
- 1 - r SPECIFICATION  HYBRID LASER PROCESSING
APPARATUS  Technical Field [0001]  The present
invention relates to a hybrid laser  processing
apparatus, and more specifically relates to a  hybrid
laser processing apparatus that jets a liquid from  a
jet hole to the outside in the form of a liquid
column,  and guides laser beam to the liquid column.
Background Art  [0002] Conventionally, a hybrid laser
processing apparatus  including a processing head
having a jet hole, liquid  supply means for supplying
the processing head with a  high-pressure liquid, and
a laser oscillator that  oscillates laser beam, the
apparatus performing  processing on a workpiece by
jetting the liquid supplied  from the liquid supply
means from the jet hole to the  outside in the form of
a liquid column and guiding the  laser beam to the
liquid column has been known. (Patent  Document 1) In
such a hybrid laser processing apparatus, in  order to
guide laser beam in a liquid column to a  workpiece,
it is necessary to bring the jetted liquid a 2  



column to the workpiece in a stable condition without
diffusion, and also, there has been the demand to make
the diameter of the jetted liquid column be as small
as  possible from the viewpoint of yield enhancement,
etc.  Patent Document 1: National Publication of
International Patent Application No. 10-500903
Disclosure of the invention Issues to be solved by the
invention  [0003) Here, the smaller the diameter of
the liquid column  is, the more the liquid column is
disturbed by air  current generated around the liquid
column, resulting in  the length of the liquid column
that can be kept in a  stable state without diffusion
being shortened.  Accordingly, there is a problem in
that the diameter of  the liquid column cannot be
reduced to a desired diameter. In view of such
problem, the present invention is  intended to provide
a hybrid laser processing apparatus  capable of
providing a liquid column with a small  diameter.
Means to solve the issues  [0004) In other words, a
hybrid laser processing apparatus  according to the
present invention provides a hybrid  laser processing
apparatus including a processing head  having a jet
hole, liquid supply means for supplying the 0  e 



- 3  processing head with a high-pressure liquid, and
a laser  oscillator that oscillates laser beam, the
apparatus  performing processing on a workpiece by
jetting the  liquid supplied from the liquid supply
means from the jet hole to the outside in the form of
a liquid column and  guiding the laser beam to the
liquid column,  characterized by comprising: a chamber
that encloses at  least a space formed between the
processing head and the  workpiece; and gas exhaust
means for bringing the inside  of the chamber into a
vacuum state. [0005]  According to the present
invention, it is possible  to bring the inside of the
chamber into a vacuum state  using the gas exhaust
means, preventing generation of air  current around
the jetted liquid column, and accordingly,  the liquid
column will not be disturbed by that air  current, so
that even a liquid column having a small  diameter can
be kept in a stable state for a long time.  Best Mode
for Carrying Out the Invention [0006]  Hereinafter,
description will now be given of an  embodiment shown
in the drawings. Figure 1 shows a  hybrid laser
processing apparatus 1 according to the  present
invention, which cuts a workpiece 2 into a  required
shape by guiding laser beam L to a liquid column  W
formed by jetting water as a liquid. - 4  



This hybrid laser processing apparatus 1 includes: a
processing table 3 holding the workpiece 2; a chamber
4  accommodating the processing table 3; gas exhaust
means 5  for bringing the inside of the chamber 4 into
a vacuum  state; drainage means 6 for draining water
in the  chamber; a laser oscillator 7 that oscillates
laser beam  L; liquid supply means 8 for supplying
high-pressure  water; and a processing head 9 that
jets water toward the  workpiece 2 in the form of a
liquid column W and guides  the laser beam L to the
liquid column W, and they are  controlled by
controlling means not shown. This embodiment is
constructed so that it cuts a  thin semiconductor
wafer as the workpiece 2, and it can  also cut an
epoxy resin board or a composite material  consisting
of resin and metal, etc. Also, it is possible  to
perform the processing for providing a groove on a
surface of the workpiece 2, in addition to processing
for  cutting or drilling the workpiece 2. [0007]  The
processing table 3 holds the workpiece 2 in such  a
manner that the workpiece 2 can move in horizontal and
vertical directions, and it includes an x-axis table
3A  that moves the workpiece 2 in a horizontal x-axis
direction, and a y-axis table 3B, provided below the
x- axis table 3A, that moves in a y-axis direction
perpendicular to the x-axis direction, and a z-axis
table 5  3C that moves the x-axis and y-axis tables 3A
and 3B in a  



vertical direction. Here, when cutting a semiconductor
wafer as the  workpiece 2, the semiconductor wafer is
attached to an  adhesive sheet 2B that transmits the
laser beam L and the  liquid, and this adhesive sheet
2B is extended on a wafer  ring 2A. By fixing this
wafer ring 2A to a wafer ring  supporting portion 3Aa
provided on an upper surface of  the processing table
3, the semiconductor wafer is set on  the processing
table 3, and the semiconductor wafer is  carried
in/out to/from the processing table 3 together  with
the wafer ring 2A. Since such processing table 3 is
conventionally  known, the detailed description
thereof will be omitted,  and this processing table 3
may be provided with an angle  adjustment mechanism
that changes a relative angle  between the processing
head 9 and the workpiece 2. [0008]  The aforementioned
chamber 4 forms an enclosed space  where a gas-tight
condition is kept against the external  space, and
accommodates the processing table 3 inside.  Also,
this chamber 4 is provided with a door, not shown,
for setting the workpiece 2 on the processing table 3.
Furthermore, on an upper surface of the chamber 4, a
gas exhaust hole 4a to which the gas exhaust means 5
is  connected is provided, at a location where the
processing a - 6  



head 9 is secured, a through hole 4b allowing the
liquid  column W to pass through is provided, and at a
lower  portion of the chamber 4, two drainage holes 4c
to which  the drainage means 6 is connected are
provided. [0009]  The gas exhaust means 5 has a
configuration in which  an oil-sealed rotary pump 11
as a vacuum pump, and a  diffusion pump 12 are
provided in parallel, and these  oil-sealed rotary
pump 11 and diffusion pump 12 are  connected to the
gas exhaust hole 4a provided in the  chamber 4 via a
conduit 13 that forks on its way. These oil-sealed
rotary pump 11 and diffusion pump  12 are respectively
controlled by the controlling means,  and first and
second electromagnetic valves 14, 15, which  are
controlled by the controlling means, are provided for
the pumps 11, 12, respectively. In this embodiment,
first, the oil-sealed rotary  pump 11 is actuated to
bring the inside of the chamber 4  into a certain
degree of a vacuum state, then, diffusion  pump 12 is
actuated to further bring the inside of the  chamber 4
into a higher degree of a vacuum state. Since these
oil-sealed rotary pump 11 and diffusion  pump 12 are
conventionally known, the detailed  description of
their configurations is omitted, but the  oil-sealed
rotary pump 11 can be used even when an  exhausted gas
contains a large amount of moisture, and  the
diffusion pump 12 is a pump preferable for further - 7



bringing the inside of the chamber 4, which has been
in a  certain degree of a vacuum state by means of the
oil- sealed rotary pump 11, into a higher degree of a
vacuum  state. Also, a vacuum pump, such as a
turbo-molecular pump  or an ion pump, can be used
instead of the diffusion pump  12. [0010]  The
drainage means 6 includes: a catcher 21 provided  at
the position where the liquid column W is jetted, a
drain 22 provided at a bottom portion of the chamber
4;  and a drainage pump 23 provided outside the
chamber 4,  and the catcher 21 and the drain 22 are
connected by a  conduit 24 to the drainage pump 23 via
the drainage holes  4c formed in the chamber 4. The
catcher 21 is provided below the workpiece 2 and  the
adhesive sheet 2B, and is movable relative to the
processing table 3 so as not to be displaced from the
position where liquid column W is jetted, and it
receives  water passing through the workpiece 2 and
the adhesive  sheet 2B. The drain 22 aspirates water
accumulated at the  bottom portion of the chamber 4 as
a result of, for  example, bouncing off a surface of
the workpiece 2, and a tip of the drain 22 is
positioned at a bottom surface of  the chamber 4. a 8
_ 



The drainage pump 23 is controlled by the  controlling
means, and as a result of actuating this  drainage
pump 23, water in the chamber 4 is forcibly  drained
via the catcher 21 and the drain 22, reducing the
amount of moisture in the chamber 4 as much as
possible.  [00111 The laser oscillator 7 is a YAG
laser oscillator,  and it can perform CW oscillation
or pulse oscillation  depending on the processing, and
its processing conditions, such as its output or pulse
oscillation cycle,  may arbitrarily be adjusted.
Between the laser oscillator 7 and the processing
head 9, shutter means 31 that blocks the laser beam L,
a  reflective mirror 32 that reflects the laser beam L
toward the processing head 9, and a condensing lens 33
that condenses the applied laser beam L are provided.
The shutter means 31 is controlled by the  controlling
means, and it includes a reflective mirror  31a that
moves from/to the optical path of the laser beam  L
to/from the outside of the optical path by means of
driving means not shown, and a damper 31b that absorbs
the energy of the laser beam L reflected by the
reflective mirror 31a. When the reflective mirror 31a
is positioned on the  optical path of the laser beam
L, the laser beam L is  reflected on the reflective
mirror 31a, and the energy of  the laser beam L is
absorbed by the damper 31b. 9  



Meanwhile, when the reflective mirror 31a is moved  to
the outside of the optical path of the laser beam L,
the laser beam L is reflected on the reflective mirror
32,  and then is provided to the processing head 9 via
the  condensing lens 33. As the laser oscillator 7, a
semiconductor laser or  a C02 laser oscillator, etc.,
can also be used, and if  the laser beam L oscillated
has a wavelength that is  easily absorbed by water,
such as that oscillated by a  C02 laser oscillator, a
liquid that poorly absorbs the  laser beam L may be
used for the liquid jetted by the  processing head 9.
[0012]  The liquid supply means 8 includes a water
storage  tank 41 that stores water, and a
liquid-sending pump 42  that sends the water stored in
the water storage tank 41  toward the processing head
9 at a high pressure, which  are interconnected via a
conduit 43. The water storage tank 41 is connected to
a water  supply source 44, and the conduit 43
connecting the water  supply source 44 and the water
storage tank 41 includes  an on-off valve 45 that
controls water supply from the  water supply source
44, and a filter 46 that removes  foreign substances
contained in the water supplied from  the water supply
source 44. Between the liquid-sending pump 42 and the
processing head 9, a check valve 47 that prevents
flowing - 10  



water back to the liquid-sending pump 42, a third
electromagnetic valve 48, the opening/closing of which
is  controlled by the controlling means, an
accumulator 49  that prevents the pulsation of the
water sent and  supplies high-pressure water to the
processing head 9,  and a filter 50 that removes
foreign substances in the  water are provided in this
order from the upstream  liquid-sending pump 42 side.
Also, the conduit 43 from the water supply source 44
to the water storage tank 41 and the conduit 43 from
the  liquid-sending pump 42 to the processing head 9
are connected via two parallel conduits 43, and one of
the  conduits 43 is provided with a fourth
electromagnetic  valve 51, and the other conduit 43 is
provided with a  pressure adjustment valve 52. The
fourth electromagnetic valve 51 is used to  return
water from the liquid-sending pump 42 to the water
storage tank 41 when, for example, stopping the hybrid
laser processing apparatus 1, and the pressure
adjustment  valve 52 is provided to maintain the
pressure of the  inside of the conduit 43 from the
liquid-sending pump 42  to the processing head 9 to be
constant. [00131  The processing head 9, as shown in
Figure 2,  includes: a housing 61 fixed to an upper
surface of the  chamber 4; a jet nozzle 62 held
between the upper surface  of the chamber 4 and the
housing 61; and a transparent - 11  



glass plate 63 provided between the jet nozzle 62 and
the  condensing lens 33. In a side surface of the
housing 61, a connection  port 61a, which is connected
to a liquid passageway 64  formed between the glass
plate 63 and the jet nozzle 62  and is also connected
to the above conduit 43, is provided, and water
supplied from the liquid supply means  8 flows from
the connection port 61a into the liquid  passageway
64, and then is jetted from the jet nozzle 62  in the
form of the liquid column W. The jet nozzle 62 fits
into the center of a lower  end portion of the housing
61 and is held between the  lower end portion of the
housing 61 and the upper surface  of the chamber 4,
and a jet hole 65 is formed at the  center of this jet
nozzle 62. This jet hole 65 has a first angled surface
65a,  provided on the condensing lens 33 side,
converging  toward the workpiece 2 and a second angled
surface 65c  diverging from a minimum diameter portion
65b of the  first angled surface 65a toward the
workpiece 2 side. In this embodiment, the diameter of
the minimum  diameter portion 65b can be 50 m or less,
and in this  embodiment, specifically, the diameter of
the minimum  diameter portion 65b is 20 m. The glass
plate 63 is located between the jet nozzle  62 and the
condensing lens 33, and is secured to the  housing 61
using a nut 66, preventing water in the liquid - 12  



passageway 64 from leaking to a space above the glass
plate 63, and also, it transmits the laser beam L
condensed by the condensing lens 33. [0014]
Hereinafter, the operation of a hybrid laser
processing apparatus 1 having such configuration will
be  described. First, a door of the chamber 4 is
opened, and the  workpiece 2 is set on the processing
table 3, and then  the door is closed, thereby the
inside of the chamber 4  being isolated in a state in
which it is kept gas-tight  against the external
space. Next, the controlling means controls the liquid
supply means 8 to start sending water in the water
storage tank 41 toward the processing head 9 by means
of  the liquid-sending pump 42. The water storage tank
41 is  supplied with a sufficient amount of water by
the water  supply source 44 in advance. The water sent
by the liquid-sending pump 42, after  passing through
the check valve 47 and the third  electromagnetic
valve 48, flows into the accumulator 49,  and the
accumulator 49 is filled with the water and the  high
pressure water is supplied also to the processing
head 9. Upon the liquid passageway 64 being filled
with the  high pressure water as described above, the
high pressure  water is jetted from the jet hole 65 of
the jet nozzle 62 - 13  



in the form of the liquid column W, and reaches the
workpiece 2. However, the liquid column W jetted at
this time  will be disturbed by gas current flowing
around the  jetted liquid column W because the inside
of the chamber  4 is not in a vacuum state, and
accordingly it will  diffuse before reaching the
workpiece 2. Upon the liquid column W being jetted,
the drainage  means 6 is also actuated, and aspirates
water received by  the catcher 21 via the workpiece 2
and the adhesive sheet  2B, and the water that has
bounced off the workpiece 2  and accumulated at the
bottom portion of the chamber 4,  by means of the
drainage pump 23 via the drain 22, and  drains that to
the outside. Specifically, providing the  catcher 21
at the position where the liquid column W is  jetted
makes it possible to reduce the amount of
vaporization in the chamber 4. (0015)  In parallel to
the actuation of the liquid supply  means 8, the
controlling means controls the gas exhaust  means 5 to
first actuate the oil-sealed rotary pump 11  and open
the first electromagnetic valve 14. As a result,  the
oil-sealed rotary pump 11 aspirates a gas in the
chamber 4 via the gas exhaust hole 4a, lowering the
gas  pressure in the chamber 4, and a certain degree
of vacuum  state is thereby formed. G - 14  



The controlling means actuates the diffusion pump 12
after a predetermined period of time has passed from
the  start of the oil-sealed rotary pump 11 actuation,
or when  the gas pressure in chamber 4 falls to a
predetermined  gas pressure or less. Upon the start of
the diffusion pump 12, the  controlling means closes
the first electromagnetic valve  14, and opens the
second electromagnetic valve 15 instead,  and then
stops the oil-sealed rotary pump 11.  Consequently,
the diffusion pump 12 now aspirates the gas  in the
chamber 4 via the gas exhaust hole 4a, lowering  the
gas pressure in the chamber 4, and a higher degree of
vacuum state is thereby formed.. Here, immediately
after the actuation of the gas  exhaust means 5, the
liquid column W jetted from the  processing head 9
vaporizes, and the inside of the  chamber 4 has a high
density of water vapor, but the oil- sealed rotary
pump 11 having the characteristic of  withstanding
moisture exposure is preferable for this  embodiment.
The controlling means actuates the diffusion pump 12
until the processing on the workpiece 2 is finished,
and  during that time, it maintains the vacuum state
in the  chamber 4. [00161  As described above, as a
resulting of bringing the  inside of the chamber 4
into a vacuum state by means of s 



15  the gas exhaust means 5, no gas flows around the
liquid  column W jetted from the jet hole 65, and the
liquid  column W reaches the workpiece 2 in a stable
state  without being disturbed by the gas current. By
closing  the third electromagnetic valve 48
thereafter, the high  pressure water with no pulsation
is jetted from the  accumulator 49. When the diameter
of the minimum diameter portion  65b of the jet hole
65 is 20 gm as described in this  embodiment, a stable
liquid column W can be jetted by  bringing the gas
pressure in the chamber 4 into a vacuum  state of
approximately 100 hPa by means of the gas  exhaust
means 5. Also, if the gas pressure in the  chamber 4
is brought into a vacuum state of approximately  10
hPa, a stable liquid column.W can be jetted even when
the diameter of the minimum diameter portion 65b is 5
m.  [00171 s The laser oscillator 7 starts operating
by means of  the controlling means in parallel to the
operation of the  gas exhaust means 5 and the liquid
supply means 8, and  the laser oscillator 7 starts
oscillating the laser beam  L. However, the
controlling means positions the  reflective mirror 31a
of the shutter means 31 on the  optical path of the
oscillated laser beam L, and the  laser beam L is
guided by the reflective mirror 31a to 16  



the damper 31b and the energy of the laser beam L is
absorbed. Then, when the inside of the chamber 4 is
brought  into a vacuum state, and the liquid column W
jetted from  the jet hole 65 reaches the workpiece 2
in a stable state  in the chamber 4, the controlling
means moves the  reflective mirror 31a to the outside
of the optical path  of the laser beam L, and as a
result, the laser beam L is  condensed by the
condensing lens 33 after it is reflected  on the
reflective mirror 32. The condensed laser beam L
passes through the glass  plate 63 and the water in
the liquid passageway 64, and  then is reflected on
the first angled surface 65a of the  jet hole 65 and
is guided into the liquid column W, and  at this time,
since the liquid column W has reached the  workpiece 2
in a stable state, the laser beam L is then  guided to
the workpiece 2 while being repeatedly reflected
within the liquid column W. Meanwhile, if the jetted
liquid column W is  disturbed before it reaches the
workpiece 2, the laser  beam L cannot be repeatedly
reflected within the liquid  column W, which makes it
impossible to guide the laser  beam L to the workpiece
2 as a result of, for example,  the laser beam L
leaking to the outside on its way in the  liquid
column W. [0016] 17  According to the above
embodiment, as a result of  



bringing the inside of the chamber 4 into a vacuum
state  by means of the gas exhaust means 5, the liquid
column W  can reach the workpiece 2 in a stable state
without turbulence of the liquid column W even through
the liquid  column W jetted from the jet hole 65 has a
small diameter.  Also, conventionally, in order to
stably jet the liquid column W, an air pocket is
provided in a lower  portion of the processing head 9
to make stable gas  current flow around the jetted
liquid column W, but in  this embodiment, the inside
of the chamber 4 is brought  into a vacuum state, so
that no air pocket is needed, and  the jet nozzle 62
and the workpiece 2 can be made closer  to each other
by that amount. [00191  Also, regarding the gas
exhaust means 5, in this  embodiment, two vacuum
pumps, that is, the oil-sealed  rotary pump 11 and the
diffusion pump 12, are used for a  vacuum pump, but
the vacuum pump may include only one  vacuum pump,
that is, the oil-sealed rotary pump 11,  depending on
the diameter of the jetted liquid column W,  and
contrarily, it can also include three or more vacuum
pumps. Brief Description of the Drawings  [0020] - 18
Figure 1 is an arrangement drawing of a hybrid laser
processing apparatus according to this embodiment; and
Figure 2 is an enlarged diagram of a processing head.



Description of Symbols [0021)  1 hybrid laser
processing apparatus  2 workpiece 3 processing table
4 chamber 5 gas exhaust means  6 drainage means 7
laser oscillator 8 liquid supply means  9 processing
head 11 oil-sealed rotary pump  12 diffusion pump 21
catcher  62 jet nozzle  L laser beam W liquid column
19 - CLAIMS  1. A hybrid laser processing apparatus
including a processing head having a jet hole, liquid
supply means  for supplying the processing head with a
high-pressure  liquid, and a laser oscillator that
oscillates laser beam,  the apparatus performing
processing on a workpiece by  jetting the liquid
supplied from the liquid supply means  from the jet
hole to the outside in the form of a liquid  column
and guiding the laser beam to the liquid column,
characterized by comprising: a chamber that encloses
at  



least a space formed between the processing head and
the  workpiece; and gas exhaust means for bringing the
inside  of the chamber into a vacuum state. 2. The
hybrid laser processing apparatus according to  claim
1, characterized by comprising drainage means
including a catcher, provided below the workpiece,
that  receives a liquid that has penetrated the
workpiece; and  a drainage pump that aspirates the
liquid in the catcher  and drains it to the outside of
the chamber. 3. The hybrid laser processing apparatus
according to  claim 1 or 2, characterized in that a
diameter of the jet  hole is no more than 50 m. 


