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Description

FIELD OF THE INVENTION

�[0001] The present invention relates to apparatus and methods for printing and in particular to drop-on-demand (DOD)
inkjet printing methods and apparatus.

BACKGROUND OF THE INVENTION

�[0002] When DOD inkjet is considered, two main groups can be discerned: thermal inkjet and piezo inkjet.
�[0003] With thermal inkjet technology, tiny resistors rapidly heat a thin layer of liquid ink. The heated ink causes a
vapour bubble to be formed, expelling or ejecting drops of ink through nozzles and placing them precisely on a surface
to form text or images. As the bubble collapses, it creates a vacuum that pulls in fresh ink. This process is repeated
thousands of times per second. With thermal inkjet technology, water-based inks are used.
�[0004] Piezoelectric printing technology - commonly called piezo - pumps ink through nozzles using pressure, like a
squirt gun. A piezo crystal used as a very precise pump places ink onto the printing medium. A wide range of ink
formulations (solvent, water, UV) may be used.
�[0005] In heads used for high resolution printing, nozzles are located close to each other. Different nozzles next to
each other suffer from cross-talk, both thermal cross-talk and mechanical cross-talk. The most severe form of cross-talk
is mechanical cross-talk generated by using a common wall or shared wall between two nozzles, as explained hereinafter.
�[0006] A number of different piezo concepts exist.
�[0007] A typical concept, as described in US-�4887100, WO 96/10488, WO 97/04963 and WO 99/12738, uses so
called shared walls. The pressure chambers containing the ink are next to each other, while their dividing walls are the
actuators.
�[0008] Because an actuator is always shared by two channels, it is not possible to jet a drop out of two neighbouring
channels at the same time. In WO 96/10488 is described that the nozzles are divided in three interlaced groups (A, B,
C). Neighbouring nozzles are fired in a sequence ABC. Two solutions are possible to print dots on a straight line.
�[0009] A first solution uses a complete nozzle array under a certain angle. By doing this, the resolution is increased,
and by using the right fast scan speed, dots fired in a sequence A, B, C are on a straight line.
�[0010] A second solution uses a head perpendicular to the fast scan direction, in which the A, B, and C nozzles are
staggered in the fast scan direction. Printing of a line of pixels is divided into three cycles. In the first cycle, the dividing
walls to either side of the A channels are driven (if ink is to be ejected from them - depending on the image to be printed)
with a pulsed signal. In the second cycle, the dividing walls to either side of the B channels are driven (if ink is to be
ejected from them - depending on the image to be printed) with a pulsed signal. In the third cycle, the dividing walls to
either side of the C channels are driven (if ink is to be ejected from them - depending on the image to be printed) with
a pulsed signal. The pressure pulses developed in the channels that are not included in the current cycle are not larger
than 1/2 of those in the channels that are intended to eject ink. The printing apparatus is arranged so that such pulses
with 1/2 magnitude do not cause ink ejection.
�[0011] A drawback of this concept is that, once the firing frequency is defined, only one fast scan speed can be used
to print ABC dots on a straight line, as explained hereinafter. In the fast scan direction, the head will e.g. print each
1/360-inch.
�[0012] Fig. 1 shows a piezo printhead 10 according to the prior art, having nozzles 12 which are divided into three
sets, called a set of A nozzles, a set of B nozzles and a set of C nozzles, each set intended to be fired during different
firing cycles. The different sets of nozzles are staggered with respect to each other over a stagger distance D1 in the
fast scan direction. If the nozzles are divided in groups G of three, every first nozzle is part of the set of A nozzles, every
second nozzle is part of the set of B nozzles and every third nozzle is part of the set of C nozzles. All nozzles in one set
A, B, C are positioned on a straight line in the slow scan direction S, which lines are located at the stagger distance D1
with respect to each other in the fast scan direction F.
�[0013] As an example, printhead 10 is considered to be a type 360 head. This means that the printhead 10 is provided
for printing 360 dpi (= pixels per inch) in the fast scan direction F. In this type 360 printhead 10, the distance D1 between
nozzles 12 in the fast scan direction F is 1/360 inch / 3 = 70.56 Pm / 3 = 23.52 Pm.
�[0014] If the firing frequency is 12.4 kHz, meaning that every set A, B, C of nozzles can be fired every 80.65 ps, the
speed of the printhead 10 in the fast scan direction F is 1/360 inch * 12.4 kHz = 0.875 m/s. The nozzles 12 are fired in
an ABC sequence, with the A nozzles at the leading edge of the printhead 10 in the fast scan direction F.
�[0015] The cycle frequency is 12.4 kHz * 3 = 37.2 kHz. Or formulated in another way: the set of B nozzles fires 26.88
Ps after the set of A nozzles, and the set of C nozzles fires 53.76 Ps after the set of A nozzles. After 80.65 ps, the set
of A nozzles fires again.
�[0016] When it would be desired to keep the same firing frequency, but to print a 180 * 180 dpi image with the 360
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type printhead of the example given above, the printhead speed should theoretically double to 1.750 m/s. In the above
case of printing a 180 * 180 dpi image with a 360 type printhead, where the printhead speed must double to 1.750 m/s,
the delays for firing B and C need to be shorter to make sure that dots are printed on the same line. Nozzle set B has
to be fired 13.44 Ps after nozzle set A, and nozzle set C 26.88 Ps after nozzle set A. These firing frequencies are too
close one to the other, and therefore a 360 type printhead cannot be used to print a 180 * 180 dpi image.
�[0017] When it would be desired, on the other hand, to print a 720 * 720 dpi image with the 360 type printhead, the
firing delay between the set of A nozzles, set of B nozzles and set of C nozzles increases to 53.76 Ps. As, however,
after 80.65 Ps the set of A nozzles has to fire again, there is not enough time left to fire the set of C nozzles, and therefore
a 360 type printhead cannot be used to print a 720 * 720 dpi image neither.
�[0018] In EP 677 390 a method for printing graphical images is disclosed lowering visibility of nozzle imperfections by
using multiple printing passes.
�[0019] It is an object of the present invention to provide a method for printing, with one type of printhead, with a
resolution which is different from the design resolution of the type of printhead used.
�[0020] It is an object of the present invention to provide a method for printing, with one type of printhead, a variety of
resolutions.

SUMMARY OF THE INVENTION

�[0021] The above objects are achieved by a method of printing an image onto a printing medium using a printing
system with an elongate printhead having an array of marking elements (A, B, C, A, B, C) comprising at least one group
(G) of marking elements (A, B, C), the marking elements (A, B, C) of one group are staggered with respect to each other
over a stagger distance (D1) in a fast scan direction to form a plurality of rows (6,7,8) of marking elements, the direction
of the rows forming a longitudinal axis of the printhead, the printhead being intended to be driven with a reference velocity
(Fref) which is equal to the stagger distance (D10 multiplied by a reference firing frequency (Fref), and being driven in
the fast scan direction (F) to print marks on the printing medium along one swath of print in one pass, and the printing
medium and the printhead being movable relative to each other in a slow scan direction (S) to print further swaths, and
the printing system being such that two adjacent marking elements of a group (G) are firable with a time difference T
but are not firable simultaneously without causing a printing defect, comprising the steps of firing adjacent marking
elements of one group (G) (depending on an image to be printed) at instants of time separated by the time T to form a
series of parallel lines of print being at a non-zero angle with respect to the longitudinal axis of the printhead and to the
fast scan direction, and forming an incomplete part of the image, and repeating the above-defined step, whereby, during
each printing pass in the fast scan direction (F) the lines are printed at intermediate positions between the parallel lines
of previous printing passes, so that the complete part of the image is formed by the multiple printing passes, wherein
the operating velocity (V) differs from the reference velocity (Vref). The image may be formed of a superposition of
monochromatic subimages (called separations) in which case the repeating of the printing passes relates to each
monochromatic sub-image. � The reference velocity (Vref) is equal to the stagger distance (D1) multiplied by a reference
firing frequency (Fref). One marking element of a group is able to be fired at each reference firing frequency pulse (whether
it fires depends upon the image to be printed). The marking elements of the print head are intended to be fired according
to a reference firing order to print an image with a first resolution. When printing with the designed reference velocity
and firing frequency parallel lines of print are produced which are parallel to the longitudinal axis of the printhead. The
method may include delaying printing data representing the image supplied to some of the marking elements with respect
to the printing data supplied to other marking elements.
�[0022] The present invention will now be described with reference to the attached drawings.
�[0023] The above-mentioned advantageous effects are realised by a printing method having the specific features set
out in claim 1. Specific features for preferred embodiments of the invention are set out in the dependent claims.
�[0024] Further advantages and embodiments of the present invention will become apparent from the following de-
scription [and drawings].

BRIEF DESCRIPTION OF THE DRAWINGS

�[0025]

Fig. 1 is a front view of a printhead with staggered marking elements as known in the prior art.
Fig. 2 schematically illustrates a printing scheme of a printhead of Fig. 1, according to an embodiment of the present

invention.
Fig. 3 schematically illustrates which dots of an image are written during each of a plurality of printing passes in

order to completely fill out the image in accordance with an embodiment of the present invention.
Fig. 4A schematically illustrates an embodiment of the present invention including completely filling out an image by
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shifting and cyclically rotating the nozzles in case the number of printing passes is a multiple of the number
of nozzles in a group, and Fig. 4B schematically illustrates a further embodiment of the present invention
completely filling out an image in case the number of printing passes is not a multiple of the number of nozzles
in a group.

Fig. 5 schematically illustrates a printing scheme according to an example not part of the claimed invention using
a printhead without nozzle stagger.

Fig. 6 is a highly schematic representation of an inkjet printer for use with the present invention.
Fig. 7 is a schematic representation of a printer controller in accordance with an example not part of the claimed

invention.

DETAILED DESCRIPTION OF THE INVENTION

�[0026] The present invention will be described with reference to various embodiments and drawings but the present
invention is not limited thereto but only by the claims.
�[0027] The term "printing" as used in this invention should be construed broadly. It relates to forming markings whether
by ink or other materials or methods onto a printing substrate. Various printing methods which may be used with the
present invention are described in the book "Principles of non-impact printing", J. L. Johnson, Palatino Press, Irvine,
1998, e.g. thermal transfer printing, thermal dye transfer printing, deflected ink jet printing, ion projection printing, field
control printing, impulse ink jet printing, drop-on-demand ink jet printing, continuous ink jet printing. Non-contact printing
methods are particularly preferred. However, the present invention is not limited thereto. Any form of printing including
dots or droplets on a substrate is included within the scope of the present invention, e.g. piezoelectric printheads may
be used to print polymer materials as used and described by Plastic Logic (http:�// �plasticlogic.com/) for the printing of
thin film transistors. Hence, the term "printing" in accordance with the present invention not only includes marking with
conventional staining inks but also the formation of printed 2-D or 3-D structures or areas of different characteristics on
a substrate. One example is the printing of water repellent or water attractive regions on a substrate in order to form an
off-set printing plate by printing. Accordingly, the term "printing medium" or "printing substrate" should also be given a
wide meaning including not only paper, transparent sheets, textiles but also flat plates or curved plates which may be
included in or be part of a printing press. In addition the printing may be carried out at room temperature or at elevated
temperature, e.g. to print a hot-melt adhesive the printhead may be heated above the melting temperature. Accordingly,
the term "ink" should also be interpreted broadly including not only conventional inks but also solid materials such as
polymers which may be printed in solution or by lowering their viscosity at high temperatures as well as materials which
provide some characteristic to a printed substrate such as information defined by a structure on the surface of the printing
substrate, water repellence, or binding molecules such as DNA which are spotted onto micro-arrays. As solvents both
water and organic solvents may be used. Inks as used with the present invention may include a variety of additives such
as ant-oxidants, pigments and cross-linking agents.
�[0028] In the following the invention will be described with respect to one type of printing, e.g. ink jet printing in which
a printhead traverses with respect to a printing medium in a first direction (fast scan direction) while the print medium
indexes forwards relative to the printhead in a direction perpendicular to this (slow scan direction). The present invention
is particularly useful for printing heads having a plurality of marking elements and with which firing of marking elements
is prevented by the system or would cause a printing defect. This type of head can be an ink jet printing head. If there
are shared walls between the nozzles of the head it is not possible to fire two adjacent at the same time. This is an
extreme example of what in general might be called crosstalk between adjacent marking elements. In many printing
heads there may be some effect on one firing marking element if the adjacent marking element fires at the same time.
Such crosstalk may be caused by thermal (e.g. spread of heat energy and therefore change of temperature), mechanical
(e.g. shock waves propgating through the head), fluid (e.g. pressure pulses in the ink supply) or electrical (e.g. current
to flow through one heating element leaks to an adjacent heating element, an electric field generated by applying a
voltage to one electrode of a first marking element may generate an electric field at an electrode of an adjacent marking
element) effects for example. These effects may reduce or increase, for example, ink drop size or cause some other
type of printing defect. This defect may be that at least one of the adjacent marking elements does not print at all (which
is the case for ink jet printheads with common walls), or that at least one of them prints with a defect. For example, for
at least one of the marks printed onto a printing medium, the size or intensity of the mark is at least 5% more or less
than the intended mark size or density if both marking elements for are actuated at the same time. Also included within
the present invention is that the printing system prevents simultaneous firing of adjacent marking elements even if such
a firing could be made. In a system designed not to print with adjacent marking elements simultaneously, any such
simultaneous firing is a printing defect in accordance with the present invention and the attached claims. With respect
to any of the embodiments of the invention below the printhead and the printing system may be of the above type, i.e.
that simultaneous firing of adjacent marking elements is prevented.
�[0029] In a method according to embodiments of the present invention, the speed in the fast scan direction is set at
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a particular velocity or changed from a reference velocity with which the printhead is intended to be driven (in case of
printheads with staggered marking elements) to a particular velocity, while preferably keeping the firing frequency of the
sets of nozzles unchanged. This is done in order to be able to print, with a printhead of a certain type, which is intended
to print images with a certain resolution, images with other resolutions.

FIRST EMBODIMENT: STAGGERED HEAD WITH THREE MARKING ELEMENTS IN A GROUP

�[0030] A printhead 10 used according to the first embodiment has a number of wets of marking elements, e.g. three
sets of marking elements or nozzles 12: a set of A-nozzles, a set of B-nozzles and a set of C-nozzles. This means that
there are three nozzles 12 in one group G, as represented in Fig. 1. Each of the sets of nozzles form a row 6, 7, 8, the
direction of which forms a longitudinal axis of the printhead 10.
�[0031] For a printhead 10 intended to print images of a certain basic resolution, changing the operating velocity makes
it possible to print images with a resolution which is higher than the basic resolution, if the printhead passes a plurality
of times over the same swath.
�[0032] For example a type 360 head is considered, which means that this printhead is provided for printing 360 dpi
(= pixels per inch) in the fast scan direction F. In this type of printhead 10, the distance D1 between nozzles 12 in the
fast scan direction F is 1/360 inch / 3 = 70.56 Pm / 3 = 23.52 Pm. If the reference firing frequency Fref for this type of
head is 12.4 kHz, meaning that every set A, B, C of nozzles can be fired every 80.65 Ps, the reference speed Vref of
the printhead 10 in the fast scan direction F is 1/360 inch * 12.4 kHz = 0.87 m/s. The nozzles 12 are fired in an ABC
sequence, with the A nozzles at the leading edge of the printhead 10 in the fast scan direction F. The cycle frequency
is 12.4 kHz * 3 = 37.2 kHz, or thus the set of B nozzles fires 26.88 Ps after the set of A nozzles, and the set of C nozzles
fires 53.76 Ps after the set of A nozzles. After 80.65 Ps, the set of A nozzles fires again. That way, a 360 dpi image is
obtained.
�[0033] According to an embodiment of the present invention, such a type 360 head 10 with a stagger distance D1 of
Vref * Tref = 23.52 Pm between two neighbouring sets of nozzles (Tref = 1/Fref), can be used for printing images with a
higher resolution. For example for printing the image at 1080 dpi, the fast scan speed must be double the reference
velocity (i.e. 1.75 m/s) and the printhead has to pass 6 times over the same swath.
�[0034] If the example of the above type 360 head for printing images in 1080 dpi is worked out further, the following
is obtained, as illustrated in Fig. 2.
�[0035] During a first cycle of a first pass of the printhead 10 over a swath of the print medium, the set of A nozzles is
driven first. Where necessary (according to the image to be printed), A nozzles eject drops on locations 14 on a straight
line 16 in the slow scan direction S. Drops ejectable during the first pass of the printhead 10 over the print medium
(because the nozzles are firable), are indicated in Fig. 2 by black circles. Whether or not they are fired depends on the
image to be printed. Locations above which nozzles are located at certain moments in time during the first pass of
printhead 10 over the print medium, but where no drops are printed because the respective nozzles are not firable there,
are indicated by means of white circles in Fig. 2. At the moment of firing the set of A nozzles, the set of B nozzles is
located at locations 18 at a distance Vref * Tref / 3 = 23.52 Pm behind the set of A nozzles, and the set of C nozzles is
located at locations 20 at a distance 2 * Vref * Tref / 3 = 47.04 Pm behind the set of A nozzles. Before firing the set of B
nozzles, the printhead 10 is moved, with a velocity V which equals for example twice the reference velocity Vref, and
which is thus 1.75 m/s for the example given, during a time which equals Tref / 3. Before firing the set of B nozzles, the
printhead 10 is thus moved over a distance V * Tref / 3 = 2 * Vref * Tref / 3 = 47.04 Pm in the fast scan direction F. During
the first cycle, the set of B nozzles eject drops on locations 22 on a straight line 24 in the slow scan direction S, where
necessary according to the image to be printed. At the moment of firing the set of B nozzles, the set of C nozzles is
located at locations 26 at a distance of 23.52 Pm behind the set of B nozzles. Before firing the set of C nozzles, the
printhead 10 is moved over a distance of 47.04 Pm in the fast scan direction F. During the first cycle, the set of C nozzles
eject drops on locations 28 on a straight line 30 in the slow scan direction S, where necessary according to the image
to be printed. It can be seen from Fig. 2 that the droplets from adjacent marking elements fired during one pass form
lines of print 31 at a non-zero angle with respect to the longitudinal axis of the printhead 10.
�[0036] At the moment of firing the set of C nozzles, the set of A nozzles is located at locations 32 at a distance of
47.04 Pm in front of the set of C nozzles, and the set of B nozzles is located at locations 34 at a distance of 23.52 Pm
behind the set of A (or 23.52 Pm in front of the set of C nozzles). Before firing the set of A nozzles during a second cycle
of the same first pass of the printhead 10, the printhead 10 is moved over a distance of V * Tref / 3 = 2 * Vref * Tref / 3 =
47.04 Pm in the fast scan direction F. During the second cycle, the set of A nozzles eject drops on locations 36 on a
straight line 38 in the slow scan direction S, where necessary according to the image to be printed. At the moment of
firing the set of A nozzles, the set of B nozzles is located at locations 40 at a distance of 23.52 Pm behind the set of A
nozzles. Before firing the set of B nozzles, the printhead 10 is moved over a distance of 47.04 Pm in the fast scan
direction F. The set of B nozzles eject drops on locations 42 on a straight line 43 in the slow scan direction S, where
necessary according to the image to be printed.
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�[0037] The above printing scheme is continued in the same way during the first pass of the printhead 10 over the print
medium.
�[0038] During a second pass of the printhead 10 over the same swath of the print medium, drops can be printed
(according to the image content) as indicated in Fig. 2 by means of black squares. Locations above which the nozzles
are located at certain moments in time during the second pass, but where no drops are printed because the nozzles are
not firable there, are indicated by means of white squares.
�[0039] During a first cycle of the second pass of the printhead 10 over the print medium, the set of A nozzles is driven
first. Where necessary (according to the image), A nozzles eject drops, for example on locations 44 on a straight line
45 in the slow scan direction S. At the moment of firing the set of A nozzles, the set of B nozzles is located at locations
46 at a distance 23.52 Pm behind the set of A nozzles, and the set of C nozzles is located at locations 48 at a distance
2 * Vref * Tref / 3 = 47.04 Pm behind the set of A nozzles. Before firing the set of B nozzles, the printhead 10 is moved,
with a velocity V which equals for example twice the reference velocity Vref, and which is thus 1.75 m/s for the example
given, during a time which equals Tref / 3. Before firing the set of B nozzles, the head 10 is thus moved over a distance
47.04 Pm in the fast scan direction F. During the first cycle, the set of B nozzles ejects a drop on locations 50, where
necessary according to the image to be printed. At the moment of firing the set of B nozzles, the set of C nozzles is
located at locations 52 at a distance of 23.52 Pm behind the set of B nozzles. Before firing the set of C nozzles, the
head 10 is moved over a distance of 47.04 Pm in the fast scan direction F. During the first cycle of the second pass, the
set of C nozzles eject drops on locations 54, where necessary according to the image to be printed.
�[0040] The above printing scheme is continued, as explained before, during the second pass of the printhead 10 over
the print medium.
�[0041] After six passes, carried out as described above, and each time shifted a little bit so as to write on intermediate
positions, the whole image is written, with a resolution of 1080 dpi.
�[0042] From the above, or from considering the result on Fig. 2, it is clear that print data must be reorganised or
"shuffled" so that the correct data is presented to the relevant nozzle at the right time.
�[0043] Although in Fig. 2, dots 44 written with the A nozzles during the second pass of the printhead 10 over a swath
are written right in the middle between two dots 14, 36 written with the A nozzles during the first pass, in reality those
locations will generally be different. This is shown in Fig. 3: during a first pass, dots are written on locations 60 indicated
with circles; during a second pass, dots are written on locations 62 indicated with squares; during a third pass, dots are
written on locations 64 indicated with triangles; during a fourth pass, dots are written on locations 66 indicated with
pentagons; during a fifth pass, dots are written on locations 68 indicated with stars; and during a sixth pass, dots are
written on locations 70 indicated with hexagons. As can be seen in Fig. 3, after six passes, all intermediate locations
are filled out (if needed according to the image content), and the desired image is written in a higher resolution than the
resolution the printhead was intended for.
�[0044] The above can be put in general formulae. X (in dpi) is the resolution the printhead is intended for, and Y (in
dpi) is the resolution the printhead is used for (= the resolution of the printed image). T is the time between two consecutive
fire pulses of the same nozzle. F is the firing frequency of the printhead, whereby F=1/T. V is the velocity at which the
printhead is operated.
�[0045] As stated above, a printhead is intended to be operated at a reference velocity Vref, the nozzles being fired at
a reference firing frequency Tref. According to the present invention, the head is operated at a velocity V which is different
from the reference velocity Vref, for example a velocity V which is higher than the reference velocity Vref. In the following
formulae, every velocity V is defined relative to the reference velocity Vref as follows: 

�[0046] When putting the above in general formulae, the following is obtained: �

- the set of A nozzles writes at moments t=k·T, k being an integer
- the set of B nozzles writes at moments 

- the set of C nozzles writes at moments 

At those times, the following locations are reached:�

- nozzles A write at positions 
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- nozzles B write at positions 

- nozzles C write at positions 

�[0047] The resolution Y of the image written with the concept of the present invention can be calculated out of the
following formula: 

and thus 

This is only valid under the condition that 

�[0048] The printhead has to write N times over a swath of the image in order to fill out all dots, whereby N is given by:�

with  calculated out of formula (1). N has to be a natural number.
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SECOND EMBODIMENT

�[0049] It is also possible to write an image of Y dpi with a head intended to print images of X dpi, by using another
velocity and passing another number of times over the same swath. For example, it is possible to write the 1080 dpi
image with the 360 dpi head of the first embodiment with a velocity different from twice the reference velocity.
�[0050] In that case, a factor c1 is defined in such a way that the image can be written at a resolution Y2 so that Y =
Y2 * c1. Then 

and the printhead is passed c1 * N times over the same swath. Again c1 * N has to be a natural number, with 

�[0051] When replacing RV in equation (3) with the result from equation (2), the following is obtained: 

or thus 

or 3·c1·X+Y=N·c1·X or Y=X·c1�(N-�3) with c1*N is a natural number. This means that Y/X has to be a natural number as
well, and thus that X has to be a divider of Y, or with other words that it is possible to print any multiple of the head
resolution with the method according to the present invention. The printing has to be repeated N times, with

and with a relative velocity 

�[0052] Data for the sets of B and C nozzles should be reshuffled as follows: �

- for the B nozzles: 
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- for the C nozzles: 

�[0053] For the above example (see first embodiment) of printing a 1080 dpi image with a 360 dpi head, the calculations
of the second embodiment result in RV = 3/2 and N = 9.
�[0054] This means that with a 360 dpi head, an image with a resolution of 1080 dpi can be obtained by (according to
the first embodiment) using a velocity which is double of the reference velocity, and by printing 6 times over each swath,
or by (according to the second embodiment) using a velocity which is one and a half times the reference velocity, and
by printing 9 times over each swath. Also other velocities combined with other numbers of printing passes for one swath
are possible.

THIRD EMBODIMENT: STAGGERED HEAD WITH ϕ MARKING ELEMENTS IN A GROUP

�[0055] The above formulae can be formulated more generally for a system using ϕ marking elements in a group, as
shown below: 

�[0056] Times at which the nozzles write: �

- the set of A nozzles writes at moments t=k·T, k being an integer

- the set of B nozzles writes at moments 

- the set of C nozzles writes at moments 

- the set of ϕ nozzles writes at moments 

�[0057] Locations at which the nozzles write:�

- nozzles A write at positions 
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- nozzles B write at positions 

- nozzles C write at positions 

- nozzles ϕ write at positions 

�[0058] The resolution Y of the image written with the concept of the present invention can be calculated from the
equation: 

and thus 

�[0059] The printhead has to write N times over a swath of the image in order to fill out all dots, whereby N is given by:�

N has to be an integer.
�[0060] Generally, between every two passes the printing medium will be shifted with regard to the printhead in the
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slow scan direction S. In the description and drawings given or referenced to above, this shift is done over a distance
which is a multiple of the number of nozzles in one group, so that A nozzles always print on the same line in the fast
scan direction.
�[0061] However, this shift can also be carried out over another distance, not dividable by the number of nozzles in a
group. In that case, the firing of the nozzles has to be cyclically rotated. In Fig. 4A, an example is given in which the
number of passes (6 in the example) is a multiple of the number of nozzles in a group (3 in the example: A, B, C). Every
dot location is labelled with a letter and a number. The letters refer to the nozzles firable at that position, and the numbers
refer to the printing passes.
�[0062] Another possibility is to shift the head over a number of nozzles which is not a multiple of the number of nozzles
in a group, and fill out the image in a number of passes which is not a multiple of the number of nozzles in a group. In
that case, there are redundant nozzles for some of the dot positions, and some of the nozzles do not write in order not
to overwrite already written dots. This is illustrated in Fig. 4B. In the example given, there are 3 nozzles in a group, and
5 passes are needed to completely fill out the image. As can be seen from Fig. 4B, when printing during passes 4, 5
and 6, the locations where nozzles C should print (C4, C5, C6) are already printed during previous passes. Therefore,
during passes 4, 5 and 6 the set of C nozzles is not fired.

FOURTH EMBODIMENT: STAGGERED HEAD AT SLOWER VELOCITY IN FAST SCAN DIRECTION

�[0063] In the previous embodiments the printhead was traversed in the fastscan direction at a speed higher than the
reference velocity. However, the present invention also includes traversing the head at a velocity slower than the reference
velocity. The resolution achieved can be derived by applying similar methods to those described above. The achieved
resolution is given by: 

�[0064] The printhead has to write N times over a swath of the image in order to fill out all dots, whereby N is given by: 

N has to be an integer.

FIRST EXAMPLE: NO NOZZLE STAGGER (not part of the claimed invention)

�[0065] In a first example, a printhead without nozzle stagger (i.e. all nozzles on a straight line 9, which forms a
longitudinal axis of the head) is considered, as shown in Fig. 5. According to the present invention, the printing machine
is set up so that adjacent nozzles of the printhead cannot fire at the same time. This may be done either by software
imposing that requirement, or it may be inherent to the printhead, for example when using a printhead with shared walls
between adjacent nozzles.
�[0066] Droplets will be fired (if needed, depending on the image to be printed), on positions calculated according to
the following equations:�

- nozzles A will write at positions:�

- nozzles B will write at positions: 
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- nozzles C will write at positions: 

- nozzles ϕ will write at positions: 

�[0067] The resolution Y (pixels per inch) of the printed image can be calculated from the following equation: 

thus

�[0068] The printing of a swath has to be repeated N times: 

This means that by repeating the printing of a swath over a number of times equal to at least the number of nozzles in
a group, any resolution can be printed with a head of the type mentioned above.
�[0069] In Fig. 5 an example is given of a printhead without nozzle stagger, where there are 3 nozzles A, B, C in a
group. Shared walls (not represented) between the nozzles prevent neighbouring nozzles from firing at the same moment.
Dots indicated by circles are printed (or not, depending on the image content; but the nozzle is firable there) during a
first pass, dots represented by squares are printed (or not, depending on the image content) during a second pass, and
dots represented by stars are printed (or not, depending on the image content) during a third pass. As can be seen from
Fig. 5, after 3 passes the complete image is printed.
�[0070] In the above embodiments and example, ABC firing is discussed. It is also possible to use CBA firing to obtain
the correct higher resolution results according to the present invention. A skilled person can obtain the slightly modified
equations.

Second example: Printer and driver software (not part of the claimed invention)

�[0071] Fig. 6 is a highly schematic general perspective view of an inkjet printer 200 which can be used with the present
invention. The printer 200 includes a base 310, a carriage assembly 320, a step motor 330, a drive belt 340 driven by
the step motor 330, and a guide rail assembly 360 for the carriage assembly 320. Mounted on the carriage assembly
320 is a printhead 10 that has a plurality of nozzles. The printhead 10 may also include one or more ink cartridges or
any suitable ink supply system. A sheet of paper 370 is fed in the slow scan direction over a support 380 by a feed
mechanism (not shown). The carriage assembly 320 is moved along the guide rail assembly 360 by the action of the
drive belt 340 driven by the step motor 330 in the fast scanning direction.
�[0072] Fig. 7 is a block diagram of the electronic control system of a printer 200, which is one example of a control
system for use with a printhead 10. The printer 200 includes a buffer memory 400 for receiving a print file in the form of
signals from a host computer 300, an image buffer 420 for storing printing data, and a printer controller 600 that controls
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the overall operation of the printer 200. Connected to the printer controller 600 are a fast scan driver 620 for a carriage
assembly drive motor 660, a slow scan driver 640 for a paper feed drive motor 680, and a head driver 440 for the
printhead 10. Optionally, there is a data store 700 for storing parameters for controlling the printing operation. Host
computer 300 may be any suitable programmable computing device such as personal computer with a Pentium III
microprocessor supplied by Intel Corp. USA, for instance, with memory and a graphical interface such as Windows 98
as supplied by Microsoft Corp. USA. The printer controller 600 may include a computing device, e.g. microprocessor,
for instance it may be a microcontroller. In particular, it may include a programmable printer controller, for instance a
programmable digital logic element such as a Programmable Array Logic (PAL), a Programmable Logic Array, a Pro-
grammable Gate Array, especially a Field Programmable Gate Array (FPGA). The use of an FPGA allows subsequent
programming of the printer device, e.g. by downloading the required settings of the FPGA.
�[0073] The user of printer 200 can optionally set values into the data store 700 so as to modify the operation of the
printhead 10. The user can for instance set values into the data store 700 by means of a menu console 460 on the printer
200. Alternatively, these parameters may be set into the data store 700 from host computer 300, e.g. by manual entry
via a keyboard. For example, based on data specified and entered by the user, a printer driver (not shown) of the host
computer 300 determines the various parameters that define the printing operations and transfers these to the printer
controller 600 for writing into the data store 700, e.g. the resolution. One aspect is that the printer controller 600 controls
the operation of printhead 10 in accordance with settable parameters stored in data store 700. Based on these parameters,
the printer controller reads the required information contained in the printing data stored in the buffer memory 400 and
sends control signals to the drivers 620, 640 and 440. In particular controller 600 is adapted for a dot matrix printer for
printing an image on a printing medium, the control unit comprising software or hardware means for controlling printing
of the image in multiple passes whereby in each pass parallel lines are printed at a non-zero angle with respect to the
longitudinal axis of the printhead and also at a non-zero angle with respect to the fast scan direction, which series of
parallel lines do not form a complete part of the image. When repeating printing passes in the fast scan direction, there
is printed at intermediate positions between the parallel lines to print a complete part of the image. The control unit
furthermore comprises software or hardware means for setting the resolution. The controller may be used for independ-
ently setting the resolution. As explained above the printhead has an array of marker elements under the control of the
controller. For instance the controller may be adapted so that for a specific resolution the speed of the head in the fast
scan direction is controlled. Resolutions may be selected by the user.
�[0074] For instance, the printing data is broken down into the individual colour components to obtain image data in
the form of a bit map for each colour component which is stored in the receive buffer memory 300. In accordance with
control signals from the printer controller 600, the head driver 440 reads out the colour component image data from the
image buffer memory 520 in accordance with a specified resolution to drive the speed and the array�(s) of nozzles on
the printhead 10 to achieve the required resolution.
�[0075] As indicated above the controller 600 may be programmable, e.g. it may include a microprocessor or an FPGA.
A printer may be programmed to provide different resolutions. For example, the basic model of the printer may provide
selection of one resolution only. An upgrade in the form of a program to download into the microprocessor or FPGA of
the controller 600 may provide additional selection functionality, e.g. a plurality of resolutions. Accordingly, the present
invention could be used with a computer program product which provides the functionality of any of the methods according
to the present invention when executed on a computing device. Further, a data carrier such as a CD-ROM or a diskette
which stores the computer product in a machine readable form and which executes at least one of the methods of the
invention when executed on a computing device could be included. Nowadays, such software is often offered on the
Internet or a company Intranet for download, hence the printing computer product could be transmitted over a local or
wide area network. The computing device may include one of a microprocessor and an FPGA.
�[0076] The data store 700 may comprise any suitable device for storing digital data as known to the skilled person,
e.g. a register or set of registers, a memory device such as RAM, EPROM or solid state memory.
�[0077] While the invention has been shown and described with reference to preferred embodiment and examples, it
will be understood by those skilled in the art that various changes or modifications in form and detail may be made For
instance, the preparation for the printing file to carry out the above mentioned printed embodiments may be prepared
by the host computer 300 and the printer 200 simply prints in accordance with this file as a slave device of the host
computer 300. Hence, the present invention could be adapted so that the printing schemes of the present invention are
implemented in software on a host computer and printed on a printer which carries out the instructions from the host
computer without amendment. Accordingly, a computer program product could be included which provides the function-
ality of any of the methods according to the present invention when executed on a computing device which is associated
with a printhead, that is the printhead and the programmable computing device may be included with the printer or the
programmable device may be a computer or computer system, e.g. a Local Area Network connected to a printer. The
printer may be a network printer. Further, a data carrier such as a CD-ROM or a diskette could be included which stores
the computer product in a machine readable form and which can execute at least one of the methods of the invention
when the program stored on the data carrier is executed on a computing device. The computing device may include a
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personal computer or a work station. Nowadays, such software is often offered on the Internet or a company Intranet
for download, hence the printing computer product could be transmitted over a local or wide area network.

Claims

1. A method of printing an image onto a printing medium (370) using a printing system having an elongate printhead
(10) having an array of marking elements (A, B, C, A, B, C) comprising at least one group (G) of marking elements
(A, B, C), the marking elements (A, B, C) of one group (G) are staggered with respect to each other over a stagger
distance (D1) in a fast scan direction (F) to form a plurality of rows (6, 7, 8) of marking elements, the direction of the
rows forming a longitudinal axis of the printhead (10), �
the printhead (10), being intended to be driven with a reference velocity (Vref) which is equal to the stagger distance
(D1) multiplied by a reference firing frequency (Fref), and being driven in the fast scan direction (F) to print, in one
pass, marks on the printing medium (370) along one swath of print, �
the printing medium (370) and the printhead (10) being movable relative to each other in a slow scan direction (S)
to print further swaths, and
the printing system being such that two adjacent marking elements of a group (G) are firable with a time difference
T but are not firable simultaneously without causing a printing defect,�
the method comprising the steps of :�

- firing adjacent marking elements of one group (G) at instants of time separated by the time T and at an operating
velocity (V) and reference firing frequency (Fref) to form during a single printing pass a series of parallel lines
of print, the lines
being at non-zero angle with respect to the longitudinal axis of the printhead (10) and to the fast scan direction, and
forming an incomplete part of the image,
- repeating the above-defined step, whereby, during each printing pass in the fast scan direction (F) the lines
are printed at intermediate positions between the parallel lines (31) of previous printing passes, so that a complete
part of the image is formed by the multiple printing passes,

characterised in that the operating velocity (V) is different from the reference velocity (Vref).

2. A method according to claim 1, wherein the printed image has a resolution Y being 

wherein

- X is the reference resolution of a printed image when the printhead is driven at the reference velocity Vref and
with the reference firing frequency (Fref)
- φ is the number of marking elements in a group G
- RV is the ratio of the operating velocity (V) to the reference velocity Vref and is not equal to 1

3. A method according to claim 1 or 2, wherein the number of repeating printing passes is N given by 

wherein

- RV is the ratio of the operating velocity (V) to the reference velocity Vref and is not equal to 1
- φ is the number of marking elements in a group G

4. A method according to any one of the preceding claims, the method including delaying printing data representing
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the image supplied to some of the marking elements with respect to the printing data supplied to other marking
elements.

5. A method according to any one of the preceding claims, furthermore comprising shifting the printing medium (370)
with respect to the printhead (10) between printing passes.

6. A method according to any one of the preceding claims, comprising the steps of driving the printhead at a first
operating velocity to print at a first resolution and then driving the printhead at a second operating velocity different
from the first velocity to print at a second resolution different from the first resolution.

7. A method according to any one of the preceding claims, wherein the operating velocity of the printhead, or at least
one of the first and second operating velocities, is faster than the reference velocity.

8. A method according to any one of claims 1-6, wherein the operating velocity of the printhead, or at least one of the
first and second operating velocities, is slower than the reference velocity.

Revendications

1. Procédé d’impression d’une image sur un support d’impression (370) en utilisant un système d’impression à tête
d’impression allongée (10) ayant un réseau d’éléments de marquage (A, B, C, A, B, C) comprenant au moins un
groupe (G) d’éléments de marquage (A, B, C), les éléments de marquage (A, B, C) d’un groupe (G) sont décalés
les uns par rapport aux autres sur une distance de décalage (D1) dans un sens de balayage rapide (F) afin de
former une pluralité de rangées (6, 7, 8) d’éléments de marquage, le sens des rangées formant un axe longitudinal
de la tête d’impression (10), �
la tête d’impression (10) étant destinée à être commandée à une vitesse de référence (Vréf) qui est égale à la
distance de décalage (D1) multipliée par une fréquence de déclenchement de référence (Fréf), et étant commandée
dans le sens de balayage rapide (F) pour imprimer, en un seul passage, des marques sur le support d’impression
(370) et le support d’impression (370) et la tête d’impression (10) étant mobiles l’un par rapport à l’autre dans un
sens de balayage lent (S) pour imprimer d’autres bandes, et
le système d’impression étant tel que deux éléments de marquage adjacents d’un groupe (G) peuvent être déclen-
chés avec une différence de temps T mais ne peuvent pas être déclenchés simultanément sans causer un défaut
d’impression,�
le procédé comprenant les étapes de : �

- déclenchement d’éléments de marquage adjacents d’un groupe (G) à des instants de temps séparés par le
temps T à une vitesse opérationnelle (V) et à une fréquence de déclenchement de référence (Fréf) afin de former
durant un seul passage d’impression une série de lignes parallèles d’impression, les lignes se trouvant à un
angle non nul par rapport à l’axe longitudinal de la tête d’impression (10) et au sens de balayage rapide, et
formant une partie incomplète de l’image,
- répétition de l’étape définie ci-dessus, par laquelle, durant chaque passage d’impression dans le sens de
balayage rapide (F), les lignes sont imprimées à des positions intermédiaires entre les lignes parallèles (31)
de passages d’impression antérieurs, de telle sorte qu’une partie complète de l’image soit formée par les
multiples passages d’impression,

caractérisé en ce que  la vitesse opérationnelle (V) est différente de la vitesse de référence (Vréf).

2. Procédé selon la revendication 1, dans lequel l’image imprimée à une résolution Y 

où

- X est la résolution de référence d’une image imprimée quand la tête d’impression est commandée à la vitesse
de référence Vréf et avec la fréquence de déclenchement de référence (Fréf).



EP 1 361 070 B1

16

5

10

15

20

25

30

35

40

45

50

55

- ϕ est le nombre d’éléments de marquage dans un groupe G
- RV est le rapport de la vitesse opérationnelle (V) sur la vitesse de référence Vréf et n’est pas égal à 1.

3. Procédé selon la revendication 1 ou 2, dans lequel le nombre de passages d’impression répétés est N donné par 

où

- RV est le rapport de la vitesse opérationnelle (V) sur la vitesse de référence Vréf et n’est pas égal à 1
- ϕ est le nombre d’éléments de marquage dans un groupe G

4. Procédé selon l’une quelconque des revendications précédentes, le procédé comportant le retard des données
d’impression représentant l’image fournies à certains des éléments de marquage par rapport aux données d’im-
pression fournies à d’autres éléments de marquage.

5. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre le déplacement du support
d’impression (370) par rapport à la tête d’impression (10) entre des passages d’impression.

6. Procédé selon l’une quelconque des revendications précédentes, comprenant les étapes de commande de la tête
d’impression à une première vitesse opérationnelle pour imprimer à une première résolution puis de commande de
la tête d’impression à une deuxième vitesse opérationnelle différente de la première vitesse pour imprimer à une
deuxième résolution différente de la première résolution.

7. Procédé selon l’une quelconque des revendications précédentes, dans lequel la vitesse opérationnelle de la tête
d’impression, ou au moins l’une des première et deuxième vitesses opérationnelles, est plus rapide que la vitesse
de référence.

8. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel la vitesse opérationnelle de la tête d’impres-
sion, ou au moins l’une des première et deuxième vitesses opérationnelles, est plus lente que la vitesse de référence.

Patentansprüche

1. Verfahren zum Drucken eines Bilds auf ein Druckmedium (370) unter Verwendung eines Drucksystems mit einem
länglichen Druckkopf (10) mit einem Array von markierenden Elementen (A, B, C, A, B, C), umfassend mindestens
eine Gruppe (G) von markierenden Elementen (A, B, C), wobei die markierenden Elemente (A, B, C) eine Gruppe
(G) bezüglich jeder anderen über eine Versatzentfernung (D1) in einer Schnellscanrichtung (F) versetzt ist, um
mehrere Reihen (6, 7, 8) von markierenden Elementen auszubilden, wobei die Richtung der Reihen eine Längsachse
des Druckkopfs (10) bildet, �
wobei der Druckkopf (10), der mit einer Referenzgeschwindigkeit (Vref) angetrieben werden soll, die gleich der
Versatzentfernung (D1) multipliziert mit einer Referenzfeuerfrequenz (Fref) ist, und in der Schnellscanrichtung (F)
angetrieben wird, um in einem Durchgang Markierungen auf das Druckmedium (370) entlang einem Druckfeld zu
drucken, wobei das Druckmedium (370) und der Druckkopf (10) relativ zueinander in einer Langsamscanrichtung
(S) bewegt werden können, um weitere Felder zu drucken, und das Drucksystem derart ist, dass zwei benachbarte
markierende Elemente einer Gruppe (G) mit einer Zeitdifferenz T gefeuert werden können, aber nicht gleichzeitig
gefeuert werden können, ohne einen Druckfehler zu verursachen,�
wobei das Verfahren die folgenden Schritte umfasst:�

- Feuern benachbarter markierender Elemente einer Gruppe (G) zu Zeitpunkten, die durch die Zeit T getrennt
sind, und mit einer Arbeitsgeschwindigkeit (V) und Referenzfeuerfrequenz (Fref), um während eines einzelnen
Druckdurchgangs einer Reihe paralleler Drucklinien auszubilden, wobei sich die Linien unter einem von Null
verschiedenen Winkel bezüglich der Längsachse des Druckkopfs (10) und zu der Schnellscanrichtung befinden,
und Ausbilden eines unvollständigen Teils des Bilds,
- Wiederholen des oben definierten Schritts, wodurch während jedes Druckdurchgangs in der Schnellscanrich-
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tung (F) die Linien an Zwischenpositionen zwischen den parallelen Linien (31) vorausgegangener Druckdurch-
gänge gedruckt werden, so dass ein vollständiger Teil des Bilds durch die mehreren Druckdurchgänge ausge-
bildet wird,

dadurch gekennzeichnet, dass die Arbeitsgeschwindigkeit (V) von der Referenzgeschwindigkeit (Vref) verschie-
den ist.

2. Verfahren nach Anspruch 1, wobei das bedruckte Bild eine Auflösung Y von  aufweist,�

wobei

- X die Referenzauflösung eines gedruckten Bilds ist, wenn der Druckkopf mit der Referenzgeschwindigkeit
Vref und der Referenzsteuerfrequenz (Fref) angetrieben wird,
- ϕ die Anzahl der markierenden Elemente in einer Gruppe G ist,
- RV das Verhältnis der Arbeitsgeschwindigkeit (V) zu der Referenzgeschwindigkeit Vref ist und nicht gleich 1 ist.

3. Verfahren nach Anspruch 1 oder 2, wobei die Anzahl der wiederholenden Druckdurchgänge N ist, gegeben durch 

wobei

- RV das Verhältnis der Arbeitsgeschwindigkeit (V) zu der Referenzgeschwindigkeit Vref ist und nicht gleich 1 ist
- ϕ die Anzahl der markierenden Elemente in einer Gruppe G ist.

4. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Verfahren das verzögerte Drucken von Daten
beinhaltet, die das Bild darstellen, das einigen der markierenden Elemente zugeführt wird, bezüglich der Druckdaten,
die anderen markierenden Elementen zugeführt werden.

5. Verfahren nach einem der vorhergehenden Ansprüche, weiterhin mit dem Verschieben des Druckmediums (370)
bezüglich des Druckkopfs (10) zwischen Druckdurchgängen.

6. Verfahren nach einem der vorhergehenden Ansprüche, mit den Schritten des Ansteuerns des Druckkopfs mit einer
ersten Arbeitsgeschwindigkeit, um eine erste Auflösung zu drucken, und dann Antreiben des Druckkopfs mit einer
zweiten Arbeitsgeschwindigkeit, die von der ersten Geschwindigkeit verschieden ist, um mit einer von der ersten
Auflösung verschiedenen zweiten Auflösung zu drucken.

7. Verfahren nach einem der vorhergehenden Ansprüche, wobei die Arbeitsgeschwindigkeit des Druckkopfs oder
zumindest die erste oder die zweite Arbeitsgeschwindigkeit schneller ist als die Referenzgeschwindigkeit.

8. Verfahren nach einem der vorhergehenden Ansprüche, wobei die Arbeitsgeschwindigkeit des Druckkopfs oder
zumindest die erste oder die zweite Arbeitsgeschwindigkeit langsamer ist als die Referenzgeschwindigkeit.
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