table 51, such that the periphery

the wafer W placed on the temporary placing table 5

be situated between the elements of the periphery

detecting section 52. However, it is assumed that

wafers W to be processed by the laser processing

apparatus 1 may vary in size, and the periphery pos

of the wafer W may not be constant. In view of thi
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position at which the wafer W is situated between t he
light emitting and light receiving elements on the upper

and lower sides of the opening 52a may be moved, as

required, according to the size of the wafer W to b e
processed. Besides, as required, the periphery det ecting
section 52 may be replaced so as to cope with diffe rences

in the size of the wafer W.

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

by the invention.
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WHAT | S CLAIMED I S:

1. A laser processing apparatus for proces
plate-shaped workpiece by applying a laser beam to
workpiece, the laser processing apparatus comprisin

a cassette table for placing thereon a cass
which a plurality of the workpieces are accommodate

carrying-out means for carrying out the wor
from the cassette placed on the cassette table;

temporary placing means for temporarily pla
workpiece carried out by the carrying-out means;

carrying means for carrying the workpiece f

temporary placing means to a chuck table;

imaging means for detecting a region to be

processed of the workpiece held on the chuck table;
laser beam applying means including a focus
for applying a laser beam to the workpiece held on
chuck table,
wherein the carrying-out means carries out

workpiece having been processed by the Ilaser

applying means from the chuck table and accommodate

workpiece into the cassette placed on the cassette
2. The laser processing apparatus accordin
claim 1,

wherein let a direction in which the carryi
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means is disposed in relation to the temporary plac

means be an X-axis direction, and let a direction

orthogonal to the X-axis direction be a Y-axis dire

then a receiving position at which the chuck table

receives the workpiece is set in the Y-axis directi
relation to the temporary placing means;

the focusing unit is disposed in the X-axis
direction in relation to the receiving position of
chuck table;

the carrying means carries the workpiece pl
the temporary placing means to the chuck table posi
in the Y-axis direction;

the chuck table is configured to be movable
axis moving means, between the receiving position a
processing position at which the workpiece is proce
by the laser beam applied from the focusing unit;

the carrying-out means includes a carrying-
guide rail disposed in the Y-axis direction, a carr

out moving base disposed on the carrying-out guide

so as to be movable, and a robot hand disposed on t

carrying-out moving base; and
the robot hand is positioned between the ca
table and the temporary placing means, carries out

workpiece from the cassette, temporarily places
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workpiece on the temporary placing means, is positi
adjacently to the chuck table positioned at the rec
position, carries out the processed workpiece from
chuck table, and accommodates the processed workpie
into the cassette.

3. The laser processing apparatus accordin
claim 1,

wherein the temporary placing means include
temporary placing table which is rotatable, and a
periphery detecting section including a light emitt
element and a light receiving element at positions
upper and lower opposite sides of a periphery of th
workpiece temporarily placed on the temporary placi
table,

the periphery detecting section is for dete
maximum and a minimum of the distance between a per
of a circularly shaped wafer serving as the workpie
a periphery of the temporary placing table attendan
rotation of the temporary placing table, periphery
positions corresponding to the maximum and the mini
and the position of a notch indicative of -crystal
orientation of the wafer, detects an angle at which
notch is detected, and positions a direction of a

straight line connecting the positions correspondin
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the maximum and the minimum into the Y-axis directi
and determines a center of the wafer, and

the center of the wafer is positioned at th
rotational center of the chuck table when the wafer
carried to and placed on the chuck table by the car
means.

4. The laser processing apparatus accordin
claim 2,

wherein the X-axis moving means for moving

chuck table includes at least an X-axis guide rail

disposed in the X-axis direction, a moving base

positioned on the X-axis guide rail so as to be mov

and a drive source for moving the moving base, and
the moving base is formed from a carbon fib

reinforced plastic, and supports the chuck table.

5. The laser processing apparatus accordin
claim 3, wherein the temporary placing table includ
transparent plate, and the periphery detecting sect
configured to be able to be advanced and retracted

radial direction correspondingly to a size of the w
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