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(57) Abstract: A method for controlling an inkjet printer is provided. The
printer comprises a reciprocating print head that applies a curable ink on a
substrate in an at least two-pass print process. A print mask is applied to
determine which dot positions are addressed in a pass of the print head. The
ink is positionally fixed in a fixing step directly after application and cured
in a curing step on a patrt of the substrate where the application of ink is
completed. The level of fixing is adjustable and an amount of clustering of
pixels in the print mask related to a print mode, associated with the level of
fixing, is varied in dependence on the level of fixing.
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Method for controlling inkjet printer

BACKGROUND OF THE INVENTION

1. Field of the invention

The invention relates to a method for controlling an inkjet printer, which comprises a
reciprocating print head that applies a curable ink on a substrate in an at least two-pass
print process, wherein a print mask is applied to determine which dot positions are
addressed in a pass of the print head, the ink being positionally fixed in a fixing step
directly after application and cured in a curing step on a part of the substrate where the
application of ink is completed. The invention also relates to an inkjet printer wherein

this method is applied.

2. Description of the Related Art

Many kinds of inkjet printers are known and many types of inks. Among them, there are
inks that are applied at a low viscosity in order to obtain appropriate jetting properties.
After application to a substrate the ink is solidified by irradiating the ink with electro-
magnetic radiation, such as ultraviolet (UV) radiation. This process is also known as
curing. Depending on the time between the ink application and its curing the ink may still
flow across the substrate surface, due to its low viscosity. This may lead to deterioration
of the print quality, which depends on a carefully selected position dependent ink
composition. It is known to partly solidify the ink immediately after application and fully
cure the ink in a later stage. The first step may be performed by applying an amount of
radiation that only immobilizes the ink, also known as pin-curing. Another way of
positionally fixing the ink is to lower its temperature relative to its jetting temperature,
thus raising its viscosity. Inks that are susceptible to this way of application are also
known as gelling inks. The second step, fully curing the ink, may be postponed to a later

time, when all the ink in a part of the image has been applied.

The application of ink to a substrate across which a print head reciprocates in order to
render an image on the substrate is possible in a large number of ways. These are
called print modes and depend on the required print quality, the type of medium that is
used as a substrate, the positional accuracy of the ink dots etc. After a print head has
scanned the substrate applying a swath of ink dots, the substrate and the print head are
typically transported relative to each other in a sub-scanning direction, perpendicular to

the swath. Multiple swaths may be applied partly upon one another to obtain a full
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image. A print mode defines which ink dots are applied in which swath by means of a

print mask and the amount of transport in the sub-scanning direction after each swath.

For example, in a so-called two-pass print mode two swaths are applied upon one
another and often a transport step of half a swath width is applied between the two
passes of the print head. A print mask defines which dots are applied in a first and
which in a second swath. Sometimes some dot positions are used in both swaths, also
known as overstrike, and sometimes some dot positions are not used at all in order to
reduce an amount of ink that is used for rendering the image, but it also occurs that 50%
of the dot positions are used in a first swath and 50% are used in a second. If one of the
swaths applies more dot positions than the other, the print mode is called unbalanced.
As one can readily understand, more-than-two-pass modes, such as a four-pass mode
and an eight-pass mode are also applied with proportionally smaller transport step and

equally smaller productivity. Thus, a print mode balances print quality and productivity.

It has been observed, that, in an at least two pass print mode, it is necessary to fix the
position of the applied ink dots immediately after a pass has been made either by
irradiating the ink in the swath or by sufficiently lowering the temperature of the ink. The
level of fixing, that is the amount of radiation or the amount of temperature difference,
affects properties of a print such as its gloss and its adhesion to the substrate. However,
the print quality is negatively affected by an improper level of fixing. A too high level of
fixing, which amounts to a too high level of radiation, or a too large temperature
difference between the jetting temperature and the ink temperature at the time of
landing on the substrate, causes the ink to insufficiently accommodate further ink in a
next pass, whereas a too low level of fixing, which amounts to a too low level of
radiation, or a too small temperature difference between the jetting temperature and the
ink temperature at the time of landing on the substrate, causes the ink to coalesce on
the substrate, thereby deteriorating the print quality. In particular, it has been observed
that in printing areas of a uniform color, a non-uniformity in optical density occurs at the

boundaries of the swaths.

An object of the present invention is to enhance the latitude of the level of fixing in the

print process.
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SUMMARY OF THE INVENTION
In order to achieve the above-mentioned object, the method according to the invention
comprises a step of making a level of fixing adjustable and to determine an associated

print mode in dependence on the level of fixing.

As noted earlier, a non-uniformity in optical density occurs at the swath boundaries at
low fixing levels. Therefore, it would be required to use a minimum fixing level to prevent
this effect. It has been found that this effect can be mitigated by selecting an alternative
print mode. This alternative print mode, as characterized by a print mask that is applied
to a halftoned raster image, applies clusters of pixels in one pass, instead of the usual
dispersed pixels. Such a print mask applies the ink in a way that a swath boundary is
not dominating the ink distribution and an edge of ink is in an arbitrary direction. Still, if
this print mask is used for high levels of fixing, the cluster edges would become visible
and would deteriorate the print quality. It is therefore essential that the print mode is

coupled to the level of fixing.

In a further embodiment, the ink is positionally fixed by exposing it to radiation that
polymerizes a part of a substance of the ink and the level of fixing is adjusted by altering
an amount of radiation. For this kind of ink, the radiation used in the pin-curing step is
not sufficient to fully cure the ink. Still, the ink is not as fluid as it is inside the print head.
A higher amount of radiation on the ink on the substrate means a higher level of fixing

and its association with another print mode enhances the latitude of the level of fixing.

In an alternative embodiment, the ink is positionally fixed by reducing its temperature
and the level of fixing is adjusted by altering a process temperature of the ink. For this
kind of ink, also known as gelling ink, the jetting temperature of the ink is higher than the
temperature of the ink on the substrate directly after application. This cooling down
increases its viscosity, thereby obtaining a level of fixing. The process temperature may
be increased by providing additional heat, e.g. by infrared radiation or other heating
means, or by increasing the ambient temperature. Anyway, a higher temperature of the
ink on the substrate means a lower level of fixing and its association with another print

mode enhances the latitude of the level of fixing.

In a further embodiment, the level of fixing and the associated print mode are

determined by selecting an ink receiving medium as the substrate. It has been found
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that it is convenient to associate a level of fixing with a receiving medium, thus
optimizing a print process in dependence on the medium. If it is preferred to use a low
level of fixing, e.g. because this enhances the adhesion of the ink to the selected
receiving medium, a coupled print mode ensures that a sufficient print quality is

obtained.

In a further embodiment, the associated print mode is determined by an amount of
clustering of pixels in the related print masks. A print mask may have smaller or larger
clusters of pixels to be printed in one of the passes of the multipass print process. A
larger cluster is beneficial for uniformity and usually applied at a low level of fixing in
order to avoid swath boundary visibility. Thus, the level of fixing is used to determine the

cluster size applied in the associated print mode.

In a further embodiment, more than one ink is applied and the print masks for the at
least two inks in the print mode applying the largest clusters are correlated. For
obtaining a full color print, usually four inks are used that are applied in one and the
same pass. The print masks for different inks are usually uncorrelated at high fixing
levels, but it has been found beneficial to further enlarge the dot clusters by applying the

same, or at least correlated print masks for each ink at low fixing levels.

Further details of the invention are given in the dependent claims. The present invention
may also be embodied in an inkjet printer for applying ink to a substrate, the printer
comprising a first carriage with at least one print head for applying a curable ink on a
substrate and a second carriage with a radiation source for curing the applied ink, the
two carriages being reciprocatingly movable in a scanning direction and the substrate
being movable relative to the carriages in a sub-scanning direction, the printer further

comprising a controller configured to apply the methods as defined above.

In a further embodiment, the first carriage further comprises a radiation source for
irradiating the ink applied onto the substrate in an adjustable amount of radiation. The
adjustable amount of radiation provides the required level of fixing directly after

application of ink in a pass of the print head.

In a further embodiment, a process temperature is adjustable in order to positionally fix

the ink by changing its viscosity. The adjustment of the process temperature is
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preferably obtained by providing a means to vary an amount of additional heat to the ink
on the substrate, such as by providing a source of infra-red radiation.

In a further embodiment, a receiving medium is selectable and a level of fixing and a
print mode are associated with the receiving medium. For a printer applying a versatile
range of receiving substrates, it is convenient to select appropriate print conditions in

dependence on the receiving medium.

Further scope of applicability of the present invention will become apparent from the
detailed description given hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating preferred embodiments of
the invention, are given by way of illustration only, since various changes and
modifications within the scope of the invention will become apparent to those skilled in

the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully understood from the detailed description
given herein below and the accompanying drawings which are given by way of

illustration only, and thus are not limitative of the present invention, and wherein:

Fig. 1 is a print process arrangement wherein the invention is applicable.

Fig. 2 shows the working of a print mask in a two-pass print mode.

Fig. 3 shows a four-pass inking process of a uniform area using dispersed masks.

Fig. 4 shows a four-pass inking process of a uniform area using clustered masks.
DETAILED DESCRIPTION OF EMBODIMENTS

The present invention will now be described with reference to the accompanying
drawings, wherein the same or similar elements are identified with the same reference
numeral.

Fig. 1 shows an ink jet printing assembly 1. The ink jet printing assembly 1 comprises

supporting means for supporting an image receiving medium 2. The supporting means

are shown in Fig. 1 as a flat surface 3, but alternatively, the supporting means may be a
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platen, for example a rotatable drum that is rotatable around an axis. The supporting
means may be optionally provided with suction holes for holding the image receiving
medium in a fixed position with respect to the supporting means. The ink jet printing
assembly 1 comprises print heads 4a - 4d, mounted on a scanning print carriage 5. The
scanning print carriage 5 is guided by suitable guiding means 6 to move in reciprocation
in the main scanning direction X. Each print head 4a - 4d comprises an orifice surface,
with at least one orifice, oriented towards the medium 2. The print heads 4a - 4d are
configured to eject droplets of marking material out of the at least one orifice onto the

image receiving medium 2.

The image receiving medium 2 may be a medium in web or in sheet form and may be
composed of e.g. paper, cardboard, label stock, coated paper, plastic or textile.
Alternatively, the image receiving medium 2 may also be an intermediate member,
endless or not. Examples of endless members, which may be moved cyclically, are a
belt or a drum. The image receiving medium 2 is moved in the sub-scanning direction Y
over the flat surface 1 along four print heads 4a - 4d provided with a fluid marking

material, also known as ink.

The image receiving medium 2, as depicted in Fig. 1 is locally heated or cooled in the
temperature control region 8. In this region, temperature control means (not shown),
such as heating and/or cooling means may be provided to control the temperature of the
receiving medium 2. Optionally, the temperature control means may be integrated in the
supporting means for supporting an image receiving medium 2. The temperature control
means may be electrical temperature control means. The temperature control means
may use a cooling and/or heating liquid to control the temperature of the image
receiving medium 2. The temperature control means may further comprise a sensor (not
shown) for monitoring the temperature of the image receiving medium 2. The
temperature is adjusted using a set-point that is adjustable through a user interface (not

shown).

A scanning print carriage 5 carries the four print heads 4a - 4d and may be moved in
reciprocation in the main scanning direction X parallel to the platen 3, such as to enable
scanning of the image receiving medium 2 in the main scanning direction X. Only four
print heads 4a - 4d are depicted for demonstrating the invention. In practice an arbitrary

number of print heads may be employed. In any case, at least one print head 4a - 4d
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per color of marking material is placed on the scanning print carriage 5. For example, for
a black-and-white printer, at least one print head 4a - 4d, usually containing black
marking material is present. For a full-color printer at least one print head 4a - 4d for
each of the color inks, usually black, cyan, magenta and yellow ink is present. Often, in
a full-color printer, black marking material is used more frequently in comparison to
differently colored marking material. Therefore, more print heads 4a - 4d containing
black marking material may be provided on the scanning print carriage 5 compared to
print heads 4a - 4d containing marking material in any of the other colors. Alternatively,
the print head 4a - 4d containing black marking material may be larger than any of the

print heads 4a - 4d, containing a differently colored marking material.

The carriage 5 is guided by guiding means 6. These guiding means 6 may be a rod as
depicted in Fig. 1. Although only one rod 6 is depicted in Fig. 1, a plurality of rods may
be used to guide the carriage 5 carrying the print heads 4a - 4d. The rod may be driven
by suitable driving means (not shown). Alternatively, the carriage 5 may be guided by
other guiding means, such as an arm being able to move the carriage 5. Another

alternative is to move the image receiving material 2 in the main scanning direction X.

Each print head 4a - 4d comprises an orifice surface at the bottom side having at least
one orifice, in fluid communication with a pressure chamber containing fluid marking
material provided in the print head 4a - 4d. On the orifice surface a number of orifices
are arranged in a single linear array parallel to the sub-scanning direction Y. In a
practical embodiment several hundreds of orifices are provided per print head 4a - 4d,
optionally arranged in multiple arrays. As depicted in Fig. 1, the respective print heads
4a - 4d are placed parallel to each other. The print heads 4a — 4d may be placed such
that corresponding orifices of the respective print heads are positioned in-line in the
main scanning direction X. This parallel positioning of the print heads 4a - 4d with
corresponding in-line placement of the orifices is advantageous to increase productivity
and/or improve print quality. Alternatively multiple print heads 4a - 4d may be placed on
the print carriage adjacent to each other such that the orifices of the respective print
heads 4a - 4d are positioned in a staggered configuration instead of in-line. For
instance, this may be done to increase the print resolution or to enlarge the effective
print area, which may be addressed in a single scan in the main scanning direction X.

The image dots are formed by ejecting droplets of marking material from the orifices.
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The ink jet printing assembly 1 may further comprise curing means 11a and 11b. As
shown in Fig. 1, a scanning print carriage 12 carries the two curing means 11a, 11b and
may be moved in reciprocation in the main scanning direction X parallel to the platen 3,
such as to enable scanning of the image receiving medium 2 in the main scanning
direction X. Alternatively, more than two curing means may be applied. The first curing
means 11a may emit a first beam of UV radiation, the first beam having a first intensity.
The first curing means 11a may be configured to provide the radiation for a first curing
step. The second curing means 11b may emit a second beam of radiation, the second
beam of radiation having a second intensity. The second curing means 11b may be
configured to provide the radiation for a second curing step. Thus it may be assured that

no uncured marking material is left on the receiving medium 2.

The carriage 12 is guided by guiding means 7. These guiding means 7 may be a rod as
depicted in Fig. 1. Although only one rod 7 is depicted in Fig. 1, a plurality of rods may
be used to guide the carriage 12 carrying the curing means. The rod 7 may be driven by
suitable driving means (not shown). Alternatively, the carriage 12 may be guided by

other guiding means, such as an arm being able to move the carriage 12.

The curing means may be energy sources, such as actinic radiation sources,
accelerated particle sources or heaters. Examples of actinic radiation sources are UV
radiation sources or visible light sources. UV radiation sources are preferred, because
they are particularly suited to cure UV curable inks by inducing a polymerization reaction
in such inks. Examples of suitable sources of such radiation are lamps, such as mercury
lamps, xenon lamps, carbon arc lamps, tungsten filaments lamps, light emitting diodes
(LED’s) and lasers. In the embodiment shown in Fig. 1, the first curing means 11a and
the second curing means 11b are positioned parallel to one another in the sub scanning
direction Y. The first curing means 11a and the second curing means 11b may be the
same type of energy source or may be different type of energy source. For example,
when the first and second curing means 11a, 11b, respectively both emit actinic
radiation, the wavelength of the radiated emitted by the two respective curing means
11a, 11b may differ or may be the same. The first and second curing means are
depicted as distinct devices. However, alternatively, only one source of UV radiation
emitting a spectrum of radiation may be used, together with at least two distinct filters.
Each filter may absorb a part of the spectrum, thereby providing two beams of radiation,

each one having intensity different from the other.
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The flat surface 3, the temperature control means, the carriage 5, the print heads 4a -
4d, the carriage 12 and the first and second curing means 11a, 11b are controlled by

suitable controlling means 10.

In the ink jet printing assembly 1 gelling marking material is applied in correspondence
with image data as processed by controlling means 10. This marking material is jetted
from the print heads 4a — 4d at elevated temperatures and cools down after application
on the receiving medium 2. The temperature of the temperature control region 8
determines the process temperature of the ink. Similarly a heat source may be attached

to the carriage 5 to influence the process temperature of the applied ink.

Fig. 2 shows the effect of a print mask for image data in a two-pass print mode. Image
data 20, comprising a raster image of 4x4 pixels with dots 21 and no-dots 22, is process
in a first step by mask 23. This mask indicates which dot positions are applied (o) and
which dot positions are blocked (x). Thus, in a first pass, only the dots as indicated in
raster image 25 are applied by the corresponding print element in print head 4a — 4d
and the partially printed image looks like raster image 27. In a second pass, the dots as
in raster image 26 are applied, resulting in raster image 28. In this case, the print masks
23 and 24 are each other's complement, by which every dot in raster image 20 is
printed exactly once. A dot may also be printed in both passes, which is known as
overstrike, in order to intensify the printed image. On the other hand, there may be print
positions excluded from ink application to reduce the amount of ink applied for the

image. These positions would have to be blocked in each print mask 23, 24.

A further print mode that is known is interlaced printing. In this mode, half of the rows of
pixels in the image is not printed at all in one of the passes of the print heads. This may
be due to a lower resolution of the nozzles in the print head than pixels in the image and
print positions defined on the receiving medium. In a further pass, the other half of the

rows is not printed.

In Fig. 3 a four-pass interlaced print mode as applied by ink jet printing assembly 1 is
shown for a uniform area of dots in a raster of about 150 x 100 pixels, as generated by a
halftone image processing unit. In a first pass, ink dots as shown in image 30 are

printed, resulting in partially printed image 31. In a second pass, ink dots as shown in
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image 32 are printed, resulting in partially printed image 33. Note that every row of
pixels now comprises ink dots. In a third pass, ink dots as shown in image 34 are
printed, resulting in partially printed image 35. In a fourth pass, ink dots as shown in
image 36 are printed, resulting in printed image 37. This is the usual way of printing.
The dark points in mage 37 indicate overstrike print positions. It has been observed that
for high ink process temperatures, this method of printing yields visible inhomogeneities

at swath boundaries.

Therefore, a further print mode is part of the control system 10 in ink jet printing
assembly 1. This further print mode is indicated by a series of images in Fig. 4. In this
four-pass print mode a clustering of pixels in the print mask is applied in order to create
inner boundaries of ink within the swath. Similar to Fig. 3, image 40 and 41 show how
the ink is distributed after a first pass, image 42 shows how the ink is applied in a
second pass, resulting in a distribution 43, image 44 shows how the ink is applied in a
third pass, resulting in a distribution 45, and image 46 shows how the ink is applied in a
fourth pass, resulting in a final ink distribution 47. The final distribution is the same as in
37 (Fig. 3). This print mode is only applicable for low fixing levels, which is in this case
high temperatures. If the process temperature is too low, the clusters will be visible in

the final ink distribution.

For low fixing levels in the multi-color ink-jet print assembly 1, the image data for the
various color marking materials are processed using the same print masks. Thus, the
masks are correlated. This is in contrast with the use of print masks as in Fig. 3, wherein
a different print mask for each color ink is used, each print mask being uncorrelated to

another print mask.

The invention being thus described, it will be obvious that the same may be varied in
many ways. Such variations are not to be regarded as a departure from the scope of the
invention, and all such modifications as would be obvious to one skilled in the art are

intended to be included within the scope of the following claims.
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CLAIMS

. A method for controlling an inkjet printer, which comprises a reciprocating print head

that applies a curable ink on a substrate in an at least two-pass print process,
wherein a print mask is applied to determine which dot positions are addressed in a
pass of the print head, the ink being positionally fixed in a fixing step directly after
application and cured in a curing step on a part of the substrate where the
application of ink is completed, characterised in that a level of fixing is adjustable
and an amount of clustering of pixels in the print mask related to a print mode,

associated with the level of fixing, is varied in dependence on the level of fixing.

The method according to claim 1, wherein the ink is positionally fixed by exposing it
to radiation that polymerizes a part of a substance of the ink and the level of fixing is

adjusted by altering an amount of radiation.

The method according to claim 1, wherein the ink is positionally fixed by reducing its
temperature and the level of fixing is adjusted by altering a process temperature of
the ink.

The method according to claim 1, wherein the level of fixing and the associated print

mode are determined by selecting an ink receiving medium as the substrate.

The method according to claim 1, wherein more than one ink is applied and the print
masks for the at least two inks in the print mode applying the largest clusters are at

least partially correlated.

. An inkjet printer for applying ink to a substrate, the printer comprising a first carriage

with at least one print head for applying a curable ink on a substrate and a second
carriage with a radiation source for curing the applied ink, the two carriages being
reciprocatingly movable in a scanning direction and the substrate being movable
relative to the carriages in a sub-scanning direction, the printer further comprising a

controller configured to apply the method according to claim 1.

The inkjet printer according to claim 6, wherein the first carriage further comprises a
radiation source for irradiating the ink applied onto the substrate in an adjustable

amount of radiation.
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8. The inkjet printer according to claim 6, wherein a process temperature is adjustable

in order to positionally fix the ink by changing its viscosity.

9. The inkjet printer according to claim 6, wherein a receiving medium is selectable and

a level of fixing and a print mode are associated with the receiving medium.
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