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method to be applied

(57) The invention relates to a method for application
in an inkjet printer containing a substantially closed ink
chamber (19) comprising a nozzle (8), said ink chamber
being operationally connected to an electro-mechanical
converter (16), the method comprising: printing an image
for the purposes of which the converter is actuated ac-
cording to a predetermined printing strategy in order to
eject ink drops from the nozzle for the formation of the
image onto a carrier, detecting the presence of an ob-
struction, in particular a gas bubble, inside the ink cham-

Printing method for an inkjet printer and an inkjet printer which has been modified for this

ber during printing, followed by interrupting the printing
process, said method further comprising: modifying the
printing strategy in such a way that the obstruction will
not produce ink chamber failure while the process of print-
ing the image continues, by actuation of the converter
using the modified printing strategy, and continuing the
printing process by application of this modified printing
strategy. The invention also relates to an inkjet printer
which has been modified for this method to be applied.

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 688 262 A1 2

Description

[0001] Theinventionrelatestoamethodforapplication
in an inkjet printer containing a substantially closed ink
chamber comprising a nozzle, said ink chamber being
operationally connected to an electro-mechanical con-
verter, the method comprising: printing an image for the
purposes of which the converter is actuated according
to a predetermined printing strategy in order to eject ink
drops from the nozzle for the formation of the image onto
a carrier, detecting the presence of an obstruction, in
particular a gas bubble, inside the ink chamber during
printing, followed by interrupting the printing process. The
invention also relates to an inkjet printer which has been
modified for this method to be automatically applied.

[0002] A method of this kind is known from American
patent US 4,695,852 (Scardovi, 1987). The printer in
question comprises an ink chamber which is connected
to a piezo-electrical converter. By actuating this convert-
er, pressure waves are generated inside the ink chamber,
said pressure waves in turn being able to cause ink drops
to be ejected from the nozzle. By actuating the converter
image-wise, an image, made up of individual ink drops,
may be formed onto a carrier. To this end, the printer
comprises a calculation unit which determines an ade-
quate printing strategy prior to printing the image. This
printing strategy comprises information on the times at
which and the actuation pulse with which the ink chamber
is to be actuated for the correct ink drop to take on the
required pixel on the carrier. In the known method, the
inkjet printer comprises only one ink chamber, said ink
chamber being part of a printhead which is a fixed ar-
rangementin the printer. The carrier is led along the print-
head in a number of scanning movements, so that ulti-
mately, the entire carrier may be provided with ink drops.
In other types of inkjet printers, the printhead is a movable
arrangement in the printer, so that it may make this scan-
ning movement in an initial (main) scanning direction. As
the printheads usually do not extend along the entire
length of the carrier, the carrier is usually moved along
the printhead in a number of (sub) scanning directions.
The combination of both scanning movements means
that the entire carrier may be provided with ink drops,
despite the limited dimensions of the printhead. As is
generally known from the prior art, it will be necessary to
take these scanning movements into account when de-
termining the printing strategy, in particular when deter-
mining the exact times at which the ink drops are to be
ejected from the ink chamber, as this determines the po-
sition the printhead takes on relative to the carrier at each
moment during the printing process. Prior to the image
being printed, a strategy is thus determined with which
the image may in principle -i.e. if no unforeseen problems
occur- be printed. According to one embodiment, a total
image to be printed, e.g. the image of a photograph in
A3 format, is divided into a number of partimages, where
the printing strategy is determined per part image, prior
to it being printed. An example of such part image is a
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strip of the total image, said strip having a width that is
equal to the width of an image that may be printed in one
scan action of the printhead. In the known printer, a de-
tection circuit has been provided to determine whether
an obstruction - i.e. anything that hinders the inkdrop for-
mation process, in particular a gas bubble, is present in
the chamber while an image is being printed (i.e. imme-
diately after the piezo-electrical converter has been ac-
tuated in order to provide the first pixel on the carrier with
an ink drop). If such an obstruction is detected, the print-
ing process will be interrupted, as such obstructions usu-
ally have an adverse effect on the drop formation proc-
ess: for example, ink drops are formed that are too small
or which do not have the correct speed. This means that
ink drops of an unintended size end up on the carrier or
on an unintended location of the carrier, which may result
in print artefacts. Furthermore, it is known that where the
ink chamber is permanently loaded, an obstruction will
usually produce ink chamber failure (i.e. a state in which
the ink chamber is no longer able to eject an ink drop
when the converter is actuated). Thus it is known that
gas bubbles may grow quickly due to the pressure waves
generated. From a certain size upwards, it will no longer
be possible to eject ink drops from the ink chamber since
their presence interferes too much with the acoustics in
the chamber such that for example all acoustic energy
is absorbed or reflected by the gas bubble. Failure of the
ink chamber will virtually always produce highly undesir-
able print artefacts. In order to prevent this as far as pos-
sible, the obstruction is removed from the ink chamber
after the printing process has been interrupted, for ex-
ample by purging the ink chamber with fresh ink, after
which the printing process may be resumed.

[0003] However, the known method does have a
number of major disadvantages. Interrupting the printing
process is relatively time-consuming, which is consid-
ered a nuisance by any user of the printer. Furthermore,
a relatively large amount of ink is required to ensure that
the obstruction is indeed removed during the purge op-
eration. Another important disadvantage is that joining
errors often occur between the part of the image printed
before the obstruction was detected and the part printed
after the obstruction has been removed. This is because,
to enable the ink chamber to be purged with fresh ink, it
will move to a purge station, so that the purging ink cannot
soil the carrier. After the purge operation, the printhead
will need to be repositioned in the exact same place
where it was when the printing process was interrupted.
Here, it is virtually impossible to prevent positioning er-
rors in the region of 20 to 200p.m, often producing visible
joining errors.

[0004] The objectoftheinventionisto obviate the prob-
lems described above. To this end, a method has been
invented according to the preamble, which is character-
ised in that it further comprises: modifying the printing
strategy so that the obstruction will not produce ink cham-
ber failure while the process of printing the image con-
tinues by actuation of the converter using the modified
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printing strategy, and continuing the printing process by
application of this modified printing strategy.

This invention is partly based on the recognition that an
obstruction inside the ink chamber does not necessarily
need to produce visible print artefacts. Often, the ink
chamber may still be used to eject ink drops despite the
presence of an obstruction, without producing visible
print artefacts. Research has shown that obstructions, in
particular gas bubbles inside the ink chamber, may grow
the more frequently the ink chamber (or at least its as-
sociated converter) is actuated after the obstruction ini-
tially occurred. Ultimately, a point may be reached where
the obstruction is so strong that the ink chamber will fail,
i.e. that it will no longer be able to eject ink drops despite
actuation of its associated converter. Further research
has shown that the self-reinforcing effect of an obstruc-
tion can be obviated (and even prevented) by reducing
the load on the ink chamber, e.g. by modifying the printing
strategy in such a way that fewer ink drops are ejected
from the ink chamber than originally provided for.
According to this invention, all existing knowledge and
insight is now used advantageously. When an obstruc-
tion is detected, the printing strategy is modified. The
modified printing strategy is chosen in such a way that
the obstruction will not grow to a size that will cause the
ink chamber to fail. At a high actuation frequency of the
converter (e.g. 20kHz), a gas bubble, for example, will
quickly grow to a size that will cause the chamber to fail.
If previous research has shown, for example, that this
gas bubble will take on a small equilibrium size at a fre-
quency of 10kHz, at which size the ink chamber will still
be available for printing, then it will be possible to modify
the printing strategy in such a way that this ink chamber
will only be loaded at a frequency of 10kHz maximum.
Surprisingly, the presence of an obstruction, as long as
it is sufficiently small (for the ink chamber not to fail), has
such a minor effect on the drop formation process that it
will not usually produce visible print artefacts. In other
words, despite the presence of the obstruction in the
chamber, the printing process may be continued as nor-
mal using this ink chamber. This does mean that the print-
ing strategy will have been modified, for example in such
a way that a smaller number of ink drops may be ejected
from the nozzle per time unit, but the major advantage
of this method is that the ink chamber is still available for
printing without a purge operation being required. Fur-
thermore, the modified printing strategy may be com-
bined with another method of scanning the printhead rel-
ative to the carrier. In this way, it is still possible to provide
ink drops to each pixel of the image on the carrier and
no information needs to be lost at all. The printing strategy
may be modified very quickly, for example by using mod-
ifications stored in the printer memory. It will also be pos-
sible for a powerful processor to calculate a new strategy
very quickly, immediately after the obstruction has been
detected, and said new strategy may usually be imple-
mented within a few seconds. This then often eliminates
the need for a noticeable interruption of the printing proc-
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ess. The present invention allows the printing process to
continue using an ink chamber in which an obstruction
is present, without producing visible print artefacts. This
invention implies knowing the correlation between the
obstruction present, its effect on the drop formation proc-
ess, and the behaviour of this obstruction (growing and
thus causing the chamber to fail, shrinking, reaching
equilibrium) as a function of the printing strategy. The
knowledge required to apply the present invention may
easily be determined by experiments. An example of this
has been included in the further

description of the invention.

[0005] It should be noted, moreover, that modification
of the actuation of a piezo-electrical converter to the
measured state of the ink chamber is known from patent
EP 1 378 359. However, it is not known from said patent
that this actuation (and subsequent actuations) is (are)
modified in such a way that the ink chamber will not fail
during the process of printing the envisaged image.
[0006] According to one embodiment, the predeter-
mined printing strategy is modified by changing the fre-
quency at which the converter is actuated, i.e. the aver-
age number of actuations per second directed at the ejec-
tion of ink droplets. The load on the ink chamber in this
embodiment is modified by modifying the way in which
the converter is actuated. Research has shown that by
modifying the frequency of the actuation pulses at which
the converter is actuated, e.g. by lowering the amount of
ink droplet ejections by 50%, it is very easy to provide a
strategy that will not produce ink chamber failure. Thus
it has been shown that by reducing the frequency, it is
possible to prevent the gas bubble from growing larger
and larger. A lower amplitude of the actuation pulse may
have the same effect, but this also leads to droplets of
other sizes or speed which has to be taken into account
when devising an alternative print strategy.

[0007] According to another embodiment, the printing
process is automatically interrupted when it is detected
thatthe process of printing the entire image by application
of the predetermined printing strategy would produce ink
chamber failure during this printing process. In this em-
bodiment, it is first determined, before the printing proc-
ess is interrupted, whether the present obstruction will
actually produce ink chamber failure, if the printing proc-
ess were continued using the original printing strategy.
If the obstruction is, for example, a small gas bubble, and
the ink chamber in question is only required to eject a
few more drops of ink in order to complete the image,
then this bubble will normally not grow to a size that will
cause the ink chamber to fail. Interrupting the printing
process and modifying the printing strategy will then not
be required despite the presence of the obstruction inside
the ink chamber. If, however, continuing the printing proc-
ess by application of the predetermined printing strategy
will produce ink chamber failure within the envisaged im-
age, then the printing process will be interrupted and the
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strategy will be modified according to the present inven-
tion. The advantage of this embodiment is that the print-
ing process will not need to be interrupted if that is not
required to prevent ink chamber failure.

[0008] According to one embodiment, the part of the
image still to be printed using said ink chamber will be
taken into account when modifying the printing strategy.
It appears to be advantageous to take into account the
information still to be printed as originally envisaged
when modifying the printing strategy. Let us assume, for
example, that at the moment of detecting a gas bubble
inside the ink chamber, this chamber is still to be used
to generate a maximum number of ink drops for the re-
mainder of the image still to be printed (for example be-
cause this ink chamber is used to print a solid area of
ink). This produces a completely different situation than
when this chamber is still to be used to eject, on average,
one ink drop every tenth pixel for the remainder of the
image (for example to form accents in the background
of a landscape photograph). In the first case, the load on
the chamber (in the event of an air bubble of equal size)
compared to the originally envisaged actuation (accord-
ing to the predetermined strategy) will need to be reduced
much less than in the second case. In the latter case, it
may suffice to leave out every fifth envisaged ink drop
(20% fewer drops), whereas in the first case it may suffice
to leave out every second drop (50% fewer drops) in the
new printing strategy. This more considerable reduction
will obviously also depend on the time reduction between
two actuations of the ink chamber in the first case. This
is because this time reduction increases the intrinsic load
of the ink chamber, which causes the gas bubble to be
stimulated more strongly to grow to a critical size at which
the chamber will fail. In order to prevent this, the load will
need to be reduced relatively strongly.

The part image still to be printed may also give rise to a
modification of the printing strategy where, given the na-
ture of the information to be printed around the one pixel,
barely any to no modification of the predetermined strat-
egy takes place, whereas at a different pixel, the strategy
will be modified strongly. According to this embodiment,
the printing strategy may be modified in such a way that
the maximum load of the chamber is sought locally where
the obstruction will just not produce ink chamber failure.
[0009] According to one embodiment, the obstruction
is removed while the process of printing the image con-
tinues. In this embodiment, the possibility of removing
the obstruction is used as soon as an opportunity
presents itself. If the obstruction is, for example, a small
contamination on the exterior of the nozzle, then this con-
tamination may be removed between two scan actions
(between which the ink chamber is at rest), for example
by wiping the nozzle. If the obstruction is a gas bubble,
then it may likely be possible to remove it at a time during
the printing process where the ink chamber is not tem-
porarily being used to generate ink drops (for example if
there is a white area in the image). The removal will then
most likely proceed passively (by the gas bubble dissolv-
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ing) as known from European patent application EP 1
075 952. Once the obstruction has been removed, it is
possible to continue the printing process using the print-
ing strategy predetermined originally.

[0010] According to another embodiment, where the
obstruction is a gas bubble, the frequency and/or ampli-
tude will be modified in such a way that the gas bubble
is actively removed from the ink chamber. Research has
shown that a gas bubble may be actively removed from
an ink chamber by targeted actuation of the converter
associated with this ink chamber. This has shown that
under certain conditions, a gas bubble will take on a
smaller equilibrium size at a lower actuation frequency.
This may be used advantageously by exposing the ink
chamber to an actuation pattern in which the frequency
is decreased further and further. As such, the gas bubble
may shrink until it is removed.

[0011] According to one embodiment, the presence of
an obstruction inside the ink chamber is detected by ap-
plication of the electro-mechanical converter as a sensor.
Application of the converter as a sensor is known from
the prior art, for example as described in EP 1 013 453
or EP 1 378 360. This involves exploiting the fact that the
pressure waves generated inside the ink chamber in turn
deform the electro-mechanical converter. This deforma-
tion causes the converter to generate an electrical signal.
By measuring this signal as a function of time, information
may be obtained on the state of the ink chamber, as the
pressure waves generated inside the ink chamber will be
directly dependent on the state of the ink chamber. If, for
example, there is a gas bubble inside the ink chamber,
then a different pressure wave will be generated by ac-
tuation of the converter compared to when there is no
gas bubble present. This difference in pressure wave pro-
duces a difference in deformation of the converter, which
in turn produces a different electrical signal. By analysing
this signal (as is also known from EP 1 013 453), it is
possible to obtain information on the obstruction inside
the ink chamber.

[0012] According to one embodiment where the inkjet
printer comprises a plurality of ink chambers and where
the application of the printing strategy produces a loss
of printed pixels that would originally have been formed
by the ink drops originating from the ink chamber in which
the obstruction is present, this loss will at least partly be
compensated by ink drops from one or more other ink
chambers. According to this embodiment, the inkjet print-
er comprises, for example, a printhead with some tens
to hundreds of ink chambers and associated nozzles. If
an obstruction is present inside one of these ink cham-
bers, the printing strategy is modified according to the
invention so that at least the load on this ink chamber will
be modified to ensure that this ink chamber does not fail.
In many cases, this modification will involve a lower load,
for example by ejecting fewer ink drops from this ink
chamber than originally envisaged when forming the im-
age. This may cause part of the information on the image
to be lost. However, in this embodiment, this information,
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or at least some of it, is printed by ink drops originating
from one or more of the other ink chambers. These will
therefore be subject to a higher load than when using the
predetermined printing strategy. The extent to which the
other ink chambers may be able to take over this function
will, of course, depend to a large extent on the printhead
configuration, the movement of the printhead relative to
the carrier, the amount of loss to be compensated, the
load originally envisaged for the other ink chambers, etc.
[0013] According to one embodiment, the method ac-
cording to the invention is applied when printing a two-
dimensional image onto the carrier where more than 50%
of the carrier is covered with ink and, in particular where
more than 70% of it is covered. It is known that the inkjet
printing process may be used to produce three-dimen-
sional images, such as specimens prior to making final
templates. The presentinvention may be used for printing
this type of image. However, the method according to
the present invention has been shown to be particularly
suitable when printing flat images (i.e. relief images
where the height differences in the image are typically
less than 1 mm) with relatively high coverage rates, for
example photographic images or displays, such as poly-
LED displays, which may be formed onto a carrier by
application of inkjet printers. This is because, with these
high coverage rates, any failure of an ink chamber will
virtually always produce print artefacts which are visible
to the naked eye. Application of the present invention
obviates the above problem.

[0014] According to one embodiment, the method is
applied when printing an image in one-pass mode. When
using a so-called one-pass mode, as generally known
from the prior art, there is only one nozzle (or chamber)
is available for each pixel in which it may be provided
with anink drop. If, therefore, a certain pixel is not printed
because its associated ink chamber has failed, it is not
possible to still provide an alternative ink drop from a
different chamber. In such applications, it is very impor-
tant to modify the printing strategy as soon as an obstruc-
tion is detected in order to prevent failure of the ink cham-
ber. For example when printing electronic circuits, it is
important that each ink chamber remains available for
printing, as any loss of a substantial part of the informa-
tion to be printed will correspond to a loss in the circuit’s
functionality.

[0015] The invention can also be applied in a two (or
multi-) pass mode, i.e. a mode wherein two (or multi-)
nozzles are available for printing a pixel. For example, a
printer which uses two printheads in a row is often used
to print ink of the same colour. For each pixel-line both
printheads are being used typically at half their maximum
printfrequency. If in that case for example in the down-
stream printhead a gas bubble is detected, then this print-
head could be operated at even a lower frequency which
is compensated by increasing the print frequency of the
upstream printhead.

The other way around, when in the upstream printhead
a bubble is detected, the downstream printhead can take
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over partly. In the latter case, ideally the upstream print-
head continues with its original print strategy until the
position is reached where the downstream printhead has
started printing with its alternative print strategy.

[0016] Apartfrom the method described above, the in-
vention also relates to an inkjet printer containing a sub-
stantially closed ink chamber comprising a nozzle, said
ink chamber being operationally connected to an electro-
mechanical converter, and a controller which has been
programmed to control the printer to automatically carry
out the method described above. This controller does not
need to form a designatable unit of the printer but may
also be composed of several components, which may or
may not be programmable, distributed across the printer
and the printer’s control units, in particular a control unit
located at a distance from the printer itself.

[0017] The invention will now be further explained with
reference to the following examples.

[0018] Fig. 1is a diagram showing an inkjet printer.
Fig. 2 is a diagram showing an ink duct assembly and its
associated transducer.

Fig. 3 is a block diagram showing a circuit that is suitable
for measuring the state inside the ink duct by application
of the transducer used as a sensor.

Fig. 4 shows the correlation between the size of an air
bubble and the actuation frequency in equilibrium.

Fig. 5 shows how an air bubble that is present inside an
ink duct may be actively removed.

Fig. 6 is a diagram showing a number of images which
have been printed onto a carrier by application of various
methods.

Figure 1

[0019] Figure 1is a diagram showing an inkjet printer.
According to this embodiment, the printer comprises a
roller 1 used to support a receiving medium 2, such as a
sheet of paper or a transparency, and move it along the
carriage 3. This carriage comprises a carrier 5 to which
four printheads 4a, 4b, 4c and 4d have been fitted. Each
printhead contains its own colour, in this case cyan (C),
magenta (M), yellow (Y) and black (K) respectively. The
printheads are heated using heating elements 9, which
have been fitted to the rear of each printhead 4 and to
the carrier 5. The temperature of the printheads is main-
tained at the correct level by application of a central con-
trol unit 10 (controller).

The roller 1 may rotate around its own axis as indicated
by arrow A. In this manner, the receiving medium may
be moved in the sub-scanning direction (often referred
toas the X direction) relative to the carrier 5, and therefore
also relative to the printheads 4. The carriage 3 may be
moved in reciprocation using suitable drive mechanisms
(not shown) in a direction indicated by double arrow B,
parallel to roller 1. To this end, the carrier 5 is moved
across the guide rods 6 and 7. This direction is generally
referred to as the main scanning direction or Y direction.
In this manner, the receiving medium may be fully
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scanned by the printheads 4.

Inthe embodiment as shown in the figure, each printhead
4 comprises a number of internal elongated ink chambers
(not shown). These ink chambers will be referred to as
ink ducts in the remainder of the description. Each of
these ink ducts comprises a nozzle (an exit opening for
jetting ink drops) 8. The nozzles in this embodiment form
one row per printhead perpendicular to the axis of roller
1 (i.e. the row extends in the sub-scanning direction). In
a practical embodiment of an inkjet printer, the number
of ink ducts per printhead will be many times greater and
the nozzles will be arranged over two or more rows. Each
ink duct comprises a electro-mechanical converter, in this
case a piezo-electric transducer (not shown) that may
generate a pressure wave inside the ink duct so that an
ink drop is ejected from the nozzle of the associated duct
in the direction of the receiving medium. The transducers
may be actuated image-wise via an associated electrical
drive circuit (not shown) by application of the central con-
trol unit 10. In this manner, an image made up of ink
drops may be formed on receiving medium 2.

If a receiving medium is printed using such a printer
where ink drops are ejected from ink ducts, this receiving
medium, or some of it, is imaginarily split into fixed loca-
tions that form a regular field of pixel rows and pixel col-
umns. According to one embodiment, the pixel rows are
perpendicular to the pixel columns. The individual loca-
tions thus produced (also referred to as pixels) may each
be provided with one or more ink drops. The number of
locations per unit of length in the directions parallel to the
pixel rows and pixel columns is referred to as the reso-
lution of the printed image, for example indicated as
400x600 d.p.i. ("dots per inch"). By actuating a row of
printhead nozzles of the inkjet printer image-wise when
itis moved relative to the receiving medium as the carrier
5 moves, an image, or some of it, made up of ink drops
is formed on the receiving medium, or at least in a strip
as wide as the length of the nozzle row.

Figure 2

[0020] Figure 2 shows an ink duct 19 comprising a pi-
ezo-electric transducer 16. Ink duct 19 is formed by a
groove in base plate 15 and is limited at the top mainly
by piezo-electric transducer 16. Ink duct 19 changes into
an exit opening 8 at the end, this opening being partly
formed by a nozzle plate 20 in which a recess has been
made at the level of the duct. When a pulse is applied
across transducer 16 by a pulse generator 18 via actu-
ation circuit 17, this transducer bends in the direction of
the duct. This produces a sudden pressure rise in the
duct, whichinturn generates a pressure wave in the duct.
According to an alternative embodiment, the transducer
first bends away from the duct, thus sucking in ink via an
inlet opening (not shown), after which the transducer is
moved back into its initial position. This also produces a
pressure wave in the duct. If the pressure wave is strong
enough, an ink drop is ejected from exit opening 8. After
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expiry of the ink drop ejection process, the pressure
wave, or some of it, is still present in the duct, after which
the pressure wave will damp fully over time. This pressure
wave in turn results in a deformation of transducer 16,
which then generates an electric signal. This signal de-
pends on all the parameters that influence the generation
and the damping of the pressure wave. In this manner,
as known from, for example, European patent application
EP 1013453, or alternative embodiments from EP 1 378
359 and EP 1 378 360, it is possible by measuring this
signal, to obtain information on these parameters, such
as the presence of gas bubbles (also referred to as "air
bubbles") or other obstructions in the duct. This informa-
tion may then, in turn, be used to check and control the
printing process.

Figure 3

[0021] Figure 3 is a block diagram showing the piezo-
electric transducer 16, the actuation circuit (items 17, 25,
30, 16 and 18), the measuring circuit (items 16, 30, 25,
24, and 26) and control unit 33 according to one embod-
iment. The actuation circuit, comprising a pulse generator
18, and the measuring circuit, comprising an amplifier
26, are connected to transducer 16 via a common line
30. The circuits are opened and closed by two-way switch
25. Once a pulse has been applied across transducer 16
by pulse generator 18, item 16 is in turn deformed by the
resulting pressure wave inside the ink duct. This defor-
mation is converted into an electric signal by transducer
16. After expiry of the actual actuation, two-way switch
25 is converted so that the actuation circuit is opened
and the measuring circuit is closed. The electric signal
generated by the transducer is received by amplifier 26
via line 24. According to this embodiment, the resulting
voltage is fed via line 31 to A/D converter 32, which offers
the signal to control unit 33. This is where analysis of the
measured signal takes place. If necessary, a signal is
sent to pulse generator 18 via D/A converter 34 so that
a subsequent actuation pulse is modified to the current
state of the duct. Control unit 33 is connected to the cen-
tral control unit of the printer (not shown in this figure) via
line 35, allowing information to be exchanged with the
rest of the printer and/or the outside world.

Figure 4

[0022] Figure 4 shows a correlation 100 for the inkjet
printhead as described beneath figure 1, between the
size of an air bubble (vertical axis, arbitrary units) and
the frequency with which the transducer of the duct with
the air bubble is actuated (horizontal axis in kilohertz),
where an equilibrium exists and ink drops are ejected
from the duct nozzle as a result of the actuation. Re-
search has shown that the size of an air bubble inside
anink duct of which the transducer is actuated at a certain
frequency will normally increase to a certain equilibrium
level due to said actuations. The size of a bubble at this
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equilibrium depends i.a. on whether or not ink drops are
ejected during actuation. If ink drops are ejected as a
result of the actuation, the equilibrium follows curve 100.
It may be seen that he curve continues up to approxi-
mately 17,500 Hz (indicated by "i" in the figure). At this
frequency, the air bubble present will just not cause the
failure of the ink chamber. If the frequency increases a
tiny bit more, the duct will fail and ink drops will no longer
be ejected, causing the size of the air bubble to increase
very quickly until it reaches a size that reflects curve 101
librium between the size of an air bubble and the frequen-
cy when no ink drops are ejected. The exact position of
the curves depends on many factors such as the ge-
ometries of the duct and the nozzle, the ink type, the
temperature of the printhead, etc. and may be deter-
mined by experiments. The size of the air bubble itself
may, for example, be derived from analysing the signal
generated by the transducer when the latter is used as
a sensor (see figures 2 and 3). As the size of the air
bubble is an important parameter for the acoustics in the
duct, this size may be derived by application of a simple
model for these acoustics by measuring a pressure wave
present in the duct after the associated converter has
been actuated. As is generally known, the pressure wave
is directly dependent on the acoustics in the duct.

[0023] The present invention exploits the knowledge
that, despite the presence of an obstruction, it may still
be possible to reliably eject ink drops from the duct in
many cases. In the example given, let us assume that
an air bubble is detected inside an ink duct, while the
predetermined printing strategy is such that this duct
must be loaded at a 18,000Hz jet frequency for the next
minute. As experience has shown, at least in the case of
the printhead in this example, that an air bubble will grow
to its equilibrium size within 20 seconds, this means that
the duct will fail after approximately 20 seconds if the
predetermined printing strategy is maintained (as
18,000Hz exceeds the critical frequency of 17,500Hz).
Next, the duct will no longer be instantly available for
printing, which will in all likelihood produce an unaccept-
able loss of information in the image. In order to prevent
this, an alternative strategy will be determined after the
air bubble has been detected. As such a printing strategy
willtake less than 1 second to calculate, the printing proc-
ess using the predetermined printing strategy will not
need to be interrupted immediately after the air bubble
has been detected (because it will take approximately 20
seconds for the air bubble to grow to a critical value).
Therefore, prior to this interruption, an alternative strat-
egy will first be determined, with which the printing proc-
ess may be continued without the associated duct failing.
In this case, the strategy may easily be modified by re-
ducing the maximum jet frequency of the associated duct
to for example 15,000 Hz (as the duct will not fail at this
frequency according to correlation 100). It should be not-
ed that 15,000 Hz is very near to the critical frequency
of 17.500 Hz. This could mean that the ink droplet for-
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mation process is not optimal. If so, the frequency could
be lowered to e.g. 10.000 Hz. The necessity of this de-
pends i.a. on the required image quality but also on the
jetting characteristics of the printhead.

As soon as this strategy has been determined, the print-
ing process using the predetermined strategy will be in-
terrupted. However, the printing process willimmediately
continue by application of the modified printing strategy.
Therefore, there is no noticeable interruption of the print-
ing process. Furthermore, the printing strategy will be
modified in such a way that the number of ink drops eject-
ed from the duct will barely be reduced (in a solid area,
for example, 1 in 18 ink drops will not be jetted). In the
image, this reduction will produce little or no undesirable
print artefact. According to an alternative embodiment,
the printing strategy will be modified by applying, in ad-
dition to a minor reduction in frequency, a minor change
in amplitude of the actuation pulses (providing this will
not produce ink duct failure). This allows slightly larger
ink drops to be jetted, which may offset the loss of ink
caused by the reduction in frequency.

Figure 5

[0024] Figure 5 shows correlation 100 again. This ex-
ample describes a manner in which an air bubble present
inside an ink duct may be actively removed by performing
a targeted actuation of the converter associated with this
ink chamber. In this example, an ink duct of an inkjet
printhead is actuated at a frequency of 20,000Hz. While
performing a scan action, an air bubble of a size between
d, and d, is detected inside one of the ink chambers (in
the area indicated by B). If the printing strategy were not
modified, this air bubble would quickly grow until it
reached the critical size and caused the duct to fail (as
at a frequency of 20,000Hz, an air bubble as indicated
in the figure will not be able to reach an equilibrium size
according to curve 100). Thus, the predetermined print-
ing strategy will be interrupted and modified in such a
way that the air bubble will not produce ink chamber fail-
ure while the process of printing the image continues, by
actuation of the converter using this modified printing
strategy. To this end, it would be possible to reduce the
printing frequency to 15,000Hz so that the air bubble will
take on an equilibrium size d,. In this state, the ink duct
will not fail but will remain available for printing. However,
according to this embodiment, it is possible to use a tar-
geted actuation sequence where the duct will continue
to eject ink drops although the air bubble is actively re-
moved too. To this end, the transducer of the associated
duct will be actuated at a frequency of 8,000Hz for 20
seconds, where the amplitude of each pulse is such that
an ink drop will be ejected from the duct. These ink drops
will then be applied according to the invention to continue
to print the image. These actuations will cause the air
bubble to shrink to a size d,. Next, the transducer will be
actuated for 10 seconds at a frequency of 2,000Hz, again
at an amplitude high enough to ensure that ink drops are
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ejected from the duct. These drops too will form pixels
of the image in question onto the carrier. This second
series of actuations at an even lower frequency will cause
the air bubble to further shrink to a size d4. An air bubble
of this size may be deemed to have been removed as it
is so small that it will disappear during printing, for exam-
ple by being ejected from the duct together with an ink
drop. As the obstruction has now been removed, the
modified printing strategy may be abandoned and the
printing process may be resumed by application of the
predetermined printing strategy. A major advantage of
this embodiment is that the obstruction will quickly dis-
appear so that only a very small part of the image needs
to be printed by application of the modified printing strat-
egy, which might involve a minor loss of information.
Next, the remainder of the image may be printed again
using the predetermined strategy.

Figure 6

[0025] Figure 6 shows a number ofimages which have
been printed onto a carrier. In each of the images, a pixel
that has been provided with an ink drop has been indi-
cated by a little black square. The pixels that have not
been printed and those that fall outside the image have
been indicated by a little white square (so that they will
disappear as a white area against the white background).
Figure 6a shows the image as it presented for printing.
The image is made up of three partimages, i.e. (from left
to right) a solid square made up of 42 pixels (7 pixel col-
umns x 6 pixel rows), a diagonal line made up of 6 pixels
and the letter H made up of 17 pixels. This image may
easily be printed using a properly functioning printhead
4 containing a row of 6 nozzles (coinciding with the 6
pixel rows making up the image), by moving it along the
carrier in the direction indicated by F once by actuating
the associated ink chambers image-wise.

Figure 6b shows that one ink duct, i.e. the duct that cor-
responds to the third pixel row, contains an obstruction
that has led to failure of this duct (shown by a cross of
solid lines drawn through the nozzle associated with this
duct). If this printhead is required to print the same image,
it will not be possible for one entire line of the image to
be provided with ink drops. This will produce a highly
undesirable print artefact, particularly in the solid area
and at letter H.

Figure 6¢ shows a solution provided for this problem as
known from the prior art, for example from American pat-
ent US 6,270,187, where the information associated with
pixels that cannot be printed due to failure of their asso-
ciated ink duct will be transferred to adjacent ducts. This
will not be an improvement for the solid area: as the ad-
jacent ducts are already fully loaded, they will not be able
to jet additional ink drops to compensate for the loss of
information. At the diagonal line and letter H, there will
be some improvement but the chance of producing a
visible print artefact will continue to be relatively high
here.
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Figure 6d shows the image which may be printed by ap-
plication of the method according to the present inven-
tion. If it is known that a small air bubble is present inside
the ink duct (which may be detected after jetting the first
ink drops for the first pixel column of the solid area by
application of the analysis method described with refer-
ence to figures 2 and 3), the maximum jet frequency of
this duct will immediately be reduced to half its value (as
it is known in this case that an air bubble will then not
produce failure of this duct). This has been shown in fig-
ure 6d by the cross of dotted lines. This means that the
second pixel of the third row of the solid area will not be
printed. As far as the remaining pixels of the third row
are concerned, no two pixels adjacent to one another
may be printed. This will mean that the solid area will
have a number of unprinted pixels. However, the diago-
nal line may in any case be printed without any print ar-
tefact as the pixel that is to be printed using the duct in
which the air bubble is present, will notimmediately follow
or precede another pixel to be printed. As far as the letter
H is concerned, half of the pixels from the horizontal line
may be provided with an ink drop. In the embodiment
shown, part of the information missed will be transferred
to the adjacent ink ducts. This letter H will show a print
artefact that will be less noticeable in the image than the
artefact of the letter H as described beneath figure 6c.

Claims

1. A method for application in an inkjet printer contain-
ing a substantially closed ink chamber comprising a
nozzle, said ink chamber being operationally con-
nected to an electro-mechanical converter, the
method comprising:

- printing an image for the purposes of which the
converter is actuated according to a predeter-
mined printing strategy in order to ejectink drops
from the nozzle for the formation of the image
onto a carrier,

- detecting the presence of an obstruction, in
particular a gas bubble, inside the ink chamber
during the printing process, followed by

- interrupting the printing process,

characterised in that the method further compris-
es:

- modifying the printing strategy in such a way
that the obstruction will not produce ink chamber
failure while the process of printing the image
continues by actuation of the converter using
the modified printing strategy, and

- continuing the printing process by application
of this modified printing strategy.

2. A method according to claim 1, characterised in
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that the predetermined printing strategy is modified
by changing the frequency at which the converter is
actuated.

A method according to any one of the preceding
claims, characterised in that the printing process
is automatically interrupted when it is detected that
the process of printing the entire image by applica-
tion of the predetermined printing strategy would pro-
duce ink chamber failure during this printing process.

A method according to any one of the preceding
claims, characterised in that the part of the image
still to be printed using said ink chamber will be taken
into account when modifying the printing strategy.

A method according to any one of the preceding
claims, characterised in that the obstruction is re-
moved while the process of printing the image con-
tinues.

A method according to claim 5, where the obstruction
isagasbubble, characterised in that the frequency
and/or amplitude are modified in such a way that the
gas bubbleis actively removed from the ink chamber.

A method according to any one of the preceding
claims, characterised in that the presence of an
obstruction inside the ink chamber is detected by
application of the electro-mechanical converter as a
sensor.

A method according to any one of the preceding
claims, where the inkjet printer comprises a plurality
of ink chambers and where the application of the
printing strategy produces a loss of printed pixels
that would originally have been formed by the ink
drops originating from the chamber in which the ob-
struction is present, characterised in that this loss
will at least partly be compensated by ink drops from
one or more other ink chambers.

A method according to any one of the preceding
claims, characterised in that this method is applied
when printing a two-dimensional image onto the car-
rier where more than 50% of the carrier is covered
with ink and, in particular where more than 70% of
it is covered.

A method according to any one of the preceding
claims, characterised in that this method is applied
when printing an image in one-pass mode.

An inkjet printer containing a substantially closed ink
chamber comprising a nozzle, said ink chamber be-
ing operationally connected to an electro-mechani-
cal converter, and a controller which has been pro-
grammed to control the printer to automatically carry
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out the method described above according to any
one of claims 1 to 10.
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