CRACK DETECTI ON METHOD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a crack de
method for detecting a crack formed together with a
modified layer in a workpiece by applying a laser b
a wavelength having a transmitting property to the
workpiece.

Description of the Related Art

A wafer, which has a front side partitioned
plurality of crossing division lines into a plurali
regions where respective devices such as integrated
circuits (ICs) and large-scale integrated circuits
are formed, is applied with a laser beam of a wavel
having a transmitting property to the wafer with a
point of the laser beam being positioned inside the
along the division lines to thereby form modified |
so that the wafer is divided into individual device
(refer to Japanese Patent No. 3408805, for example)

Further, there is proposed a technology of
after the modified layers are formed inside the waf
along the division lines, the wafer on a chuck tabl
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to which a protective tape has been attached faces

downward, and grinding a back side of the wafer to thin
the wafer, to thereby divide the wafer into individ ual
device chips (refer to Japanese Patent No. 4358762, for
example).

SUMVARY OF THE | NVENTI ON
In the technology disclosed in Japanese Pat ent No.
4358762, by beforehand forming the modified layers inside

the wafer along the division lines and also forming

cracks extending from the modified layers to reach the
front side of the wafer, the wafer is favorably div ided
into individual device chips when the wafer is thin ned by
the grinding apparatus. However, in the case where the
cracks extending from an area where the modified la yers
are formed do not reach the side of the wafer oppos ite to
the side to which the laser beam has been applied, it is
difficult to smoothly divide the wafer into individ ual
device chips. Therefore, laser processing conditio ns for

forming the modified layers by a laser processing

apparatus are adjusted and determined so as to form the
modified layers inside the wafer along the division lines
and to assuredly form the cracks extending from the

modified layers to reach the front side of the wafe r.
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The laser processing conditions described a
need to be adjusted every time a material, a thickn
or the like of the wafer changes. At the time of s
adjustment, a microscope is required to be used in
to check whether or not the cracks extending from t
modified layers formed inside the wafer are exposed
the side opposite to the side to which the laser be
been applied, i.e., whether or not the cracks have
appropriately been formed, which may lead to poor
productivity.

Accordingly, it is an object of the present
invention to provide a crack detection method that,
modified layers are formed inside a workpiece by ap
a laser beam of a wavelength having a transmitting
property to the workpiece, makes it possible to eas
detect that cracks have appropriately been formed.

In accordance with an aspect of the present
invention, there is provided a crack detection meth
including a crack forming step of applying a laser
to a plate-shaped workpiece that has a first side a
second side opposite to the first side linearly fro
first side with a focal point of the laser beam
positioned inside the workpiece, the laser beam bei

a wavelength having a transmitting property to the
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workpiece, to thereby form a modified layer inside
workpiece and further form a crack extending from t
modified layer toward the second side; a coating ma
applying step of applying a coating material to the
second side after the crack forming step is perform
and a crack detecting step of detecting the crack b
searching for a portion where the coating material
linearly repelled.

Preferably, an oil-based marker is used in
coating material applying step.

According to the present invention, it is p

to easily check whether or not the cracks have

appropriately been formed without using a microscop

the like and to immediately adjust laser processing
conditions so as to form appropriate cracks, which
improves the productivity.

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

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

FIG. 1 is a perspective view illustrating a
in which a plate-shaped workpiece is placed on a ch
table of a laser processing apparatus;

FIG. 2A is a perspective view illustrating
in which a crack forming step is performed;

FIG. 2B is a partially enlarged sectional v
the workpiece when the crack forming step is being
performed,;

FIG. 3A is a perspective view illustrating
in which the workpiece is placed on a test base use
a crack detecting step is performed;

FIG. 3B is a perspective view illustrating
in which a coating material is applied to a second
of the workpiece having cracks insufficiently forme
therein;

FIG. 3C is a perspective view illustrating
in which the coating material is applied to a secon
of the workpiece having cracks sufficiently formed
therein;

FIG. 4 is a perspective view illustrating a
in which a protective tape is attached to a wafer;

FIG. 5A is a perspective view illustrating

in which a modified layer forming step is performed
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FIG. 5B is a partially enlarged sectional v iew of

the wafer when the modified layer forming step is b eing
performed,;
FIG. 6A is a perspective view illustrating a manner

in which the wafer is placed on a chuck table of a
grinding apparatus;

FIG. 6B is a perspective view illustrating a manner
in which a dividing step is performed; and

FIG. 7 is a perspective view illustrating a manner

in which a tape changing step is performed.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
A crack detection method according to an em bodiment
of the present invention will be described in detai I
below with reference to the attached drawings. It is to

be noted that a crack detection method for checking

whether or not cracks have appropriately been forme d
inside a plate-shaped workpiece and a subsequent me thod
for performing processing to divide a wafer having the
same material and size as those of the workpiece in to
individual device chips are described below in orde r.
First, in the crack detection method accord ing to

the embodiment of the present invention, there is

prepared a workpiece 10A (a dummy wafer), for detec ting
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cracks, formed so as to have the same material (sil

(Si), for example) and size (a diameter of 300 mm a

thickness of 780 um) as those of a plate-shaped wafer to

be divided into individual device chips. Itis to
noted that the workpiece 10A has nothing formed on
first side 10Aa and a second side 10Ab thereof.

The plate-shaped workpiece 10A thus prepare
placed on a holding surface 22a of a chuck table 22
laser processing apparatus 20 partially illustrated
FIG. 1 such that the first side 10Aa faces upward a
second side 10Ab faces downward, and suction means
illustrated is operated to hold the workpiece 10A u
suction on the chuck table 22.

After the workpiece 10A is held on the chuc
22 in the above-described manner, the workpiece 10A
moved together with the chuck table 22 to a positio
directly below focusing means 24a of a laser beam
applying unit 24 of the laser processing apparatus
illustrated in FIG. 2A. Itis to be noted that, in
case, an alignment step may be performed as needed
to accurately detect a position to be processed in
workpiece 10A.

A focal point of a laser beam LB applied fr

laser beam applying unit 24 is then positioned at a
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position inside the workpiece 10A corresponding to

depth of 700 um from the first side 10Aa that constitutes

an upper surface of the workpiece 10A as illustrate
FIG. 2B. With the focal point positioned at the po
the chuck table 22 is processing-fed in an X-axis
direction indicated by an arrow X while, at the sam
time, the laser beam applying unit 24 is operated t

apply the laser beam LB linearly to the workpiece 1

thereby form a modified layer 100A and a crack 110A

extending from the modified layer 100A toward the s
side 10Ab inside the workpiece 10A (refer to FIG. 2
Is to be noted that, in the present embodiment, the
beam LB is linearly applied to the workpiece 10A th
times while shifting the position to which the lase

LB is applied in a Y-axis direction indicated by an

Y as illustrated in FIG. 2A, thereby forming three
processed lines in the workpiece 10A. A crack form
step is then completed.

It is to be noted that the laser processing
described above is performed, for example, under th
following laser processing conditions.

Wavelength: 1342 nm

Repetition frequency: 90 kHz

Average output: 1.1 W
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Processing-feed speed: 700 mm/s

Although, in FIG. 2A, the modified layers 1
the cracks 110A formed in the workpiece 10A are ind
by broken lines for convenience of explanation, it
actually not possible to visually recognize the mod
layers 100A and the cracks 110A from either the fir
side 10Aa or the second side 10Ab. Therefore, a cr
detecting step to be described below with reference
FIGS. 3A to 3C is performed.

The workpiece 10A that has undergone the cr
forming step as described above is unloaded from th
laser processing apparatus 20, transferred to a tes
D for detecting cracks illustrated in FIG. 3A, and

on the test base D such that the first side 10Aa fa

downward and the second side 10Ab faces upward. Af

workpiece 10A is placed on the test base D, a color
coating material is applied to a region P that incl
portions where the modified layers 100A and the cra
110A are formed by the crack forming step, on the s
side 10Ab. Although the method for applying the co
material is not specifically limited, the present
inventors have found that the coating material can
suitably be applied to the second side 10Ab of the

workpiece 10A by using an oil-based black or red ma
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pen M as illustrated in FIG. 3B. It is to be noted
the oil-based marker pen M used in application of t
coating material in the present embodiment is not
specifically limited in thickness, and the marker p
may be a pen that is generally called a felt-tip pe
Further, the coating material actually applied is n
specifically limited to the oil-based colored coati
material, and an acrylic coating material, an india
or the like may otherwise be used.

Here, as illustrated in FIG. 3B, when the r
where the coating material have been applied is sea
(crack detecting step), it is easy to visually dete
line indicating the presence of a crack 110Ainap
where the crack 110A reaches the second side 10Ab s
the coating material is linearly repelled in the po
while it is not possible to detect a line in a port
where a crack 110A does not reach the second side 1
since the coating material is not repelled in the
portion. Therefore, if lines indicating the cracks
do not continuously appear and the coating material
repelled intermittently as illustrated in FIG. 3B,
recognized that the formation of the cracks 110A is
insufficient.

If it is recognized that the formation of t
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cracks 110A is insufficient as described above, the
power (average output) in the laser processing cond
described above is adjusted. In the present embodi
for example, the average output of 1.1 W set in the
processing conditions described above is adjusted t
W, the crack forming step described above is perfor
again, and the coating material is applied to the s
side 10Ab to perform the crack detecting step again
the case where the cracks 110A suitably reach the s
side 10Ab over the entire region having been applie
the laser beam LB, continuous lines appear without
intermittence in the region P where the coating mat
is applied, as illustrated in FIG. 3C. In this cas

is confirmed that the laser processing conditions a
appropriate, and a plate-shaped workpiece (wafer) i
processed in the following manner under the laser
processing conditions.

After the crack detection method described
performed to determine the laser processing conditi
wafer processing method for dividing a wafer, havin
front side partitioned by a plurality of crossing
division lines into a plurality of regions where
respective devices are formed, into individual devi

chips is performed by use of a laser processing app
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in the following manner.

The workpiece to be processed by the wafer
processing method according to the present embodime
a wafer 10 illustrated in FIG. 4, for example. The
10 includes the same material (Si) as that of the p
shaped workpiece 10A used when the crack detection
described above is performed, and has the same size
diameter of 300 mm and a thickness of 780
the workpiece 10A. The wafer 10 has a front side 1
partitioned by a plurality of crossing division lin
into a plurality of regions where respective device
are formed.

After the wafer 10 described above is prepa
protective member having the same outside diameter
that of the wafer 10 and having an adhesive layer f
on a front side thereof, such as a protective tape
including polyvinyl chloride (PVC), polyethylene
terephthalate (PET), or the like, is attached to th
front side 10a of the wafer 10 as illustrated in Fl
to thereby obtain an integral unit. It is to be no
that the protective tape 16 is not limited to the
protective member having the adhesive layer formed
front side thereof, and a thermocompression bonding

having no adhesive layer and including polyolefin,
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polyester, or the like may be adopted as the protec
tape 16, for example.

The wafer 10 with the protective tape 16 at
thereto is then transferred to a laser processing
apparatus 20 partially illustrated in FIG. 5A to pe
a modified layer forming step. It is to be noted t
laser processing apparatus 20 here is the same as t
laser processing apparatus 20 used in performing th
crack detection method described earlier.

In performing the modified layer forming st
according to the present embodiment, as illustrated
FIG. 5A, the wafer 10 is placed on the chuck table
the laser processing apparatus 20 such that a back
10b of the wafer 10 faces upward and the protective
16 faces downward, and suction means not illustrate
operated to hold the wafer 10 under suction on the
table 22. After an alignment step is suitably perf
to detect the division lines 14 formed on the front
10a of the wafer 10 by use of infrared rays, the wa
held on the chuck table 22 is positioned directly b
the focusing means 24a of the laser beam applying u
24. A processing start position of predetermined o
the division lines 14 of the wafer 10 is then moved

position to which the laser beam LB is applied from
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focusing means 24a, with the focal point of the las
beam LB positioned inside the wafer 10 along the di
line 14 at a position corresponding to a depth of 7
from the back side 10b as illustrated in FIG. 5B.

to be noted that the position of the focal point he
the same as the position of the focal point set in
crack forming step performed in the crack detection
method.

Then, while the chuck table 22 is moved in
axis direction indicated by an arrow X in FIG. 5A,
laser beam applying unit 24 is operated to apply th
laser beam LB, thereby forming a modified layer 100
inside the wafer 10 along the division line 14.

It is to be noted that the laser processing
described above is performed, for example, under th
following laser processing conditions.

Wavelength: 1342 nm

Repetition frequency: 90 kHz

Average output: 1.2 W

Processing-feed speed: 700 mm/s

As described above, it has been confirmed b
crack detection method that, under the laser proces
conditions, cracks are favorably formed when modifi

layers are formed inside a wafer. Therefore, when
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modified layer 100 is formed inside the wafer 10, a
110 is formed so as to extend from the modified lay
and reach the division line 14 on the front side 10
the wafer 10.

After the modified layer 100 and the crack
formed along the predetermined division line 14, th
chuck table 22 is moved (index-fed) in a Y-axis dir
indicated by an arrow Y in FIG. 5A, an unprocessed
division line 14 adjacent the predetermined divisio
14 is positioned to the position to which the laser
LB is applied, and the laser beam LB is applied in
same manner as described above, thereby forming a
modified layer 100 and a crack 110 inside the wafer
along the division line 14. The laser processing i
similarly performed along all the division lines 14
extending in parallel to the predetermined division
14, so that modified layers 100 and cracks 110 are
inside the wafer 10 along the respective division |
14. The chuck table 22 holding the wafer 10 thereo
then rotated by 90 degrees, and the laser processin
similarly performed along all the division lines 14
extending in a direction orthogonal to the predeter
division line 14, thereby forming respective modifi

layers 100 and cracks 110 (refer to FIG. 6A). The
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modified layer forming step is then completed. It
be noted that, although the modified layers 100 and
cracks 110 in the wafer 10 illustrated are indicate
broken lines for convenience of explanation, it is
actually not possible to visually recognize the mod
layers 100 and the cracks 110 from the back side 10
the wafer 10.

After the modified layer forming step is pe
in the manner described above, the wafer 10 is unlo
from the chuck table 22 of the laser processing app
20 and transferred to a grinding apparatus 30 parti
illustrated in FIGS. 6A and 6B. The wafer 10 is pl
and held under suction by a holding surface 32a of
chuck table 32 of the grinding apparatus 30 such th
back side 10b faces upward and the protective tape
faces downward, and the chuck table 32 is positione
below a grinding unit 34 as illustrated in FIG. 6B.
grinding unit 34 includes a rotary shaft 34a driven
electric motor not illustrated, a grinding wheel 34
disposed on a lower end of the rotary shaft 34a, an
plurality of grinding stones 34c annularly arranged
lower surface of the grinding wheel 34b.

The chuck table 32 thus positioned below th

grinding unit 34 is rotated in a direction indicate
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an arrow R1 at a predetermined rotational speed (30
for example) by operating rotationally driving mean
illustrated while, at the same time, the rotary sha

of the grinding unit 34 is rotated in a direction
indicated by an arrow R2 at a predetermined rotatio
speed (6000 rpm, for example). Elevating means not
illustrated is then operated to lower the grinding

34 in a direction indicated by an arrow R3, to ther
bring the grinding stones 34c into contact with the
side 10b of the wafer 10 while grinding water is su
to the back side 10b of the wafer 10, so that the b

side 10b of the wafer 10 is ground at a predetermin

lowering speed (1.0 um/s, for example) to be thinned.

Since the wafer 10 is thinned by the grinding proce
as illustrated in FIG. 6B, the wafer 10 is divided
individual device chips 12’ along the division line
along which the modified layers 100 have been forme
dividing step is then completed.

In the present embodiment, before performin
processing of dividing the wafer 10 into individual
device chips 12’ by use of the laser processing app
20 and the grinding apparatus 30, the crack detecti
method including the crack forming step and the cra

detecting step is performed as described above.
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Therefore, it is possible to easily check whether o
the cracks have appropriately been formed without u
microscope or the like, and the laser processing
conditions can immediately be adjusted so as to for
appropriate cracks, which improves the productivity

After the dividing step is performed as des

above, a tape changing step may be performed as nee

as to peel off the protective tape 16 from the fron
10a of the wafer 10 and to hold the back side 10b o
wafer 10 by an adhesive tape T. In the tape changi
step, as illustrated in FIG. 7, an annular frame F

an opening that can accommodate the wafer 10 therei
prepared, the wafer 10 is positioned in the opening
the frame F such that the side of the wafer 10 to w
the protective tape 16 is attached faces upward, an
wafer 10 is held by the frame F through the adhesiv
T. With the back side 10b of the wafer 10 attached
adhesive tape T and held by the frame F, the protec
tape 16 is peeled off from the front side 10a of th
wafer 10. The wafer 10 that is held by the frame F
has the protective tape 16 peeled off therefrom is

in an accommodating container (a cassette, for exam
not illustrated or directly transferred for a subse

step (a pick-up step or the like, for example).

18

r not

sing a

cribed

ded so
t side
f the
ng
having
nis

of
hich

d the
e tape
to the

tive

and
housed
ple)

quent



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

by the invention.
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WHAT IS CLAIMED | S

1. A crack detection method comprising:

a crack forming step of applying a laser be
plate-shaped workpiece that has a first side and a
side opposite to the first side linearly from the f
side with a focal point of the laser beam positione
inside the workpiece, the laser beam being of a
wavelength having a transmitting property to the
workpiece, to thereby form a modified layer inside
workpiece and further form a crack extending from t
modified layer toward the second side;

a coating material applying step of applyin
coating material to the second side after the crack
forming step is performed; and

a crack detecting step of detecting the cra
searching for a portion where the coating material
linearly repelled.

2. The crack detection method according to
1, wherein an oil-based marker is used in the coati

material applying step.
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