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Description

[0001] The present disclosure is related to marking and
printing methods and systems, and more specifically to
methods and systems for variably marking or printing
multi-component (e.g., multi-color) data using marking
or printing materials such as UV lithographic and offset
inks.
[0002] Offset lithography is a common method of print-
ing today. (For the purposes hereof, the terms "printing"
and "marking" are interchangeable.) In a typical litho-
graphic process a printing plate, which may be a flat plate,
the surface of a cylinder, or belt, etc., is formed to have
"image regions" formed of hydrophobic and oleophilic
material, and "non-image regions" formed of a hy-
drophilic material. The image regions are regions corre-
sponding to the areas on the final print (i.e., the target
substrate) that are occupied by a printing or marking ma-
terial such as ink, whereas the non-image regions are
the regions corresponding to the areas on the final print
that are not occupied by said marking material. The hy-
drophilic regions accept and are readily wetted by a wa-
ter-based fluid, commonly referred to as a fountain solu-
tion (typically consisting of water and a small amount of
alcohol as well as other additives and/or surfactants to
reduce surface tension). The hydrophobic regions repel
fountain solution and accept ink, whereas the fountain
solution formed over the hydrophilic regions forms a fluid
"release layer" for rejecting ink. Therefore the hydrophilic
regions of the printing plate correspond to unprinted ar-
eas, or "non-image areas", of the final print.
[0003] The ink may be transferred directly to a sub-
strate, such as paper, or may be applied to an interme-
diate surface, such as an offset (or blanket) cylinder in
an offset printing system. The offset cylinder is covered
with a conformable coating or sleeve with a surface that
can conform to the texture of the substrate, which may
have surface peak-to-valley depth somewhat greater
than the surface peak-to-valley depth of the imaging
plate. Also, the surface roughness of the offset blanket
cylinder helps to deliver a more uniform layer of printing
material to the substrate free of defects such as mottle.
Sufficient pressure is used to transfer the image from the
offset cylinder to the substrate. Pinching the substrate
between the offset cylinder and an impression cylinder
provides this pressure.
[0004] In one variation, referred to as dry or waterless
lithography or driography, the plate cylinder is coated with
a silicone rubber that is oleophobic and patterned to form
the negative of the printed image. A printing material is
applied directly to the plate cylinder, without first applying
any fountain solution as in the case of the conventional
or "wet" lithography process described earlier. The print-
ing material includes ink that may or may not have some
volatile solvent additives. The ink is preferentially depos-
ited on the imaging regions to form a latent image. If
solvent additives are used in the ink formulation, they
preferentially diffuse towards the surface of the silicone

rubber, thus forming a release layer that rejects the print-
ing material. The low surface energy of the silicone rubber
adds to the rejection of the printing material. The latent
image may again be transferred to a substrate, or to an
offset cylinder and thereafter to a substrate, as described
above.
[0005] The above-described lithographic and offset
printing techniques utilize plates which are permanently
patterned, and are therefore useful only when printing a
large number of copies of the same image (long print
runs), such as magazines, newspapers, and the like.
However, they do not permit creating and printing a new
pattern from one page to the next without removing and
replacing the print cylinder and/or the imaging plate (i.e.,
the technique cannot accommodate true high speed var-
iable data printing wherein the image changes from im-
pression to impression, for example, as in the case of
digital printing systems). Furthermore, the cost of the per-
manently patterned imaging plates or cylinders is amor-
tized over the number of copies. The cost per printed
copy is therefore higher for shorter print runs of the same
image than for longer print runs of the same image, as
opposed to prints from digital printing systems.
[0006] Lithography and the so-called waterless proc-
ess provide very high quality printing, in part due to the
quality and color gamut of the inks used. Furthermore,
these inks - which typically have a very high color pigment
content (typically in the range of 20-70% by weight) - are
very low cost compared to toners and many other types
of marking materials. Thus, while there is a desire to use
the lithographic and offset inks for printing in order to take
advantage of the high quality and low cost, there is also
a desire to print variable data from page to page. Here-
tofore, there have been a number of hurdles to providing
variable data printing using these inks. Furthermore,
there is a desire to reduce the cost per copy for shorter
print runs of the same image. Ideally, the desire is to incur
the same low cost per copy of a long offset or lithographic
print run (e.g., more than 100,000 copies), for medium
print run (e.g., on the order of 10,000 copies), and short
print runs (e.g., on the order of 1,000 copies), ultimately
down to a print run length of 1 copy (i.e., true variable
data printing).
[0007] One problem encountered is that offset inks
have too high a viscosity (often well above 50,000 cps)
to be useful in nozzle-based inkjet systems. In addition,
because of their tacky nature, offset inks have very high
surface adhesion forces relative to electrostatic forces
and are therefore almost impossible to manipulate onto
or off of a surface using electrostatics. (This is in contrast
to dry or liquid toner particles used in xerographic/elec-
trographic systems, which have low surface adhesion
forces due to their particle shape and the use of tailored
surface chemistry and special surface additives.)
[0008] Efforts have been made to create lithographic
and offset printing systems for variable data in the past.
One example is disclosed in U.S. Patent 3,800,699, in
which an intense energy source such as a laser to pat-
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tern-wise evaporate a fountain solution.
[0009] In another example disclosed in U.S. Patent
7,191,705, a hydrophilic coating is applied to an imaging
belt. A laser selectively heats and evaporates or decom-
poses regions of the hydrophilic coating. Next a water
based fountain solution is applied to these hydrophilic
regions rendering them oleophobic. Ink is then applied
and selectively transfers onto the plate only in the areas
not covered by fountain solution, creating an inked pat-
tern that can be transferred to a substrate. Once trans-
ferred, the belt is cleaned, a new hydrophilic coating and
fountain solution are deposited, and the patterning, ink-
ing, and printing steps are repeated, for example for print-
ing the next batch of images.
[0010] In yet another example, a rewritable surface is
utilized that can switch from hydrophilic to hydrophobic
states with the application of thermal, electrical, or optical
energy. Examples of these surfaces include so called
switchable polymers and metal oxides such as ZnO2 and
TiO2. After changing the surface state, fountain solution
selectively wets the hydrophilic areas of the programma-
ble surface and therefore rejects the application of ink to
these areas.
[0011] US2005/0155503 provides a sheet-fed offset
rotary printing press intended to improve printing quality.
A sheet-fed offset rotary printing press includes one plate
cylinder, one blanket cylinder with the same size as that
of the plate cylinder, one impression cylinder, one plate
making device, four inking devices, four roller throw-
on/throw-off devices, and a cylinder throw-on/throw-off
device.
[0012] US2004/0182270 discloses a method and sys-
tem to generate a print image on a carrier material, the
surface of a print substrate being covered with at least
one of an ink-repelling and an ink-attracting layer. In a
structuring process, ink-attracting regions and ink-repel-
ling regions are generated corresponding to a structure
of the print image to be printed. An ink-attracting carrier
substance is applied which can be an ink or other carrier
substance on the print substrate surface that adheres to
the ink-attracting regions and is not accepted by the ink-
repelling regions. The carrier substance is fixed and sub-
sequently the fixed carrier substance is inked with ink at
least once. The applied ink is transferred to the carrier
material. Before a new structuring process, the print sub-
strate surface is cleaned and newly covered.
[0013] US6341559 discloses a process for a printing
form for wet offset printing. A printing style is formed on
an ink-transferring surface of the printing form by inform-
ing ink-absorbing and ink-repelling areas. The areas of
the moistened surface that are to be made into the ink-
absorbing areas are dried in a specific manner, and a
material that absorbs printing ink is uniformly applied to
the ink-transferring surface with the still dry areas.
[0014] There remain a number of problems associated
with these techniques. One limitation not otherwise ad-
equately addressed in known systems for variable data
lithography is that most such systems are able to produce

only monochrome images. To the extent that any such
system provides multicolor printing, it does so with mul-
tiple complete printing engines, one for each color, in a
multiple impression process. Multiple color printing is
highly desired, and for a number reasons including cost,
complexity, servicing, size, energy consumption, and so
on, a multiple print engine system is less than optimal.
[0015] Accordingly, the present disclosure is directed
to systems and methods for providing variable data lith-
ographic and offset lithographic printing, which address
the shortcomings identified above - as well as others as
will become apparent from this disclosure. According to
one aspect of the invention, a variable data lithography
system is provided as described in claim 1. The present
disclosure concerns various embodiments of a multiple
color variable imaging lithographic marking system
based upon variable patterning of dampening solutions
and related methods.
[0016] In such a system, an imaging member, such as
a drum, plate, belt, web, etc. is provided with a reimage-
able layer. This layer has specific properties such as com-
position, surface profile, and so on so as to be well suited
for receipt and carrying a layer of a dampening fluid from
a dampening fluid subsystem. An optical patterning sub-
system such as a scanned, modulated laser patterns the
dampening fluid layer, again with the characteristics of
the reimageable layer chosen to facilitate this patterning.
Ink is then applied at an inking subsystem such that it
selectively resides in voids formed by the patterning sub-
system in the dampening fluid layer to thereby form an
inked latent image. The inked latent image is then trans-
ferred to a substrate, and the reimageable surface
cleaned so that the process may be repeated. High
speed, variable marking is thereby provided.
[0017] According to an aspect of the present disclo-
sure, multiple inking subsystems are provided, each with
different color ink. Each inking subsystem moves inde-
pendently into and out of engagement with (i.e., proxi-
mate) the reimageable surface layer of the imaging mem-
ber. The patterning subsystem creates a first pattern in
dampening fluid, and the first inking subsystem engages
with the reimageable surface to create a first color inked
latent image, as described. This first color inked latent
image is transferred to a substrate, for example at a trans-
fer nip, and the reimageable surface layer of the imaging
member cleaned. A second pattern is created in damp-
ening fluid, the first inking subsystem disengages with
the reimageable surface, and the second inking subsys-
tem engages with the reimageable surface to create a
second color inked latent image, as described. The sub-
strate then makes another pass through the transfer nip
so as to receive the second color inked latent image over
the first. In a typical 4-color process, this pattern-engage-
ink-print sequence may be repeated 4 times, once for
each color. Indeed, it may be repeated more often if dif-
ferent color systems are used or different printing effects
are desired.
[0018] According to another aspect of the disclosure,
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after transferring the first color inked latent image to the
substrate, the image may be partially cured on the sub-
strate to reduce smear, color transfer from the substrate
back to the imagining member, and as subsequent color
layers are added thereto. The partial cure may be from
the back or front (or both) of the substrate, and be by way
of UV exposure, heat, or other method appropriate to the
particular ink and substrate being used. In one embodi-
ment, the substrate is in the form of a sheet, such as
paper, which is carried on a single drum from first to last
pass. In other embodiments, other substrate handling
mechanisms are employed.
[0019] According to still another aspect of the disclo-
sure, a reimageable portion of one or more imaging mem-
bers is provided. In one embodiment, the reimageable
portion comprises a reimageable surface, for example
composed of the class of materials commonly referred
to as silicone (e.g., polydimethylsiloxane). The reimage-
able portion may contain or be formed over a structural
material such as a cotton-weave core or other suitable
material of sufficient tensile strength, or may be formed
over a mounting layer composed of a suitable material
such as a thin sheet of metal or cotton-weave backing or
other suitable material of sufficient tensile strength. While
it may be desirable for the reimageable surface layer to
be relatively thin, from the point of view of material costs,
etc., it is understood that thickness may be selected to
improve other aspects of consideration such as perform-
ance, lifetime, and manufacturability. The reimageable
portion may further comprise additional layers below the
reimageable surface layer and either above or below
structural mounting layer. Silicone is a preferred outer
layer material because of its low surface energy (i.e., low
"stickiness") which enhances release of the marking ma-
terial, as will be described in further detail later on in this
document. It is noted that the outer reimageable surface
material may also be made from materials other than
those primarily composed of silicone, which provide suit-
able low adhesion energy. Other examples of such ma-
terials include some types of hydrofluorocarbon com-
pounds (e.g., Teflon, Viton, etc.) with long polymer chains
of (-CF3) groups and fluorinated silicone hybrid com-
pounds. It is known that surface materials that display a
much larger receding to advancing wetting contact angle
generally also display low adhesion energies to viscoe-
lastic marking ink materials, and are therefore suitable
materials for an outer layer. It is understood that the
above-mentioned specific materials are representative
examples only, and these examples should not be inter-
preted as limiting the scope of this invention to a specific
class of materials.
[0020] According to another embodiment of this aspect
of the disclosure, the reimageable surface layer or any
of the underlying layers of the reimageable
plate/belt/drum, etc. may incorporate a radiation sensi-
tive filler material that can absorb laser energy or other
highly directed energy in an efficient manner. Examples
of suitable radiation sensitive materials are, for example,

microscopic (e.g., average particle size less than 10 mi-
crometers) to nanometer sized (e.g., average particle
size less than 1000 nanometers) carbon black particles,
carbon black in the form of nano particles of, single or
multi-wall nanotubes, graphene, iron oxide nano parti-
cles, nickel plated nano particles, etc., added to the pol-
ymer in at least the near-surface region. It is also possible
that no filler material is needed if the wavelength of a
laser is chosen so to match an absorption peak of the
molecules contained within the fountain solution or the
molecular chemistry of the outer surface layer. As an
example, a 2.94 mm wavelength laser would be readily
absorbed due to the intrinsic absorption peak of water
molecules at this wavelength.
[0021] Further according to this aspect, multiple print
stages are provided, each printing a separate color. Each
print stage may comprise its own imaging member with
reimageable surface, dampening fluid subsystem, pat-
terning subsystem, inking subsystem, partial curing sub-
system, transfer nip, and cleaning subsystem. Alterna-
tively, two or more of the multiple stages may share one
or more of these subsystems. In a direct marking tandem
embodiment, each imaging member sequentially trans-
fers an inked color latent image to a substrate. In a central
impression embodiment, each imaging member sequen-
tially transfers an inked color latent image to a central
impression drum, which then transfers the color compos-
ite image to a substrate.
[0022] It is understood that for the purposes of this in-
vention, the terms "optical wavelengths" or "radiation" or
"light" may refer to wavelengths of electromagnetic radi-
ation appropriate for use in the system to accomplish
patterning of the dampening solution, whether or not
these electromagnetic wavelengths are normally visible
to the unaided human eye, including, but not limited to,
visible light, ultraviolet (UV), and infrared (IR) wave-
lengths, micro-wave radiation, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the drawings appended hereto like reference
numerals denote like elements between the various
drawings. While illustrative, the drawings are not drawn
to scale. In the drawings:

Fig. 1 is a side view of a system for multi-component
variable lithography according to an embodiment of
the present disclosure.
Figs. 2A and 2B are cut-away side views of a reim-
aging portion of an imaging drum, plate or belt, with-
out and with an intermediate layer, respectively, ac-
cording to an embodiment of the present disclosure
in which absorptive particulates are dispersed within
a reimageable surface layer.
Fig. 3 is a cut-away side view of a reimaging portion
of an imaging drum, plate or belt according to another
embodiment of the present disclosure, in which a
reimageable surface layer is tinted for optical absorp-
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tion.
Fig. 4 is a cut-away side view of a reimaging portion
of an imaging drum, plate or belt according to still
another embodiment of the present disclosure, in
which a reimageable surface layer it optically trans-
parent or translucent, and is disposed over an opti-
cally absorptive layer.
Figs. 5A and 5B are illustrations of imaging surface
texture feature spacings and feature amplitudes for
the purposes of defining RSm and Ra, respectively.
Fig. 6 is a magnified cut-away side view of the reim-
aging portion shown in Fig. 2, having a dampening
solution applied thereover and patterned by a beam
B, according to an embodiment of the present dis-
closure.
Fig. 7 is a side view of an inker subsystem having a
rotationally disposed metering (forming) roller, which
receives ink from a source roller, for selectively trans-
ferring ink to a reimageable surface, according to an
embodiment of the present disclosure.
Fig. 8 is a side view of an inker subsystem used to
apply a uniform layer of ink over a patterned layer of
dampening solution and portions of a reimageable
surface layer exposed by the patterning of the damp-
ening solution, according to an embodiment of the
present disclosure.
Fig. 9 is a side view of a system for multicolor variable
lithography according to another embodiment of the
present disclosure.
Fig. 10 is a side view of a not claimed tandem archi-
tecture system for multi-component variable lithog-
raphy.

DETAILED DESCRIPTION

[0024] With reference to Fig. 1, there is shown therein
a system 10 for multicolor variable lithography according
to one embodiment of the present disclosure. System 10
comprises an imaging member 12, in this embodiment a
drum, but may equivalently be a plate, belt, web, etc.,
surrounded by a number of subsystems described in de-
tail below. Imaging member 12 applies an ink image to
substrate 14 at nip 16 where substrate 14 is pinched be-
tween imaging member 12 and an impression roller 18.
A wide variety of types of substrates, such as paper, plas-
tic or composite sheet film, ceramic, glass, etc. may be
employed. For clarity and brevity of this explanation we
assume the substrate is paper, with the understanding
that the present disclosure is not limited to that form of
substrate. For example, other substrates may include
cardboard, corrugated packaging materials, wood, ce-
ramic tiles, fabrics (e.g., clothing, drapery, garments and
the like), transparency or plastic film, metal foils, etc. A
wide latitude of marking materials may be used including
those with pigment densities greater than 10% by weight
including but not limited to metallic inks or white inks use-
ful for packaging. For clarity and brevity of this portion of
the disclosure we generally use the term ink, which will

be understood to include the range of marking materials
such as inks, pigments, and other materials, which may
be applied by systems and methods, disclosed herein.
[0025] With reference to Fig. 2, a portion of imaging
member 12 is shown in cross-section. In one embodi-
ment, imaging member 12 comprises a thin reimageable
surface layer 20 formed over a structural mounting layer
22 (for example metal, ceramic, plastic, etc.), which to-
gether forms a reimaging portion 24 that forms a rewrite-
able printing blanket. Reimaging portion 24 may further
comprise additional structural layers, such as intermedi-
ate layer 21 shown in Fig. 2B, below reimageable surface
layer 20 and either above or below structural mounting
layer 22. Intermediate layer 21 may be electrically insu-
lating (or conducting), thermally insulating (or conduct-
ing), have variable compressibility and durometer, and
so forth. In one embodiment, intermediate layer 21 is
composed of closed cell polymer foamed sheets and wo-
ven mesh layers (for example, cotton) laminated together
with very thin layers of adhesive. Typically, blankets are
optimized in terms of compressibility and durometer us-
ing a 3-4 ply layer system that is between 1-3 mm thick
with a thin top surface layer 20 designed to have opti-
mized roughness and surface energy properties. Reim-
aging portion 24 may take the form of a stand-alone drum
or web, or a flat blanket wrapped around a cylinder core
26. In another embodiment the reimageable portion 24
is a continuous elastic sleeve placed over cylinder core
26. Flat plate, belt, web and other arrangements (which
may or may not be supported by an underlying drum con-
figuration) are also within the scope of the present dis-
closure. For the purposes of the following discussion, it
will be assumed that reimageable portion 24 is carried
by cylinder core 26, although it will be understood that
many different arrangements, as discussed above, are
contemplated by the present disclosure.
[0026] Reimageable surface layer 20 consists of a pol-
ymer such as polydimethylsiloxane (PDMS, or more
commonly called silicone) for example with a wear re-
sistant filler material such as silica to help strengthen the
silicone and optimize its durometer, and may contain cat-
alyst particles that help to cure and cross link the silicone
material. Alternatively, silicone moisture cure (aka tin
cure) silicone as opposed to catalyst cure (aka platinum
cure) silicone may be used. Returning to Fig. 2A, reim-
ageable surface layer 20 may optionally contain a small
percentage of radiation sensitive particulate material 27
dispersed therein that can absorb laser energy highly
efficiently. In one embodiment, radiation sensitivity may
be obtained by mixing a small percentage of carbon
black, for example in the form of microscopic (e.g., of
average particle size less than 10 mm) or nanoscopic
particles (e.g., of average particle size less than 1000
nm) or nanotubes, into the polymer. Other radiation sen-
sitive materials that can be disposed in the silicone in-
clude graphene, iron oxide nano particles, nickel-plated
nano particles, etc.
[0027] Alternatively, reimageable surface layer 20 may
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be tinted or otherwise treated to be uniformly radiation
sensitive, as shown in Fig. 3. Still further, reimageable
surface layer 20 may be essentially transparent to optical
energy from a source, described further below, and the
structural mounting layer or layers 22 may be absorptive
of that optical energy (e.g., layer 22 comprises a compo-
nent that is at least partially absorptive), as illustrated in
Fig. 4.
[0028] Reimageable surface layer 20 should have a
weak adhesion force to the ink at the interface yet good
oleophilic wetting properties with the ink, to promote uni-
form (free of pinholes, beads or other defects) inking of
the reimageable surface and to promote the subsequent
forward transfer lift off of the ink onto the substrate. Sili-
cone is one material having this property. Other materials
providing this property may alternatively be employed,
such as certain blends of polyurethanes, fluorocarbons,
etc. In terms of providing adequate wetting of dampening
solutions (such as water-based fountain fluid), the sili-
cone surface need not be hydrophilic but in fact may be
hydrophobic because wetting surfactants, such as sili-
cone glycol copolymers, may be added to the dampening
solution to allow the dampening solution to wet the sili-
cone surface.
[0029] It will therefore be understood that while a wa-
ter-based solution is one embodiment of a dampening
solution that may be employed in the embodiments of
the present disclosure, other non-aqueous dampening
solutions with low surface tension, that are oleophobic,
are vaporizable, decomposable, or otherwise selectively
removable, etc. may be employed. One such class of
fluids is the class of HydroFluoroEthers (HFE), such as
the Novec brand Engineered Fluids manufactured by 3M
of St. Paul, Minnesota. These fluids have the following
beneficial properties in light of the current disclosure: (1)
much lower heat of vaporization than water, which trans-
lates into lower laser power required for a given print
speed, or higher print speed for a given laser power, when
an optical laser is used to selectively vaporize the damp-
ening solution to form the latent image; (2) lower heat
capacity, which translates into the same benefits; (3) they
leave substantially no solid residue after evaporation,
which can translate into relaxed cleaning requirements
and/or improved long-term stability; (4) vapor pressure
and boiling point can be engineered, which can translate
into an improved robustness of a spatially selective
forced evaporation process; (5) they have a low surface
energy, as required for proper wetting of the imaging
member; and, (6) they are benign in terms of the envi-
ronment and toxicity. Additional additives may be provide
to control the electrical conductivity of the dampening
solution. Other suitable alternatives include fluorinerts
and other fluids known in the art, that have all or a majority
of the above properties. It is also understood that these
types of fluids may not only be used in their undiluted
form, but as a constituent in an aqueous non-aqueous
solution or emulsion as well.
[0030] In addition, the surface energy of silicone may

be optimized to provide good wetting properties by con-
trolling and specifying precise amounts of filler nano par-
ticles in the silicone as well as the exact chemistry of the
silicone material, which can be composed of different dis-
tributions of polymer chain lengths and end group cap-
ping chemistries. For example, it has been found that
single component moisture cure silicones that are tin cat-
alyzed with low concentrations of silica filler have disper-
sive surface energies between 24-26 dynes/cm. Certain
additives may also be added to the marking material in
order to dramatically reduce the surface tension of the
marking material and improve its surface wetting prop-
erties to the silicone. These additives could include, for
example, leveling agents based on known copolymer
fluoro or silicone chemistries that also incorporate other
polymer groups for easy dispersion and curing. For ex-
ample, leveling agents that can reduce ink surface ten-
sion to 21 dynes/cm.
[0031] If silicone is used as the reimageable surface
layer 20, other particles 27 may also be embedded within
layer 20 to help catalyze the curing and cross linking of
the silicone.
[0032] According to one embodiment, reimageable
surface layer 20 has roughness on the order of the de-
sired dampening solution layer thickness to better trap
the dampening solution and prevents its spreading be-
yond the desired non-imaging region boundaries. For ex-
ample, reimageable surface layer 20 may have meas-
ured surface roughness characteristics RSm and Ra de-
fined as: 

and 

with reference to Figs. 5A and 5B wherein RSm is defined
as the mean value of the profile element width X(s) within
a sample length L and Ra is related to averaged peak to
average baseline measurements over a sample length
L. Thus, RSm is characteristic of the peak-to-peak spac-
ing and Ra is characteristic of the peak height. Such def-
initions can be extended over two dimensions by using
a characteristic sampling area A with dimensions A∼L2.
[0033] It is desirable that the peaks and valleys are
somewhat randomly distributed to reduce the possibility
of Moiré interference with a linescreen pattern. In addi-
tion, it is desirable that the spatial distance between the
peaks is somewhat less than the smallest line screen dot
size, for example less than 10 mm. This roughness helps
the surface to easily retain dampening solution while
eliminating Moiré effects and acts to improve inking uni-
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formity and transfer, as described further below. In one
embodiment RSm is less than about 20 mm and the Ra
is less than about 4.0 mm, and in a more specific embod-
iment, RSm is less than 10 mm and the Ra is between
0.1 mm and 4.0 mm.
[0034] In addition, the reimageable surface layer 20
must be wear resistant and capable of some flexibility
(even under tension) in order to transfer ink off of its sur-
face onto porous or rough paper media uniformly. The
reimageable surface layer 20 may be made thick enough
to achieve an appropriate elasticity and durometer and
sufficient flexibility necessary for coating ink over differ-
ent media types with different levels of roughness. Of
course, systems may be designed for printing to a specific
media type, obviating the need to accommodate a variety
of media types. In one embodiment the thickness of the
silicone layer forming reimageable surface layer 20 is in
the range of 0.5 mm to 4 mm.
[0035] Finally, reimageable surface layer 20 must fa-
cilitate the flow of ink onto its surface with uniformity and
without beading or dewetting. Various materials such as
silicone can be manufactured or textured to have a range
of surface energies, and such energies can be tailored
with additives. Reimageable surface layer 20, while nom-
inally having a low value of dynamic chemical adhesion,
may have a sufficient surface energy in order to promote
efficient ink wetting/affinity without ink dewetting or bead-
ing.
[0036] Returning to Fig. 1, disposed at a first location
around imaging member 12 is dampening solution sub-
system 30. Dampening solution subsystem 30 generally
comprises a series of rollers (referred to as a dampening
unit) for uniformly wetting the surface of reimageable sur-
face layer 20. It is well known that many different types
and configurations of dampening units exist. The purpose
of the dampening unit is to deliver a layer of dampening
solution 32 having a uniform and controllable thickness.
In one embodiment this layer is in the range of 0.2 mm
to 1.0 mm, and very uniform without pinholes. The damp-
ening solution 32 may be composed mainly of water, op-
tionally with small amounts of isopropyl alcohol or ethanol
added to reduce its natural surface tension as well as
lower the evaporation energy necessary for subsequent
laser patterning. In addition, a suitable surfactant is ide-
ally added in a small percentage by weight, which pro-
motes a high amount of wetting to the reimageable sur-
face layer 20. In one embodiment, this surfactant consists
of silicone glycol copolymer families such as trisiloxane
copolyol or dimethicone copolyol compounds which
readily promote even spreading and surface tensions be-
low 22 dynes/cm at a small percentage addition by
weight. Other fluorosurfactants are also possible surface
tension reducers. Optionally dampening solution 32 may
contain a radiation sensitive dye to partially absorb laser
energy in the process of patterning, described further be-
low.
[0037] In addition to or in substitution for chemical
methods, physical/electrical methods may be used to fa-

cilitate the wetting of dampening solution 32 over the re-
imageable surface layer 20. In one example, electrostatic
assist operates by way of the application of a high electric
field between the dampening roller and reimageable sur-
face layer 20 to attract a uniform film of dampening so-
lution 32 onto reimageable surface layer 20. The field
can be created by applying a voltage between the damp-
ening roller and the reimageable surface layer 20 or by
depositing a transient but sufficiently persisting charge
on the reimageable surface layer 20 itself. The dampen-
ing solution 32 may be electronically conductive. There-
fore, in this embodiment an insulating layer (not shown)
may be added to the dampening roller and/or under re-
imageable surface layer 20. Using electrostatic assist, it
may be possible to reduce or eliminate the surfactant
from the dampening solution.
[0038] Following metering of dampening solution 32
onto reimageable surface layer 20 by dampening solution
subsystem 30, the thickness of the metered dampening
solution may be measured using a sensor 34 such as an
in-situ non-contact laser gloss sensor or laser contrast
sensor, such as those sold by Wenglor Sensors (Bea-
vercreek, OH). Such a sensor can be used to automate
the controls of dampening solution subsystem 30.
[0039] After applying a precise and uniform amount of
dampening solution, in one embodiment an optical pat-
terning subsystem 36 is used to selectively form a latent
image in the dampening solution by image-wise evapo-
rating the dampening solution layer using laser energy,
for example. It should be noted here that the reimageable
surface layer 20 should ideally absorb most of the energy
as close to an upper surface 28 (Fig. 2) as possible, to
minimize any energy wasted in heating the dampening
solution and to minimize lateral spreading of the heat so
as to maintain high spatial resolution capability. Alterna-
tively, it may also be preferable to absorb most of the
incident radiant (e.g., laser) energy within the dampening
solution layer itself, for example, by including an appro-
priate radiation sensitive component within the dampen-
ing solution that is at least partially absorptive in the wave-
lengths of incident radiation, or alternatively by choosing
a radiation source of the appropriate wavelength that is
readily absorbed by the dampening solution (e.g., water
has a peak absorption band near 2.94 micrometer wave-
length).
[0040] It will be understood that a variety of different
systems and methods for delivering energy to pattern the
dampening solution over the reimageable surface may
be employed with the various system components dis-
closed and claimed herein. However, the particular pat-
terning system and method do not limit the present dis-
closure.
[0041] With reference to Fig. 6, which is a magnified
view of a region of reimageable portion 24 having a layer
of dampening solution 32 applied over reimageable sur-
face layer 20, the application of optical patterning energy
(e.g., beam B) from optical patterning subsystem 36 re-
sults in selective evaporation of portions the layer of
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dampening solution 32. Evaporated dampening solution
becomes part of the ambient atmosphere surrounding
system 10. This produces a pattern of dampening solu-
tion regions 38 and ink receiving voids 40 over reimage-
able surface layer 20. Relative motion between imaging
member 12 and optical patterning subsystem 36, for ex-
ample in the direction of arrow A, permits a process-di-
rection patterning of the layer of dampening solution 32.
[0042] Returning to Fig. 1, following patterning of the
dampening solution layer 32, one of a series of inker sub-
systems 46a, 46b, 46c, 46d is used to apply a uniform
layer 48 of ink, shown in Fig. 6, over the layer of damp-
ening solution 32 and reimageable surface layer 20. It
will be understood that marking materials beyond inks
(such as non-aqueous marking material, finishing mate-
rials, surface treatments, etc.), whether visible or non-
visible, may be utilized in the embodiments disclosed
herein. Thus, while "marking material applicator" may be
more general and comprehensive the term "inker" sub-
system is employed in the following descriptions for ease
of reference. Four inker subsystems are shown in Fig. 1,
each corresponding with a color component such as cy-
an, magenta, yellow, and black of a color system. Alter-
natively, system 10 may comprise additional or fewer ink-
er subsystems as may be appropriate for alternative color
systems, printing effects, and so. Incorporation of such
additional, or fewer, inker subsystems will be readily un-
derstood by one skilled in the art from the present dis-
closure. While for the purposes of this example each inker
subsystem is assumed to deposit different color ink, in
variations contemplated hereby each inker subsystem
may deposit a marking material that may differ in other
than (just) color. For example, as between two such inker
subsystems, one may deposit a flat finish of a color while
the other may deposit a reflective finish of that same color
(possibly in a different pattern as between the two). One
may deposit standard ink, while the second deposits
magnetically readable ink. One may again deposit stand-
ard ink, while the second deposits a uniform surface finish
coat, etc. Therefore, the actual material deposited does
not per se limit the scope of the methods and systems
disclosed and claimed herein.
[0043] Optionally, an air knife 44 may be directed to-
wards reimageable surface layer 20. Air knife 44 may
control airflow over the surface layer before the inking
subsystems for the purpose of maintaining clean dry air
supply, a controlled air temperature and reducing dust
contamination.
[0044] Each inker subsystem 46a, 46b, 46c, 46d may
consist of a "keyless" system using an anilox roller to
meter an offset ink onto one or more forming rollers. Al-
ternatively, each inker subsystem 46a, 46b, 46c, 46d may
consist of more traditional elements with a series of form
rollers that use electromechanical keys to determine the
precise feed rate of the ink. The general aspects of inker
subsystem architecture will depend on the application of
the present disclosure, and will be well understood by
one skilled in the art.

[0045] Each inker subsystem 46a, 46b, 46c, 46d may
be actuated to engage with or disengage from reimage-
able surface 20. By engage, it is meant that the inker
subsystem, or a component thereof, is positioned prox-
imate the reimageable surface such that material carried
thereby is permitted to be transferred onto the reimage-
able surface. This may or may not mean physical contact
between the two, depending on many factors. Similarly,
disengagement is meant the positioning of the inker sub-
system, or a component thereof, such that material car-
ried thereby cannot readily transfer therefrom to the re-
imageable surface. In the embodiment illustrated in Fig.
1, each inker subsystem may translate on a track or ar-
mature generally radially with regard to imaging member
12. Many other embodiments are within the scope of the
present disclosure for engaging and disengaging the ink-
er subsystems with reimageable surface 20. One such
alternative embodiment 50 is illustrated in Fig. 8. Embod-
iment 50 comprises an inking subsystem 52 including a
rotationally disposed metering (forming) roller 54, which
receives ink from anilox roller 56, and which selectively
transfers ink to reimageable surface 20 of imaging mem-
ber 12. Form roller 54 rotates around a central axis that,
in a first position 54a, is such that the surface of form
roller 54 is not engaged with reimageable surface 20.
The center of rotation of form roller 54 may be translated
to a second position 54b, such as rotating around a center
56a of anilox roller 56, such that the surface of form roller
54 is engaged with reimageable surface 20. In this way,
ink from a reservoir 58 is applied to reimageable surface
20 when form roller 54 is engaged with reimageable sur-
face 20, and is not applied to reimageable surface 20
when form roller 54 is disengaged from reimageable sur-
face 20.
[0046] Returning to Fig. 6, in order for ink from inker
subsystem 46 to initially wet over the reimageable sur-
face layer 20, the ink must have low enough cohesive
energy to split onto the exposed portions of the reimage-
able surface layer 20 (ink receiving dampening solution
voids 40) and also be hydrophobic enough to be rejected
at dampening solution regions 38. Since the dampening
solution is low viscosity and oleophobic, areas covered
by dampening solution naturally reject all ink because
splitting naturally occurs in the dampening solution layer
that has very low dynamic cohesive energy. In areas with-
out dampening solution, if the cohesive forces between
the ink are sufficiently lower than the adhesive forces
between the ink and the reimageable surface layer 20,
the ink will split between these regions at the exit of the
forming roller nip. The ink employed should therefore
have a relatively low viscosity in order to promote better
filling of voids 40 and better adhesion to reimageable
surface layer 20. For example, if an otherwise known UV
ink is employed, and the reimageable surface layer 20
is comprised of silicone, the viscosity and viscoelasticity
of the ink will likely need to be modified slightly to lower
its cohesion and thereby be able to wet the silicone. Add-
ing a small percentage of low molecular weight monomer
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or using a lower viscosity oligomer in the ink formulation
can accomplish this rheology modification. In addition,
wetting and leveling agents may be added to the ink in
order to further lower its surface tension in order to better
wet the silicone surface.
[0047] In addition to this rheological consideration, it
is also important that the ink composition maintain a hy-
drophobic character so that it is rejected by dampening
solution regions 38. This can be maintained by choosing
offset ink resins and solvents that are hydrophobic and
have non-polar chemical groups (molecules). When
dampening solution covers layer 20, the ink will then not
be able to diffuse or emulsify into the dampening solution
quickly and because the dampening solution is much low-
er viscosity than the ink, film splitting occurs entirely with-
in the dampening solution layer, thereby rejecting ink any
ink from adhering to areas on layer 20 covered with an
adequate amount of dampening solution. In general, the
dampening solution thickness covering layer 20 may be
between 0.1 mm - 4.0 mm, and in one embodiment 0.2
mm - 2.0 mm depending upon the exact nature of the
surface texture.
[0048] In certain embodiments, a metering roller 62
may be employed with a form roller 60, such as illustrated
in Fig. 7. The thickness of the ink coated on roller 60 from
a source roller 64, such as an anilox roller, and optional
roller 62 can be controlled by adjusting the feed rate of
the ink through the roller system using distribution rollers,
adjusting the pressure between feed roller, form roller
60, and form roller 62, and by using ink keys to adjust
the flow off of an ink tray. Ideally, the thickness of the ink
presented to the rollers 60, 62 should be at least twice
the final thickness desired to transfer to the reimageable
layer 20 as film splitting occurs. It is also possible to use
a keyless system which can control the overall ink film
thickness by using an anilox roller with uniformly formed
ink carrying pits and maintaining the temperature to
achieve the desired ink viscosity. Typically, the final film
thickness may be approximately 1-2 mm.
[0049] Ideally, an optimized ink system splits onto the
reimageable surface at a ratio of approximately 50:50
(i.e., 50% remains on the ink forming rollers and 50% is
transferred to the reimageable surface at each pass).
However, other splitting ratios may be acceptable as long
as the splitting ratio is well controlled. For example, for
70:30 splitting, the ink layer over reimageable surface
layer 20 is 30% of its nominal thickness when it is present
on the outer surface of the forming rollers. It is well known
that reducing an ink layer thickness reduces its ability to
further split. This reduction in thickness helps the ink to
come off from the reimageable surface very cleanly with
residual background ink left behind. However, the cohe-
sive strength or internal tack of the ink also plays an im-
portant role.
[0050] Returning to Fig. 1, a first inker subsystem, such
as subsystem 46a, is engaged with reimageable surface
20 such that ink of a first color provided by that inker
subsystem is applied to the reimageable surface in re-

gions of voids in the dampening fluid layer provided ther-
eover and thereby form an inked latent image of the first
color. The inked latent image of the first color is next
transferred to substrate 14 such as by passing substrate
14 through nip 16 between imaging member 12 and im-
pression roller 18. Adequate pressure is applied between
imaging member 12 and impression roller 18 such that
the ink within voids 40 (Fig. 8) is brought into physical
contact with substrate 14. Adhesion of the ink to substrate
14 and strong internal cohesion cause the ink to separate
from reimageable surface layer 20 and adhere to sub-
strate 14. Impression roller or other elements of nip 16
may be cooled to further enhance the transfer of the inked
latent image to substrate 14. Indeed, substrate 14 itself
may be maintained at a relatively colder temperature than
the ink on imaging member 12, or locally cooled, to assist
in the ink transfer process. The ink can be transferred off
of reimageable surface layer 20 with greater than 95%
efficiency as measured by mass, and can exceed 99%
efficiency with system optimization.
[0051] Substrate 14 may be maintained within the sys-
tem in a position such that it may readily be reintroduced
to nip 16 for successive passes, each layering a color
latent ink image thereon. More specifically, any residual
ink and residual dampening solution remaining on reim-
ageable surface 20 after nip 16 must be removed, pref-
erably without scraping or wearing that surface. Much of
the dampening solution can be easily and quickly re-
moved using an air knife 70 with sufficient airflow. Re-
moval of remaining ink is accomplished at cleaning sub-
system 72. The application of dampening fluid and pat-
terning of the dampening fluid, as previously described
is repeated. A new pattern is thereby formed in the damp-
ening fluid layer. Inker subsystem 46a is disengaged from
reimageable surface 20, and inker subsystem 46b moved
to engage reimageable surface 20. A second color ink
may thereby be applied to the patterned dampening fluid
layer over reimageable surface 20 to form a latent ink
image of the second color. This latent ink image of the
second color is transferred to substrate 14 such as by
passing substrate 14 through nip 16 between imaging
member 12 and impression roller 18. One of a variety of
methods for registration of substrate 14 for receipt of the
latent ink image of the second color, description of which
being beyond the scope of the present disclosure, is em-
ployed to ensure the registration of the two latent images.
This process is similarly repeated for inker subsystems
46c and 46d.
[0052] To assist in preventing smearing, color contam-
ination, color transfer from the substrate back to the im-
agining member, and so on, following transfer of one
inked color latent image to the substrate, the image may
be partially cured. The partial cure may be from the back
or front (or both) of the substrate, and be by way of UV
exposure, heat, or other source 74 appropriate to the
particular ink and substrate being used. In addition, the
ink may be partially cured on reimageable surface 20
prior to transfer to substrate 14, such as by a UV, heat,
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or other source 76.
[0053] In an exemplary embodiment, substrate 14 is
retained on the surface of impression roller 18 for each
of the passes through nip 16. The rotation of imaging
member 12 and impression roller 18 are synchronized
to ensure the aforementioned registration. Substrate 14
makes up to n revolutions (n being, for example, the
number of inker subsystems) and is then removed from
the impression roller 18. According to another embodi-
ment 80 illustrated in Fig. 9, in place of imparting each
latent color image directly to substrate 14, they are suc-
cessively applied to belt 82 (a web, plate or other inter-
mediate member may similarly be employed).
[0054] Other modes of indirect transferring of the ink
pattern from an imaging member to a substrate are also
contemplated by this disclosure. For example, with ref-
erence to Fig. 9, an alternate embodiment 80 of the
present disclosure comprises a low mass, relatively flex-
ible belt or web image receiving member 82 having a
reimageable surface thereover. Similar to the embodi-
ments described above, a dampening system 84 applies
a layer of dampening fluid 86 over the surface of image
receiving member 82. One of a variety of methods and
systems may be employed to ensure that the layer of
dampening fluid is of a uniform and desired thickness.
The dampening fluid layer is patterned by a patterning
subsystem 88, for example, a scanned and modulated
laser source. A plurality of inker subsystems 90a, 90b,
90c, 90d, etc., are positioned proximate but not in a touch-
ing relationship to the reimageable surface of imaging
member 82. Imaging member 82 is relatively flexible. A
plurality of engagement mechanisms 91 a, 91 b, 91c 91
d, etc. is disposed opposite inker subsystems 90a, 90b,
90c, 90d, etc. with imaging member 82 disposed there-
between. Each engagement mechanism 91 a, 91 b, 91
c, 91 d, etc. is individually translatable so as to deflect
imaging member 82 into engagement with a correspond-
ing one of inker subsystems 90a, 90b, 90c, 90d, etc.,
which may apply ink thereto. Thus, for example, with en-
gagement mechanism 91 a deflecting imaging member
82 into engagement with inker subsystem 90a, as shown,
ink of a first color or composition may be applied to the
reimageable surface of imaging member 82. As ex-
plained above, this ink preferentially deposits in the voids
formed by patterning subsystem 88 to form an inked color
latent image on the surface of imaging member 82.
[0055] The inked color latent image is transferred to
substrate 92 such as by passing substrate 92 through
nip 94 between imaging member 82 and impression roller
96. Partial curing other aspects of image optimization
and maintaining substrate 92 in position for successive
passes for image application may be performed.
[0056] Any residual ink and residual dampening solu-
tion remaining on the reimageable surface of imaging
member 82 after nip 94 is removed using an air knife 98
in combination with a cleaning subsystem 100 (or other
suitable cleaning methods and subsystems). The appli-
cation of dampening fluid and patterning of the dampen-

ing fluid, as previously described, is repeated. A new pat-
tern is thereby formed in the dampening fluid layer. En-
gagement member 91 a is retracted, and engagement
91 b activated so as to deflect the reimageable surface
of imaging member 82 into engagement with inker sub-
system 90b. A second color ink may thereby be applied
by inker subsystem 90b to the patterned dampening fluid
layer over the reimageable surface of imaging member
82 to form a latent ink image of the second color. This
latent ink image of the second color is transferred to sub-
strate 92. This process is similarly repeated for inker sub-
systems 90c and 90d.
[0057] While the aforementioned embodiments have
primarily involved multi-pass printing according to which
colors are successively applied to a patterned interme-
diate transfer member and transferring that color pattern
to the substrate, cleaning the intermediate transfer mem-
ber, in certain embodiments it may be desirable to suc-
cessively transfer individual color images directly to a
substrate. Such may be the case, for example, where
the substrate is continuous or longer than the circumfer-
ence of the impression roller, where it is not practical to
retain a substrate and reintroduce it through a nip suc-
cessive times, etc.
[0058] With reference next to Fig. 10, a tandem archi-
tecture embodiment 110 is shown for multicolor variable
data lithography directly to a substrate. According to em-
bodiment 110, a plurality of imaging members 112a,
112b, 112c, 112d, etc., each having associated therewith
an inker subsystem 114a, 114b, 114c, 114d, etc. for ex-
ample of a different color, are arranged to engage a sub-
strate 116 traveling in proximity thereto. Essentially as
previously discussed, each imaging member 112a, 112b,
112c, 112d comprises a reimageable layer thereover for
receiving dampening fluid from a dampening fluid sub-
system 118a, 118b, 118c, 118d, etc., respectively. The
dampening fluid layer over each reimageable surface is
patterned by a patterning subsystem 120a, 120b, 120c,
120d, etc., respectively. Each of inker subsystems 114a,
114b, 114c, 114d, etc. apply a unique ink material (e.g.,
different color, different ink composition, different opac-
ity, etc.) over the patterned dampening fluid layer to form
a unique latent image over each imaging member 112a,
112b, 112c, 112d, etc. In succession, each unique latent
image is applied to substrate 116 at nips 122a, 122b,
122c, 122d, etc. Each reimageable surface may then be
cleaned at cleaning subsystem 124a, 124b, 124c, 124d,
etc. Optionally, after each imaging member 112a, 112b,
112c, 112d, etc. applies its latent image to substrate 116,
the image on substrate 116 may be at least partially cured
by curing subsystems 126a, 126b, 126c, etc. (such as
UV curing for UV-cured inks). A full UV cure (or other
material treatment) subsystem 128 may also be provided
following the last application of ink.
[0059] While in such embodiments it has been as-
sumed that each imaging member comprises a reimage-
able substrate that is provided with its own dampening
fluid layer that is patterned and inked, in certain embod-
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iments one or more of the imaging members may carry
a permanent image pattern that is inked and added to
the intermediate or final substrate together with an im-
age(s) from a reimageable surface of an imaging mem-
ber. In this way, variable and non-variable print elements
may be combined prior to or onto a substrate.
[0060] A system having a single imaging cylinder, with-
out an offset or blanket cylinder, is shown and described
herein. The reimageable surface layer is made from ma-
terial that is conformal to the roughness of print media
via a high-pressure impression cylinder, while it main-
tains good tensile strength necessary for high volume
printing. Traditionally, this is the role of the offset or blan-
ket cylinder in an offset printing system. However, requir-
ing an offset roller implies a larger system with more com-
ponent maintenance and repair/replacement issues, and
increased production cost, added energy consumption
to maintain rotational motion of the drum (or alternatively
a belt, plate or the like). Therefore, while it is contemplat-
ed by the present disclosure that an offset cylinder may
be employed in a complete printing system, such need
not be the case. Rather, the reimageable surface layer
may instead be brought directly into contact with the sub-
strate to affect a transfer of an ink image from the reim-
ageable surface layer to the substrate. Component cost,
repair/replacement cost, and operational energy require-
ments are all thereby reduced.
[0061] It should be understood that when a first layer
is referred to as being "on" or "over" a second layer or
substrate, it can be directly on the second layer or sub-
strate, or on an intervening layer or layers may be be-
tween the first layer and second layer or substrate. Fur-
ther, when a first layer is referred to as being "on" or
"over" a second layer or substrate, the first layer may
cover the entire second layer or substrate or a portion of
the second layer or substrate.
[0062] The invention described herein, when operated
according to the method described herein meets the
standard of high ink transfer efficiency, for example great-
er than 95% and in some cases greater than 99% effi-
ciency of transferring ink off of the imaging member and
onto the substrate. In addition, the disclosure teaches
combining the functions of the print cylinder with the offset
cylinder wherein the rewritable imaging surface is made
from material that can be made conformal to the rough-
ness of print media via a high pressure impression cyl-
inder while it maintains good tensile strength necessary
for high volume printing. Therefore, we disclose a system
and method having the added advantage of reducing the
number of high inertia drum components as compared
to a typical offset printing system. The disclosed system
and method may work with any number of offset ink types
but has particular utility with UV lithographic inks.
[0063] The physics of modern devices and the meth-
ods of their production are not absolutes, but rather sta-
tistical efforts to produce a desired device and/or result.
Even with the utmost of attention being paid to repeata-
bility of processes, the cleanliness of manufacturing fa-

cilities, the purity of starting and processing materials,
and so forth, variations and imperfections result. Accord-
ingly, no limitation in the description of the present dis-
closure or its claims can or should be read as absolute.
The limitations of the claims are intended to define the
boundaries of the present disclosure, up to and including
those limitations. To further highlight this, the term "sub-
stantially" may occasionally be used herein in association
with a claim limitation (although consideration for varia-
tions and imperfections is not restricted to only those lim-
itations used with that term). While as difficult to precisely
define as the limitations of the present disclosure them-
selves, we intend that this term be interpreted as "to a
large extent", "as nearly as practicable", "within technical
limitations", and the like.
[0064] Furthermore, while a plurality of preferred ex-
emplary embodiments have been presented in the fore-
going detailed description, it should be understood that
a vast number of variations exist, and these preferred
exemplary embodiments are merely representative ex-
amples, and are not intended to limit the scope, applica-
bility or configuration of the disclosure in any way. Various
of the above-disclosed and other features and functions,
or alternative thereof, may be desirably combined into
many other different systems or applications. Various
presently unforeseen or unanticipated alternatives, mod-
ifications variations, or improvements therein or thereon
may be subsequently made by those skilled in the art
which are also intended to be encompassed by the
claims, below.

Claims

1. A variable data lithography system (10) for applying
a multicomponent image to a substrate, comprising:

an imaging member (12) comprising:

an arbitrarily reimageable surface layer
(20);
a dampening solution subsystem (30) for
applying a layer of dampening solution (32)
to said arbitrarily reimageable surface layer
and wherein said arbitrarily reimageable
surface layer has roughness on the order
of the layer thickness of the dampening so-
lution;
a patterning subsystem (36) for selectively
removing portions of the dampening solu-
tion layer so as to produce a latent image
in the dampening solution;
an image transfer subsystem (16) for trans-
ferring the inked latent image to a substrate,
and;
a cleaning subsystem (72) adapted to re-
move residual marking material and resid-
ual dampening solution from the arbitrarily
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reimageable surface layer after the image
has been transferred to the substrate; char-
acterised by
a marking material subsystem, comprising:
a plurality of marking material assemblies
(46a, 46b, 46c, 46d), each for applying
marking material over the arbitrarily reim-
ageable surface layer such that said mark-
ing material selectively occupies regions of
the reimageable surface layer where damp-
ening solution was removed by the pattern-
ing subsystem to thereby produce a latent
image of said marking material;
each marking material assembly further
comprising a marking material source;
wherein each marking material assembly
further comprises a control mechanism for
selectively engaging and disengaging each
of said plurality of marking material assem-
blies with the reimageable surface layer of
said imaging member so as to produce a
multicomponent image.

2. The variable data lithography system of claim 1,
wherein each marking material assembly further
comprises
a marking material transfer subsystem for receiving
marking material from said marking material source
and applying said marking material to the arbitrarily
reimageable surface layer.

3. The variable data lithography system of claim 1 or
claim 2, wherein said control mechanism controls
the engaging and disengaging of each said marking
material assembly with said imaging member such
that only one of said marking material assemblies
are engaged with said arbitrarily reimageable sur-
face of said imaging member at any one time.

4. The variable data lithography system of claim 2 or
claim 3, wherein each said marking material transfer
subsystem comprises a marking material form roller
(54), and further wherein said control mechanism
comprises an assembly for mechanically bringing
said marking material form roller into and out of en-
gagement with said arbitrarily reimageable surface
of said imaging member.

5. The variable data lithography system of any of the
preceding claims, wherein at least one of said mark-
ing material assemblies is an inking assembly for
applying ink to said arbitrarily reimageable surface
of said imaging member.

6. The variable data lithography system of claim 5,
wherein at least two of said inking assemblies each
applies ink having different compositions, wherein
typically at least one of said marking material assem-

blies provides a non-visible material to said arbitrarily
reimageable surface of said imaging member.

7. The variable data lithography system of any of the
preceding claims, further comprising an engage-
ment mechanism disposed so as to selectively de-
flect said imaging member into engagement with
said marking material transfer subsystem so as to
cause said marking material transfer subsystem to
selectively apply said marking material to said arbi-
trarily reimageable surface of said imaging member.

8. The variable data lithographic system of any of the
preceding claims, wherein the control mechanism is
adapted to selectively engage and disengage each
of said plurality of marking material assemblies with
said arbitrarily reimageable surface layer.

9. The variable data lithography system of any of the
preceding claims, wherein the arbitrarily reimagea-
ble surface has a surface roughness Ra in the range
of 0.1 to 4.0 micrometers (mm).

10. The variable data lithography system of any of the
preceding claims, wherein the arbitrarily reimagea-
ble surface has a lateral spatial scale average dis-
tance RSm not exceeding 20 micrometers (mm).

Patentansprüche

1. Lithografiesystem (10) mit variablen Daten zum Auf-
bringen eines Mehrkomponenten-Bildes auf ein
Substrat, wobei es umfasst:

ein Bilderzeugungselement (12), das umfasst:

eine Oberflächenschicht (20), auf die belie-
big mehrfach Bilder aufgebracht werden
können;
ein Feuchtmittel-Teilsystem (30) zum Auf-
bringen einer Schicht aus Feuchtmittel (32)
auf die Oberflächenschicht, auf die beliebig
mehrfach Bilder aufgebracht werden kön-
nen,
wobei die Oberflächenschicht, auf die be-
liebig mehrfach Bilder aufgebracht werden
können, Rauigkeit in der Größenordnung
der Schichtdicke der Feuchtmittellösung
aufweist;
ein Strukturierungs-Teilsystem (36), mit
dem selektiv Abschnitte der Feuchtmittel-
Schicht entfernt werden, um ein latentes
Bild in dem Feuchtmittel zu erzeugen;
ein Bildübertragungs-Teilsystem (16) zum
Übertragen des mit Druckfarbe versehenen
latenten Bildes auf ein Substrat, und
ein Reinigungs-Teilsystem (72), das zum
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Entfernen von Rest-Zeichenerzeugungs-
material und Rest-Feuchtmittel von der
Oberflächenschicht, auf die beliebig mehr-
fach Bilder aufgebracht werden können,
nach Übertragen des Bildes auf das Subst-
rat eingerichtet ist, gekennzeichnet durch
ein Zeichenerzeugungsmaterial-Teilsys-
tem, das umfasst:

eine Vielzahl von Zeichenerzeugungs-
material-Anordnungen (46a, 46b, 46c,
46d), die jeweils dazu dienen, Zeichen-
erzeugungsmaterial über der Oberflä-
chenschicht, auf die beliebig mehrfach
Bilder aufgebracht werden können, so
dass das Zeichenerzeugungsmaterial
selektiv Bereiche der Oberflächen-
schicht, auf die mehrfach Bilder aufge-
bracht werden können, einnimmt, in de-
nen Feuchtmittel durch das Strukturie-
rungs-Teilsystem entfernt wurde, um
so ein latentes Bild aus dem Zeichen-
erzeugungsmaterial zu erzeugen;
wobei jede Zeichenerzeugungsmateri-
al-Anordnung des Weiteren eine Zei-
chenerzeugungsmaterial-Quelle um-
fasst und
jede Zeichenerzeugungsmaterial-An-
ordnung des Weiteren einen Steuer-
mechanismus umfasst, mit dem selek-
tiv Eingriff jeder der Vielzahl von Zei-
chenerzeugungsmaterial-Anordnun-
gen mit der Oberflächenschicht des Bil-
derzeugungselementes hergestellt
und
aufgehoben wird, auf die mehrfach Bil-
der aufgebracht werden können, um so
ein Mehrkomponenten-Bild zu erzeu-
gen.

2. Lithografiesystem mit variablen Daten nach An-
spruch 1, wobei jede Zeichenerzeugungsmaterial-
Anordnung des Weiteren umfasst:

ein Zeichenerzeugungsmaterial-Übertragungs-
Teilsystem, mit dem Zeichenerzeugungsmate-
rial von der Zeichenerzeugungsmaterial-Quelle
empfangen wird und das Zeichenerzeugungs-
material auf die Oberflächenschicht aufge-
bracht wird, auf die beliebig mehrfach Bilder auf-
gebracht werden können.

3. Lithografiesystem mit variablen Daten nach An-
spruch 1 oder Anspruch 2, wobei der Steuermecha-
nismus das Herstellen und Aufheben von Eingriff je-
der Zeichenerzeugungsmaterial-Anordnung mit
dem Bilderzeugungselement so steuert, dass je-
weils nur eine der Zeichenerzeugungsmaterial-An-

ordnungen mit der Oberfläche des Bilderzeugungs-
elementes in Eingriff gebracht wird, auf die beliebig
mehrfach Bilder aufgebracht werden können.

4. Lithografiesystem mit variablen Daten nach An-
spruch 2 oder Anspruch 3, wobei jedes Zeichener-
zeugungsmaterial-Übertragungs-Teilsystem eine
Zeichenerzeugungsmaterial-Formwalze (54) um-
fasst und des Weiteren der Steuermechanismus ei-
ne Anordnung umfasst, mit der mechanisch Eingriff
der Zeichenerzeugungsmaterial-Formwalze mit der
Oberfläche des Bilderzeugungselementes herge-
stellt und aufgehoben wird, auf die beliebig mehrfach
Bilder aufgebracht werden können gebracht wird.

5. Lithografiesystem mit variablen Daten nach einem
der vorangehenden Ansprüche, wobei wenigstens
eine der Zeichenerzeugungsmaterial-Anordnungen
eine Farbauftrag-Anordnung ist, mit der Druckfarbe
auf die Oberfläche des Bilderzeugungselementes
aufgebracht wird, auf die beliebig mehrfach Bilder
aufgebracht werden können.

6. Lithografiesystem mit variablen Daten nach An-
spruch 5, wobei wenigstens zwei der Farbauftrag-
Anordnungen jeweils Druckfarbe mit unterschiedli-
cher Zusammensetzung aufbringen und üblicher-
weise wenigstens eine der Zeichenerzeugungsma-
terial-Anordnungen ein nicht sichtbares Material für
die Oberfläche des Bilderzeugungselementes be-
reitstellt, auf die beliebig mehrfach Bilder aufge-
bracht werden können.

7. Lithografiesystem mit variablen Daten nach einem
der vorangehenden Ansprüche, das des Weiteren
einen Eingriffsmechanismus umfasst, der so ange-
ordnet ist, dass er das Bilderzeugungselement se-
lektiv in Eingriff mit dem Zeichenerzeugungsmateri-
al-Übertragungs-Teilsystem biegt, um so zu bewir-
ken, dass das Zeichenerzeugungsmaterial-Übertra-
gungs-Teilsystem das Zeichenerzeugungsmaterial
selektiv auf die Oberfläche des Bilderzeugungsele-
mentes aufbringt, auf die beliebig mehrfach Bilder
aufgebracht werden können.

8. Lithografiesystem mit variablen Daten nach einem
der vorangehenden Ansprüche, wobei der Steuer-
mechanismus so eingerichtet ist, dass er selektiv
Eingriff jeder der Vielzahl von Zeichenerzeugungs-
material-Anordnungen mit der Oberflächenschicht
herstellt und aufhebt, auf die beliebig mehrfach Bil-
der aufgebracht werden können.

9. Lithografiesystem mit variablen Daten nach einem
der vorangehenden Ansprüche, wobei die Oberflä-
che, auf die beliebig mehrfach Bilder aufgebracht
werden können, eine Oberflächenrauigkeit Ra im
Bereich von 0,1 bis 4,0 mm hat.
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10. Lithografiesystem mit variablen Daten nach einem
der vorangehenden Ansprüche, wobei die Oberflä-
che, auf die beliebig mehrfach Bilder aufgebracht
werden können, einen durchschnittlichen seitlichen
Abstand RSm in räumlicher Ebene (lateral spatial
scale average distance RSm) hat, der 20 mm nicht
überschreitet.

Revendications

1. Système de lithographie de données variables (10)
pour appliquer une image à plusieurs composants
sur un substrat, comprenant :

un élément d’imagerie (12) comprenant :

une couche de surface arbitrairement réi-
mageable (20);
un sous-système de solution de mouillage
(30) pour appliquer une couche de solution
de mouillage (32) sur ladite couche de sur-
face arbitrairement réimageable et dans le-
quel la couche de surface arbitrairement réi-
mageable à une rugosité de l’ordre de
l’épaisseur de couche de la solution de
mouillage ;
un sous-système de photogravure (36) pour
retirer sélectivement les parties de la cou-
che de solution de mouillage afin de produi-
re une image latente dans la solution de
mouillage ;
un sous-système de transfert d’image (16)
pour transférer l’image latente encrée à un
substrat ; et
un sous-système de nettoyage (72) adapté
pour retirer le matériau de marquage rési-
duel et la solution de mouillage résiduelle
de la couche de surface arbitrairement réi-
mageable après que l’image a été transfé-
rée au substrat, caractérisé pat :

un sous-système de matériau de mar-
quage comprenant :

une pluralité d’ensembles de ma-
tériau de marquage (46a, 46b, 46c,
46d), chacun pour appliquer un
matériau de marquage sur la cou-
che de surface arbitrairement réi-
mageable de sorte que ledit maté-
riau de marquage occupe sélecti-
vement des régions de la couche
de surface réimageable où la solu-
tion de mouillage a été retirée par
le sous-système de photogravure
afin de produire ainsi une image la-
tente dudit matériau de

marquage ;
chaque ensemble de matériau de
marquage comprenant en outre
une source de matériau de
marquage ;
dans lequel chaque ensemble de
matériau de marquage comprend
en outre un mécanisme de com-
mande pour mettre en prise et dé-
gager sélectivement chacun de la-
dite pluralité d’ensembles de ma-
tériau de marquage avec la couche
de surface réimageable dudit élé-
ment d’imagerie afin de produire
une image à plusieurs compo-
sants.

2. Système de lithographie de données variables selon
la revendication 1, dans lequel chaque ensemble de
matériau de marquage comprend en outre :

un sous-système de transfert de matériau de
marquage pour recevoir le matériau de marqua-
ge de ladite source de matériau de marquage
et appliquer ledit matériau de marquage sur la
couche de surface arbitrairement réimageable.

3. Système de lithographie de données variables selon
la revendication 1 ou la revendication 2, dans lequel
ledit mécanisme de commande commande la mise
en prise et le dégagement de chacun desdits en-
sembles de matériau de marquage avec ledit élé-
ment d’imagerie de sorte qu’un seul desdits ensem-
bles de matériau de marquage est mis en prise avec
ladite surface arbitrairement réimageable dudit élé-
ment d’imagerie à tout moment.

4. Système de lithographie de données variables selon
la revendication 2 ou la revendication 3, dans lequel
chacun desdits sous-systèmes de transfert de ma-
tériau de marquage comprend un rouleau de forma-
ge de matériau de marquage (54), et en outre dans
lequel ledit mécanisme de commande comprend un
ensemble pour amener mécaniquement ledit rou-
leau de formage de matériau de marquage en mise
en prise et hors de mise en prise avec ladite image
arbitrairement réimageable dudit élément d’image-
rie.

5. Système de lithographie de données variables selon
l’une quelconque des revendications précédentes,
dans lequel au moins l’un desdits ensembles de ma-
tériau de marquage est un ensemble d’encrage pour
appliquer de l’encre sur ladite surface arbitrairement
réimageable dudit élément d’imagerie.

6. Système de lithographie de données variables selon
la revendication 5, dans lequel au moins deux des-
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dits ensembles d’encrage appliquent chacun de l’en-
cre ayant différentes compositions, dans lequel ty-
piquement au moins l’un desdits ensembles de ma-
tériau de marquage fournit un matériau non visible
sur ladite surface arbitrairement réimageable dudit
élément d’imagerie.

7. Système de lithographie de données variables selon
l’une quelconque des revendications précédentes,
comprenant en outre un mécanisme de mise en prise
disposé afin de dévier sélectivement ledit élément
d’imagerie en mise en prise avec ledit sous-système
de transfert de matériau de marquage afin d’amener
ledit sous-système de transfert de matériau de mar-
quage à appliquer sélectivement ledit matériau de
marquage sur ladite surface arbitrairement réima-
geable dudit élément d’imagerie.

8. Système de lithographie de données variables selon
l’une quelconque des revendications précédentes,
dans lequel le mécanisme de commande est adapté
pour mettre en prise et dégager sélectivement cha-
cun de ladite pluralité d’ensembles de matériau de
marquage avec ladite couche de surface arbitraire-
ment réimageable.

9. Système de lithographie de données variables selon
l’une quelconque des revendications précédentes,
dans lequel la surface arbitrairement réimageable a
une rugosité de surface Ra dans la plage de 0,1 à
4,0 micromètres (mm).

10. Système de lithographie de données variables selon
l’une quelconque des revendications précédentes,
dans lequel la surface arbitrairement réimageable a
une distance moyenne à l’échelle spatiale latérale
RSm n’excédant pas 20 micromètres (mm).
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