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DESCRIPTION

MULTI-BEAM EXPOSURE SCANNING METHOD AND APPARATUS, AND
METHOD FOR MANUFACTURING PRINTING PLATE

Technical Field

The present invention relates to a multi-beam exposure scanning method and
apparétus. More particularly, the present invention relates to a multi-beam exposure
scanning technique suitable for manufacture of a printing plate, such as a flexographic
plate, and to a manufacturing technique of a printing plate, to which the multi-beam

exposure scanning technique is applied.

Background Art

Conventionally, there has been disclosed a technique which engraves a recessed
shape on the surface of a plate material by using a multi-beam head capable of
simultaneously emitting a plurality of laser beams (Japanese Patent Application Laid-
Open No. 09-85927). When a plate is engraved by such multi-beam exposure technique,
it is very difficult to stably form fine shapes, such as small dots and thin lines, because of
influence of heat due to adjacent beams.

In order to solve such problem, Japanese Patent Application Laid-Open No. 09-
85927 proposes a configuration which performs so-called interlace exposure to reduce
mutual thermal effects between adjacent beam spots in a beam spot array formed on the
surface of a plate material. That is, Japanese Patent Application Laid-Open No. 09-
85927 adopts a method in which a plurality of laser spots are formed on the surface of
the plate material at an interval which is more than twice an engraving pitch
corresponding to an engravihg density to widen intervals between scanning lines formed
in the first exposure scanning, and then scanning lines are formed by the second and

subsequent scanning between the scanning lines formed in the first exposure scanning.

Citation List
Patent Literature

PTL 1: Japanese Patent Application Laid-Open No. 09-85927
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Summary of Invention
Technical Problem

However, in the method described in Japanese Patent Application Laid-Open No.
09-85927, in order to completely reduce the influence of the adjacent beam, the interval
between the beam positions needs to be set sufficiently larger than the beam diameter on
the surface of the plate material, and in practice, the interval between the scanning lines
needs to be as large as several pixels (several lines). For this reason, the aberration of a
lens used in an image forming optical system causes many practical limitations including
difficulty in forming a beam array with precise scanning line intervals and complicated
optical systems.

The present invention has been made in view of the above described
circumstances. An object of the present invention is to provide a multi-beam exposure
scanning method and apparatus, which are capable of effectively reducing the influence
of heat generated by the adjacent beam in association with the multi-beam exposure, and
which are capable of highly precisely forming a desired shape, such as a fine shape, and
to provide a manufacturing method of a printing plate, to which the multi-beam exposure

scanning method and apparatus are applied.

Solution to Problem

In order to achieve the above described object, according to an aspect of the
present invention, a multi-beam exposure scanning method for scanning an object with a
plurality of light beams to engrave a surface of the object includes controlling a light
quantity of a beam to be emitted to an irradiation region to be exposed is controlled
based on an exposed state of another irradiation region around the irradiation region to be
exposed. In other words, the multi-beam exposure scanning method includes:
irradiating a first irradiation region to be exposed with a beam having a first light
quantity when a second irradiation region near a periphery of the first irradiation region
has not been exposed; and irradiating the first irradiation region to be exposed with a
beam having a second light quantity smaller than the first light quantity when the second

irradiation region has been exposed.
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Note that an "irradiation region" means a region which is on an object (for

example, recording medium), and to be irradiated with a single beam.

Advantageous Effects of Invention

According to the aspéct of the present invention, a desired shape can be highly
precisely engraved in an object by optimizing a light quantity of an adjacent beam to be
subsequently emitted in consideration of influence of heat due to a beam (or beams)

previously emitted.

Brief Description of the Drawings

Figure 1 is a configuration diagram of a plate making apparatus to which a
multi-beam exposure scanning apparatus according to an embodiment of the present
invention is applied;

Figure 2 is a configuration diagram of an optical fiber array section arranged in
an exposure head;

Figure 3 is an enlarged view of the optical fiber array section;

Figure 4 is a schematic diagram of an image forming optical system of the
optical fiber array section;

Figure 5 is an explanatory diagram illustrating an example of arrangement of
optiqal fibers in the optical fiber array section and a relationship between the optical
fibers and the scanning lines;

Figure 6 is a plan view showing an outline of a scanning exposure system in the
plate making apparatus according to the present embodiment;

Figure 7 is a block diagram showing a configuration of a control system of the
plate making apparatus according to the present embodiment;

Figure 8 an explanatory diagram illustrating formation of thin lines along a sub-
scanning direction;

Figure 9 is a plan view of a thin line formed by a conventional exposure
scanning method;

Figure 10 is a graph showing an example of control of beam light quantity
according the present embodiment;

Figure 11 is a plan view of a thin line formed by the present embodiment;
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Figure 12 is a graph showing an example of light quantity control in the case of
interlace exposure;

Figure 13 is a schematic view showing a configuration example of an optical
fiber array light source according to a second embodiment;

Figure 14 an explanatory diagfam illustrating formation of thin lines along the
sub-scanning direction according to the second embodiment;

Figure 15 is a graph showing an example of control of beam light quantity
according the second embodiment; and

Figure 16A an explanatory diagram illustrating an outline of a plate making
process of a flexographic plate (No. 1).

Figure 16B an explanatory diagram illustrating the outline of a plate making
process of a flexographic plate (No. 2).

Figure 16C an explanatory diagram illustrating the outline of a plate making

process of a flexographic plate (No. 3).

Description of Embodiments

In the following, embodiments according to the present invention will be
described in detail with reference to the accompanying drawings.
<Configuration example of multi-beam exposure scanning apparatus>

Figure 1 shows a configuration of a plate making apparatus to which a multi-
beam exposure scanning apparatus according to a first embodiment of the present
invention is applied. In a plate making apparatus 11 shown in Figure 1, a sheet-like
plate material F is fixed on the outer peripheral surface of a drum 50 having a cylindrical
shape, the drum 50 is rotated in the arrow R direction (main scanning direction) in Figure
1, a plurality of laser beams corresponding to image data of the image to be engraved
(recorded) in the plate material F are emitted from an exposure head 30 of a laser
recording apparatus 10 toward the plate material F, and the exposure head 30 is scanned
in the sub-scanning direction (the arrow S direction in Figure 1) perpendicular to the
main scanning direction at a predetermined pitch. Accordingly, the plate making
apparatus 11 engraves (records) a two-dimensional image on the surface of the sheet-like

an object to be engraved (or recording medium) (in Figure 1, plate material F is shown as
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an example of the object) at high speed. Here, a case where a plate such as a rubber
plate or a resin plate used for flexographic printing will be described as an example.

The laser recording apparatus 10 used in the plate making apparatus 11
according to the present embodiment includes: a light source unit 20 which generates a
plurality of laser beams; the exposure head 30 which irradiates the plate material F with
the plurality of laser beams generated by the light source unit 20; and an exposure head
movement section 40 which moves the exposure head 30 along the sub-scanning
direction.

The light source unit 20 includes a plurality of semiconductor lasers 21 (here,
for example, a total of 32 semiconductor lasers), and the light beams of the respective
semiconductor lasers 21 are individually transmitted to an optical fiber array section 300
of the exposure head 30 via optical fibers 22 and 70, respectively.

In the present embodiment, a broad area semiconductor laser (wavelength: 915
nm, for example) is used as the semiconductor laser 21, and the semiconductor lasers 21
are arranged side by side on a light source substrate 24. Each of the semiconductor
lasers 21 is individually coupled to one end section of each of the optical fibers 22, and
the other end of each of the optical fibers 22 is connected to an adapter of an SC (Single
Core) type optical connector 25.

An adapter substrate 23 for supporting the SC type optical connectors 25 is
perpendicularly attached to one end section of the light source substrate 24. Further, to
the other end section of the light source substrate 24, there are attached LD (Laser Diode)
driver substrates 27 on which an LD driver circuit (not shown in Figure 1, and denoted
by reference numeral 26 in Figure 7) for driving the semiconductor lasers 21 is mounted.
Each of the semiconductor lasers 21 is connected to the corresponding LD driver circuit
via each individual wiring member 29, so that each of the semiconductor lasers 21 is
individually driven and controlled.

Note that in the present embodiment, a multi-mode optical fiber having a
relatively large core diameter is applied as the optical fiber 70 in order to increase the
output of the laser beam. - Specifically, an optical fiber having a core diameter of 105
pm is used in the present embodiment. Further, a semiconductor laser having a
maximum output of about 10 W is used as the semiconductor laser 21.  Specifically, it

is possible to adopt, for example, a semiconductor laser (6398-L4 Series) which is
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marketed by JDS Uniphase Corporation and which has a core diameter of 105 um and an
output of 10 W, or the like.

On the other hand, the exposure head 30 includes an optical fiber array section
300 which collects the respective laser beams emitted from the plurality of
semiconductor lasers 21 and emits the collected laser beams. The light emitting section
(not shown in Figure 1 and denoted by reference numeral 280 in Figure 2) of the optical
fiber array section 300 has a configuration in which the emitting ends of the 32 optical
fibers 70, 70, ... led from the respective semiconductor lasers 21, 21, ... are arranged in a
row (see Figure 3). '

F urther, in the exposure head 30, a collimator lens 32, an opening member 33,
and an image forming lens 34 are provided side by side in this order from the side of the
light emitting section of the optical fiber array section 300. An image forming optical
system is configured by combining the collimator lens 32 and the image forming lens 34.
The opening member 33 is arranged in a manner that its opening is positioned at a Far
Field position when seen from the side of the optical fiber array section 300. Thereby,
the same light quantity restricting effect can be given to all the laser beams emitted from
the optical fiber array section 300.

The exposure head movement section 40 includes a ball screw 41 and two rails
42, whose longitudinal direction is arranged along the sub-scanning direction. Thus,
when a sub-scanning motor (not shown in Figure 1 and denoted by reference numeral 43
in Figure 7) for driving and rotating the ball screw 41 is operated, the exposure head 30
arranged on the ball screw 41 can be moved in the sub-scanning direction in the state of
being guided by the rails 42. Further, when a main scanning motor (not shown in
Figure 1 and denoted by reference numeral 51 in Figure 7) is operated, the drum 50 can
be rotated in a direction (arrow R direction) indicated by the arrow R in Figure 1, and
thereby the main scanning is performed.

Figure 2 shows a configuration of the optical fiber array section 300, and Figure
3 is an enlarged view (view A in Figure 2) of the light emitting section 280 of the optical
fiber array section 300. As shown in Figure 3, the light emitting section 280 of the
optical fiber array section 300 has the optical fibers 70 having a core diameter of 105 pm
which emit 32 light beams at equal intervals, and are linearly arranged side by side in a

row.
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The optical fiber array section 300 has a base (V-groove substrate) 302, in one
surface of which the same number of V-shaped grooves as the semicbnductor lasers 21,
that is, 32 V-shaped grooves are formed so as to be adjacent to each other at
predetermined intervals. An optical fiber end section 71 as the other end section of
each of the optical fibers 70 is fitted into each of the V-shaped grooves of the base 302.
Thereby, a group 301 of the optical fiber end sections linearly arranged side by side is
formed. Therefore, a plurality of laser beams, in this example, 32 laser beams, are
simultaneously emitted from the light emitting section 280 of the optical fiber array
section 300.

Figure 4 is a schematic diagram of the image forming system of the optical fiber
array section 300. As shown in Figure 4, an image of the light emitting section 280 of
the optical fiber array section 300 is formed in the vicinity of the exposure surface
(surface) FA of the plate material F at a predetermined magnification (image forming
magnification) by the image forming device including the collimator lens 32 and the
image forming lens 34. In the present embodiment, the image forming magnification is
setto 1/3 times. Thereby, the spot diameters of laser beams LA emitted from the
optical fiber end sections 71 respectively having the core diameter of 105 um are set to
be ¢35 pm.

In the exposure head 30 having such image forming system, an interval P1
between scanning lines (main scanning lines) K exposed by the laser beams emitted from
the optical fibers arranged at adjacent positions as shown in Figure 5 can be set to 10.58
pum (corresponding to a resolution of 2400 dpi in the sub-scanning direction) by suitably
designing the interval (L1 in Figure 3) between the adjacent fibers of the optical fiber
array section 300 described with reference to Figure 3, and the inclination angle (angle 6
in Figure 5) in the arrangement direction (array direction) of the optical fiber end section
group 301 at the time of fixing the optical fiber array section 300.

This arrangement enables the exposure head 30 to scan and expose a range of 32
lines (one swath) at a time.

Figure 6 is a plan view showing an outline of a scanning exposure system in the
plate making apparatus 11 shown in Figure 1. The exposure head 30 includes a focus
position changing mechanism 60 and an intermittent feeding mechanism 90 which

performs feeding in the sub-scanning direction.
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The focus position changing mechanism 60 has a motor 61 and a ball screw 62,
which move the exposure head 30 back and forth with respect to the surface of the drum
50, and is capable of moving the focus position by about 300 um for about 0.1 second by
the control of the motor 61. The intermittent feeding mechanism 90 configures the
exposure head movement section 40 described with reference to Figure 1, and has the
ball screw 41 and the sub-scanning motor 43 for rotating the ball screw 41 as shown in
Figure 6. The exposure head 30 is fixed to a stage 44 on the ball screw 41, and can be
intermittently fed by the control of the sub-scanning motor 43 in the axial line 52
direction of the drum 50 at a rate which enables to travel one swath for about 0.1 second
to reach an adjacent swath.

Note that in Figure 6, reference numerals 46 and 47 denote bearings rotatably
supporting the ball screw 41. Reference numeral 55 denotes a chuck member for
chucking the plate material F on the drum 50. The position of the chuck member 55 is
set in a non-recording region where exposure (recording) is not performed by the
exposure head 30. While the drum is rotated, the laser beams of 32 channels are
emitted from the exposure head 30 onto the plate material F on the rotating drum 50.
Thereby, an exposure range 92 corresponding to the 32 channels (one swath) is exposed
without gaps, and the surface of the plate material F is engraved (image recorded) by one
swath width. When the chuck member 55 is then made to pass through the front of the
exposure head 30 by the rotation of the drum 50 (in the non-recording region of the plate
material F), the exposure head 30 is intermittently fed in the sub-scanning direction, and
then a next one swath is exposed. A desired image is formed on the whole surface of
the plate material F by repeating the exposure and scanning associated with the above
described intermittent feeding in the sub-scanning direction.

In the present embodiment, the sheet-like plate material F is used, but a
cylindrical object (sleeve type) can also be used. '
<Configuration of control system>

Figure 7 is a block diagram showing a configuration of a control system of the
plate making apparatus 11.  As shown in Figure 7, the plate making apparatus 11
includes: the LD driver circuit 26 which drives the respective semiconductor lasers 21
according to two-dimensional image data to be engraved; the main scanning motor 51

which rotates the drum 50; a main scanning motor drive circuit 81 which drives the main
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scanning motor 51; a sub-scanning motor drive circuit 82 which drives the sub-scanning
motor 43; and a control circuit 80. The control circuit 80 controls the LD driver circuit
26 and each of the motor drive circuits (81, 82).

Image data representing an image to be engraved (recorded) in the plate material
F are supplied to the control circuit 80. On the basis of the image data, the control
circuit 80 controls the drive of the main scanning motor 51 and the sub-scanning motor
43, and individually controls the output (performs the on/off control and the laser beam
power control) of each of the semiconductor lasers 21. Note that means to control the
output of the laser beam is not limited to a mode utilizing the quantity of light emitted
from the semiconductor lasers 21. In place of the mode, or in combination with the
mode, optical modulation device such as an acoustic optical modulator (AOM) module
may also be used.
<Description of problem>

There will be described as an example a case where thin lines are engraved on
the plate material F (object) along the sub-scanning direction by the multi-beam group
arranged in the array arrangement described with reference to Figure 3. As shown in
Figure 8, the channel chl (first beam) at the right end first emits light to perform
engraving. Next, the left-adjacent channel ch2 (second beam) emits light to perform
engraving, and subsequently, the channels ch3 to ch32 (beams) adjacent to each other
successively emit light, so that the engraving is performed by one swath width. After
the engraving by one swath width is completed, the exposure head 30 is moved by the
swath width in the sub-scanning direction, and the engraving is successively performed.
Thereby, the thin lines along the sub-scanning direction are formed.

When the light quantities of the respective channels chl to ch32 are set equal to
each other, and when the thin line 103 obtained by the above described process is
observed in detail, it is seen that the width of the thin line 103 is varied at the frequency
of one swath width as shown in Figure 9. It is found that this phenomenon is caused by
the following factors.

That is, when attention is directed to within the swath width, the engraving is
first performed by a first beam, and the plate material is warmed by the residual heat
caused by the irradiation of the first beam. The engraving is performed there by

emitting a second beam for engraving the subsequent adjacent line, and hence the energy
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of the second beam is further added to the plate material F whose temperature is
increased by the influence of the residual heat due to the engraving by the first beam.
Thus, it is found that there is a problem that the subsequent beam excessively engraves
the plate material F under the influence of heat due to the engraving performed by the
precedent adjacent beam.

<Means for solving the problem>

In the plate making apparatus 11 according to the present embodiment, the light
powers of the beams are controlled by each channel in order to solve the above described
problem. An example of the control is shown in Figure 10. In Figure 10, the abscissa
represents the channel identification number (ch), and the ordinate represents the relative
value of the light power of the beam (the power of chl is normalized to 1). As shown
in Figure 10, the light power of channels chl, ch2, and ch3 corresponding to the writing
start portton at which the engraving is started is set as expressed by chl > ch2 > ch3, and
the light powers of ch3 and the channels subsequent to ch3 (intermediate sections) can be
substantially set to be the same as each other. Further, the light power of the last
channel (ch32) (writing end portion) within the swath is increased (for example, ch32 =
ch2).

As described with reference to Figure 8, when thin lines along the sub-scanning
direction are formed by the beam arrangement of the obliquely arranged channel group, a
time difference is caused in the light emission timing (pixel exposure timing) between
the respective channels. The beam of chl is first emitted, and while the beam of chl is
scanned for exposure, the subsequent beam of ch2 is then emitted. At this time, the
surface temperature of the plate material F corresponding to the beam position of ch2 is
increased by the influence of heat due to the preceding beam of chl. Thus, the light
power of ch2 is reduced than that of chl in consideration of the influence of heat due to
the adjacent beam.

In Figure 10, the light power of ch?2 is set to 0.7 with respect to the light power
of chl (which is normalized to 1), but the light quantity ratio of the beam adjacent to the
beam to be first scanned with respect to the beam to be first scanned is suitably set in the

range of 0.4 to 0.9.
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Similarly, the light power of ch3 is also further reduced than that of ch2 in
consideration of the accumulation of heat due to the beams of chl and ch2 (for example,
set to 0.5 in Figure 10).

However, the heat condition is substantially saturated in ch3 and channels
subsequent to ch3, and hence the light powers of these channels are substantially the
same as each other in the intermediate portion of one line. Thereby, a thin line along
the sub-scanning direction can be formed in a linear state having a substantially constant
(uniform) line width.

Note that Figure 10 shows only an example of the case where the spot diameter
of the beam is set to ¢35 um, and where the resolution is set to 2400 dpi (scanning line
interval = 10.6 pm), and that it is necessary to optimize light powers of respective
channels on the basis of the conditions of the spot diameter, the spot arrangement, the
scanning speed, the plate material, and the like. For example, depending on the
conditions, the relation of the light power between the beams may set as represented by
chl > ch2 =~ ch3 ~ ch4 ..., or may also be set as represented by chl > ch2 > ch3 > ch4 (»
chS =~ ch6 ...).

It is effective to perform such light power control in the range of several pixels
(about two to four pixels) in the writing start portion, and it is effective to perform the
light power control for each beam for at least the two adjacent pixels (chl and ch2).

Further, the condition of the last channel (here ch32) is different from the
conditions of the other intermediate channels (ch4 to ch31) in that the last channel is not
subjected to the influence of heat due to the subsequent beam. Thus, the light power of
the last channel may be increased, or may be set to the same light power as that in the
adjacent preceding channel (ch31) depending on conditions.

As exemplified in the above described embodiment, in the case where a desired
shape is formed by engraving the vicinity of the surface of an object (plate material F) by
laser beams of a multi-beam exposure system, the light quantity of the current laser beam
to be emitted is controlled on the basis of the light emission state of a region to be
irradiated with another laser beam, which is around the pixel A (irradiation region) to be
irradiated by the current laser beam to be emitted. Specifically, in the light control,
light quantities are controlled to satisfy the equation of "a>b." Here, "a" indicates the

light quantity of the current beam (first beam) to be emitted in the case that a region
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located within several pixels around an irradiation region (pixel A) of the current beam in
the sub-scanning direction has been irradiated with the other beams. And, "b" indicates
the light quantity of another beam (second beam) adjacent to the current beam (first
beam) in the case that a region (pixel B) adjacent to the pixel A is irradiated with the
second beam at some time interval after the pixel A has been irradiated by the current
beam (first beam).

<In the case of interlace exposure>

With reference to Figure 10, there is described the case where the non-interlace
exposure for exposing all pixels in one swath at once is performed without spaces
between pixels at the time of exposure and scanning, but the present embodiment can
also be similarly applied to the case of the interlace exposure in which the pixels are
exposed alternately in the sub-scanning direction.

Figure 12 shows an example 6f the light power control between the channels in
the case of performing the interlace exposure in which the pixels are exposed alternately
in the sub-scanning direction under the conditions of the spot diameter of ¢35 pm and
the resolution of 2400 dpi (the scanning line interval = 10.6 um).

The exposure process is influenced by the heat due to the adjacent beam also in
the interlace exposure, and hence the light power of ch2 is reduced than that of chl
(normalized to 1). The light power of ch2 is set to "0.7" in Figure 12, but the present
embodiment is not limited to this. The light quantity ratio of the beam adjacent to the
preceding beam with respect to the preceding beam is suitably set in the range of 0.5 to
0.9.

Note that in the case of the interlace exposure, the beam density is low (coarse)
as compared with the non-interlace exposure, and the time interval from when the beam
of chl is emitted to when the beam of ch2 is emitted is long as compared with the non-
interlace exposure. Thus, the influence of the heat between adjacent beams becomes
smaller than the case of the non-interlace exposure. For this reason, the reduction
amount of the light power of ch2 and the channels subsequent to ch2 in the interlace
exposure (Figure 12) is reduced as compared with the case of the non-interlace exposure
(Figure 10).

<Second embodiment>
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The above described first embodiment exemplifies the beam arrangement in
which beams of 32 lines (one swath) are arranged obliquely in one row by using the
exposure head 30 having the optical fiber array arrangement in one row as described with
reference to Figure 3. However, the beam arrangement is not limited to such one row
arrangement when carrying out the present invention. ,

Figure 13 shows an example of another optical fiber array unit light source.

The optical fiber array unit light source 500 shown in Figure 13 includes optical fiber
array units 501, 502, 503 and 504 combined in four stages. In each array of the stages
of the optical fiber array unit light source 500, 16 pieces of the optical fibers 70 having a
core diameter of 105 pm are linearly arranged in one row, and 64 pieces of the optical
fibers 70, in total, of the four stages are arranged in an oblique matrix shape.

As shown in Figure 13, in the case where channel identification numbers for the
channels belonging to the optical fiber array unit 501 of the uppermost stage (first stage)
are set as 4M+1 (M =0, 1, 2 ...) from the right end, where channel identification numbers
for the channels belonging to the second stage (reference numeral 502) are set as 4M+2
from the right end, where channel identification numbers for the channels belonging to
the third stage (reference numeral 503) are set as 4M+3 from the right end, and where
channel identification numbers for the channels belonging to the lowermost fourth stage
(reference numeral 503) are set as 4M+4 from the right end, the optical fiber array unit
light source 500 is configured such that blocks respectively consisting of four channels
having a common M value are arranged in 16 rows.

When the interval (L in Figure 13) between the adjacent optical fibers in the
row of the optical fiber array units 501, 502, 503 and 504 of the respective stages, the
interval between the optical fibers of the respective adjacent stages (L), and the relative
positional difference between the adjacent optical fibers in the row direction (L3 in
Figure 13), and further the inclination angle of the array unit are suitably designed, the
interval P between the scanning lines (main scanning lines) K exposed by the optical
fibers of the adjacent channels within the block, and the interval P, between a scanning
line exposed by a channel at a right end of the block consisting of the four channels (the
channel belonging to the array of the uppermost stage) and a scanning line exposed by a

channel at a left end of the adjacent block (the channel belonging to the array of the
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lowermost stage) can be equally set to 10.58 pm (corresponding to the resolution 2400
dpi in the sub-scanning direction) as shown in Figure 14.

According to the above described configuration, one swath including 64 lines in
total can be scanned and exposed by using four lines as a repeating unit.

When thin lines along the sub-scanning direction are engraved by such beam
arrangement, the light power of each beam channel is controlled, for example, as shown
in Figure 15.

In Figure 15, the abscissa represents the channel identification number, and the
ordinate represents the light power (when the light power of chl is normalized to 1). As
shown in Figure 15, in correspondence with the repetition of the swath block of the four
line unit, the light powers of the respective channels in the repeating unit are set to
satisfy the following inequation: ch(4M+1) > ch(4M+2) > ch(4M+3) > ch(4M+4).

Thereby, the thin line along the sub-scanning direction can be formed in a linear
state having a substantially constant (uniform) line width as described with reference to
Figure 11. Note that the above description is given by taking the thin line along the
sub-scanning direction as an example, but the present embodiment is not limited to this.
For example, the present embodiment can be similarly applied to the case where thin
lines along an oblique direction are formed.

Further, the form of the optical fiber array unit light source is not limited to the
example described with reference to Figure 13. An arbitrary number of array stages and
an arbitrary repetition number of the swath blocks can be realized by the same method as
described with reference to Figure 13, and a suitable two-dimensional array can be
realized.
<Modification>

The exposure system is not limited to the scanning exposure system based on
the intermittent feeding in the sub-scanning direction as described with reference to
Figure 6, and there may also be applied to a spiral exposure system which scans the
surface of the plate material F in a spiral pattern by moving the exposure head 30 with a
constant speed in the sub-scanning direction while the drum is rotated.

The intermittent feeding system is effective in the case where the rotation speed
of the drum is relatively low. On the other hand, the spiral exposure system is effective

in the case where the rotation speed of the drum is relatively high.
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<Manufacturing process of flexographic plate>

Next, there will be described an exposure scanning process at the time of
manufacturing a printing plate by the multi-beam exposure system.

Figures 16A to 16C show an outline of a plate making process. A raw plate
700 used for platemaking by the laser engraving has an engraving layer 704 (including a
rubber layer or a resin layer) on a substrate 702, and has a protection cover film 706
which is stuck on the engraving layer 704. At the time of platemaking processing, as
shown in Figure 16A, the cover film 706 is peeled off to expose the engraving layer 704.
Then, a part of the engraving layer 704 is removed by irradiating the engraving layer 704
with laser light beams to form a desired three-dimensional shape (see Figure 16B). The
specific laser engraving method has been described with reference to Figures 1 to 15.
Note that dust generated during the laser engraving is sucked and recovered by a suction
apparatus (not shown).

After the engraving process is completed, the plate 700 is washed with water by
a washing apparatus 710 as shown in Figure 16C (washing process), and then dried (not
shown) to obtain a flexographic plate.

The platemaking method, by which a plate itself is directly engraved with a laser
beam in this way, is referred to as a direct engraving method. A plate making apparatus,
to which the multi-beam exposure scanning apparatus according to the present
embodiment is applied, can be realized at a lower cost than a laser engraving machine
using a CO, laser.  Further, processing speed can be improved by using the multi-beam
exposure system, and thus the productivity of the printing plate can be improved.
<Other applications>

The present invention is not limited to manufacture of flexographic plates, and
the present invention can also be applied to manufacture of the other convex printing
plates or concave printing plates. Further, the present invention is not limited to
manufacture of printing plates, and the present invention can also be applied to a drawing
recording apparatus and an engraving apparatus for various applications.
<Appendix>

As grasped from the description about the embodiments described above in
detail, this specification includes disclosure of various technical ideas including the

invention as will be described below.



10

15

20

25

30

WO 2010/064729 16 PCT/JP2009/070628

(Invention 1): A multi-beam exposure scanning method for scanning an object
with a plurality of light beams to engrave a surface of the object, comprising: irradiating
a first irradiation region to be exposed with a beam having a first light quantity when a
second irradiation region near a periphery of the first irradiation region has not been
exposed; and irradiating the first irradiation region to be exposed with a beam having a
second light quantity smaller than the first light quantity when the second irradiation
region has been exposed.

Accordingly, since the light quantity of the beam can be suitably controlled in
consideration of the influence of heat due to adjacent beams emitted at some time
interval (with a time difference), it is possible to suppress unevenness in an engraved
shape caused by thermal interference due to the adjacént beams, thereby enabling to
highly precisely engrave a desired shape in the object.

(Invention 2): The multi-beam exposure scanning method according to invention
1, wherein: the second irradiation region is adjacent to the first irradiation region; the
first irradiation region is irradiated with a first beam having the first light quantity when
a third irradiation region which is adjacent to the first irradiation region has not been
exposed; and the second irradiation region is irradiated with a second beam having the
second light quantity when the second irradiation region is irradiated after a lapse of a
predetermined period of time from the exposure of the first irradiation region.

This mode enables to form uniform shape on the first irradiation region and the
second irradiation region adjacent to the first irradiation region.

(Invention 3): The multi-beam exposure scanning method according to invention
2, wherein the second light quantity is set within the range of 0.4 to 0.9 times as much as
the first light quantity.

It is preferable that the light quantity ratio of the beam subsequent to the
preceding beam with respect to the preceding beam is set in the range 0of 0.4 t0 0.9 in a
system employing non-interlace exposure, and that the light quantity ratio of the
subsequent beam with respect to the preceding beam is set in the range of 0.5 t0 0.9 in a
system employing interlace exposure.

(Invention 4): The multi-beam exposure scanning method according to one of

invention 2 and invention 3, further comprising irradiating a fourth irradiation region
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adjacent to the second irradiation region with a third beam having a third light quantity
equal to or smaller than the second light quantity.

Depending on conditions, it is also possible to control beam light quantities of
beams which are used to irradiate three continuously arranged irradiation regions to
obtain a uniformly engraved shape.

(Invention 5): The multi-beam exposure scanning method according to any one
of invention 2 to invention 4, further comprising successively irradiating a row of
irradiation regions adjacent to each other from a fourth irradiation region adjacent to the
second irradiation region, with respective beams whose light quantities are substantially
identical.

It is preferable that the light quantities of the beams used for exposing
irradiation regions where influence of heat due to beams previously irradiated are
substantially the same are set to be substantially the same as each other.

(Invention 6): A multi-beam exposure scanning apparatus comprising: an
exposure head which irradiates a surface of an object by with a plurality of light beams to
engrave the object; a scanning device which performs relative movement of the object
and the exposure head; anda control device which controls light quantity of a light beam,
wherein the control device sets a beam used for irradiating a first irradiation region to
have a first light quantity when a second irradiation region near a periphery of the first
irradiation region has not been exposed, and the control device sets the beam to have a
second light quantity smaller than the first light quantity when the second irradiation
region has been exposed.

Accordingly, since the beam light quantity is suitably controlled in consideration
of influence of heat due to adjacent beams irradiated at some time interval (with a time
difference), it is possible to suppress excessive engraving due to thermal interference
caused by the adjacent beams, thereby enabling to highly precisely engrave a desired
shape in the object.

(Invention 7): The multi-beam exposure scanning apparatus according to
invention 6, wherein: the second irradiation region is adjacent to the first irradiation
region; the control device sets a first beam used for irradiating the first irradiation region
to have the first light quantity when a third irradiation region which is adjacent to the

first irradiation region has not been exposed; and the control device sets a second beam
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to have the second light quantity when the second irradiation region is irradiated after a
lapse of a predetermined period of time from the exposure of the first irradiation region.

(Invention 8): The multi-beam exposure scanning apparatus according to
invention 7, wherein the second light quantity is set in the range of 0.4 to 0.9 times as
much as the first light quantity.

(Invention 9): The multi-beam exposure scanning apparatus according to one of
invention 7 and invention 8, wherein the control device controls a third beam used for
irradiating a fourth irradiation region adjacent to the second irradiation region to have a
third light quantity equal to or smaller than the second light quantity.

(Invention 10): The multi-beam exposure scanning apparatus according to any
one of invention 7 to invention 9, wherein the control device controls respective beams
used for irradiating irradiation regions to have a substantially identical light amount
when the irradiation regions are successively exposed from a fourth irradiation region.

(Invention 11): The multi-beam exposure scanning apparatus according to any
one of invention 6 to invention 10, wherein the scanning device includes: a drum which
rotates with the object held on an outer peripheral surface of the drum; and a head
moving device which moves the exposure head along an axial direction of the drum.

It is possible to configure the multi-beam exposure scanning apparatus such that
the scanning in the main scanning direction is performed by rotation of the drum, and
that the scanning in the sub-scanning direction is performed by the movement of the
exposure head in an axial direction of the drum.

(Invention 12): The multi-beam exposure scanning apparatus according to any
one of invention 6 to invention 11, wherein the exposure head comprises an optical fiber
array which has a beam arrangement in which beams of a plurality of channels are
arranged along a direction oblique to a sub-scanning direction on the object.

(Invention 13): The multi-beam exposure scanning apparatus according to
invention 12, wherein the control device controls a first channel located at an endmost
beam position where exposure is first started within one swath in the beam arrangement
to have the first light quantity, and a second channel adjacent to the first channel to have
the second light quantity.

(Invention 14): A manufacturing method of a printing plate, comprising

engraving a surface of a plate material corresponding to the object by the multi-beam
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exposure scanning method according to any one of invention 1 to invention 5 to
manufacture the printing plate.

According to the embodiments of the present invention, a printing plate can be
manufactured at high speed and with high precision. Therefore, the productivity can be

improved and a cost reduction can be realized.

Reference Signs List

10 ... Laser recording apparatus, 11 ... Plate making apparatus, 20 ... Light
source unit, 21 ... Semiconductor laser, 22, 70 ... Optical fiber, 30 ... Exposure head, 40 ...
Exposure head movement section, 50 ... Drum, 80 ... Control circuit, 300 ... Optical fiber

array section, F ... Plate material, K ... Scanning line
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CLAIMS

1. A multi-beam exposure scanning method for scanning an object with a plurality
of light beams to engrave a surface of the object, comprising:

irradiating a first irradiation region to be exposed with a beam having a first
light quantity when a second irradiation region near a periphery of the first irradiation
region has not been exposed; and

irradiating the first irradiation region to be exposed with a beam having a second
light quantity smaller than the first light quantity when the second irradiation region has

been exposed.

2. The multi-beam exposure scanning method according to claim 1, wherein:

the second irradiation region is adjacent to the first irradiation region;

the first irradiation region is irradiated with a first beam having the first light
quantity when a third irradiation region which is adjacent to the first irradiation region
has not been exposed; and

the second irradiation region is irradiated with a second beam having the second
light quantity when the second irradiation region is irradiated after a lapse of a

predetermined period of time from the exposure of the first irradiation region.

3. The multi-beam exposure scanning method according to claim 2, wherein
the second light quantity is set within the range of 0.4 to 0.9 times as much as

the first light quantity.

4. The multi-beam exposure scanning method according to one of claim 2 and
claim 3, further comprising

irradiating a fourth irradiation region adjacent to the second irradiation region
with a third beam having a third light quantity equal to or smaller than the second light
quantity.

5. The multi-beam exposure scanning method according to any one of claim 2 to

claim 4, further comprising



10

15

20

25

30

WO 2010/064729 o PCT/JP2009/070628

successively irradiating a row of irradiation regions adjacent to each other from
a fourth irradiation region adjacent to the second irradiation region, with respective

beams whose light quantities are substantially identical.

6. A multi-beam exposure scanning apparatus comprising:

an exposure head which irradiates a surface of an object by with a plurality of
light beams to engrave the object;

a scanning device which performs relative movement of the object and the
exposure head; and

a control device which controls light quantity of a light beam, wherein

the control device sets a beam used for irradiating a first irradiation region to
have a first light quantity when a second irradiation region near a periphery of the first
irradiation region has not been exposed, and

the control device sets the beam to have a second light quantity smaller than the

first light quantity when the second irradiation region has been exposed.

7. The multi-beam exposure scanning apparatus according to claim 6, wherein:

the second irradiation region is adjacent to the first irradiation region;

the control device sets a first beam used for irradiating the first irradiation
region to have the first light quantity when a third irradiation region which is adjacent to
the first irradiation region has not been exposed; and

the control device sets a second beam to have the second light quantity when the
second irradiation region is irradiated after a lapse of a predetermined period of time

from the exposure of the first irradiation region.

8. The multi-beam exposure scanning apparatus according to claim 7, wherein
the second light quantity is set in the range of 0.4 to 0.9 times as much as the

first light quantity.

9. The multi-beam exposure scanning apparatus according to one of claim 7 and

claim 8, wherein
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the control device controls a third beam used for irradiating a fourth irradiation
region adjacent to the second irradiation region to have a third light quantity equal to or

smaller than the second light quantity.

10. The multi-beam exposure scanning apparatus according to any one of claim 7 to
claim 9, wherein

the control device controls respective beams used for irradiating irradiation
regions to have a substantially identical light amount when the irradiation regions are

successively exposed from a fourth irradiation region.

11. The multi-beam exposure scanning apparatus according to any one of claim 6 to
claim 10, wherein

the scanning device includes:

a drum which rotates with the object held on an outer peripheral surface of the
drum; and

a head moving device which moves the exposure head along an axial direction

of the drum.

12. The multi-beam exposure scanning apparatus according to any one of claim 6 to
claim 11, wherein

the exposure head comprises an optical fiber array which has a beam
arrangement in which beams of a plurality of channels are arranged along a direction

oblique to a sub-scanning direction on the object.

13. The multi-beam exposure scanning apparatus according to claim 12, wherein
the control device controls a first channel located at an endmost beam position

where exposure is first started within one swath in the beam arrangement to have the first

light quantity, and a second channel adjacent to the first channel to have the second light

quantity.
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14. A manufacturing method of a printing plate, comprising engraving a surface of a
plate material corresponding to the object by the multi-beam exposure scanning method

according to any one of claim 1 to claim 5 to manufacture the printing plate.
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