LASER PROCESSI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a laser pr
method for applying a laser beam to an adhesive fil
applied to the reverse side of a workpiece, which h
been divided into individual chips along a pluralit
intersecting streets on the face side of the workpi
thereby separating the adhesive film into respectiv
adhesive film pieces stuck to the individual chips.

Description of the Related Art

There is known a method of manufacturing ch
respective adhesive film pieces stuck thereto. Acc
to the known method, an adhesive film for die bondi
stuck to the reverse side of a workpiece such as a
semiconductor wafer or the like that has been divid
into chips, and a laser beam is applied to portions
the adhesive film that are exposed in gaps between
chips through the gaps from the face side of the
workpiece, thereby separating the adhesive film int
adhesive film pieces that are stuck to the respecti
chips (see, for example, Japanese Patent Laid-open

2012-174732).
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According to the method of manufacturing ch ips

disclosed in Japanese Patent Laid-open No. 2012-174 732,
when the adhesive film is stuck to the chips divide d from
the workpiece, there can occur a phenomenon (die sh ift)
in which the chips are slightly shifted in position .Ifa
die shift occurs, the laser beam applied to the adh esive
film may be applied to chips, possibly damaging dev ices
thereon.

SUMVARY OF THE | NVENTI ON

Heretofore, according to a known processing method,
in order not to damage devices on chips even in the
presence of a die shift when an adhesive film is
separated by a laser beam, it has been customary to
establish laser beam irradiation lines depending on
positional misalignments (shifts) of chips, move a
workpiece held on a holding table and a condenser f or

applying a laser beam relatively to each other in a

processing-feed direction, i.e., an X-axis directio n, and
move the holding table holding the workpiece thereo n, for
example, slightly in an indexing-feed direction, i. e, a
Y-axis direction, to match the laser beam irradiati on
lines, while the workpiece is being processed by th e
laser beam.



However, even though laser beam irradiation
are properly established, if the workpiece is proce
under the same conditions for those laser beam
irradiation lines where positional misalignments of
are large and those laser beam irradiation lines wh
positional misalignments of chips are small, then t
laser beam applied to the workpiece may not be able
follow a laser beam irradiation line by moving the
holding table in the Y-axis direction. As a result
laser beam may be applied to a chip, damaging the c
or if the workpiece is processing-fed at an excessi
low rate to avoid such possible chip damage, then t
productivity is reduced.

It is therefore an object of the present in
to provide a laser processing method for separating
adhesive film applied to the reverse side of a work
that has been divided into individual chips, effici
into adhesive film pieces with the chips are stuck
their reverse sides, without causing damage to the

In accordance with an aspect of the present
invention, there is provided a laser processing met
for applying a laser beam to an adhesive film appli
the reverse side of a workpiece, which has been div

into individual chips along a plurality of intersec
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streets on the face side of the workpiece, with gro oves
formed in the workpiece along the streets and the
adhesive film disposed at the bottoms of the groove s. The
laser processing method includes: a holding step of
holding an adhesive film side of the workpiece on a
holding table; a groove width detecting step of det ecting
widths of the grooves in the workpiece held in the
holding step at predetermined chip intervals and

detecting central coordinates of the widths of the

grooves; a laser beam irradiation line calculating step
of calculating laser beam irradiation lines along w hich
the laser beam is to be applied to the adhesive fil m,

based on the widths of the grooves and the central

coordinates thereof detected in the groove width

detecting step; a level determining step of determi ning
misalignment levels of the laser beam irradiation | ines
calculated in the laser beam irradiation line calcu lating

step according to misalignments of the grooves in

widthwise directions thereof; and a laser processin g step
of processing the adhesive film with the laser beam by
applying the laser beam to the adhesive film at the

bottoms of the grooves along the laser beam irradia tion
lines calculated in the laser beam irradiation line

calculating step, thereby separating the adhesive f iim.
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The laser processing step includes a step of proces
the adhesive film with the laser beam under process
conditions corresponding to the misalignment levels
determined in the level determining step.

Preferably, the laser processing step inclu
step of processing the adhesive film with the laser
at processing feed rates corresponding to the
misalignment levels determined in the level determi
step.

Preferably, a tape is stuck to a lower surf
the adhesive film on the reverse side of the workpi
and the laser processing step includes a step of ap
the laser beam to the tape along the grooves beyond
outer peripheral edge of the workpiece, thereby for
processing marks on the tape, the processing marks
lengths corresponding to the misalignment levels.

With the laser processing method according
present invention, in the laser processing step, th
adhesive film is processed with a laser beam under
processing conditions corresponding to misalignment
levels determined in the level determining step.
Therefore, a misalignment level is determined with
respect to each single laser beam irradiation line,

the adhesive film is processed with the laser beam
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the single laser beam irradiation line under proces

conditions corresponding to the determined misalign

level. Consequently, the adhesive film can be sepa
efficiently without causing damage to the chips.

In the laser processing step, the adhesive
processed with the laser beam at a processing feed
corresponding to the misalignment level determined
level determining step. The laser beam thus has a
ability to follow the laser beam irradiation line b
moving the workpiece in indexing-feed directions (Y
directions), thereby making it possible to separate
adhesive film efficiently without causing damage to
chips.

The tape is stuck to the lower surface of t
adhesive film on the reverse side of the workpiece.

the laser processing step, the laser beam is applie

the tape along the grooves beyond an outer peripher

edge of the workpiece, thereby forming processing m

on the tape, the processing marks having

corresponding to the misalignment levels. The proc

marks make it easy for the operator to recognize th

misalignment levels of the laser beam irradiation |
based on the lengths of the processing marks on the

that can easily be visually recognized by the opera
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After the adhesive film has been processed with the

laser beam, the operator confirms with a microscope or
the like whether the chips have been damaged by the laser

beam or not. If the operator confirms all the lase r beam
irradiation lines one by one, then the working effi ciency
tends to be lowered. Those laser beam irradiation lines
with small misalignment levels may indicate a very small

possibility that the corresponding chips have been

processed with the laser beam. However, those lase r beam
irradiation lines with large misalignment levels ma y
indicate a greater possibility that the correspondi ng
chips have been processed with the laser beam. Sin ce the
operator finds it easy to recognize the misalignmen t
levels of the laser beam irradiation lines based on the

lengths of the processing marks after the laser

processing step, the operator may inspect the laser beam
irradiation lines differently for higher efficiency , .0,
by inspecting each of those laser beam irradiation lines
with large misalignment levels over its entire leng th and
inspecting each of those laser beam irradiation lin es
with small misalignment levels at several locations along
its length. The working efficiency can be increase d by
selectively carrying out appropriate inspections on the

laser beam irradiation lines depending on the



misalignment levels thereof.

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

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG. 1 is a perspective view depicting the manner
in which half-cut grooves are formed to a finished
thickness in a workpiece by cutting means;
FIG. 2 is a perspective view depicting the manner
in which a protective member is placed onto a face side

of the workpiece;

FIG. 3 is a perspective view depicting the manner
in which a reverse side of the workpiece is ground to
thin the workpiece to the finished thickness and th e

workpiece is divided into a plurality of chips;

FIG. 4 is a perspective view depicting the manner
in which the protective member is removed from the face
side of the workpiece that is supported on an annul ar

frame by a tape with an adhesive film stuck to the



reverse side of the workpiece;

FIG. 5 is a perspective view depicting by w
example a laser processing apparatus which carries
laser processing method according to an embodiment
present invention;

FIG. 6 is a cross-sectional view depicting
manner in which the adhesive film side of the workp
is held on a holding table;

FIG. 7 is a cross-sectional view depicting
manner in which an image of a groove in the workpie
a peripheral region thereof is captured at
predetermined chip interval by image capturing mean
groove width detecting step;

FIG. 8 is a plan view schematically depicti
image capturing area of the face side of the workpi
and a projected laser beam irradiation line in the
width detecting step;

FIG. 9 is a plan view schematically depicti
captured image formed in the groove width detecting

FIG. 10 is a plan view schematically depict
image capturing area of the face side of the workpi
and a projected laser beam irradiation line in a se
groove width detecting step;

FIG. 11 is a plan view schematically depict
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captured image formed in the second groove width
detecting step;

FIG. 12 is a plan view schematically depict ing an
image capturing area of the face side of the workpi ece
and a laser beam irradiation line;

FIG. 13 is a data table depicting an exampl e of
processing conditions and lengths of processing mar ks

that correspond to respective misalignment levels;

FIG. 14 is a cross-sectional view depicting the
manner in which the adhesive film is separated by a laser
beam applied thereto at the bottom of a groove alon ga

laser beam irradiation line; and
FIG. 15 is a plan view depicting the workpi ece
after the adhesive film is separated in a grid patt ern

and the tape with processing marks thereon.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

As depicted in FIG. 1, a workpiece W to be divided
into chips is a circular semiconductor wafer includ ing a
silicon substrate, for example, and has on a face s ide Wa
thereof a plurality of devices D formed in respecti ve
regions demarcated in a grid pattern by a plurality of
perpendicular streets S. Steps for dividing the wo rkpiece
W into chips that support the devices D thereon wil | be

10



described below.

First, cutting means 11 depicted in FIG. 1 forms
half-cut grooves to a finished thickness in the wor kpiece
W from its face side Wa along the streets S. The ¢ utting
means 11 includes a spindle 111 whose axial directi ons
are directions (Y-axis directions) that are horizon tally
perpendicular to directions (X-axis directions) alo ng
which the workpiece W is movable. The cutting mean s 11
also includes an annular cutting blade 110 fixed to atip

end of the spindle 111.
The workpiece W is held under suction on a chuck
table, not depicted, while having its face side Wa
directed upwardly. The chuck table that holds the
workpiece W under suction thereon is rotatable abou t a

vertical axis (Z-axis directions) and reciprocally

movable in the X-axis directions. The chuck table with
the workpiece W held thereon is fed in a — X direct ion,
whereupon the Y-axis coordinate position of a stree tSon
the workpiece W along which the cutting blade 110 i s to
cut into the workpiece W is detected. When the Y-a Xis
coordinate position of the street S is detected, th e
cutting means 11 is indexing-fed in one of the Y-ax is

directions, bringing the street S to be cut and the

cutting blade 110 into positional alignment with ea ch

11



other in the Y-axis directions.

The spindle 111 is then rotated about its o
rotating the cutting blade 110 clockwise as viewed
Y direction. The cutting means 11 is incising-fed
Z direction, partly cutting the workpiece W, and
positioned to keep the lowermost end of the cutting
110 at a predetermined height short of fully cuttin
the workpiece W. The predetermined height is such
height where the distance from the face side Wa of
workpiece W to the bottom of a half-cut groove to b
formed therein represents a finished thickness of t
workpiece W.

The chuck table with the workpiece W held t
is further fed in the — X direction at a predetermi
cutting rate, causing the cutting blade 110 to inci
workpiece W from its face side Wa along the street
thereby to form a half-cut groove M to the finished

thickness in the workpiece W along the street S. W

workpiece W is continuously fed along the X-axis

directions to a position where the cutting blade 11
finished cutting the street S, the cutting blade 11
lifted off the workpiece W, and the workpiece W is
back in a + X direction to its origin. Then, the c

blade 110 is indexing-fed in the + Y direction by a
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distance commensurate with an interval between adja
streets S, bringing a next street S to be cut and t
cutting blade 110 into positional alignment with ea
other in the Y-axis directions. Thereafter, a half
groove M is cut in the workpiece W along the next s
S in the same manner as described above. The above
process is repeated to form half-cut grooves M in t
workpiece W along all the streets S that extend in
axis directions. Then, the workpiece W is turned 9
degrees, and cut by the cutting blade 110 to form h
cut grooves M therein along all the streets S that
in the Y-axis directions. In this manner, the half
grooves M are formed in the workpiece W along all t
streets S thereon.

As depicted in FIG. 2, a protective member
placed on the face side Wa of the workpiece W in wh
the half-cut grooves M have been formed. The prote
member T1 is a circular sheet having a diameter whi
essentially the same as the workpiece W. For examp
protective member T1 is pressed against and stuck t
face side Wa of the workpiece W by a press roller o
like on a sticking table, not depicted.

The workpiece W with the protective member

thereto is transported to a grinding apparatus 7 de
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in FIG. 3. The grinding apparatus 7 includes a hol
table 70 having a circular outer profile and a hold

surface 700 made of a porous material or the like f

holding the workpiece W under suction thereon. The

holding table 70 is rotatable about an axis along t
axis directions and movable in the Y-axis direction

depicted in FIG. 3, the workpiece W with the protec

member T1 facing downwardly is placed on the holdin

surface 700. A suction force produced by a suction
not depicted, is transmitted to and acts on the hol
surface 700, so that the holding table 70 holds the
workpiece W under suction on the holding surface 70

The workpiece W held on the holding table 7
reverse side Wb, which faces upwardly, to be ground
grinding means 71. The grinding means 71 includes,
example, a rotational shaft 710 rotatable about an
along the Z-axis directions, a disk-shaped mount 71
connected to the lower end of the rotational shaft
and a grinding wheel 714 detachably connected to a
surface of the mount 713. The grinding wheel 714 i

a wheel base 714b joined to the mount 713 and a plu

of grinding stones 714a substantially shaped as a

rectangular parallelepiped each and disposed in an

annular pattern on a bottom surface of the wheel ba
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714b. The grinding stones 714a are made up of abra
grains of diamond secured together by a resin bond,
metal bond, or the like.

First, the holding table 70 is moved in the
direction and positioned with respect to the grindi

means 71 such that the center of rotation of the gr

wheel 714 is spaced a predetermined distance from t

center of rotation of the workpiece W in the + Y

direction and the grinding stones 714a will rotate
a path extending through the center of rotation of

workpiece W. Then, the rotational shaft 710 rotate

its own axis, rotating the grinding wheel 714

counterclockwise as viewed in the — Z direction in

The grinding means 71 is fed in the — Z direction t
bring the grinding stones 714a into abutment agains
reverse side Wb of the workpiece W, thereby grindin
reverse side Wb of the workpiece W. While the reve
side Wb of the workpiece W is being ground, the hol
table 70 is rotated counterclockwise as viewed in t
direction, rotating the workpiece W thereon in unis
therewith. Therefore, the grinding stones 714a gri
reverse side Wb of the workpiece W in its entirety.
the same time, grinding water is supplied to the re

where the grinding stones 714a and the reverse side
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the workpiece W contact each other, cooling the reg

and cleaning away debris produced from the grinding

stones 714a and the reverse side Wb of the workpiec
The grinding means 71 is grinding-fed downw
a predetermined grinding rate to grind the reverse

Wb of the workpiece W until the bottoms of the half

grooves M are exposed on the reverse side Wb of the

workpiece W. When the bottoms of the half-cut groo

are exposed on the reverse side Wb of the workpiece

the workpiece W has been thinned down to the finish

thickness, and divided into a plurality of chips C
support the respective devices D thereon, as depict
FIG. 4.

As depicted in FIG. 4, an adhesive film T2
bonding, such as a DAF (Die Attach Film) or the lik
stuck to the reverse side Wb of the workpiece W tha
been divided into the chips C. The adhesive film T
which is of a circular shape, has an outside diamet
larger than the outside diameter of the workpiece W
example. The workpiece W with the adhesive film T2
to the reverse side Wb thereof now has grooves M1 a
with the respective streets S. The adhesive film T

provides the bottoms of the grooves M1, i.e., the g

between the chips C. A tape T3 is stuck to a lower
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surface (base surface) T2b of the adhesive film T2.

tape T3 is a circular sheet having an outside diame

larger than the outside diameter of the adhesive fi

The tape T3 has an adhesive surface T3a whose outer

circumferential portion is stuck to an annular fram

that has a circular opening defined therein. Conse

the workpiece W is supported on the annular frame F

the tape T3 and can be handled through the annular

F. The adhesive film T2 may be stuck to the workpi

either by a tape mounter, not depicted, a sticking

being

rolled on the adhesive film T2 to press the

adhesive film T2 against the workpiece W or manuall

the operator. Then, the protective member T1 is pe

off the face side Wa of the workpiece W.

The workpiece W supported on the annular fr

then

transported

to a

laser

processing apparatus 2

depicted in FIG. 5, which carries out a laser proce

method according

to an

embodiment

of

the present

invention. As depicted in FIG. 5, the laser proces

apparatus 2 includes a holding table 30 for holding

workpiece W under suction thereon, laser beam apply

means 6 for applying a laser beam having a predeter

wavelength to the adhesive film T2 on the workpiece

that is held on the holding table 30, and control m

17

The
ter

Im T2.

e F
guently,
by
frame
ece W

roller

y by

eled

ame Fis

ssing

sing
the
ing
mined
W

eans 9



for controlling operation of the laser processing
apparatus 2.

The laser processing apparatus 2 includes a
supporting on a front portion thereof, i.e., on a —
direction side thereof, processing-feed means 21 fo
reciprocally moving the holding table 30 in the X-a
directions as processing-feed directions. The proc
feed means 21 includes a ball screw 210 having an a
along the X-axis directions, a pair of guide rails
parallel to the ball screw 210, an electric motor 2
such as a stepping motor for rotating the ball scre
about its own axis, and a movable plate 213 having
internal nut threaded over the ball screw 210 and a
bottom surface held in sliding contact with the gui
rails 211. When the stepping motor 212 rotates the
screw 210 about its own axis, the movable plate 213
moved in one of the X-axis directions while being g
by the guide rails 211, moving the holding table 30
disposed on the movable plate 213 in the X-axis dir
in unison with the movable plate 213.

The laser processing apparatus 2 also inclu
axis-direction position measuring means 23 for meas
a position of the holding table 30 along the X-axis

directions. The X-axis-direction position measurin
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23 includes a scale 230 extending in the X-axis
directions along the guide rails 211, and a reader
fixed to the movable plate 213 and movable with the
movable plate 213 along the scale 230, for reading
graduations of the scale 230. The reader 231, whic
optical reader, for example, for reading light refl
from the graduations of the scale 230, detects the
graduations of the scale 230 and outputs a pulse si
representing a detected graduation to the control m

The control means 9 counts pulse signals fr
X-axis-direction position measuring means 23 to det
position of the holding table 30 along the X-axis
directions.

According to the present embodiment, the el
motor 212 of the processing-feed means 21 is a step
motor that is energized by drive pulses supplied fr
pulse generator, not depicted, of the control means
Therefore, the control means 9 may detect a positio
the holding table 30 along the X-axis directions by
counting drive pulses supplied from the pulse gener
thereof to the stepping motor 212 of the processing
means 21.

The electric motor 212 of the processing-fe

21 may be a servomotor rather than a stepping motor
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a rotary encoder connected to the servomotor. Acco

to the alternative, the rotary encoder is connected

the control means 9, which has a function as a serv
amplifier.  After the servomotor is supplied with a
operation signal from the control means 9, the rota
encoder outputs an encoder signal representing the
rotational speed of the servomotor to the control m

Based on the encoder signal from the rotary encoder
control means 9 calculates a distance that the hold
table 30 has moved in one of the X-axis directions,
detects a corresponding position of the holding tab

along the X-axis directions.

The holding table 30 that holds the workpie
thereon has a circular output profile and includes
attracting member 300 made of a porous material or
like for attracting the workpiece W thereon and a f
301 supporting the attracting member 300. The attr
member 300 is held in fluid communication with a su
source, not depicted, and holds the workpiece W und
suction on a holding surface 300a that is provided
exposed surface of the attracting member 300. The
table 30 is surrounded by a cover 31 that extends
horizontally therearound, and is rotatable about a

vertical axis along the Z-axis directions by rotati
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means 32 disposed on a bottom side of the holding t

30. Four securing clamps 33 are disposed at equal

circumferentially spaced intervals on the cover 31
the holding table 30, for securing the annular fram
that supports the workpiece W thereon to the holdin
table 30.

The holding table 30, which is reciprocally
in the X-axis directions by the processing-feed mea
as described above, is also movable in the Y-axis
directions by Y-axis-direction moving means 22 disp
below the holding table 30 with the rotating means
interposed therebetween. The Y-axis-direction movi
means 22 includes a ball screw 220 having an axis a
the Y-axis directions, a pair of guide rails 221 pa
to the ball screw 220, an electric motor 222 such a
stepping motor for rotating the ball screw 220 abou
own axis, and a movable plate 223 supporting the ho
table 30 and having an internal nut threaded over t
ball screw 220 and a bottom surface held in sliding
contact with the guide rails 221. When the steppin

222 rotates the ball screw 220 about its own axis,

movable plate 223 is moved in one of the Y-axis

directions while being guided by the guide rails 22

moving the holding table 30 supported on the movabl
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plate 223 in the Y-axis direction in unison with th e
movable plate 223.

The laser processing apparatus 2 also inclu des Y-
axis-direction position measuring means 24 for meas uring
a position of the holding table 30 along the Y-axis
directions. The Y-axis-direction position measurin g means
24 includes a scale 240 extending in the Y-axis
directions along the guide rails 221, and a reader 241

fixed to the movable plate 223 and movable with the

movable plate 223 along the scale 240, for reading the
graduations of the scale 240. The reader 241, whic his an
optical reader, for example, for reading light refl ected

from the graduations of the scale 240, detects the

graduations of the scale 240 and outputs a pulse si gnal
representing a detected graduation to the control m eans 9.

The control means 9 counts pulse signals fr om the
Y-axis-direction position measuring means 24 to det ect a

position of the holding table 30 along the Y-axis

directions.

According to the present embodiment, the el ectric
motor 222 of the Y-axis-direction moving means 22 i s a
stepping motor that is energized by drive pulses su pplied

from a pulse generator, not depicted, of the contro I

means 9. Therefore, the control means 9 may detect a

22



position of the holding table 30 along the Y-axis
directions by counting drive pulses supplied from t
pulse generator thereof to the stepping motor 222 o
Y-axis-direction moving means 22.

The electric motor 222 of the Y-axis-direct

moving means 22 may be a servomotor rather than a

stepping motor, with a rotary encoder connected to
servomotor. According to the alternative, the rota
encoder is connected to the control means 9, which
function as a servo amplifier. After the servomoto

supplied with an operation signal from the control

9, the rotary encoder outputs an encoder signal

representing the rotational speed of the servomotor
the control means 9. Based on the encoder signal f
rotary encoder, the control means 9 calculates a di
that the holding table 30 has moved in one of the Y
directions, and detects a corresponding position of
holding table 30 along the Y-axis directions.

An upstanding column 20A is mounted on a re
portion of the base 20, i.e., on the + Y direction
thereof, and the laser beam applying means 6 is dis
on a side surface of the column 20A which faces in
X direction. The laser beam applying means 6 inclu

housing 60 in the form of a rectangular parallelepi
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lying horizontally over the base 20. The housing 6
houses therein a laser beam oscillator 61 such as a
(Yttrium Aluminum Garnet) laser beam oscillator, a
(Yttrium Vanadate) laser beam oscillator, or the li
emitting a laser beam having a predetermined wavele
The laser beam applying means 6 also includes an ou
power adjuster 69 for adjusting the output power of
laser beam emitted from the laser beam oscillator 6

The housing 60 supports on a tip end thereo

condenser 62 having a condensing lens 62a disposed

therein. In the laser beam applying means 6, a las
emitted from the laser beam oscillator 61 in the —
direction and having its output power adjusted by t
output power adjuster 69 is reflected by mirrors, n
depicted, in the housing 60 and the condenser 62 an
applied to the condensing lens 62a. The condensing
62a focuses the laser beam at a predetermined heigh
the adhesive film T2 stuck to the workpiece W that
held on the holding table 30. The position of the

spot of the laser beam that is focused by the conde
62 can be adjusted in directions perpendicular to t
holding surface 300a of the holding table 30, i.e.,
Z-axis directions, by focused spot position adjusti

means, not depicted. The laser beam may be transmi
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from the laser beam oscillator 61 to the condenser
an optical fiber.

The housing 60 also supports on the tip end
image capturing means 25 near the condenser 62. Th

capturing means 25 includes a light emitter for app

light to the workpiece W and a camera including an

optical system for catching light reflected from th

workpiece W and an image capturing device (CCD (Cha

Coupled Device)) or the like for outputting an elec
signal representing the reflected light. The image
capturing means 25 captures an image of the workpie
based on the electric signal from the image capturi
device, and sends a captured image signal represent
the captured image to the control means 9.

The control means 9, which includes a CPU (
Processing Unit) and a storage device such as a mem
the like, is electrically connected to the processi
feed means 21, the X-axis-direction position measur
means 23, the Y-axis-direction moving means 22, the
axis-direction position measuring means 24, the las
beam applying means 6, and the image capturing mean
etc. The control means 9 includes an input interfa
is supplied with pulse signals from the X-axis-dire

position measuring means 23, pulse signals from the
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axis-direction position measuring means 24, and cap
image signals from the image capturing means 25, et
control means 9 also has an output interface that o

control signals to the processing-feed means 21, th

axis-direction moving means 22, and the laser beam

applying means 6, etc.

Various steps of a laser processing method
according to the present invention will hereinafter
described below.

(1) Holding step

As depicted in FIG. 6, the workpiece W that
supported on the annular frame F is placed on the h
surface 300a of the holding table 30 with the adhes
film T2 side of the workpiece W being directed down
A suction force produced by the non-illustrated suc
source held in fluid communication with the holding
surface 300a is transmitted to the holding surface
causing the holding surface 300a to hold under suct
the workpiece W with its face side Wa exposed on th
holding surface 300a. The annular frame F is secur
place by the clamps 33.

(2) Groove width detecting step
Then, as depicted in FIG. 7, the workpiece

on the holding table 30 is fed in the — X direction
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(forward direction), and the workpiece W and the im
capturing means 25 are aligned in position with eac
other so that the image capturing means 25 can capt
image of a projected laser beam irradiation line
generally along a single groove M1 that extends alo

X-axis directions on the workpiece W. Then, while
workpiece W and the image capturing means 25 are be
moved relatively to each other in a direction (one

X-axis directions) along which the projected laser
irradiation line extends, the image capturing means
captures images of the face side Wa at predetermine
intervals. Specifically, as depicted in FIG. 8, th

capturing means 25 (not depicted in FIG. 8) capture
images of the face side Wa at first intervals L1 al

the projected laser beam irradiation line. Accordi

the present embodiment, each of the first intervals
represents a distance over every three chips C, or
specifically between the centers of first and fourt
chips C with two chips C interposed therebetween al
the X-axis directions. However, the first interval

are not limited to such a distance. For example, t
image capturing means 25 generates captured images
four image capturing areas G1, G2, G3 and G4 indica

the two-dot-and-dash lines in FIG. 8. The image ca
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areas G1, G2, G3 and G4 cover segments of the proje
laser beam irradiation line and chips C in their
peripheries. The devices D on the respective chips
omitted from illustration in FIG. 8. In FIG. 8, so
chips C are positionally misaligned in the Y-axis
directions due to a die shift thereof that occurs w
the adhesive film T2 is stuck to the workpiece W di
into the chips C.

As depicted in FIG. 5, the control means 9
a groove width detector 90 for detecting the width
groove M1 in the workpiece W and the central coordi
of the width of the groove M1 from the captured ima
generated by the image capturing means 25. The ima
capturing means 25 sends data of the four captured
to the groove width detector 90 of the control mean
The groove width detector 90 performs a filtering p
on the received data of the captured images, using
sharpening filter for emphasizing the outer edges o
chips C in the captured images, for example. FIG.
depicts captured images G11, G21, G31 and G41 gener
by the groove width detector 90 after it has perfor
the filtering process, displayed on a hypothetical
screen B (orthogonal coordinate system of X and Y a

having a predetermined resolution, for example. Th
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captured images G11, G21, G31 and G41 depicted in F

correspond respectively to the image capturing area

G2, G3 and G4 depicted in FIG. 8.

The

groove

width

detector

90

then

detects

respective outer edges Cdl of two adjacent chips C

in the Y-axis directions perpendicular to the X-axi

directions, from the captured image G11 depicted in

9. These outer edges Cdl are recognized as coordin

values in the Y-axis directions, for example. The

width detector 90 calculates the sum

in the Y-axis

directions of pixels between the outer edges Cdl of

two chips C, and detects the calculated sum of pixe

the width B1 of the groove M1 in the captured image

Since the outer edge Cdl of each of the chi

represents the boundary between the groove M1 and t

chip C

in the Y-axis directions,

the groove width

detector 90 detects the intermediate position in th

axis directions between the outer edges Cdl of the

chips C as the central coordinate yl in the Y-axis

directions of the width B1 of the groove M1. The ¢
coordinate y1 in the Y-axis directions of the width
the groove M1 is detected at the central position i

X-axis directions in the captured image G11, for ex

Similarly, the groove width detector 90 det
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widths B2, B3 and B4 of the grooves M1 and the cent ral
coordinates y2, y3 and y4 of the widths B2, B3 and B4 of
the grooves M1 from the captured images G21, G31 an d G41
depicted in FIG. 9.
(3) Laser beam irradiation line calculating step

As depicted in FIG. 5, the control means 9 includes

a laser beam irradiation line calculator 91 for

calculating a laser beam irradiation line based on the
groove widths B1 through B4 and the central coordin ates
y1l through y4 of the respective groove widths B1 th rough
B4 detected by the groove width detector 90. The g roove
width detector 90 transfers data of the detected gr oove
widths B1 through B4 and the detected central coord inates

y1 through y4 of the respective groove widths B1 th rough
B4 to the laser beam irradiation line calculator 91 . The

laser beam irradiation line calculator 91 compares the

central coordinate yl1 of the groove width Bl in the
captured image G11 and the central coordinate y2 of the

groove width B2 in the captured image G21 that is

positioned adjacent to the captured image G11 with each
other, and calculates a misalignment (shift) N1 of the
groove M1 between the captured images G11 and G21. The
misalignment N1 is represented by the difference be tween
the coordinate values of the central coordinate y1 of the

30



groove width B1 and the central coordinate y2 of th
groove width B2, i.e., the distance between the cen
coordinates y1 and y2 in the Y-axis directions.

Likewise, the laser beam irradiation line
calculator 91 compares the central coordinate y2 of
groove width B2 in the captured image G21 and the c
coordinate y3 of the groove width B3 in the capture
image G31 that is positioned adjacent to the captur
image G21 with each other, and calculates a misalig
(shift) N2 of the groove M1 between the captured im
G21 and G31, and compares the central coordinate y3
the groove width B3 in the captured image G31 and t
central coordinate y4 of the groove width B4 in the
captured image G41 that is positioned adjacent to t
captured image G31 with each other, and calculates
misalignment (shift) N3 of the groove M1 between th
captured images G31 and G41.

For example, the laser beam irradiation lin
calculator 91 stores in advance a tolerance range f

misalignments. The laser beam irradiation line cal

91 decides whether the calculated misalignments N1

through N3 fall in the tolerance range or not. If
calculated misalignments N1 through N3 fall in the

tolerance range, then the laser beam irradiation li
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calculator 91 determines a line interconnecting the
central coordinates y1 through y4 of the groove wid
through B4 in the respective captured images G11 th
G41 as a laser beam irradiation line.

On the other hand, if any of the calculated
misalignments N1 through N3 falls outside of the
tolerance range, then the laser beam irradiation li
calculator 91 decides on an error and does not dete
a laser beam irradiation line. In the present embo
as depicted in FIG. 9, the misalignment N2 is large
the tolerance range. If the line interconnecting t
central coordinates y1 through y4 of the groove wid
through B4, i.e., the laser beam irradiation line
depicted in FIG. 8, is determined as a laser beam
irradiation line, then a chip C between the image
capturing area G2 and the image capturing area G3,

a sixth chip C from the left in the + X direction a
depicted in FIG. 8, overlaps the determined laser b
irradiation line. Then, when a laser processing st
carried out on the workpiece W, a laser beam is app
to the overlapping chip C, possibly damaging the de
thereon.

According to the present embodiment, if the

beam irradiation line calculator 91 has calculated
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misalignment N2 in excess of the tolerance range, t
laser beam irradiation line calculator 91 changes a
condition in the groove width detecting step, i.e.,
reduces the chip intervals at which to capture imag
and then controls the groove width detector 90 to p
the groove width detecting step again (hereinafter
referred to as “second groove width detecting step”
After the second groove width detecting step has be
performed, the laser beam irradiation line calculat
stores the captured images G11 through G14, the gro
widths B1 through B4, and the central coordinates y
through y4 of the groove widths B1 through B4, as d
for finally calculating a laser beam irradiation li
(4) Second groove width detecting step

In the present embodiment, the misalignment
calculated based on the captured image G11 and the
captured image G21 depicted in FIG. 9 and the
misalignment N3 calculated based on the captured im
G31 and the captured image G41 depicted in FIG. 9 d
exceed the allowable range. Therefore, the areas b
the image capturing area G1 and the image capturing
G2 depicted in FIG. 8 and the areas between the ima
capturing area G3 and the image capturing area G4

depicted in FIG. 8 will not be handled as image cap
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areas in the second groove width detecting step.

On the other hand, inasmuch as the misalign ment N2
detected based on the captured image G21 and the ca ptured
image G31 depicted in FIG. 9 exceeds the tolerance range,
the areas between the image capturing area G2 and t he

image capturing area G3 depicted in FIG. 8 will be
handled as image capturing areas in the second groo ve

width detecting step.

As depicted in FIG. 10, while the workpiece W and
the image capturing means 25 (not depicted in FIG. 10)
are being moved relatively to each other in a direc tion
along which the projected laser beam irradiation li ne
extends, the image capturing means 25 captures imag es of

the face side Wa at predetermined chip intervals.

Specifically, the image capturing means 25 captures

images of the face side Wa at second intervals L2 s horter
than the first intervals L1. According to the pres ent
embodiment, each of the second intervals L2 represe nts a
distance over one chip C, or specifically between t he

centers of two adjacent chips C along the X-axis
directions. However, the second intervals L2 are n ot
limited to such a distance, but may be at least a
distance smaller than the first intervals L1. For example,

the image capturing means 25 generates captured ima ges of
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four image capturing areas G2, G2a, G2b and G3 indi
by the two-dot-and-dash lines in FIG. 10. The imag
capturing areas G2, G2a, G2b and G3 cover segments
projected laser beam irradiation line and chips C i
their peripheries. Alternatively, the image captur
means 25 may capture again images of the entire pro
laser beam irradiation line where the misalignment
excess of the tolerance range is detected, at secon
intervals L2. In this case, the image capturing me
generates captured images of ten image capturing ar
that are as many as the chips C in FIG. 10.

The image capturing means 25 sends data of
captured images to the groove width detector 90 of
control means 9. The groove width detector 90 perf
filtering process on the received data of the captu
images, using a sharpening filter for emphasizing t
outer edges of the chips C in the captured images,
displays captured images G21, G22, G23 and G31 (see
11) generated by the groove width detector 90 after
has performed the filtering process, on a hypotheti
output screen B having a predetermined resolution,
depicted in FIG. 11. The captured images G21, G22,
and G31 depicted in FIG. 11 correspond respectively

the image capturing areas G2, G2a, G2b and G3 depic
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FIG. 10. The captured images, the groove widths, e tc. in
FIG. 11 are depicted at an enlarged scale compared with

those depicted in FIG. 9 for illustrative purposes.

The groove width detector 90 then calculate s, from
the captured images G21, G22, G23 and G31 depicted in FIG.
11, groove widths B2, B22, B23 and B3 of the groove M1 in

the respective captured Iimages and also central

coordinates y2, y22, y23 and y3 of the groove width s B2,
B22, B23 and B3 of the groove M1, in the same manne r as
in the groove width detecting step described above.

(5) Laser beam irradiation line calculating step af ter

the second groove width detecting step

Then, the laser beam irradiation line calcu lator 91
compares the central coordinate y2 of the groove wi dth B2
in the captured image G21 and the central coordinat e y22
of the groove width B22 in the captured image G22 t hat is
positioned adjacent to the captured image G21 with each
other, and calculates a misalignment N21 of the gro ove M1
between the captured images G21 and G22. The misal ignment

N21 is represented by the difference between the

coordinate values of the central coordinate y2 of t he
groove width B2 and the central coordinate y22 of t he
groove width B22, i.e., the distance between the ce ntral

coordinates y2 and y22 in the Y-axis directions. L ikewise,

36



the laser beam irradiation line calculator 91 calcu
misalignments N22 and N23 depicted in FIG. 11.

The laser beam irradiation line calculator
decides whether the calculated misalignments N21 th

N23 fall in the tolerance range or not. In the pre

embodiment, since the calculated misalignments N21
through N23 fall in the tolerance range, the laser

irradiation line calculator 91 determines a laser b
irradiation line. Specifically, as depicted in FIG

the laser beam irradiation line calculator 91 deter

a line interconnecting the central coordinates of t

groove widths in the respective adjacent captured i

as a laser beam irradiation line. Specifically, in

areas between the image capturing area G1 and the i
capturing area G2 depicted in FIG. 12, a line
interconnecting the central coordinate y1 in the ca

image G11 and the central coordinate y2 in the capt

image G21 depicted in FIG. 9 becomes a laser beam
irradiation line. In the areas between the image

capturing area G2 and the image capturing area G3

depicted in FIG. 12, a line interconnecting the cen
coordinates y2, y22, y23 and y3 in the captured ima
G21, G22, G23 and G31 depicted in FIG. 11 becomes a

beam irradiation line. In the areas between the im
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capturing area G3 and the image capturing area G4
depicted in FIG. 12, a line interconnecting the cen
coordinate y3 in the captured image G31 and the cen
coordinate y4 in the captured image G41 depicted in
9 becomes a laser beam irradiation line. As a resu
laser beam irradiation line calculator 91 determine
laser beam irradiation line K that does not overlap
chips C, as depicted in FIG. 12.

If any of the misalignments N21 through N23
outside of the tolerance range, then the laser beam
irradiation line calculator 91 may decide on an err
indicating that the workpiece W is a workpiece whic
not lend itself to laser processing, for example.
groove width detector 90 may establish a third inte
shorter than the second interval L2 and carry out a
groove width detecting step using the third interva
(6) Level determining step

As depicted in FIG. 5, the control means 9
a level determiner 92 for determining a misalignmen
level of the laser beam irradiation line K accordin
laser beam

the calculated misalignments of the

irradiation line K in widthwise directions (Y-axis
directions) of the groove M1. As depicted in FIG.

level determiner 92 has a data table 92A of misalig
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levels and corresponding processing conditions. Th e level

determiner 92 determines a misalignment level accor ding
to the misalignments of the laser beam irradiation line K

in widthwise directions (Y-axis directions) of the groove
M1, i.e., the displacements (bends) of the laser be am
irradiation line K in the Y-axis directions. The | evel
determiner 92 determines a misalignment level for e ach
laser beam irradiation line, for example. The

misalignment levels in the data table 92A are class ified
into four stages including Level 1 (minute misalign ment

level), Level 2 (small misalignment level), Level 3

(medium misalignment level), and Level 4 (large

misalignment level). However, the misalignment lev els are
not limited to those stages, but may be classified into
more stages. Level 4 is a level representing a lim it up
to which a laser beam is able to follow the laser b eam
irradiation line by moving the workpiece W in the Y -axis
directions. The misalignment level of the laser be am
irradiation line K depicted in FIG. 12 according to the

present embodiment is Level 3, for example.

Certain processing conditions, i.e., proces sing
feed rates of the workpiece W and laser beam output
powers, in the data table 92A depicted in FIG. 13 a re

represented by numerical values by way of example t hat
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were obtained when appropriate processing results w
achieved from experiments in which the laser proces
apparatus 2 was operated to separate adhesive films
stuck to a plurality of experimental workpieces. T

numerical values are inherent in the misalignment |

The laser beam output powers (W) at the respective

misalignment levels represent output power levels |
enough to ablate the adhesive films T2.

The higher the misalignment level is, the |
processing feed rate becomes in order to guarantee
laser beam has an increased ability to follow the |
beam irradiation line by moving the workpiece W in
indexing-feed directions, i.e., the Y-axis directio
The higher the misalignment level is, the lower the
beam output power becomes because as the processing
rate is lower, the position where the laser beam is
applied to the adhesive film T2 moves slower, and h
the energy that the adhesive film T2 absorbs from t
applied laser beam becomes lower, thereby making th
adhesive film T2 absorb uniform energy per laser be
irradiation line.

The lengths of processing marks in the data
92A depicted in FIG. 13 are represented by numerica

values inherent in the misalignment levels. Accord
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the present embodiment, if the misalignment level o
laser beam irradiation line is Level 1, then the le

of a processing mark on the tape T3 is 0 mm, i.e.,

processing mark is formed on the tape T3. As the

misalignment level of the laser beam irradiation li

increases by one, the length of a processing mark o

tape T3 increases by 10 mm. The lengths of process

marks at the respective misalignment levels are
limited to the illustrated numerical values.
(7) Laser processing step

Then, a laser processing step is carried ou
apply a laser beam to the adhesive film T2 at the b
of the groove M1 along the laser beam irradiation |
depicted in FIG. 12, thereby separating the adhesiv
T2. In the laser processing step, the workpiece W
processed by a laser beam under the processing cond
in the data table 92A depicted in FIG. 13 according
the misalignment level determined in the
determining step.

As depicted in FIG. 14, the holding table 3
holds the workpiece W thereon is fed in the — X dir
(forward direction), and indexing-fed in one of the
axis directions to position the condenser 62 of the

beam applying means 6 so that it will pass over the
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beam irradiation line K depicted in FIG. 12. The f ocused
spot of a laser beam focused by the condensing lens 62a
is positioned at the height of the adhesive surface

(upper surface) of the adhesive film T2 exposed on the

bottom of the groove M1.

Since the misalignment level of the laser b eam
irradiation line K is Level 3, the position in the X-axis
directions where a laser beam will start being appl ied is

on the tape T3 where it is spaced 20 mm in the — X

direction from an outer peripheral edge of the adhe sive
film T2 in the — X direction under the positional ¢ ontrol
by the control means 9 of the holding table 30 in t he X-
axis directions using the data table 92A depicted i n FIG.
13. When the holding table 30 is processing-fed in the —
X direction while a laser beam having a predetermin ed
wavelength is being applied from the laser beam app lying
means 6 to the tape T3, a processing mark having a length
of 20 mm corresponding to Level 3 depicted in FIG. 15 is

formed on the tape T3.

As depicted in FIG. 14, when the holding ta ble 30
is processing-fed in the — X direction, the positio n
where a laser beam is to be applied is shifted from the
tape T3 onto the adhesive film T2 along the laser b eam
irradiation line K. Then, the laser beam oscillato r 61
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emits a laser beam having a predetermined wavelengt
the laser beam is focused on and applied to the adh
film T2 on the workpiece W that is held on the hold
table 30. The laser beam is a pulsed laser beam
oscillated at a predetermined repetitive frequency,
ablates the adhesive film T2 at the focused spot, t
separating the adhesive film T2. Inasmuch as the
misalignment level of the laser beam irradiation li
is Level 3, the holding table 30 is fed at a proces
feed rate of 50 mm/second and the output power of t
laser beam emitted from the laser beam oscillator 6
adjusted to 0.5 W by the output power adjuster 69 u
the control by the control means 9 using the data t
92A depicted in FIG. 13.

The laser beam is applied from the condense
the adhesive film T2 along the laser beam irradiati
line K. Specifically, according to the present emb
while the holding table 30 is being fed in the — X
direction at a processing feed rate of 50 mm/second
holding table 30 is appropriately moved in one of t
axis directions under the control by the control me
Therefore, the laser beam is applied to the adhesiv
T2 at the bottom of the groove M1 while following t

laser beam irradiation line K.
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The workpiece W is moved in unison with the
table 30 in the — X direction to a position in the
directions where the laser beam finishes being appl
the single laser beam irradiation line K depicted i
12, whereupon the adhesive film T2 at the bottom of
groove M1 corresponding in position to the single |
beam irradiation line K is separated.

As the misalignment level of the laser beam
irradiation line K is Level 3, the holding table 30
further processing-fed in the — X direction, thereb
shifting the position where a laser beam is to be a
from the adhesive film T2 onto the tape T3 under th
positional control by the control means 9 of the ho
table 30 in the X-axis directions using the data ta
92A depicted in FIG. 13. Therefore, a laser beam i
applied to the tape T3 along the groove M1, or stat

otherwise, along the laser beam irradiation line K,

beyond the outer peripheral edge of the workpiece W

forming a processing mark having a length of 20 mm

corresponding to Level 3 from an outer peripheral e
the adhesive film T2 in the + X direction onto the
T3 in the + X direction. In FIG. 15, lines along w
the adhesive film T2 is separated by the laser beam

represented by straight lines for illustrative purp
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According to the present embodiment, processing mar
formed on the sides of the tape T3 in the — X direc

and the + X direction beyond the outer peripheral e

of the workpiece W, as depicted in FIG. 15. Howeve
processing marks may be formed on the side of the t

only in the + X direction, for example.

Then, the laser beam stops being applied an
processing feed of the workpiece W in the — X direc
(forward direction) is temporarily stopped. Then,
holding table 30 depicted in FIG. 14 is indexing-fe
one of the Y-axis directions, and a groove M1 posit
next to the groove M1 to which the laser beam has b
applied in the forward direction and the image capt
means 25 are brought into positional alignment with
other. Thereafter, the groove width detecting step

the laser beam irradiation line calculating step ar

carried out in the same manner as described above,

calculating a second laser beam irradiation line.
Then, the level determining step is carried

determine a misalignment level of the calculated se

laser beam irradiation line. For example, the

misalignment level of the calculated second laser b
irradiation line is determined as Level 4. Then, t

laser processing step is carried out to process the
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adhesive film T2 with a laser beam along the second
beam irradiation line under the processing conditio
corresponding to Level 4 in the data table 92A depi
in FIG. 13, i.e., at a processing feed rate of 20
mm/second and a laser beam output power of 0.05 W.
laser beam is also applied to the tape T3 along the
groove M1 beyond an outer peripheral edge of the
workpiece W, forming a processing mark having a len
30 mm corresponding to Level 4 on the tape T3 as de
in FIG. 15. The above steps are successively carri
repeatedly to apply laser beams to the adhesive fil
at the bottoms of all the grooves M1 along laser be
irradiation lines corresponding to all the grooves
that extend in the X-axis directions, thereby separ
the adhesive film T2.

Then, the holding table 30 is turned 90 deg
and laser beams are applied to the adhesive film T2
the bottoms of the grooves M1, thereby separating t
adhesive film T2 at the bottoms of the grooves M1 a
all the grooves M1 in a grid pattern, as depicted i
15.

The laser processing method according to th
present invention includes the level determining st

determining a misalignment level of a laser beam
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irradiation line calculated in the laser beam irrad
line calculating step, according to the misalignmen
the laser beam irradiation line in widthwise direct
of a groove M1, and the laser processing step of
processing the adhesive film T2 with a laser beam u
processing conditions corresponding to the misalign
level determined in the level determining step. Th
a misalignment level is determined with respect to
single laser beam irradiation line according to a
calculated misalignment thereof, and the adhesive f
is processed with a laser beam along the signal las
beam irradiation line under processing conditions
corresponding to the determined misalignment level.
Accordingly, the adhesive film T2 can be separated
efficiently without causing damage to the chips C a
hence devices D thereon.

In the laser processing step, the adhesive
is processed with a laser beam at a processing feed
corresponding to the misalignment level of the lase
irradiation line that has been determined in the le
determining step, so that the laser beam has a bett
ability to follow the laser beam irradiation line b
moving the workpiece W in the indexing-feed directi

i.e., the Y-axis directions. Accordingly, the adhe
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film T2 can be separated more efficiently without c

damage to the chips C and hence devices D thereon.
Specifically, with respect to a laser beam irradiat

line having a higher misalignment level, for exampl

holding table 30 is processing-fed at a lower rate,
increasing the ability of the laser beam to follow

laser beam irradiation line. Therefore, the laser

less likely to be displaced off the laser beam
irradiation line and applied to the chips C.

In the laser processing step, a laser beam
applied to the tape T3 along the groove M1 beyond t
outer peripheral edge of the workpiece W, forming a
processing mark having a length corresponding to th
misalignment level of the laser beam irradiation i
The processing mark makes it easy for the operator
recognize the misalignment level of the laser beam
irradiation line after the laser processing step, b
on the length of the processing mark on the tape T3
can easily be visually recognized by the operator.
the operator can easily recognize the misalignment
of the laser beam irradiation line, the operator fi
easy to select and perform an appropriate inspectio
depending on the misalignment level of the laser be

irradiation line.
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The laser processing method according to th
present invention is not limited to the embodiment
described above, and the laser processing apparatus
not Ilimited to the details illustrated in the
accompanying  drawings, but various changes
modifications may be made therein without departing
the scope of the invention.

The laser processing method according to th
present invention should preferably be carried out
repeating the groove width detecting step, the lase
irradiation line calculating step, the level determ
step, and the laser processing step per laser beam
irradiation line along each groove M1. The reasons
such a repetition of the steps are as follows. Whi
laser processing step is being performed, the workp
and various components of the laser processing appa
2 are expanded due to heat and have their dimension
changed slightly. In the laser processing method
according to the present invention, the above steps
are repeated per laser beam irradiation line along
groove M1 make it possible to compensate for dimens
changes on account of the thermal expansion, thereb
processing the workpiece W to a nicety. In the las

processing method according to the present inventio
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however, the groove width detecting step, the laser beam

irradiation line calculating step, and the level

determining step may be carried out for all the las er
beam irradiation lines along the grooves M1, after which
the laser processing step may be carried out for al | the

laser beam irradiation lines.

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 IS CLAI MED | S:

1. A laser processing method for applying a laser
beam to an adhesive film applied to a reverse side of a
workpiece, which has been divided into individual c hips
along a plurality of intersecting streets on a face side
of the workpiece, with grooves formed in the workpi ece
along the streets and the adhesive film disposed at the

bottoms of the grooves, comprising:
a holding step of holding an adhesive film side of

the workpiece on a holding table;

a groove width detecting step of detecting widths
of the grooves in the workpiece held in the holding step
at predetermined chip intervals and detecting centr al

coordinates of the widths of the grooves;

a laser beam irradiation line calculating s tep of
calculating laser beam irradiation lines along whic h the
laser beam is to be applied to the adhesive film, b ased
on the widths of the grooves and the central coordi nates

thereof detected in the groove width detecting step ;

a level determining step of  determining
misalignment levels of the laser beam irradiation | ines
calculated in the laser beam irradiation line calcu lating
step according to misalignments of the grooves in

widthwise directions thereof; and
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a laser processing step of processing the a
film with the laser beam by applying the laser beam
the adhesive film at the bottoms of the grooves alo
laser beam irradiation lines calculated in the lase
irradiation line calculating step, thereby separati
adhesive film;

wherein the laser processing step includes
of processing the adhesive film with the laser beam
processing conditions corresponding to the misalign
levels determined in the level determining step.

2. The laser processing method according t
1,

wherein the laser processing step includes
of processing the adhesive film with the laser beam
processing feed rates corresponding to the misalign
levels determined in the level determining step.

3. The laser processing method according t
1,

wherein a tape is stuck to a lower surface
adhesive film on the reverse side of the workpiece;

the laser processing step includes a step o
applying the laser beam to the tape along the groov
beyond an outer peripheral edge of the workpiece, t

forming processing marks on the tape, the processin
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marks having lengths corresponding to the misalignm ent

levels.
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