| NSPECTI ON SUBSTRATE AND | NSPECTI NG METHCD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an inspect ion
substrate for use in inspecting a laser beam for le akage
light possibly produced in processing a workpiece w ith
the laser beam, and also relates to an inspecting m ethod
for inspecting the laser beam for leakage light by using

this inspection substrate.

Description of the Related Art

Conventionally known is a disk-shaped wafer having
a plurality of semiconductor devices, in which a
plurality of crossing division lines (streets) are set on
the front side of the wafer to thereby define a plu rality

of separate regions where the plural semiconductor

devices are respectively formed. For example, a la ser
processing apparatus is used to divide the wafer al ong
the streets and to thereby manufacture a plurality of
semiconductor chips respectively including the plur al
semiconductor devices. In processing the wafer by using

the laser processing apparatus, a pulsed laser beam
having a transmission wavelength to the wafer is ap plied

to the back side of the wafer along each street in the



condition where the focal point of the laser beam i S set
inside the wafer. As a result, multiphoton absorpt ion
occurs in the vicinity of the focal point of the la ser

beam applied, so that a modified layer reduced in

mechanical strength is formed inside the wafer alon g each
street. Thereafter, an external force is applied t o the
wafer to thereby divide the wafer along each street where
the modified layer has been formed to function as a break
start point.

Usually, plural modified layers are formed at
different depths inside the wafer along each street . For

example, the focal point is first positioned at a
predetermined depth from the back side of the wafer (i.e.,

the upper surface to which the laser beam is to be

applied), and the laser beam is applied to the back side
of the wafer along any one street. The laser beam is thus
applied once along this street (i.e., the laser bea m is

applied as a first pass along this street), thereby

forming a first modified layer at this predetermine d
depth along this street. Thereafter, the focal poi nt is
shifted upward toward the back side of the wafer by a

predetermined distance, and the laser beam is then
applied once again along this street (the same stre et)

(i.e., the laser beam is applied as a second pass a long



this street), thereby forming a second modified lay er

just above the first modified layer previously form ed.
The operation of upward shifting the focal point to ward
the back side of the wafer by the predetermined dis tance
and the operation of next applying the laser beam a long
the same street are repeated to thereby form plural (e.g.,

two to five) modified layers inside the wafer along the

same street.

In forming the plural modified layers along the
same street as mentioned above, the laser beam s
absorbed in the wafer mainly at the focal point set at
the predetermined depth. However, there is a case in

which a part of the laser beam may be refracted or

reflected by the modified layer previously formed a t the

depth lower than the predetermined depth or by a cr ack
extending from this modified layer. There is a

possibility for this refracted or reflected part of the

laser beam to become leakage light (i.e., the light
deflected beyond the target area (street) to reach the
semiconductor  device adjacent to this  street).

Specifically, the Ileakage Ilight may reach the

semiconductor device formed in each separate region on
the front side of the wafer as defined by the stree ts. In
this case, there is a possibility for the semicondu ctor
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device to be damaged by the leakage light. To elim

this possibility of the leakage light reaching the
semiconductor device, the conditions of application

the laser beam (i.e., laser processing conditions)
suitably be selected. To cope with this problem, t

has been proposed a technique including the steps o
forming a coating layer of tin (Sn) or oil-based in

example, on the front side of a wafer, next applyin

laser beam to the back side of the wafer, and next
checking for leakage light reaching the front side

wafer (see Japanese Patent Laid-open No. 2017-21641

example).

SUMVARY OF THE | NVENTI ON

However, in the above technique described i
Japanese Patent Laid-open No. 2017-216413, the coat
layer is partially modified in an area by the leaka
light, and this modified area is merely observed.
there is no technique of quantitatively evaluating
modified area generated by the leakage light. It i
therefore an object of the present invention to pro
an inspection substrate for use in inspecting a las
beam for leakage light, so as to quantitatively eva

such a modified area generated by the leakage light
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It is another object of the present inventi on to
provide an inspecting method for inspecting a laser beam
for leakage light by using this inspection substrat e.

In accordance with an aspect of the present
invention, there is provided an inspection substrat e for
use in inspecting a laser beam for leakage light, t he

laser beam having a transmission wavelength to the

inspection substrate, the inspection substrate incl uding
a first surface to which the laser beam is to be ap plied,
a second surface opposite to the first surface, a s treet

set on the second surface; a plurality of first
inspection wires provided on the second surface so as to

extend along the street, the plurality of first

inspection wires being located at different distanc es
from the street, and a plurality of first electrode pads
provided on each of the plurality of first inspecti on
wires so as to be spaced from each other in a direc tion

along the street.

Preferably, the inspection substrate furthe r
includes a plurality of second inspection wires pro vided
on the second surface so as to extend along the str eet,
the plurality of second inspection wires being spac ed
from the plurality of first inspection wires along the
street, the plurality of second inspection wires be ing
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located at different distances from the street.

In accordance with another aspect of the pr esent
invention, there is provided an inspecting method f or
inspecting a laser beam for leakage light by using an

inspection  substrate, the laser beam having a
transmission wavelength to the inspection substrate , the
inspection substrate including a first surface to w hich

the laser beam is to be applied; a second surface

opposite to the first surface, a street set on the second
surface, a plurality of first inspection wires prov ided
on the second surface so as to extend along the str eet,
the plurality of first inspection wires being locat ed at
different distances from the street, and a pluralit y of
first electrode pads provided on each of the plural ity of
first inspection wires so as to be spaced from each other
in a direction along the street; the inspecting met hod
including a holding step of holding the second surf ace
side of the inspection substrate on a chuck table; a
laser processing step of applying the laser beam to the

first surface of the inspection substrate along the

street after performing the holding step, thereby f orming
a modified layer inside the inspection substrate al ong
the street; and a leakage light checking step of br inging

a probe into contact with each of the first electro de



pads after performing the laser processing step, th
determining whether or not each first inspection wi
been broken by the leakage light and checking for t
leakage light.

The inspection substrate according to the p
invention has the plural first inspection wires and
plural first electrode pads on the second surface
opposite to the first surface to which the laser be
to be applied. The plural first inspection wires e
along the street and they are located at different
distances from the street. The plural first electr
pads are provided on each of the plural first inspe
wires, and these electrode pads are spaced from eac
other in a direction along the street. In performi
continuity test on the first inspection wires, the
beam is applied to the first surface of the inspect
substrate along the street. Thereafter, a probe is
brought into contact with one of the two adjacent f
electrode pads, for example, and another probe is b
into contact with the other first electrode pad.
Thereatfter, a current is passed between the two pro
thereby check each first inspection wire for any br
caused by the leakage light. Accordingly, by ident

the position (the distance from the street) of the
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inspection wire broken due to the leakage light, th e
influence of the leakage light can be evaluated
quantitatively.

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 some pre ferred

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG. 1 is a perspective view of a frame uni t
including an inspection substrate according to the

present invention;

FIG. 2 is an enlarged plan view of an essen tial
part of a device area according to a first preferre d
embodiment;

FIG. 3 is a partially sectional side view o f the

frame unit and a laser processing apparatus;

FIG. 4 is an enlarged view of an enclosed a rea C
depicted in FIG. 3;

FIG. 5A is an enlarged plan view of an esse ntial

part of the device area similar to FIG. 2, depictin g an
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example of the result of a laser processing operati on;

FIG. 5B is a view similar to FIG. 5A, depic ting
another example;

FIG. 6 is a flowchart depicting an inspecti ng
method according to the present invention;

FIG. 7 is a view similar to FIG. 2, depicti ng a
second preferred embodiment; and

FIG. 8 is a view similar to FIG. 2, depicti ng a

third preferred embodiment.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

Preferred embodiments of the present invent ion will
now be described with reference to the attached dra wings.
FIG. 1 is a perspective view of a frame unit 1. Th e frame

unit 1 has an inspection substrate 11 for use in

inspecting a laser beam for leakage light. The ins pection
substrate 11 is a disk-shaped member having a circu lar
front surface (second surface) 1la and a circular b ack
surface (first surface) 11b opposite to the front s urface
1lla. The inspection substrate 11 has a thickness o f
approximately 500 um to 1000 um. The inspection su bstrate

11 is a wafer formed from a silicon (Si) substrate.
However, the material of the inspection substrate 1 1lis

not limited to silicon, and various other materials may



be adopted. Other examples of the material of the
inspection substrate 11 include other semiconductor
sapphire, and various kinds of glass. Examples of
other semiconductors include gallium arsenide (GaAs
silicon carbide (SiC), and gallium nitride (GaN).

A plurality of crossing streets 13 are set
front surface 1la of the inspection substrate 11.
plurality of crossing streets 13 are composed of a
plurality of parallel streets 13 extending in a fir
direction depicted by an arrow A in FIG. 1 and a
plurality of parallel streets 13 extending in a sec
direction depicted by an arrow B in FIG. 1, the sec
direction B being perpendicular to the first direct
The first direction A is composed of a positive dir
pointed by the head of the arrow A and a negative
direction opposite to the positive direction. This
positive direction will hereinafter be referred to
direction, and this negative direction will hereina
be referred to as -A direction. Similarly, the sec
direction B is composed of a +B direction pointed b
head of the arrow B and a -B direction opposite to
direction. A plurality of rectangular separate reg
are defined by these plural crossing streets 13, an

plurality of devices 15a and a plurality of inspect
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areas 15b are provided in these plural separate reg

In the following description, the area where the pl

devices 15a and the plural inspection areas 15b are

provided will be referred to as a device area 15A.
example, some of all the devices 15a are arranged i
line along the first direction A, and some of all t
inspection areas 15b are arranged in a line along t
first direction A so as to be adjacent to this line

the devices 15a in the second direction B. The oth

devices 15a and the other inspection areas 15b are

similarly arranged so as to be arrayed alternately
second direction B. In this manner, a plurality of
of the devices 15a and a plurality of lines of the
inspection areas 15b are alternately arrayed in the
second direction B from one end to the other end of
device area 15A.

However, the arrangement of the devices 15a
inspection areas 15b is not limited to the above ex
As a maodification, the plural devices 15a may be ar
linearly in the second direction B and the plural
inspection areas 15b may be arranged linearly in th
second direction B. In such case, the plural lines
devices 15a and the plural lines of the inspection

15b may be arrayed alternately in the first directi
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from one end to the other end of the device area 15 A. As

another modification, the plural devices 15a and th e
plural inspection areas 15b may be arranged alterna tely
both in the first direction A and in the second dir ection
B (i.e., in a checker-like manner). As another

modification, the devices 15a may not be provided i n the

device area 15A. In this case, all of the separate
regions defined by the plural crossing streets 13 a re
used for the inspection areas 15b.

The inspection areas 15b will now be descri bed in
more detail. FIG. 2 is an enlarged plan view of an
essential part of the device area 15A according to a
first preferred embodiment. In FIG. 2, for conveni ence of
illustration, the streets 13 extending in the first
direction A are illustrated as streets 13-1, and th e
streets 13 extending in the second direction B are
illustrated as streets 13-2. In FIG. 2, there are
depicted two devices 15a arranged in the first dire ction

A, two inspection areas 15b arranged in the first

direction A so as to be juxtaposed to these two dev ices
15a in the second direction B, and other two device S 15a
arranged in the first direction A so as to be juxta posed
to these two inspection areas 15b in the second dir ection
B.

12



Each inspection area 15b has plural first

inspection wires 23a (23a-1, 23a-2, 23a-3, 23a-4, a nd
23a-5) provided on the front surface (second surfac e) 1lla
side. Each of the first inspection wires 23a exten ds
along the street 13-2 interposed between the adjace nt
inspection areas 15b. Each of the first inspection wires
23a is a thin-film conductor layer formed of a cond uctive
material such as tin (Sn). Each of the first inspe ction

wires 23a has a width and thickness such that the

conductor layer is broken by a laser beam having a

predetermined level of energy. Accordingly, each o f the
first inspection wires 23a can be broken by the lea kage
light of the laser beam having a predetermined leve | of
energy. For example, each of the first inspection wires

23a has a width of 10 nm to 5 pum and a thickness
corresponding to the thickness of one of stacked
conductor layers provided in each device 15a (e.g., a

thickness of 10 nm to 1 um).

The first inspection wires 23a-1 to 23a-5 a re
located at different distances from the street 13-2 . The
first inspection wire 23a-1 is adjacent to the stre et 13-
2. The other first inspection wires 23a-2, 23a-3, 23a-4,

and 23a-5 are farther in this order from the first

inspection wire 23a-1. In other words, the first
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inspection wire 23a-2 is nearest to the first inspe ction
wire 23a-1, and the first inspection wire 23a-5 is
farthest from the first inspection wire 23a-1.

Any adjacent ones of the plural first inspe ction

wires 23a are spaced a predetermined distance. For

example, this predetermined distance between any ad jacent
ones of the plural first inspection wires 23a is al most
equal to the length of one side of a substantially square
first electrode pad 25a to be described below. The plural
first inspection wires 23a have different lengths a long
the second direction B. That is, the larger the di stance
from the street 13-2, the shorter the length of eac h of
the first inspection wires 23a. In other words, th e first
inspection wire 23a-1 is longest and the first insp ection
wire 23a-5 is shortest among the first inspection w ires
23a.

The centers of the first inspection wires 2 3a-1to
23a-5 in the second direction B are aligned in the first
direction A. That is, the center positions of the first
inspection wires 23a-1 to 23a-5 in the second direc tion B
are the same position. Accordingly, both ends of t he
first inspection wire 23a-1 are positioned outside both
ends of the first inspection wire 23a-2 in the seco nd
direction B. Both ends of the first inspection wir e 23a-2
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are positioned outside both ends of the first inspe
wire 23a-3 in the second direction B. Both ends of
first inspection wire 23a-3 are positioned outside
ends of the first inspection wire 23a-4 in the seco
direction B. Both ends of the first inspection wir
are positioned outside both ends of the first inspe
wire 23a-5 in the second direction B.

Each of the first inspection wires 23a is p
with a pair of first electrode pads 25a at two dist
positions spaced from each other in the second dire
B along the street 13-2 (more specifically, at both
of each of the first inspection wires 23a). That i

pair of first electrode pads 25a is connected to bo

ends of each of the first inspection wires 23a. Fo

example, each first electrode pad 25a has a substan

square shape, and each side has a length of tens of

micrometers. One side of the square first electrod
25a is positioned at one end of each first inspecti

wire 23a. Each first electrode pad 25a is a conduc

layer formed of tin, for example, and has the same

thickness as that of each first inspection wire 23a

However, one side of each first electrode pad 25a h
length larger than the width of each first inspecti

wire 23a.
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Plural second inspection wires 23b (23b-1,
23b-3, 23b-4, and 23b-5) are provided adjacent to t

first inspection wires 23a along the street 13-2 at

given distance from the first inspection wires 23a.

Similarly to the first inspection wires 23a, the se
inspection wires 23b are located at different dista
from the street 13-2. The second inspection wire 2
adjacent to the street 13-2. The other second insp
wires 23b-2, 23b-3, 23b-4, and 23b-5 are farther in
order from the second inspection wire 23b-1. In ot
words, the second inspection wire 23b-2 is nearest
second inspection wire 23b-1, and the second inspec
wire 23b-5 is farthest from the second inspection w
23b-1. Further, any adjacent ones of the plural se
inspection wires 23b are spaced a predetermined dis
Similarly to the first inspection wires 23a
second inspection wires 23b have different lengths
the second direction B. That is, the larger the di
from the street 13-2, the shorter the length of eac
the second inspection wires 23b. Further, the cent
the second inspection wires 23b-1 to 23b-5 in the s
direction B are aligned in the first direction A.
a pair of second electrode pads 25b is connected to

ends of each of the second inspection wires 23b. E
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second electrode pad 25b has the same shape and siz e as

those of each first electrode pad 25a, and each sec ond
electrode pad 25b is formed of tin. One side of th e
square second electrode pad 25b is positioned at on e end

of each second inspection wire 23b.

Assuming that the plural first inspection w ires
23a-1 to 23a-5 constitute a first set 23A and the p lural
second inspection wires 23b-1 to 23b-5 constitute a
second set 23B, plural first sets 23A and plural se cond
sets 23B are alternately arranged along the street 13-2

so as to be spaced a given distance in the second

direction B. To minimize this given distance betwe en the
first set 23A and the second set 23B adjacent to ea ch
other, the distance between the first electrode pad 25a
and the second electrode pad 25b adjacent to each o ther
in the second direction B is set smaller than the | ength

of one side of each first electrode pad 25a. More

specifically, the distance between the first electr ode
pad 25a and the second electrode pad 25b adjacent t 0 each
other in the second direction B is set equal to the spot
diameter of the laser beam to be applied. In this manner,
the plural first sets 23A and the plural second set s 23B
are provided in the vicinity of the street 13-2 in one
inspection area 15b so as to be arranged alternatel y and
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closely in the second direction B from one end to t he
other thereof (i.e., from the front end of the +B

direction to the front end of the -B direction).

Similarly, another plural first sets 23A an d
another plural second sets 23B are also provided in the
vicinity of the street 13-2 in another inspection a rea
15b adjacent to the above inspection area 15b with the

street 13-2 interposed therebetween in the first
direction A so as to be arranged alternately and cl osely
in the second direction B from one end to the other end

thereof.  Further, in the same inspection area 15b,

another plural first sets 23A and another plural se cond
sets 23B are also provided in the vicinity of the s treet
13-1 along one side of the inspection area 15b in t he +B
direction so as to be arranged alternately and clos ely in

the first direction A from one end to the other end

thereof.

Further, in the same inspection area 15b, a nother
plural first sets 23A and another plural second set s 23B
are also provided in the vicinity of the street 13- 1
along the other side of the inspection area 15b in the -B
direction so as to be arranged alternately and clos ely in

the first direction A from one end to the other end

thereof. In FIG. 2, for convenience of illustratio n, some
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of the plural first inspection wires 23a and some o
plural second inspection wires 23b are simply depic

inspection wires 23. Similarly, some of the plural

electrode pads 25a and some of the plural second

electrode pads 25b are simply depicted as electrode
25.

Referring back to FIG. 1, the frame unit 1
be described in more detail. A peripheral marginal
15B is present around the device area 15A on the fr
surface 11a side of the inspection substrate 11. T
the devices 15a and the inspection areas 15b are no
provided in this peripheral marginal area 15B. A n
11c indicating the crystal orientation of the wafer
formed on the outer circumference of the inspection
substrate 11. As a modification, the notch 11c may
replaced by any other mark such as an orientation f

The inspection substrate 11 is supported th
circular dicing tape 17 to a ring frame 19 having a
circular inside opening. The ring frame 19 is form
metal. The dicing tape 17 is an expandable film fo
resin. The dicing tape 17 has a laminated structur
composed of an adhesive resin layer (not depicted)
adhesion and a base resin layer (not depicted) havi

adhesion. The adhesive resin layer is formed of
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ultraviolet light curable resin, for example. The
adhesive resin layer is formed on the whole of one
of the base resin layer. When ultraviolet light is
applied to the adhesive resin layer, the adhesion o
adhesive resin layer is decreased, so that the dici
tape 17 can easily be peeled off from the inspectio
substrate 11. The inside opening of the ring frame
a diameter larger than that of the inspection subst
11 and smaller than that of the dicing tape 17. In
supporting the inspection substrate 11 through the
tape 17 to the ring frame 19, the inspection substr
is disposed in the inside opening of the ring frame
and the adhesive resin layer (upper surface as view
FIG. 1) of the dicing tape 17 is attached to the fr
surface 1la side (lower surface side as viewed in F
of the inspection substrate 11 and is also attached
one side (lower surface as viewed in FIG. 1) of the
frame 19. That is, the central portion of the dici
17 is attached to the front surface 1la side of the
inspection substrate 11, and the peripheral portion
the dicing tape 17 is attached to the ring frame 19
forming the frame unit 1.

There will now be described an inspecting m

for inspecting the laser beam for leakage light wit
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reference to FIGS. 3, 4, 5A, 5B, and 6. FIG. 6 is a
flowchart depicting the inspecting method. In the
inspecting method according to the first preferred
embodiment, the frame unit 1 is first held on a chu
table 12 included in a laser processing apparatus 1
depicted in FIG. 3 (holding step S10). FIG. 3 is a
partially sectional side view of the frame unit 1 a
laser processing apparatus 10. The laser processin
apparatus 10 has the chuck table 12 for holding the
unit 1. A disk-shaped porous plate (not depicted)
provided on the upper surface of the chuck table 12
porous plate is formed of porous ceramic, for examp
suction passage (not depicted) is formed inside the
table 12. The porous plate is connected through th
suction passage to a vacuum source (not depicted) s
an ejector for producing a vacuum. Accordingly, a
force can be generated on the upper surface (i.e.,
holding surface 12a) of the porous plate by the vac
produced from the vacuum source.

A plurality of clamp units 14 are fixed to
outer circumferential surface of the chuck table 12
example, four clamp units 14 are arranged at equal
intervals in the circumferential direction of the c

table 12. The clamp units 14 function to fix the r
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frame 19 of the frame unit 1 held on the chuck tabl e 12.

An X moving unit (not depicted) and a Y moving unit (not
depicted) are provided below the chuck table 12. T he X
moving unit has a ball screw mechanism for moving t he
chuck table 12 in the X direction depicted by an ar row X
in FIG. 3. Similarly, the Y moving unit has a ball screw

mechanism for moving the chuck table 12 in the Y
direction depicted by an arrow Y in FIG. 3, the hea d of
the arrow Y being pointed to the front side of the sheet

plane of FIG. 3. That is, the Y direction is

perpendicular to the X direction in a horizontal pl ane.
The X direction is composed of a +X direction point ed by
the head of the arrow X and a -X direction opposite to
the +X direction. Similarly, the Y direction is co mposed
of a +Y direction pointed by the head of the arrow Y and
a -Y direction opposite to the +Y direction. The c huck
table 12 is connected to a rotational drive source (not
depicted) such as a motor. Accordingly, the chuck table
12 is rotatable by the rotational drive source abou ta
vertical axis (the center axis of the chuck table 1 2)

substantially parallel to the Z direction (vertical
direction) depicted by an arrow Z in FIG. 3. The Z
direction is composed of a +Z direction pointed by the

head of the arrow Z and a -Z direction opposite to the +Z
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direction. A processing head 16 constituting a las

applying unit (not depicted) included in the laser
processing apparatus 10 is provided above the chuck

12. The processing head 16 functions to apply a pu
laser beam L toward the holding surface 12a in

direction substantially perpendicular thereto. The

laser beam L has a transmission wavelength to the

inspection substrate 11.

In the holding step S10, the frame unit 1 i
placed on the holding surface 12a of the chuck tabl
in the condition where the back surface 11b of the
inspection substrate 11 is oriented upward. Therea
the vacuum source is operated to apply a vacuum to
holding surface 12a. Further, the clamp units 14 a
operated to fix the ring frame 19 in position.
Accordingly, the front surface (second surface) 1la
of the inspection substrate 11 opposite to the back
surface (first surface) 11b is held under suction t
the dicing tape 17 on the chuck table 12.

Thereatfter, the laser beam L is applied to
surface (first surface) 11b of the inspection subst
11 along the streets 13 by using the laser processi

apparatus 10 (laser processing step S20). In the |

processing step S20, the rotational drive source
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connected to the chuck table 12 is operated to rota te the

chuck table 12 so that the streets 13-2 extending i n the
second direction B become parallel to the X directi on.
Thereafter, the X moving unit is operated to adjust the
position of the chuck table 12 so that the lower en d of
the processing head 16 is positioned above an exten sion

of a predetermined one of the streets 13-2 while

extending in the +X direction. Thereafter, the ver tical

position of the processing head 16 is adjusted so t hat
the focal point of the laser beam L is positioned i nside
the inspection substrate 11. Thereatfter, the laser beam L

is applied from the processing head 16 to the back

surface 11b of the inspection substrate 11.

Thereafter, the X moving unit is operated i n the
condition where the laser beam L applied to the bac k
surface 11b of the inspection substrate 11 is focus ed
inside the inspection substrate 11, thereby moving the

chuck table 12 in the +X direction. That is, the

processing head 16 is relatively moved in the -X

direction with respect to the chuck table 12, and t he
laser beam L is applied along this predetermined st reet
13-2 (first pass). As a result, a first modified | ayer

11d as a lowest layer near the front surface 1la is

formed inside the inspection substrate 11 along the
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predetermined street 13-2.

After performing the first pass, the proces
head 16 is raised in the +Z direction to upward shi
vertical position of the focal point toward the bac
surface 11b by a predetermined distance. Thereafte
chuck table 12 is moved in the -X direction along t
same predetermined street 13-2 while the laser beam
applied (second pass). As a result, a second modif
layer 11d as a second lowest layer is formed just a
the first modified layer 11d along the same predete
street 13-2. After performing the second pass, the
processing head 16 is further raised in the +Z dire
to upward shift the vertical position of the focal
toward the back surface 11b by the predetermined di
Thereafter, the chuck table 12 is moved in the +X
direction along the same predetermined street 13-2
the laser beam L is applied (third pass). As a res
third modified layer 11d as a third lowest layer is
formed just above the second modified layer 11d alo
same predetermined street 13-2.

Thereafter, a similar operation is repeated

apply the laser beam L as a fourth pass and the las

beam L as a fifth pass along the same predetermined

street 13-2, thereby forming a fourth modified laye
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and a fifth modified layer 11d inside the inspectio n

substrate 11 along the same predetermined street 13 -2.
Thereatfter, the application of the laser beam L is once
stopped. For example, the laser processing conditi ons in

applying the laser beam L are set as follows:
Wavelength of the laser beam L: 1342 nm
Repetition frequency of the pulses: 90 kHz
Average power: 1.9 W
Spot diameter: 10 pm to 20 um
Feed speed: 700 mm/s
Thereafter, the chuck table 12 is moved (in dexed)

in the Y direction (e.g., +Y direction) by a

predetermined index amount, thereby positioning the lower
end of the processing head 16 above the next street 13-2
adjacent to the above predetermined street 13-2 in the Y
direction (e.g., -Y direction). Thereafter, a simi lar
operation is repeated to apply the laser beams L as a
first pass to a fifth pass. This operation is repe ated
along all of the other streets 13-2 extending in th e
second direction B, thereby forming similar five mo dified
layers 11d inside the inspection substrate 11 along each
street 13-2. Thereafter, the chuck table 12 is rot ated 90
degrees to make the first direction A of the street s 13-1

parallel to the X direction. Thereafter, a similar
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operation is repeated to apply the laser beams L as
first pass to a fifth pass along each street 13-1.

result, similar five modified layers 11d are formed
inside the inspection substrate 11 along each stree

Thus, the five modified layers 11d are formed insid
inspection substrate 11 along each of all the cross
streets 13. The number of the modified layers 11d
each street 13 is not limited to five, and may be s

two or more.

In applying the laser beam L, there is a ca

which a part of the laser beam L may be refracted o

reflected to produce leakage light D (see FIG. 4) (

the light being deflected beyond the target area (t

street 13) to reach the adjacent device 15a). For

in forming the second modified layer 11d, a crack 1

formed so as to extend from the first modified laye

to the second modified layer 11d as depicted in FIG

so that a part of the laser beam L may be refracted

reflected by the crack 11le to produce the leakage |
FIG. 4 is an enlarged view of an enclosed a

FIG. 3. FIG. 4 depicts the leakage light D produce

forming the second modified layer 11d. When the le

light D having a predetermined level of energy

deflected beyond the street 13-2 to reach any one o
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first inspection wires 23a, in the inspection area 15b,

the first inspection wire 23a is damaged by the lea kage
light D to cause a break, for example. After perfo rming
the laser processing step S20, each inspection wire 23 is
thus checked for any break caused by the leakage li ght D
(leakage light checking step S30). Before performi ng the

leakage light checking step S30, another tape (not

depicted) is attached to the back surface (first su rface)
11b side of the inspection substrate 11, and ultrav iolet
light is next applied to the dicing tape 17 to redu ce the
adhesion of the adhesive resin layer of the dicing tape
17. Thereatfter, the dicing tape 17 is peeled off f rom the
inspection substrate 11 by using a peeling apparatu s (not
depicted).

Thereatfter, the leakage light checking step S30 is
performed. In the leakage light checking step S30, an
inspection jig (not depicted) such as a wafer probe ris

used to check each inspection wire 23 for any break

caused by the leakage light D. The inspection jig has a
plurality of probes adapted to come into contact wi th the
electrode pads 25. More specifically, a first prob e of
the inspection jig is brought into contact with the first

electrode pad 25a located at one end of the first

inspection wire 23a-1, and a second probe of the
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inspection jig is brought into contact with the fir

electrode pad 25a located at the other end of the f

inspection wire 23a-1. In this condition, current

applied between the first probe and the second prob
In the case where a part of the first inspe

wire 23a-1 is modified by the leakage light D to ca

remarkable decrease in the conductivity of the firs

inspection wire 23a-1, a current measurable in a

predetermined measurement range does not flow betwe
first probe and the second probe. Therefore, it ca
determined that the first inspection wire 23a-1 has
broken by the leakage light D. In contrast thereto
the case where a current of a predetermined value o
measurable in the predetermined measurement range f
between the first probe and the second probe throug
first inspection wire 23a-1, it can be determined t
the first inspection wire 23a-1 is not broken.

In this manner, it can be checked whether o
the first inspection wire 23a-1 has been broken, by
the inspection jig. Similarly, it can be checked w
or not the other first inspection wires 23a-2 to 23
and the second inspection wires 23b have been broke
Thus, such a continuity test is performed for each

inspection wire 23 to thereby check each inspection
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23 for any break caused by the leakage light D, so that

the position of each inspection wire 23 broken by t he
leakage light D can be identified. Accordingly, it is

possible to quantitatively evaluate the distance fr om the
street 13 where the influence of the leakage light Dis

exerted.

FIG. 5A is an enlarged plan view of an esse ntial
part of the device area 15A, depicting an example o f the
result obtained by performing the leakage light che cking
step S30. In FIG. 5A, an arrow E denotes the direc tion of
relative movement of the laser beam L with respect to the
chuck table 12. For example, the direction depicte d by
the arrow E is parallel to the X direction in the | aser

processing apparatus 10 depicted in FIG. 3. In the
example depicted in FIG. 5A, modified areas 27 gene rated
by the leakage light D are formed only in the inspe ction

area 15b on one side of the street 13-2 in the +A

direction. That is, the inspection wires 23 having the
modified areas 27 are broken. In the inspection ar ea 15b
on the other side of the street 13-2 in the -A dire ction,

the modified areas 27 are not formed.

There is a case in which the energy distrib ution of
the laser beam L may be deviated due to a deviation in
position between the center of the laser beam L and the
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optical axis of a lens in an optical system for app lying

the laser beam L or the center of a slit in this op tical
system. In this case, the leakage light D reaches an area
different from that depicted in FIG. 5A. FIG. 5B i S an
enlarged plan view of an essential part of the devi ce

area 15A, depicting another example of the result

obtained by performing the leakage light checking s tep
S30. In the example depicted in FIG. 5B, modified areas
27 generated by the leakage light D are formed in t he
inspection areas 15b on both sides of the street 13 -2 in

the first direction A (one side in the +A direction and

the other side in the -A direction). That is, the

inspection wires 23 having the modified areas 27 ar e
broken, and the other inspection wires 23 having no

modified areas 27 are not broken.

In this manner, a continuity test is perfor med by
using the inspection wires 23 provided in each insp ection
area 15b, thereby identifying the position of each
inspection wire 23 broken by the leakage light D.

Accordingly, it is possible to quantitatively evalu ate
the distance from the street 13 where the influence of
the leakage light D is exerted and the frequency of
production of the leakage light D. Further, the

conditions of application of the laser beam L can b e
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corrected on the basis of this quantitative evaluat

There will now be described an inspection s

11 according to a second preferred embodiment with

reference to FIG. 7. FIG. 7 is an enlarged plan vi
an essential part of a device area 15A according to

second preferred embodiment. In the device area 15

the inspection substrate 11 according to the second

preferred embodiment, plural inspection wires 23 ar
provided not only in each inspection area 15b but a
each street 13-2. More specifically, plural third
inspection wires 23c (23c-1, 23c-2, 23c-3, and 23c-
additionally provided in each street 13-2 interpose
between the adjacent inspection areas 15b. These p
third inspection wires 23c are spaced from each oth
a predetermined distance in the first direction A
perpendicular to the direction of extension of the
13-2.

The plural third inspection wires 23c have
length in the second direction B, which is also the
as the length of the first inspection wire 23a-1.
of third electrode pads 25c is provided at both end
each third inspection wire 23c. Each third electro
25c is the same as each first electrode pad 25a in

material, shape, and size. Further, plural fourth
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inspection wires 23d (23d-1, 23d-2, 23d-3, and 23d-
similarly provided in the street 13-2 so as to be s
a given distance from the plural third inspection w
23c in the second direction B. The plural fourth
inspection wires 23d are also spaced from each othe
predetermined distance in the first direction A
perpendicular to the direction of extension of the
13-2.

Similarly to the plural third inspection wi
the plural fourth inspection wires 23d have the sam
length in the second direction B, which is also the
as the length of the second inspection wire 23b-1.
of fourth electrode pads 25d is provided at both en
each fourth inspection wire 23d. Each fourth elect
pad 25d is the same as each second electrode pad 25
material, shape, and size. The plural third inspec
wires 23c form a third set 23C, and the plural four
inspection wires 23d form a fourth set 23D. To clo
arrange the third set 23C and the fourth set 23D, t
distance between the third electrode pad 25c and th
fourth electrode pad 25d adjacent to each other in
second direction B is set equal to the distance bet

the first electrode pad 25a of the first inspection

23a-1 and the second electrode pad 25b of the secon
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inspection wire 23b-1 adjacent to each other in the

second direction B. Further, plural third sets 23C and
plural fourth sets 23D are alternately arranged alo ng the
street 13-2.

As described above, the plural inspection w ires 23
(23c and 23d) are provided in each street 13-2 of t he
inspection substrate 11 according to the second pre ferred
embodiment. Accordingly, it is possible to quantit atively
evaluate the range in the street 13-2 where the inf luence
of the leakage light D is exerted. Further, accord ing to
the number of third and fourth inspection wires 23c and
23d broken by the leakage light D, it is possible t o]
calculate the frequency at which the leakage light D
reaches the third and fourth inspection wires 23c a nd 23d.
The arrangement of the third and fourth inspection wires
23c and 23d is not limited to that depicted in FIG. 7.
For example, the third and fourth inspection wires 23c
and 23d may be arranged continuously through the th ird

and fourth electrode pads 25c and 25d in the second

direction B. Further, the third and fourth inspect ion
wires 23c and 23d may also be provided in each stre et 13-
1 extending in the first direction A in addition to in

each street 13-2.

There will now be described an inspection s ubstrate
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11 according to a third preferred embodiment with
reference to FIG. 8. FIG. 8 is an enlarged plan vi
an essential part of a device area 15A according to
third preferred embodiment. In the device area 15A
inspection substrate 11 according to the third pref
embodiment, plural inspection wires 23 (correspondi
a modification of the first inspection wires 23a) a
provided in each inspection area 15b along each str
13-2. More specifically, plural fifth inspection w
23e (23e-1, 23e-2, 23e-3, 23e-4, and 23e-5) are pro
in each inspection area 15b so as to extend along e
street 13-2. The plural fifth inspection wires 23e
the same length in the second direction B, which is
substantially the same as the length of one side of
inspection area 15b in the second direction B. Bot
of each fifth inspection wire 23e are aligned in th
first direction A.

A pair of fifth electrode pads 25e is provi
both ends of each fifth inspection wire 23e. Furth
or more additional fifth electrode pads 25e are pro
on each fifth inspection wire 23e between both ends
thereof so as to be arranged at given intervals. T
additional fifth electrode pads 25e provided on eac

fifth inspection wire 23e are aligned in the first
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direction A. In other words, the positions of thes

additional fifth electrode pads 25e provided on eac

fifth inspection wire 23e in the second direction B

the same as the positions of those provided on its

adjacent fifth inspection wire 23e in the first dir
A. In FIG. 8, for convenience of illustration, som
the plural fifth inspection wires 23e are simply de
as inspection wires 23, and some of the plural fift
electrode pads 25e are simply depicted as electrode
25.

By using the inspection substrate 11 accord
the third preferred embodiment, a continuity test i
performed in such a manner that a first probe is br
into contact with one of any pair of fifth electrod
25e adjacent to each other in the second direction
each fifth inspection wire 23e, and a second probe
brought into contact with the other of this pair of
electrodes 25e. In this condition, a current is ap

between the first probe and the second probe. Acco

it is possible to check whether or not a break has

occurred in a part of the fifth inspection wire 23e
between this pair of fifth electrode pads 25e. Fur
according to the number of broken areas in the fift

inspection wires 23e, it is possible to calculate t
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frequency at which the leakage light D reaches the

inspection wires 23e.

As described above,

the inspection wires 23

according to the third preferred embodiment have th

length in the second direction B irrespective of th

distance from the street 13-2. Accordingly, in the

where the leakage light D reaches an area between t

first inspection wire 23a-5 and the second inspecti

wire 23b-5 adjacent to each other in the second dir

B in the first preferred embodiment, the leakage li

can reach the fifth inspection wire 23e-5 in the th

preferred embodiment. Accordingly, the frequency a

the leakage light D reaches the inspection wires 23

be calculated more accurately as compared with the

preferred embodiment.

In the third preferred embodiment, plural f

inspection wires 23e are similarly provided along f

sides of each rectangular inspection area 15b. Tha

assuming that the plural fifth inspection wires 23e

23e-5 form a fifth set 23E, the fifth set 23E is pr

along each of

the four

sides of each

inspection area 15b. More specifically, the fifth

rectangular

is provided along one side of each inspection area

as to extend in the second direction B. The fifth
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is further provided along another side opposite to
above one side in the first direction A. The fifth
23E is further provided along another side of the
inspection area 15b so as to extend in the first
direction A. The fifth set 23E is further provided
the remaining one side extending in the first direc
Accordingly, along all of the four sides of each
inspection area 15b, the frequency at which the lea
light D reaches the inspection wires 23 can be calc
according to the number of broken areas in the fift
inspection wires 23e. Also in the third preferred
embodiment, along all of the four sides of each
inspection area 15b, it is possible to quantitative
evaluate the distance from the street 13 where the
influence of the leakage light D is exerted.

The structure, method, etc. according to th
preferred embodiments may suitably be modified with
departing from the scope of the object of the prese
invention. For example, the layout of the inspecti
wires 23 and the shape and layout of the electrode
25 are not limited to those depicted in the drawing
example, the third inspection wires 23c and the fou
inspection wires 23d according to the second prefer

embodiment may be provided in each street 13 of the
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inspection substrate 11 according to the third pref erred
embodiment. Further, in each preferred embodiment

mentioned above, each inspection wire 23 is checked for
any break by determining whether or not a current

measurable in a predetermined measurement range flo WS
between the first probe and the second probe. As a

modification, a change in resistance in each inspec tion
wire 23 may be measured to determine whether or not each

inspection wire 23 is partially damaged or broken.

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 | S:

1. An inspection substrate for use in insp
laser beam for leakage light, the laser beam having
transmission wavelength to the inspection substrate
inspection substrate comprising:

a first surface to which the laser beam is
applied;

a second surface opposite to the first surf

a street set on the second surface;

a plurality of first inspection wires provi
the second surface so as to extend along the street
plurality of first inspection wires being located a
different distances from the street; and

a plurality of first electrode pads provide
each of the plurality of first inspection wires so
be spaced from each other in a direction along the

2. The inspection substrate according to ¢
further comprising:

a plurality of second inspection wires prov
the second surface so as to extend along the street
plurality of second inspection wires being spaced f
the plurality of first inspection wires along the s
the plurality of the second inspection wires being

located at different distances from the street.
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3. An inspecting method for inspecting a |
beam for leakage light by using an inspection subst
the laser beam having a transmission wavelength to
inspection substrate, wherein

the inspection substrate includes

a first surface to which the laser
to be applied,

a second surface opposite to the fi
surface,

a street set on the second surface,

a plurality of first inspection wir
provided on the second surface so as to extend alon
street, the plurality of first inspection wires bei
located at different distances from the street, and

a plurality of first electrode pads
on each of the plurality of first inspection wires
to be spaced from each other in a direction along t
street, and

the inspecting method includes

a holding step of holding the secon
side of the inspection substrate on a chuck table,

a laser processing step of applying

laser beam to the first surface of the inspection

substrate along the street after performing the hol
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step, thereby forming a modified layer inside the
inspection substrate along the street, and

a leakage light checking step of br
probe into contact with each of the first electrode
after performing the laser processing step, thereby
determining whether or not each first inspection wi
been broken by the leakage light and checking for t

leakage light.
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