LASER PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a | aser processing
apparatus that applies a | aser beamto one-surface side
of a workpiece to thereby forma plurality of processing
mar ks, and a nethod for confirm ng each regi on where one
of the plurality of processing narks is present.

Description of the Related Art

In a |l aser processing apparatus that applies a
| aser beam havi ng such a wavel ength as to be absorbed by
a wor kpi ece to the workpi ece to process the workpiece, a
shape of the |aser beaminfluences processing quality.
The shape of the |l aser beamis confirnmed, for exanple, by
observing results of processing after actually processing
the workpi ece by the | aser beam In an exanple, in a case
where a one-surface side of a flat plate-shaped workpi ece
Is processed in a |inear manner by a |l aser beam first,
anot her surface side |located opposite to the one surface
of the workpiece is held by a holding table provided in
the | aser processing apparatus. Next, the holding table
is nmoved in a predeterm ned direction substantially

orthogonal to a | aser beam applying direction to process



the one-surface side of the workpiece in a |inear nanner
by the | aser beam (see, for exanple, Japanese Patent
Lai d- open No. 2013-78785).

At the tinme of processing, a condenser |ens for
concentrating the | aser beamis positioned at a plurality
of different heights to forma plurality of Iinear
processi ng marks according to each height. For exanpl e,
the condenser lens is disposed at a first height to form
a linear first processing mark. Next, the condenser |ens
is disposed at a second height different fromthe first
hei ght, and the | aser beamis applied to a region
different froma region of the first processing mark to
forma linear second processing mark. After a plurality
of |inear processing marks are forned on the one-surface
side of the workpiece, a width of each processing mark is
observed, so that the shape of the |aser beamis
confirnmed.

Incidentally, there are cases where a plurality of
dot - shaped processing narks are fornmed on an upper
surface of a workpiece to thereby confirmthe shape of
the |l aser beam |In these cases, first, an inmge of the
upper surface formed with the plurality of dot-shaped
processing marks i s obtained. Next, based on the inmge,

detection of outlines of the processing nmarks, decision
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of acceptability of the shape of the |aser beam and the
li ke are perfornmed. However, if the detection of the
outlines, the decision of acceptability, and the |ike are
carried out by a person, huge tine is required for the
processing operation. In addition, a criterion for
determ ning a boundary between a processing region and a
non- processing region, a criterion for the decision of
acceptability, and the |like may vary according to the
operator. In view of this, it is conceivable to
automatically carry out the processing operations by use
of a | aser processing apparatus. For exanple, it is
concei vabl e that, first, coordinates of boundaries of a
plurality of small regions each including one processing
mar k are designated by the operator, and i nage processing
or the like is perforned to each small region, thereby to
automatically detect the outlines of the processing

mar ks.

SUMVARY OF THE | NVENTI ON
However, it is necessary to designate the
coordi nates of the boundaries every tine the position of
a processing mark changes, and the operation can be
performed only by an operator with expertise; further, it

takes tinme for the operation. The present invention has



been made in consideration of such problens. It is an
obj ect of the present invention to automatically
determi ne boundaries of a plurality of small regions
where processing marks are forned in an inmage by a |aser
processi ng apparatus, w thout designation of the

coordi nates of the boundaries of the regions by an
oper at or.

In accordance with an aspect of the present
invention, there is provided a | aser processing apparatus
including a |l aser beam applying unit that applies a |aser
beam havi ng such a wavel ength as to be absorbed by a
wor kpi ece to thereby process the workpiece, an i mging
unit for imaging the workpiece, and a processing section
that processes an i nmage obtai ned by imagi ng the workpi ece
by the imaging unit. The processing section includes a
hi st ogram generati ng section and a determ ning section.
The hi st ogram generati ng section generates, from an i nmage
obtai ned by the imaging unit imaging a plurality of
processing marks formed by applying the | aser beam from
the | aser beam applying unit to a one-surface side of the
wor kpi ece, a first histogramincluding a plurality of
first positions along a first direction of the inage and
bri ght ness at each of the first positions and a second

hi stogram including a plurality of second positions al ong
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a second direction orthogonal to the first direction and
bri ght ness at each of the second positions. The

determ ning section determ nes a boundary of each region
where one of the plurality of processing nmarks is forned,
based on the first histogramand the second hi stogram
generated by the histogram generating section.

Preferably, the histogram generating section
generates the first histogramby, at each of the first
positions, summ ng up values indicative of a neasure of
bri ghtness of a plurality of pixels |located on a straight
| i ne passing through the first position and being
parallel to the second direction and generates the second
hi stogram by, at each of the second positions, sumrng up
val ues indicative of a neasure of brightness of a
plurality of pixels |ocated on a straight |ine passing
t hrough the second position and being parallel to the
first direction.

In addition, preferably, the processing section
further includes an outline detecting section that
detects an outline of each of the plurality of processing
mar ks by generating, for the region, a third histogram
representing brightness of a plurality of pixels on each
of a plurality of straight lines |ocated at different

positions in the second direction and being parallel to
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the first direction and a fourth histogramrepresenting
bri ghtness of a plurality of pixels on each of a
plurality of straight lines |ocated at different
positions in the first direction and being parallel to
t he second direction.

In accordance with another aspect of the present
i nvention, there is provided a nethod for applying a
| aser beamto a one-surface side of a workpi ece by use of
a | aser processing apparatus to thereby forma plurality
of processing marks and then confirm ng each regi on where
one of the plurality of processing marks is forned. The
nmet hod i ncludes: a processing mark form ng step of
appl ying a | aser beam havi ng such a wavel ength as to be
absor bed by the workpiece to the workpiece to thereby
formthe plurality of processing marks on the one-surface
side of the workpiece; an imaging step of inmaging the
plurality of processing nmarks forned in the processing
mark form ng step to obtain an image; a histogram
generating step of, by a processing section of the |aser
processi ng apparatus, generating a first histogram
including a plurality of first positions along a first
direction of the inage and brightness at each of the
first positions and a second histogramincluding a

plurality of second positions along a second direction
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orthogonal to the first direction and brightness at each
of the second positions; and a determ ning step of, by

t he processing section, determ ning a boundary of each
regi on where one of the plurality of processing marks is
formed, based on the first histogram and the second

hi st ogram generated in the histogram generating step.

Preferably, in the histogramgenerating step, the
processi ng section generates the first histogram by, at
each of the first positions, summ ng up val ues indicative
of a neasure of brightness of a plurality of pixels
| ocated on a straight |ine passing through the first
position and being parallel to the second direction and
generates the second histogram by, at each of the second
posi tions, summ ng up values indicative of a neasure of
bri ghtness of a plurality of pixels |located on a straight
| i ne passing through the second position and bei ng
parallel to the first direction.

Besi des, preferably, the method further includes an
outline detecting step of, by the processing section,
detecting an outline of each of the plurality of
processi ng marks by generating, for the region, a third
hi stogram representing brightness of a plurality of
pi xel s on each of a plurality of straight |lines |ocated

at different positions in the second direction and bei ng



parallel to the first direction and a fourth histogram
representing brightness of a plurality of pixels on each
of a plurality of straight lines |ocated at different
positions in the first direction and being parallel to

t he second direction.

The | aser processing apparatus according to one
aspect of the present invention includes the processing
section that processes the imge including the plurality
of processing marks. The processing section has the
hi st ogram generati ng section. The hi stogram generati ng
section generates, fromthe inmage, the first histogram
including the plurality of first positions along the
first direction of the imge and the brightness at each
of the first positions and the second hi stogram i ncl udi ng
the plurality of second positions along the second
direction orthogonal to the first direction and the
bri ght ness at each of the second positions. The
processi ng section further has the determ ning section.
The determ ning section determ nes the boundary of each
regi on where one of the plurality of processing nmarks is
present, based on the histograns of brightness generated
by the hi stogram generating section. Therefore, the
boundari es of the regions where the processing marks are

formed can be automatically determ ned by the | aser
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processi ng appar at us.

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 show ng sone preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view of a |aser processing
appar at us;

FIG 2 is a schematic diagram of an inage including
a plurality of processing marks;

FIG 3 is a flowchart of a nethod according to a
first enbodi nent;

FIG 4A is a diagram for explaining a histogram
generating step;

FIG 4B is a diagramfor explaining a determ ning
st ep;

FIG 5 is a diagramfor explaining an outline
detecting step; and

FIG 6 is a diagramdepicting a histogram

generating step and a determ ning step according to a
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second enbodi ment.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

An enbodi nent according to one node of the present
invention will be described referring to the attached
drawings. FIG 1 is a perspective view of a |aser
processing apparatus 2. Note that, in FIG 1, part of
conmponents of the | aser processing apparatus 2 are
depi cted as functional blocks. In addition, an X-axis
direction (a left-right direction, a processing feeding
direction, a first direction), a Y-axis direction (a
front-rear direction, an indexing feeding direction, a
second direction), and a Z-axis direction (a vertical
direction, a height direction) are orthogonal to one
anot her.

The | aser processing apparatus 2 includes a
rect angul ar parall el epi ped base 4 that supports each
conmponent. A Y-axis direction noving unit 10 is provided
on an upper surface of the base 4. The Y-axis direction
noving unit 10 has a pair of Y-axis guide rails 12
extending in parallel to the Y-axis direction. The pair
of Y-axis guide rails 12 are fixed on the upper surface
of the base 4. A Y-axis noving table 14 is slidably

attached to the pair of Y-axis guide rails 12. A nut
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section (not illustrated) is provided on a back surface
side (lower surface side) of the Y-axis noving table 14.

A Y-axis ball screw 16 disposed in parallel to the
Y-axis guide rails 12 is connected to the nut section in
a rotatable manner. |In addition, a Y-axis pulse notor 18
is connected to one end of the Y-axis ball screw 16. Wen
the Y-axis ball screw 16 is rotated by the Y-axis pul se
notor 18, the Y-axis noving table 14 is noved in the Y-
axis direction along the Y-axis guide rails 12. An X-axis
direction noving unit 20 is provided on an upper surface
side of the Y-axis noving table 14.

The X-axis direction noving unit 20 has a pair of
X-axis guide rails 22 extending in parallel to the X-axis
direction. The pair of X-axis guide rails 22 are fixed on
an upper surface of the Y-axis noving table 14. An X-axis
noving table 24 is slidably attached to the pair of X-
axis guide rails 22. A nut section (not illustrated) is
provi ded on a |l ower surface side of the X-axis noving
table 24, and an X-axis ball screw 26 di sposed in
parallel to the X-axis guide rails 22 is connected to the
nut section in a rotatable nmanner. An X-axis pul se notor
28 is connected to one end of the X-axis ball screw 26.

When the X-axis ball screw 26 is rotated by the X-

axi s pulse notor 28, the X-axis noving table 24 is noved
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in the X-axis direction along the X-axis guide rails 22.
A cylindrical table base 30 is fixed on an upper surface
side of the X-axis noving table 24. A substantially disk-
shaped chuck table 32 is provided at an upper portion of
the table base 30. A rotational drive source (not
illustrated) such as a notor provided in the table base
30 is connected to the chuck table 32.

The chuck table 32 can be rotated around a
rotational axis substantially parallel to the Z-axis
direction by a force generated by the rotational drive
source. The chuck table 32 has a netallic franme body.
The frame body includes, on an upper portion side
thereof, a recess (not illustrated) having a di sk-shaped
space. One end of a flow channel (not illustrated) for
sucking a gas or the like is connected to the recess. 1In
addition, a suction source (not illustrated) such as an
ej ector is connected to another end of the flow channel.
A di sk-shaped porous plate (not illustrated) is fixed to
the recess of the frane body.

When the suction source is operated, a negative
pressure i s generated at an upper surface (hol ding
surface 32a) of the porous plate. A workpiece 11 or the
like is placed on the holding surface 32a. The workpi ece

11 is forned, for exanple, of silicon, and has a di sk-

12



| i ke shape including one surface 1lla and anot her surface
11b that are both substantially flat. Note that the
material of the workpiece 11 is not limted to silicon,
and the workpiece 11 may be forned of other material.

Besi des, the workpiece 11 may be a | am nated substrate in
which a plurality of substrates (for exanple, a silicon
substrate and a sapphire substrate) formed of different
materials are adhered to each ot her.

A resin-nade protective tape 13 larger in dianeter
than the workpiece 11 is adhered to the other surface 11b
side of the workpiece 11. The protective tape 13 has, for
exanple, a lamnated structure of a base material |ayer
and an adhesive | ayer, and the adhesive |ayer side is
adhered to the other surface 11b of the workpiece 11. A
nmetallic annular frane 15 with an openi ng having a
di aneter larger than an outside dianeter of the workpiece
11 is adhered to a peripheral portion of the protective
tape 13. In this way, a workpiece unit 17 in which the
wor kpi ece 11 is supported by the franme 15 through the
protective tape 13 is fornmed. The workpiece 11 is carried
and processed in the formof the workpiece unit 17.

A plurality of clanps 32b are provided at |atera
sides of the frame body of the chuck table 32. After the

wor kpi ece unit 17 is placed on the hol ding surface 32a
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such that the one surface 1la is |ocated on an upper side
and the other surface 11b is located on a | ower side, the
frame 15 is clanped by each of the clanmps 32b. A
tetragonal prismatic support section 40 is fixed on an
upper surface of the base 4 in a vicinity of an end
portion on one side (rear side) in the Y-axis direction
of the base 4. A Z-axis direction noving unit 42 is

provi ded at a side surface on one side in the X-axis
direction of the support section 40.

The Z-axis direction noving unit 42 has a pair of
Z-axis guide rails extending substantially in parallel to
the Z-axis direction. Each of the Z-axis guide rails is
fixed on a one-side surface of the support section 40. A
Z-axis noving plate 46 is slidably attached to the Z-axis
guide rails. A nut section (not illustrated) is provided
on a back surface side (nanely, on the support section 40
side) of the Z-axis noving plate 46, and a Z-axi s bal
screw (not illustrated) disposed in parallel to the Z-
axis guide rails is connected to the nut section in a
rot at abl e manner.

A Z-axis pulse notor 44 is connected to one end of
the Z-axis ball screw. When the Z-axis ball screwis
rotated by the Z-axis pulse notor 44, the Z-axis noving

plate 46 is noved in the Z-axis direction along the Z-
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axis guide rails. A holder 48 is fixed to a front surface
side (a side opposite to the back surface) of the Z-axis
noving plate 46. The hol der 48 has a cylindrical cavity
section of which a height direction is parallel to the Y-
axis direction. A cylindrical casing 52 is fixed to the
cavity section. The casing 52 constitutes a | aser beam
applying unit 50.

The | aser beam applying unit 50 includes a | aser
oscillator (not illustrated) that generates a pul sed
| aser beam by | aser oscillation. The laser oscillator has
a rod-shaped | aser nmediumforned of, for exanple, Nd:YAG
or Nd: YVQi. The | aser beamemtted fromthe | aser
oscillator is incident on a |light concentrator 54
provi ded at an end portion on another side (front side)
in the Y-axis direction of the casing 52, through optica
parts such as a | aser beam adjusting unit (not
illustrated) and a mrror. A condenser |ens (not
illustrated) for concentrating the | aser beamis provided
inside the |ight concentrator 54.

An optical axis of the condenser lens is disposed
substantially in parallel to the Z-axis direction, and
the | aser beamemtted fromthe condenser lens is applied
substantially perpendicularly to the holding surface 32a.

In one exanple, the | aser beam has such a wavel ength as
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to be absorbed by the workpiece 11 (for exanple, a

wavel ength of 355 nm, a repetition frequency of 20 kHz
to 50 kHz, and an average output of 3.0 Wto 6.0 W A
canmera unit (imging unit) 56 is provided on another side
in the X-axis direction of the casing 52. The canera unit
56 is, for exanple, a visible light canera, and has an
objective lens (not illustrated) and an imagi ng el enent
(not illustrated) that receives visible light froma

subj ect through the objective lens. The imaging el enent
is, for exanple, a conplenentary netal oxide

sem conductor (CMOS) i mage sensor or a charge coupl ed
devi ce (CCD) i mge sensor.

The upper side of the base 4 is covered with a
cover section (not illustrated), and an input-output unit
58 is provided at a side surface on the front side of the
cover section. The input-output unit 58 is, for exanple,
a touch panel. The input-output unit 58 functions as both
an input section used when the operator inputs processing
conditions or the Iike and a display section for
di spl ayi ng the processing conditions, imges, and the
like. The | aser processing apparatus 2 has a contro
section 60 that controls each conponent. The contro
section 60 controls operations of the Y-axis direction

nmoving unit 10, the X-axis direction noving unit 20, the
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rotational drive source, the suction source, the Z-axis
direction noving unit 42, the |aser beam applying unit
50, and the I|ike.

The control section 60 includes a conputer having,
for exanple, a processing unit such as a centra
processing unit (CPU), a main storage unit such as a
dynam ¢ random access nenory (DRAM, and an auxiliary
storage unit such as a flash nmenory and a hard di sk
drive. Wth the processing unit and the |ike operated
according to a software stored in the auxiliary storage
unit, functions of the control section 60 are realized.
The control section 60 has a processing section 62 that
processes an i mage captured by the canera unit 56. The
processi ng section 62 is, for exanple, a software such as
a programthat is executed by being read by the above-
descri bed processing unit. Note that the processing
section 62 is not limted to a software, but may be a
har dwar e such as an application-specific integrated
circuit (ASIC).

The processing section 62 has a hi stogram
generating section 64. The histogram generating section
64 generates a histogramin which a position of each of
pi xel s aligned along a predeterm ned direction anong a

plurality of pixels constituting an inmage is taken on an
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axi s of abscissa, and brightness of the pixels is taken
on an axis of ordinate. For exanple, the histogram
generating section 64 generates a first histogramin
whi ch the position in the X-axis direction (first
direction) is taken on the axis of abscissa, and a
sumed- up val ue of val ues indicative of a neasure of
brightness of a plurality of pixels aligned in a row
along the Y-axis direction is taken on the axis of

or di nat e.

In addition, the histogram generating section 64
generates a second histogramin which the position in the
Y-axis direction (second direction) is taken on the axis
of abscissa, and a sumred-up val ue of values indicative
of a neasure of brightness of a plurality of pixels
aligned in a row along the X-axis direction is taken on
the axis of ordinate. The processing section 62 further
has a determ ning section 66 that determ nes a genera
range of each of processing nmarks discretely present in
an i mage. For exanple, in a case where the processing
mar ks are brighter than a background of an inage, the
determ ning section 66 specifies positions in the first
hi st ogram and t he second hi st ogram where the sumed- up
val ue of brightness is conparatively |ow

Next, the determ ning section 66 sets virtua
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straight lines passing through the positions in the X-
axis direction where the sunmed-up value is conparatively
| ow and being parallel to the Y-axis direction, and
virtual straight |ines passing through the positions in
the Y-axis direction where the summed-up value is
conparatively | ow and being parallel to the X-axis
direction, thereby partitioning the inmage into snal
regions. The processing section 62 further has an outline
detecting section 68 that detects an outline of a
processing mark with respect to a snmall region defined by
the determ ning section 66. The outline detecting section
68 in the present enbodi nent detects, for the snal
region, the outline of a processing mark by generating a
third histogramindicative of the brightness of a
plurality of pixels aligned in a row along the X-axis
direction and a fourth histogramindicative of the
brightness of a plurality of pixels aligned in a row
al ong the Y-axis direction.

Next, a method for form ng processing narks A (see
FIG 2) on the one surface 1la side of the workpiece 11
by use of the | aser processing apparatus 2 and confirm ng
each regi on where one of the processing nmarks Ais
formed, is described. FIG 3 is a flow chart of the

met hod according to a first enbodinent. 1In this nethod,

19



first, a processing mark form ng step S10 i s conduct ed.
In the processing mark formng step S10, the workpiece 11
and the like are held by the chuck table 32 in such a
manner that the one surface 1la is exposed to the upper
side, after which a pulsed | aser beamis applied to the
one surface 1lla side to process the workpiece 11.

In the present enbodi nent, after one processing
mark A is forned on the one surface 1lla side, the
application of the |laser beamis once stopped. Then, the
chuck table 32 is noved in at |east either one direction
of the X-axis direction and the Y-axis direction relative
to the light concentrator 54 to change the | aser beam
appl yi ng position. After the applying position is
changed, again, another processing mark Ais formed on
the one surface 1la side. In this way, twenty-one
processi ng marks A (processing nmarks Ar to A depicted in
FIG 2) are forned at different positions on the one
surface 1la side.

Note that, in the present enbodinent, at the tine
of changing the applying position, the condenser |ens of
the light concentrator 54 is positioned at different
hei ghts. Specifically, for the processing mark A;, a
focal point of the |aser beamis positioned inside the

wor kpi ece 11. In addition, every tinme the applying
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position is changed, the focal point is noved stepw se
upward, so that the processing marks A, As, A4, ---, and
Ao are sequentially formed. Next, at the tinme of formng
the processing mark Aqi, |aser processing is conducted in
a state in which the focal point is positioned on the one
surface 1la that is | ocated above the height of the foca
point at the time of formng the processing mark Aip.
Thereafter, the focal point is noved stepw se

upward every tine the applying position is changed, so

that the processing marks Az, Az, Aws, ---, and A are
sequentially formed. In other words, at the tine of
formng the processing marks A, ---,and A, the focal

point is positioned above the one surface 1lla. After the
processing mark form ng step S10, an imaging step S20 is
performed. In the imging step S20, the one surface 1la
is imged by the canera unit 56 to obtain an image 70
including all the processing marks A forned.

FIG 2 is a schematic diagramof the imge 70
including a plurality of processing marks A The
processing marks A in the present enbodi nent are
di spl ayed to be brighter than the background in the inmage
70. Note that the inage 70 may be a nulti-val ued i mage
represented in gray scale or in full color, or may be a

bi nary image represented in black and white. After the
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i magi ng step S20, a hi stogram generating step S30 is
conducted. In the histogramgenerating step S30, the

hi st ogram generati ng section 64 generates, fromthe inage
70, a first histogram B: representing the brightness at a
plurality of first positions 72 (see FIG 4A) arranged

al ong the X-axis direction.

The first histogramB: in the present enbodi nent is
generated by, at each of the first positions 72, sunmm ng
up values indicative of a neasure of brightness of a
plurality of pixels |ocated on a straight |ine passing
through the first position 72 and being parallel to the
Y-axis direction. FIG 4A is a diagramfor explaining the
hi st ogram generating step S30. Note that the nunber of
the first positions 72 depicted in FIG 4Ais
illustrative, and the nunber may be nore than this. The
axi s of abscissa of a graph depicted on the |lower side in
FIG 4A represents the X coordinate, and the axis of
ordi nate of the graph represents the brightness. Each
processing mark A in the present enbodinent is displayed
to be brighter than a regi on where no processing mark A
is fornmed, and therefore, the value indicative of the
nmeasure of brightness is higher as the nunber of pixels
| ocated at the processing nmarks A on the straight line

passing through the first position 72 and being paralle
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to the Y-axis direction is |arger.

The hi st ogram generating section 64 further
generates, fromthe imge 70, a second histogram B>
representing the brightness at a plurality of second
positions 74 arranged along the Y-axis direction. Note
that the nunber of the second positions 74 depicted in
FIG 4Ais illustrative, and the nunber may be | arger
than this. The second histogram B; in the present
enbodi nent is generated by, at each of the second
positions 74, summng up values indicative of a nmeasure
of brightness of a plurality of pixels |ocated on a
straight line passing through the second position 74 and
being parallel to the X-axis direction. The axis of
absci ssa of a graph depicted on the left side in FIG 4A
represents the Y-coordinate, and the axis of ordinate of
the graph represents the brightness.

After the histogram generating step S30, based on
the first histogram B; and the second hi stogram Bz t hus
generated, the determ ning section 66 determ nes a
boundary of each region, where one of the processing
marks A is formed, discretely present in the imge 70
(determ ning step S40). The determ ning section 66 in the
present enbodi mnent specifies the first positions 72 (Xi,

X2, X3, and Xs depicted in FIG 4B) where the brightness
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is a lowvalue C such as a mnimal value or a mninum
value in the first histogram B:. Then, the determ ning
section 66 partitions the image 70 by a plurality of
virtual straight l[ines D (Dx, Dx, Dxs, and Dxs« depicted in
FIG 4B) that pass through the first positions 72 where
the brightness is the value C and are parallel to the Y-
axis direction. Simlarly, the determ ning section 66
specifies the second positions 74 (Y1, Y2, Y3, and Ys
depicted in FIG 4B) where the brightness is a | ow val ue
C such as a mnimal value or a mninmumvalue in the
second hi stogram B.. Then, the determ ning section 66
partitions the image 70 by a plurality of virtua
straight lines D (Dvi, Dv2, Dvs, and Dvs depicted in FIG
4B) that pass through the second positions 74 where the
brightness is the value C and are parallel to the X-axis
di rection.

FIG 4B is a diagram for explaining the determning
step S40. The axis of abscissa of a graph depicted on the
| ower side in FIG 4B represents the X coordinate, and
the axis of ordinate of the graph represents the
brightness. In addition, the axis of abscissa of a graph
depicted on the left side in FIG 4B represents the Y
coordi nate, and the axis of ordinate of the graph

represents the brightness. In the exanple illustrated in
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FIG 4B, the value Cis conmon for the first histogram B:
and the second histogramBz. In addition, the inmage 70 is
partitioned in a grid pattern by the plurality of
straight lines Dx, Dx, Dxs, and Dxa and the plurality of
straight lines Dy, Dy2, Dvz, and Dys, so that a plurality
of small regions E are forned.

It is highly possible that the processing mark A is
present in each small region E. In the present
enbodi nent, in this way, the boundary of each region
where one of processing marks A is fornmed can be
automatically determ ned by the | aser processing
apparatus 2. In other words, the small regions E
i ncluding the processing marks A are automatically
determ ned. Therefore, it is unnecessary to designate
coordi nates corresponding to the boundaries of the smal
regions E every tine the positions of the processing
mar ks A change. 1In addition, since the boundaries of the
small regions E are automatically determ ned by the | aser
processi ng apparatus 2, the operation can be perforned by
an operator w thout expertise.

Note that, in the first histogram Bi;, a peak
| ocated between X and X3 is smaller than other peaks. On
the other hand, in the second histogram Bz, a peak | ocated

between Y2 and Yz is larger than other peaks. Therefore,
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the processing section 62 can decide that, between X and
X3, the processing mark A is present only in a small
regi on E surrounded by four points of (X2, Y2), (X2, VY3),
(X3, Y2), and (Xs, Ys), based on the difference in the
peaks.

After the determ ning step S40, the outline
detecting section 68 detects the outline of each
processing mark A (outline detecting step S50). FIG 5 is
a diagramfor explaining the outline detecting step S50.
Note that, in FIG 5, a schematic diagramof the outline
of one processing nmark A is depicted. The outline
detecting section 68 generates a third histogram Bz and a
fourth histogram Bs for each small region E. The third
hi st ogram Bz represents the brightness of a plurality of
pi xel s on each of a plurality of straight lines F that
are located at different positions in the Y-axis
direction and are parallel to the X-axis direction.

In FIG 5, three third histograns Bs.1, Bs.2, and Bs.3
representing the brightness of pluralities of pixels on
three straight lines Fi, F2, and F3 are illustrated. The
axi s of abscissa of each third histogram Bz represents the
X coordi nate, and the axis of ordinate represents the
bri ghtness. The fourth histogram Bs represents the

bri ghtness of a plurality of pixels on each of a
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plurality of straight lines Gthat are | ocated at
different positions in the X-axis direction and are
parallel to the Y-axis direction. In FIG 5, three fourth
hi stogranms Bas-1, Bs.2, and Bs.3 representing the brightness
of pluralities of pixels on three straight lines G, &,
and & are illustrated. The axis of abscissa of each
fourth histogram Bs represents the Y coordinate, and the
axis of ordinate represents the brightness. A rise-up
position (that is, the X coordinate and the Y coordi nate)
of the third histogram Bz and the fourth histogram Bs
corresponds to an edge of a processing mark A By
connecting together the rise-up positions, the outline of
the processing mark A is specified. Note that, as an
alternative technique, the outline detecting section 68
may specify the outline of a processing mark A by use of
such a techni que as edge detection.

Next, a second enbodinent will be described. In
t he second enbodi nent, in the histogram generating step
S30, the histogram generating section 64 does not sum up
val ues indicative of the nmeasure of brightness of a
plurality of pixels. In addition, in the determning step
S40, the determ ning section 66 determ nes the boundaries
by use of peaks, rise-ups, and the like, instead of

m ni mal values and the like. In such a point, the second
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enbodi nent differs fromthe first enbodinent. FIG 6 is a
di agram depi cting the hi stogram generating step S30 and
the determ ning step S40 according to the second
enbodi nent. The hi stogram generating section 64 in the
second enbodi nent generates a fifth histogram Bs that
represents the X coordinate (axis of abscissa) and the
bri ghtness (axis of ordinate) by a straight line H al ong
the X-axis direction. The fifth histogramBs is a
hi stogram on the straight Iine Hi that is |located at the
third in the Y-axis direction and passes through five
processing marks A aligned along the X-axis direction.
Next, in a case where a plurality of peaks, rise-
ups (edges), or the like are present in the fifth
hi stogram Bs, the determ ning section 66 sets, as a
boundary of a small region E, an internedi ate position
bet ween two adj acent peaks or an internedi ate position
bet ween edges adj acent to each other with a valley
t herebetween. Note that, in a case where peaks, edges or
the like are not present in the fifth histogramBs, the
hi st ogram generati ng section 64 repeats generation of the
fifth histogram Bs by noving the straight line H. in the
Y-axis direction until the peaks, edges or the |ike are
obt ai ned.

The hi stogram generating section 64 simlarly
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generates a sixth histogram Bs that represents the Y
coordinate (axis of abscissa) and the brightness of the
pi xel (axis of ordinate) on a straight line H along the
Y-axis direction. The sixth histogramBs is a histogram
on the straight line Hh that is |located at the first in
the X-axis direction and passes through five processing
mar ks A aligned along the Y-axis direction. Next, in a
case where a plurality of peaks, rise-ups (edges), or the
like are present in the sixth histogramBe, the
determ ning section 66 sets, as a boundary of a snal
region E, an internedi ate position between two adjacent
peaks or an internedi ate position between edges adj acent
to each other with a valley therebetween. Note that, in a
case where peaks, edges or the |like are not present in
t he sixth histogram Bs, the histogram generating section
64 repeats generation of the sixth histogram Bs by noving
the straight line Ho in the X-axis direction until the
peaks, edges or the |ike are obtained.

The structures, nethods, and the |ike according to
t he above enbodi nents can be nodified as required insofar
as the nodifications do not depart fromthe scope of the
obj ect of the present invention. For exanple, after the
outline detecting step S50, the processing section 62 my

cal cul ate an area of each regi on where one processing
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mark A is fornmed, a center of bal ance of each processing
mark A, deviation of each processing mark A froma true
circle, and the like. As a result, a shape of the | aser
beam a state of the |aser processing apparatus 2, and
the li ke can be di agnhosed.

Incidentally, while an exanple in which the
processing marks A are displayed to be brighter than the
background in the i mage 70 has been described in the
above enbodi nents, the processing nmarks A may be
di spl ayed to be darker than the background in the inage
70. In this case, the darkness and brightness are
reversed in each histogram and therefore, contents of
processi ng by the processing section 62 are appropriately
adj usted according to the first or second enbodi nent.
Note that the method of confirm ng the processing narks A
as descri bed above is conducted, for exanple, at the tine
of processing the workpiece 11 on a trial basis before
applying laser lift off processing to the workpiece 11 by
use of the | aser processing apparatus 2.

The present invention is not Iimted to the details
of the above described preferred enbodi nents. The scope
of the invention is defined by the appended clains and
all changes and nodifications as fall within the

equi val ence of the scope of the clains are therefore to
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be enbraced by the invention.

31



WHAT IS CLAIMED | S

1. A laser processing apparatus conprising:

a | aser beam applying unit that applies a | aser
beam havi ng such a wavel ength as to be absorbed by a
wor kpi ece to thereby process the workpiece;

an imagi ng unit for imging the workpiece; and

a processing section that processes an inage
obt ai ned by i magi ng the workpi ece by the inmagi ng unit,

wherei n the processing section includes

a hi stogram generating section that
generates, froman inmage obtained by the inmagi ng unit
imaging a plurality of processing marks fornmed by
appl ying the | aser beamfromthe | aser beam appl yi ng unit
to a one-surface side of the workpiece, a first histogram
including a plurality of first positions along a first
direction of the inmage and brightness at each of the
first positions and a second histogramincluding a
plurality of second positions along a second direction
orthogonal to the first direction and brightness at each
of the second positions, and
a determ ning section that determ nes a

boundary of each regi on where one of the plurality of
processing marks is fornmed, based on the first histogram

and the second hi stogram generated by the histogram
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generating section.
2. The |l aser processing apparatus according to
claim1l,
wherei n the histogram generati ng section
generates the first histogram by, at each of
the first positions, summ ng up val ues indicative of a
measure of brightness of a plurality of pixels |ocated on
a straight Iine passing through the first position and
being parallel to the second direction, and
generates the second histogram by, at each
of the second positions, sunm ng up val ues indicative of
a nmeasure of brightness of a plurality of pixels |ocated
on a straight |ine passing through the second position
and being parallel to the first direction.
3. The laser processing apparatus according to
claim1,
wherein the processing section further includes
an outline detecting section that detects an
outline of each of the plurality of processing marks by
generating, for the region, a third histogram
representing brightness of a plurality of pixels on each
of a plurality of straight lines |ocated at different
positions in the second direction and being parallel to

the first direction and a fourth histogramrepresenting
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bri ghtness of a plurality of pixels on each of a
plurality of straight lines |located at different
positions in the first direction and being parallel to
t he second direction.

4. A nethod for applying a | aser beamto a one-
surface side of a workpiece by use of a | aser processing
apparatus to thereby forma plurality of processing nmarks
and then confirm ng each regi on where one of the
plurality of processing marks is forned, the nethod
conpri si ng:

a processing mark form ng step of applying a | aser
beam havi ng such a wavel ength as to be absorbed by the
wor kpi ece to the workpiece to thereby formthe plurality
of processing marks on the one-surface side of the
wor kpi ece;

an i magi ng step of imaging the plurality of
processing marks forned in the processing mark form ng
step to obtain an imge;

a histogram generating step of, by a processing
section of the | aser processing apparatus, generating a
first histogramincluding a plurality of first positions
along a first direction of the imge and brightness at
each of the first positions and a second hi st ogram

including a plurality of second positions along a second
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di rection orthogonal to the first direction and
bri ght ness at each of the second positions; and

a determ ning step of, by the processing section,
determ ning a boundary of each regi on where one of the
plurality of processing marks is forned, based on the
first histogram and the second histogram generated in the
hi st ogram gener ati ng step.

5. The method according to claim 4,

wherein, in the histogramgenerating step, the
processi ng section

generates the first histogram by, at each of
the first positions, sunm ng up val ues indicative of a
nmeasure of brightness of a plurality of pixels |ocated on
a straight line passing through the first position and
being parallel to the second direction, and
generates the second hi stogram by, at each

of the second positions, summ ng up val ues indicative of
a measure of brightness of a plurality of pixels |ocated
on a straight |line passing through the second position
and being parallel to the first direction.

6. The nmethod according to claim4, further
conpri si ng:

an outline detecting step of, by the processing

section, detecting an outline of each of the plurality of
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processi ng marks by generating, for the region, a third
hi stogram representing brightness of a plurality of

pi xel s on each of a plurality of straight |lines |ocated
at different positions in the second direction and bei ng
parallel to the first direction and a fourth histogram
representing brightness of a plurality of pixels on each
of a plurality of straight lines |ocated at different
positions in the first direction and being parallel to

t he second direction.
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