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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] Fluorescent tubes have been used for decades in the business of photopolymer curing.
In the most embodiments, some 10 to 30 of these tubes are combined next to another in one
plane in close proximity and parallel to the photopolymer plate to build a light source that
covers the entire photopolymer plate. These systems are commonly called "bank light
systems” or "flood" light systems. A common standard system is for example the ECDFL 1000
system from DuPont. A common fluorescent tube for this purpose is for example the TL
80W/10-R SLV/25 from Philips. An exemplary drawing of such a prior art fluorescent tube is
depicted in FIG. 8. As is well known in the art, exemplary fluorescent tubes have opposite end
caps 810 (which are typically metal), two pin connectors 812 extending from each end cap,
and a luminescent portion 814 between the end caps. Such tubes may be characterized by
their diameter D, length A between opposite end caps 810, length C between the ends of the
prongs 812 extending from the end caps, with each prong having a length (C-B). Exemplary
published dimensions of the TL 80VW/10-R SLV/25-model tube are shown below in Table 1:
TABLE 1

D (max A (max B (max B (min C (max
40.5 mm 1500 mm 1507.1 mm 1504.7 mm 1514.2 mm

[0002] The foregoing dimensions are only one example, and various tube manufacturers and
bank light systems may employ tubes having different dimensions. The spacing between the
pins and geometry of the pins may also have a predetermined dimension (not shown).

[0003] Bank Light systems with fluorescent tubes have disadvantages, including:

« power consumption is high compared to LEDs;

» short-term output often drifts after the lamp has been turned on;

« to avoid output drifting, tubes are often operated in stand-by mode, which consumes
additional energy

» light output is not constant over lifetime of the bulbs;

« after 500 and 1000 hours, UV output may decline such that curing results become
inacceptable;

« frequent exchange of the tubes adds cost;

« mercury content of the tubes is environmental problematic.

[0004] LEDs have advantages over fluorescent tubes, including but not limited to lower power
consumption, slower aging, more stable UV Output over temperature, and no warmup phase.
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While UV output of LEDs also decays over the lifetime of an LED, the lifetime of an LED is
about one order of magnitude higher than fluorescent tubes. LED output is much more stable
after turning on. Accordingly, to reap the benefits of these advantages, almost all system
manufacturers in the field of flexographic printing have introduced their own commercial UV
LED exposure systems that use LEDs. These commercial systems are typically based on
relative motion between the photopolymer plate and the light source. Usually the LEDs are
arranged in a row that extends over one dimension of the plate while the other dimension is
exposed by relative movement between the light source and the plate. A significant portion of
the cost of such systems relates to the mechanics required to create the relative movement
between the plate and the UV source. Further costs arise from the need for cooling LEDs
concentrated in rather small area. Still more costs are incurred by the complex driving
electronics needed to balance and control the UV Output of LEDs.

[0005] As UV LEDs have become increasingly less expensive, it is now more economically
favorable to use UV LEDs in an array having a length and width at least as large as the size of
the printing plate to be exposed, such as is described, for example, in PCT Published Patent
Application No. WO2017072588A1, dated May 4, 2017, filed by the common Applicant as this
application.

[0006] While a direct replacement of fluorescent tubes with tubes containing LEDs in the visible
range for lighting purposes has been described in the art, such as for example in U.S. Patent
No. 7,507,001, in view of the advantages of LEDs and their decreasing cost, there is now also
an increasing interest in incorporating UV LEDs in photopolymer curing applications.

[0007] Further, US 2013/ 271970 A1 relates to a light source which comprises a cylindrical
lens and a linear array of light-emitting elements. The linear array is aligned with and emitting
light through the cylindrical lens, wherein the cylindrical lens reduces the angular spread of
light in a widthwise axis of the linear array, the linear array spanning a lens length.

[0008] Further, EP 2 067 620 A2 relates to method which involves transforming high resolution
image data that describes a print image and/or content of a printing plate for color separation
into low resolution image data. Position data is obtained from a transporting device for a print
substrate. Control data for modulation of the intensity of a radiation source and/or a group of
sources of LED arrays are generated from the low resolution image data and the position data.
The substrate in the device is smeared with temporally modulated radiation points, which
include multiple image points of high resolution print image

[0009] Thus, according to an aspect, the problem relates to improving the curing of a
photopolymer printing plate.

SUMMARY OF THE INVENTION

[0010] This problem is solved by the subject-matter of the independent claims. Preferred
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embodiments are defined in the dependent claims. Further, as a first example for better
understanding the invention, a radiation source for curing a photopolymer printing plate with
actinic radiation is disclosed. The source includes a base comprising a heat sink and having a
width and a length along an axis, wherein the length is greater than the width. One or more
circuit boards is mounted on the base, the one or more circuit boards collectively having a
plurality of light emitting diodes (LEDs) distributed over the length of the base, each LED
configured to emit actinic radiation in a direction toward a target illumination plane at an
emission angle. A cover transparent or translucent to the actinic radiation and mounted on the
base together with the base defines an enclosure for the plurality of LEDs. The source may be
configured to provide the actinic radiation at an emission angle greater than an emission angle
of a single LED in a first plane perpendicular to the axis of the base, greater than an emission
angle of a single LED in a second plane containing the axis of the base or parallel to the axis of
the base and perpendicular to the target illumination plane, or a combination thereof. In one
embodiment, the cover may comprise one or more prismatic and/or refractive structures, such
as in the form of a Fresnel lens. The source may be configured to replace a fluorescent bulb
having a specified length and a set of electrical connectors at opposite ends configured to
mount in respective sockets, the source having said specified length and set of electrical
connectors configured to mount in the respective sockets. The source may include control
electronics for controlling output of the plurality of LEDs disposed in said source, such as but
not limited to a remote control receiver connected to the control electronics and configured to
receive a signal for operating the control electronics.

[0011] In one embodiment of the first example, the base may comprise a plurality of surfaces
angled relative to one another and disposed parallel to the axis of the base, with a subset of
the plurality of LEDs and corresponding one or more circuit boards or a portion thereof
mounted on each of the plurality of surfaces. At least one of plurality of surfaces is disposed
parallel to the target illumination plane. In one embodiment, three such surfaces may be
angled relative to one another at a reflex angle, such as for example, 210-240 degree angles.

[0012] The base may have a planar cover mounting area parallel to the target illumination
plane for receiving a corresponding surface of the cover. The base and the cover may have an
interface comprising one or more positive or negative features of the cover configured to mate
with one or more mating features in the base. One or more clamps may hold the cover and the
base in a compressive relationship.

[0013] The base may comprise at least one rectangular LED mounting surface facing the
printing plate for receiving the one or more circuit boards comprising the plurality of LEDs. The
heat sink may comprise an underside portion connected to an underside of the rectangular
mounting surface, wherein the rectangular mounting surface has a width greater than a width
of the underside portion, and the LEDs are distributed in an array including a plurality of LEDs
distributed across the width of the rectangular mounting surface, such as in an array five LEDs
wide. In an embodiment in which the radiation source is configured to replace a fluorescent
bulb comprising a tube having a diameter, the width of the rectangular mounting surface may
be greater than the diameter of the tube.
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[0014] The base may comprise a front portion facing the target illumination plane, and an
underside portion facing away from the target illumination plane, wherein the underside portion
has a geometry that defines a semi-cylinder. In one embodiment, the heat sink may define a
plurality of fins spaced apart from one another with radial edges that define the semi-cylindrical
geometry.

[0015] A second example for better understanding the invention comprises an exposure
system comprising a plurality of radiation sources as described herein. The exposure system
may include a substrate for receiving a printing plate in the target illumination plane
corresponding to the plurality of radiation sources. The exposure system may comprise a
housing configured for use with fluorescent tubes, wherein the sources replace the fluorescent
tubes. A remote control transmitter may be configured to send signals to a plurality of remote
control receivers in the plurality of radiation sources, and may have one or more inputs for
receiving information to be transmitted to the remote control receivers. The one or more inputs
may comprise a control panel for setting a desired illumination intensity for the radiation
sources. One or more photodetectors may be configured for detecting a radiation intensity
emitted by one or more of the plurality of radiation sources, each photodetector configured to
provide a feedback signal to the one or more inputs of the remote control transmitter, wherein
the control electronics are configured to use the feedback signal for controlling the intensity
emitted by the one or more of the plurality of radiation sources.

[0016] The exposure system may include a first set of sources spaced above a first surface of
the substrate, and optionally, the substrate may be transparent or translucent to the actinic
radiation, with a second set of sources spaced below a second surface of the substrate
opposite the first surface.

[0017] In systems in which the sources replace fluorescent tubes, the sources have a
predetermined spacing between axes of adjacent sources that defines a gap between adjacent
edges of adjacent sources, wherein the gap between the sources is less than a corresponding
gap between the fluorescent tubes the sources replace.

[0018] A third example for better understanding the invention is a method of exposing a
printing plate, the method comprising placing a printing plate on the target illumination plane in
an exposure system as described herein, and activating the radiation sources to provide actinic
radiation directed at the plate. The method may comprise measuring irradiance at the target
illumination plane and controlling intensity of the plurality of LEDs in one or more of the
radiation sources based upon the measured irradiance. Controlling the intensity of the plurality
of LEDs may include compensating for output power decay caused by aging of the plurality of
LEDs. Controlling the intensity of the plurality of LEDs in a first source may also or instead
include compensating for differences in performance characteristics of the LEDs in the first
source relative to performance characteristics of a respective plurality of LEDs in a second
source. Controlling the intensity of the plurality of LEDs may also or instead include adjusting
radiation output according to application requirements, such as providing a first exposure
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characteristic for creating round top dots in the printing plate and a second exposure
characteristic for creating flat top dots in the printing plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a cross-sectional schematic diagram showing an exemplary source of the present
invention juxtaposed relative to a portion of an exemplary plate positioned on an illumination
plane for exposure radiation from the source.

FIG. 2 is a perspective schematic diagram of an exemplary finned heat sink design with an
angled mounting surface for the LEDs.

FIG. 3 is a cross-sectional schematic diagram of an exemplary source with LEDs mounted on
an angled mounting surface juxtaposed relative to a portion of an exemplary plate positioned
on an illumination plane for exposure radiation from the source.

FIG. 4 is a cross-sectional schematic diagram of an exemplary source having a relatively wide
rectangular array of LEDs juxtaposed relative to a portion of an exemplary plate positioned on
an illumination plane for exposure radiation from the source.

FIG. 5A is a schematic plan view of an exemplary cover embodying a plurality of cylindrical
Fresnel lenses.

FIG. 5B is a perspective view of the cover of FIG. 5A.

FIGS. 5C-5H illustrate schematic plan views of exemplary interfaces between cover and base
structures.

FIG. 6 is a schematic diagram of an exemplary control system for controlling exemplary
systems incorporating the sources as described herein.

FIG. 7 is a schematic perspective diagram of a rectangular array of LEDs with reflective side
walls surrounding the array.

FIG. 8 is a schematic plan view of an exemplary fluorescent bulb of the prior art.

FIG. 9 is a schematic front view of an exemplary bank exposure system having a plurality of
exemplary sources mounted therein, including a magnified portion showing an exemplary
interface between the source and the system components.

DETAILED DESCRIPTION OF THE INVENTION
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[0020] Aspects of this application relate to apparatus and methods for using LEDs instead of
fluorescent tubes in bank light tables for exposing photopolymer printing plates to actinic UV
radiation. In the simplest way, this can be established by providing housings that contain
semiconductor LEDs and are electrically and mechanically compatible with existing fluorescent
tubes, including LED-based actinic radiation sources suitable for use as replacements for
existing fluorescent tubes in bank light tables. Arrays of LED light sources that cover the entire
printing plate surface do not require relative motion to irradiate the entire front or back plate
surface. Cooling requirements are less demanding when the heat created by the LED light
sources is spread over a wide area approximately the size of the plate, instead of being
concentrated on a smaller relatively linear area with high intensity to minimize travel time to
reach full exposure.

[0021] One aspect of the invention comprises a UV LED Light source that covers the complete
surface of a photopolymer printing plate with fluorescent tube replacements equipped with UV
LEDs, and methods for retrofitting bank light exposure units by replacing all the fluorescent
tubes in a bank light exposure unit by replacement tubes as described herein. While LED
replacements for fluorescent tubes are known for lighting applications, photopolymer plate
exposure may impart different demands and provide opportunities to use different structures.

[0022] A simple embodiment is shown in FIG. 1, which shows a cross section of an exemplary
LED radiation exposure source embodiment in accordance with one aspect of the invention.
LED chips 101 are located on a circuit board 102 that extends along the length of the source.
The circuit board is preferably mounted on a base 103 that includes a heat sink, such as made
of metal, preferably aluminum. The LEDs are preferably connected in series and the opposite
ends of the source have connectors configured to permit each source to be installed in a
socket configured to receive a fluorescent tube. Thus, an array of sources so constructed may
be mounted inside a bank light table and supplied with electrical power. The light emitting side
of the source is covered by a UV-transmissive cover 104, which keeps dust and solvents away
from the sensitive output windows of the UV LEDs. Suitable materials of construction for cover
104 include plastics such as polymethyl methacrylate (PMMA) (also known as acrylic, acrylic

glass, or plexiglass), such as but not limited to Plexiglas® acrylic, made by Arkema France and
PMMA made by Evonik, of Essen, Germany, or its successors in interest. As shown in FIG. 1,
the cover has a semi-cylindrical shape that connects to a planar upper surface of base facing
the illumination plane. The cover may be attached to the base in any way known in the art,
including but not limited to with an adhesive, such as, for example, a UV-curable adhesive.

[0023] While FIG. 1 depicts the heat sink of base 103 schematically, it should be understood
that the heat sink may have any geometry suitable for providing a desired degree of heat
transfer in use. FIG. 2 depicts an exemplary aluminium base 203 comprising a heat sink
having a plurality of cooling fins 206a-i. Most bank light tables are equipped with fans that
remove the waste heat from the rear side of the fluorescent tubes, meaning that the convective
air current supplied by the fans may be particularly well suited for cooling a source having a
heat sink comprising a plurality of fins. Although shown in a design comprising a semi-
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cylindrical distribution of fins emanating from a horizontal surface 207 of base 208 with each fin
extending along a radius, the heat sink is not limited to any particular geometry. In one
exemplary geometry, however, some or all of the radii may emanate from a common center
point 210 that is spaced above the horizontal surface at an intersection of center lines of the
fins (e.g. center lines 216¢, 216e of respective fins 206¢, 206e, as depicted). One or more of
the fins, such as central fin 206e, may be relatively thicker than others 206b-d,f-h, and end fins
206a, 206i may attach to the horizontal surface 207 of the base on one side and have a gap
separating them from adjacent fins 206b, 206h on the opposite side. Although shown with base
208 having a polygonal upper surface 209, as described further with respect to the
embodiment discussed with reference to FIG. 3, upper surface may be flat, as depicted
schematically for base 103 in FIG. 1. The upper surface of the base may include connection
areas 220 on opposite sides for receiving the cover, each connection area defining a plane
that is parallel to the target illumination plane.

[0024] One advantage of fluorescent tubes over LEDs is their wide light emission angle range.
The fluorescing coating at the walls of fluorescent tubes emits photons into all directions
making fluorescent tubes a nearly ideal area source, which is desirable when exposing
photopolymer printing plates through a mask. LEDs are in the nature of point sources and thus
less ideal from this perspective, as each LED emits radiation at a relatively narrow emission
angle B toward target illumination plane X (e.g. the top surface of a printing plate 110), as
depicted in FIG. 1.

[0025] Certain measures may be employed to sufficiently overcome this flaw and broaden the
angle distribution of the radiation, including but not limited to:

= using a relatively greater number of evenly distributed, relatively lower power LEDs,
instead of a relatively lesser number of relatively higher power LEDs;

» arranging LEDs in groups of different tilting angles;

« using reflective optics, such as but not limited to a kaleidoscope, to convert point sources
into area sources

= using transmissive optics, such as but not limited to Fresnel lenses or diffusor plates.

[0026] The number of LEDs per tube length is a parameter that may be used to characterize
distribution of light along the length axis of the sources. A source rated to deliver 20 Watts of
UV power may, for example, comprise 20 LEDs each having an output of 1 Watt arranged
along the source length, or more preferably, 40 LEDs each having an output of 0.5 Watts, or
even more preferably, 60 LEDs each having an output of 0.33 Watts.

[0027] FIG. 3 depicts an embodiment with LEDs 301a-c arranged on corresponding circuit
boards 302a-c disposed on an upper surface of base 303 at angles relative to one another.
Such a configuration improves the angle distribution in the illumination plane Y perpendicular to
the length axis Z of the tube, with minimal to no impact on the angle distribution in planes
parallel to or including the tube length axis (which planes are perpendicular to both plane Y
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and plane X on which the plate lies). Thus, while each source 301a-c still only has an emission
angle B, the three sources together create a total emission angle for the source of 9, which is
greater than B. The shape of the upper surface of the heat sink as depicted in Fig. 3 is semi-
hexagonal, with three angled surfaces each offset at a reflex angle relative to one another (e.g.
preferably at an angle in which ® = 210-240 degrees, as depicted in FIG. 3). More than three
surfaces angled relative to one another may be provided. Preferably, however, regardless of
the number of surfaces, at least one of the surfaces is parallel to the target illumination plane.
The connection areas 320 for receiving the opposite edges of the cover 304 are also
preferably planar surfaces parallel to the target illumination plane X and configured to receive
corresponding planar surfaces of cover 304. The interface between cover and base is not
limited to any particular configuration, however. Thus, odd numbers of angled surfaces are
preferable. The base is preferably configured so that all of the circuit boards lay flat on the
corresponding surfaces of the base for maximum heat conduction through the heat sink. While
base 303 is preferably configured so that the planes corresponding to circuit boards 302a and
302c¢ intersect the plane corresponding to circuit board 302b at equal angles, ® may be
greater than or less than in the range of 120-150 degrees in other embodiments. © may be a
multiple of B that is equal to the number of surfaces, or some fraction thereof. © is preferably
less than 180 degrees, to increase the percentage of overall radiation emitted by the LEDs
toward the printing plate.

[0028] FIG. 4 depicts an embodiment in which the base 403 and the circuit board 402 have
widths Wy and W5, respectively, on the front facing side of the base greater than the original

diameter of the fluorescent tube that the source is designed to replace. Cover 404 may be
generally rectangular in nature, although not limited to any particular geometry. This
configuration also includes the plurality of LEDs 401a-e configured in an array over a width that
includes at least some LEDs (e.g. 401a, 401e) in locations in the gaps between the fluorescent
tubes the sources replace. For comparison purposes, dimension D of the semi-circular
underside portion 403s of the base where it connects to the rectangular portion 403r is
depicted as approximately the same size as the original diameter of the fluorescent tube that it
replaces. Dimension D may be a chord that is smaller than the actual diameter of the semi-
circular portion and/or the original diameter of the fluorescent tube. The heat sink may have a
semi-circular portion with a diameter smaller or larger than the original fluorescent tube. The
geometry of the underside portion is not limited, however, and some embodiments may not
have a semi-circular geometry at all. The extended width of the source may be designed such
that adjacent sources replace adjacent tubes in a one-to-one ratio with little to no gap between
the adjacent lateral edges of the adjacent sources, or each source may be designed to take
the place of multiple fluorescent tubes (e.g. 1 LED source to 2 fluorescent tubes, 1 to 3, etc.).
This configuration also has the effect of providing an emission angle 6 from the source that is
greater than the individual emission angle B of each LED.

[0029] To improve the angle distribution in planes parallel to or containing the tube length axis,
cover 104 shown in FIG. 1 may comprise prismatic or other refractive structures, such as a
plurality of cylindrical Fresnel lenses, over the locations where LEDs are located. FIGS. 5A and
5B depict an exemplary portion of such a cover 500 having five cylindrical Fresnel lenses
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aligned over five LED linear positions represented by arrows 510a-e. As used herein, the term
"cylindrical Fresnel lens” refers to a lens geometry having refractive force that condenses or
diffuses light to or from a line (e.g. the axis along which the LED sources are distributed) as
opposed to a spherical Fresnel lens that condenses or diffuses light to or from a point. Each
LED linear position may represent more than one LED, such in the angled distribution of three
LEDs depicted in FIG. 2. The structures in cover 500 may comprise prismatic structures that
are not exactly in compliance with the mathematical precision of a Fresnel lens, but which still
refract the UV radiation in a way that causes an angle distribution that is wider than without
such structures. Thus, the prismatic, refractive structures in the lens cover are not limited to
any particular geometry.

[0030] Notably, the cover 500 as depicted in FIG. 5B has planar surfaces 502 on opposite
ends configured to interface with the planar mounting area 220, 320 as depicted in FIGS. 2
and 3. Thus, when assembled to a corresponding base, planar surfaces 502 are parallel to the
target illumination plane. Planar surfaces on the ends of the cover may be present in any cover
structure, such as any of those depicted in any of the other embodiments discussed herein. In
alternative configurations, the cover may have one or more protrusions that interface with
mating grooves or holes in the base. For example, in one alternative configuration, depicted in
FIG. 5C, the base 550 may have a groove 551 configured to receive a lip 552 extending
radially inward from the ends of the cover 540. The groove and corresponding lip may extend
the full length of the source, or may be present in only select mating locations. The strength of
the physical connection between the groove and the lip may be enhanced by the use of
adhesive on the mating surfaces of the lip and groove. The geometry of the groove and lip
may have any geometry known in the art and are not limited to those depicted. The interface
between the cover and the base is not limited to any particular structure. Additional interfaces
may be provided, such as the interfaces depicted in FIGS. 5D-5H, as non-limiting examples.

[0031] As depicted in FIG. 5D, base 560 may have one or more grooves or holes 561 into
which prongs or tabs 562 protruding from cover 564 are inserted. These interfaces may be
strengthened with adhesives. Although the width of the base and the cover are depicted as
being substantially the same at the interface in FIG. 5D, base 590 may have a greater width
than the cover 594 at the interface, such as is shown in FIG. 5G, wherein the prongs or tabs
592 comprise projections extending from the cover 594 at the same width or diameter as the
cover and the base has corresponding grooves or holes 591 in the relatively larger landing
area of base configured to receive corresponding prongs or tabs.

[0032] In another embodiment, clamps 576 (such as made from spring steel) may be disposed
around portions of the cover 574 and extending below the base 570, as depicted in FIG. 5E.
Such clamps may be preferably located where end caps 810 on the prior art bulbs are shown
in FIG. 8, so that the any radiation blocked by the clamps is not required for curing exposure.

[0033] In still other configurations, such as depicted in FIG. 5F, the cover 584 may comprise a
portion of a Plexiglas tube extending for more than 180 degrees in cross section, with rear
openings in the tube 587 provided for cooling. The tube may have a first thickness in the front-
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facing portion of the tube and a lesser thickness in contact with the periphery of the base 580
such as to provide a lip 588 as depicted on the right side in FIG. 5F that interfaces with front
facing surface 585, or the tube may have a protrusion 589 that contacts the front facing
surface of the base. Although depicted with different structures on the right and left side in FIG.
5F, it should be understood that the drawing is for illustrative purposes only, and that the
opposite sides of the cover and the base typically have the same structural features, although
the structure may comprise a combination of change in wall thickness and protrusion and
some embodiments may have different structures on one side versus another to facilitate
assembly.

[0034] Although depicted as protrusions or other positive features on the cover that interface
with holes, grooves, or other negative features in the base, embodiments in which the cover
interfaces with positive features on the base may also be provided, such as is depicted in FIG.
5H, in which projections 597 from base 595 receive the edges of cover 596. The projections
may extend the entire length of the cover and base, or may comprise a series of discrete
protrusions. The cover may have a continuous edge of the same thickness throughout, or may
have indentations or areas of relatively thinner and thicker wall thickness to mate with
corresponding protrusions from the base. A layer of adhesive may be provided between the
mating surfaces of the base and the cover.

[0035] Clamps and/or adhesive may be combined with any of the interfaces as described
herein, and combinations of negative, positive, or neutral features of the cover that interface
with corresponding mating features of base may be combined, including but not limited to any
or all of the following as described herein. As used herein the term "positive" is intended to
refer to a feature that protrudes from an edge or surface, the term "negative” is intended to
refer to a feature that is indented relative to an edge or a surface, and "neutral” is intended to
refer to a feature that is neither positive or negative, such as a feature that makes planar
contact with a corresponding feature. A "mating" feature may comprise, for example, a positive
feature, such as a prong 562, that fits in a negative feature, such as a hole 561, or a positive
589 or negative 588 feature (e.g. an area of reduced wall thickness), or combination thereof,
that creates a lip, which receives a neutral surface (e.g. base front-facing surface 585).
Although depicted with semi-cylindrical covers in FIGS. 5C-5H, it should be understood that
any of the interfaces between the cover and the base may also be applicable to embodiments
having other shapes, such as but not limited to the rectangular cover geometry depicted in
FIG. 4.

[0036] Preferably the LEDs in each single source are selected from the same production batch
such that the light output properties (and any other material characteristics) of those LEDs are
sufficiently the same to obtain a constant UV output over an entire length of the source. Not all
LEDs in all of the sources in one bank exposure unit can be produced from the same LED
batch, thus it is may be desirable to have control electronics that maintain a desired current
through the LEDs to compensate for different output intensities emitted from different LED
batches per unit current. Using such control electronics, the total UV output of all tubes may be
adjusted to a common level of intensity within a predetermined tolerance such that all locations
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on the plate are exposed to the same intensity levels of UV radiation within the desired
tolerance.

[0037] Suitable control electronics for controlling LEDs and LED intensity are well known in the
field of lighting technology, such as the use of pulse width modulation for obtaining acceptable
linearity of UV output versus control signal. Remote control signals may be used for setting the
output of the LED sources, such as to compensate for output power decay caused by aging.
Control signals may be transmitted to individual power controllers located in each source, such
as by means of Infrared (IR) or Radio Frequency (RF) signals. Remote control of the radiation
intensity may also permit adjustment of radiation output according to application requirements,

such as for exposing highly sensitive Polymer plates (e.g. DuPont® EFX plates) in round top
vs. flat top mode, as is known in the art. Adjusting radiation output according to application
requirements may also include providing a first exposure with low intensity followed by a
second exposure with higher intensity for complete curing of the printing plate. The first
exposure may provide a first fraction of the required total curing, wherein the second exposure
provides the remaining fraction of the required total curing, such that the first and second
exposures together collectively provide the total amount of energy required to cure the plate.

[0038] To compensate for non-linearities in the electronics or the control curve for dimming
LED sources, one or more photodetectors integrated in or placed on the support plane that
holds the photopolymer plate during exposure may provide feedback to the UV output
controller so that a precise amount of UV intensity is provided, within a predetermined
tolerance. FIG. 6 schematically illustrates an exemplary such feedback loop, as well as a
general schematic for controlling an exemplary LED source as described herein. Power supply
601 powers control electronics 602 that control the LEDs in each LED source 603. The
individual LEDs in each source may be individually controllable, or more preferably, may be
controllable as a unit. Photodetector 606 measures the radiation received at a location
calibrated to represent that radiation received by the printing plate, a signal from the
photodetector is then provided to a remote control transmitter 605 that sends a signal to
remote control receiver 604 connected to the control electronics, which uses that feedback
signal as an input for determining whether the current should be increased, decreased, or
maintained without change. Control panel 607 may provide a desired intensity level instruction
to the remote control transmitter, which may use such information as a feed forward signal to
set an approximate current level that is then adjusted using feedback.

[0039] FIG. 9 depicts an exemplary radiation system 900 incorporating a plurality of sources
902, which sources may be any of the configurations as described herein for replacing a
fluorescent tube. The system may, for example, be a pre-existing system designed for use with
fluorescent bulbs, retrofitted with sources of the present invention, which source may optionally
also include any of the additional controllers and sensors as described herein. The system may
also be a newly designed system for use with the sources as described herein. The exemplary
system comprises a lid 912 attached to a base 914, typically by a hinge 913 or other means for
permitting the lid to move relative to the base for insertion of a printing plate (not shown) on the
support surface 916 for receiving the plate. Support surface 916 is generally dimensioned to
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have a width and length at least the same size as (and preferably greater than by a
predetermined margin) the largest printing plate for which the unit is rated to expose. The
array of radiation sources are correspondingly configured to provide light over the full length
and width of the plate for which the unit is rated to expose, and thus also preferably sized to
provide the bank or flood of light across an area slightly larger than the largest plate size by a
predetermined margin.

[0040] In the exemplary configuration shown, the lid, depicted in an open configuration, has
mounted therein a first plurality of upper radiation sources 902, having a spacing S on-center
relative to the axes of the sources. The number of upper radiation sources 902 shown is not
intended to be representative of an actual number of sources or relative sizes of sources in a
typical system, but is merely shown schematically for reference. Furthermore, as depicted, the
width / diameter of the sources is depicted as to leave a gap G between adjacent sources. As
discussed herein with respect to the embodiment depicted in FIG. 4, in embodiments in which
the source replaces a fluorescent bulb having diameter D in which the dimension of gap G has
a first value, the width of the source may be greater than D such that the dimension of gap G
has a second, lesser value than the first value.

[0041] Each upper source is connected electrically and physically received in mounting units
910ul on the left and 910ur on the right side, as depicted. Each mounting unit is attached to a
power supply and other controls collectively represented by block 918 mounted in base 914.
As shown in the magnified portion of FIG. 9, each source 902 has end connectors 958
configured to be compatible with electrical sockets 954, which sockets may have been
originally configured to receive the pins 812 of prior art tubes 800. Each socket is connected to
electrical wiring connected to opposite poles 956, 957 of a power source. Each source 902
may have a local controller 952 for regulating the power to the LEDs 950. Although depicted as
a box 952 located on one end of the tube, components of the controller may be disposed in
both ends, or the controller may comprise components housed on the circuit boards to which
the LEDs are mounted and may not be a discrete component as depicted. As is known in the
art, however, the end caps 810 of fluorescent bulbs are typically metal and thus, non-
luminescent, so the replacement tubes do not necessarily need to provide illumination in this
region to replicate fluorescent tube performance. This makes this portion of the tube an ideal
location for electronic components that may be required to control, power, or operate the LEDs
in a desired manner. Controls for operating an LED source retrofitted within a system
configured to receive fluorescent tubes, as well as any other modifications to the system for
generally powering such LED sources, are generally known in the art, such as are described in
U.S. Patent No. 7,507,001. Although source 902 as depicted in the magnified portion has a
configuration consistent with the embodiment depicted in FIG. 3, the source may have a
design in conformance with any of the sources as described herein.

[0042] An exemplary control system may include one or more controllers collectively
programmed with some or all the features depicted in FIG. 6 and described herein above. The
location of the power supply and controls is not limited to placement in the base, and may be
located elsewhere, including in a distributed arrangement in which some parts of the control
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system are mounted in the base, some in the lid, and some in the source, as described herein.
The lines shown connecting block 918 denote electrical connections (which are wired
connections) as well as control signal connections (which may be wired or wireless). As
depicted, sources 902 in the lid may preferably be used for front side exposure of a plate
mounted on support surface 916.

[0043] The support surface 916 in the base may optionally be transparent or translucent to the
actinic radiation, and an additional optional bank of sources 902 may be mounted between
lower left side socket 910l and lower right side socket 910Ir beneath the support surface, for
providing back-side exposure. The control system may have a controller programmed to
provide a combination of back side and front side exposure to the plate with a predetermined
delay between front and back exposure, including in a plurality of fractional exposure cycles
and /or including one or more back-side only exposure steps, as generally described in U.S.
Published Patent Application Ser. No. 20180210345A1, titled PROCESS AND APPARATUS
FOR CONTROLLED EXPOSURE OF FLEXOGRAPHIC PRINTING PLATES AND ADJUSTING
THE FLOOR THEREDO, listing the common applicant of the instant application.

[0044] Thus, a user may expose a printing plate using the exemplary exposure system by
placing the plate on the support surface, closing the lid, and activating the upper, and optional
lower, sources for a desired amount of time, including in a desired pattern of exposure as
described further below. The method of exposure may include controlling the intensity emitted
by the LEDs using the control system as depicted in FIG. 6 for any of the reasons as discussed
herein.

[0045] In other embodiments, the UV LEDs 701 may be arranged in a planar array, as
depicted in FIG. 7, which array may be the same size or preferably at least slightly larger than
the photopolymer printing plate to be irradiated. To maintain the irradiance at the edges of the
LED array, the array may be surrounded by mirrored walls 702, such as is generally disclosed
in U.S. Pat. No. 8,578,854. As depicted, the mirrored walls are adapted for the size of a planar
array. A kaleidoscope approach is also disclosed in U.S. Patent No. 8578854, owned by the
common applicant of this application. FIGS. 3-6 of U.S. Patent No. 8,578,854 and the
corresponding disclosure illustrate advantages to using an area source for the curing of
printing dots in photopolymer plates. Area sources cure a wider support socket under the
printing details at the plate top surface. Wider support sockets permit smaller printing details to
take hold on the plate during the solvent washing process and also provide longer run time of
the plates in the press before dots break off.

[0046] Although discussed herein primarily in the context of LEDs in the ultraviolet (UV) range
of emission (e.g. having a center emission wavelength in the ultraviolet UV spectrum,
preferably in a range of 320 nm to 420 nm, more preferably in a range of 360 nm to 420 nm),
the radiation output of the LEDs is not limited to any particular wavelength, so long as it is
actinic radiation with respect to the photopolymer plate sought to be cured. It should also be
understood that although the rectangular array is depicted as a regular array of rows and
columns in FIG. 7, the array of LEDs may have a staggered configuration from row to row or
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column to column. Furthermore, each source may include more than one species of LED, each
species having a different common center emission wavelength, with respective species
disposed adjacent to one another in a repeating sequence. For example, the LEDs may be
distributed in patterns and/or have wavelength characteristics as described in PCT Application
Ser. No. PCT/EP20/061556, filed April 26, 2020, which claims priority from U.S. Provisional
Patent Application Ser. No. 62/839,171, filed April 26, 2019, both titled APPARAUS AND
METHOD FOR EXPOSING PRINTING PLATES USING LIGHT EMITTING DIODES, filed by the
common Applicant of the present invention. Thus, in accordance with the foregoing cited
reference, the source may comprise a plurality of light-emitting diodes (LEDs) arranged in an
array of columns and rows, the plurality of LEDs comprising a plurality of species (e.g. 2, 3, 4,
etc.) of LEDs, each species having a plurality of members with a common center emission
wavelength that is different than members of any other species. Each species of LEDs
preferably has a center emission wavelength in the UV spectrum, more preferably in the range
320 nm to 420 nm, most preferably 360 nm to 420 nm, for example: 365 nm, 395 nm, and 415
nm in a 3 species configuration. The array may be configured with the respective species
disposed adjacent one another in a repeating sequence, such as a pattern in which alternating
rows consisting of a single species in the row, optionally in a staggered configuration, or a
pattern in which alternating species in each row are distributed such that adjacent members of
the same species in adjacent rows align diagonally. The controller of the array may be
configured to independently control each species and to cause the plurality of species to emit
simultaneously such that the emissions patterns of adjacent members of the respective
species of LED overlap with one another on the plate. The different species may be tuned to
provide different collective emission intensities or different blends of relative emission
intensities from the respective species. The members of each species of LEDs may be
electrically connected to a common driver configured to cause each of the electrically
connected members in the species to emit at a common intensity. Each source comprising
such an array may have one or more user adjustable emission characteristics, such as a user
adjustable emission intensity. In some implementations, the plurality of sources may be
configurable to permit one source to emit a different emission characteristic than another
source simultaneously and/or to permit the same source to emit different emission
characteristics during different portions of an exposure duration. Relative intensities of the
respective species of LEDs may also be tuned to compensate for a differences in exposure
sensitivity among different batches of plates or to compensate for differences between
respective exposure systems. Different species or distribution patterns of LEDs as described in
the foregoing may be used in any of the embodiments depicted herein. Thus, for example,
while only cross-sectional drawings have been provided for the embodiments depicted in FIGS.
1, 3 and 4, it should be understood that the LEDs are distributed along the length of each
source, and such distribution may be in a regular rectangular array, or in any other spacing
pattern found to have operative advantages, including but not limited to patterns of single or
multiple species in accordance with any of the patterns disclosed in the foregoing 62/839,171
application.

[0047] Although discussed herein with reference to use of the sources as replacement for
fluorescent bulbs and to retrofitting pre-existing bank light systems for exposing photopolymer
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plates with the sources as disclosed herein, it should be understood that the sources and
systems for using them may comprise original equipment designed for any use, without
limitation to retrofit applications.

[0048] Although the invention is illustrated and described herein with reference to specific
embodiments, the invention is not intended to be limited to the details shown. The scope of the
invention is defined by the claims.
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Patentkrav

1. Belysningssystem til eftermontering af en lysbank-belysningsenhed (bank
light exposure unit) (900) konfigureret til anvendelse med lysstofrar (800), hvor
lysstofrarene har et farste saet af elektriske forbindere (812) konfigureret til at
passe med et andet seet af elektriske forbindere (910ul, 910ur) af lysbank-be-
lysningsenheden forbundet til en stramforsyning (918), hvor belysningssyste-
met omfatter:

en flerhed af stralingskilder (902) til haerdning af en fotopolymertrykplade med
aktinisk straling, hvor hver stralingskilde (902) omfatter:

en base (103, 208) omfattende et kalelegeme med en flerhed af ribber (206a-
206i), hvor basen har en bredde og en laengde langs en akse, hvor leengden
er starre end bredden;

en eller flere printplader (102) monteret pa basen (103, 208), hvor den ene
eller flere printplader (102) kollektivt har en flerhed af lysemitterende dioder
(101), LED’er, som har en ultraviolet midteremissionsbalgeleengde, hvor fler-
heden af LED’er (101) er fordelt over leengden af basen (103, 208);

en ferste styreenhed (952) til at regulere stremmen til flerheden af LED’er
(101), hvor den ferste styreenhed (952) er konfigureret til at opretholde en @n-
sket stream igennem flerheden af LED’er (101) for at kompensere for forskellige
outputintensiteter emitteret af LED’erne per enhed stream;

et seet af elektriske forbindere (958) konfigureret til at sammenkoble med det
andet seaet af elektriske forbindere; og

et deekke (104), der er transparent eller gennemskinneligt for den aktiniske
straling og monteret pa basen (103, 208), hvor deekket sammen med basen
definerer et hus for flerheden af LED’er (101).

2. Belysningssystemet ifalge krav 1, yderligere omfattende en anden styreen-
hed (602) konfigureret til at sende styresignaler til den farste styreenhed (952),
hvor den anden styreenhed (602) er konfigureret til at sende styresignaler virk-
somme til at justere flerheden af stralingskilder (902) til et feelles intensitetsni-
veau inden for en forudbestemt tolerance.
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3. Belysningssystemet ifalge et hvilket som helst af de foregaende krav, hvor
basen (303) omfatter en flerhed af overflader (302a, 302b, 302c) vinklet i for-
hold til hinanden og anbragt parallelt med aksen af basen, med en delmaengde
af flerheden af LED’er og tilsvarende ene eller flere printplader eller en del
deraf monteret pa hver af flerheden af overflader, hvor flerheden af overflader
eventuelt omfatter tre overflader vinklet i forhold til hinanden ved en stump
vinkel (reflex angle), eventuelt en vinkel i omradet 210-240 grader, med even-
tuelt mindst en af flerheden af overflader anbragt parallelt med et malbelys-
ningsplan.

4. Belysningssystemet ifalge et hvilket som helst af de foregaende krav, hvor
flerheden af LED’er (101) er fordelt over laeengden af basen i positioner (510a-
e), der definerer en akse, og deekket omfatter en brydningsstruktur (500) med
en linsegeometri, som har en brydningskraft, der fordeler lys fra nsevnte akse
I plan parallelle med eller indeholdende neevnte akse, og hvor eventuelt deek-
ket omfatter en eller flere cylindriske Fresnel-linser.

5. Belysningssystemet ifglge et hvilket som helst af kravene 1-4, hvor basen
(103) omfatter en rektanguleer LED-monteringsflade, der vender mod trykpla-
den for modtagelse af den ene eller flere printplader (102) omfattende flerhe-
den af LED’er (101), og flerheden af LED’er er fordelt i et array over laeengden
og bredden af den rektanguleere LED-monteringsflade.

6. Belysningssystemet ifalge et hvilket som helst af de foregaende krav, hvor
basen (103) af hver stralingskilde (902) omfatter en frontdel, der vender mod
et malbelysningsplan, og en undersidedel, der vender veek fra malbelysnings-
planet, hvor undersidedelen omfatter flerheden af ribber (206a-206i), der
streekker sig fra en horisontal flade af basen og er anbragt med afstand fra
hinanden med radiale kanter, der definerer en semicylindrisk geometri,

hvor eventuelt flerheden af ribber (206a-206i) af hver stralingskilde (902) kan
streekke sig langs respektive radiusser, som stammer fra et feelles midtpunkt
over basen.
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7. Belysningssystemet ifglge et hvilket som helst af kravene 2 til 6, hvor den
anden styreenhed (602) har et eller flere inputs for modtagelse af information
til at blive sendt til fiernstyringsmodtagere.

8. Belysningssystemet ifalge krav 7, hvor det ene eller flere inputs omfatter et
kontrolpanel (607) til indstilling af en @nsket belysningsintensitet for flerheden
af stralingskilder.

9. Belysningssystemet ifalge krav 7 eller 8, yderligere omfattende en eller flere
fotodetektorer til at detektere en stralingsintensitet emitteret af en eller flere af
flerheden af stralingskilder, hvor hver fotodetektor er konfigureret til at tilveje-
bringe et tilbagefaringssignal til det ene eller flere inputs af den anden styre-
enhed for at styre intensiteten emitteret af den ene eller flere af flerheden af
stralingskilder.

10. Belysningssystemet ifalge et hvilket som helst af kravene 2 til 9, hvor den
anden styreenhed er konfigureret til:

at styre intensiteten af en ferste stralingskilde for at kompensere for en forskel
i funktionsegenskaber af den farste stralingskilde i forhold til funktionsegen-
skaber af en anden stralingskilde, og/eller

at styre intensiteten af en farste kilde for at kompensere for en eendring i funk-
tionsegenskaber af den fgrste kilde over tid.

11. Belysningssystemet ifalge et hvilket som helst af de foregaende krav, hvor
alle af flerheden af LED’er (101) i hver stralingskilde (902) er driftsbare til at
emittere en feelles midteremissionsbalgeleengde.

12. Belysningssystemet ifalge et hvilket som helst af de foregaende krav, yder-
ligere omfattende:

et substrat (916) til modtagelse af en trykplade i et malbelysningsplan sva-
rende til flerheden af stralingskilder (902), hvor et ferste saet af stralingskilder
(902) er anbragt med afstand over en fgrste overflade af substratet, og hvor
eventuelt et andet seet af stralingskilder (902) er anbragt med afstand under
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en anden overflade af substratet modstdende den ferste overflade, hvor sub-
stratet er transparent eller gennemskinneligt for den aktiniske straling.

13. Fremgangsmade til belysning af en trykplade, hvilken fremgangsmade om-
fatter at placere en trykplade pa malbelysningsplanet i belysningssystemet
ifelge krav 12, og aktivere stralingskilderne for at tilvejebringe aktinisk straling
rettet mod pladen.

14. Fremgangsmaden ifglge krav 13, yderligere omfattende at male bestra-
lingsstyrke pa malbelysningsplanet og styre intensitet af flerheden af LED’er
(101) i et eller flere af stralingskilderne (902) baseret pa den malte bestralings-
styrke.

15. Fremgangsmaden ifelge krav 14, hvor at styre intensiteten af flerheden af
LED’er (101) inkluderer at kompensere for outputeffektforfald forarsaget af ald-
ring af flerheden af LED’er.

16. Fremgangsmaden ifalge krav 14 eller 15, hvor at styre intensiteten af fler-
heden af LED’er (101) i en farste stralingskilde (902) inkluderer at kompensere
for forskelle i funktionsegenskaber af LED’erne i den farste kilde i forhold til
funktionsegenskaber af en respektive flerhed af LED’er i en anden kilde (902).

17. Fremgangsmaden ifalge et hvilket som helst af kravene 14 til 16, hvor at
styre intensiteten af flerheden af LED’er inkluderer at justere stralingsoutput i
henhold til anvendelseskrav.

18. Fremgangsmaden ifelge krav 17, hvor justering af stralingsoutput i henhold
til anvendelseskrav inkluderer:

at tilvejebringe en farste belysningskarakteristik til at skabe runde toppunkter i
trykpladen og en anden belysningskarakteristik til at skabe flade toppunkter i
trykpladen, eller

at tilvejebringe en farste belysning med en farste intensitet efterfulgt af en an-
den belysning med en anden intensitet hgjere end den farste intensitet, hvor
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den farste belysning kombineret med den anden belysning sammen tilveje-
bringer en total meengde af energi kreevet til at heerde pladen.

19. Fremgangsmaden ifglge et hvilket som helst af kravene 13-18, hvor at til-
vejebringe den aktiniske straling rettet mod pladen omfatter, at alle af flerhe-
den af LED’er i hver stralingskilde (902) emitterer en feelles midterbalge-
lzengde.
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