PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing apparatus
for processing a plate-like workpiece held under suction by a
chuck table while supplying processing water to the planar
wor kpi ece.

Description of the Related Art

Cutting apparatus for rotating a cutting blade and forcing
the cutting blade into a plate-like workpiece such as a
sem conductor wafer or the like to cut the plate-like workpiece
use a chuck table for holding the plate-lIike workpiece under
sucti on. The chuck table enploys, as a suction source, an
ejector for attracting the plate-like workpi ece under a negative
pressure that is devel oped when air flows (see, for exanple, Re-
publication of PCT International Publication No. 2005-3043).

Processing apparatus that process a workpiece with a
grinding wheel such as a cutting blade or the like, as is the
case with the above cutting apparatus, use processing water for
cooling the grinding wheel. During operation, the processing
water finds it way between the upper surface of the chuck table
and the lower surface of the wafer, and is drawn in by the chuck
table. The processing water thus drawn in obstructs the flow of
air from the ejector, tending to lower the suction force
generated by the chuck table. One solution to the problem has
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been proposed to insert a separator in the ©pipe that
interconnects the chuck table and the suction source, for
separating the introduced processing water to prevent the
suction force from being reduced (see, for exanple, Japanese
Pat ent Lai d-open No. 2014-34068 and Japanese Patent Lai d-open No.

2012- 151263).

SUWARY OF THE | NVENTI ON

If the separator has its water discharge port |eft open,
then air flows through the water discharge port into the
separator thereby to reduce the suction force. Therefore, the
wat er di scharge port needs to be closed. However, if the water
di scharge port is closed, then the separated processing water
remai ns trapped in the separator. Therefore, when the processing
of the plate-like workpiece is finished, the water discharge
port is opened to discharge the trapped processing water from
the separator. \When the discharging of the processing water is
finished, the water discharge port is closed again after which a
next plate-like workpiece starts to be processed. Since a next
pl ate-l1ike workpiece cannot be processed until the trapped
processing water is fully discharged from the separator, the
nunber of plate-like workpieces that can be processed per unit
time by the processing apparatus is relatively snmall.

It is, therefore, an object of the present invention to
provide a processing apparatus in which a plate-like workpiece
to be processed is held by a chuck table and which is capabl e of
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processing an increased nunber of workpieces per wunit tine
wi t hout causing a reduction in the suction force under which the
pl ate-1i ke workpi eces are held by the chuck table.

In accordance with an aspect of the present invention,
there is provided a processing apparatus including a chuck table
for holding a plate-like workpi ece under suction, suction neans
connected to the chuck table, for causing the chuck table to
generate a suction force, and processing neans for processing
the plate-1like workpiece held by the chuck table while supplying
processing water to the plate-like workpiece, wherein the
suction neans includes a first suction source, a first pipe
providing fluid comunication between the first suction source
and the chuck table, a separator arranged in the first pipe, for
separating a gas and a liquid drawmn in fromthe chuck table, and
wat er di scharging neans for discharging the |iquid separated by
t he separator, and the water discharging neans includes a second
suction source, a second pipe providing fluid conmunication
bet ween the second suction source and a water discharge port of
the separator, and a check valve arranged in the second pipe
for preventing a fluid from flowng from the second suction
source to the separator

Preferably, each of the first suction source and the
second suction source includes an air supply source and an
ejector for drawing in a fluid under a negative pressure
generated by a flow of air supplied fromthe air supply source.

Preferably, the water discharging neans includes a trapped
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liquid |evel sensor for detecting the anmount of liquid trapped
in the separator, a pressure sensor for detecting the pressure
in the first pipe, a decision unit configured to determne
whet her the amount of Iliquid detected by the trapped liquid
| evel sensor has exceeded a predeterm ned anpbunt or not and to
determ ne whether the pressure detected by the pressure sensor
is lower than a predetermned value or not, and a swtching
controller for operating the second suction source if the
decision unit decides that the amobunt of |iquid detected by the
trapped liquid Ilevel sensor has exceeded the predeterm ned
anount, and shutting down the second suction source if the
decision unit decides that the pressure detected by the pressure
sensor is lower than the predeterm ned val ue.

Wth the processing apparatus according to the present
invention, since the separator separates a |liquid such as
processing water fromair drawn in by the first suction source,
the suction force generated by the suction neans is prevented
from being | owered. As the check valve prevents a fluid from
flowwng fromthe water discharge port of the separator into the
first pipe, the suction force generated by the suction nmeans is
prevented from being | owered. Furthernore, inasmuch as the
liquid trapped in the separator is not drained of its own accord,
but is forcibly discharged by the second suction source, the
suction force generated by the suction neans is prevented from
being lowered. Since the liquid can be discharged fromthe chuck
table while the plate-like workpiece held by the chuck table is
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bei ng processed, it is not necessary to wait until the liquid is
fully drained from the separator. Consequently, the nunber of
pl ate-1i ke workpieces that can be processed per unit tine by the
processi ng apparatus can be increased.

If the amount of liquid trapped in the separator exceeds
the predeterm ned anount, then the second suction source is
actuated, and if the liquid trapped in the separator is fully
di scharged, then the second suction source is shut down. Since
the second suction source is thus efficiently operated, the
energy efficiency of the processing apparatus is increased.

The above and other objects, features, and advantages of
the present invention and the manner of realizing them wl]l
becone nore apparent, and the invention itself wll best be
understood from a study of the following description and
appended clains with reference to the attached drawi ngs show ng

sone preferred enbodi nents of the invention

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a block diagram showing a configuration of a
processi ng apparatus according to an enbodi nent of the present
i nventi on;

FIG 2 is an enlarged fragnentary cross-sectional view
showi ng an ejector of the processing apparatus in FIG 1; and

FIG 3 is a block diagram showing a configuration of the
processing apparatus according to another enbodinent of the

present invention.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

FIG 1 shows a processing apparatus 10 according to an
enbodi mrent of the present invention. The processing apparatus 10
is an apparatus for processing, e.g., cutting, grinding, or
polishing, a plate-like workpiece 20. The processing apparatus
10 includes a chuck table 11 for holding the plate-Ilike
wor kpi ece 20 under suction, suction neans 13 connected to the
chuck table 11, and processing neans 12 for processing the
pl ate-1i ke workpiece 20 that is held by the chuck table 11. The
processing neans 12 includes, for exanple, cutting neans for
forcing a cutting blade having a cutting wheel (cutter) into the
pl ate-1i ke workpiece 20 to cut the plate-like workpiece 20. The
processing neans 12 uses processing water to cool the cutting
wheel and processes the plate-like workpiece 20 while supplying
the processing water to the plate-Ilike workpiece 20.

The suction nmeans 13 serves to draw in air from the chuck
table 11 to cause the chuck table 11 to generate a suction force.
The suction neans 13 includes a first suction source 31 for
drawing in air, a first pipe 32 that provides fluid
communi cati on between the first suction source 31 and the chuck
table 11, a separator 33 for separating a gas and a |iquid drawn
from the chuck table 11 from each other, and water discharging
means 34 for discharging the liquid separated by the separator
33.

The first suction source 31 includes an ejector 311 for
generating a negative pressure by a flow of air supplied from an
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air supply source 30a, an air discharge port 312 for discharging
air, a pipe 313 that provides fluid conmunication between the
air supply source 30a and the ejector 311, and a pipe 314 that
provi des fluid communicati on between the ejector 311 and the air
di scharge port 312. The first pipe 32 includes a pipe 321 that
provides fluid comunication between the chuck table 11 and the
separator 33 and a pipe 322 that provides fluid comunication
between the separator 33 and the ejector 311. Therefore, the
separator 33 is arranged halfway in the pipe 32.

The water discharging neans 34 includes a second suction
source 41 for drawing in the liquid separated by the separator
33, a second pipe 42 that provides fluid conmunication between
the separator 33 and the second suction source 41, and a check
valve 43 for preventing a fluid (air) from flowwing from the
second suction source 41 to the separator 33 through the second
pi pe 42. The second suction source 41 includes an ejector 411
for generating a negative pressure by a flow of air supplied
from an air supply source 30b, a water discharge port 412 for
di scharging air and a liquid, a pipe 413 that provides fluid
communi cati on between the air supply source 30b and the ejector
411, and a pipe 414 that provides fluid comunication between
the ejector 411 and the water discharge port 412.

The second pipe 42 includes a pipe 421 that provides fluid
comuni cati on between the separator 33 and the check valve 43
and a pipe 422 that provides fluid communication between the
check valve 43 and the ejector 411. Therefore, the check valve
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43 is arranged halfway in the second pi pe 42. The check val ve 43
may be coupled to the separator 33 insofar as the check val ve 43
is connected to the second pipe 42.

When the first suction source 31 is actuated, it generates
a suction force in the chuck table 11 through the first pipe 32
and the separator 33. Air that is drawn in fromthe chuck table
11 contains processing water that s supplied from the
processi ng neans 12. The liquid that includes the processing
water contained in the air is separated by the separator 33 and
remains trapped in the separator 33. When the second suction
source 41 is actuated, it draws in the liquid trapped in the
separator 33 through the second pipe 42 and the check val ve 43,
and di scharges the liquid fromthe water discharge port 412. The
second pipe 42 is connected at a height capable of discharging
the liquid including the processing water trapped in the
separator 33, whereas the first pipe 32 is connected at a hei ght
i ncapable of drawing in the processing water trapped in the
separator 33, i.e., higher than the position where the second
pipe 42 is connected to the separator 33.

As shown in FIG 2, the ejector 311 has a passageway 111
t hrough which air supplied fromthe air supply source 30a flows
and a suction passage 113 connected to the first pipe 32. The
passageway 111 includes a constriction 112 having a smaller
cross-sectional area. The constriction 112 nmakes air flow at a
hi gher speed, generating a negative pressure. The suction
passage 113 is connected substantially perpendicularly to the
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passageway 111 at the area of the constriction 112. Air is drawn
from the first pipe 32 into the passageway 111 wunder the
negative pressure generated by the constriction 112. The air
drawn in fromthe first pipe 32 is discharged, together with the
air supplied from the air supply source 30a, from the air
di scharge port 312. The ejector 411 is sane in structure to the
ej ector 311.

If a liquid is mxed in the air drawn in from the first
pipe 32, the suction force generated in the chuck table 11 is
| onered. The separator 33 arranged halfway in the first pipe 32
separates the liquid including the processing water fromthe air
from the chuck table 11, thereby preventing the suction force
frombeing lowered. The liquid separated by the separator 33 is
drawn off by the second suction source 41 and discharged from
the water discharge port 412. Since the separator 33 is not
filled with the liquid, it is not necessary to wait until the
liquid is drained from the separator 33. Consequently, the
pl ate-li ke workpiece 20 can continuously be processed by the
processing neans 12, with the result that an increased nunber of
pl ate-1i ke workpi eces 20 can be processed per unit tine.

The second suction source 41 has its suction force |owered
by drawing in the liquid separated by the separator 33. However,
since the second suction source 41 serves to discharge the
liquid separated by the separator 33, it does not adversely
affect the suction force generated in the chuck table 11 even if
the suction force generated by the second suction source 41 is
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| ower ed. The second suction source 41 nmy be actuated
continuously or intermttently at given intervals. Even when the
second suction source 41 stops drawing in the liquid separated
by the separator 33, the check valve 43 that is arranged hal fway
in the second pipe 42 prevents anbient air fromflowng fromthe
second pipe 42 into the first pipe 32, so that the suction force
generated in the chuck table 11 is not lowered. |If the second
suction source 41 operates only when necessary, the energy
consuned by the second suction source 41 is prevented from being
wast ed.

A single common air supply source nay be used as both the
air supply source 30a connected to the first suction source 31
and the air supply source 30b connected to the second suction
source 41. The first suction source 31 and the second suction
source 41 are not limted to those including the ejector, but
may be of other types.

FIG 3 shows a processing apparatus 10A according to
anot her enbodi ment of the present invention. As shown in FIG 3,
the processing apparatus 10A includes, in addition to the
conponents of the processing apparatus 10 in FIG 1, a trapped
liquid level sensor 44 for detecting the anmount of ||iquid
trapped in the separator 33, a pressure sensor 45 for detecting
the pressure in the first pipe 32, a decision unit 46 for
determ ni ng whet her the anopunt of liquid detected by the trapped
liquid level sensor 44 has exceeded a predeterm ned anount or
not and also for determning whether the pressure detected by
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the pressure sensor 45 is lower than a predeterm ned value or
not, a solenoid-operated valve 48 arranged halfway in the pipe
413, and a switching controller 47 for controlling the sol enoid-
operat ed val ve 48.

When the sol enoi d-operated valve 48 is closed, the second
suction source 41 is not actuated because no air is supplied
fromthe air supply source 30b to the second suction source 41.
Therefore, the |liquid trapped in the separator 33 is not
di scharged, and the separator 33 continues to trap the liquid
separated thereby. Wen the amount of liquid trapped in the
separator 33 exceeds the predeterm ned anount, the decision unit
46 detects the exceeding level and sends a signal to the
switching controllers 47, which controls the sol enoid-operated
valve 48 to open. Now, air is supplied from the air supply
source 30b to the second suction source 41, which is actuated to
di scharge the trapped liquid fromthe separator 33.

Wen the trapped liquid is fully discharged from the
separator 33, the pressure detected by the pressure sensor 45 is
| ower ed. If the decision unit 46 decides that the detected
pressure value is lower than the predeterm ned value, then the
decision unit 46 determnes that no liquid is trapped in the
separator 33 and sends a signal to the switching controllers 47,
whi ch controls the sol enoi d-operated valve 48 to close. As the
sol enoi d-operated valve 48 is closed, air stops being supplied
fromthe air supply source 30b to the second suction source 41
whi ch is shut down.
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Since the amount of liquid trapped in the separator 33 is
detected and the second suction source 41 is controlled on the
basis of the detected anpbunt of liquid trapped in the separator
33, the separator 33 is prevented from being filled with the
processing water, and the suction force generated in the chuck
table 11 is prevented from bei ng reduced. |nasnmuch as the second
suction source 41 can operate only when necessary, it acts as an
energy saver.

The second suction source 41 may be shut down when the
anount of liquid trapped in the separator 33 becones snaller
than the predeterm ned anmount, rather than when the trapped
liquid is fully discharged from the separator 33. According to
t he second enbodi nent, the second suction source 41 is shut down
by closing the sol enoi d-operated valve 48 to stop supplying air
from the air supply source 30b. However, the second suction
source 41 may be shut down in other ways.

The present invention is not |imted to the details of the
above described preferred enbodinents. The scope of the
invention is defined by the appended clains and all changes and
nmodi fications as fall within the equival ence of the scope of the

clainms are therefore to be enbraced by the invention.
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WHAT IS CLAI MED | S:

1

A processi ng apparatus conpri sing:

a chuck table for holding a plate-like workpiece
under sucti on;
suction neans connected to said chuck table, for
causing said chuck table to generate a suction force; and
processing neans for processing the plate-like
wor kpi ece held by said chuck table while supplying
processing water to the plate-like workpiece; wherein said
suction neans i ncl udes:

a first suction source;

a first pipe providing fluid comunication between
said first suction source and said chuck table;

a separator arranged halfway in said first pipe,
for separating a gas and a liquid drawmn in from said chuck
table; and

wat er di scharging neans for discharging the liquid
separated by said separator

sai d wat er di schargi ng neans i ncl udes:

a second suction source;

a second pipe providing fluid comunication between
said second suction source and a water discharge port of
sai d separator; and

a check valve arranged in said second pipe, for
preventing a fluid from flowng from said second suction
source to said separator.
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2. The processing apparatus according to claim 1, wherein each
of said first suction source and said second suction source
conprises an air supply source and an ejector for drawing in a
fluid under a negative pressure generated by a flow of air
supplied fromsaid air supply source.

3. The processing apparatus according to claim 1, wherein said
wat er di schargi ng nmeans conpri ses:

a trapped liquid level sensor for detecting the
anount of liquid trapped in said separator;

a pressure sensor for detecting the pressure in
said first pipe;

a decision unit configured to determ ne whether the
anount of liquid detected by said trapped liquid |evel
sensor has exceeded a predeterm ned anobunt or not and to
determ ne whether the pressure detected by said pressure
sensor is lower than a predeterm ned value or not; and

a switching controller for operating said second
suction source if said decision unit decides that the
anount of liquid detected by said trapped liquid |evel
sensor has exceeded the predeterm ned anount, and shutting
down said second suction source if said decision unit
deci des that the pressure detected by said pressure sensor

is lower than the predeterm ned val ue.
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