METHOD OF PROCESSI NG WORKPI ECE

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a method o
processing a workpiece such as a semiconductor wafe
the like.

Description of the Related Art

There has been put to practical use a proce
method called “stealth dicing” in which a laser bea
having a wavelength that is transmittable through a
workpiece such as a semiconductor wafer or the like
applied to the workpiece from its reverse side whil
being focused at points within the workpiece which
correspond to projected dicing lines referred to as
streets, thereby forming modified layers in the wor
and then external forces are applied to the modifie
layers to divide the workpiece into individual devi
chips (see, for example, Japanese Patent No. 340880

details).
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conditions that produce cracks in the workpiece whi

extend from modified layers to a face side of the

workpiece for making it easier to divide the workpi
into device chips. If modified layers are left in

chips fabricated after the laser-processed workpiec
been ground to a thin profile, then the flexural st

of the device chips is lowered.

It is therefore an object of the present in
to provide a method of processing a workpiece to di
the workpiece into individual device chips by way o
stealth dicing while increasing the flexural streng
the device chips without making it less easy to div
the workpiece into device chips.

In accordance with an aspect of the present
invention, there is provided a method of processing
workpiece having a plurality of streets provided on
face side thereof, the method including: a laser be
applying step of applying a laser beam having
wavelength that is transmittable through the workpi
a reverse side of the workpiece along the streets w
focusing the laser beam at a point within the workp
thereby forming modified layers in the workpiece al
the streets and cracks extending from the modified

to the face side; and a cutting step of cutting the
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workpiece from a reverse side thereof along the str
while supplying the workpiece with a cutting fluid,
thereby removing the modified layers from the workp
after performing said laser beam applying step.
Preferably, in the cutting step, the workpi
cut while a lowermost position on the cross-section
shape of a cutting edge of the cutting blade positi
deviates from the cracks in a direction perpendicul
a direction along which the streets extend, thereby
preventing cut chips together with the cutting flui
entering the cracks.
Preferably, the cross-sectional shape of th
cutting edge of the cutting blade is a centrally re

shape where the center of the cutting edge is reces

between projecting end ridges or a one-sided

unsymmetrical slanted shape where an essentially fl
surface is oblique from one side to another and, in
cutting step, the workpiece is cut while the center
the cutting blade in thicknesswise directions there
positionally aligned with the cracks.

Preferably, the cross-sectional shape of th
cutting edge of the cutting blade is a round shape
in the cutting step, the workpiece is cut while the

center of the cutting blade in thicknesswise direct
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thereof positionally deviates from the cracks in th
direction perpendicular to the direction along whic
streets extend.

According to the present invention, it is e
for the workpiece to be divided into individual dev
chips on account of the cracks, and the flexural st
of device chips divided from the workpiece is incre
because the modified layers have been removed.

Since, in the cutting step, the workpiece i
while the lowermost position on the cross-sectional
of the cutting edge of the cutting blade positional
deviates from the cracks in the direction perpendic
to the direction along which the streets extend, cu
chips together with the cutting fluid are prevented
entering the cracks, and hence dirt is prevented fr
being deposited on side faces of device chips divid

from the workpiece.

The above and other objects, features and

advantages of the present invention and the manner

realizing them will become more apparent, and

invention itself will best be understood from a stu

the following description and appended claims with

reference to the attached drawings showing some pre

embodiments of the invention.
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BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view depicting a wo
by way of example;

FIG. 2 is a cross-sectional view depicting
manner in which modified layers and cracks are bein
produced in the workpiece by laser beam applying me

FIG. 3 is an enlarged fragmentary cross-sec
view of the workpiece in which modified layers and
are produced,;

FIG. 4 is an enlarged fragmentary cross-sec
view depicting the manner in which the workpiece is
by a cutting blade whose cutting edge has a central
recessed vertical cross-sectional shape;

FIG. 5 is an enlarged fragmentary cross-sec
view depicting the manner in which cut chips are
collected while the workpiece is cut by a cutting b
whose cutting edge has a centrally recessed vertica
cross-sectional shape;

FIG. 6 is an enlarged fragmentary cross-sec
view depicting the manner in which cut chips are
collected while the workpiece is cut by another cut
blade whose cutting edge has a centrally recessed
vertical cross-sectional shape;

FIG. 7 is an enlarged fragmentary cross-sec
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view depicting the manner in which cut chips are

collected while the workpiece is cut by still anoth er
cutting blade whose cutting edge has a centrally re cessed
vertical cross-sectional shape;

FIG. 8 is an enlarged fragmentary cross-sec tional

view depicting the manner in which cut chips are

collected while the workpiece is cut by a cutting b lade
whose cutting edge has a one-sided slanted cross-

sectional shape;

FIG. 9 is an enlarged fragmentary cross-sec tional
view depicting the manner in which the workpiece is cut
by a cutting blade whose cutting edge has a round ¢ ross-

sectional shape;
FIG. 10 is an enlarged fragmentary cross-se ctional

view depicting the manner in which cut chips are

collected while the workpiece is cut by a cutting b lade
whose cutting edge has a round cross-sectional shap e; and
FIG. 11 is an enlarged fragmentary cross-se ctional

view depicting the manner in which cut chips are
collected while the workpiece is cut by another cut ting
blade whose cutting edge has a round cross-sectiona I

shape.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Like or corresponding parts are denoted by like or

corresponding reference characters throughout views

A method of processing a workpiece W (FIG. 1)
according to the present invention is carried out t o]
divide the workpiece W into individual device chips . The
various steps of the method will be described below . The

workpiece W depicted in FIG. 1 is a disk-shaped

semiconductor wafer made of a silicon substrate or the
like, for example, and has on a face side Wa thereo fa
plurality of devices D disposed in respective areas of
the face side Wa that are demarcated by a grid of s treets
S. The face side Wa of the workpiece W, which face S
downwardly in a —Z-axis direction in FIG. 1, is aff ixed
to the adhesive surface of a dicing tape T that is larger
in diameter than the workpiece W, and hence is prot ected
by the dicing tape T. The adhesive surface of the dicing
tape T has an outer peripheral region to which an a nnular
frame F having a circular opening defined therein i S
affixed. The workpiece W is supported on the annul ar
frame F by the dicing tape T such that the workpiec eWis
positioned in the circular opening of the annular f rame F,

and can be handled through the annular frame F.

(1) Laser beam applying step



FIG. 2 depicts a laser processing apparatus
forms modified layers in the workpiece W. The lase
processing apparatus 1 includes at least a chuck ta
for holding the workpiece W under suction thereon a
laser beam applying means 11 for applying a laser b
the workpiece W held on the chuck table 10. The ch
table 10, which has a circular contour, for example
a holding surface 10a made of a porous material or
like for holding the workpiece W under suction ther
The chuck table 10 is rotatable about a vertical ce
axis thereof that extends in Z-axis directions, and
reciprocally movable in X-axis directions by proces
feed means, not depicted.

The laser processing apparatus 1 also inclu
plurality of (four, for example) fastening clamps (
depicted in FIG. 2) 100 angularly spaced at equal
intervals around the chuck table 10. Each of the
fastening clamps 100 includes a gripping plate 100a
gripping base 100b. The gripping plate 100a is ang
movable about a pivot shaft 100c and normally biase
move toward the gripping base 100b by a spring or t
like, not depicted. The annular frame F and the di
tape T are sandwiched between the lower surfaces of

gripping plates 100a and the upper surfaces of the
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gripping bases 100b.

The laser beam applying means 11 includes a
beam oscillator, not depicted, for oscillating and
emitting a laser beam having a wavelength that is
transmittable through the workpiece W. The laser b
emitted by the laser beam oscillator is transmitted
through a transmitting optical system such as an op
fiber or the like to a condensing lens 11la in a be
condenser 111. The condensing lens 111a applies th
beam to the workpiece W held on the chuck table 10
focuses the laser beam accurately in a predetermine
vertical position in the workpiece W.

Alignment means 12 for detecting a street S
workpiece W held on the chuck table 10 is disposed
vicinity of the laser beam applying means 11, for e
The alignment means 12 includes infrared radiation
applying means, not depicted, for applying an infra
radiation to the workpiece W, and an infrared camer
that includes an optical system for guiding the inf
radiation and an imaging device (infrared charge co
device (CCD)) for generating an electric signal
representing an image of the workpiece W based on a
infrared radiation reflected from the workpiece W.

alignment means 12 performs an image processing pro
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such as pattern matching or the like on the image
acquired by the infrared camera 120 to detect a str
on the surface Wa of the workpiece W. The alignmen
12 and the laser beam applying means 11 are combine
an integral assembly, and are movable together in Y
directions and Z-axis directions.

In the laser beam applying step, as depicte
2, the workpiece W supported on the annular frame F
held under suction on the chuck table 10 such that
reverse side Wb of the workpiece W faces upwardly.
annular frame F is fastened in place by the fasteni
clamps 100.

Then, the workpiece W held on the chuck tab
fed in an —X-axis direction (forward direction), an
street S extending in the X-axis directions on the
side Wa of the workpiece W is detected by the align
means 12. Though the face side Wa of the workpiece
faces downwardly and does not face the alignment me
directly, the infrared camera 120 can image the str
with an infrared radiation applied by the infrared
radiation applying means and transmitted through th

reverse side Wb of the workpiece W and reflected fr

face side Wa thereof. The alignment means 12 then

performs an image processing process such as patter
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matching or the like on the image of the street S
acquired by the infrared camera 120, and detects th
coordinate position of the street S, to which the |
beam is to be applied, in the Y-axis directions fro
processed image.

Upon detection of the position of the stree
laser beam applying means 11 is indexing-fed in the
axis directions to position the street S in alignme
with the beam condenser 111 in the Y-axis direction
street S is positioned such that its central line i
positioned directly below the condensing lens 111a
beam condenser 111, for example. In order to make
easier to divide the workpiece W into device chips,
preferable to process the workpiece W with the lase
under such conditions that produce modified layers
workpiece W and cracks in the workpiece W which ext
from the modified layers to the face side Wa of the
workpiece W. To this end, the output power and rep
frequency of the laser beam from the laser beam app
means 11 are set to conditions that produce cracks
extend from the modified layers to the face side Wa
the workpiece W.

One example of such conditions is given as

Wavelength: 1342 nm
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Repetitive frequency: 90 kHz

Average output power: 2 W

Processing feed speed: 700 nm/second

Then, the focused point of the laser beam t
transmittable through the workpiece W is positioned
predetermined vertical position in the workpiece W
corresponds to the street S, i.e., at a vertical po
beneath a substantially middle position in the
thicknesswise directions (Z-axis directions) of the
workpiece W in the illustrated embodiment, by the b
condenser 111. The laser beam applying means 11 ap
the laser beam to the reverse side Wb of the workpi
along the street S as the chuck table 10 is process
fed in a -X-axis direction, thereby forming modifie
layers ML in the workpiece W along the street S. T
laser beam oscillated by the laser beam oscillator
applied to the workpiece W is transmittable through
workpiece W before the laser beam reaches the focus
point. However, once the laser beam has reached th
focused point, it becomes highly absorbable locally
the workpiece W. Therefore, the region of the work
in the vicinity of the focused point absorbs the la
beam and is modified thereby, forming modified laye

having a certain length chiefly upwardly from the f
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point. As depicted in FIG. 2, as the modified laye

are formed in the workpiece W, a number of minute ¢

C extending from the modified layers ML to the face

Wa are also formed in the workpiece W. Cracks C ma
extend from the modified layers ML not only to the

side Wa, but also to the reverse side Wb of the wor

W.

The workpiece W is continuously processing-
predetermined processing speed in the —X-axis direc
forming a succession of modified layers ML spaced a
small intervals in the X-axis directions along the
S and also a number of cracks C extending from the
modified layers ML to the face side Wa. The workpi
is continuously moved in the —X-axis direction to a
position by the chuck table 10 until the laser beam
been applied to the workpiece W all the way along t
street S.

Then, the laser beam applying means 11 stop
applying the laser beam to the workpiece W, and the
table 10 temporarily stops to processing-feed the
workpiece W in the —X-axis direction (forward direc
The laser beam applying means 11 is indexing-fed in
of the Y-axis directions, and another street S next

the street S irradiated with the laser beam is brou
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into positional alignment with the beam condenser 1

the Y-axis directions. Then, the workpiece W is

processing-fed in a +X-axis direction (backward
direction), and the laser beam applying means 11 ap
the laser beam to the reverse side Wb of the workpi
all the way along the other street S in the same ma
as when the workpiece W was processing-fed in the f
direction in the previous processing cycle. Therea
the workpiece W is irradiated with the laser beam a
all the streets S in subsequent processing cycles,
producing modified layers ML and cracks C in the
workpiece W along all the streets S. Actually, the
C extend a short distance from the modified layers
toward the reverse side Wb, though such crack exten
are omitted from illustration in FIGS. 2 and 3 and
in FIGS. 4 through 11 to be described later.
As depicted in FIG. 3, the width of the cra
the Y-axis directions is smaller than the width of
modified layers ML in the Y-axis directions. The ¢
and the modified layers ML are formed in alignment
the central line of each of the streets S extending
the X-axis directions. Each time the chuck table 1

switches from moving in the forward direction to mo

in the backward direction, the vertical position in
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workpiece W where the laser beam is focused by the
condenser 111 may be changed, and the same street S
repeatedly be irradiated with the laser beam a plur
of times, thereby forming modified layers ML within
workpiece W in a plurality of tiers along the
thicknesswise directions thereof.

The chuck table 10 is then turned 90 degree
its own axis, and then the workpiece W is irradiate
the laser beam in the same manner as described abov
thereby forming modified layers ML and cracks C all
the grid of streets S.

(2-1) Cutting step according to first embod

After the laser beam applying step, as depi
FIG. 4, the workpiece W is cut from the reverse sid
by a cutting blade 60 along a street S, removing th
modified layers ML, while the workpiece W is being
supplied with a cutting fluid. Specifically, the
workpiece W has been delivered to a cutting apparat
equipped with the cutting blade 60, and held under
suction on a chuck table, not depicted, with the re
side Wb facing upwardly. The chuck table with the
workpiece W held thereon is rotatable about a verti

central axis thereof that extends in Z-axis directi

and reciprocally movable in X-axis directions.
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The cutting blade 60, partly depicted in Fl
an annular washer-type blade having a radially oute
cutting edge 600 whose thickness ranges from
approximately 30 to 40 um. The cutting edge 600 ha
centrally recessed vertical cross-sectional shape w
the center of the cutting edge 600 in its thickness
directions is recessed radially inwardly of the cut
blade 60. The cutting blade 60 is not limited to a
washer-type blade, but may be a hub-type blade incl
a base and a cutting edge disposed on an outer peri
edge of the base.

The cutting blade 60 is mounted on a spindl
whose axis extends in directions (Y-axis directions
perpendicular to the directions (X-axis directions)
which the workpiece W is movable. When the spindle
rotated at a high speed about its own axis by a mot
connected thereto, the cutting blade 60 is rotated
its own axis that extends in the Y-axis directions.

A street S along which the cutting blade 60
cut the workpiece W can be detected by an image
processing process such as pattern matching or the
performed on the image acquired by the alignment me
depicted in FIG. 4 from the infrared camera 120.

In a cutting process, the workpiece W is cu
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cutting blade 60 while the workpiece W is being sup
with the cutting fluid mainly in a region being pro
(also referred to as “processed region”) which is k
contact with the cutting blade 60. The cutting flu
supplied to the processed region from two cutting f
supply nozzles 63 depicted in FIG. 4. The cutting
supply nozzles 63 are disposed one on each side of
cutting blade 60 in the Y-axis directions, for exam
and have respective ejection ports facing the respe
side surfaces of the cutting blade 60. The cutting
supply nozzles 63 are held in fluid communication w
cutting fluid supply source, not depicted. The cut
blade 60, the alignment means 12, and the cutting f
supply nozzles 63 are movable in ganged relation in
Y-axis directions and the Z-axis directions.

In the cutting step, the workpiece W is fir

in the —X-axis direction (toward the viewer of FIG.

and an image of the face side Wa of the workpiece W

including a street S is captured by the infrared ca
120. The alignment means 12 performs an image proc
process such as pattern matching or the like on the
and calculates the coordinate position of the stree

the Y-axis directions along which the cutting blade

to cut into the workpiece W. Upon detection of the
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position of the street S, the cutting blade 60

indexing-fed in one of the Y-axis directions and

positioned into alignment with the street S along w
to cut the workpiece W in the Y-axis directions. T
cutting blade 60 is positioned with respect to the

S such that the central line of the street S will b

positioned directly below the central recess in the

cutting edge 600 of the cutting blade 60, i.e., the

center in the thicknesswise directions (Y-axis dire
in FIG. 4) of the cutting blade 60 will be aligned
the cracks C, for example. With the cutting blade
positioned with respect to the street S, lowermost
600P on the cross-sectional shape of the cutting ed
of the cutting blade 60 positionally deviate from t
cracks C in the directions (Y-axis directions in Fl
perpendicular to the directions (X-axis directions)
which the street S extends.

Then, the cutting blade 60 is lowered in th
axis direction and brought into a vertical position
the cutting edge 600 of the cutting blade 60 is to
slightly into the upper ends of the cracks C. Ther
the workpiece W is fed in the —X-axis direction at
predetermined cutting speed, and the motor 62 rotat

spindle 61 at a high speed clockwise as viewed from
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+Y-axis direction. The cutting blade 60 fixed to t he

spindle 61 rotates at the high speed, cutting into the
workpiece W from the reverse side Wb thereof along the
street S. While the workpiece W is being cut, the cutting
fluid supply nozzles 63 eject the cutting fluid to the
processed region of the workpiece W which is kept i n
contact with the cutting blade 60 and neighboring r egions.
The cutting fluid ejected from the cutting fluid su pply
nozzles 63 cools and cleans the processed region, a nd
removes cut chips E depicted in FIG. 5 from the wor kpiece
W. Since the workpiece W is cut by the cutting bla de 60
that is held at the vertical position where the cut ting
edge 600 of the cutting blade 60 is to cut slightly into
the upper ends of the cracks C, as depicted in FIG. 5,

the modified layers ML are removed from within the

workpiece W by the cutting blade 60.

As a result of the cutting step, a groove G 1 as
depicted in FIG. 4 is cut in the workpiece W along the
street S that extends in the X-axis directions. Th e
groove G1 has its deepest areas positioned slightly below
the upper ends of the cracks C and positionally dev iating

from the cracks C in the Y-axis directions.
Removing the modified layers ML with the cu tting

blade 60 in the manner described above is preferabl e for

19



increasing the flexural strength (die strength) of

chips to be divided from the workpiece W. On the o

hand, however, if the workpiece W with the cracks C

formed therein that extend from the modified layers

the face side Wa is cut by a cutting blade to remov
modified layers ML, then though most of the cutting

that carries the cut chips E is discharged out of t
workpiece W through the groove G1, some of the cutt
fluid enters the cracks C, tending to contaminate s

faces of the device chips that include the devices

When the workpiece W is cleaned with cleaning water

immediately after the cutting process is completed,
because no sufficient gaps are present between the
chips, the cleaning water does not spread all over
side faces of the device chips and hence the side f

of the device chips cannot be cleaned thoroughly.

the workpiece W is cleaned after the gaps between t
device chips are widened by an expanding apparatus,
dirt including cut chips E deposited on the side fa

the device chips has already been dried and stuck,
difficult to remove. If the deposited dirt is left
unremoved, then in a bonding step carried out after

processing method according to the present inventio

dirt may drop onto bonding pads and cause a bonding
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failure.

In view of the above problems, the inventor of the
present invention has made research efforts and fou nd
that cut chips fall by gravity in the groove and te nd to
collect in the vicinity of the lowest position in t he

groove. The method of processing the workpiece W
according to the present invention uses the cutting blade

60 with the cutting edge 600 that has the centrally

recessed vertical cross-sectional shape where the ¢ enter
of the cutting edge 600 in its thicknesswise direct ions
is recessed radially inwardly of the cutting blade 60,
between two end ridges projecting radially outwardl y on

both sides of the recessed center and including the

respective lowermost areas 600P. In the cutting st ep,
while the workpiece W is cut by the cutting blade 6 0to
remove the modified layers ML, the lowermost areas 600P
on the cross-sectional shape of the cutting edge 60 0
positionally deviate from the cracks C in the direc tions
(Y-axis directions) perpendicular to the directions (X-
axis directions) along which the street S extends, ie.,
the center of the cutting edge 600 in its thickness wise
directions is positionally aligned with the cracks C. The
cut chips E produced from cutting the workpiece W d rop by
gravity in the groove G1 and collect in the deepest areas

21



of the groove G1 that positionally deviate from the

cracks C in the Y-axis directions, as depicted in F IG. 5.
Therefore, the cut chips E are prevented from enter ing
the cracks C and from being deposited on the side f aces
of the device chips to be divided from the workpiec e W.
Accordingly, the flexural strength of the device ch ips is
increased by the removal of the modified layers ML and

failures are prevented from being caused in steps
subsequent to the division of the workpiece W into the

individual device chips.

When the workpiece W is fed to a predetermi ned
position in the X-axis directions where the cutting blade
60 finishes cutting the screen S in the workpiece W , the
workpiece W temporarily stops being fed in the —X-a Xis
direction and the cutting blade 60 is separated fro m the
workpiece W. Then, the workpiece W is moved in the +X-
axis direction back to its original position. The cutting
blade 60 is indexing-fed in the +Y-axis direction b y a

distance equal to the interval between two adjacent

streets S, after which the workpiece W is cut by th e
cutting blade 60 along a next street S in the same manner
as described above. The above cutting step is repe ated to
cut grooves G1 in the workpiece W all along the str eets S
in one direction, thereby removing the modified lay ers ML.

22



Then, the workpiece W is turned 90 degrees about it
axis, and then cut to form grooves G1 therein all a
the streets S in another direction perpendicular to
one direction, thereby removing the modified layers
In this manner, the grooves G1 are cut in the workp
all along the grid of streets S, thereby removing t
modified layers ML.

The cutting blade wused in the cutting step
according to the first embodiment is not limited to
cutting blade 60 depicted in FIGS. 4 and 5, but may
cutting blade 60A depicted in FIG. 6 or a cutting b

60B depicted in FIG. 7. As depicted in FIG. 6, the

cutting blade 60A has a cutting edge 601 that has a

centrally recessed vertical cross-sectional shape w
the center of the cutting edge 601 in its thickness
directions is recessed radially inwardly of the cut
blade 60A, between two end ridges projecting radial
outwardly on both sides of the recessed center, and
recessed center is defined by a curved surface and
gradient smaller than with the cutting blade 60. A
depicted in FIG. 7, the cutting blade 60B also has
cutting edge 602 that has a centrally recessed vert
cross-sectional shape where the center of the cultti

edge 602 in its thicknesswise directions is recesse
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radially inwardly of the cutting blade 60B, between
end ridges projecting radially outwardly on both si
the recessed center, and the recessed center is def
by a pair of straight surfaces unlike the recessed
of the cutting blade 60A which is defined by a curv
surface.

When either one of the cutting blades 60A a
rather than the cutting blade 60, is used in the cu
step to cut a groove G11 depicted in FIG. 6 or a gr
G12 depicted in FIG. 7 in the workpiece W and remov
modified layers ML from the workpiece W, the lowerm
areas on the cross-sectional shape of the cutting e
positionally deviate from the cracks C in the direc
(Y-axis directions) perpendicular to the directions
axis directions) along which the street S extends,
the center of the cutting edge in its thicknesswise
directions is positionally aligned with the cracks
cut chips E produced from cutting the workpiece W d
gravity in the groove G11 or G12 and collect in the
deepest areas of the groove G11 or G12 that positio
deviate from the cracks C in the Y-axis directions,
depicted in FIG. 6 or 7. Therefore, the cut chips
prevented from entering the cracks C and from being

deposited on the side faces of the device chips to
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divided from the workpiece W. Accordingly, the fle
strength of the device chips is increased by the re
of the modified layers ML and failures are preventi
from being caused in steps subsequent to the divisi
the workpiece W into the individual device chips.

In the cutting step according to the first
embodiment, the cutting blade 60 depicted in FIGS.
5 may be replaced with a cutting blade 65 depicted
8. The cutting blade 65 depicted in FIG. 8 has a c
edge 650 which has a one-sided unsymmetrical slante
cross-sectional shape, i.e., whose essentially flat
surface is oblique from one side (-Y-axis direction
the other (+Y-axis direction) at its tip end.

When the cutting blade 65, rather than the
blade 60, is used in the cutting step, to cut a gro
depicted in FIG. 8 in the workpiece W and remove th
modified layers ML from the workpiece W, the lowerm
area 650P on the cross-sectional shape of the cutti
edge 650 positionally deviates from the cracks C in
directions (Y-axis directions) perpendicular to the
directions (X-axis directions) along which the stre
extends, and the center of the cutting edge in its
thicknesswise directions is positionally aligned wi

cracks C. The cut chips E produced from cutting th
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workpiece W drop by gravity in the groove G2 and co llect
in the deepest area of the groove G2 that positiona lly
deviates from the cracks C in the +Y-axis direction , as
depicted in FIG. 8. Therefore, the cut chips E are

prevented from entering the cracks C and from being

deposited on the side faces of the device chips to be
divided from the workpiece W. Accordingly, the fle xural
strength of the device chips is increased by the re moval
of the modified layers ML and failures are prevente d from
being caused in steps subsequent to the division of the

workpiece W into the individual device chips.
The workpiece W from which the modified lay ers ML

have been removed and which has the grooves G1, for

example, cut therein all along the streets S is del ivered
to an expanding apparatus, not depicted. In the ex panding
apparatus, the dicing tape T (FIG. 1) affixed to th e
workpiece W is stretched radially outwardly. Exter nal
forces that are applied by the expanding apparatus to
stretch the dicing tape T are applied to the cracks Cin
the workpiece W, thereby dividing the workpiece W f rom
the cracks C into the individual device chips that carry

the respective devices.
(2-2) Cutting step according to second embo diment

After the laser beam applying step describe din (1)
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above, a cutting step according to a second embodim ent

may be carried out as follows:

As depicted in FIG. 9, a workpiece W delive red to a
cutting apparatus having a cutting blade 69 is held under
suction on a chuck table, not depicted, with the re verse
side Wb thereof facing upwardly. The chuck table w ith the
workpiece W thereon is rotatable about a vertical ¢ entral
axis thereof that extends in the Z-axis directions, and

reciprocally movable in the X-axis directions.
The cutting blade 69, partly depicted in FlI G.9, s,

for example, an annular washer-type blade having a

radially outer cutting edge 690 whose thickness ran ges
from approximately 30 to 40 um. The cutting blade 69 is
mounted on the spindle 61. The cutting edge 690 ha s a
round vertical cross-sectional shape, i.e., a

substantially arcuate vertical cross-sectional shap e in
FIG. 9. When the spindle 61 is rotated at a high s peed
about its own axis by the motor 62 connected theret o, the

cutting blade 69 is rotated about its own axis that

extends in the Y-axis directions. The cutting blad e 69is
not limited to a washer-type blade, but may be a hu b-type
blade.

A street S along which the cutting blade 69 is to

cut the workpiece W can be detected by an image
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processing process such as pattern matching or the
performed on the image acquired by the alignment me

from the infrared camera 120. As depicted in FIG.

cutting fluid supply nozzles 63 are disposed one on

side of the cutting blade 69 in the Y-axis directio

for example, and held in fluid communication with a
cutting fluid supply source, not depicted. The cut

blade 69, the alignment means 12, and the cutting f
supply nozzles 63 are movable in ganged relation in
Y-axis directions and the Z-axis directions.

In the cutting step according to the second
embodiment, the workpiece W is first fed in the —X-
direction (toward the viewer of FIG. 9), and the
alignment means 12 detects the coordinate position
street S in the Y-axis directions along which the c
blade 69 is to cut into the workpiece W. Upon dete
of the position of the street S, the cutting blade
indexing-fed in one of the Y-axis directions and
positioned into alignment with the street S along w
to cut the workpiece W in the Y-axis directions. T
cutting blade 69 is positioned with respect to the
S such that the center in the thicknesswise directi
(Y-axis directions in FIG. 9) of the cutting blade

will positionally deviate from the cracks C in the
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directions (Y-axis directions in FIG. 9) perpendicu
the directions (X-axis directions) along which the
S extends. Since the cutting blade 69 whose cuttin
690 has a round vertical cross-sectional shape is t
positioned with respect to the street S, a lowermos
690P on the cross-sectional shape of the cutting ed
of the cutting blade 69 positionally deviates from
cracks C in the directions (Y-axis directions in Fl
perpendicular to the directions (X-axis directions)
which the street S extends.

Then, the cutting blade 69 is lowered in th
axis direction and brought into a vertical position
the cutting edge 690 of the cutting blade 69 is to
slightly into the upper ends of the cracks C. Ther
the workpiece W is fed in the —X-axis direction at
predetermined cutting speed, and the motor 62 rotat
spindle 61 at a high speed clockwise as viewed from
+Y-axis direction. The cutting blade 69 fixed to t

spindle 61 rotates at the high speed, cutting into

workpiece W from the reverse side Wb thereof along

street S. While the workpiece W is being cut, the

fluid supply nozzles 63 eject the cutting fluid to

processed region of the workpiece W which is kept i

contact with the cutting blade 60 and neighboring r
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The cutting fluid ejected from the cutting fluid su pply
nozzles 63 cools and cleans the processed region, a nd
removes cut chips E depicted in FIG. 10 from the

workpiece W. Since the workpiece W is cut by the c utting
blade 69 that is held at the vertical position wher e the
cutting edge 690 of the cutting blade 69 is to cut

slightly into the upper ends of the cracks C, as de picted
in FIG. 10, the modified layers ML are cut off and

removed from the workpiece W by the cutting blade 6 9. At
the same time, a groove G3 is cut in the workpiece W as

depicted in FIGS. 9 and 10.

The cutting step according to the second em bodiment
uses the cutting blade 69 with the cutting edge 690 that
has the round vertical cross-sectional shape, and t he
cutting blade 69 is positioned with respect to the street
S such that the center of the cutting blade 69 in i ts
thicknesswise directions positionally deviates from the

cracks C in the directions (Y-axis directions)

perpendicular to the directions (X-axis directions) along
which the street S extends, and the lowermost posit ion
690P on the cross-sectional shape of the cutting ed ge 690
of the cutting blade 69 positionally deviates from the

cracks C in the directions (Y-axis directions)

perpendicular to the directions (X-axis directions) along
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which the street S extends. While the workpiece W
cut by the cutting blade 69 to remove the modified

ML, the cut chips E produced from cutting the workp

drop by gravity in the groove G3 and collect in the

deepest area of the groove G3 that positionally dev
from the cracks C in the +Y-axis direction, as depi

in FIG. 10. Therefore, the cut chips E are prevent

entering the cracks C and from being deposited on t

side faces of the device chips to be divided from t
workpiece W. Accordingly, the flexural strength of
device chips is increased by the removal of the mod
layers ML and failures are prevented from being cau
steps subsequent to the division of the workpiece W
the individual device chips.

The cutting blade wused in the cutting step
according to the second embodiment is not limited t
cutting blade 69 depicted in FIGS. 9 and 10, but ma
cutting blade 69A depicted in FIG. 11, for example.
depicted in FIG. 11, the cutting blade 69A has a cu
edge 691 that has a round-corner vertical cross-sec
shape where a flat surface at a lowermost position
at the tip end has two round corners on opposite en
l.e., is joined to both sides of the cutting blade

two round corners.
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When the cutting blade 69A, rather than the
blade 69, is used in the cutting step to cut a groo
in the workpiece W and remove the modified layers M
the workpiece W, as depicted in FIG. 11, the cuttin
blade 69A is positioned with respect to the street
that the center of the cutting edge 691 in its

thicknesswise directions positionally deviates from

cracks C in the directions (Y-axis directions)

perpendicular to the directions (X-axis directions)

which the street S extends, so that the Ilowermost

position 691P on the cross-sectional shape of the ¢

edge 691 positionally deviates from the cracks C in
directions (Y-axis directions) perpendicular to the
directions (X-axis directions) along which the stre
extends. While the workpiece W is then cut by the

blade 69A to remove the modified layers ML, the cut

E produced from cutting the workpiece W drop by gra
in the groove G31 depicted in FIG. 11 and collect i
deepest area of the groove G31 that positionally de

from the cracks C in the +Y-axis direction, as depi

in FIG. 11. Therefore, the cut chips E are prevent
entering the cracks C and from being deposited on t
side faces of the device chips to be divided from t

workpiece W. Accordingly, the flexural strength of
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device chips is increased by the removal of the mod ified
layers ML and failures are prevented from being cau sed in
steps subsequent to the division of the workpiece W into

the individual device chips.

The present invention is not limited to the details
of the above described preferred embodiments. The scope
of the invention is defined by the appended claims and

all changes and modifications as fall within the
equivalence of the scope of the claims are therefor e to

be embraced by the invention.
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WHAT | S CLAIMED I S:
1. A method of processing a workpiece havi ng a
plurality of streets provided on a face side thereo f, the

method comprising:

a laser beam applying step of applying a la ser beam
having a wavelength that is transmittable through t he
workpiece to a reverse side of the workpiece along the
streets while focusing the laser beam at a point wi thin
the workpiece, thereby forming modified layers in t he
workpiece along the streets and cracks extending fr om the

modified layers to the face side; and

a cutting step of cutting the workpiece fro m the
reverse side thereof along the streets while supply ing
the workpiece with a cutting fluid, thereby removin g the
modified layers from the workpiece, after performin g said

laser beam applying step.

2. The method according to claim 1,

wherein, in the cutting step, the workpiece is cut
while a lowermost position on the cross-sectional s hape
of a cutting edge of the cutting blade positionally
deviates from the cracks in a direction perpendicul ar to
a direction along which the streets extend, thereby
preventing the cutting fluid and cut chips from ent ering

the cracks.
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3. The method according to claim 2,
wherein the cross-sectional shape of the cu
edge of the cutting blade is a centrally recessed s

where the center of the cutting edge is recessed be

projecting end ridges or a one-sided unsymmetrical

slanted shape where an essentially flat surface
oblique from one side to another; and

in the cutting step, the workpiece is cut w
center of the cutting blade in thicknesswise direct
thereof is positionally aligned with the cracks.

4. The method according to claim 2,

wherein the cross-sectional shape of the cu
edge of the cutting blade is a round shape; and

in the cutting step, the workpiece is cut w
center of the cutting blade in thicknesswise direct
thereof positionally deviates from the cracks in th
direction perpendicular to the direction along whic

streets extend.

35

tting
hape

tween

hile the

ions

tting

hile the
ions
e

h the



