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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates generally to printing and in particular to creating printing plates.

BACKGROUND OF THE INVENTION

[0002] This disclosure describes a method and an apparatus for improving light exposure, e.g., ultraviolet exposure
of photo-curable printing plates, e.g., photopolymer flexographic printing plates, letterpress plates and other polymer
printing plates, as well as polymer sleeves and polymer coated printing cylinders. Photo-curable, of course, means
curable by photons, e.g., light, e.g., light in the ultraviolet range or some other range.
[0003] Photopolymer plates have found a broad range of applications. A variety of different methods can be applied
for transferring an image for printing, e.g., in the form of imaging data, to a polymer plate. For example, an image mask,
which can be a film applied to the surface of the plate while the plate is exposed, or can be an ablatable layer directly
on top of the polymer surface that is laser ablated to form a mask.
[0004] By a digital plate is meant a plate that is exposed to imaging data by ablating a mask material that is on the
plate, e.g., by exposure to laser radiation in an imaging device. The process of producing a digital plate is called a digital
process herein. After exposure, the plate needs light, e.g., UV light for curing. It is known to carry out in-line curing on
the same apparatus that is used to expose the plate to imaging data.
[0005] Polymer printing plates are three dimensional, that is, include a depth dimension from the printing surface.
Small printing details on the plate’s surface carry ink for printing. For line art and other small features, it is common to
have printing features that are substantially flat. Such a feature is called a flat top herein. It is also common to produce
features on digital plates tend to have rounded surfaces that extend down in depth. Such a feature is called a round top
herein.
[0006] Flat tops allow much higher ink transfer volume in the print compared to round tops, especially for solid areas
and line work that have been screened with a high frequency pattern. However, for some applications, flat tops have
some disadvantage. Screen dots printed with flat tops for low percentage screen dot areas in highlights of a print may
end up with too much ink transfer.
[0007] Many printing plate jobs include line work as well as screened areas. Pure flat top structures may not be suitable
for use in such jobs without compromising the quality of the screened areas of the job. Too much ink transfer in highlight
regions means the lowest printable gray scales are higher than with conventional digital printing with round tops. This
limits the gray scale range available.
[0008] To overcome this problem, some printing plate fabricators use two sets of plates for the same job: a first set of
plates, e.g., one plate for each color for line work and a second set of plates, e.g., one plate for each color for the screen
portion of the job. A prior art document which discloses a method including producing light energy on part of the printing
plate using a light exposure unit capable of generating at least a first illumination intensity and a second illumination
intensity, such that curing can produce printing features on the plate that can be switched to have either flat tops or
round tops according to the illumination intensity output by the light exposure unit is disclosed in EP 2 128 702 A1.

SUMMARY OF THE INVENTION

[0009] According to a first aspect of the present invention, a method is disclosed of imaging a printing plate with imaging
data and curing the printing plate made of or having photo-curable material thereon, the photo-curable material including
an ablatable mask thereon, the method comprising:

- imaging the ablatable mask on the printing plate with a first portion of imaging data to produce a partially imaged
uncured plate, the imaging data comprising the first portion of imaging data and a second portion of imaging data;

- curing the partially imaged uncured plate using light energy at a wavelength or wavelengths suitable for curing the
photo-curable material with a first set of one or more curing parameters to produce a partially cured plate with a
partially ablated mask thereon, the curing providing total energy per unit time per unit area arranged for producing
flat top features of a first kind;

- imaging the partially ablated mask on the partially cured plate with the second portion of imaging data to produce
a totally imaged partially cured plate;

- curing the totally imaged partially cured plate with a second set of one or more curing parameters to produce a
totally cured plate, the curing providing total energy per unit time per unit area arranged for producing features of a
second kind.
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According to preferred embodiments, the first set of imaging parameters and the second set of imaging parameters are
arranged such that the first portion of imaging data has printing features with flat tops on the totally cured plate and the
second portion of imaging data has printing features with round tops on the totally cured plate.
[0010] According to preferred embodiments, the curing uses UV light, and the first and second sets of curing parameters
differ in at least one of UV irradiance, UV power, UV exposure time, and, in the case there is periodic repeating exposure
of any part of the plate, the period of repetition.
[0011] According to preferred embodiments, the time for the curing with the first set of one or more curing parameters
is sufficient to ensure flat tops on the printing features that have flat tops but not sufficient to totally cure the printing
features that have flat tops on the plate, and the time for the curing with the second set of one or more curing parameters
is sufficient to complete the curing of the printing features that have flat tops.
[0012] According to preferred embodiments, the time for the curing with the first set of one or more curing parameters
is sufficient to ensure flat tops and sufficient to totally cure the printing features that have flat tops.
[0013] According to preferred embodiments, the curing includes illuminating the printing plate using light energy at a
wavelength or wavelengths suitable for curing the photo-curable material using a light exposure unit, and producing
relative motion in at least one direction between the light from the light exposure unit and the plate during the illuminating
of the plate, including repeating exposure of any part of the plate with a period of repetition, and the period of repetition
is controllable between a first repetition period and a second higher repetition period, such that curing the totally imaged
partially cured plate is at the second higher repetition period to produce printing features that have round tops, and curing
at the first repetition period produces printing features that have flat tops, the overall fluence at the first repetition period
and at the second repetition period being sufficient to totally cure the printing plate.
[0014] According to preferred embodiments, the period of repetition for producing flat top features is more than 2
seconds, and the period of repetition for producing round top features is less than © second.
[0015] According to preferred embodiments, the light exposure unit is arranged, for a particular rotating drum arrange-
ment in the case of a rotating drum or a different flatbed size in the case of a flatbed arrangement, to provide for the
second repetition period an effective illumination the same as specified for curing the plate for round tops in a stationary
illumination device.
[0016] According to preferred embodiments, the curing includes illuminating the printing plate using light energy at a
wavelength or wavelengths suitable for curing the photo-curable material using a light exposure unit, and producing
relative motion in at least one direction between the light from the light exposure unit and the plate during the illuminating
of the plate, wherein the light exposure unit is capable of generating at least a first illumination intensity and a second
illumination intensity, and the curing of the partially imaged uncured plate and the curing of the totally imaged partially
cured plate are at different illumination levels arranged such that the first portion of imaging data has printing features
that have flat tops on the totally cured plate and the second portion of imaging data has printing features that have round
tops on the totally cured plate.
[0017] According to preferred embodiments, the plate is on a rotating drum such that the relative motion includes
motion in a transverse direction, and (i) the light exposure unit extends to cover the length of the drum; or (ii) the light
exposure unit during curing moves relative to the printing plate in a longitudinal direction parallel to the axis of rotation
of the rotating drum on which the plate is attached.
[0018] According to preferred embodiments, the light from the light exposure unit moves back and forth in a transverse
direction relative to the plate during curing above the plate placed on a flatbed table.
[0019] According to preferred embodiments, the photo-curable plate is one of a photopolymer printing plate that is a
flexographic plate, a photopolymer printing plate that is a flexographic sleeve, a photopolymer printing plate that is a
polymer coated flexographic cylinder, or a photopolymer printing plate that is a letterpress plate.
[0020] According to preferred embodiments, the photo-curable material is curable by ultraviolet light, and the light
exposure unit is a source of ultraviolet energy.
[0021] According to preferred embodiments, the effective intensity denoted Ieff for curing the photo-curable material
for a light exposure unit that during any period of repetition denoted T illuminates each part of the plate for an amount
of time denoted ΔT can be determined from the approximate relationship: 

 wherein τ is a property of the printing plate with the photo-curable material thereon, such that for T significantly less
than τ, Ieff ≈ (ΔT/T)I0.
[0022] According to preferred embodiments, the light exposure unit includes a plurality of LEDs and a power supply
therefor, or includes a plurality of arc lamps, or includes a plurality of fluorescent lamps.
[0023] According to preferred embodiments, the light exposure unit includes:
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- a light tunnel of light-reflective walls and having a polygonal cross-section like a kaleidoscope, each wall having a
reflective inner surface; and

- a light source located at or near one end, called the source end of the light tunnel and arranged to produce light
radiation to the inside of the light tunnel towards the other end of the light tunnel, called the plate end of the light
tunnel, including towards the reflective inner surfaces of the walls.

[0024] According to a second aspect of the present invention, a printing plate is disclosed made of or having photo-
curable material thereon prepared and cured according to a method as recited in any previous method claim.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 shows a simple cross-section of an example halftone dot that results from UV exposure through a mask by
UV light from a UV source.

FIG. 2 which shows a simple cross-section of an example printing pattern with flat tops that results from UV exposure
through a film mask by UV light from a UV source; the shape is called a flat top shape herein.

FIG. 3 shows a simple cross-section of an example printing pattern with round tops that results from UV exposure
through a laser ablated film by UV light from a UV source; such a rounded shape is called a round top shape herein.

FIG. 4A shows simple cross-section representative of a round top halftone dot when the period of repeated irradiation
of each region is higher than the medium time constant of the photopolymer or when a lower intensity of radiation
is used for curing.

FIG. 4B shows simple cross-section representative of a flat top halftone dot, e.g., as obtained in a digital process
at second intensity level when the period of repeated irradiation of each region is lower than the medium time
constant of the photopolymer, and when a higher intensity if light radiation is used for curing.

FIG. 5 shows a simplified block diagram of one embodiment of a curing apparatus that includes a rotating drum with
a polymer plate thereon.

FIG. 6 shows in simplified form one example embodiment of a flatbed illuminating arrangement.

FIG. 7 shows in simplified form another example embodiment of a flatbed illuminating arrangement.

FIG. 8 shows an embodiment of a rotating drum arrangement in which the illumination unit extends to cover one
dimension of the plate.

FIG. 9 shows a simplified cross sectional view of a rotating drum embodiment with a plate of the surface of the drum
showing the small segment illuminated at any one time by a source of illumination, e.g., of UV light.

DETAILED DESCRIPTION OF EMBODIMENTS

Overview

[0026] Embodiments of the present invention includes a method, an apparatus, and a computer-readable storage
medium containing instructions that when executed by a machine cause carrying out the method. Embodiments of the
invention also include a printing plate generated using the method. The method is to produce a printing plate that includes,
after curing, both flat tops and round tops on the same plate.
[0027] One embodiment includes a method of imaging a printing plate with imaging data and curing the printing plate
made of or having photo-curable material thereon. The photo-curable material includes an ablatable mask thereon. The
method includes imaging the ablatable mask on the printing plate with a first portion of imaging data to produce a partially
imaged uncured plate. The imaging data comprises the first portion of imaging data and a second portion of imaging
data. The method further includes curing the partially imaged uncured plate using light energy at a wavelength or
wavelengths suitable for curing the photo-curable material with a first set of one or more curing parameters to produce
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a partially cured plate with a partially ablated mask thereon, the curing providing total energy per unit time per unit area
arranged for producing features of a first kind. The method further includes imaging the partially ablated mask on the
partially cured plate with the second portion of imaging data to produce a totally imaged partially cured plate, and curing
the totally imaged partially cured plate with a second set of one or more curing parameters to produce a totally cured
plate, the curing providing total energy per unit time per unit area arranged for producing features of a second kind. The
first set of imaging parameters and the second set of imaging parameters are arranged such that the first portion of
imaging data has printing features of the first kind on the totally cured plate and the second region of imaging data has
printing features of the second kind on the totally cured plate.
[0028] In some versions, the features of a first kind are flat top features, and the features of a second kind are round
top features.
[0029] In some embodiments, the curing uses UV light, and the first and second sets of curing parameters differ in at
least one of UV irradiance, UV power, UV exposure time, and, in the case there is periodic repeating exposure of any
part of the plate, the period of repetition.
[0030] Particular embodiments include a printing plate prepared and cured according to the method.
[0031] Particular embodiments may provide all, some, or none of these aspects, features, or advantages. Particular
embodiments may provide one or more other aspects, features, or advantages, one or more of which may be readily
apparent to a person skilled in the art from the figures, descriptions, and claims herein.

Curing polymer plates:

[0032] The term photopolymer plate, or in its shortened form, polymer plate is used herein to refer to any printing plate,
cylinder or sleeve that is cured by application of light, such as ultraviolet (UV) radiation, i.e., that is made of or has thereon
a photo-curable material such as a photopolymer. While today, the UV curable material is typically made of a polymer,
hence the term, in this disclosure including the claims, a photopolymer plate, or a polymer plate for short, means a plate,
cylinder or sleeve made of or with any UV curable material thereon.
[0033] UV curing will briefly be described by way of background. The present invention, however, does not depend
on any particular theory.
[0034] It is believed that the absence or presence of oxygen during the curing process plays an important role in the
shape of the three-dimensional structure in the plate. It is believed that oxygen acts as an inhibitor to the polymerization:
oxygen molecules stop the chain reaction of polymerization and restrict the length of polymer chains formed by the
polymerization. The oxygen inside the plate material is consumed by this process.
[0035] A certain amount of oxygen already exists inside the plate materials when the UV curing starts. Additional
oxygen from the surrounding air can enter the plate during the curing process once the oxygen concentration inside the
plate drops.
[0036] FIG. 1 shows a simple cross-section of an example halftone dot that results from UV exposure through a mask
by UV light from a UV source. The solid line shows the halftone dot profile when there is no or relatively little oxygen
during curing, while the broken line shows a simple example of the sort of dot profile that results when there is a lot of
oxygen during curing, i.e., during the polymerization process. The presence of oxygen is believed to cause shorter
polymer chains than with less oxygen, resulting in a kind of melting of the halftone dots as shown in the broken line
profile in FIG. 1.
[0037] In an analog plate process, e.g., in which a film with the image thereon is placed on top of the polymer plate,
and the polymer plate is cured by UV light, the UV light enters via the film. The film is believed to act as a barrier for the
oxygen from the environment. This makes the polymer grow until the top of the surface as shown by the solid line in
FIG. 1, and also as in FIG. 2 which shows a simple cross-section of a simple example printing pattern with flat tops that
results from UV exposure through a film mask by UV light from a UV source. Such a shape is called a flat top shape
herein. One property of flat top halftone dots is that they are capable of producing printed dots that each have sharp dot
edges.
[0038] In a digital printing process, e.g., in which an ablatable layer is ablated with a laser beam, the plate material
underneath is cured by UV light entering the plate through the revealed areas. Oxygen can also readily enter the plate
through these ablated areas and through the ablatable material as well. It is observed that the halftone dots do not grow
flat, and may not reach up to the original surface level of the polymer plate, but instead build round shaped structures
which stay at slightly below the original surface level, as shown, for example by the dotted line of FIG 1. FIG. 3 shows
a simple cross-section of a simple example printing pattern with round tops that results from UV exposure through a
laser ablated film by UV light from a UV source. Such a rounded shape is called a round top shape herein.
[0039] Round tops are sometimes desirable because they can be used to form very small halftone dots. It is sometimes
desired to obtain flat tops because they define edges well, so are suitable, e.g., for line work and solid regions in an
image. Furthermore, flat top dot structures can hold small dots or linework elements that have a very high spatial
frequency, which significantly increases ink laydown.
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[0040] Digital processes offer the advantage that no film or film processing equipment or the related chemicals are
necessary. Digital processes are also believed to be more precise and capable of smaller dot sizes and higher line count
resolutions. It is sometimes desired to obtain flat tops with a digital process. One known method includes placing a film
over the ablated material during curing to simulate a conventional analog process. However, such a process is cumber-
some, and furthermore, choosing between a flat top and a round top result requires more equipment and more workflow
methods. Also known are methods wherein the intensity of exposure to curing light radiation is at two different intensity
levels. The different intensity levels may be obtained by having a light source that is switchable between two different
intensity values, or by modifying the relative speed between the light exposure unit and the plate during curing, which
can affect the shape of the resulting features.
[0041] Described herein are an apparatus and a method of curing plates made of or having photo-curable material
thereon that enable an operator to have some features with flat tops and others with round tops on the same plate using
digital workflow equipment. Features of embodiments of the invention include the easy incorporation into a workflow for
inline exposure according to an imaging pattern and curing.
[0042] Embodiments of the present invention include a method, an apparatus, and a printing plate generated using
the method. The method is to produce a printing plate that includes, after curing, both flat tops and round tops on the
same plate. As this method avoids needing a second plate when both screened areas that should have round tops, and
other areas, e.g., line art areas that should have flat tops are included in the same job.

Some embodiments

[0043] Embodiments of the invention include a method of curing printing plates and an apparatus for curing printing
plates. The plates are made of or have thereon photo-curable material, e.g., UV curable material such as photopolymer.
The methods and apparatuses allow the shape of three dimensional printing features, such as halftone dots and other
structures on the printing plate to be controlled, and in particular, allow some structures on the plate to have round tops,
and others to have flat tops.
[0044] Embodiments of the method and the apparatus are applicable to digital flexography, digital letterpress printing,
and/or to making other digital printing plates, as well as for curing polymer sleeves and polymer coated printing cylinders.
[0045] The apparatus includes a light exposure unit including a light source, e.g., a UV source, and a drive mechanism
to produce relative motion between the light exposure unit and the plate during curing of the plate, and a control system
configured to control the drive mechanism and the light exposure unit. The apparatus further includes an imaging
subsystem for exposing the plate according to imaging data. The imaging data comprises a first portion of imaging data
that includes features that are desired to result in flat top structures on the printing plate, e.g., lineart features, and a
second portion of imaging data that includes features, e.g., screened features that are desired to result in round top
structures on the printing plate.
[0046] In different embodiments of the invention, the control system is configured to control, in some embodiments
the relative speed of the relative motion between the light exposure unit and the plate during curing, and in some
embodiments that include a light exposure unit that is switchable between a high intensity and a lower intensity, to control
the intensity of the light output from the light exposure unit during curing.
[0047] FIG. 5 shows a simplified block diagram of one embodiment of the invention that includes a rotating drum 501
with a polymer plate 503 thereon, the plate 503 being an imaged plate, that is, having the image mask thereon. An
exposure unit with light source 505, e.g., a UV source moves or extends along the direction parallel to the drum axis-
what is called the longitudinal direction. A control system 507 is connected to a drive mechanism 509, a power supply
511, the exposure unit 505, and an imaging subsystem 513 that is shown in simplified form, and that includes one or
more laser(s), a modulator and optics to focus one or more modulated beams onto the surface of the plate 503.
[0048] The apparatus is arranged to accept imaging data 515 into the control system. The imaging data 515 may
include a first portion of imaging data that includes features that are desired to result in flat top structures on the printing
plate, e.g., lineart features, and a second portion of imaging data that includes features, e.g., screened features that are
desired to result in round top structures on the printing plate. The apparatus also is arranged such that the drive mechanism
under control of the control system produces relative motion between the light source 505 and the plate 503 during
imaging of the plate according to the first or the second or any portion of the imaging data, or all the imaging data. The
control system during imaging produces one or more modulated beams, modulated according to the imaging data.
[0049] The apparatus also is arranged such that the drive mechanism produces relative motion between the light
source 505 and the plate 503 during curing of the plate by at least one rotation of the drum, and a control system coupled
to and configured to control the drive mechanism and light exposure unit. In one embodiment, at any time during curing,
the light source 505 illuminates a relatively small proportion of the extent of the printing plate in the transverse direction
of rotation of the drum. In another embodiment, the light source 505 illuminates a longer proportion, or the whole extent.
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Embodiment in which round tops or flat tops are selected according to rotational speed

[0050] In one embodiment, the rotational speed is variable. In such an embodiment, the light intensity from the light
source is applied repeatedly and periodically to any region according to the rotational speed of the drum. Denote the
period by T and the rotational speed by ω radians per sec, i.e., 60ω/2π RPM. The period T is 2π/ω. Denote the time
spent on any point on the plate during a sweep of period T by ΔT, so that at any point in time during each sweep, ΔT/T
of the plate’s extent in the transverse direction is illuminated. It has been noted that when T is relatively small, e.g.,
significantly less than about half a second for many common photopolymer materials and a common geometry wherein,
for example, ΔT/T is 1/10 or less, then round tops are produced, while when T is more than about 1 to 2s for the same
photopolymer materials, then flat tops can be produced, in all cases maintaining the overall UV dose constant. These
speeds were found to depend on the plate material, the intensity of the light source, and on the proportion of the plate
that is illuminated at any one time. As an example, for the rotational speed less than 60 RPM, e.g., around 30 RPM or
less, flat tops can be produced, and for rotational speed more than 120 RPM, round tops can be produced.
[0051] Denote by IR effective intensity for producing round tops. This is the intensity that the plate would be cured at
in a traditional bank UV curing system. IR is around 20 mW/cm2 for common photopolymer materials. Denote by IF the
effective intensity for producing flat tops. When IR is around 20 mW/cm2 for common photopolymer materials, the inventor
has found that IF is around 40 mW/cm2. While higher values of IF may be used, too high a value may produce concave
halftone dots rather than flat tops.
[0052] The UV dose (the fluence) is the energy per unit area. For common photopolymer plates such as Cyrel (TM)
photopolymer plates made by E. I. du Pont de Nemours and Company of Wilmington, Delaware, USA, the dose for
curing is between 7 to 15 Joule/cm2. For thick plates, the required fluence may be around 20 Joule/cm2.
[0053] The intensity generated by the light source’s output aperture varies from 100 mW/cm2 to as high as 400 mW/cm2

depending on the type of source.
[0054] One possible theory of operation for why the invention works is that if the relative speed of relative motion of
the light source to the to-be-cured plate is fast enough, the received UV energy is integrated over the exposure time.
That is, the UV light is distributed over the entire plate surface.
[0055] Suppose the irradiation of any region occurs by repeated radiation by the light source over a certain duty cycle.
Suppose the UV radiation is repeated each period of time denoted by T, and occurs for an active time ΔT. T of course
is inversely proportional to the speed or relative motion between the light source and the plate.
[0056] The inventors have found that the effective intensity presented to the polymer material depends on the rela-
tionship between a time constant, denoted τ of the order of 1 second for most materials. This is thought to be the time
constant for the mobility of oxygen in the polymer material. If the irradiation of any give area of time occurs with a
sufficiently high repetition rate with a relatively low duty cycle, that is, if for any part of the photopolymer, after each active
time interval and before the repeated active time interval, there will be insufficient time for oxygen to stop polymer chains,
then the exposure to light is integrated over the overall exposure time.
[0057] The inventors have found that there is an effective UV intensity. Denote by I0 the intensity from the light source
in units of power per unit area. The effective intensity, denoted Ieff is: 

Note that if T≥τ, e.g., if T» τ, e.g., if T>2τ, then Ieff ≈ I0,
while if T<< τ, e.g., if T<0.2τ, Ieff ≈ (ΔT/T)I0 < I0.
[0058] The inventors have observed that τ is in the order of 10s to 20s for common photopolymer materials such as,
for example, Cyrel DPR (TM) from E.I. Dupont de Nemours and Company, Wilmington, Delaware (DuPont), or the
Nyloflex (TM) ACE printing plate from Flint Group of Luxembourg.
[0059] To produce round tops, suppose T<< τ, e.g., T<0.2τ, so that Ieff≈ [1-(ΔT/T)]I0. Suppose further that Ieff=IR=20
mW/cm2 for producing round tops.
[0060] For example, for a geometry in which 10% of the extent of a plate is illuminated at any one time, I0= 20/(ΔT/T)
= 200 mW/cm2.
[0061] As an example, using this value for I0 to determine the period of repetition to achieve 40 mW/cm2, considered
to be suitable to achieve flat tops, T/τ =ln (9/8) ≈ 0.12. For τ approximately equal to 16s, T ≈2s, so that in the case of a
rotating drum arrangement, the drum would rotate at approximately 30RPM or less.
[0062] Hence, in rotating drum embodiments of the invention, if the speed of rotation is such the that period of rotation
is less than 1s, i.e., if the drum rotates at less than about 60 RPM, e.g., at 30 RPM or lower, then halftone dots having
flat tops are produced. If on the other hand, the speed of rotation is more than 60 RMP, e.g., over 120 RPM, then round
tops are produced.
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[0063] See FIG. 9 and the explanation thereof under the section titled "Possible theory of operation" herein below.
[0064] Thus, one embodiment has been described in which the drive mechanism causes the light source to move
along the direction of the axis of rotation of a rotatable drum having a plate thereon while the drum is rotated by the drive
mechanism in order to cure the curable material of or on the plate. The drive mechanism together with the control system
is such that the speed of rotation can be controlled so as to result in either flat top halftone dots for relatively slow speed
of rotation below 60 RPM, e.g., 10 to 30 RPM and round tops for speeds of rotation above 60 RPM, e.g., 400 RPM for
round tops.
[0065] Some embodiments use LED arrays, e.g., UV LED arrays for the light source 505. Such arrays are made, for
example, by Nichia Corporation of Tokyo Japan. Such LED arrays feature having a relatively small amount of waste
energy. Thus, in one embodiment, the light source of exposure unit 505 includes a plurality of LEDs. The LEDs are
arranged so that the output intensity at the output aperture of the light source, denoted I0 is between 100 mW/cm2 and
400 mW/cm2, depending on the number of LED arrays in the source, and the current applied to the LEDs. In one
embodiment, an adjustable power supply to supply power to the LEDs is included, and such power supply can produce
various currents to drive the LEDs under control of the control system.
[0066] In one embodiment, the light exposure unit includes a light tunnel of light-reflective, e.g., mirrored walls and
has a polygonal cross-section like a kaleidoscope. Each wall has a reflective inner surface. The light source is located
at or near one end, called the source end of the light tunnel and arranges to produce light radiation to the inside of the
light tunnel towards the other end of the light tunnel, called plate end, including towards the reflective inner surfaces of
the walls.
[0067] In one embodiment in which LEDs are used, the current through the LEDs is adjusted such that Ieff when the
drum rotates at more than about 60 RPM, e.g., at 400 RPM, is about 20 mW/cm2, and such that the Ieff for flat tops is
40mW/cm2.
[0068] While one embodiment includes a light exposure unit that includes LED arrays, alternate embodiments may
use different ways of achieving output illumination intensity.
[0069] In one alternate embodiment, the light source includes a plurality of arc lamps. In another embodiment, the
light source includes fluorescent lamps, e.g., fluorescent light tubes.
[0070] In another embodiment, the plate is on a flatbed, e.g., of a flatbed scanner, also called an x-y table, and a drive
mechanism is configured to produce relative motion between the exposure unit and the plate.
[0071] In one such embodiment, the light source moves during curing above the plate placed on a flatbed table. FIG.
6 shows a simplified block diagram of one embodiment of such a flatbed 601 in which a plate 603 with a mask thereon
is cured. A control system 605 is coupled to a power supply 511 and configured to control the output of an illumination
unit 505. The control system 605 also is coupled to and configured to control a drive mechanism 607 that is configured
to move the illumination unit 505 back and forth in a transverse direction while also moving the illumination unit 505 in
a longitudinal direction. The drive mechanism together with the control system is such that the speed of back and forth
motion and repetition rate can be controlled so as to result in either flat top halftone dots for relatively slow repetition
rate with a period of repetition more than about 1 second, e.g., around 2 to 4 seconds, and round tops for relatively fast
repetition rate with a period of repetition less than about 1 second, e.g., 0.5s or less, or better, around 0.2s second or
less for round tops.
[0072] Not shown in FIG. 6 is the imaging subsystem that is used for inline curing in a combined imaging and curing
apparatus.
[0073] In another embodiment, the light source moves during curing in a transverse direction and the polymer plate
moves during curing in a longitudinal direction perpendicular to the transverse axis. FIG. 7 shows a simplified block
diagram of one embodiment of such a flatbed 701 in which a plate 603 with a mask thereon is cured. A control system
705 is coupled to a power supply 511 and configured to control the output of an illumination unit 505. The control system
705 also is coupled to and configured to control a drive mechanism 707 that is configured to move the illumination unit
505 back and forth in a transverse direction while also moving the plate in a longitudinal direction. The back and forth
motion is controllable to achieve either flat tops or round tops so as to result in either flat top halftone dots for relatively
slow repetition rates with a period of repetition more than about 1 second, e.g., around 2 to 4 seconds, and round tops
for relatively fast repetition rates with a period of repetition less than about 1 second, e.g., 0.5s or less, or better, around
0.2s or less for round tops.
[0074] Not shown in FIG. 7 is the imaging subsystem that is used for inline curing in a combined imaging and curing
apparatus.
[0075] While in one embodiment, the relative motion in the transverse direction is produced by relative motion between
the light source and the plate, in some embodiments, e.g., flat bed embodiments, the relative motion is produced by a
stationary light source and a rotating polygon mirror as is known in the art.
[0076] FIG. 8 shows a simple drawing of yet another embodiment of a rotating drum arrangement. In this arrangement,
an illumination unit 809 is configured to illuminate the plate. In this embodiment, the illumination unit 809 extends to
cover one dimension of the plate. In the example shown, this is the longitudinal direction. Relative motion in only one
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direction is then necessary, in this example, the circumferential, i.e., transverse direction. The control system is coupled
to the drive mechanism and arranged to control the speed of rotation. The drive mechanism together with the control
system is such that the speed of rotation can be controlled so as to result in either flat top halftone dots for relatively
slow speed of rotation below 60 RPM, e.g., 10 RPM and round tops for speeds of rotation above 60 RPM, e.g., 400
RPM for round tops.
[0077] One advantage of the embodiment shown in FIG. 8 is that with it, inline curing is possible.
[0078] In FIGS. 5 to 8, some elements such as the illuminating source have different reference numbers but may be
similar or identical in structure. Similarly the plate and other shown elements may be similar or identical even if different
reference numerals are used.
[0079] Note that some of the arrangements above may include an imaging unit to enable inline imaging and curing.
Other arrangements do not include the imaging unit. The invention is not limited to combining of the imaging and curing
in one exposure apparatus, and in some arrangements, the imaging and curing can be carried out separately each in
its own apparatus. Therefore, in some arrangements, there is a separate imaging apparatus, e.g., a rotating drum imaging
apparatus as is known in the art, or a flatbed imaging apparatus as is known in the art, and also a separate curing
apparatus, e.g., a flatbed arrangement that includes one or more features of the present invention or a rotating drum
arrangement that includes one or more features of the present invention.
[0080] Other variations also are possible.
[0081] Note that in some embodiments, the control system is configured such that the two periods of repetition, that
is the first the period of repetition and the higher second repetition period are preset for different plate types.
[0082] Other methods and apparatuses for curing plates to have features with flat tops or round tops using variable
speed exposure are described in commonly owned U.S. Patent Application Serial No. 12/909,626, filed October 21,
2010 to first inventor Sievers, titled CURING OF PHOTO-CURABLE PRINTING PLATES WITH FLAT TOPS OR ROUND
TOPS BY VARIABLE SPEED EXP0SURE.

Embodiments in which the output of the UV exposure unit is switchable between (at least) two levels.

[0083] In another embodiment, the illumination unit is configured to illuminate at two levels, a first illumination level
and a second illumination level. In one such embodiment the illumination unit extends to cover one dimension of the
plate. In one such embodiment, this is the longitudinal direction. Relative motion in only one direction is then necessary,
in this example, the circumferential, i.e., transverse direction. One advantage of the embodiment shown is that with it,
inline curing is possible with imaging.
[0084] Other embodiments in which the output of the UV exposure unit is switchable between (at least) two levels are
described in commonly owned U.S. Patent Application Serial No. 12/467,078 filed: May 15, 2009 to inventor Sievers,
titled CURING OF PHOTO-CURABLE PRINTING PLATES WITH FLAT TOPS OR ROUND TOPS, published on De-
cember 3, 2009 as US 20090294696 A1.
[0085] Such embodiments include both drum arrangements and flatbed arrangements.

A method of producing a plate having flat tops and round tops on the same plate using a digital workflow.

[0086] In many jobs, it is desired to print some portions of the imaging data, e.g., portions that have solid and lineart
features with flat tops, and to print other portions, e.g., portions that have screend features with round tops. The following
are the steps of a method, prior to the present invention, of fabrication of a set of printing plates with linework and screen
dot elements. The method is applicable, as an example, for a drum imager such as shown in FIG. 5 that includes inline
UV curing switchable either via change of rotation speed, or via change of illumination intensity, between curing such
that features have round tops and curing such that features have flat tops includes:

1) Partitioning the imaging data into imaging data containing the linework portions of the job and imaging data
containing the screened portions of the job.

2) Loading a first plate having an ablatable layer on to the drum.

3) Accepting in the imager the imaging data containing the linework portions of the job.

4) Imaging using the imaging data containing the linework portions to ablate the linework portions on the ablatable
material of the first plate.

5) After the imaging using the imaging data containing the linework, carrying out a first UV exposure step, the first
step using a relatively low drum rotation speed such that flat top features are produced after processing the cured
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plate.

6) Unloading the first plate after first UV exposure step is completed.

7) Loading a second plate having an ablatable layer on to the drum.

8) Accepting in the imager the imaging data containing the screened portions of the job.

9) Imaging using the imaging data containing the screened portions to ablate the screened portions on the ablatable
material of the second plate.

10) After the imaging using the imaging data containing the screened postions, carrying out a second UV exposure
step, the second step using a relatively high drum rotation speed such that round top features are produced after
processing the cured plate.

11) Unloading the second plate after second UV exposure is completed.

[0087] The two plates can now be used to separately print the linework portions and the screened portions of the job.
[0088] A feature of the present invention is overcoming the need for two separate plates, such that double processing
of a single plate that has ablatable mask material thereon can be carried out on the imager, e.g., an ESKO Cyrel Digital
Imager.
[0089] The following are the steps of one method embodiment of the present invention for preparing a single printing
plate with linework features and screened features. These are provided again for a drum imager that includes inline UV
curing switcable between curing such that features have round tops and curing such that features have flat tops. The
method includes:

1) Partitioning the imaging data into a first subset of the imaging data, e.g., imaging data containing the linework
portions of the job and a second subset of the imaging data, e.g., imaging data containing the screened portions
the job.

2) Loading a plate having an ablatable layer on to the drum.

3) Accepting in the imager the first subset of the imaging data, e.g., the imaging data containing the linework portions
of the job.

4) Imaging using the first subset of the imaging data, e.g., the imaging data containing the linework portions to ablate
the linework portions on the ablatable material of the first plate.

5) After the imaging using the first subset of the imaging data, e.g., the imaging data containing the linework, carrying
out a first UV exposure step, the first step using a relatively low drum rotation speed such that flat top features are
produced after processing the cured plate.

6) Accepting in the imager the second subset of the imaging data, e.g., the imaging data containing the screened
portions of the job.

7) Imaging using the second subset of the imaging data, e.g., the imaging data containing the screened portions to
ablate the screened portions on the ablatable material on the same plate.

8) After the imaging using the second subset of the imaging data, e.g., the imaging data containing the screened
postions, carrying out a second UV exposure step, the second step using a relatively high drum rotation speed such
that round top features are produced after processing the cured plate.

9) Unloading the plate after the second UV exposure step is completed.

[0090] The single plate can now be processed, then used to print the linework portions and the screened portions of
the job at the same time.
[0091] The first UV exposure step (the first cuing process) uses a higher effective irradiance for the curing than the
second UV exposure step (the second curing process). The lower irradiance of the second exposure will not change
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the flat top nature of the features created by the first exposure step at the higher irradiance level. Rather, it will only
continue curing the sockets of the flattop structures. Hence, high irradiance is first applied, e.g., by having a power-
switchable source work at high power, or by having low speed relative motion during cure time. Low irradiance is then
applied in the second UV exposure (curing) step. If the higher irradiance is applied after the low irradiance, there is a
chance the round top structures might be altered into flat top structures.
[0092] In different embodiments, the effective irradiance can be altered by changing the UV power level rather than
by changing the rotation speed of the drum.
[0093] Furthermore, in the more general case, rather than only a drum imager, any imager may be used that provides
relative motion between a UV exposure unit and the surface of the imaged plate material that is to be cured.
[0094] While in the above example, the first subset of the imaging data was that containing linework, and the second
subset was that containing screened portions, in some embodiments, other criteria are used to partition the imaging
data into a first subset and a second subset. In one such other embodiment, the partitioning into the first and second
subsets is according to the screen percentage. For example, in one such example, the first subset of imaging data is
the imaging data in which all screened data have more than 70% screen value, and such subset is made with flat top
structures. The second subset is everything screened at or below 70% screen value, and such imaging data is made
with round top structures on the plate. Other threshold screen values also can be used, as would be clear to those in the art.
[0095] The described method embodiment has several features that are different than the method in which two plates
are used, one for lineart, and the other for screened features. These include:

1) There is only a need for one plate, thus the material costs are less.

2) The processing time for fabricating the printing plate is shorter. For example, the time for loading and unloading
a second plate is eliminated. As a second of 2, in some embodiments, the time for the curing with a first set of one
or more curing parameters is sufficient to ensure flat tops on the printing features that have flat tops but not sufficient
to totally cure the printing features that have flat tops on the plate. In such embodiment, the time for the curing with
a second set of one or more curing parameters designed for producing round tops is sufficient to complete the curing
of the printing features that have flat tops. Secondly, in an improved embodiment, the time for the first UV exposure
step is sufficient to ensure that when totally cured, the features will have flat tops, but is less than the total time for
curing by selecting the first UV exposure to be sufficient to ensure that when totally cured, the features will have flat
tops, but such that the second exposure time is needed to completely cure the flat tops.

3) The time and costs needed for setting up a second printing plate are eliminated.

4) Registration problems that might occur in positioning the two plates (the first lineart features, and the one with
screened features) are eliminated.

Generalization of the inventive method

[0096] Note that while the present invention is described according to round tops and flat tops, in one more general
case, there are two types of structures, e.g., as defined by the shape of each of the structure after curing. The shape is
determine by how curing is carried out. A method of controlling the curing is available, e.g., on a drum apparatus, or on
a flatbed apparatus. What is described herein is a method of obtaining, on the same plate, both the first type and the
second type of structure. It would be clear to one skilled in the art that if a technique of obtaining the two different
structures is available by controlling the curing on the same curing apparatus, such an apparatus also capable of imaging,
then the method described herein is capable of obtaining both types of structures on the same plate. The first type and
second type are such that the first type is obtained by first exposing, e.g., to UV radiation and such that further exposing
to obtain the second type either completes the curing for the first type, or does not harm the type of curing should the
first exposure step completely cure the first type.
[0097] Furthermore, if there are three or even more than three different types of structures, i.e., a plurality, denoted
by a number n≥2 of types of structures, the types being ordered according to the exposure, such that there is an ordering
of which type is cured first, the method described herein may readily be extended to the n structures being made on the
same plate. The imaging data is partitioned into n sets of imaging data, each set desired to end up as a corresponding
one of the n structured on the plate. The method includes imaging with a first of the n sets of imaging data, then curing
for that first type. The method continues with imaging using the second set of the imaging data, then exposing to cure
for the second type, and continues until all the sets of the imaging data are imaged and all the types of structures are
fully cured.
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Possible theory of operation for obtaining round tops and flat tops

[0098] In order to enhance understanding of features of the present invention, a theory of operation is presented. Any
such theory or mechanism of operation or finding presented herein is not intended to make the present invention in any
way dependent upon such theory, mechanism of operation or finding.
[0099] The inventor has noticed several properties of curing at different intensity levels, i.e., different levels of power
per unit area. Using a very simplified view of polymerization process, polymerization can be broken up into three reaction
steps:

1) Activation of the starter radicals by UV light.

2) Chain growth of the polymer.

3) Chain ending through oxygen.

[0100] Each reaction has a certain time constant and total time. For common polymer plates such as Cyrel DPI (TM)
from E.I. Dupont de Nemours and Company, Wilmington, Delaware (DuPont), the time for the entire curing process is
between 12 and 15 minutes at an illumination intensity (power per unit area) of 19 -20 mW/cm2.
[0101] This results in an energy per unit area of 14.4 to 18 Joules/cm2 to get all radicals starting chains. The activating
the radicals step occurs relatively fast when a starter radical interacts with a light photon. A long exposure time is required
because the polymer material is not fully packed with starter radicals, and not every photon hits a starter radical. Thus
it takes a certain amount of photons and consequently energy, to activate all starter radicals and in principle they could
be activated all at the same time.
[0102] Polymers include a certain amount of oxygen. However, because conventional processes still enable flat tops,
the amount of oxygen inside the plate in itself is not sufficient to get round tops. For round tops, it is believed additional
oxygen has to diffuse into the plate.
[0103] Diffusion in dense matter is a slow process. If the intensity is increased, that is, there are more photons per
unit area, more polymer chains can be started, while the number of chains finished by oxygen remains the same as with
the lower intensity.
[0104] The inventor has discovered that increasing the intensity can lead to more activation of the starter radicals.
The inventor ran some experiments, and discovered that, starting with the specified curing for a plate, e.g., for certain
common polymer types, e.g., DuPont’s Cyrel DPI of exposure to around 19-20 mW/cm2 for about 15 minutes, and then
doubling the intensity from 20mW/cm2 to 40 mW/cm2 gives a significant change from a convex round top to flat top.
Indeed, if the power level is increased even further the top of the halftone dots will take a concave shape. FIG. 4A shows
simple cross-section of a round top halftone dot, e.g., as obtained in a digital process at a first intensity level, e.g.,
20mW/cm2. FIG. 4B shows simple cross-section of a flat top halftone dot, e.g., as obtained in a digital process at a
second intensity level, e.g., 40mW/cm2.
[0105] In brief, one possible theory for why higher intensities can produce flat tops is that at higher UV intensities,
more chains are started than are stopped by any oxygen present in a given exposure time.
[0106] One possible theory of operation for why the invention works is that if the relative speed of relative motion of
the light source to the to-be-cured plate is fast enough, the received UV energy is integrated over the exposure time.
That is, the UV light is distributed over the entire plate surface.
[0107] Suppose the irradiation of any region occurs by repeated radiation by the light source over a certain duty cycle.
Suppose the UV radiation is repeated each period of time denoted by T, and occurs for an active time ΔT. T of course
is inversely proportional to the speed of relative motion between the light source and the plate.
[0108] The inventors have found that the effective intensity presented to the polymer material depends on the rela-
tionship between a time constant, denoted τ of the order of 10 to 20 second for common photopolymer plates. This is
thought to be the time constant for the mobility of oxygen in the polymer material. If the irradiation of any give area of
time occurs with a sufficiently high repetition rate with a relatively low duty cycle, that is, if for any part of the photopolymer,
after each active time interval and before the repeated active time interval, there will be insufficient time for oxygen to
stop polymer chains, then the exposure to light is integrated over the overall exposure time.
[0109] The inventors have found that there is an effective UV intensity. Denote by I0 the intensity from the light source
in units of power per unit area. The effective intensity, denoted Ieff is: 
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Note that if T≥ τ, e.g., if T» τ, then Ieff ≈ I0,
while if T<< τ, Ieff ≈ (ΔT/T)I0 < I0.
[0110] FIG. 9 shows a simplified cross sectional view of a rotating drum 901 with a plate 905 on the surface of the
drum showing the small segment 903 illuminated at any one time by a source of illumination, e.g., of UV light. Suppose
Δθ is the angle subtended by the area 903 on the surface of plate 905 that is illuminated at any one time by the light
source 907. Suppose also that the overall circumference of the drum is C, and that the arc of the surface in the transverse
direction corresponding to Δθ is ΔC. Suppose also that the speed of rotation is ω radians/s, i.e., 60ω/2π RPM. T= 2π/ω
seconds.
Then ΔT/T = Δθ/2π=.Δθ/2π=ΔC/C
[0111] In such a case, 

[0112] Recall that the inventors have observed that τ is in the order of 10s to 20s for common photopolymer materials.
[0113] As is clear from FIG. 9, in rotating drum embodiments of the invention, if the speed of rotation is such the that
period of rotation is more than about 1s to 2s, i.e., if the drum rotates at less than about 60 RPM, then halftone dots
having flat tops can be produced. If on the other hand, the speed of rotation is more than 60 RMP, e.g., 120rpm or more,
round tops are produced.

The plates

[0114] By the terms "polymer plate" and "photopolymer plate" herein is meant a plate with any type of photo-curable
material thereon, whether made of polymer or not. One example is UV-curable material. Another example is material
cured by light of different wavelength, not necessarily UV. While today, such curing is typically carried out with UV, and
such materials are typically photopolymers, use of the term "photopolymer" herein is not meant to be limiting to a polymer
composition. The inventor anticipates that in the future, there may be new materials and compositions that also are
curable by UV radiation of a desired wavelength, and the invention is equally applicable to plates having such material
thereon.
[0115] The method and apparatuses described herein are used for curing many types of plates. The plates can be
flexographic plates, flexographic imaging cylinders, flexographic sleeves, and so forth. The plate also can be letterpress
plates having UV curable material thereon. Furthermore, the plates can be imaged using a digital process, e.g., by laser
ablating an abatable surface on the plate material prior to final curing, so that curing is with the mask on the plate material
after ablation of some of the mask material according to imaging data.
[0116] Therefore, in some embodiments, the plate is a photopolymer printing plate that is a digital plate.
[0117] In some embodiments, the plate is a photopolymer printing plate that is a sleeve.
[0118] In some embodiments, the plate is a photopolymer printing plate that is a polymer coated cylinder.
[0119] Furthermore, some embodiments of the invention are in the form of a plate-any of the plates described above-
that has been cured, the curing according to a method as described herein.
[0120] Furthermore, some embodiments of the invention are in the form of a plate-any of the plates described above-
that has been imaged then cured, the curing according to a method as described herein.

General

[0121] Unless specifically stated otherwise, as apparent from the following discussions, it is appreciated that throughout
the specification discussions utilizing terms such as "processing," "computing," "calculating," "determining" or the like,
refer to the action and/or processes of a computer or computing system, or similar electronic computing device, that
manipulate and/or transform data represented as physical, such as electronic, quantities into other data similarly repre-
sented as physical quantities.
[0122] In a similar manner, the term "processor" may refer to any device or portion of a device that processes electronic
data, e.g., from registers and/or memory to transform that electronic data into other electronic data that, e.g., may be
stored in registers and/or memory. A "computer" or a "computing machine" or a "computing platform" may include one
or more processors.
[0123] Note that when a method is described that includes several elements, e.g., several steps, no ordering of such
elements, e.g., of steps is implied, unless specifically stated.
[0124] Reference throughout this specification to "one embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connection with the embodiment is included in at least one embodiment
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of the present invention. Thus, appearances of the phrases "in one embodiment" or "in an embodiment" in various places
throughout this specification are not necessarily all referring to the same embodiment, but may. Furthermore, the particular
features, structures or characteristics may be combined in any suitable manner, as would be apparent to one of ordinary
skill in the art from this disclosure, in one or more embodiments.
[0125] Similarly, it should be appreciated that in the above description of example embodiments of the invention,
various features of the invention are sometimes grouped together in a single embodiment, figure, or description thereof
for the purpose of streamlining the disclosure and aiding in the understanding of one or more of the various inventive
aspects. This method of disclosure, however, is not to be interpreted as reflecting an intention that the claimed invention
requires more features than are expressly recited in each claim. Rather, as the following claims reflect, inventive aspects
lie in less than all features of a single foregoing disclosed embodiment.
[0126] Furthermore, while some embodiments described herein include some but not other features included in other
embodiments, combinations of features of different embodiments are meant to be within the scope of the invention, and
form different embodiments, as would be understood by those in the art. For example, in the following claims, any of
the claimed embodiments can be used in any combination.
[0127] In the description provided herein, numerous specific details are set forth. However, it is understood that
embodiments of the invention may be practiced without these specific details. In other instances, well-known methods,
structures and techniques have not been shown in detail in order not to obscure an understanding of this description.
[0128] As used herein, unless otherwise specified the use of the ordinal adjectives "first", "second", "third", etc., to
describe a common object, merely indicate that different instances of like objects are being referred to, and are not
intended to imply that the objects so described must be in a given sequence, either temporally, spatially, in ranking, or
in any other manner.
[0129] Any discussion of prior art in this specification should in no way be considered an admission that such prior art
is widely known, is publicly known, or forms part of the general knowledge in the field.
[0130] In the claims below and the description herein, any one of the terms comprising, comprised of or which comprises
is an open term that means including at least the elements/features that follow, but not excluding others. Thus, the term
comprising, when used in the claims, should not be interpreted as being limitative to the means or elements or steps
listed thereafter. For example, the scope of the expression a device comprising A and B should not be limited to devices
consisting only of elements A and B. Any one of the terms including or which includes or that includes as used herein
is also an open term that also means including at least the elements/features that follow the term, but not excluding
others. Thus, including is synonymous with and means comprising.
[0131] Similarly, it is to be noticed that the term coupled, when used in the claims, should not be interpreted as being
limitative to direct connections only. The terms "coupled" and "connected," along with their derivatives, may be used. It
should be understood that these terms are not intended as synonyms for each other. Thus, the scope of the expression
a device A coupled to a device B should not be limited to devices or systems wherein an output of device A is directly
connected to an input of device B. It means that there exists a path between an output of A and an input of B which may
be a path including other devices or means. "Coupled" may mean that two or more elements are either in direct physical
or electrical contact, or that two or more elements are not in direct contact with each other but yet still co-operate or
interact with each other.

Claims

1. A method of imaging a printing plate with imaging data and curing the printing plate made of or having photo-curable
material thereon, the photo-curable material including an ablatable mask thereon, the method comprising:

imaging the ablatable mask on the printing plate with a first portion of imaging data to produce a partially imaged
uncured plate, the imaging data comprising the first portion of imaging data and a second portion of imaging data;
curing the partially imaged uncured plate using light energy at a wavelength or wavelengths suitable for curing
the photo-curable material with a first set of one or more curing parameters to produce a partially cured plate
with a partially ablated mask thereon, the curing providing total energy per unit time per unit area arranged for
producing flat top features of a first kind;
imaging the partially ablated mask on the partially cured plate with the second portion of imaging data to produce
a totally imaged partially cured plate;
curing the totally imaged partially cured plate with a second set of one or more curing parameters to produce
a totally cured plate, the curing providing total energy per unit time per unit area arranged for producing features
of a second kind,

wherein the first set of imaging parameters and the second set of imaging parameters are arranged such that the
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first portion of imaging data has printing features with flat tops on the totally cured plate and the second portion of
imaging data has printing features with round tops on the totally cured plate, and
wherein the curing uses UV light, and the first and second sets of curing parameters differ in at least one of UV
irradiance, UV power, UV exposure time, and, in the case there is periodic repeating exposure of any part of the
plate, the period of repetition.

2. A method as recited in claim 1, wherein the time for the curing with the first set of one or more curing parameters
is sufficient to ensure flat tops on the printing features that have flat tops but not sufficient to totally cure the printing
features that have flat tops on the plate, and wherein the time for the curing with the second set of one or more
curing parameters is sufficient to complete the curing of the printing features that have flat tops.

3. A method as recited in any preceding method claim, wherein the time for the curing with the first set of one or more
curing parameters is sufficient to ensure flat tops and sufficient to totally cure the printing features that have flat tops.

4. A method as recited in any preceding method claim,
wherein the curing includes illuminating the printing plate using light energy at a wavelength or wavelengths suitable
for curing the photo-curable material using a light exposure unit, and producing relative motion in at least one
direction between the light from the light exposure unit and the plate during the illuminating of the plate, including
repeating exposure of any part of the plate with a period of repetition, and
wherein the period of repetition is controllable between a first repetition period and a second higher repetition period,
such that curing the totally imaged partially cured plate is at the second higher repetition period to produce printing
features that have round tops, and curing at the first repetition period produces printing features that have flat tops,
the overall fluence at the first repetition period and at the second repetition period being sufficient to totally cure the
printing plate.

5. A method as recited in claim 4, wherein the period of repetition for producing flat top features is more than 2 seconds,
and the period of repetition for producing round top features is less than © second.

6. A method as recited in any one of claims 4 to 5, wherein the light exposure unit is arranged, for a particular rotating
drum arrangement in the case of a rotating drum or a different flatbed size in the case of a flatbed arrangement, to
provide for the second repetition period an effective illumination the same as specified for curing the plate for round
tops in a stationary illumination device.

7. A method as recited in any one of claims 1 to 3,
wherein the curing includes illuminating the printing plate using light energy at a wavelength or wavelengths suitable
for curing the photo-curable material using a light exposure unit, and producing relative motion in at least one
direction between the light from the light exposure unit and the plate during the illuminating of the plate,
wherein the light exposure unit is capable of generating at least a first illumination intensity and a second illumination
intensity, and
wherein the curing of the partially imaged uncured plate and the curing of the totally imaged partially cured plate
are at different illumination levels arranged such that the first portion of imaging data has printing features that have
flat tops on the totally cured plate and the second portion of imaging data has printing features that have round tops
on the totally cured plate.

8. A method as recited in any of claims 4 to 7, wherein the plate is on a rotating drum such that the relative motion
includes motion in a transverse direction, and
wherein (i) the light exposure unit extends to cover the length of the drum; or (ii) the light exposure unit during curing
moves relative to the printing plate in a longitudinal direction parallel to the axis of rotation of the rotating drum on
which the plate is attached.

9. A method as recited in any of claims 4 to 7, wherein the light from the light exposure unit moves back and forth in
a transverse direction relative to the plate during curing above the plate placed on a flatbed table.

10. A method as recited in any of claims 4 to 9, wherein the photo-curable plate is one of a photopolymer printing plate
that is a flexographic plate, a photopolymer printing plate that is a flexographic sleeve, a photopolymer printing plate
that is a polymer coated flexographic cylinder, or a photopolymer printing plate that is a letterpress plate.

11. A method as recited in any of claims 4 to 10, wherein the photo-curable material is curable by ultraviolet light, and
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wherein the light exposure unit is a source of ultraviolet energy.

12. A method as recited in any of claims 4 to 11, wherein the effective intensity denoted Ieff for curing the photo-curable
material for a light exposure unit that during any period of repetition denoted T illuminates each part of the plate for
an amount of time denoted ΔT can be determined from the approximate relationship: 

wherein τ is a property of the printing plate with the photo-curable material thereon, such that for T significantly less
than τ, Ieff ≈ (ΔT/T)I0.

13. A method as recited in any of claims 4 to 12, wherein the light exposure unit includes a plurality of LEDs and a power
supply therefor, or includes a plurality of arc lamps, or includes a plurality of fluorescent lamps.

14. A method as recited in any of claims 4 to 13, wherein the light exposure unit includes:

a light tunnel of light-reflective walls and having a polygonal cross-section like a kaleidoscope, each wall having
a reflective inner surface; and
a light source located at or near one end, called the source end of the light tunnel and arranged to produce light
radiation to the inside of the light tunnel towards the other end of the light tunnel, called the plate end of the
light tunnel, including towards the reflective inner surfaces of the walls.

15. A printing plate made of or having photo-curable material thereon prepared and cured according to a method as
recited in any previous method claim.

Patentansprüche

1. Verfahren zur Bebilderung einer Druckplatte mit Bebilderungsdaten und Härten der Druckplatte, die aus photohärt-
barem Material hergestellt ist oder es aufweist, wobei das photohärtbare Material eine ablatierbare Maske darauf
umfasst, das Verfahren umfassend:

Bebilderung der ablatierbaren Maske auf der Druckplatte mit einem ersten Abschnitt von Bebilderungsdaten,
um eine teilweise bebilderte, nicht gehärtete Platte herzustellen, wobei die Bebilderungsdaten den ersten Ab-
schnitt von Bebilderungsdaten und einen zweiten Abschnitt von Bebilderungsdaten umfassen;
Härten der teilweise bebilderten, nicht gehärteten Platte unter Verwendung von Lichtenergie bei einer Wellen-
länge oder Wellenlängen gelten, die zum Härten des photohärtbaren Materials mit einer ersten Gruppe aus
einem oder mehreren Härtungsparametern geeignet sind, um eine teilweise gehärtete Platte mit einer teilweise
ablatierten Maske darauf herzustellen, wobei das Härten eine Gesamtenergie pro Zeiteinheit pro Einheitsfläche
bereitstellt, die zum Herstellen von Merkmalen flacher oberer Enden einer ersten Art angeordnet ist;
Bebilderung der teilweise ablatierten Maske auf der teilweise gehärteten Platte mit einem zweiten Abschnitt
von Bebilderungsdaten, um eine vollständig bebilderte, teilweise gehärtete Platte herzustellen;
Härten der vollständig bebilderten, teilweise gehärteten Platte mit einer zweiten Gruppe aus einem oder meh-
reren Härtungsparametern, um eine vollständig gehärtete Platte herzustellen, wobei das Härten eine Gesam-
tenergie pro Zeiteinheit pro Einheitsfläche bereitstellt, die zum Herstellen von Merkmalen einer zweiten Art
angeordnet ist,
wobei die erste Gruppe von Bebilderungsparametern und die zweite Gruppe von Bebilderungsparametern
derart angeordnet sind, dass der erste Abschnitt von Bebilderungsdaten Druckmerkmale mit flachen oberen
Enden auf der vollständig gehärteten Platte und der zweite Abschnitt von Bebilderungsdaten Druckmerkmale
mit runden oberen Enden auf der vollständig gehärteten Platte aufweist und
wobei das Härten UV-Licht verwendet, und die erste und die zweite Gruppe von Härtungsparametern sich in
mindestens einem aus UV-Strahlungsstärke, UV-Leistung, UV-Belichtungszeit und, im Falle einer periodisch
sich wiederholenden Belichtung eines beliebigen Teils der Platte, der Wiederholungsperiode unterscheiden.

2. Verfahren nach Anspruch 1, wobei die Zeit zum Härten mit der ersten Gruppe aus einem oder mehreren Härtungs-
parametern ausreichend ist, um flache obere Enden auf den Druckmerkmalen zu gewährleisten, welche flache
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obere Enden aufweisen, jedoch nicht ausreichend sind, um die Druckmerkmale, die flache obere Enden auf der
Platte aufweisen, vollständig zu härten, und wobei die Zeit für das Härten mit der zweiten Gruppe aus einem oder
mehreren Härtungsparametern ausreichend ist, um das Härten der Druckmerkmale, die flache obere Enden auf-
weisen, zu vollenden.

3. Verfahren nach einem der vorhergehenden Ansprüche, wobei die Zeit für das Härten mit der ersten Gruppe aus
einem oder mehreren Härtungsparametern ausreichend ist, um flache obere Enden zu gewährleisten, und ausrei-
chend ist, um die Druckmerkmale, die flache obere Enden aufweisen, vollständig zu härten.

4. Verfahren nach einem der vorhergehenden Ansprüche,
wobei das Härten das Beleuchten der Druckplatte unter Verwendung von Lichtenergie mit einer Wellenlänge oder
Wellenlängen umfasst, die zum Härten des photohärtbaren Materials unter Verwendung einer Belichtungseinheit
geeignet sind, und das Herstellen einer relativen Bewegung in mindestens eine Richtung zwischen dem Licht aus
der Belichtungseinheit und der Platte während des Belichtens der Platte umfasst, welches das Wiederholen einer
Belichtung eines beliebigen Teils der Platte mit einer Wiederholungsperiode umfasst und
wobei die Wiederholungsperiode zwischen einer ersten Wiederholungsperiode und einer höheren zweiten Wieder-
holungsperiode steuerbar ist, sodass ein Härten der vollständig bebilderten, teilweise gehärteten Platte in der hö-
heren zweiten Wiederholungsperiode stattfindet, um Druckmerkmale herzustellen, die runde obere Enden aufwei-
sen, und ein Härten in der ersten Wiederholungsperiode Druckmerkmale herstellt, die flache obere Enden aufweisen,
wobei die Gesamtfluenz in der ersten Wiederholungsperiode und in der zweiten Wiederholungsperiode ausreichend
ist, um die Druckplatte vollständig zu härten.

5. Verfahren nach Anspruch 4, wobei die Wiederholungsperiode zum Herstellen von Merkmalen flacher oberer Enden
mehr als 2 Sekunden beträgt und die Wiederholungsperiode zum Herstellen von Merkmalen runder oberer Enden
weniger als 1/2 Sekunde beträgt.

6. Verfahren nach einem der Ansprüche 4 bis 5, wobei die Belichtungseinheit für eine bestimmte rotierende Tromme-
lanordnung im Falle einer rotierenden Trommel oder einer anderen Flachbettgröße im Falle einer Flachbettanord-
nung angeordnet ist, um für die zweite Wiederholungsperiode eine wirksame Beleuchtung bereitzustellen, die die
gleiche ist wie zum Härten der Platte für runde obere Enden in einer feststehenden Beleuchtungsvorrichtung spe-
zifiziert.

7. Verfahren nach einem der Ansprüche 1 bis 3,
wobei das Härten das Beleuchten der Druckplatte unter Verwendung von Lichtenergie mit einer Wellenlänge oder
Wellenlängen, die zum Härten des photohärtbaren Materials unter Verwendung einer Belichtungseinheit geeignet
ist und das Herstellen einer relativen Bewegung in mindestens eine Richtung zwischen dem Licht aus der Belich-
tungseinheit und der Platte während dem Beleuchten der Platte umfasst,
wobei die Belichtungseinheit mindestens eine erste Beleuchtungsintensität und eine zweite Beleuchtungsintensität
erzeugen kann und
wobei das Härten der teilweise bebilderten, nicht gehärteten Platte und das Härten der vollständig bebilderten,
teilweise gehärteten Platte auf unterschiedlichen Beleuchtungsebenen erfolgt, die derart angeordnet sind, dass der
erste Abschnitt von Bebilderungsdaten Druckmerkmale aufweist, die flache obere Enden auf der vollständig gehär-
teten Platte aufweisen, und der zweite Abschnitt von Bebilderungsdaten Druckmerkmale aufweist, die runde obere
Enden auf der vollständig gehärteten Platte aufweisen.

8. Verfahren nach einem der Ansprüche 4 bis 7, wobei die Platte sich auf einer rotierenden Trommel befindet, sodass
die relative Bewegung eine Bewegung in eine Querrichtung umfasst, und
wobei (i) die Belichtungseinheit sich erstreckt, um die Länge der Trommel zu überdecken; oder (ii) die Belichtungs-
einheit während des Härtens sich relativ zu der Druckplatte in eine Längsrichtung parallel zu der Drehachse der
rotierenden Trommel, auf der die Platte befestigt ist, bewegt.

9. Verfahren nach einem der Ansprüche 4 bis 7, wobei das Licht aus der Belichtungseinheit sich während des Härtens
oberhalb der Platte, die auf einem Flachbetttisch angeordnet ist, vor und zurück in eine Querrichtung relativ zu der
Platte bewegt.

10. Verfahren nach einem der Ansprüche 4 bis 9, wobei die photohärtbare Platte eine aus einer photopolymeren Druck-
platte, die eine flexographische Platte ist, einer photopolymeren Druckplatte, die eine flexographische Hülse ist,
einer photopolymeren Druckplatte, die ein polymerbeschichteter flexographischer Zylinder ist, oder einer photopo-
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lymeren Druckplatte, die eine Hochdruckform ist, ist.

11. Verfahren nach einem der Ansprüche 4 bis 10, wobei das photohärtbare Material durch ultraviolettes Licht härtbar
ist und wobei die Belichtungseinheit eine Quelle ultravioletter Energie ist.

12. Verfahren nach einem der Ansprüche 4 bis 11, wobei die als Ieff bezeichnete effektive Intensität zum Härten des
photohärtbaren Materials für eine Belichtungseinheit, die während einer beliebigen, als T bezeichneten Wiederho-
lungsperiode jeden Teil der Platte für eine als ΔT bezeichneten Zeitraum beleuchtet, aus der Näherungsbeziehung
ermittelt werden kann: 

wobei τ eine Eigenschaft der Druckplatte mit dem photohärtbaren Material darauf ist, sodass für T wesentlich weniger
als τ, Ieff ≈(ΔT/T)I0.

13. Verfahren nach einem der Ansprüche 4 bis 12, wobei die Belichtungseinheit eine Vielzahl von LEDs und eine
Leistungszufuhr dafür umfasst oder eine Vielzahl von Bogenlampen umfasst oder eine Vielzahl von Leuchtstoffröhren
umfasst.

14. Verfahren nach einem der Ansprüche 4 bis 13, wobei die Belichtungseinheit umfasst:

einen Lichttunnel aus lichtreflektierenden Wänden und mit einem kaleidoskopähnlichen polygonalen Quer-
schnitt, wobei jede Wand eine reflektierende Innenfläche aufweist; und
eine Lichtquelle, die sich an einem Ende oder in der Nähe eines Endes angeordnet ist, das als Quellenende
des Lichttunnels bezeichnet wird, angeordnet ist, um Lichtstrahlung in das Innere des Lichttunnels zu dem als
Plattenende bezeichneten anderen Ende des Lichttunnels zu erzeugen, einschließlich in Richtung auf die re-
flektierenden Innenflächen der Wände.

15. Druckplatte, die aus photohärtbarem Material besteht oder aufweist, das gemäß einem Verfahren nach einem der
vorherigen Verfahrensansprüche hergestellt und gehärtet wird.

Revendications

1. Procédé d’imagerie d’une plaque d’impression avec des données d’imagerie et de polymérisation de la plaque
d’impression constituée ou recouverte d’un matériau photo-polymérisable, le matériau photo-polymérisable incluant
un cache amovible disposé dessus, le procédé comprenant de :

création d’une image sur le cache amovible sur la plaque d’impression avec une première partie des données
d’imagerie, pour produire une plaque non-polymérisée partiellement couverte d’une image, les données d’ima-
gerie comprenant la première partie des données d’imagerie et une deuxième partie des données d’imagerie ;
polymérisation de la plaque non-polymérisée partiellement recouverte d’une image, en utilisant de l’énergie
lumineuse à une ou plusieurs longueurs d’onde convenant à la polymérisation du matériau photo-polymérisable,
avec un premier jeu d’au moins un paramètre de polymérisation pour produire une plaque partiellement poly-
mérisée avec un maque partiellement enlevé dessus, la polymérisation fournissant une énergie par unité de
temps et par unité de surface conçue pour produire des éléments de surface plane d’un premier type ;
création d’une image avec le masque partiellement enlevé sur la plaque partiellement polymérisée avec la
deuxième partie des données d’imagerie afin de produire une plaque polymérisée totalement recouverte d’une
image ;
polymérisation de la plaque partiellement polymérisée totalement couverte d’une image avec un deuxième jeu
d’au moins un paramètre de polymérisation afin de produire une plaque totalement polymérisée, la polyméri-
sation fournissant une énergie par unité de temps et par unité de surface conçue pour produire des éléments
d’un deuxième type ;
le premier et le deuxième jeux de paramètres d’imagerie étant conçus de sorte que la première partie des
données d’imagerie ait des éléments d’impression avec des sommets plats sur la plaque totalement polymérisée
et la deuxième partie des données d’imagerie ayant des éléments d’impression avec des sommets arrondis
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sur la plaque totalement polymérisée, et
où la polymérisation utilise de la lumière UV, et les premier et deuxième jeux de paramètres de polymérisation
diffèrent d’au moins un trait parmi l’éclairement UV, de puissance UV, de temps d’exposition aux UV et, en cas
d’exposition répétée périodique de toute partie de la plaque, de période de répétition.

2. Procédé selon la revendication 1, dans lequel la durée de polymérisation avec le premier jeu d’un ou plusieurs
paramètres de polymérisation suffit à garantir des sommets plats sur les éléments d’impression qui ont des sommets
plats mais ne suffit pas à polymériser totalement les éléments d’impression qui ont des sommets plats sur la plaque,
et dans lequel la durée de polymérisation avec le premier jeu d’un ou plusieurs paramètres de polymérisation suffit
à assurer la polymérisation des éléments d’impression qui ont des sommets plats.

3. Procédé selon l’une quelconque des revendications précédentes, dans lequel la durée de polymérisation avec le
premier jeu d’un ou plusieurs paramètres de polymérisation suffit à garantir des sommets plats et suffit à totalement
polymériser les éléments d’impression qui ont des sommets plats.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel la polymérisation inclut d’illuminer la
plaque d’impression en utilisant une ou plusieurs longueurs d’onde adéquates pour polymériser le matériau photo-
polymérisable en utilisant une unité d’exposition lumineuse, et en produisant un mouvement relatif dans au moins
une direction entre la lumière de l’unité d’exposition lumineuse et la plaque pendant l’illumination de la plaque,
incluant une exposition répétée de toute partie de la plaque avec une période de répétition, et
dans lequel la période de répétition est contrôlable entre une première période de répétition et une deuxième période
de répétition plus élevée, de sorte que la polymérisation de la plaque totalement polymérisée et partiellement
recouverte d’une image se fait à la deuxième période de répétition plus élevée afin de produire des éléments ayant
des sommets arrondis, et la polymérisation à la première période de répétition produit des éléments d’impression
qui ont des sommets plats, l’écoulement global à la première période de répétition et à la deuxième période de
répétition étant suffisante pour totalement polymériser la plaque d’impression.

5. Procédé selon la revendication 4, dans lequel la période de répétition pour produire des éléments à sommet plat
est supérieure à 2 s, et la période de répétition pour produire des éléments à sommet arrondi est inférieure à 0,5 s.

6. Procédé selon l’une quelconque des revendications 4 à 5, dans lequel l’unité d’exposition lumineuse est conçue,
pour une conception particulière à tambour rotatif dans le cas d’un tambour rotatif ou pour une taille de plateau
différente dans le cas d’une conception à plateau, pour fournir à une deuxième période de répétition une illumination
efficace identique à ce qui est spécifié pour polymériser la plaque en vue d’obtenir des sommets arrondis dans une
dispositif d’illumination stationnaire.

7. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel la polymérisation inclut d’illuminer la plaque
d’impression en utilisant de l’énergie lumineuse à une ou plusieurs longueurs d’onde convenant à la polymérisation
du matériau photo-polymérisable, en utilisant une unité d’exposition lumineuse, et en produisant un mouvement
relatif dans au moins une direction entre la lumière de l’unité d’exposition lumineuse et la plaque pendant l’illumination
de la plaque,
l’unité d’exposition lumineuse étant capable de générer au moins une première intensité d’illumination et une deuxiè-
me intensité d’illumination, et
la polymérisation de la plaque non-polymérisée partiellement couverte d’une image et la polymérisation de la plaque
partiellement polymérisée totalement couverte d’une image se font à différents niveaux d’illumination, conçus de
telle sorte que la première partie des données d’imagerie ait des éléments d’impression à sommet plat sur la plaque
totalement polymérisée et la deuxième partie de données d’imagerie ait des éléments d’impression ait des sommets
arrondis sur la plaque totalement arrondie.

8. Procédé selon l’une quelconque des revendications 4 à 7, dans lequel la plaque est sur un tambour rotatif, de sorte
que le mouvement relatif inclue un mouvement dans une direction transversale, et
où (i) l’unité d’exposition lumineuse s’étend pour couvrir la longueur du tambour ; ou
où (ii) l’unité d’exposition lumineuse se déplace pendant la polymérisation par rapport à la plaque d’impression dans
une direction longitudinale parallèle à l’axe de rotation du tambour rotatif auquel est attachée la plaque.

9. Procédé selon l’une quelconque des revendications 4 à 7, dans lequel la lumière de l’unité d’exposition lumineuse
se déplace en va-et-vient dans une direction transversale par rapport à la plaque pendant la polymérisation, au-
dessus de la plaque placée sur une table horizontale.
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10. Procédé selon l’une quelconque des revendications 4 à 9, dans lequel la plaque photo-polymérisable est un parmi
une plaque d’impression photopolymère qui est une plaque flexographique, une plaque d’impression photopolymère
qui est un manchon flexographique, une plaque d’impression photopolymère qui est un cylindre flexographique
recouvert de polymère ou une plaque d’impression photopolymère qui est une plaque typographique.

11. Procédé selon l’une quelconque des revendications 4 à 10, dans lequel le matériau photo-polymérisable est poly-
mérisable par lumière ultraviolette, et dans lequel l’unité d’exposition lumineuse est une source d’énergie ultraviolette.

12. Procédé selon l’une quelconque des revendications 4 à 11, dans lequel l’intensité efficace, notée Ieff, pour polymériser
le matériau photo-polymérisable pour une unité d’exposition lumineuse pendant toute période de répétition, notée
T, illumine chaque partie de la plaque pour une quantité de temps notée ΔT, peut être déterminée par la relation
approximative : 

où τ est une propriété de la plaque d’impression avec le matériau photo-polymérisable dessus, de sorte que pour
T significativement inférieur à T, Ieff ≈ (ΔT/T)I0.

13. Procédé selon l’une quelconque des revendications 4 à 12, dans lequel l’unité d’exposition lumineuse comporte
plusieurs LED et leur alimentation électrique, ou comporte plusieurs lampes à arc, ou comporte plusieurs lampes
à fluorescence.

14. Procédé selon l’une quelconque des revendications 4 à 13, dans lequel l’unité d’exposition lumineuse inclut :

un tunnel lumineux constitué de parois réfléchissantes et ayant une section polygonale, comme un kaléidoscope,
chaque paroi ayant une surface interne réfléchissante ; et
une source lumineuse situé à ou près d’une extrémité, appelée l’extrémité source du tunnel lumineux, et conçue
pour produire des radiations lumineuses à l’intérieur du tunnel lumineux vers l’autre extrémité du tunnel, appelée
l’extrémité côté plaque du tunnel lumineux, y compris vers les surfaces réfléchissantes internes des parois.

15. Plaque d’impression constituée ou comportant un matériau photo-polymérisable dessus, préparée et polymérisée
selon un procédé selon l’une quelconque des revendications précédentes.
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