DETECTI ON METHOD OF TRANSM SSI ON LASER BEAM

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a detection nethod
of a transm ssion |aser beam for detecting, when a |aser
beam of a wavel ength having a transparency to a workpi ece
is irradiated upon the workpiece, the |aser beam having
passed through the workpi ece.

Description of the Related Art

A processing nmethod is known wherein a |aser beam
of a wavelength having a transparency to a plate-shaped
wor kpi ece such as a sem conductor wafer or an optical
device wafer is irradiated upon the workpiece with a
focal point thereof positioned in the inside of the
wor kpiece to form a nodified layer, which serves as a
start point of break, in the inside of the workpiece and
then external force is applied to the workpiece to divide
the workpiece into individual chips. |In this processing
nmet hod, although alnost all of the |aser beamis absorbed
in the inside of the workpiece, so-called leak |ight
appears which passes to a second face of the workpiece on
the opposite side to an irradiation face (first face) of
the workpiece by the |aser beam (for exanple, refer to

Japanese Patent Laid-Open No. 2012-59989).
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A laser beam is oscillated by a l|laser oscillator
and irradi ated upon a workpiece through an optical system
which is configured from various optical parts, and a
condenser. However, dependi ng upon setting of the optica
system a cross section of a |laser beam sonetines
exhibits a distorted intensity distribution asymmetric in
the radial direction. If such a laser beam as |ust
described is used to process a workpiece, then a nodified
| ayer which is less liable to break may be fornmed or the
appearance range of leak light nmay expand to such a
degree that the leak light protrudes from a schedul ed

division line and has a bad i nfluence on a device.

SUMVARY OF THE | NVENTI ON

Conventional ly, si nce | eak I'ight cannot be
confirmed directly, the influence of Ileak light 1is
confirmed from a fraction defective of device chips.
However, since evaluation of electric characteristics of
each device chip requires a very great nunber of man-
hours, it is not easy to confirmthe state of leak |ight.

Therefore, it is an object of the present invention
to provide a detection nmethod of a transm ssion |aser
beam by which the state of l|eak light can be confirnmed
readily at a | ow cost.

In accordance wth an aspect of +the present

invention, there is provided a detection method of a
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transm ssion |aser beam for irradiating a |aser beam of a
wavel ength having a transparency to a plate-shaped
wor kpi ece having a first face and a second face opposite
to the first face upon the workpiece fromthe first face
side with a focal point of the |aser beam positioned in
the inside of the workpiece to detect |aser beam which
has passed through the workpiece to the second face side.
The detection nethod includes: a photosensitive sheet
positioning step of holding the workpiece on a holding
face of a chuck table with a photosensitive sheet, which
has a photosensitive |ayer, interposed therebetween such
that the photosensitive layer is opposed to the second
face of the workpiece; a l|laser beam irradiation step of
irradiating, after the photosensitive sheet positioning
step is perfornmed, the laser beam from the first face
side of +the workpiece; and a confirmation step of
confirmng, after the laser beam irradiation step is
perforned, a state of transmssion |aser beam from a
phot osensi tive reaction regi on f ormed in t he
phot osensitive | ayer of the photosensitive sheet.

Preferably, at the photosensitive sheet positioning
step, the photosensitive sheet is adhered to the second
face of the workpiece with a layer of liquid, which has a
transparency, interposed therebetween.

According to the present invention, by observing

the photosensitive sheet after the |aser beam is
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irradiated upon the workpiece from the first face side
with the photosensitive |ayer of the photosensitive sheet
positioned so as to be opposed to the second face of the
wor kpi ece, the state of the transm ssion |aser beam (| eak
light) when the |aser beam is irradiated upon the first
face of the workpiece can be confirnmed readily and
besides at a |ow cost. As a result, selection of
processing conditions by which leak Ilight can Dbe
suppressed can be perfornmed efficiently.

Dependi ng upon the type of the photosensitive |ayer,
the energy distribution of leak |ight can be confirned
from a variation in color of the photosensitive |ayer.
Therefore, the detection nethod of a transm ssion |aser
beam of the present invention can be applied to a check
of the energy distribution of a l|aser beam irradiated
upon a workpiece, and is very effective also for
adj ust ment of setting of an optical system

The above and other obj ect s, features and
advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the following description and the appended clains wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view of a |aser processing
apparatus suitable to perform a detection nethod of a
transm ssion |aser beam according to the present
i nventi on;

FIG 2 is a block diagram of a |aser beam
generation unit;

FIG 3 is a perspective view of the front face side
of a sem conductor wafer;

FI G 4A  is an expl oded per spective Vi ew
illustrating a photosensitive sheet positioning step;

FIG 4B is a perspective view illustrating the
phot osensi ti ve sheet positioning step;

FIG 5 is a sectional view depicting a |aser beam
i rradi ati on step;

FIG 6A is a plan view depicting an exanple of a
phot osensitive reaction of a photosensitive |ayer by |eak
li ght;

FIG 6B is a view depicting an energy distribution
of |leak light;

FIG 7A is a plan view depicting another exanple of
a photosensitive reaction of a photosensitive |ayer by
| eak light; and

FIG 7B is a view depicting an energy distribution

of |leak light.



DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

In the following, an enbodinent of the present
invention is described in detail with reference to the
dr awi ngs. Referring to FIG 1, there is shown a
perspective view of a laser processing apparatus 2
suitable to perform a detection nethod of a transm ssion
| aser beam according to the present invention. The |aser
processing apparatus 2 includes a first slide block 6
mounted for novenent in an X-axis direction on a
stationary base 4. The first slide block 6 is noved in a
processing feeding direction, nanely, in the X-axis
direction, along a pair of guide rails 14 by processing
feeding nmeans 12 configured from a ball screw 8 and a
st eppi ng not or 10.

A second slide block 16 is nounted for novenent in
a Y-axis direction on the first slide block 6. I'n
particular, the second slide block 16 is noved in an
indexing direction, nanely, in the Y-axis direction,
along a pair of guide rails 24 by indexing feeding neans
22 configured from a ball screw 18 and a stepping notor
20. A chuck table 28 is nmounted on the second slide bl ock
16 through a cylindrical support nenber 26 such that the
chuck table 28 is rotatable and is novable in the X-axis
direction and the Y-axis direction by the processing
feedi ng neans 12 and the indexing feedi ng neans 22.

A clanp 30 is provided on the chuck table 28 such
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that it clanps an annular frame which supports a
sem conduct or wafer held under suction by the chuck table
28 through a dicing table. A colum 32 is provided
uprightly on the stationary base 4, and a |aser beam
irradiation unit 34 is attached to the colum 32. The
| aser beam irradiation unit 34 includes a |aser beam
generation wunit 35 accommpdated in a casing 33, an
optical system 68 and a condenser 36 attached to an end
of the casing 33 as depicted in FIG 2.

The | aser beam generation unit 35 includes a | aser
oscillator 62 which oscillates a YAG laser or a YVOX
| aser, repetition frequency setting neans 64, and pul se
wi dth adjustnent neans 66. Though not particularly
depicted, the |laser oscillator 62 has a Brewster w ndow,
and a laser beam emtted fromthe |aser oscillator 62 is
that of linearly polarized Iight.

A pulse |aser beam LB oscillated from the |[aser
oscillator 62 of the |aser beam generation unit 35 has a
wavel engt h having a transparency to a sem conductor wafer
11 depicted in FIG 3 and has, for exanple, a wavelength
of 1064 nm The pulse |aser beam LB oscillated from the
| aser oscillator 62 of the |aser beam generation unit 35
passes through the optical system 68 configured from a
plurality of optical parts and is made incident to the
condenser 36. The pulse |laser beam LB nmade incident to

the condenser 36 is reflected by a mrror 70, passes
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through a pinhole 73 of a mask 72 and is irradi ated upon
the sem conductor wafer 11 held on the chuck table 28 by
a condensing |l ens 74.

Referring back to FIG 1, an inmage pickup unit 38
is disposed at an end portion of the casing 33 such that
it detects a processing region to be |aser-processed in
an aligned relationship in the X-axis direction with the
condenser 36. The image pickup unit 38 includes an imge
pi ckup elenent such as an ordinary CCD elenent for
picking up an inmage of a processing region of a
sem conductor wafer by visible |ight. The i mge pickup
unit 38 further includes infrared irradiation neans for
irradiating infrared rays on the sem conductor wafer, an
optical system for capturing the infrared rays irradiated
by the infrared irradiation neans, and infrared inmage
pi ckup means configured from an infrared inmage pickup
el enent such as an infrared CCD el ement which outputs an
el ectric signal corresponding to the infrared rays
captured by the optical system The picked up inmage is
transmtted to a controller (control neans) 40.

The controller 40 is configured froma conputer and
includes a central processing unit (CPU) 42 for
performng arithmetic operation processing in accordance
with a control program a read-only nmenmory (ROM 44 in
which the control program and so forth are filed, a

readabl e and writable random access nmenory (RAM 46 into
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which arithnmetic operation results and so forth are filed,
a counter 48, an input interface 50 and an output
Interface 52.

Processing feeding anount detection neans 56 is
configured from a linear scale 54 disposed along the
guide rails 14 and a reading head not depicted disposed
on the first slide block 6. A detection signal of the
processi ng feeding anbunt detection neans 56 is inputted
to the input interface 50 of the controller 40.

I ndexing feeding anobunt detection mneans 60 is
configured from a linear scale 58 disposed along the
guide rails 24 and a reading head not depicted disposed
on the second slide block 16. A detection signal of the
i ndexi ng feeding anmobunt detection nmeans 60 is inputted to
the input interface 50 of the controller 40.

Also an image signal picked up by the inage pickup
unit 38 is inputted to the input interface 50 of the
controller 40. From the output interface 52 of the
controller 40, <control signals are outputted to the
stepping notor 10, stepping notor 20, | aser beam
irradiation unit 34 and so forth.

Referring to FIG 3, there is shown a perspective
view of a front face side of the sem conductor wafer 11
as an exanple of a plate-shaped workpiece which is a
processing target of the | aser processing apparatus 2. On

a front face 1l1a of the sem conduct or waf er 11
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(hereinafter referred to sonetines as wafer sinply),
devices 15 such as ICs or LSIs are forned in regions
partitioned by a plurality of scheduled division |ines
(streets) 13 formed in a grating pattern. The
sem conductor wafer 11 has a device region 17 in which
the plurality of devices 15 are forned, and a peripheral
redundant region 19 surrounding the device region 17. On
an outer periphery of the sem conductor wafer 11, a notch
21 is forned which serves as a mark indicative of a
crystal orientation of the sem conductor wafer 11 forned
fromsilicon

In the follow ng, a detection nethod of a
transm ssion |aser beam according to the enbodi nent of
the present invention by the |aser processing apparatus 2
configured in such a manner as described is described
with reference to FIGS. 4A to 7B. In the transm ssion
| aser beam detection nethod of the present enbodinent, a
phot osensitive sheet positioning step of holding the
sem conductor wafer 11 under suction by the chuck table
28  of the [|aser processing apparatus 2 wth a
phot osensitive sheet 23 interposed therebetween while a
phot osensitive layer 27 forned on a base material 25 of
the photosensitive sheet 23 is first opposed to the front
face (second face) 1lla of the sem conductor wafer 11 as
depicted in FIGS. 4A and 4B i s perforned.

At the photosensitive sheet positioning step, the
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phot osensitive | ayer 27 of the photosensitive sheet 23 is
adhered to the front face (second face) 1lla of the
sem conductor wafer 11 with a layer of liquid, which has
transparency, interposed therebetween as depicted in FlIG
4A, and the base material 25 of the photosensitive sheet
23 is pasted to a dicing sheet T attached at its outer
periphery to an annular frane F as depicted in FIG 4B

Consequent | vy, the sem conduct or waf er 11 is
supported on the annular frane F with the photosensitive
sheet 23 and the dicing sheet T interposed therebetween
and a rear face (first face) 11b of the sem conductor
wafer 11 is exposed. As the |layer of transparent |iquid,
a water-soluble resin can be used. As the photosensitive
sheet 23, for exanple, an alignnent sheet ZAP-IT
manuf act ured by KENTEK CORP and conpatible with 5 ml/cn?f
to 20 J/cnf can be used.

After the photosensitive sheet positioning step is
performed, a laser beam irradiation step of irradiating
the pulse laser beam LB of a wavelength having a
transparency to the sem conductor wafer 11 with the foca
point P thereof positioned in the inside of the
sem conductor wafer 11 from the rear face (first face)
11b side of the sem conductor wafer 11 as depicted in FIG
5 is perforned. The pulse |aser beam LB having a
transparency to the semconductor wafer 11 has a

wavel engt h of, for exanple, 1064 nm
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If the chuck table 28 is processing fed in the
direction of an arrow mark X1 while the pul se | aser beam
LB is irradiated from the rear face 11b side of the
sem conductor wafer 11 with the focal point P thereof
positioned in the inside of the sem conductor wafer 11,
then a nodified layer 29 is forned in the inside of the
sem conduct or waf er 11 by rmultiphoton absorption.
Al though major part of the pulse laser beam LB is
absorbed at the focal point P, part of the pulse |aser
beam LB is enmtted as leak light (transm ssion |[aser
beam) 31 from the front face (second face) 1lla of the
sem conductor wafer 11.

The photosensitive |ayer 27 of the photosensitive
sheet 23 adhered to the front face (second face) 1lla of
the sem conductor wafer 11 reacts wth the leak |ight 31,
and consequently, a photosensitive reaction region 27a is
formed in the photosensitive |ayer 27. The photosensitive
reaction region 27a is fornmed symretrically in the Y axis
direction with respect to the center of the leak light 31
as depicted in FIG 6A In FIG 6A, a blank portion
indicates a region in which the intensity distribution of
leak light is high while a gray portion indicates a
region in which the intensity distribution of |eak |ight
is |ow In particular, as depicted in FIG 6B, the
intensity distribution in a cross section of the

transm ssion | aser beam (leak light) 31 is symetrical in
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a radial direction with respect to the center of the |eak
light 31. In this case, the pulse laser beam LB is
irradiated upon the sem conductor wafer 11 wth the
center thereof aligned with the center of the pinhole 73
formed on the mask 72. Consequently, the optical system
68 is set optimally.

On the other hand, if the intensity distribution of
the leak light 31 is one-sided as depicted in FIG 7B
then the photosensitive reaction region 27a of the
phot osensitive | ayer 27 exhibits such a state as depicted
in FIG 7A and the state of the leak light 31 can be
confirmed by observing the photosensitive reaction region
27a. Were the intensity distribution of |eak 1ight
(transm ssion |laser bean) is not synmmetrical with respect
to the center of the leak light 31 in this manner, it can
be decided that this arises fromthe fact that the center
of the pulse laser beam LB irradiated upon the
sem conductor wafer 11 is not aligned wth the center of
the pinhole 73 formed on the mask 72. Therefore, the
optical parts of the optical system 68 are adjusted so
that the center of the pulse laser beam LB is aligned
with the center of the pinhole 73.

After the setting of the optical parts of the
opti cal system 68 is adjusted, the photosensitive
reaction region 27a of the photosensitive layer 27 is

observed again. Thus, adjustnent of the optical system 68
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Is repeated until the intensity distribution of the |eak
light 31 becones symetrical in a radial direction wth
respect to the center of the |eak |ight 31.

In the foregoing description of the enbodi nent, an
exanpl e wherein the detection nethod of a transn ssion
| aser beam of the present invention is applied to the
sem conductor wafer 11 is described. However, the
workpiece is not limted to the sem conductor wafer 11,
and the detection nethod of a transm ssion |aser beam of
the present invention can be applied simlarly to other
pl at e- shaped wor kpi eces such as an optical device wafer
Further, the detection nmethod of a transmi ssion |aser
beam of the present invention can be used also for
confirmation of msalignment between various optica
parts and a |laser beam in addition to the positioning
confirmati on between a | aser beam and a pi nhol e.

The present invention is not limted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clainms and all
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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VWHAT IS CLAIMED | S:

1. A detection method of a transm ssion |aser beam
for irradiating a |aser beam of a wavelength having a
transparency to a plate-shaped workpiece having a first
face and a second face opposite to the first face upon
the workpiece fromthe first face side with a focal point
of the |aser beam positioned in the inside of the
wor kpi ece to detect |aser beam which has passed through
t he workpiece to the second face side, conprising:

a photosensitive sheet positioning step of holding
the workpiece on a holding face of a chuck table wth a
phot osensitive sheet, which has a photosensitive |ayer,
I nterposed therebetween such that the photosensitive
| ayer is opposed to the second face of the workpiece;

a laser beamirradiation step of irradiating, after
the photosensitive sheet positioning step is perforned,
the laser beamfromthe first face side of the workpiece;
and

a confirmation step of confirmng, after the |aser
beam irradiation step is perforned, a state of
transm ssion |aser beam from a photosensitive reaction
region formed in the photosensitive layer of the
phot osensi ti ve sheet.

2. The detection nmethod of a transm ssion |aser
beam according to claim 1, wherein, at the photosensitive

sheet positioning step, the photosensitive sheet is
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adhered to the second face of the workpiece with a |ayer
of ['iquid, which has a transparency, i nt er posed

t her ebet ween.
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