PLATE- SHAPED WORKPI ECE PROCESSI NG METHOD

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a plate-sh
workpiece processing method for processing a plate-
workpiece having a division line and a metal member
formed on the division line or in an area correspon
to the division line.

Description of the Related Art

A wafer such as a semiconductor wafer has a
side on which a plurality of devices are formed so
be separated by a plurality of crossing division i
The wafer thus having the devices is cut along the
division lines and thereby divided into individual
chips. There is a case that a metal film is formed
back side of the wafer, so as to improve the electr
characteristics of each device. However, when the
film is cut by a cutting blade, the cutting blade m
clogged. Furthermore, when the wafer is cut by thi
cutting blade clogged, there arises a problem such
cracking may occur in the wafer or the cutting blad
be damaged.
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metal member is formed on each division line of the

so as to measure the electrical characteristics of
device. When this wafer having the TEG is cut alon
division line by a cutting blade, the cutting blade

be clogged. As another plate-shaped workpiece havi
division line and a metal member formed on the divi

line, a package substrate is known. The package su

has an electrode surface on which a plurality of

electrodes are formed. In a processing method for
package substrate, the package substrate is cut fro
electrode surface by a cutting blade and thereby di

into individual packages. When the package substra
cut from the electrode surface by the cutting blade
there is a problem such that burrs may be generated
the electrodes in cutting the package substrate. T
prevent the clogging of the cutting blade, there ha
proposed in Japanese Patent Laid-open No. 1997-5557
method of cutting a workpiece having metal electrod
using a carbide-tipped saw blade in place of the cu

blade.

SUMVARY OF THE | NVENTI ON
In the cutting method disclosed in Japanese

Laid-open No. 1997-55573, however, the carbide-tipp
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blade has no self-sharpening function unlike the cu
blade, so that the sharpness of the saw blade is lo
at once. Accordingly, the frequency of exchange of
saw blade becomes high to cause a reduction
workability. On the other hand, when the metal mem
formed on the workpiece is cut by a cutting blade,
cutting blade may be clogged as described above and
also arises another problem such that the metal mem
cut by the cutting blade is elongated, causing the
generation of burrs or the occurrence of dragging.
general, when a feed speed is increased, a cutting
is increased and a processing heat generated in cut
the workpiece is increased, resulting in an increas
degree of burrs or dragging. Accordingly, it is di
to increase the feed speed from
prevention of a degradation in processing quality.

It is therefore an object of the present in
to provide a plate-shaped workpiece processing meth
processing a plate-shaped workpiece having a divisi
line and a metal member formed on the division line
an area corresponding to the division line, in whic
feed speed can be increased by this method as compa
with the prior art.
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invention, there is provided a plate-shaped workpie ce

processing method for processing a plate-shaped wor kpiece
having a division line and a metal member formed on the
division line or in an area corresponding to the di vision

line, the plate-shaped workpiece processing method

including a holding step of holding the plate-shape d
workpiece on a chuck table in the condition where t he
metal member is exposed; a first cutting step of cu tting
the plate-shaped workpiece along the division line by
using a first cutting blade after performing the ho lding
step, thereby forming a first cut groove dividing t he
metal member; and a second cutting step of cutting the
plate-shaped workpiece along the first cut groove b y
using a second cutting blade after performing the f irst
cutting step, thereby forming a second cut groove f ully
cutting the plate-shaped workpiece; the first cultti ng
step including the step of supplying a cutting flui d
containing an organic acid and an oxidizing agent t o the

plate-shaped workpiece.

According to the processing method of the p resent
invention, the plate-shaped workpiece is cut in two steps
in its thickness direction by using the first and s econd

cutting blades.  Accordingly, the thickness of the

workpiece to be cut in each step can be reduced, so that
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the processing speed (feed speed) in cutting the
workpiece can be increased as compared with the cas
fully cutting the workpiece in one step. Furthermo
performing the first cutting step, the cutting flui
containing an organic acid and an oxidizing agent i
supplied to the workpiece. Accordingly, the metal

on the workpiece is modified by the organic acid
contained in the cutting fluid, so that the ductili

the metal is suppressed to thereby suppress the
generation of burrs. Moreover, the film property o

surface of the metal member is changed by the oxidi
agent contained in the cutting fluid, so that the
ductility of the metal member is lost to cause easy
cutting, thereby improving the workability.

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

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
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FIG. 2 is a bottom plan view of the package
substrate shown in FIG. 1,

FIG. 3 is an enlarged sectional view showin
holding step;

FIG. 4 is an enlarged sectional view showin
first cutting step;

FIG. 5A is an enlarged sectional view showi
second cutting step in the case of using the same ¢
blade as that used in the first cutting step;

FIG. 5B is a view similar to FIG. 5A, showi
case of using a cutting blade having a thickness sm
than that of the cutting blade used in the first cu
step;

FIG. 6A is a cross section of electrodes in
in the package substrate after performing the first
cutting step as supplying a pure water as a compari

FIG. 6B is a view similar to FIG. 6A, showi
case of supplying a cutting fluid containing an org
acid and an oxidizing agent according to the presen
invention;

FIG. 7 is a graph showing an average distan
between terminals after performing the first cuttin
in the case of supplying a pure water and in the ca

supplying the cutting fluid; and
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FIG. 8 is a side view showing nozzle means
supplying the cutting fluid in the first cutting st

according to a modification.

for
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

Preferred embodiments of the present invent
now be described in detail with reference to the dr
Referring to FIG. 1, there is shown a top plan view
package substrate 2 as a workpiece to be processed
processing method of the present invention. FIG. 2
bottom plan view of the package substrate 2 shown i
1. As shown in FIGS. 1 and 2, the package substrat
a rectangular base substrate 4. The base substrate
an electrode surface 4a on the front side and a sea
surface 4b on the back side. A plurality of electr
are formed on the electrode surface 4a. The sealed
surface 4b is opposite to the electrode surface 4a.
electrode surface 4a of the base substrate 4 has a
peripheral marginal area 5 and two non-device areas
Further, three device areas 6a, 6b, and 6¢ are defi
as to be surrounded by the peripheral marginal area
the two non-device areas 5a. The base substrate 4
formed from a metal frame, for example.

In each of the device areas 6a, 6b, and 6c,
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plurality of device mounting portions 10 are define
as to be separated by a plurality of first and seco
division lines 8a and 8b intersecting each other at
angles. Each device mounting portion 10 is formed
the plural electrodes 12. These electrodes 12 are
insulated by a mold resin provided on the base subs
4. Each of the first division lines 8a is cut alon
center to separate the electrodes 12 formed on each
division line 8a. Similarly, each of the second di
lines 8b is cut along its center to separate the
electrodes 12 formed on each division line 8b.

Although not shown, a device is mounted on
device mounting portion 10 of the base substrate 4.
device has a plurality of electrodes, which are con
through gold wires to the electrodes 12 of each dev
mounting portion 10 of the base substrate 4. As sh
FIG. 2, three resin sealed portions 18 are formed o
back sides of the three device areas 6a, 6b, and 6¢
on the sealed surface 4b of the base substrate 4.
device is sealed with this resin.

There will now be described a plate-shaped
workpiece processing method according to a preferre
embodiment of the present invention with reference

FIGS. 3 to 7. In this preferred embodiment, the pa
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substrate 2 is used as a plate-shaped workpiece. F
as shown in FIG. 3, a holding step is performed to
the package substrate 2 through a jig table 20 on a
table of a cutting apparatus (not shown) under suct
the condition where the electrodes 12 formed on the
division lines 8a and 8b of the package substrate 2
exposed.

The jig table 20 includes a suction passage
a plurality of escape grooves 24. The suction pass
is connected through the chuck table of the cutting
apparatus to a vacuum source (not shown). The esca
grooves 24 are formed so as to correspond to the
respective division lines 8a and 8b of the package
substrate 2. The escape grooves 24 function to pre
that the tip (outer edge) of a cutting blade may
interfere with the jig table 20 in fully cutting th
package substrate 2. The package substrate 2 is pl
the jig table 20 in the condition where the divisio
lines 8a and 8b of the package substrate 2 are alig
with the escape grooves 24 of the jig table 20 as v
in plan. Thereafter, the suction passage 22 of the
table 20 is brought into communication with the vac
source through the chuck table of the cutting appar

so that a vacuum is applied from the vacuum source
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suction passage 22, thereby holding the package sub strate

2 through the jig table 20 on the chuck table under

suction.

After performing the holding step, a first cutting
step is performed to cut the package substrate 2 al ong
the division lines 8a and 8b by using a cutting bla de 26
as a first cutting blade, thereby forming a first ¢ ut

groove 32 dividing each electrode 12 formed on the

division lines 8a and 8b as shown in FIG. 4. In th IS
first cutting step, a cutting fluid 30 containing a n
organic acid and an oxidizing agent is supplied fro m a
pair of cutting fluid nozzles 28 provided on both s ides
of the cutting blade 26 as shown in FIG. 4. That i s, the
package substrate 2 is shallowly cut by the cutting blade

26 to form the first cut groove 32 dividing each
electrode 12 as supplying the cutting fluid 30 to t he

package substrate 2.

As the organic acid, there can be used amin 0 acids.
Examples of the amino acids usable here include gly cine,
dihydroxyethylglycine, glycylglycine, hydroxyethylg lycine,
N-methylglycine, g-alanine, L-alanine, L-2-aminobutyric
acid, L-norvaline, L-valine, L-leucine, L-norleucin e, L-
alloisoleucine, L-isoleucine, L-phenylalanine, L-pr oline,
sarcosine, L-ornithine, L-lysine, taurine, L-serine , L-
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threonine, L-allothreonine, L-homoserine, L-thyroxi ne, L-

tyrosine, 3,5-diiodo-L-tyrosine, 3-(3,4-dihydroxyphenyl)-
L-alanine, 4-hydroxy-L-proline, L-cysteine, L-methi onine,
L-ethionine, L-lanthionine, L-cystathionine, L-cyst ine,

L-cystic acid, L-glutamic acid, L-aspartic acid, S-
(carboxymethyl)-L-cysteine,  4-aminobutyric  acid, L-

asparagine, L-glutamine, azaserine, L-canavanine, L -

citrulline, L-arginine, 5-hydroxy-L-lysine, creatine, L-

kynurenine, L-histidine, 1-methyl-L-histidine, 3-me thyl-
L-histidine, L-tryptophane, actinomycin C1, ergothi oneine,
apamin, angiotensin |, angiotensin II, antipain, et C.

Among others, particularly preferred are glycine, L -
alanine, L-proline, L-histidine, L-lysine, and

dihydroxyethylglycine.

Also, amino polyacids can be used as the or ganic
acid. Examples of the amino polyacids usable here include
iminodiacetic acid, nitrilotriacetic acid,
diethylenetriaminepentaacetic acid,
ethylenediaminetetraacetic acid,
hydroxyethyliminodiacetic acid,
nitrilotrismethylenephosphonic  acid,  ethylenediamin e-
N,N,N’,N’-tetramethylenesulfonic acid, 1,2-
diaminopropanetetraacetic acid, glycol ether
diaminetetraacetic acid,

11



transcyclohexanediaminetetraacetic acid,
ethylenediamineorthohydroxyphenylacetic acid,
ethylenediaminedisuccinic acid (SS isomer),
alaninediacetic acid, N-(2-carboxylatoethyl)-L-aspa

acid, N-N’-bis(2-hydroxybenzyl)ethylenediamine-N,N’
diacetic acid, etc.

Further, carboxylic acids can be used as th
organic acid. Examples of the carboxylic acids usa
here include saturated carboxylic acids such as for
acid, glycolic acid, propionic acid, acetic acid, b
acid, valeric acid, hexanoic acid, oxalic acid, mal
acid, glutaric acid, adipic acid, malic acid, succi
acid, pimelic acid, mercaptoacetic acid, glyoxylic
chloroacetic acid, pyruvic acid, acetoacetic acid,
unsaturated carboxylic acids such as acrylic acid,
methacrylic acid, crotonic acid, fumaric acid, male
acid, mesaconic acid, citraconic acid, aconitic aci
etc., and cyclic unsaturated carboxylic acids such
benzoic acids, toluic acid, phthalic acids, naphtho
acids, pyromellitic acid, naphthalic acid, etc.

As the oxidizing agent, there can be used,
example, hydrogen peroxide, peroxides, nitrates, io
periodates, hypochlorites, chlorites, chlorates,

perchlorates, persulfates, dichromates, permanganat
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cerates, vanadates, ozonated water, silver(ll) salt
iron(lll) salts, and their organic complex salts.

Besides, an anticorrosive may be mixed in t
cutting fluid 30. Mixing of the anticorrosive make
possible to prevent corrosion (elution) of the meta
included in the package substrate 2. As the antico
there is preferably used a heterocyclic aromatic ri
compound which has at least three nitrogen atoms in
molecule and has a fused ring structure or a hetero
aromatic ring compound which has at least four nitr
atoms in its molecule. Further, the aromatic ring
compound preferably includes a carboxyl group, sulf
group, hydroxyl group, or alkoxyl group. Specific
preferable examples of the aromatic ring compound i
tetrazole derivatives, 1,2,3-triazole derivatives,
1,2,4-triazole derivatives.

Examples of the tetrazole derivatives usabl
anticorrosive include those which do not have
substituent group on the nitrogen atoms forming the
tetrazole ring and which have, introduced into the
position of the tetrazole, a substituent group sele
from the group consisting of sulfo group, amino gro

carbamoyl group, carbonamide group, sulfamoyl group

sulfonamide group, or an alkyl group substituted wi
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least one substituent group selected from the group
consisting of hydroxyl group, carboxyl group, sulfo
carbonamide

amino carbamoyl

group, group, group,
sulfamoyl group, and sulfonamide group.

Examples of the 1,2,3-triazole derivatives
as the anticorrosive include those which do not hav
substituent group on the nitrogen atoms forming the
1,2,3-triazole ring and which have, introduced into
4-position and/or 5-position of the 1,2,3-triazole,
substituent group selected from the group consistin
hydroxyl group, carboxyl group, sulfo group, amino
carbamoyl group, carbonamide group, sulfamoyl group
sulfonamide group, or an alkyl or aryl group substi
with at least one substituent group selected from t
group consisting of hydroxyl group, carboxyl group,
group, amino group, carbamoyl group, carbonamide gr
sulfamoyl group, and sulfonamide group.

Besides, examples of the 1,2,4-triazole der
usable as the anticorrosive include those which do
have a substituent group on the nitrogen atoms form
the 1,2,4-triazole ring and which have, introduced
the 2-position and/or 5-position of 1,2,4-triazole,
substituent group selected from the group consistin
carbonamide

sulfo group, carbamoyl group, group,
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sulfamoyl group, and sulfonamide group, or an alkyl or
aryl group substituted with at least one substituen t
group selected from the group consisting of hydroxy I
group, carboxyl group, sulfo group, amino group,

carbamoyl group, carbonamide group, sulfamoyl group , and

sulfonamide group.

As described above, the cutting fluid 30 co ntaining
an organic acid and an oxidizing agent is supplied from
the cutting fluid nozzles 28 in the first cutting s tep.

Accordingly, the metal forming the electrodes 12 s
modified by the organic acid contained in the cutti ng

fluid 30, so that the ductility of the metal can be

suppressed to thereby suppress the generation of bu rrs.

Furthermore, the film property on the surface of ea ch
electrode 12 is changed by the oxidizing agent cont ained
in the cutting fluid 30, so that the ductility of e ach
electrode 12 is lost to thereby exhibit the effect that

each electrode 12 can be easily cut to improve the

workability.

A test was conducted to examine the degree of
elongation of each electrode 12 of the package subs trate
2 in the case of performing the first cutting step as
supplying the cutting fluid 30 as compared with the case
of performing the first cutting step as supplying a pure

15



water, with reference to FIGS. 6A, 6B, and 7. Int
test, the distance between the adjacent electrodes

the package substrate 2 was set to 100 um. Further

feed speed in performing the first cutting step as
supplying a pure water was set to 40 mm/second, and

feed speed in performing the first cutting step as

supplying the cutting fluid 30 containing an organi

and an oxidizing agent was set to 100 mm/second.

FIG. 6A is a sectional view of the package

substrate 2 cut along the division lines 8a and 8b

case of performing the first cutting step as supply

pure water, and FIG. 6B is a sectional view of the

package substrate 2 cut along the division lines 8a
8b in the case of performing the first cutting step
supplying the cutting fluid 30 containing an organi
and an oxidizing agent.

As apparent from FIG. 6A, the degree of elo
of each electrode 12 is large and the adjacent elec
12 are short-circuited at a certain position in the
of performing the first cutting step as supplying a
water. In contrast, it is observed from FIG. 6B th
degree of elongation of each electrode 12 is appare
small in the case of performing the first cutting s

supplying the cutting fluid 30. This result is con
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to be due to the fact that the metal of each electr

iIs modified by the organic acid contained in the cu
fluid 30 to cause the suppression of ductility, so
the generation of burrs is suppressed.

FIG. 7 is a graph showing an average distan
between terminals after cutting the package substra
along the division lines 8a in the case of supplyin
pure water and in the case of supplying the cutting
30 containing an organic acid and an oxidizing agen
Initially, the distance between the adjacent electr
12 (terminals) of the package substrate 2 was set t
um. Further, the feed speed in the case of supplyi
pure water in the first cutting step was set to 40
mm/second, and the feed speed in the case of supply
the cutting fluid 30 containing an organic acid and
oxidizing agent in the first cutting step was set t
mm/second.

As apparent from FIG. 7, the average distan
between terminals after cutting is 38.0 um in the c
supplying a pure water in the first cutting step.
contrast, the average distance between terminals af
cutting is 80.8 um in the case of supplying the cut
fluid 30 in the first cutting step. The result tha

average distance between terminals after cutting is
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means that each electrode 12 was largely elongated
cutting, whereas the result that the average distan
between terminals after cutting is long means that
degree of elongation of each electrode 12 by cuttin
small.

Further, in the case of supplying the cutti
30 in the first cutting step, the film property on
surface of each electrode 12 is changed by the oxid
agent contained in the cutting fluid 30, so that th
ductility of the metal forming each electrode 12 is

to thereby effect easy cutting of each electrode 12

Accordingly, the feed speed can be increased to 100

mm/second in this case. That is, it is apparent th

feed speed is improved in the case of supplying the

cutting fluid 30 in the first cutting step as compa

with the feed speed of 40 mm/second in the case of

supplying a pure water in the first cutting step.

After performing the first cutting step, a
cutting step is performed to cut the package substr
along each first cut groove 32 by using a second cu
blade, thereby forming a second cut groove fully cu
the package substrate 2. FIG. 5A shows a first pre
embodiment of this second cutting step. In the fir

preferred embodiment shown in FIG. 5A, the same cut
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blade 26 as that used in the first cutting step is

as the second cutting blade to thereby form a secon
groove 34 fully cutting the package substrate 2 alo
each first cut groove 32 previously formed. That i
package substrate 2 is cut along each first cut gro

by the cutting blade 26 in such a manner that the |
edge of the cutting blade 26 comes into the escape

24 of the jig table 20 corresponding to each first
groove 32, so that the second cut groove 34 is form
as to fully cut the package substrate 2.

FIG. 5B shows a second preferred embodiment
second cutting step. In the second preferred embod
shown in FIG. 5B, a cutting blade 26A having a thic
smaller than that of the cutting blade 26 used in t
first cutting step is used as the second cutting bl

thereby form a second cut groove 36 fully cutting t

package substrate 2 along each first cut groove 32

previously formed. Accordingly, the second cut gro
shown in FIG. 5B has a width smaller than that of t
second cut groove 34 shown in FIG. 5A. As shown in
5B, the package substrate 2 is cut along the center
each first cut groove 32 by the cutting blade 26A i

a manner that the lower edge of the cutting blade 2

comes into the escape groove 24 of the jig table 20
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corresponding to each first cut groove 32, so that
second cut groove 36 is formed so as to fully cut t
package substrate 2.

In each of the first and second preferred

embodiments shown in FIGS. 5A and 5B, the package

substrate 2 is fully cut along all of the first div

lines 8a extending in a first direction by indexing

cutting blade 26 or 26A. Thereafter, the chuck tab
holding the jig table 20 thereon is rotated 90 degr

similarly fully cut the package substrate 2 along a

the second division lines 8b extending in a second
direction perpendicular to the first direction. As

result, the package substrate 2 can be divided into
individual CSPs (Chip Size Packages).

While the processing method of the present
invention is applied to the package substrate 2 in
above preferred embodiments, the applicability of t
present invention is not limited to such a workpiec
example, the processing method of the present inven
is also applicable to a wafer having a conductor fi
(multilayer metal film of Ti, Ni, or Au, for exampl
having a thickness of several micrometers as a back
electrode or a wafer having a TEG on each division

formed on the front side.
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Further, while the cutting fluid 30 is supp
from the pair of nozzles 28 located on both sides o
cutting blade 26 in the first cutting step, any noz
means capable of supplying the cutting fluid 30 may
adopted in the present invention. FIG. 8 is a side
of a cutting unit 25 including such nozzle means ca
of supplying the cutting flud 30 according to a
modification. As shown in FIG. 8, the cutting unit
includes a nozzle (shower nozzle) 38 for supplying
cutting fluid 30, in addition to the cutting blade
the pair of nozzles 28. The nozzle 38 is located o
front side of the cutting blade 26 in its cutting
direction (feeding direction).

By supplying the cutting fluid 30 from the
38, the cutting fluid 30 can be easily supplied to
electrodes 12, so that the metal forming each elect
12 can be modified by the cutting fluid 30 to there
suppress the ductility of the metal. Accordingly,
generation of burrs can be suppressed. In particul
nozzle opening of the nozzle 38 is preferably direc
obliquely downward (e.g., toward the work position
the cutting blade 26 cuts the workpiece) as shown i
8. With this configuration, the cutting fluid 30 ¢

supplied more easily to the electrodes 12, so that
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metal forming each electrode 12 can be effectively
modified by the cutting fluid 30. While the pair o f

nozzles 28 and the nozzle 38 are used to supply the

cutting fluid 30 in the modification shown in FIG. 8,
only the nozzle 38 may be used to supply the cuttin g
fluid 30.

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 IS CLAIMED | S

1. A plate-shaped workpiece processing met
processing a plate-shaped workpiece having a divisi
line and a metal member formed on said division lin
in an area corresponding to said division line, sai
plate-shaped workpiece processing method comprising

a holding step of holding said plate-shaped
workpiece on a chuck table in the condition where s
metal member is exposed;

a first cutting step of cutting said plate-
workpiece along said division line by using a first
cutting blade after performing said holding step, t
forming a first cut groove dividing said metal memb
and

a second cutting step of cutting said plate
workpiece along said first cut groove by using a se
cutting blade after performing said first cutting s
thereby forming a second cut groove fully cutting s
plate-shaped workpiece,;

said first cutting step including the step
supplying a cutting fluid containing an organic aci
an oxidizing agent to said plate-shaped workpiece.

2. The plate-shaped workpiece processing m

according to claim 1, wherein said second cutting b
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is the same as said first cutting blade.

3. The plate-shaped workpiece processing m ethod
according to claim 1, wherein said second cutting b lade
has a thickness smaller than a thickness of said fi rst

cutting blade.
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