WATER JET PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a water jet
processi ng apparatus for processing a workpi ece by
jetting pressurized |iquid.

Description of the Related Art

In dividing a plate-like workpiece typified by a
package substrate fornmed by sealing device chips disposed
on a substrate with a sealing nenber (nold resin)
conposed of a resin, and a sem conductor wafer forned
with a plurality of devices thereon, a cutting apparatus
nounted wth a ring-shaped cutting blade is mainly used.
The cutting blade is rotated to cut in a workpiece held
on a chuck table provided in the cutting appar at us,
thereby cutting and dividing the workpiece.

In a case in which the workpiece contains a netal
when the workpiece is cut with the cutting bl ade, the
nmetal comes in contact with the cutting blade to be
el ongated, resulting in generation of whisker-Ilike burrs.
This burr causes degradation in quality of a chip
obt ai ned by division of the workpiece. Accordingly,

generation of burrs is required to be suppressed as nuch



as possi bl e when dividing a workpiece. In order to
suppress generation of burrs, a technique of dividing a
wor kpi ece by use of a water jet processing apparatus has
been proposed. This water jet processing apparatus
perforns processing such as renoving part of a workpiece
by jetting water pressurized with a punp toward the

wor kpi ece. Japanese Patent Lai d-Open No. 2004-130401 and
Japanese Patent Lai d-Open No. 2012-109327 disclose a
techni que of dividing a package substrate into a
plurality of chips by jetting high-pressure water to the
package substrate al ong each street (division |line)
formed thereon. Further, a technique of renoving burrs
generated due to cutting processing with water jet while
using a cutting blade for cutting a workpi ece has been
proposed. Japanese Patent Lai d-QOpen No. 2016-157722

di scl oses a processing apparatus in which a burr renoving
nozzle is provided at a position adjacent to a cutting

bl ade and jets high-pressure water toward each cut groove
formed by cutting a workpiece with the cutting blade to

t hereby renove burrs.

SUMVARY OF THE | NVENTI ON
The water jet processing apparatus has a jetting

nozzle for jetting high-pressure water toward a workpi ece



froma jetting port nounted thereto. A shape and a

di aneter of the jetting port of this jetting nozzle is
set dependi ng on various processing conditions such as a
size in processing region, a shape of the processing
region, a material of the workpiece, and the I|ike.
Accordingly, as the processing condition varies, it is
required to replace the jetting nozzle by an appropriate
one. Replacenent of the jetting nozzle is carried out by
an operator who operates the water jet processing
apparatus. In a case in which the operator incorrectly
selects a jetting nozzle to be nmounted and nounts the
wrong nozzle to the water jet processing apparatus,
processi ng on the workpiece is perforned by the incorrect
jetting nozzle, so that the workpiece is not properly
processed, thereby causing a defective product. To cope
with this problem it is preferred to check whet her or
not an appropriate jetting nozzle is nounted to the water
j et processing apparatus after carrying out the

repl acenent of the jetting nozzle to thereby prevent
processing by the incorrect jetting nozzle. However, the
jetting nozzle is nounted inside the water jet processing
apparatus in which a |arge nunber of conponents are

di sposed in a conplicated manner. For this reason, once

the jetting nozzle is nounted to the water jet processing

3



apparatus, it is difficult to check the type of jetting
nozzle, a dianeter of the jetting port thereof, and the
li ke.

The present invention has been nmade in view of this
problem and it is therefore an object of the present
invention to provide a water jet processing apparatus
capabl e of identifying a jetting nozzle which is nounted,
even after the jetting nozzle has been nounted to the
wat er jet processing apparatus.

In accordance with an aspect of the present
i nvention, there is provided a water jet processing
apparatus including a jetting unit detachably nounted
with a jetting nozzle jetting pressurized liquid to a
wor kpi ece held on a chuck table for hol ding the workpiece
thereon, a noving unit causing the jetting nozzle to nove
relatively with respect to the chuck table, and a nozzle
determ nation section determ ning a dianmeter or an area
of the jetting nozzle, in which the jetting unit has a
punp pressurizing the liquid in response to a rotationa
speed of a notor, and the nozzle determ nation section
I ncl udes a notor rotational speed storing section in
whi ch rotational speeds of the notor necessary to jet the
liquid froma jetting port of the jetting nozzle at a

predeterm ned pressure are stored by dianeter or area of
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the jetting port of the jetting nozzle, a determ nation
section referring to information stored in the notor
rotational speed storing section and then determ ning,
fromthe rotational speed of the notor at the tine of
jetting the liquid at a predeterm ned pressure fromthe
jetting nozzle, the dianeter or the area of the jetting
port of the jetting nozzle fromwhich the |iquid has been
jetted, and a notification section providing a
determination result of the determ nation section.
Preferably, the nozzle determ nation section
further includes a nozzle type storing section in which
types of a plurality of jetting nozzles are stored by
di aneter or area of the jetting port of the jetting
nozzle. The determ nation section refers to information
stored in the nozzle type storing section to further
determ ne the type of jetting nozzle according to the
di aneter or the area of the jetting port of the jetting
nozzl e determned fromthe rotational speed of the notor,
and the notification section provides the type of jetting
nozzl e determ ned by the determ nation section. Al so,
preferably, the water jet processing apparatus further
includes a cutting unit cutting the workpi ece held on the
chuck table with a cutting blade. Moreover, preferably,

the punp is a plunger punp, and the rotational speed of



the notor at the tine of jetting the liquid at a
predeterm ned pressure fromthe jetting nozzle is a
rotational speed of the notor specified by a signal input
to an inverter connected to the notor, or a rotationa
speed of the notor detected by an encoder connected to

t he not or.

The water jet processing apparatus according to one
aspect of the present invention includes the nozzle
determi nation section identifying the jetting nozzle
nounted to the water jet processing apparatus on the
basis of a rotational speed of the notor connected to the
punp which pressurizes liquid. Accordingly, it is
possi bl e to check whether or not an appropriate jetting
nozzle is nounted to the water jet processing apparatus,
so that generation of a processing defect caused by
processing of the workpiece with an incorrect jetting
nozzl e can be prevented.

The above and ot her objects, features and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself wll best be understood froma study of
the followi ng description and appended clains with
reference to the attached drawi ngs showi ng a preferred

enbodi nent of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective viewillustrating a water
j et processing apparat us;

FIG 2A is a perspective viewillustrating a frane
unit;

FIG 2B is an enlarged perspective view
illustrating a workpiece;

FIG 3 is a partial cross-sectional side view
illustrating a water jet unit;

FIG 4A is a front elevational viewillustrating a
jetting nozzle;

FIG 4B is a front elevational viewillustrating
anot her jetting nozzle;

FIG 5 is a graph indicating a relation between a
pressure of liquid jetted fromthe jetting nozzle and a
rotational speed of a notor;

FIG 6 is a perspective viewillustrating an
ext ernal appearance of the water jet processing
appar at us;

FIG 7 is a partial cross-sectional front view
illustrating a manner in which the workpiece is processed
by a cutting unit; and

FIG 8 is a partial cross-sectional front view



illustrating a manner in which the workpiece is processed

by the water jet unit.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT

The preferred enbodi nent will be described bel ow
with reference to the attached drawings. FIG 1 is a
perspective viewillustrating a water jet processing
apparatus 2 according to the preferred enbodi nent. The
wat er jet processing apparatus 2 cuts a workpiece with a
cutting blade and jets pressurized liquid to the
wor kpi ece to process the workpiece. Note that sone of a
configuration of the water jet processing apparatus 2 are
represented by blocks in FIG 1.

The water jet processing apparatus 2 includes a
base 4 supporting each conponent constituting the water
j et processing apparatus 2. The base 4 has an openi ng 4a
formed at a front corner portion thereof, and a cassette
support base 6 noving up and down by an el evating
mechani sm (not illustrated) is provided in the opening 4a.
The cassette support base 6 has a cassette 8 nounted on
an upper surface thereof, the cassette 8 accommobdating a
plurality of workpieces. Note that, in FIG 1, an outline
of the cassette 8 only is illustrated for conveni ence of

expl anati on.



The wor kpi ece is accommopdated into the cassette 8
in a state of being supported by an annular franme. FIG
2A is a perspective viewillustrating a franme unit 21 in
whi ch a workpiece 11 is supported by an annul ar franme 19.
The workpiece 11 is a package substrate including a
plate-like substrate 13 forned into a rectangul ar shape
in aplan view, and a plurality of device chips (not
illustrated) disposed on a front surface 13a side of the
substrate 13. A resin layer (nold resin) 15 sealing the
plurality of device chips is fornmed on the front surface
13a side of the substrate 13. A description will be given
regarding a case in which the workpiece 11 is a package
substrate, by way of exanple. However, the type of
wor kpiece 11 is not limted to this. For exanple, the
wor kpi ece 11 may be a sem conduct or wafer having devices
such as integrated circuits (1Cs) fornmed on the front
surface thereof, for exanple. A circular adhesive tape 17
has such a di aneter capable of covering an entire back
surface 13b of the substrate 13 and is attached to the
back surface 13b of the substrate 13. The annul ar frane
19 is attached to an outer periphery of the adhesive tape
17, and the back surface 13b side of the substrate 13 is
attached to a center portion of the adhesive tape 17.

Accordingly, the franme unit 21 is formed fromthe



wor kpi ece 11, the adhesive tape 17, and the annul ar frane
19. Inthis frame unit 21, the workpiece 11 is supported
by the annular frane 19 in a state in which the resin

| ayer 15 is exposed upward. However, the resin |ayer 15
may be attached to the adhesive tape 17 such that the
back surface 13b side of the substrate 13 is exposed
upwar d.

FIG 2B is an enlarged perspective view
illTustrating the workpiece 11. The workpiece 11 is
divided into a plurality of separate regions along a
plurality of streets (division |ines) 23 arrayed in a
grid pattern so as to cross one another. The workpiece 11
is divided into individual package devices al ong the
streets 23, so that the plurality of package devices each
having a device chip therein are obtained. Al so, on a
front surface 15a side of the resin layer 15, a plurality
of recesses (cavities) 15b in an elliptical shape in a
plan view are formed along the streets 23. The recess 15b
I's disposed such that a najor axis direction thereof
extends along a direction perpendicular to a | engthw se
direction of the street 23 and has a depth smaller than a
t hi ckness of the resin |ayer 15.

Inside the resin layer 15, a netal (electrode) is

di sposed being connected to each device chip covered with
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the resin layer 15. Wen the recess 15b is fornmed on the
front surface 15a side of the resin |ayer 15, the netal
is exposed froman inner wall and a bottom surface of the
recess 15b. The exposed netal functions as an el ectrode
for connecting the individual package devices to each
term nal formed on a nounting board when the workpiece 11
is divided into the plurality of device packages and each
package device is to be nounted to the nmounting board.

On a lateral side of the cassette support base 6
illustrated in FIG 1, a rectangular opening 4b is forned
such that a |ongitudinal direction thereof extends al ong
an X-axis direction (front-back direction or processing
feed direction). Inside the opening 4b, a ball screw type
X-axi s noving nmechani sm 10, a table cover 12, and a dust-
proof and drip-proof cover 14 for covering an upper
portion of the ball screw type X-axis noving nmechani sm 10
are di sposed. The ball screw type X-axis noving nechani sm
10 includes an X-axis noving table (not illustrated)
covered with the table cover 12, causing the X-axis
noving table to nove in the X-axis direction. At a
position close to the lateral side of the cassette
support base 6, a tenporary setting nechanism 16 for
tenporarily setting the workpiece 11 is provided. The

tenporary setting nmechani sm 16 includes a pair of guide
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rails 16a and 16b noving closer to and apart from each
other while keeping a state parallel to a Y-axis
direction (right and left direction or indexing
direction), for exanple. Wen the workpiece 11 is
transferred fromthe cassette 8 to the tenporary setting
mechani sm 16, the pair of guide rails 16a and 16b noves
closer to each other in the X-axis direction so as to
hol d the opposite ends of the franme unit 21 in which the
wor kpi ece 11 is supported by the annular franme 19,

t her ebet ween, thereby aligning the workpiece 11 at a
predet erm ned position.

On an upper surface of the X-axis noving table, a
chuck table 18 for holding the workpi ece 11 under suction
Is provided so as to be exposed fromthe table cover 12.
The chuck table 18 is coupled with a rotational driving
source (not illustrated) such as a notor and rotates
around a rotational axis substantially parallel to a Z-
axis direction (vertical direction). Mreover, the chuck
table 18 noves in the X-axis direction together with the
X-axis noving table and the table cover 12 by the X-axis
novi ng nmechani sm 10. An upper surface of the chuck table
18 constitutes a holding surface 18a for hol ding the
wor kpi ece 11 under suction thereon. The hol ding surface

18a is forned substantially in parallel with respect to
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the X-axis direction and the Y-axis direction and
connected to a suction source (not illustrated) such as
an ejector through a suction passage (not illustrated)
provi ded i nside the chuck table 18.

Four clanps 20 for fixing the annular frane 19 (see
FIG 2A) which supports the workpiece 11 from four sides
are provided on a periphery of the chuck table 18 at
respective positions corresponding to the four sides. In
addition, in a region adjacent to the opening 4b, a
transfer unit (not illustrated) for transferring the
wor kpi ece 11 onto the chuck table 18 or the like is
di sposed.

On an upper side of the chuck table 18, a cutting
unit 22 which cuts the workpiece 11 with an annul ar
cutting blade, and a water jet unit 24 which jets
pressurized liquid to the workpiece 11 are provided. 1In
addi tion, on an upper surface of the base 4, a gate type
support structure 26 for supporting the cutting unit 22
and the water jet unit 24 is disposed so as to stride
across the opening 4b. On a front upper portion of the
gate type support structure 26, a noving unit 28a which
noves the cutting unit 22 in the Y-axis direction and the
Z-axis direction, and a noving unit 28b which noves the

water jet unit 24 in the Y-axis direction and the Z-axis
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direction are provided.

The noving units 28a and 28b include Y-axis noving
pl ates 32a and 32b, respectively. Each of the Y-axis
nmoving plates 32a and 32b is nounted to a pair of Y-axis
guide rails 30 disposed along the Y-axis direction on a
front surface of the support structure 26 in a slidable
manner. A back surface side (rear surface side) of the Y-
axis noving plate 32a has a nut (not illustrated)
provi ded therein, and a Y-axis ball screw 34a provided so
as to extend in a direction substantially parallel to the
pair of Y-axis guide rails 30 is screwed into the nut.
Simlarly, a back surface side (rear surface side) of the
Y-axi s noving plate 32b has a nut (not illustrated)
provi ded therein, and a Y-axis ball screw 34b provided so
as to extend in a direction substantially parallel to the
pair of Y-axis guide rails 30 is screwed into the nut.
Each of the Y-axis ball screws 34a and 34b has a Y-axis
pul sed notor 36 coupled to one end thereof. The Y-axis
ball screw 34a is rotated by the Y-axis pul sed notor 36
connected thereto, so that the Y-axis noving plate 32a
noves in the Y-axis direction along the Y-axis guide
rails 30. Simlarly, the Y-axis ball screw 34b is rotated
by the Y-axis pul sed notor 36 connected thereto, so that

the Y-axis noving plate 32b noves in the Y-axis direction
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along the Y-axis guide rails 30.

On a front surface side of the Y-axis noving plate
32a, a pair of Z-axis guide rails 38a is provided in the
Z-axis direction, and on a front surface side of the Y-
axis noving plate 32b, a pair of Z-axis guide rails 38b
is provided in the Z-axis direction. Mreover, a Z-axis
noving plate 40a is slidably nounted on the pair of Z-
axis guide rails 38a, and a Z-axis noving plate 40b is
slidably nmounted on the pair of Z-axis guide rails 38b.
On a back surface (rear) side of the Z-axis noving plate
40a, a nut (not illustrated) is provided, and the nut has
a Z-axis ball screw 42a screwed therein, the Z-axis bal
screw 42a being provided so as to extend in a direction
substantially parallel to the Z-axis guide rails 38a. A
Z-axis pulsed notor 44 is coupled to one end of the Z-
axis ball screw 42a, and the Z-axis ball screw 42a is
rotated by the Z-axis pulsed notor 44, so that the Z-axis
noving plate 40a noves in the Z-axis direction along the
Z-axis guide rails 38a. On a back surface (rear) side of
the Z-axis noving plate 40b, a nut (not illustrated) is
provi ded, and the nut has a Z-axis ball screw 42b screwed
therein, the Z-axis ball screw 42b bei ng provided so as
to extend in a direction substantially parallel to the Z-

axis guide rails 38b. A Z-axis pulsed notor 44 is coupled
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to one end of the Z-axis ball screw 42b, and the Z-axis
bal | screw 42b is rotated by the Z-axis pul sed notor 44,
so that the Z-axis noving plate 40b noves in the Z-axis
direction along the Z-axis guide rails 38b.

The cutting unit 22 is provided on a | ower portion
of the Z-axis noving plate 40a. An imaging unit (canera)
46a is provided at a position adjacent to the cutting
unit 22, and the imging unit 46a i nages the workpiece 11
and the |ike held under suction on the chuck table 18.
Moreover, the water jet unit 24 is provided on a | ower
portion of the Z-axis noving plate 40b. An inmagi ng unit
(canera) 46b is provided at a position adjacent to the
water jet unit 24, and the inmaging unit 46b inages the
wor kpi ece 11 and the |i ke held under suction on the chuck
table 18. The noving unit 28a controls a position of the
cutting unit 22 in each of the Y-axis direction and the
Z-axis direction and a position of the imaging unit 46a
in each of the Y-axis direction and the Z-axis direction.
Simlarly, the noving unit 28b controls a position of the
water jet unit 24 in each of the Y-axis direction and the
Z-axis direction and a position of the inmaging unit 46b
in each of the Y-axis direction and the Z-axis direction.
In other words, the position of the cutting unit 22 and

the position of the water jet unit 24 are controlled
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i ndependent|y of each ot her.

In a region on an opposite side of the opening 4a
across the opening 4b, an opening 4c is forned. A
cl eaning unit 48 for cleaning the workpiece 11 is
di sposed i nside the opening 4c, and the workpiece 11 is
cl eaned by the cleaning unit 48 after having been
subjected to a predeterm ned processing on the chuck
tabl e 18.

An annul ar cutting blade (not illustrated) nounted
on the cutting unit 22 is rotated to cut in the workpiece
11, so that cutting processing of the workpiece 11 can be
carried out. Mre specifically, the cutting unit 22
i ncludes a spindle having an axis in a direction
substantially parallel to the holding surface 18a of the
chuck table 18, and the annular cutting blade is nounted
on a tip portion of the spindle. The cutting blade is
formed by an el ectrof orned grindstone to which di anond
abrasive grains, for exanple, are fixed by nickel plating.
The spindle is coupled with a rotational driving source
such as a notor, and the cutting blade nounted to the
spindle is rotated by a force transmtted fromthe
rotational driving source. The cutting blade is thus
rotated to cut in the workpiece 11 held on the chuck

tabl e 18, and then, the workpiece 11 and the cutting
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bl ade are noved relatively along the X-axis direction
(processing feed direction), so that the workpiece 11 is
cut. In addition, pressurized liquidis jetted toward the
wor kpi ece 11 fromthe water jet unit 24, thereby

achi eving processing such as renoval of part of the

wor kpi ece 11 and renoval of netal burrs formed in the

wor kpi ece 11. Note that the renoval of burrs by use of
the water jet unit 24 will be described |later.

FIG 3 is a partial cross-sectional side view
illustrating the water jet unit 24. The water jet unit 24
has a detachable jetting nozzle 50 nounted thereto, the
jetting nozzle 50 jetting pressurized liquid 52 downwar d.
The jetting nozzle 50 is connected to a punp unit 60 (see
FIG 1) which pressurizes liquid to be supplied, and the
pressurized liquid supplied fromthe punp unit 60 is
jetted toward the workpiece 11 froma jetting port 50a of
the jetting nozzle 50, so that the workpiece 11 is
processed. Moreover, the water jet unit 24 includes a
cover 54 covering a lower portion of the jetting nozzle
50. The cover 54 is forned into a hem spherical holl ow
shape (bow -1i ke shape) inside and has an opening 54a in
a region (top portion) positioned at a center of the
cover 54 in a plan view. This opening 54a has the jetting

nozzle 50 inserted therein, and the cover 54 is nounted

18



to the jetting nozzle 50 thus inserted in such a manner
that a ring-shaped edge 54b of the cover 54 faces the
hol di ng surface 18a of the chuck table 18.

As illustrated in FIG 3, when the liquid 52 is
jetted fromthe jetting nozzle 50 to process the
wor kpi ece 11, the cover 54 is positioned so as to cover
the processed region of the workpiece 11. As a result,
di spersion of a mi st and processing dust generated by the
processing are prevented by the cover 54. Note that a
shape of the cover 54 can be appropriately nodified as
| ong as the dispersion of the m st and the processing
dust can be prevented. For exanple, the cover 54 may be
formed in a hollow conical shape inside. In addition, the
cover 54 has an opening 54c forned at a position
different fromthe opening 54a, and the opening 54c is
connected to one end of a tube 56 provided outside the
cover 54. The other end of the tube 56 is connected to a
suction source (not illustrated), and a m st and
processi ng dust generated inside the cover 54 due to
processi ng of the workpiece 11 are sucked and renoved
through the tube 56. Note that a position of the jetting
nozzle 50 can be controlled by the noving unit 28b
illustrated in FIG 1. Control of the noving unit 28b

causes the jetting nozzle 50 to relatively nove with
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respective to the chuck table 18.

As illustrated in FIG 1, the water jet unit 24 is
connected to the punp unit 60. The punp unit 60
pressurizes liquid such as water to be supplied to the
jetting nozzle 50 of the water jet unit 24. Note that the
punp unit 60 is connected to the controller 80, and the
controller 80 controls operation of the punp unit 60.

The punp unit 60 includes a punp 62 which
pressurizes liquid. The punp 62 is connected with a
i quid supplying source 72 including a tank and the i ke,
and liquid such as water supplied fromthe liquid
supplying source 72 is pressurized by the punp 62. Note
that the punp 62 is connected with the |iquid supplying
source 72 through a flow rate control unit 64, and the
flow rate control unit 64 controls a flowrate of the
liquid supplied fromthe |iquid supplying source 72 to
the punp 62. The flow rate control unit 64 is connected
to the controller 80, and the controller 80 controls
operation of the flowrate control unit 64. More
specifically, the controller 80 includes a flow rate
control section 82 connected to the flow rate control
unit 64. The flow rate control section 82 controls
operation of the flowrate control unit 64 in such a way

that liquid is supplied at a predetermned flow rate from
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the liquid supplying source 72 to the punp 62. Mbreover,
the flowrate control unit 64 can control whether or not

liquid is supplied fromthe Iiquid supplying source 72 to
the punp 62.

In addition, the punp 62 is connected to a notor 66
and controls pressure of liquid supplied fromthe flow
rate control unit 64 in response to a rotational speed of
the notor 66. In this manner, an exanple of the punp 62
whi ch pressurizes liquid supplied fromthe flow rate
control unit 64 in response to a rotational speed of the
notor 66 nmay include a plunger punp. In addition, an
Inverter 68 is connected to the notor 66 and controls the
rotational speed of the nbtor 66 in accordance with a
signal input fromthe controller 80. Mre specifically,
the controller 80 includes a pressurization contro
section 84 connected to the inverter 68, and the
pressurization control section 84 outputs a signa
speci fying a rotational speed (frequency) of the notor 66
to the inverter 68. Wen this signal is input to the
inverter 68, the inverter 68 rotates the notor 66 at a
rotational speed (command frequency) specified by the
pressurization control section 84. Then, in response to
the rotational speed of the notor 66 controlled by the

I nverter 68, the punp 62 pressurizes the liquid supplied
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fromthe flowrate control unit 64 to a predeterm ned
pressure. As a result, the liquid with the predeterm ned
pressure is supplied to the jetting nozzle 50 (see FIG

3) of the water jet unit 24, and accordingly, the liquid
52 is jetted fromthe jetting port 50a toward the

wor kpi ece 11. Further, the notor 66 has an encoder 70
connected thereto, the encoder 70 detecting the

rotational speed of the notor 66. The rotational speed of
the notor 66 detected by the encoder 70 is output to the
controller 80.

When the pressurized liquid 52 is jetted fromthe
water jet unit 24 to the workpiece 11, liquid is first
supplied at a predetermned flowrate fromthe |iquid
suppl ying source 72 through the flow rate control unit 64
to the punp 62, while at the sane tinme, the rotationa
speed of the notor 66 is controlled by the inverter 68.
Then, the punp 62 pressurizes the supplied liquid to a
pressure corresponding to the rotational speed of the
notor 66. Note that the rotational speed of the notor 66
is detected by the encoder 70 to be output to the
controller 80. Then, the liquid which has been
pressurized to the predeterm ned pressure by the punp 62
is supplied to the water jet unit 24. In this manner, the

water jet unit 24 and the punp unit 60 constitutes a unit
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(jetting unit) which pressurizes the liquid supplied from
the liquid supplying source 72 and jets the pressurized
liquid to the workpi ece 11 held on the chuck table 18.

Note that the conponents such as the el evating
nmechani sm whi ch noves up and down the cassette support
base 6 in the vertical direction, the X-axis noving
mechani sm 10, the chuck table 18, the transfer unit (not
illustrated), the cutting unit 22, the noving units 28a
and 28b, the imging units 46a and 46b, and the cl eaning
unit 48 are also connected to the controller 80, and
operations of the respective conponents are controlled by
the controller 80.

When the workpiece 11 is processed by the water jet
unit 24, a shape and a dianeter of the jetting port 50a
of the jetting nozzle 50 may be required to be changed
dependi ng on processing conditions (a size of a
processing regi on, a shape of the processing condition, a
materi al of the workpiece 11, and the like), in sone
cases. In this case, an operator replaces the jetting
nozzl e 50. However, in a case in which the operator
incorrectly selects a jetting nozzle 50 to be nounted and
nounts the wong nozzle 50 to the water jet unit 24, the
wor kpi ece 11 is processed by the inproper jetting nozzle

50, causing a processing defect to be generated. The
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wat er jet processing apparatus 2 according to the present
enbodi nent includes the nozzle determ nation section 90
whi ch discrimnates a type of jetting nozzle 50 nounted
to the water jet unit 24. After the jetting nozzle 50 is
repl aced, the nozzle determ nation section 90 checks the
type of jetting nozzle 50 nounted to the water jet unit
24, so that generation of a processing defect caused by
processi ng of the workpiece 11 with an incorrect jetting
nozzl e 50 can be prevented.

The type of jetting nozzle 50 can be distingui shed
by diameter or area of the jetting port 50a of the
jetting nozzle 50, for exanple. FIG 4A is a front
el evational view illustrating a jetting nozzle 100 which
Is an exanple of the jetting nozzle 50. FIG 4B is a
front elevational viewillustrating a jetting nozzle 102
which is another exanple of the jetting nozzle 50. The
jetting nozzle 100 and the jetting nozzle 102 are
different in dianmeter of the jetting port from each other.
The jetting nozzle 100 includes a circular jetting port
100a fromwhich liquid is jetted, and the jetting port
100a is connected to the punp unit 60 (see FIG 1)
through a fl ow passage 100b fornmed inside the jetting
nozzle 100. Simlarly, the jetting nozzle 102 includes a

circular jetting port 102a fromwhich liquid is jetted,
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and the jetting port 102a is connected to the punp unit
60 (see FIG 1) through a fl ow passage 102b forned inside
the jetting nozzle 102. A dianeter of the jetting port
102a of the jetting nozzle 102 is larger than a di aneter
of the jetting port 100a of the jetting nozzle 100. More
specifically, the jetting port 100a is fornmed into a
ci rcul ar shape having a dianmeter ¢l = 0.25 nm The
jetting port 102a is fornmed into a circul ar shape having
a dianmeter ¢2 = 0.30 nmm

A pressure of the liquid jetted fromthe jetting
nozzl e is decided by how nmuch the liquid is pressurized
by the punp 62 provided in the punp unit 60, and
pressurization by the punp 62 is controlled by the
rotational speed of the notor 66. In other words, in
order to jet the liquid having a predeterm ned pressure
fromthe jetting nozzle, it is required to rotate the
notor 66 at a predeterm ned rotational speed
corresponding to the predeterm ned pressure. However, a
rel ati on between the pressure of the liquid jetted from
the jetting nozzle and the rotational speed of the notor
66 is different according to the type of jetting nozzle.
FIG 5 is a graph indicating a relation between the
pressure of the liquid jetted fromthe jetting nozzle and

the rotational speed (frequency) of the notor 66 in each
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case of using the jetting nozzle 100 provided with the
jetting port 100a having a dianeter ¢1 = 0.25 nm and the
jetting nozzle 102 provided with the jetting port 102a
having a dianmeter ¢2 = 0.30 mm FIG 5 indicates the
rotati onal speed of the nbtor 66 necessary to jet the
liquid fromthe jetting nozzle at a predeterm ned
pressure (in the range of 0 to 70 MPa). As indicated in
FIG 5, the relation between the pressure of the liquid
jetted fromthe jetting nozzle and the rotational speed
of the notor 66 is different according to the di aneter of
the jetting port of the jetting nozzle. Accordingly, the
rel ati on between the pressure of the liquid jetted from
the jetting nozzle and the rotational speed of the notor
66 is recorded in advance for each dianeter of the
jetting ports 100a and 102a. Thereafter, when the jetting
nozzle is replaced, the liquid is jetted fromthe
replaced jetting nozzle at a predeterm ned pressure. By
detecting the rotational speed of the notor 66 at this
tinme, the dianmeter of the jetting nozzle can be
identified according to the rotational speed thus
detected, and the type of jetting nozzle which is nounted
can be determned. As a nodification, the type of jetting
nozzl e may be determ ned by a paraneter other than the

di anmeter of the jetting nozzle. For exanple, the relation
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between the pressure of the liquid jetted fromthe
jetting nozzle and the rotational speed of the notor 66
for each area of the jetting ports 100a and 102a is
recorded in advance, the area of the jetting port of the
jetting nozzle is identified to thereby determ ne the
type of jetting nozzle as well.

The controller 80 illustrated in FIG 1 includes
the nozzl e determ nation section 90 which determ nes the
type of jetting nozzle 50 nounted to the water jet unit
24. The nozzle determ nation section 90 identifies the
di aneter or the area of the jetting port 50a on the basis
of the rotational speed of the notor 66 detected when the
liquid is jetted at a predeterm ned pressure fromthe
jetting port 50a of the jetting nozzle 50 nounted to the
water jet unit 24 to determ ne the type of jetting nozzle
50. More specifically, the nozzle determ nation section
90 includes a notor rotational speed storing section 92
and a nozzle type storing section 94. The notor
rotational speed storing section 92 stores the relation
bet ween the pressure of the liquid jetted fromthe
jetting nozzle and the rotational speed of the notor 66.
The nozzle type storing section 94 stores types of
jetting nozzles.

The notor rotational speed storing section 92
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stores the rotational speeds of the notor 66 necessary to
jet the liquid at a predeterm ned pressure fromthe
jetting nozzle by dianmeter or area of the jetting port of
the jetting nozzle. 1In other words, the relation between
the pressure of the liquid and the rotational speed of
the nmotor 66 indicated in FIG 5 is stored in the notor
rotational speed storing section 92. Data stored in the
notor rotational speed storing section 92 is acquired by
carrying out, in advance, an experinent in which |iquid
is jetted fromeach of a plurality of jetting nozzles
different in dianeter or area of the jetting port from
one another and a pressure of the liquid and a rotationa
speed of the notor 66 detected at this tine are recorded,
for exanple. The nozzle type storing section 94 stores
di aneters or areas of the jetting ports of the plurality
of jetting nozzles and types of jetting nozzles having
the respective dianeters or areas. As the type of jetting
nozzl e, a nane, an identification synbol, a
classification synbol, or the like of the jetting nozzle
can be used, for exanple. In FIG 1, the notor rotationa
speed storing section 92 and the nozzle type storing
section 94 are provided i ndependently; however, they may
be included in a single storing section.

In addition, the nozzle determ nati on section 90
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includes a determ nation section 96 which determ nes a

di aneter or an area of the jetting port 50a of the
jetting nozzle 50 nounted to the water jet unit 24 and
the type of the jetting nozzle 50 with reference to the
information stored in the notor rotational speed storing
section 92 and the nozzle type storing section 94. To the
determ nation section 96, a rotational speed (i nput
rotational speed) of the notor 66 when the liquid is
jetted at a predeterm ned pressure (specified pressure)
fromthe jetting nozzle 50 nounted to the water jet unit
24 is input. This input rotational speed is input from
the pressurization control section 84 to the

determ nation section 96, for exanple. Note that the

I nput rotational speed is identical to a rotational speed
(command frequency) of the notor 66 specified by a signa
out put fromthe pressurization control section 84 to the
I nverter 68.

Note that, whether or not the liquid is jetted at a
predet erm ned pressure (specified pressure) fromthe
jetting nozzle 50 can be checked, for exanple, by
measuring the pressure of the liquid pressurized by the
punp 62 with a pressure neasuring device. This pressure
nmeasuring device is, for exanple, installed in a flow

passage of the liquid |eading fromthe punp 62 to the
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jetting port 50a of the jetting nozzle 50. Then, the
determ nation section 96 discrimnates the dianeter or
the area of the jetting nozzle 50 with reference to the
information stored in the notor rotational speed storing
section 92 on the basis of the input rotational speed.

For exanple, there is considered a case in which the

rel ati on between the pressure and the rotational speed of
the nmotor indicated in FIG 5 is stored in the notor
rotational speed storing section 92. When the type of the
jetting nozzle 50 nounted to the water jet unit 24 is

di scrimnated, the determ nation section 96 refers to the
information stored in the notor rotational speed storing
section 92 to identify which one of the two types of
jetting nozzles indicated in FIG 5 the jetting nozzle 50
nounted to the water jet unit 24 is, on the basis of the
I nput rotational speed input fromthe pressurization
control section 84. More specifically, regarding each of
the two types of jetting nozzles indicated in FIG 5, the
rotational speed (reference rotational speed) of the

not or necessary to jet the liquid supplied at a certain
flowrate fromthe liquid supplying source 72 at a
specified pressure is referred to. Then, by determ ning
whet her or not the reference rotational speed of each of

the two types of jetting nozzles matches with the input
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rotational speed (or whether or not a difference between
the reference rotational speed of each of the two types
of jetting nozzles and the input rotational speed is a
certain value or lower), it is identified to which one of
the two types of jetting nozzles the jetting nozzle 50
nounted to the water jet unit 24 belongs. As a result,
the dianmeter of the jetting port 50a of the jetting
nozzle 50 is determ ned by the determ nation section 96
(first determ nation step).

In addition, to the determ nation section 96, the
rotational speed of the notor 66 detected by the encoder
70 connected to the notor 66 is input. The determ nation
section 96 may determ ne the dianeter or the area of the
jetting port 50a by use of the rotational speed of the
not or 66 detected by the encoder 70 in place of the
rotational speed of the notor 66 output fromthe
pressurization control section 84. In this case, the
di aneter or the area of the jetting port 50a is
identified on the basis of an actual rotational speed of
the notor 66, and input of the rotational speed of the
notor 66 fromthe pressurization control section 84 to
the determ nation section 96 can be omtted.

Next, the determ nation section 96 refers to the

information stored in the nozzle type storing section 94
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to determne the type of the jetting nozzle 50 fromthe
di aneter or the area of the jetting port 50a which has
been determned in the first determ nation step (second
determ nation step). For exanple, the nozzle type storing
section 94 stores the dianeters or the areas of the
jetting ports of the plurality of jetting nozzles in
association with the identification synbols correspondi ng
thereto. In this case, the determ nation section 96
conpares the dianeter or the area of the jetting port 50a
whi ch has been determined in the first determ nation step
descri bed above with the dianeters or the areas of the
jetting ports of the plurality of jetting nozzles which
are stored in the nozzle type storing section 94. Then,
anong the plurality of jetting nozzles stored in the
nozzl e type storing section 94, the determ nation section
96 identifies the jetting nozzle which matches with the
di aneter or the area of the jetting port 50a which has
been determned in the first determ nation step (or the
jetting nozzle which is different in dianeter or area at
a certain value or lower) to further identify the type
(identification synbol) of the corresponding jetting
nozzle. Accordingly, the type of jetting nozzle 50
nounted to the water jet unit 24 is determ ned. The type

of jetting nozzle 50 determ ned by the determ nation
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section 96 is output fromthe determ nation section 96 to
a notification section 98, and the notification section
98 notifies an operator of the type of jetting nozzle 50.
The notification section 98 includes a nonitor provided
in the water jet processing apparatus 2, for exanple.

FIG 6 is a perspective viewillustrating an
external appearance of the water jet processing apparatus
2. As illustrated in FIG 6, some conponents of the water
j et processing apparatus 2 are covered with a cover 110,
and a nonitor 112 of touch panel type serving as a user
interface is provided on a side surface side of the cover
110. Operation of the nonitor 112 is controlled by the
controller 80 (see FIG 1). The type of jetting nozzle 50
whi ch has been determ ned by the determ nation section 96
is displayed on the nonitor 112. Accordingly, an operator
can check the type of jetting nozzle 50 nounted to the
water jet unit 24. In the foregoing description, a case
in which the type of jetting nozzle 50 is displayed on
the notification section 90 has been described. As a
nodi fication, the dianmeter or the area of the jetting
port 50a of the jetting nozzle 50 may be displayed on the
notification section 98. In this case, the determ nation
section 96 outputs the information on the dianeter or the

area of the jetting port 50a to the notification section
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98 after executing the first determ nation section, and
then, the notification section 98 displays the dianeter

or the area of the jetting port 50a thereon. In a case in
whi ch the dianmeter or the area of the jetting port 50a is
di spl ayed on the notification section 98 in this nmanner,
the nozzle type storing section 94 and the second
determination step can be omtted. Alternatively,

equi pnent other than the nonitor 112 may be used as the
notification section 98. For exanple, an indicating | anmp
114 provided on an upper surface side of the cover 110
may notify an operator of the type of jetting nozzle 50.
In this case, the type of jetting nozzle 50 is expressed
by a lighting color or a lighting pattern of the
indicating |lanp 114. Operation of the indicating lanmp 114
is controlled by the controller 80 (see FIG 1).

As descri bed above, the water jet processing
apparatus 2 according to the present enbodi nent i ncludes
the nozzl e determ nation section 90 identifying the
jetting nozzle 50 nounted to the water jet unit 24 on the
basis of the rotational speed of the notor 66 connected
to the punp 62 which pressurizes the |iquid. Accordingly,
it is possible to check whether an appropriate jetting
nozzle 50 is nounted to the water jet unit 24, and

generation of a processing defect caused by processing of
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the workpiece 11 with an incorrect jetting nozzle 50 can
be prevent ed.

The water jet unit 24 provided in the water jet
processi ng apparatus 2 descri bed above nay process the
wor kpi ece 11 solely or along with the cutting unit 22. 1In
the follow ng description, given is an exanple in which
the workpiece 11 illustrated in FIG 2B is processed
using both the cutting unit 22 and the water jet unit 24.
FIG 7 is a partial cross-sectional front view
illustrating a manner in which the workpiece 11 is
processed by the cutting unit 22. The upper surface of
the chuck table 18 constitutes the hol ding surface 18a
for hol ding the workpiece 11 under suction thereon, and
the hol ding surface 18a is connected to the suction
source (not illustrated) through a suction passage (not
il lustrated) provided inside the chuck table 18. The
cutting unit 22 for cutting the workpiece 11 is disposed
above the chuck table 18. The cutting unit 22 includes a
spi ndl e 120 having an axis in a direction substantially
parallel to the holding surface 18a, and an annul ar
cutting blade 122 is nounted to a tip portion of the
spindle 120. In addition, the spindle 120 is coupled with
a rotational driving source (not illustrated) such as a

notor, and the annular cutting blade 122 nounted to the
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spindle 120 is rotated by a force transmtted fromthe
rotational driving source.

In processing the workpiece 11, the workpiece 11 is
first disposed on the hol ding surface 18a of the chuck
tabl e 18 through the adhesive tape 17, and the annul ar
frame 19 which is attached to the outer periphery of the
adhesive tape 17 to support the workpiece 11 therethrough
is fixed with the clanps 20. A negative pressure
generated fromthe suction source is applied to the
hol di ng surface 18a in this state, thereby holding the
wor kpi ece 11 under suction on the chuck table 18 through
the adhesive tape 17. Next, the spindle 120 is rotated to
cause the cutting blade 122 to cut into the front surface
15a side of the resin layer 15. Then, the chuck table 18
is nmoved in a direction (processing feed direction)
substantially parallel to the holding surface 18a and
substantially perpendicular to the axis of the spindle
120, whereby the workpiece 11 and the cutting bl ade 122
are relatively noved along the streets 23 (see FIG 2B)
As a result, the workpiece 11 has a linear cutting groove
1la forned therein along each of the streets 23. Note
that the plurality of recesses 15b are fornmed on the
front surface 15a side of the resin layer 15 along the

streets 23 and the netal connected to each device chip
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(not illustrated) covered with the resin layer 15 is
exposed inside each of the recesses 15b. In addition, the
cutting blade 122 is positioned in such a way that a

| oner end of the cutting blade 122 is disposed | ower than
the bottom surface of the recess 15b and hi gher than the
back surface 13b of the substrate 13. Accordingly, a
depth of the cutting groove l1lla is greater than a depth

of the recess 15b and smaller than a thickness of the

wor kpi ece 11, so that the workpiece 11 is in a state of
not being fully cut.

In this manner, as the workpiece 11 is cut al ong
each of the streets 23, the netal exposed inside the
recess 15b cones in contact with the cutting blade 122 to
be el ongat ed, whereby whi sker-like burrs made of the
el ongated netal nay be formed on a surface (cut surface)
generated as a result of cutting the workpiece 11. Wen
the burrs thus formed remain inside the recesses 15b,
they may hi nder connection between the netal exposed
i nside the recess 15b and another netal (connecting
term nal of the nmounting board, for exanple) in a
subsequent step. Accordingly, it is preferred to renove
the burrs. In viewof this, after the workpiece 11 is cut
with the cutting blade 122, the water jet unit 24 renoves

the burrs remaining inside each of the cutting grooves
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11a.

FIG 8 is a partial cross-sectional front view
illustrating a manner in which the workpiece 11 is
processed by the water jet unit 24. After the cutting
grooves 1la are forned in the workpiece 11, as
illustrated in FIG 8, the jetting nozzle 50 included in
the water jet unit 24 is positioned such that the jetting
port 50a is disposed above one of the cutting grooves lla.
Then, the punp unit 60 (see FIG 1) supplies the
pressurized liquid to the water jet unit 24, so that the
pressurized liquid 52 is jetted at a predeterm ned
pressure fromthe jetting port 50a toward the cutting
groove l1lla. Accordingly, the burrs remaining inside the
recess 15b is blown off by the liquid 52 thus jetted and
then renoved. Note that renpoval of the burrs by the water
jet unit 24 is conducted in a state in which the
wor kpi ece 11 is not fully cut. Accordingly, it is
possible to prevent a part of the workpiece 11 from
falling off fromthe adhesive tape 17 due to the jetting
of the pressurized liquid 52.

Movenent of the water jet unit 24 is controlled
i ndependently of the cutting unit 22 by the noving unit
28b (see FIG 1). Accordingly, the position at which the

pressurized liquid 52 is jetted can be set freely. For
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exanpl e, after one cutting groove 1lla is formed by the
cutting blade 122, the water jet unit 24 is noved
relatively along the cutting groove 1la, and the liquid
52 is jetted to the cutting groove 1la, so that the burrs
inside the cutting groove 1lla can be renoved. Note that a
timng at which the burrs are renoved is not limted to

t he above case. For exanple, after the cutting grooves
1la are forned along all the streets 23, the burrs inside
the cutting grooves 1la may be renoved all at once.
Alternatively, while one cutting groove 1la is cut by the
cutting unit 22, the burrs nmay be sinultaneously renoved
by relatively noving the water jet unit 24 al ong anot her
cutting groove 1la which has already been forned. In this
case, cutting of the workpiece 11 and renoval of the
burrs can be conducted at the sane tine.

After the burrs have been renoved by the water jet
unit 24, the workpiece 11 is further cut along the
streets 23 by the cutting unit 22. At this time, the
cutting blade 122 is positioned in such a way that the
| oner end thereof is disposed | ower than the back surface
13b of the substrate 13. Accordingly, the workpiece 11 is
di vided along the street 23. This cutting step is carried
out along all of the streets 23, so that the workpiece 11

is divided into the plurality of package devices. Note

39



that, when the burrs are renoved by the water jet unit 24,
an appropriate jetting nozzle 50 is selected according to
a material and a thickness of the workpiece 11, and a
shape, a depth, and the like of the cutting groove 1lla,

to be nounted to the water jet unit 24. At this tinme, the
nozzl e determnation section 90 illustrated in FIG 1
checks whether an appropriate jetting nozzle 50 is

nount ed, whereby renoval of the burrs can be properly
conduct ed.

A structure, a nethod, or the |ike according to the
enbodi nent descri bed above can be inplenented with
appropriate changes w thout departing fromthe scope of
t he object of the present invention.

The present invention is not [imted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended cl ains and al
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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WHAT IS CLAIMED IS:

1. A water jet processing apparatus comprising:

a jetting unit detachably mounted with a jetting
nozzle jetting pressurized liquid to a workpiece held on
a chuck table for holding the workpiece thereon;

a moving unit causing the jetting nozzle to move
relatively with respect to the chuck table; and

a nozzle determination section determining a
diameter or an area of the jetting nozzle,

wherein the jetting unit has a pump pressurizing
the ligquid in response to a rotational speed of a motor,
and

the nozzle determination section includes

a motor rotational speed storing section in
which rotational speeds of the motor necessary to jet the
liquid from a jetting port of the jetting nozzle at a
predetermined pressure are stored by diameter or area of
the jetting port of the jetting nozzle,

a nozzle type storing section in which the
type of the jetting nozzle is stored for each diameter or
area of the jetting port of the jetting nozzle,

a determination section referring to information
stored in the motor rotational speed storing section and

then determining, from the rotational speed of the motor
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at the time of jetting the liquid at a predetermined
pressure from the jetting nozzle, the diameter or the
area of the jetting port of the jetting nozzle from which
the liquid has been jetted, and after that, referring to
information stored in the nozzle type storing section and
then further determining the type of the nozzle from the
diameter or area of the jetting port of the jetting
nozzle which is determined from the rotational speed of
the motor, and
a notification section notifying a type of

jetting nozzle determined by the determination section.

2. The water jet processing apparatus according to
claim 1, further comprising:

a cutting unit cutting the workpiece held on the
chuck table with a cutting blade.

3. The water jet processing apparatus according to
claim 1 and 2,

wherein the pump is a plunger pump, and

the rotational speed of the motor at the time of
jetting the liquid at a predetermined pressure from the
jetting nozzle is a rotational speed of the motor
specified by a signal input to an inverter connected to
the motor, or a rotational speed of the motor detected by

an encoder connected to the motor.
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