PROTECTI VE FI LM AGENT FOR LASER DI CI NG

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a protecti ve film
agent for laser dicing applied to a workpiece in th e case
of processing the workpiece by irradiation with a | aser
beam, a manufacturing method of a protective film a gent
for laser dicing, and a method for processing a wor kpiece

using a protective film agent for laser dicing.

Description of the Related Art

Device chips including devices such as elec tronic
circuits are mounted on pieces of electronic equipm ent
typified by mobile phones and personal computers. For
example, the device chips are manufactured by divid ing a
workpiece including a semiconductor material such a S
silicon into plural regions along planned dividing lines.
For example, the workpiece is divided by carrying o ut
ablation processing of the workpiece by a laser bea m with
such a wavelength as to be absorbed by the workpiec e.
However, at the time of the ablation processing, a melt

of the workpiece becomes debris and is scattered to
adhere to the front surface of the workpiece, so th at the

quality of the device chips after the dividing ofte n



lowers. Therefore, a technique is known in which d

is prevented from directly adhering to the front su

of a workpiece by forming a protective film includi
water-soluble resin, an ultraviolet absorber, and s
forth on the front surface of the workpiece before
ablation processing is carried out for the workpiec
example, refer to Japanese Patent Laid-open No. 200
140311).

Making the protective film contain the ultr
absorber have plural advantages. First, when the f
surface side of a workpiece on which the protective
is formed is irradiated with a laser beam having a
wavelength in the ultraviolet band, the ultraviolet
absorber absorbs the laser beam and the protective
is subjected to ablation processing earlier than th
workpiece. Due to this, film separation of the pro
film occurs less readily compared with the case in
the workpiece is subjected to the ablation processi
through absorption of the laser beam earlier than t
protective film. Secondly, it can be checked wheth
not the protective film is formed on the front surf
the workpiece by utilizing property that the ultrav
absorber absorbs ultraviolet rays and emits light

(fluorescence). In addition, whether or not the
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protective film is evenly formed on the front surfa ce of
the workpiece can be evaluated based on the distrib ution

status of the light emitting region.

SUVMMARY OF THE | NVENTI ON
Incidentally, when a protective film agent
containing the ultraviolet absorber is stored in a tank
or the like for a long period, functions of the
ultraviolet absorber, such as absorption characteri stics
of ultraviolet rays and luminescence characteristic S,
lower over time. For example, functions of the

ultraviolet absorber lower in a comparatively-short

period under light exposure conditions, high-temper ature
conditions, or alkaline conditions. As a result, t here
are problems that film separation of the protective film
occurs more readily at the time of ablation process ing
and it becomes difficult to check whether or not th e

protective film exists by using fluorescence and to

evaluate whether or not the protective film is even ly
formed. The present invention is made in view of s uch
problems and intends to provide a protective film a gent
for laser dicing with which functions of the protec tive
film agent containing an ultraviolet absorber lower less
readily over time compared with protective film age nts of
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the related art.

In accordance with an aspect of the present
invention, there is provided a protective film agen
laser dicing including a solution in which at least
water-soluble resin, an organic solvent, and an
ultraviolet absorber are mixed. Content of Na of t
solution is equal to or lower than 100 ppb in weigh
ratio.

Preferably, the solution further includes a
antioxidant.

Furthermore, preferably the antioxidant is
or both an ascorbic acid and an ascorbic acid deriv

Moreover, preferably, the solution includes
antioxidant whose content is lower than 0.05 wt%.

In accordance with another aspect of the pr
invention, there is provided a manufacturing method
protective film agent for laser dicing. The manufa
method includes a solution preparation step of prep
a solution in which at least a water-soluble resin,
organic solvent, and an ultraviolet absorber are mi
and an ion-exchange treatment step of carrying out
exchange of Na ions in the solution by using a cati
exchange resin.

In accordance with another aspect of the pr
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invention, there is provided a processing method of
workpiece using a protective film agent for laser d
The processing method includes a protective film fo
step of forming a protective film through applying
protective film agent for laser dicing that include
solution in which at least a water-soluble resin, a
organic solvent, and an ultraviolet absorber are mi
and in which content of Na of the solution is equal
lower than 100 ppb in weight ratio on a front surfa
side of the workpiece having, on the front surface
thereof, a device region in which a device is dispo
each of a plurality of regions marked out by a plur
of planned dividing lines that intersect and a peri
surplus region that surrounds the device region. T
processing method includes also a laser processing
of irradiating the front surface side of the workpi

after the protective film forming step with a laser

with such a wavelength as to be absorbed by the wor

and processing the workpiece along the plurality of
planned dividing lines and a cleaning step of clean
the front surface side of the workpiece after the |
processing step.

The protective film agent for laser dicing

according to the one aspect of the present inventio
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includes the solution in which at least the water-s oluble

resin, the organic solvent, and the ultraviolet abs orber
are mixed and the content of sodium (Na) of this so lution
is equal to or lower than 100 ppb in weight ratio. As
above, by sufficiently decreasing the content of Na , the
protective film agent for laser dicing can be imple mented
in which functions of the ultraviolet absorber such as

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

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is an outline diagram of an ion-exch ange
system;
FIG. 2A is an absorption spectrum of a prot ective

film agent in working example 1;
FIG. 2B is an absorption spectrum of a prot ective

film agent in working example 2;



FIG. 2C is an absorption spectrum of a prot
film agent in comparative example 1;

FIG. 3 is a first experimental result obtai
measuring time change in the absorbance at a wavele
420 nm;

FIG. 4 is a second experimental result obta
measuring time change in the absorbance at the wave
420 nm;

FIG. 5A is a perspective view of a workpiec

FIG. 5B is a sectional view in which part o
workpiece is enlarged;

FIG. 6 is a perspective view of a frame uni

FIG. 7A is a diagram illustrating a protect
forming step;

FIG. 7B is a sectional view in which part o
workpiece on which a protective film is formed is
enlarged; and

FIG. 8 is a diagram illustrating a laser pr

step.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

An embodiment according to one aspect of th
present invention will be described with reference

accompanying drawings. First, a protective film ag

e
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laser dicing (hereinafter referred to simply as
protective film agent) will be described. The prot
film agent includes a solution in which at least a
soluble resin, an organic solvent, and an ultraviol
absorber are mixed. The content of sodium (Na) in
solution is suppressed to be equal to or lower than
parts per billion (ppb) in weight ratio (i.e., 100
wit%). By setting the content of Na in the protecti
agent to 100 ppb or lower, discoloration of the
protective film agent can be suppressed.

The water-soluble resin is polyvinylpyrroli
polyvinyl alcohol, polyethylene glycol, polyethylen
oxide, methyl cellulose, ethyl cellulose, hydroxypr
cellulose, polyacrylic acid, poly-N-vinylacetamide,

polyglycerin, for example. Furthermore, one kind o

material in the above-described materials may be us

alone or a material obtained by combining two or mo

kinds of the materials may be used.

The organic solvent is an organic compound
dissolving substances such as the ultraviolet absor
The organic solvent is alkylene glycol monoalkyl et
alkylene glycol, or alkylene glycol monoalky! ether

acetate, for example. As one example of alkylene g

monoalkyl ether, propylene glycol monomethyl ether
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cited.

The ultraviolet absorber is a cinnamic acid
derivative, for example. As one example of the cin
acid derivative, ferulic acid (i.e., 4-hydroxy-3-
methoxycinnamic acid) is cited. The cinnamic acid
derivative may be isoferulic acid, caffeic acid,
sinapinic acid, or chlorogenic acid.

The present applicant has found that, when
protective film agent discolors over time, function
the ultraviolet absorber, such as absorption
characteristics of ultraviolet rays and luminescenc
characteristics, lower. Against this, the present
applicant has further found that the discoloration
protective film agent can be suppressed by setting
content of Na in the protective film agent to 100 p
lower. One of the reasons for the discoloration of
protective film agent will be because the structure
the ultraviolet absorber changes. For example, in
case of using the ferulic acid as the ultraviolet
absorber, the ferulic acid of monomers captures Na
changes to dimers possibly but the ratio of the num
monomers of the ferulic acid that change to dimers
total number of monomers of the ferulic acid can be

reduced by setting the content of Na in the protect
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film agent to 100 ppb or lower.

The respective monomers of isoferulic acid
caffeic acid also capture Na and change to dimers
similarly. Therefore, the ratio of monomers that c
to dimers can be reduced by decreasing the content
in the protective film agent. Also regarding sinap
acid and chlorogenic acid, it is inferred that the
of monomers that change to dimers can be reduced
similarly by decreasing the content of Na in the
protective film agent. As above, when the ultravio
absorber changes to the form of dimers, the light
absorption characteristics of the protective film a
will change and the protective film agent will disc
Furthermore, the ultraviolet absorber will exert th
absorption function of ultraviolet rays, the lumine
function, and so forth in the form of monomers. Ho
when the ultraviolet absorber changes to the form o
dimers, functions such as the absorption characteri
of ultraviolet rays and the luminescence characteri
will lower.

The solution of the protective film agent m
further contain an antioxidant. Although details a
unclear, by adding an appropriate amount (for examp

larger than 0 wt% and smaller than 0.05 wt%) of
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antioxidant to the protective film agent, the struc ture

change of the compound that functions as the ultrav iolet
absorber can be suppressed compared with the case o f
adding the antioxidant whose content exceeds 0.05 w t%.
That is, the stability in the monomers of the ultra violet
absorber is improved. Therefore, the discoloration of the
protective film agent can be suppressed. The antio xidant

is one of or both ascorbic acid and ascorbic acid

derivative. As the antioxidant, L-ascorbic acid (i .e.,
vitamin C), D-araboascorbic acid, ethyl ascorbic ac id,
and ascorbic acid 2-glucoside may be each used alon e or
any two or more kinds of the materials may be used in
combination.

Next, a manufacturing method of the protect ive film
agent will be described. First, a first solution o btained
by dissolving a solid water-soluble resin in purifi ed
water and a second solution obtained by dissolving a
solid ultraviolet absorber in an organic solvent ar e
prepared. Subsequently, by mixing the first soluti on and

the second solution, a solution in which the water-

soluble resin, the organic solvent, and the ultravi olet
absorber are mixed is prepared (solution preparatio n
step). An antioxidant may be further mixed into th e
solution. After the solution preparation step, Na ions in
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the solution are reduced by treating the solution b
using an ion-exchange system 1 (ion-exchange treatm
step). A solution (i.e., protective film agent) wh
content is thereby equal to or lower than 100 ppb i
weight ratio is manufactured.

The ion-exchange system 1 used for the
manufacturing of the protective film agent will be
described. FIG. 1 is a schematic diagram of the io
exchange system 1. In FIG. 1, part of constituent
elements is illustrated in a simplified manner by |
blocks, symbols, and so forth. The ion-exchange sy
has a process pump 2 that sucks and discharges a li

by using air. In the present manufacturing method,

process pump made by SMC Corporation (model PA3410)

used as the process pump 2, for example. Air is su
from an air supply source 4 to an air supply port 2
the process pump 2. An air filter 6, a reducing va
(not illustrated), and a three-port electromagnetic
(not illustrated) are disposed between the air supp
source 4 and the air supply port 2a in that order f
the side of the air supply source 4, and the air ad
to a predetermined pressure is supplied to the air
port 2a. The air after use is exhausted from an ai

exhaust port 2b to the external through a silencer
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illustrated).

A first tank 8 in which, for example, 400 |
(L) of the solution prepared in the solution prepar
step is stored is connected to an intake port 2c of
process pump 2. An intake port of a throttle valve
illustrated) is connected to a discharge port 2d of
process pump 2. Moreover, two columns (first colum
and second column 10b) each filled with an ion-exch
resin are connected in parallel to a discharge port
the throttle valve. As each column, a cartridge ma
Muromachi Chemicals Inc. (model MR-5) is used, for
example.

Furthermore, each column is filled with 4 k
Muromac (registered trademark in Japan) XSC-1614-H
by Muromachi Chemicals Inc. as the ion-exchange res
for example. This ion-exchange resin is a cation-e
resin and has a function of carrying out ion exchan
between hydrogen ions and other cations in the prot
film agent through discharging of hydrogen ions and
capturing of other cations (for example, Na ions, ¢
(Cu) ions, iron (Fe) ions) by sulfo groups in the r
The flow rate of the fluid that flows in the thrott
valve is set to 2.0 L/min, for example. At this ti

pressure in the throttle valve is 0.39 MPa, for exa
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The protective film agent subjected to the ion exch
by the first column 10a and the second column 10b i
discharged to a second tank 12 at a flow rate of 2.
L/min, for example.

Next, working example 1 and working example
the present manufacturing method will be described
detail. In the solution preparation step of workin
example 1 and working example 2, as indicated in Ta
to be described below, solutions were prepared by u
polyvinylpyrrolidone, ferulic acid, propylene glyco
monomethyl ether, and water. The solution in worki
example 1 was made to contain 0.0025 wt% of ascorbi
as an antioxidant, whereas the solution in working
example 2 was not made to contain the ascorbic acid
Furthermore, as comparative example 1, the solution
the same conditions as working example 2 was prepar
Moreover, the solutions in working example 1 and wo
example 2 were treated by using the above-described
exchange system 1 (ion-exchange treatment step).
Protective film agents whose Na content was reduced
thereby manufactured. In comparative example 1, th
solution whose Na content was not reduced was dealt
as the protective film agent.

Thereafter, the Na content of each of the
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protective film agents in working example 1 and wor king
example 2 after the ion-exchange treatment and the
protective film agent in comparative example 1 was
analyzed by using Agilent 7700x ICP-MS, which was a n
inductively coupled plasma-mass spectrometer (ICP-M S)
made by Agilent Technologies, Inc. As indicated in Table
1, the Na content of the protective film agents in
working example 1 and working example 2 after the i on-
exchange treatment was 45 ppb in weight ratio. In
contrast, the Na content of the protective film age nt in
comparative example 1, for which the ion-exchange
treatment had not been performed, was 310 ppb in we ight
ratio. As above, the Na content of the protective film
agents became lower than 1/6 through the ion-exchan ge
treatment. Furthermore, the pH of the protective f iIm
agents in working example 1 and working example 2 w as4.1
before the ion-exchange treatment and became 3.2 af ter
the ion-exchange treatment. The Cu content and the Fe
content did not greatly change through the ion-exch ange
treatment and therefore description thereof is omit ted in
Table 1.
[Table 1]
Working Working Comparative

example 1 example 2 example 1

Polyvinylpyrrolidone .40 W% 640 W%  6.40 Wt%

(water-soluble resin)
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Ferulic acid

(ultraviolet 0.30 wt% 0.30 wt% 0.30 wt%
absorber)
Propylene glycol
monomethyl ether 14.00 wt% 14.00 wt%  14.00 wt%
(organic solvent)
Ascorbic acid 0 Not Not
(antioxidant) 0.0025 wi% contained contained

All the All the All the
Water

rest rest rest
Total 00.00 wt% 100,00 wt% 100.00 wt%
lon-exchange Performed  Performed Not
treatment performed
Na content of
protective film agent 45 ppb 45 ppb 310 ppb

Next, an accelerated test was carried out b y using

the protective film agents in working example 1 and
working example 2 after the ion-exchange treatment and
the protective film agent in comparative example 1, for
which the ion-exchange treatment had not been perfo rmed.
In consideration of the fact that functions of the
ultraviolet absorber lower readily under a high-
temperature condition particularly, each protective film
agent was stored in a tank made of polyethylene (so -
called plastic container) in an environment that wa s at
40°C and was shielded from light and thereafter the
absorbance of each protective film agent was measur ed.
For the measurement of the absorbance, an ultraviol et and

visible spectrophotometer (UV-2700 made by Shimadzu

Corporation) was used. In the measurement of the
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absorbance, the measurement target sample was enclo sed in

a cell made of quartz. Then, light in a predetermi ned
wavelength band was made incident from one side sur face
of the cell and light that had been transmitted thr ough
the measurement target sample and gone out from ano ther
side surface located on the opposite side to the on e side
surface was detected by a detector. The optical pa th

length of the cell was setto 1 cm.

FIG. 2A is an absorption spectrum of the pr otective
film agent in working example 1. FIG. 2B is an abs orption
spectrum of the protective film agent in working ex ample
2. FIG. 2C is an absorption spectrum of the protec tive
film agent in comparative example 1. The abscissa axes of
FIG. 2A, FIG. 2B, and FIG. 2C represent the wavelen gth

(nm) and the ordinate axes represent the absorbance
(dimensionless quantity). Incidentally, dashed lin es
indicate a wavelength 420 nm. In FIG. 2A, FIG. 2B, and

FIG. 2C, the curves located on the lowermost side

represent the absorbance after 0 M (zero months), i €.,

at the timing of test start). In FIG. 2A and FIG. 2B, the
absorbance near the wavelength 420 nm (dashed line) rose
as the time elapsed to 0.5 M, 1 M, and 2 M. Then, after 3

M (at the timing of elapse of three months), the

absorbance slightly rose as indicated by the curves

17



located on the uppermost side.

In contrast, in FIG. 2C, the absorbance sud
rose as the time elapsedto 0.5 M, 1 M,and 1.5M a
after 2 M (at the timing of elapse of two months),
absorbance greatly rose as indicated by the curve |
on the uppermost side. When the absorbance of the
protective film agent at the wavelength 420 nm rise
protective film agent discolors to yellow, for exam
This means that functions of the ultraviolet absorb
have lowered. Therefore, change in the absorbance
protective film agent at the wavelength 420 nm was
measured. FIG. 3 is a first experimental result ob
by measuring time change in the absorbance at the
wavelength 420 nm. The abscissa axis represents th
(months) and the ordinate axis represents the absor
(dimensionless quantity).

In working example 1 and working example 2,
absorbance was suppressed to be low compared with
comparative example 1 even at the timing of elapse
three months. In contrast, in comparative example
absorbance began to rise after the test start and t
protective film agent discolored in a short period
compared with working example 1 and working example

The Na content in working example 1 and working exa

18

denly
nd,
the

ocated

s, the

ple.

er

of the

tained

e time

bance

the

of

1, the

he

mple 2



was 45 ppb in weight ratio. In comprehensive view
experiments made thus far, the present applicant in
that, when the Na content of the protective film ag
set to 100 ppb or lower in weight ratio and prefera
50 ppb or lower, the Na content is lower than in
comparative example 1 and the discoloration of the
protective film agent can be suppressed similarly t
working example 1 and working example 2. If the
discoloration can be suppressed, functions of the
ultraviolet absorber lower less readily over time.

As indicated in FIG. 3, with the protective
agent in working example 1 containing the antioxida
the absorbance was suppressed compared with the
protective film agent in working example 2, which d
contain the antioxidant. Therefore, a second exper
of investigating change in the absorbance attribute
the content of the antioxidant was carried out. In
second experiment, the ascorbic acid was used as th
antioxidant. Furthermore, eight different samples
conditions A to H were prepared.

As indicated in Table 2 in detail, in the
protective film agent of condition A, the concentra
of the ascorbic acid was set to the maximum concent

in conditions A to H. The concentration of the asc
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acid in the protective film agent was gradually dec

in order of conditions B, C, D, E, and F. The asco
acid was not added to the protective film agents of
conditions G and H. lon-exchange treatment was per
for the protective film agents of conditions A to G
using the above-described ion-exchange system 1. |
contrast, the ion-exchange treatment was not perfor

for the protective film agent of condition H.
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[Table 2]

A B C D E F G H
(F\),;’g‘e’:rr_‘;’(')ﬁ’gglg“done 6.34 6.39 6.39 6.40 6.40 6.40 6.40 6.40
resin) wt% wt% wt% wt% wt% wt% wt% wt%
Ferulic acid 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
wt% wt% wt% wt% wt% wt% wt% wt%
E}g’ﬁgﬁﬁgﬁl gllgﬁler 13.86 13.99 13.99 14.00 14.00 14.00 14.00 14.00
ety Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt%
(organic solvent)
Ascorbic acid 1.000 0.100 0.050 0.025 0.010 0.003 Not Not
(antioxidant) wit% wt% wt% wit% wt% wit% contained contained
Water All the All the All the All the All the All the All the All the
rest rest rest rest rest rest rest rest
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
wt% wt% wt% wt% wt% wt% wt% wt%
:?;a-lter)r(lce:?]?nge Performed [Performed Pefformed Performed Performed P erformed  Performed pe rfcl:lr(r)rﬁ ed
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FIG. 4 represents a second experimental res
obtained by measuring time change in the absorbance
the wavelength 420 nm. In the protective film agen
conditions A and B, the absorbance drastically rose
shorter period than the protective film agent of
condition H, for which the ion-exchange treatment h
been performed. Furthermore, in the protective fil
of condition C, the absorbance suddenly rose at the
of elapse of three months although being lower than
protective film agents of conditions A, B, and H.
contrast, in the protective film agents of conditio
E, F, and G, in which the content of the ascorbic a
was set lower than 0.050 wt%, the absorbance at the
of elapse of three months could be suppressed to
substantially half or lower compared with the prote
film agent of condition C.

Although the detailed mechanism is unclear,
discoloration of the protective film agent was supp
by performing the ion-exchange treatment (i.e., set
the Na content to 100 ppb or lower in weight ratio)
setting the content of the ascorbic acid of the
protective film agent lower than 0.050 wt%. That i
functions of the ultraviolet absorber came to lower

readily over time compared with the protective film
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of the related art. With the protective film agent
condition D, in which the content of the ascorbic a
the protective film agent was 0.025 wt%, at the tim
elapse of three months, the suppression effect of t
absorbance at a level equivalent to that of the
protective film agent of condition G, which did not
contain the antioxidant, was obtained. Furthermore
the protective film agent of condition E, in which
content of the ascorbic acid was set to 0.010 wt%,
absorbance could be suppressed than the protective
agent of condition G at the time of elapse of three
months.

Moreover, with the protective film agent of
condition F, in which the content of the ascorbic a
was set to 0.003 wt%, the absorbance could be suppr
than the protective film agent of condition E at th
of elapse of three months. Therefore, it is prefer
set the content of the ascorbic acid of the protect
film agent to 0.025 wt% or lower. Furthermore, it
preferable to set the content to 0.010 wt% or lower
it is further preferable to set the content to 0.00
or lower. It is inferred that the same effect as t
in which the ascorbic acid whose content is lower t

0.050 wt% is added to the protective film agent occ
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also in the case in which an ascorbic acid derivati
whose content is lower than 0.050 wt% is added to t
protective film agent. Moreover, it is inferred th
same effect occurs also in the case in which the as
acid and an ascorbic acid derivative are added to t
protective film agent in such a manner that the con
is lower than 0.050 wt% in total.

Next, a processing method of a workpiece 11
the protective film agent will be described. First
shape of the workpiece 11 will be described. FIG.
perspective view of the workpiece 11. The workpiec
has a substantially circular disc shape. The side
front surface 11a of the workpiece 11 is segmented
plural planned dividing lines (streets) 13 that int
to be orthogonal to each other and a device 15 such
integrated circuit (IC) and a large-scale integrati
(LSI) is made in each region arising from this
segmentation.

A device region 15a in which the plural dev
are made is formed on the side of the front surface
of the workpiece 11. There is no limit to the kind
quantity, shape, structure, size, arrangement, and
forth of the devices 15. Furthermore, on the side

front surface 11a of the workpiece 11, a peripheral
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surplus region 15b is disposed to surround the devi
region 15a. An orientation flat that indicates the
crystal orientation is made at part of the peripher
surplus region 15b.

FIG. 5B is a sectional view in which part o
workpiece 11 is enlarged. The workpiece 11 has aw
formed mainly of silicon (Si). There is no limit t
material of the wafer 21 and it is also possible to
semiconductor materials other than silicon, such as
gallium arsenide (GaAs) and silicon carbide (SiC),
example. A functional region (not illustrated) tha
part of a functional element is formed on one surfa
side of the wafer 21 and a stacked-layer body 23 is
disposed on this functional region. The stacked-la
body 23 includes a low-dielectric-constant insulato
films (so-called Low-k films) (not illustrated) and
wiring layer (not illustrated) that are alternately
stacked, the wiring layer including metal wiring la
vias and so forth.

The stacked-layer body 23 and the functiona
of the wafer 21 configure the functional element an
above-described devices 15 are configured by plural
functional elements. As illustrated in FIG. 5B, th

of the devices 15 in the stacked-layer body 23 are
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protruding parts that protrude upward relative to t he

parts of the planned dividing lines 13. The other surface
of the wafer 21 located on the opposite side to the one
surface of the wafer 21 is a back surface 11b of th e
workpiece 11 exposed to the outside. Next, a proce ssing
method of processing the workpiece 11 by a laser be am
will be described. First, a frame unit 31 is forme d
(frame unit forming step (S10)). FIG. 6 is a persp ective

view of the frame unit 31.

The frame unit 31 has a ring-shaped frame 1 7 made
of a metal. The ring-shaped frame 17 has an openin g with
a diameter larger than the workpiece 11. The workp iece 11
is disposed inside the opening of the ring-shaped f rame
17 and is integrated with the ring-shaped frame 17 with
the intermediary of a dicing tape 19. The dicing t ape 19
is a stacked-layer body including a base layer and an
adhesion layer, for example. For example, the base layer
has a thickness of 5 pmto 200 um inclusive and includes

a resin such as polyolefin (PO), polyethylene
terephthalate (PET), polyvinyl chloride (PVC), or
polystyrene (PS). Furthermore, the adhesion layer
includes an ultraviolet-curable resin, for example.
In frame unit forming step (S10), a tape mo unter

(not illustrated) is used, for example. The tape m ounter
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has a chuck table (not illustrated) and a porous pl
(not illustrated) with a circular disc shape is dis
on an upper surface side of this chuck table. The
plate includes a porous member and is connected to
suction source (not illustrated) such as an ejector
through a flow path (not illustrated) formed inside
chuck table. When the suction source is actuated,
negative pressure is generated for a front surface
porous plate. The front surface of the porous plat
functions as a holding surface that sucks and holds
side of the front surface 11a of the workpiece 11 a
surface of the ring-shaped frame 17.

A sticking apparatus (not illustrated) is d
above the chuck table. The sticking apparatus stic
of the strip-shaped dicing tape 19 wound into a rol
shape to the workpiece 11 and the ring-shaped frame
Furthermore, a cutter (not illustrated) or the like
cuts the stuck dicing tape 19 into a circular shape
a predetermined diameter is disposed above the chuc
table. In the frame unit forming step (S10), first
ring-shaped frame 17 is placed on the holding surfa
Subsequently, the workpiece 11 is placed in the ope
of the ring-shaped frame 17 in such a manner that t

front surface 11a of the workpiece 11 faces the hol
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surface. Then, the suction source is actuated to s
hold the ring-shaped frame 17 and the workpiece 11
chuck table. A protective member that is a circula
made of a resin may be disposed between the front s
11a of the workpiece 11 and the holding surface.

In this state, the adhesion layer side of t
dicing tape 19 is stuck to a first surface of the r
shaped frame 17 and the side of the back surface 11
the workpiece 11. Thereatfter, the dicing tape 19 i
into a circular shape by the above-described cutter
have a diameter that is larger than the opening of
ring-shaped frame 17 and is smaller than an outer
circumference of the ring-shaped frame 17. The fra
13 is thereby formed. After the frame unit forming
(S10), on the side of the front surface 11a of the
workpiece 11, a liquid-state protective film agent
described in the above-described working example 1
forth is applied and a protective film 27 is formed
(protective film forming step (S20)). FIG. 7TAis a
diagram illustrating the protective film forming st
(S20). In FIG. 7A, the ring-shaped frame 17 and th
dicing tape 19 are omitted.

In the protective film forming step (S20),

protective film forming apparatus 30 is used, for e
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The protective film forming apparatus 30 has a chuc
table 32 that sucks and holds the side of the back
surface 11b of the workpiece 11 with the intermedia
the dicing tape 19. The chuck table 32 is connecte
rotational drive source (not illustrated) such as a
and rotates, with a straight line substantially par
to the vertical direction being the rotation axis.
porous plate (not illustrated) with a circular disc
is disposed on an upper surface side of the chuck t
32. The porous plate includes a porous member and
connected to a suction source (not illustrated) suc
an ejector similarly to the chuck table of the abov
described tape mounter. When the suction source is
actuated, a front surface of the porous plate funct
as a holding surface that holds the workpiece 11.

A nozzle 34 that sprays the liquid-state pr
film agent 25 toward the porous plate is disposed a
the chuck table 32. The nozzle 34 is connected to
supply source (not illustrated) of the protective f
agent 25 through a flow path that is not illustrate
the protective film forming step (S20), first, the
workpiece 11 is placed on the chuck table 32 in suc
manner that the side of the back surface 11b of the

workpiece 11 is opposed to the holding surface with
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intermediary of the dicing tape 19. Subsequently,
suction source is actuated to suck and hold the sid
the back surface 11b by the chuck table 32. Therea
the rotational drive source is operated to rotate t
chuck table 32. In this state, the liquid-state
protective film agent 25 is supplied from the nozzl
to the front surface 11a of the workpiece 11. The
protective film agent 25 evenly spreads over the fr
surface 11a due to a centrifugal force. Thereafter
supply of the protective film agent 25 is stopped a
protective film agent 25 is dried. The protective
is thereby formed on the front surface 11a. FIG. 7
sectional view in which part of the workpiece 11 on
the protective film 27 is formed is enlarged.

In FIG. 7B, an upper surface of the protect
27 (i.e., surface of the protective film 27 located
the opposite side to the front surface 11a of the
workpiece 11) is formed to be flat in such a manner
steps of a recessed part between two devices 15 (i.
planned dividing line 13) are absorbed. However, t
protective film 27 may be formed with a constant
thickness in such a manner as to follow recesses an
protrusions of the front surface 11a. Furthermore,

the protective film 27 is formed, whether or not th
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protective film 27 is evenly formed on the front su
11a may be evaluated by utilizing luminescence
characteristics of the protective film 27.

The protective film 27 is a film for preven
debris generated in a laser processing step (S30) t
described later from directly adhering to the front
surface 11a of the workpiece 11. In addition, diff
from photoresist, the protective film 27 is not dev
by a developer after exposure and, after pattern fo
etching is also not performed for the protective fi
through this pattern. As above, functions and purp
the protective film 27 are different from photoresi
used in a photolithography process. Therefore, in
protective film 27, it is important to set the Na c
of the protective film 27 to 100 ppb or lower in we
ratio.

After the protective film forming step (S20

workpiece 11 is processed by a laser processing app

40 (laser processing step (S30)). FIG. 8 is a diag

illustrating the laser processing step (S30). The

processing apparatus 40 has a chuck table 42 that s

and holds the side of the back surface 11b of the
workpiece 11. The chuck table 42 has a rotational

source, a porous plate, a suction source, and so fo
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similar to those of the chuck table 32 and therefor
detailed description thereof is omitted. A drive u
(not illustrated) that rotationally drives the chuc

table 42 is disposed below the chuck table 42.

Furthermore, below the drive unit, an X-axis moveme

mechanism (not illustrated) that moves the chuck ta

along an X-axis direction and a Y-axis movement mec

(not illustrated) that moves the chuck table 42 alo
Y-axis direction are disposed.

A laser beam irradiation unit 50 that carri
irradiation with a pulsed laser beam is disposed ab
the porous plate (not illustrated) of the chuck tab
The laser beam irradiation unit 50 carries out
irradiation with a laser beam with such a wavelengt
to be absorbed by the workpiece 11. If the workpie
is silicon, such a wavelength as to be absorbed by
workpiece 11 is a wavelength in an ultraviolet band
example, 355 nm). The laser beam irradiation unit
a casing 52 with a substantially cylindrical shape.
laser oscillator (not illustrated) that emits a pul
laser beam is disposed in the casing 52. The laser
oscillator is a YAG laser oscillator or YVO
oscillator, for example.

In the casing 52, a frequency setting unit
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illustrated) that sets a repetition frequency of th
laser beam emitted from the laser oscillator is fur
disposed. The frequency setting unit sets the repe
frequency of the laser beam to a predetermined freq
in a range from 40 kHz to 200 kHz, for example. Th
beam emitted from the laser oscillator is incident
head part 54 fixed to a tip part of the casing 52 a
emitted from the head part 54 toward the holding su
of the chuck table 42. An imaging unit 56 having a
part 58 opposed to the holding surface is disposed
position adjacent to the head part 54. The camera
of the imaging unit 56 has a light source part (not
illustrated) that irradiates the workpiece 11 sucke
held by the holding surface with, for example, a vi
light beam and an imaging element (not illustrated)
images reflected light from the workpiece 11.

In the laser processing step (S30), first,
workpiece 11 is placed on the chuck table 42 in suc
manner that the side of the back surface 11b of the
workpiece 11 is opposed to the holding surface with
intermediary of the dicing tape 19. Subsequently,
suction source is actuated to suck and hold the sid
the back surface 11b by the chuck table 42. Therea

at least one of the planned dividing lines 13 on th
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of the front surface 11a of the workpiece 11 is ima
using the camera part 58. Then, based on the imagi
result, the chuck table 42 is rotated by a predeter
angle by the above-described drive unit in sucham
that the planned dividing line 13 becomes parallel
X-axis direction. Subsequently, while the side of
front surface 11a of the workpiece 11 is irradiated
the laser beam from the head part 54, the head part
and the chuck table 42 are relatively moved along t

axis direction by using the above-described X-axis

movement mechanism. The protective film 27 and the

workpiece 11 are thereby subjected to ablation proc
along the planned dividing line 13 and a dividing g
is formed. The workpiece 11 is cut with this divid
groove being the boundary, for example.

After the dividing grooves are formed along
planned dividing lines 13 along one direction, the
table 42 is rotated by 90 degrees and the dividing
grooves are formed along all planned dividing lines
along another direction orthogonal to the one direc
The workpiece 11 is thereby divided into plural dev
chips. The protective film 27 according to one asp
the present invention includes the protective film

25 in which the content of Na is equal to or lower
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100 ppb in weight ratio. As above, by sufficiently
decreasing the content of Na, the protective film 2
be implemented in which functions of the ultraviole
absorber such as absorption characteristics of
ultraviolet rays and luminescence characteristics |
less readily.

After the laser processing step (S30), the
unit 31 is conveyed to a cleaning apparatus (not
illustrated) by a conveying arm that is not illustr
and the side of the front surfaces of the plural de
chips (i.e., corresponding to the front surface 11a
the workpiece 11 after the processing) is cleaned b
cleaning apparatus (cleaning step (S40)). In the ¢
step (S40), cleaning water (for example, purified w
is sprayed onto the workpiece 11 and the protective
27 is removed together with debris. After the clea
step (S40), the frame unit 31 is conveyed to a pick
mechanism (not illustrated) by the conveying arm th
not illustrated and the respective divided device ¢
are taken out (chip taking-out step (S50)). The pi
mechanism has an ultraviolet irradiation apparatus
taking-out apparatus with a pushing-up part and a c
or the like, for example.

In the chip taking-out step (S50), first, t
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of the back surface 11b of the frame unit 31 is
irradiated with ultraviolet rays by the ultraviolet
irradiation apparatus. An adhesion force of the ad
layer of the dicing tape 19 is thereby lowered. Th
each device chip is pushed up from a lower side by
pushing-up part and an upper surface of the pushed-
device chip is sucked by the collet to convey the d
chip. In this manner, all device chips are taken o
that the processing of the workpiece 11 ends.

The description is made above regarding the
manufacturing method of the protective film agent 2
change in the absorbance according to whether or no
ion-exchange treatment is performed (working exampl
and working example 2, comparative example 1, first
experimental result), change in the absorbance attr
to the content of the antioxidant (second experimen
result), the structure of the workpiece 11, and the
processing method of the workpiece 11. Besides,
structures, methods, and so forth according to the
described embodiment can be carried out with approp
changes without departing from the scope of the obj
the present invention.

The present invention is not limited to the

of the above described preferred embodiment. The s

36

hesion
en,
the

up
evice

ut, so

t the

el

ibuted

tal

above-
riate

ect of

details

cope of



the invention is defined by the appended claims and all
changes and modifications as fall within the equiva lence
of the scope of the claims are therefore to be embr aced

by the invention.
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WHAT | S CLAIMED | S:

1. A protective film agent for laser dicin
comprising:

a solution in which at least a water-solubl
an organic solvent, and an ultraviolet absorber are
wherein

content of sodium of the solution is equal
lower than 100 parts per billion in weight ratio.

2. The protective film agent for laser dic
according to claim 1, wherein

the solution further includes an antioxidan

3. The protective film agent for laser dic
according to claim 2, wherein

the antioxidant is one of or both an ascorb
and an ascorbic acid derivative.

4. The protective film agent for laser dic
according to claim 2, wherein

the solution includes the antioxidant whose
is lower than 0.05 wt%.

5. A manufacturing method of a protective
agent for laser dicing, the manufacturing method
comprising:

a solution preparation step of preparing a

in which at least a water-soluble resin, an organic
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solvent, and an ultraviolet absorber are mixed; and

an ion-exchange treatment step of carrying
exchange of sodium ions in the solution by using a
cation-exchange resin.

6. A processing method of a workpiece usin
protective film agent for laser dicing, the process
method comprising:

a protective film forming step of forming a
protective film through applying the protective fil
agent for laser dicing that includes a solution in
at least a water-soluble resin, an organic solvent,
an ultraviolet absorber are mixed and in which cont
sodium of the solution is equal to or lower than 10
parts per billion in weight ratio on a front surfac
of the workpiece having, on the front surface side
thereof, a device region in which a device is dispo
each of a plurality of regions marked out by a plur
of planned dividing lines that intersect and a peri
surplus region that surrounds the device region;

a laser processing step of irradiating the

surface side of the workpiece after the protective

forming step with a laser beam with such a waveleng

to be absorbed by the workpiece and processing the

workpiece along the plurality of planned dividing |
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and
a cleaning step of cleaning the front surfa ce side

of the workpiece after the laser processing step.
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