LASER PROCESSI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a laser pr
method capable of performing laser processing to a
as properly measuring the height of the wafer.

Description of the Related Art

A plurality of devices such as integrated c
(ICs) and large scale integrations (LSIs) are forme
the front side of a wafer so as to be separated by
plurality of division lines. The wafer thus having
plural devices on the front side is divided into
individual device chips corresponding to the respec
plural devices by using a processing apparatus such
dicing apparatus and a laser processing apparatus.
device chips thus obtained are used in various elec
equipment such as mobile phones, communications equ
and personal computers.

The laser processing apparatus includes a c
table for holding a wafer, laser applying means hav
focusing means for applying a laser beam to the waf
held on the chuck table, the laser beam having a

transmission wavelength to the wafer, in the condit
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where the focal point of the laser beam is set insi
wafer, thereby forming a modified layer inside the

X moving means for relatively moving the chuck tabl

the focusing means in an X direction as a feeding

direction, Y moving means for relatively moving the

table and the focusing means in a Y direction as an

indexing direction perpendicular to the X direction

height detecting means for detecting the height of

upper surface of the wafer held on the chuck table,

storing means for storing height information on the

height of the upper surface of the wafer detected b
height detecting means at a plurality of X coordina
the X direction, and control means for controlling
chuck table, the laser applying means, the X moving
the Y moving means, the height detecting means, and
storing means, whereby each division line is proces
the laser beam to form the modified layer as a divi
start point along each division line (see JP-A-2007
152355, for example).

According to the laser processing method de
in JP-A-2007-152355, the height of an area correspo
to each division line is previously detected by the
height detecting means for detecting the height of

upper surface of the wafer, and the height informat
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this height detected is previously stored by the st
means. Further, the focusing means is vertically m
according to the height information stored above to
thereby adjust the focal point of the laser beam to
proper vertical position inside the wafer in applyi
laser beam along each division line, thus performin
desired laser processing.

In the case of generally assuming that the
of the upper surface of a wafer in a work area ther
detected and stored and the work area is next proce
according to the height information stored, it is
actually difficult in many cases to measure the hei
the upper surface of the wafer in all the work area
thereof and then store the height information in al
work areas because a memory area included in the co
means is limited in capacity. Accordingly, to econ
on the usage of the memory area for storing the hei
information, a part of the work areas is selected.
example, one of plural division lines of all the di
lines formed on the wafer is selected. In this cas
height of the upper surface of the wafer is measure
along this selected division line in one direction
in a forward direction) by using the height detecti

means, and the height information detected above
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stored as a representative value. In performing th
processing to the wafer, this representative value
applied not only to the selected division line alon
which the height measurement has been made, but als
another near division line along which the height
measurement has not been made. Thus, by using this
representative value, the focal position of the las

beam for processing the wafer is vertically adjuste

along each division line.

SUMVARY OF THE | NVENTI ON

However, in the above case that the height
information along a part of the division lines is
detected as a representative value and that the foc
point of the laser beam is vertically adjusted to a
predetermined position inside the wafer according t
height information detected above in performing the
processing, there arises a problem such that the
adjustment of the focal point of the laser beam may
become inaccurate to result in inaccurate laser
processing. Further, to improve the processing eff
there is a case that the laser beam is applied to t
wafer during the movement of the chuck table holdin

wafer both in the forward direction and in the back
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direction. In this case, the height information is
detected by scanning measuring light in one directi
(e.g., in the forward direction), and the Ilaser
processing is performed according to the height
information detected above. Accordingly, there is
that the focusing means may not accurately follow t
height information detected above. As a result, th
arises a problem that the focal point cannot be
vertically adjusted to a proper position and that t
laser processing cannot therefore be performed with
accuracy.

The present applicant has examined this pro
detail to find out the following causes. In detect
height of the upper surface of the wafer in the pri
the height of the upper surface of the wafer is mea
as moving the chuck table holding the wafer in one
direction, e.g., along the forward path in the X
direction, so as to make uniform the measurement
conditions along each division line. Then, the hei
measured above is stored at a plurality of X coordi
in the X direction. Further, this height measured
stored is used in vertically adjusting the focal po
of the laser beam not only along the division line

the height has been measured, but also along anothe
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adjacent division line where the height has not bee n

measured. There is a minute hysteresis error in th e
moving means for moving the chuck table between in the
case of moving the chuck table in one direction and in
the case of moving the chuck table in the other dir ection
opposite to this one direction. Accordingly, when the
chuck table is moved in the other direction opposit e to
the one direction of measuring the height, a deviat ion in

travel of the chuck table in the X direction

corresponding to the hysteresis error is produced w ith
respect to the case where the chuck table is moved in the
one direction. As a result, the focal point of the laser
beam cannot be vertically adjusted to a proper posi tion
along each division line, so that the laser process ing

cannot be performed with high accuracy.

It is therefore an object of the present in vention
to provide a laser processing method which can perf orm
laser processing to a wafer with high accuracy acco rding
to the height information on the height of the wafe r as
measured.

In accordance with an aspect of the present

invention, there is provided a laser processing met hod to
be performed by a laser processing apparatus includ ing a
chuck table for holding a wafer, laser applying mea ns



having focusing means for applying a laser beam to
wafer held on the chuck table, the laser beam havin
transmission wavelength to the wafer, in the condit
where the focal point of the laser beam is set insi

wafer, thereby forming a processed portion inside t
wafer, X moving means for relatively moving the chu
table and the focusing means in an X direction as a
feeding direction, Y moving means for relatively mo

the chuck table and the focusing means in a Y direc

as an indexing direction perpendicular to the X dir

height detecting means for detecting the height of
upper surface of the wafer held on the chuck table,
storing means for storing height information on the
height of the upper surface of the wafer detected b
height detecting means at a plurality of X coordina

the X direction, and control means for controlling
chuck table, the laser applying means, the X moving

the Y moving means, the height detecting means, and
storing means. The laser processing method include
forward path height storing step of positioning the
height detecting means in a forward work area of th
wafer where the laser beam is to be applied, relati
moving the chuck table and the height detecting mea

along a forward path in the X direction, detecting
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height of the upper surface of the wafer along the

forward path by using the height detecting means, a nd
storing the height information at the X coordinates on
the forward path into the storing means; a backward path
height storing step of positioning the height detec ting
means in a backward work area of the wafer where th e
laser beam is to be applied, the backward area bein g
adjacent to the forward work area, relatively movin g the

chuck table and the height detecting means along a

backward path in the X direction, detecting the hei ght of
the upper surface of the wafer along the backward p ath by
using the height detecting means, and storing the h eight
information at the X coordinates on the backward pa th
into the storing means; a forward path processing s tep of
positioning the focusing means in the forward work area,
setting the focal point of the laser beam inside th e
wafer in the forward work area, applying the laser beam
to the wafer as vertically moving the focusing mean S
according to the height information stored in the f orward
path height storing step, and relatively moving the chuck
table and the focusing means along the forward path in
the X direction; and a backward path processing ste p of
positioning the focusing means in the backward work area,
setting the focal point of the laser beam inside th e



wafer in the backward work area, applying the laser
to the wafer as vertically moving the focusing mean
according to the height information stored in the
backward path height storing step, and relatively m
the chuck table and the focusing means along the ba
path in the X direction; the forward path height st
step, the backward path height storing step, the fo
path processing step, and the backward path process
step being repeated to process the wafer.

According to the laser processing method of
present invention, the forward path height storing
the backward path height storing step, the forward
processing step, and the backward path processing s
are repeatedly performed in this order as described
Accordingly, the direction of movement of the chuck
in detecting the height of the upper surface of the
is the same as the direction of movement of the chu
table in performing the laser processing. As a res
hysteresis error can be removed. Further, the focu
means can be vertically moved to vertically adjust
focal position of the laser beam inside the wafer
according to the height information on the height o
upper surface of the wafer. Accordingly, in effici

performing the laser processing both on the forward
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and on the backward path, the focal point of the la

beam can be properly positioned inside the wafer
according to the height information previously meas

and stored.

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 claim 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;

FIG. 2 is a block diagram for illustrating
applying means included in the laser processing app
depicted in FIG. 1,

FIG. 3A is an enlarged sectional view of an
essential part of a wafer in detecting the height o
upper surface of the wafer;

FIG. 3B is a view similar to FIG. 3A, in pe
laser processing to the wafer;

FIG. 4A is a perspective view for illustrat
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forward path height storing step and a backward pat h
height storing step;

FIG. 4B is a perspective view for illustrat ing a
forward path processing step and a backward path
processing step;

FIGS. 4C and 4D are views respectively simi lar to
FIGS. 4A and 4B, depicting the steps following the steps

depicted in FIGS. 4A and 4B; and

FIG. 5 is a block diagram for illustrating a method
of computing height information in control means in cluded
in the laser processing apparatus depicted in FIG. 1.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBQODI MENT
A preferred embodiment of the laser process ing
method according to the present invention will now be
described in detail with reference to the attached
drawings.

Referring to FIG. 1, there is depicted a

perspective view of a laser processing apparatus 2 to be
suitably used in performing the laser processing me thod
according to this preferred embodiment. There is a Iso
depicted in FIG. 1 an enlarged perspective view of a
wafer 10 as a workpiece to be processed by the lase r
processing apparatus 2. The laser processing appar atus 2

11



depicted in FIG. 1 includes a stationary base 2a, h

means 6 for holding the wafer 10, moving means 8 pr

on the stationary base 2a for moving the holding me

laser applying means 24 for applying a laser beam t
wafer 10 held by the holding means 6, and an L-shap
casing 50 provided on the stationary base 2a at its

end portion. The L-shaped casing 50 is composed of
vertical portion 51 extending upward from the upper
surface of the stationary base 2a at its rear end p

behind the moving means 8 and a horizontal portion
extending from the upper end of the vertical portio

in a horizontal direction toward a position above t
moving means 8. The laser applying means 24 includ
optical system built in the horizontal portion 52 o

casing 50 and focusing means 24a provided on the lo
surface of the horizontal portion 52 at its front e
portion. The laser processing apparatus 2 further
includes imaging means 26 provided on the lower sur
of the horizontal portion 52 of the casing 50 at a
position adjacent to the focusing means 24a so as t
spaced therefrom in the X direction depicted by an

X in FIG. 1. The imaging means 26 is adapted to ap
infrared light capable of passing through the workp

held by the holding means 6, thereby detecting devi
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and division lines formed on the lower surface of t he
workpiece held by the holding means 6. As depicted in FIG.

1, the wafer 10 is previously supported through a

protective tape T to an annular frame F. The wafer 10 has
a front side 10a and a back side 10b opposite to th e
front side 10a. In this preferred embodiment, the wafer
10 is supported through the protective tape T to th e
annular frame F in the condition where the back sid e 10b
of the wafer 10 is oriented upward. That is, the f ront
side 10a of the wafer 10 is attached to the protect ive
tape T. Further, the wafer 10 thus supported throu gh the
protective tape T to the annular frame F is held th rough
the protective tape T under suction by the holding means
6 in the condition where the back side 10b of the w afer

10 is oriented upward.
The holding means 6 includes a rectangular X

movable plate 30 mounted on the base 2a so as to be

movable in the X direction, a rectangular Y movable plate
31 mounted on the X movable plate 30 so as to be mo vable
in the Y direction depicted by an arrow Y in FIG. 1 , a
cylindrical support 32 fixed to the upper surface o f the
Y movable plate 31, and a rectangular cover plate 3 3
fixed to the upper end of the support 32. The cove r plate

33 is provided with a bellows member (not depicted)

13



extending in the X direction for covering the holdi ng

means 6 and the moving means 8. The cover plate 33 has an
elongated hole extending in the Y direction. A

cylindrical chuck table 34 is rotatably supported t o the
support 32 so as to extend upward through the elong ated
hole of the cover plate 33. The chuck table 34 fun ctions
to hold the circular wafer 10 as a workpiece thereo n. The
chuck table 34 is rotatable about its vertical axis by
rotational drive means (not depicted) provided in t he
support 32. The chuck table 34 has an upper surfac e on
which a circular vacuum chuck 35 is provided. The vacuum
chuck 35 is formed of a porous material and it has a
substantially horizontal holding surface for holdin g the
wafer 10 under suction. The vacuum chuck 35 is con nected
through a suction line (not depicted) to suction me ans
(not depicted) for supplying a vacuum, the suction line
being formed so as to pass through the support 32. The X
direction is defined as the direction depicted by t he
arrow X in FIG. 1, and the Y direction is defined a s the
direction depicted by the arrow Y in FIG. 1, which is
perpendicular to the X direction in an XY plane. T he XY
plane defined by the X direction and the Y directio nisa

substantially horizontal plane.

The moving means 8 includes X moving means 40 for

14



moving the X movable plate 30 in the X direction an
moving means 41 for moving the Y movable plate 31 i

Y direction. The X moving means 40 includes a ball

40a extending in the X direction and a motor 40b fo
rotating the ball screw 40a. The ball screw 40a is
operatively connected to the X movable plate 30. T
moving means 40 is operated in such a manner that t
rotary motion of the motor 40b is converted into a

motion by the ball screw 40a and the linear motion
transmitted to the X movable plate 30, so that the
movable plate 30 is moved in the X direction along

of guide rails provided on the base 2a. Similarly,

moving means 41 includes a ball screw 4la extending
the Y direction and a motor 41b for rotating the ba
screw 4l1a. The ball screw 41a is operatively conne

the Y movable plate 31. The Y moving means 41 is o

in such a manner that the rotary motion of the moto

is converted into a linear motion by the ball screw

and this linear motion is transmitted to the Y mova
plate 31, so that the Y movable plate 31 is moved i

Y direction along a pair of guide rails provided on
movable plate 30. Although not depicted, the X mov
means 40, the Y moving means 41, and the rotational

means are each provided with position detecting mea
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The position detecting means in the X moving means
functions to accurately detect the X position of th
chuck table 34. The position detecting means in th
moving means 41 functions to accurately detect the
position of the chuck table 34. The position detec
means in the rotational drive means functions to
accurately detect the rotational position of the ch
table 34. Detection signals from these position de
means are transmitted to control means (not depicte
According to control signals output from the contro
means, the X moving means 40, the Y moving means 41
the rotational drive means can be all driven to
accurately move the chuck table 34 to an arbitrary
position and accurately rotate the chuck table 34 a
arbitrary angle.

The laser applying means 24 of the laser pr
apparatus 2 will now be described more specifically
reference to FIG. 2. As depicted in FIG. 2, the la
applying means 24 includes a laser oscillator 241 f
oscillating a laser beam LB having a transmission
wavelength (e.g., 1064 nm) to the wafer 10 formed o
silicon (Si). The laser beam LB is a processing la
beam for processing the wafer 10. The laser beam L

oscillated from the laser oscillator 241 is sent to
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focusing means 24a and then applied from the focusi
means 24a to the wafer 10. On an optical path of t
laser beam LB oscillated from the laser oscillator

there is provided a dichroic mirror 242 for reflect

light having a wavelength of 600 to 800 nm includin
wavelength of visible light and transmitting light

other wavelength regions. Further, a reflecting mi

243 is provided on an optical path of the laser bea
transmitted through the dichroic mirror 242. The
traveling direction of the laser beam LB is changed
the reflecting mirror 243 to reach the focusing mea

The focusing means 24a includes a focusing lens 244
focusing the laser beam LB reflected by the reflect
mirror 243 and then applying the laser beam LB to t
wafer 10 held on the chuck table 34. As depicted i

2, the focusing means 24a is provided with a so-cal
voice coil motor 245 composed of a magnet and a coi
voice coil motor 245 functions to vertically move t
focusing lens 244 in a direction perpendicular to t
holding surface for holding the wafer 10, i.e., in
focal position adjusting direction, by receiving a
control signal from control means 20. That is, the

coil motor 245 is operated according to the control

signal from the control means 20 to thereby move th
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focusing lens 244 in the focal position adjusting
direction to a desired position. This focal positi
adjusting direction is defined as the Z direction
depicted by an arrow Z in FIG. 2.

As depicted in FIG. 2, the laser applying m
is provided with height detecting means 25 for perf
a height measuring step of measuring and storing th
height of the upper surface of the wafer 10 held on
chuck table 34. The height detecting means 25 incl
light emitting means 251 for emitting measuring lig
as visible light having a wavelength of 700 nm and
first beam splitter 252 for transmitting the measur
light LB1 emitted from the light emitting means 251
toward the dichroic mirror 242. The measuring ligh
transmitted through the first beam splitter 252 is
reflected by the dichroic mirror 242 and next refle
by the reflecting mirror 243 to impinge on the uppe
surface of the wafer 10. As depicted in FIG. 3A, t
measuring light LB1 applied to the upper surface of
wafer 10 is reflected on the upper surface of the w
10 to generate a return light LB1'. The return lig
is reflected by the reflecting mirror 243 and next
reflected by the dichroic mirror 242 to reach the f

beam splitter 252. The return light LBl is next

18

on

eans 24

orming
e

the
udes

ht LB1

ing

t LB1

cted
r
he
the
afer

ht LB1’

irst



reflected by the first beam splitter 252. The heig
detecting means 25 further includes a bandpass filt

capable of passing light having a wavelength of 680
720 nm, so as to pass only the return light LB1’ an
second beam splitter 254 for separating the return

LBl passed through the bandpass filter 253, at a
separation ratio of 1:1 to obtain a transmitted lig
LB1l'a and a reflected light LB1'b. The height dete

means 25 further includes a focusing lens 255 for
focusing the transmitted light LB1'a transmitted th

the second bandpass filter 254 and a photodetector

for detecting the light intensity D1 of the transmi

light LBl'a focused by the focusing lens 255 and
outputting a voltage signal corresponding to the i
intensity D1 detected. The height detecting means
further includes a focusing lens 257 for focusing t
reflected light LB1'b reflected by the second beam
splitter 254, a mask 258 having a slit 259 having a

equal to the spot diameter in the case that the ref

light LB1'b is focused by the focusing lens 257 to

minimum beam spot, and a photodetector 260 for dete

the light intensity D2 of the reflected light LB1'b
passed through the slit 259 of the mask 258 and

outputting a voltage signal corresponding to the i
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intensity D2 detected. The voltage signal indicati
light intensity D1 detected by the photodetector 25
the voltage signal indicating the light intensity D

detected by the photodetector 260 are sent to the ¢

means 20. While the slit 259 of the mask 258 is so

depicted as to be seen in FIG. 2 for convenience of

illustration, the slit 259 is actually formed so as

open to the upper and lower surfaces of the mask 25
There will now be specifically described the princi
measurement of the height of the upper surface of t
wafer 10 by the height detecting means 25.

As described above, the measuring light LB1
visible light having a wavelength of 700 nm. The f
point of this measuring light LB1 in focusing the
measuring light LB1 to the wafer 10 by using the fo
lens 244 of the focusing means 24a is set at a refe
position above the upper surface of the vacuum chuc
of the chuck table 34 by a predetermined distance.
example, when the thickness of the wafer 10 is 200
this predetermined distance is set to 220
the reference position is set so as to be always pr
above the upper surface of the wafer 10 regardless
variations in the thickness of the wafer 10. Accor

the reference position is not changed, but fixed du
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the measurement of the height of the upper surface
wafer 10.

The transmitted light LB1’a from the second
splitter 254 is all focused by the focusing lens 25

detected by the photodetector 256. That is, 100% o

transmitted light LBl'a is always detected by the

photodetector 256. Accordingly, even when the heig
the upper surface of the wafer 10 changes to cause
change in reflection position of the measuring ligh
on the upper surface of the wafer 10, the light int
D1 output from the photodetector 256 becomes consta
far as the light quantity of the measuring light LB
be emitted from the light emitting means 251 is fix

On the other hand, the reflected light LB1’
the second beam splitter 254 is sent through the ma
having the slit 259 to the photodetector 260, so th
light intensity D2 output from the photodetector 26
changes with a change in height of the upper surfac
the wafer 10. That is, when the height of the uppe
surface of the wafer 10 changes, the size of the sp
the measuring light LB1 to be formed on the upper s
of the wafer 10 also changes. More specifically, w
height of the upper surface of the wafer 10 is incr

the upper surface of the wafer 10 approaches
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reference position where the focal point of the mea suring

light LB1 is set. Accordingly, the spot size of th e
measuring light LB1 on the upper surface of the waf er 10
is decreased upon reflection on the upper surface o f the
wafer 10. Accordingly, the cross-sectional area of the
beam of the return light LB1’ is decreased, and the spot
size of the beam of the reflected light LB1’b focus ed by
the focusing lens 257 and next reached the mask 258 is

also decreased. Accordingly, the proportion of the

reflected light LB1'b that can be passed through th e slit

259 is increased. Thus, when the height of the upp er
surface of the wafer 10 is increased, the amount of the
reflected light LB1'b passing through the slit 259 is
increased, so that the light intensity D2 to be det ected
by the photodetector 260 is increased. Conversely, when

the height of the upper surface of the wafer 10 is

decreased, the light intensity D2 is decreased.

As described above, the light intensity D1 to be
detected by the photodetector 256 is constant regar dless
of variations in height of the upper surface of the wafer

10. Accordingly, the ratio D1/D2 between the light

intensity D1 and the light intensity D2 changes wit h a
change in height of the upper surface of the wafer 10. 1t
Is understood that the more the ratio D1/D2 approac hes 1,
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the higher in level the upper surface of the wafer

that is, the more the upper surface of the wafer 10

approaches the reference position. Conversely, it

understood that the greater the ratio D1/D2, the lo

level the upper surface of the wafer 10, i.e., the

the upper surface of the wafer 10 moves away from t

reference position. Accordingly, by previously con

an experiment

to determine

the distance

from the

reference position to the upper surface of the wafe

as corresponding to the light intensity ratio D1/D2

then prepare a map indicating the correspondence be

this distance from the reference position and the |

intensity ratio D1/D2, the height of the upper surf

the wafer 10 can be easily calculated from the ligh

intensity ratio D1/D2.

The control means 20 is configured by a com

which

includes a central

processing unit

(CPU) for

computing according to a control program, a read on

memory (ROM) previously storing the control program

random access memory (RAM) for

detection values,

operation

results,

temporarily  storing

etc.,

an

interface, and an output interface (the details of

components are not depicted).

The control

input

means 20

includes a D1/D2 calculating section 201 for calcul
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the light intensity ratio D1/D2 according to the li
intensity D1 detected by the photodetector 256 and
light intensity D2 detected by the photodetector 26
map (see FIG. 5) for use in determining the height
upper surface of the wafer 10 according to the ligh
intensity ratio D1/D2 calculated above, and a heigh
storing section 202 for storing the height of the u
surface of the wafer 10 determined above by using t
at a plurality of coordinate positions where the
measuring light LB1 is applied.

There will now be described in detail the c
and the wafer processing method to be performed by
laser processing apparatus 2 as configured above.

The wafer 10 as a workpiece depicted in FIG
circular member formed of silicon (Si) and has a
thickness of 200 um, for example. A plurality of crossing
division lines are previously formed on the front s
10a of the wafer 10 to thereby define a plurality o
separate regions where a plurality of devices are f
Each division line is a work area to be processed.
plural devices are previously formed on the front s
10a of the wafer 10 so as to be separated from each
by the plural division lines. As depicted in FIG.

wafer 10 supported through the protective tape T to
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annular frame F is held on the chuck table 34. The
side 10a of the wafer 10 is attached to the protect
tape T, and the back side 10b of the wafer 10 is or
upward in the supported condition of the wafer 10 b
protective tape T. Accordingly, “the upper surface
the wafer 10 mentioned in this preferred embodiment
defined as the back side 10b of the wafer 10.

The wafer 10 is laser-processed by performi
laser processing method using the laser processing
apparatus 2 in the following manner.

The wafer 10 supported through the protecti
T to the annular frame F as mentioned above is load
the laser processing apparatus 2 and then placed on
chuck table 34 in the condition where the back side
of the wafer 10 is oriented upward. Thereafter, th
suction means is operated to hold the wafer 10 thro
the protective tape T on the chuck table 34 under s
Thereafter, the moving means 8 is operated to move
chuck table 34 to the position directly below the i
means 26 capable of imaging the division lines by
applying infrared light passing through the wafer 1
When the wafer 10 held on the chuck table 34 is
positioned directly below the imaging means 26, ima

processing such as pattern matching is performed to
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thereby align the focusing means 24a with any one o
division lines as a work position on the wafer 10.
result of this alignment is transmitted to the cont
means 20 and then stored in the control means 20.
After performing this alignment, the chuck
is moved to set a height measurement start position
a forward path rl depicted in FIG. 4A directly belo
focusing means 24a. The forward path rl correspond
target one of the division lines. The focal point
measuring light LB1 to be focused by the focusing m
24a in operating the height detecting means 25 is f
set at a position above the upper surface of the va
chuck 35 by 220 um. This position is the reference
position to be used in measuring the height of the
surface of the wafer 10. Thereafter, the measuring
LB1 is applied from the focusing means 24a to the w
10, and at the same time the X moving means 40 is
operated to move the chuck table 34 in the X direct
At this time, the chuck table 34 is moved in the X
direction so that the measuring light LB1 applied f
the focusing means 24a is moved (scanned) in the
direction depicted by an arrow on the forward path
depicted in FIG. 4A. Thus, the position of applica

the measuring light LB1 is moved from the measureme
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start position Q1 to a measurement end position Q2

depicted in FIG. 4A. During this movement, a plura

values for the light intensity D1 corresponding to

plurality of X coordinates (Xm) at predetermined

positions on the forward path rl are output from th

photodetector 256 to the control means 20. Similar

plurality of values for the light intensity D2

corresponding to the plural X coordinates (Xm) at t
predetermined positions on the forward path rl are
from the photodetector 260 to the control means 20.
the light intensity ratio D1/D2 is calculated in th
D1/D2 calculating section 201 of the control means

After calculating the light intensity ratio
at each predetermined position (i.e., at each
coordinate) on the forward path rl1, the map stored
control means 20 as depicted in FIG. 5 is referred
thereby detecting the height of the upper surface o
wafer 10 with respect to the reference position at
plural X coordinates (X1 to Xm). For example, when
height of the upper surface of the wafer 10 with re
to the reference position at a predetermined one of

coordinates (X1 to Xm) is detected as -19

X

lity of

ly, a

he
output

Then,

20.

D1/D2

in the
to,

f the
the
the
spect

the X

um from the map,

this value of -19 um is added to 220 um as the height of

the reference position to thereby calculate an actu
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value (= 220 um —19 um =201 um) for the height of the

upper surface of the wafer 10. Then, this actual v
calculated above at the predetermined X coordinate
forward path rl is stored into a forward path heigh
storing section 202a as a part of the height storin
section 202 formed in the RAM of the control means
this manner, the heights (Z1 to Zm) of the upper su
of the wafer 10 at all the predetermined positions
Xm) on the forward path rl are sequentially measure
the height detecting means 25 and stored into the f
path height storing section 202a of the control mea
(see FIG. 5). Thusly, a forward path height storin
is performed.

After performing the forward path height st
step, the Y moving means 41 is operated to move the
table 34 in the Y direction, thereby indexing the c
table 34 relative to the focusing means 24a. That
chuck table 34 is moved in the Y direction so that
height measurement start position Q3 on a backward
r2 (see FIG. 4A) corresponding to the next work are
next division line) is set directly below the focus
means 24a.

After indexing the chuck table 34 as mentio

above, the focal point of the measuring light LB1 i
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in a manner similar to that in the forward path hei ght

storing step. That is, the focal point of the meas uring
light LB1 is set at a position above the upper surf ace of
the vacuum chuck 35 by 220 um. This position is the

reference position to be used in measuring the heig ht of

the upper surface of the wafer 10. Thereafter, the

measuring light LB1 is applied from the focusing me ans
24a to the wafer 10, and at the same time the X mov ing
means 40 is operated to move the chuck table 34 in the X

direction. At this time, it is important that the

direction of movement of the chuck table 34 is oppo site
to the direction of movement of the chuck table 34 in the
forward path height storing step mentioned above. That is,
the chuck table 34 is moved in the X direction so t hat
the measuring light LB1 applied from the focusing m eans
24a is moved (scanned) in the direction depicted by an
arrow on the backward path r2 depicted in FIG. 4A. Thus,
the position of application of the measuring light LBl is

moved from the measurement start position Q3 to a

measurement end position Q4 depicted in FIG. 4A. A s a
result, the light intensity D1 corresponding to eac h X
coordinate on the backward path r2 is output from t he
photodetector 256 to the control means 20, and the light

intensity D2 corresponding to each X coordinate on the

29



backward path r2 is output from the photodetector 2
the control means 20. Then, the light intensity ra
D1/D2 is calculated in the D1/D2 calculating sectio
of the control means 20.

After calculating the light intensity ratio

at each X coordinate on the backward path r2, the m

depicted in FIG. 5 is referred to, thereby detectin
height of the upper surface of the wafer 10 with re

to the reference position at each X coordinate posi

A method of calculating an actual value for the hei

the upper surface of the wafer 10 on the backward p

is similar to the method performed in the forward p
height storing step, so that the description of the
method for the backward path r2 will be omitted her
In this manner, the heights (Zm’ to Z1') of the upp
surface of the wafer 10 at all the X coordinates (X
X1’) on the backward path r2 are sequentially measu
the height detecting means 25 and stored into a bac

path height storing section 202b as a part of the h

storing section 202 formed in the RAM of the contro

means 20 as depicted in FIG. 5. Thusly, a backward
height storing step is performed.

In this manner, the heights (Z1 to Zm) of t

surface of the wafer 10 at the predetermined X
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coordinates (X1 to Xm) on the forward path rl and t

heights (Z1' to Zm’) of the upper surface of the wa

at the predetermined X coordinates (X1’ to Xm’) on

backward path r2 are sequentially measured by movin

chuck table 34 in opposite directions and then stor

into the forward path height storing section 202a a

backward path height storing section 202b, respecti

these storing sections 202a and 202b constituting t

height storing section 202 in the control means 20.

In storing the information on the height of

upper surface of the wafer 10 at each X coordinate

forward path r1 and the backward path r2, a Y coord

(Yn) of the forward path rl and a Y coordinate (Yn’

the backward path r2 may also be stored into the he

storing section 202 as depicted in FIG. 5.

As described above, the forward path height

step is performed along the forward path rl as a wo

area of the wafer 10, and the backward path height

storing step is performed along the backward path r

adjacent to the forward path rl as another work are

the wafer

10.

Thereatfter,

the focal

point of the

processing laser beam LB is set inside the wafer 10

perform a forward path processing step and a backwa

path processing step. More specifically, as depict
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FIG. 4B, the forward path processing step is perfor med by

applying the processing laser beam LB along a work area
100 corresponding to the forward path rl to thereby form
a modified layer inside the wafer 10 along the work area
100. After performing the forward path processing step,

the backward path processing step is performed by

applying the processing laser beam LB along a work area
100’ corresponding to the backward path r2 to there by
form a modified layer inside the wafer 10 along the work
area 100'.

In the forward path processing step, the pr ocessing

laser beam LB is applied according to the height

information stored in the forward path height stori ng
step. Similarly, in the backward path processing s tep,
the processing laser beam LB is applied according t o the
height information stored in the backward path heig ht
storing step. More specifically, one end of the wo rk area
100 depicted by a broken line in FIG. 4B is positio ned
directly below the focusing means 24a. Further, th e focal

point of the processing laser beam LB is set at a

predetermined position P (see FIG. 3B) inside the w afer
10. Thereafter, the chuck table 34 is moved in the X
direction by operating the X moving means 40 so tha t the

laser processing is performed in the direction depi cted

32



by an arrow along the work area 100. In applying t
processing laser beam LB along the work area 100, t
voice coil motor 245 is controlled according to the
information on the height of the upper surface of t
wafer 10 as previously stored in the forward path h
storing section 202a, thereby vertically adjusting
focal position P. Accordingly, the focal position

be always accurately adjusted to a fixed position i

the wafer 10 in applying the processing laser beam
That is, the modified layer can be formed at a fixe
distance from the upper surface of the wafer 10, i.

a fixed depth from the upper surface of the wafer 1
parallel thereto. In this manner, the laser proces

performed along the work area 100 until the modifie

layer reaches the other end of the work area 100 as

depicted in FIG. 4B. Thus, the forward path proces
step along the work area 100 is finished.

After performing the forward path processin
the Y moving means 41 is operated to move the chuck
34 in the Y direction so that the focusing means 24
indexed to the next work area 100°. A processing s
position in the work area 100’ is set adjacent to t
other end of the work area 100. That is, the proce

start position is set at the edge of the wafer 100
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the height measurement start position Q3 set in the

backward path height storing step depicted in FIG. 4A.
Thereatfter, the X moving means 40 is operated to mo ve the
chuck table 34 in the direction opposite to the dir ection
of movement of the chuck table 34 in the forward pa th
processing step. During this movement of the chuck table
34, the processing laser beam LB is applied to the work

area 100’ so as to be scanned from one end near the

measurement start position Q3 to the other end near the
measurement end position Q4, thereby forming a modi fied
layer inside the wafer 10 along the work area 100'. In
applying the processing laser beam LB along the wor k area
100’, the voice coil motor 245 is controlled accord ing to
the information on the height of the upper surface of the
wafer 10 as previously stored in the backward path height
storing section 202b, thereby vertically adjusting the
focal position P. Accordingly, the focal position P can
be always accurately adjusted to a fixed position i nside
the wafer 10 in applying the processing laser beam LB.
That is, the modified layer can be formed at a fixe d
depth from the upper surface of the wafer 10 in par allel
thereto. Thus, the backward path processing step a long
the work area 100’ is finished. The direction of m ovement
of the chuck table 34 in the forward path processin g step
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is the same as the direction of movement of the chu ck
table 34 in the forward path height storing step. Further,

the direction of movement of the chuck table 34 in the
backward path processing step is the same as the

direction of movement of the chuck table 34 in the

backward path height storing step.

For example, the forward path processing st ep and
the backward path processing step may be performed under
the following laser processing conditions.

Wavelength: 1064 nm

Repetition frequency: 50 kHz

Average power: 0.5 W

Feed speed: 200 mm/second

After performing the forward path height st oring
step and the backward path height storing step and then

performing the forward path processing step and the

backward path processing step to thereby form a mod ified
layer along the work area 100 and also form a modif ied
layer along the work area 100’, the height informat ion on
the forward path rl and the backward path r2 as sto red in
the height storing section 202 of the control means 20 is

reset (cleared). Thereafter, a forward path height
storing step is similarly performed along a forward path

r3 adjacent to the work area 100’ as depicted in FI G. 4C,
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and a backward path height storing step is next sim
performed along a backward path r4 adjacent to the
forward path r3 as depicted in FIG. 4C. In the for

path height storing step along the forward path r3,

chuck table 34 is moved so that a height measuremen
start position Q1’ on the forward path r3 is set di

below the focusing means 24a. Thereafter, the meas

light LB1 is applied in such a manner that the posi

of application of the measuring light LB1 is moved

the measurement start position Q1' to a measurement
position Q2 by operating the X moving means 40.
Thereafter, the Y moving means 41 is operated to in

the focusing means 24a in the Y direction. In the
backward path height storing step along the backwar

r4, the chuck table 34 is moved so that a measureme
start position Q3 on the backward path r4 is set
directly below the focusing means 24a. Thereatfter,
measuring light LB1 is applied in such a manner tha
position of application of the measuring light LB1
moved from the measurement start position Q3 to a
measurement end position Q4’ by operating the X mov
means 40. Thus, the height information on the forw
path r3 and the backward path r4 is stored into the

height storing section 202. Thereafter, a forward
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processing step is similarly performed along a work
101 corresponding to the forward path r3, and a bac
path processing step is next similarly performed al
work area 101’ corresponding to the backward path r
depicted in FIG. 4D. The forward path processing s
along the work area 101 is performed in a manner si
to that in the forward path processing step along t
work area 100 mentioned above, and the backward pat
processing step along the work area 101’ is perform
a manner similar to that in the backward path proce
step along the work area 100’. In this manner, the
forward path height storing step, the backward path
height storing step, the forward path processing st
and the backward path processing step are repeated
this order to thereby form a plurality of modified
inside the wafer 10 along all the work areas (all t
division lines) set on the wafer 10.

According to this preferred embodiment, the
direction of movement of the chuck table 34 in perf
the forward path height storing step is opposite to
direction of movement of the chuck table 34 in perf
the backward path height storing step. Further, th
direction of movement of the chuck table 34 in perf

the forward path processing step to form a modified
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along the work area 100 corresponding to the forwar d path

rl is the same as the direction of movement of the chuck
table 34 in performing the forward path height stor ing
step. Similarly, the direction of movement of the chuck
table 34 in performing the backward path processing step

to form a modified layer along the work area 100’

corresponding to the backward path r2 is the same a s the
direction of movement of the chuck table 34 in perf orming
the backward path height storing step. Further, du ring
the movement of the chuck table 34 in the forward p ath
processing step and in the backward path processing step,

the focal position of the processing laser beam LB IS
vertically adjusted according to the height informa tion
stored in the height storing section 202. Accordin aly,
even in the case of reciprocating the chuck table 3 4 and
applying the laser beam LB to the wafer 10 along th e work
area to thereby form a modified layer inside the wa fer 10,

the focusing means 24a can be operated so as to
accurately follow the height information, so that t he
focal point of the laser beam LB can be accurately
adjusted to a proper position, thereby realizing hi gh-
accuracy processing.

The present invention is not limited to the above

preferred embodiment, but various modifications may be
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made within the scope of the present invention. Fo

example, in this preferred embodiment, the front si

of the wafer 10 on which the devices are formed is

attached to the protective tape T, and the wafer 10
supported through the protective tape T to the annu
frame F. Further, in the preferred embodiment, the
10 is held under suction on the chuck table 34 in t
condition where the back side 10b of the wafer 10 i
oriented upward in detecting the height of the uppe
surface of the wafer 10 by using the height detecti
means 24 and also in applying the laser beam LB to
upper surface of the wafer 10 to form a modified la
inside the wafer 10. As a modification, the back s
of the wafer 10 may be attached to the protective t
and the wafer 10 may be held on the chuck table 34
condition where the front side 10a of the wafer 10
oriented upward. In this case, the height of the f
side 10a of the wafer 10 is measured, and the laser
LB is also applied to the front side 10a of the waf

Further, the laser processing in this prefe
embodiment is performed to form a modified layer in
the wafer 10 along each division line by applying a
beam to the wafer 10 in the condition where the foc

point of the laser beam is set inside the wafer 10.
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modification, the laser processing in the present

invention may be of another type such that a laser beam
is applied to the wafer 10 in the condition where t he
focal point of the laser beam is set inside the waf er 10,
thereby forming a plurality of shield tunnels along each
division line, each shield tunnel extending from th e
front side of the wafer 10 to the back side thereof , each

shield tunnel being composed of a fine hole and an

amorphous region surrounding the fine hole.

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 claim and all
changes and modifications as fall within the equiva lence
of the scope of the claim are therefore to be embra ced by

the invention.
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WHAT | S CLAIMED I S:

1. A laser processing method to be perform
laser processing apparatus including a chuck table
holding a wafer, laser applying means having focusi
means for applying a laser beam to the wafer held o
chuck table, the laser beam having a transmission
wavelength to the wafer, in the condition where the
point of the laser beam is set inside the wafer, th
forming a processed portion inside the wafer, X mov
means for relatively moving the chuck table and the
focusing means in an X direction as a feeding direc
Y moving means for relatively moving the chuck tabl
the focusing means in a Y direction as an indexing
direction perpendicular to the X direction, height
detecting means for detecting the height of the upp
surface of the wafer held on the chuck table, stori
means for storing height information on the height
upper surface of the wafer detected by the height
detecting means at a plurality of X coordinates in
direction, and control means for controlling the ch
table, the laser applying means, the X moving means
Y moving means, the height detecting means, and the

storing means, the laser processing method comprisi

a forward path height storing step of posit
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the height detecting means in a forward work area o
wafer where the laser beam is to be applied, relati
moving the chuck table and the height detecting mea
along a forward path in the X direction, detecting
height of the upper surface of the wafer along the
forward path by using the height detecting means, a
storing the height information at the X coordinates
the forward path into the storing means;

a backward path height storing step of posi
the height detecting means in a backward work area
wafer where the laser beam is to be applied, the ba
area being adjacent to the forward work area, relat
moving the chuck table and the height detecting mea
along a backward path in the X direction, detecting
height of the upper surface of the wafer along the
backward path by using the height detecting means,
storing the height information at the X coordinates
the backward path into the storing means;

a forward path processing step of positioni
focusing means in the forward work area, setting th
focal point of the laser beam inside the wafer in t
forward work area, applying the laser beam to the w
as vertically moving the focusing means according t

height information stored in the forward path heigh
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storing step, and relatively moving the chuck table and
the focusing means along the forward path in the X

direction; and

a backward path processing step of position ing the
focusing means in the backward work area, setting t he
focal point of the laser beam inside the wafer in t he
backward work area, applying the laser beam to the wafer
as vertically moving the focusing means according t o the
height information stored in the backward path heig ht
storing step, and relatively moving the chuck table and

the focusing means along the backward path in the X

direction;
the forward path height storing step, the b ackward
path height storing step, the forward path processi ng

step, and the backward path processing step being

repeated to process the wafer.
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