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(54) Adjustment of print arrays in a printing device

(57) Method for adjusting a first (12) and a second
array (14) relatively to each other in a printing device
having a carrying structure (10) for mounting the first and
second arrays. The first array has nozzles (18) arranged
in a first row substantially parallel to a first direction (X)
for forming first marks (22) on a recording substrate, and
the second array has nozzles (20) arranged in a second
row substantially parallel to the first direction for forming
second marks (24) on the recording substrate. In an at-
tainable relative position, the first and second arrays at
least partially flank each other. The method comprises
forming a test pattern (S4) having first and second test
marks and detecting (S6) the locations of the first and
second test marks; determining (S10) a plurality of devi-
ation factors (F1,F3) for a plurality of attainable relative
positions (P1,P3) based on said detected locations,
wherein each one of said deviation factors is an attribute
of a distinct attainable relative position and is indicative
of an amount by which distances between neighbouring
first and second marks deviate from a nominal distance;
and selecting an attainable relative position among the
plurality of attainable relative positions which satisfies a
selection criterion applied to the plurality of deviation fac-
tors.
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Description

[0001] The invention relates to a method for adjusting
a first and a second array relatively to each other in a
printing device having a carrying structure for mounting
the first and second arrays, the first array having nozzles
arranged in a first row substantially parallel to a first di-
rection for forming first marks on a recording substrate,
the second array having nozzles arranged in a second
row substantially parallel to the first direction for forming
second marks on the recording substrate, wherein in an
attainable relative position, the first and second arrays
at least partially flank each other, thereby defining a de-
gree of a longitudinal overlap along the first direction, the
method comprising forming a test pattern having first and
second test marks and detecting the locations of the first
and second test marks .
[0002] In an ink jet printer known from the prior art and
having at least a first and a second printhead, a carriage
whereon the printheads are mounted is generally moved
over a recording substrate in a main scanning direction
parallel to an y-axis for the purpose of recording a swath
of an image. The first and second printheads have re-
spectively a first and a second arrays of nozzles extend-
ing in a direction substantially parallel to the x-axis, which
is the sub-scanning direction. The sub-scanning direction
x is perpendicular to the main scanning direction y. An
image swath consisting of a certain number of pixel lines,
corresponding to the number of activated nozzles of the
printheads is thus recorded during a pass of the carriage
along the main scan direction. In a given relative position
of the first and second arrays along the x-axis, the first
and second arrays at least partially flank each other and
are arranged for forming respectively first and second
marks (also referred to as dots) on a substrate. Some
pixels lines are thus constituted by first marks, corre-
sponding to the nozzles of the first row, while other pixels
lines are constituted by second marks, corresponding to
the nozzles of the second row. Since the first and second
rows at least partially flank each other, pixel lines consti-
tuted by first marks and pixel lines constituted by second
marks both are formed in a same image swath onto the
recording substrate during a single pass of the carriage.
Generally, interlacing of such pixel lines is desired to ob-
tain a high resolution of the recording image and the spac-
ing between the lines should be as regular as possible.
During one single pass of the carriage with two print-
heads, a printing resolution twice as high as the resolution
of a single printhead may be achieved. Therefore, the
relative position of a first and a second printhead along
the x-axis has to be adjusted with a high degree of pre-
cision. Furthermore, a common error in the positioning
of the pixel lines is caused by jet angles which deviate
from the ideal jet angle. Such defects may be caused by
impurities present in the nozzles. Such defects may lead,
for graphical applications, to the appearance of white or
light stripes in an image, known as ’banding’ effect.
[0003] A method for adjusting a first and a second array

relatively to each other in a printing device of the type set
forth is known from US 4,675,696. A reference pattern
is recorded, wherein the reference pattern comprises ’re-
cording elements’ formed by each printhead for detecting
the relative positional aberration of the printheads in the
sub-scanning direction. The recorded reference pattern
is read for providing an output indicative of the relative
locations of the ’recording elements’. This enables de-
tection means to provide an output indicative of the in-
tervals between the printheads in the sub-scanning di-
rection. This is turn enables control means to control and
adjust the relative position of the printheads in the sub-
scanning direction. However, the method of the prior art
is not suited for adjusting the relative position of the first
and second printheads such that interlaced pixel lines
are obtained with a recording resolution twice as high as
the resolution of a single printhead. Furthermore, the
known method is not able to solve the problem of ’band-
ing’.
[0004] The object of the present invention is to improve
a method for adjusting a first and a second array relatively
to each other in a printing device such that interlaced
pixel lines can be obtained in one carriage single pass
with a regular spacing between the pixel lines. With a
regular spacing between pixel lines, a high resolution im-
age swath can be obtained within a single pass of the
carriage. At the same time, the phenomenon of ’banding’
is significantly reduced.
[0005] This object is achieved by a method for adjust-
ing a first and a second array relatively to each other in
a printing device, further comprising determining a plu-
rality of deviation factors for a plurality of attainable rel-
ative positions based on said detected locations, wherein
each one of said deviation factors is an attribute of a
distinct attainable relative position and is indicative of an
amount by which distances between neighbouring first
and second marks deviate from a nominal distance, and
selecting an attainable relative position among the plu-
rality of attainable relative positions which satisfies a se-
lection criterion applied to the plurality of deviation fac-
tors.
[0006] Since a deviation factor which is an attribute of
an attainable relative position is determined, the defects
that would appear in the spacing between lines compris-
ing first marks and lines comprising second marks can
be quantified for the corresponding attainable relative po-
sition. The deviation factor is characteristic of an amount
by which distances between pixel lines deviate from a
nominal distance. Deviation factors are determined for a
plurality of attainable relative positions. Thus, for each of
said attainable positions, the defects that would appear
in a printed image are quantified. This enables the se-
lection of an attainable relative position which is the op-
timum attainable relative position of the first and second
arrays. To select the optimum attainable relative position,
a selection criterion is applied to the plurality of deviation
factors attributed to the plurality of attainable relative po-
sitions.
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[0007] In one embodiment of the method according to
the invention, the selected attainable relative position is
the one having the smallest deviation factor among the
plurality of deviation factors. With such a selection crite-
rion, the selected attainable relative position leads to
printed images wherein the appearance of the defects
such as caused by deviating jetting angles is minimised.
[0008] In another embodiment of the method accord-
ing to the invention, a maximum function constrains the
deviation factor attributed to a distinct attainable relative
position to take the value of the largest difference, in ab-
solute value, among an ensemble of differences comput-
ed between the nominal distance and the distances be-
tween neighbouring first and second marks. The use of
this maximum function in order to set the deviation factor
leads to the selection of an attainable relative position
wherein large spacing between pixel lines in a printed
image are avoided. This embodiment is particularly in-
teresting for applications directed to printed electronics,
such as printing etch-resist, where maximum deviations
in a printed pattern must be minimised and are more im-
portant than uniform distributions in droplet positioning.
When this method is applied, reliable printed circuit
boards are obtained.
[0009] In yet another embodiment of the method ac-
cording to the invention, an average function constrains
the deviation factor attributed to a distinct attainable rel-
ative position to take the value of an averaged difference,
computed in absolute value between the nominal dis-
tance and the distances between neighbouring first and
second marks. The use of this average function in order
to set the deviation factor leads to the selection of an
attainable relative position wherein the averaged spacing
between pixel lines is as close as possible to the nominal
value. This is particularly of interest for graphical appli-
cations and leads to printed images with a good uniform-
ity of the pixel distribution.
[0010] In still another embodiment of the method ac-
cording to the invention, a maximum function constrains
the deviation factor attributed to a distinct attainable rel-
ative position to take the value of the largest difference
between the nominal distance and the distances between
neighbouring first and second marks. With this maximum
function, an attainable relative position may be selected
which leads to printed images wherein the image banding
is strongly reduced.
[0011] In a preferred embodiment, the method accord-
ing to the invention further comprises the step of displac-
ing at least one of the first and second arrays for bringing
the first and second printheads into the selected relative
attainable position. Once this step is carried out, the ar-
rays are positioned relatively to each other such that print-
ing under optimal conditions may start. This method may
be applied from time to time, in order to calibrate a printing
device comprising a first and a second array. Alternately,
the method may be applied before every printing session.
[0012] The invention also relates to a printing device
comprising a first and a second array mounted on a car-

rying structure, the first array having nozzles arranged in
a first row substantially parallel to a first direction for form-
ing first marks on a recording substrate, the second array
having nozzles arranged in a second row substantially
parallel to the first direction for forming second marks on
the recording substrate, wherein in an attainable relative
position, the first and second arrays at least partially flank
each other, thereby defining a degree of a longitudinal
overlap along the first direction, displacement means for
displacing at least one of the arrays thereby causing a
change in the degree of the longitudinal overlap and con-
trol means adapted to control the first and second arrays
for forming a test pattern having first and second test
marks and to control detecting means for detecting the
locations of the first and second test marks.
[0013] A printing device of the type set forth may be
used for graphical applications or for special applications
such as printing an etch-resist material on a substrate
for printed circuit board manufacturing or printing directly
metallic patterns for similar purposes. For graphical ap-
plications, a high printing resolution as well as a high
productivity are generally required. When a plurality of
arrays are positioned relatively to each other such that
they at least partially flank each other, a high resolution
can be achieved in a single pass of a carriage supporting
the arrays. In this case, the quality of a printed image
depends strongly on the regularity of the spacing be-
tween the printed pixel lines obtained in one single pass
of the carriage. Therefore, it is important to align the ar-
rays relatively to each other such that the spacing is as
regular as possible, even in the case that some droplets
are jetted according to angles which deviate from the
ideal angle. Defects in jet angles may cause the unde-
sired phenomenon of ’banding’ within a printed swath of
an image. With the printing devices of the prior art, im-
ages wherein the problem related to ’banding’ appears
are common.
[0014] As far as special applications such as printed
electronics are concerned, a high accuracy of the place-
ments of the marks on the recording substrate is essen-
tial. Indeed, errors in the relative positions of printed lines
lead to the occurrence of conductive tracks having errors
in spacing widths. This may cause insufficient electrical
isolation between adjacent tracks. Moreover, in such ap-
plications, a configuration is possible wherein the first
and second arrays at least partially flank each such that
the first array is normally used for printing purposes, while
the second array is used for backup purposes in the case
that malfunctioning of some nozzles of the first array is
detected. When this happens, the malfunctioning noz-
zles of the first array can be set in an inactive state, while
nozzles of the second array take over their function. In
this kind of application, it is essential that the second
marks, formed by the second array, come to lie on the
recorded substrate at substantially the same locations
as the first marks formed by the first array would do if the
first array was functioning properly. The printing devices
of the prior art have the problem that the second marks
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are not positioned properly with respect to the desired
locations.
[0015] The object of the present invention is to improve
a printing device of the type set forth such that these
problems are minimised.
[0016] This object is achieved in a printing device hav-
ing control means adapted to control a computing module
for executing the steps of determining a plurality of devi-
ation factors for a plurality of attainable relative positions
based on said detected locations, wherein each one of
said deviation factors is an attribute of a distinct attainable
relative position and is indicative of an amount by which
distances between neighbouring first and second marks
deviate from a nominal distance, and selecting an attain-
able relative position among the plurality of attainable
relative positions which satisfies a selection criterion ap-
plied to the plurality of deviation factors.
[0017] Since a deviation factor which is an attribute of
an attainable relative position is determined, the defects
that would appear in the spacing between lines compris-
ing first marks and lines comprising second marks can
be quantified for the corresponding attainable relative po-
sition. The deviation factor is characteristic of an amount
by which distances between pixel lines deviate from a
nominal distance. Deviation factors are determined for a
plurality of attainable relative positions. Thus, for each of
said attainable positions, the defects that would appear
in a printed image are quantified. This enables the se-
lection of an attainable relative position which is the op-
timum attainable relative position of the first and second
arrays. To select the optimum attainable relative position,
a selection criterion is applied to the plurality of deviation
factors attributed to the plurality of attainable relative po-
sitions.
[0018] In one embodiment of the printing device ac-
cording to the invention, the control means are adapted
to control the displacement means for causing the first
and second arrays to have a degree of longitudinal over-
lap corresponding to the selected attainable relative po-
sition. This enables a calibrating procedure for adjusting
the first and second arrays relatively to each other which
may easily be executed automatically, for example be-
fore each time an image is to be printed.
[0019] In another embodiment of the printing device
according to the invention, the detecting means is a CCD
camera mounted on a carriage and arranged for scan-
ning the test pattern. Preferably, the CCD camera is ar-
ranged for determining a geometrical centre of gravity of
each one of the first and second test marks in the test
pattern and extracting coordinates of said first and sec-
ond test marks along an axis. With such a CCD camera,
the locations of the test marks in the test pattern can be
accurately determined. Moreover, with the extracted co-
ordinates, the distances between neighbouring first and
second marks can be also accurately extracted. This
leads to determined deviation factors which characterise
properly the defects in an image depending on the at-
tainable relative position.

[0020] In yet another embodiment of the printing de-
vice according to the invention, the nozzles of the first
array are regularly spaced according to a pitch and the
nozzles of the second array are regularly spaced accord-
ing to the same pitch. This is useful for many applications,
such as high resolution graphical applications or printed
electronics applications. When the nominal distance is
equal to half the pitch, printing with a double resolution
may be achieved with a good quality. When the nominal
distance is equal to zero, a printing device for printed
electronics with a high reliability can be achieved, since
the second array can serve as a backup array in the event
that some nozzles in the first array have to be set inactive
due to their malfunctions.
[0021] The invention also relates to a computer pro-
gram product residing on a computer readable medium
comprising instructions for causing at least one process
unit to perform the method of any of the claims 1 to 10.
[0022] Embodiments of the method and of the printing
device according to the invention are elucidated herein-
after with reference to the figures.

Figure 1 is a schematic view of essential parts of a
printing device having a first and a second printhead,
together with an ideal mark pattern recorded on a
substrate.
Figures 2A and 2B are cross-sectional views of the
first and second arrays that show the deviation of
the jet angles associated to each nozzle of the ar-
rays.
Figure 3 is a schematic representation of a printed
pattern when the arrays are aligned according to a
method of the prior art.
Figure 4 is a schematic representation of a recorded
test pattern comprising test marks, together with the
normal projection of the marks onto the x-axis.
Figures 5A to 5F represent marks pattern that would
be obtained in six different attainable relative posi-
tions of the first and second arrays.
Figure 6 is a table which associates an x-coordinate
to each recorded mark of the test pattern shown in
Figure 4.
Figures 7A and 7B list the distances between adja-
cent first and second points that would arise if the
first and second arrays were in the relative position
1 (Figure 5A) and in the relative position 3 (Figure
5C), respectively.
Figures 8A and 8B are cross-sectional views of the
first and second arrays in the relative position 3.
Figure 9 is a schematic representation of a printed
pattern when the arrays are aligned according to the
method of the invention.
Figure 10 is flow diagram representing the steps of
a method according to an embodiment of the inven-
tion.
Figure 11 shows cross-sectional views of the first
and second arrays in a relative position suited for
printing overlapping pixel lines.
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Figure 12A illustrates an arrangement of marks for
graphical applications.
Figure 12B illustrates an arrangement of marks for
special applications such as printing etch-resist ink
and/or conductive material for printed circuit board
manufacturing.

[0023] Figure 1 schematically shows a carriage 10 of
an ink jet printer having a first printhead and a second
printhead which are mounted on the carriage 10. The
first printhead has a first array 12 of nozzles 18 aligned
in a row and the second printhead has a second array
14 of nozzles 20 aligned in a row. Although only two ar-
rays 12 and 14 are shown in the drawing, it is possible
to mount additional arrays on the carriage 10. The arrays
12 and 14 may be suited for recording marks of the same
marking substance, such as black ink or an etch-resist
ink suited for printed electronics applications. The arrays
12 and 14 may also be suited for recording marks of
different marking substances such as a conductive ma-
terial and an etch-resist material. With even more arrays,
a full colour printer may be obtained, whereby the plurality
of additional arrays are used for printing the colours yel-
low, cyan and magenta. The method for adjusting two
arrays such as described hereinafter easily translates to
more than two arrays.
[0024] The arrays 12 and 14 may be of any type suited
for ejecting ink droplets according to a recording signal.
A known ink jet printhead with an array of nozzles is pro-
vided with a plurality of pressure chambers each of which
is fluidly connected on the one hand, via an ink supply
path, to an ink reservoir and on the other hand to a nozzle,
wherein an actuator is provided for each pressure cham-
ber for pressurising the ink contained therein, so as to
eject an ink droplet through the nozzle in accordance with
a recording signal supplied by a control unit. The nozzles
are arranged in a row, so that a plurality of pixel lines of
an image can be recorded simultaneously. The actuators
may be formed by piezoelectric or thermal elements that
are arranged along each ink channel. When an ink droplet
is to be expelled from a specific nozzle, the associated
actuator is energised so that the liquid ink contained in
the ink channel is pressurised and an ink droplet is eject-
ed through the nozzle.
[0025] The array 12 is provided with a row of nozzles
18 and the array 14 is provided with a row of nozzles 20.
Each row extends in a so-called sub-scanning direction
which is parallel to an x-axis. The sub-scanning direction
is the direction in which a recording substrate 26 (such
as a sheet of paper) is advanced step-wise. In order to
print a swath of an image, the carriage 10 is moved across
the substrate 26 in a main scanning direction parallel to
an y-axis, normal to the x-axis. The control unit 11 is
connected to the first printhead with the array 12 and to
the second printhead with the array 14 and is arranged
for supplying recording signals to the first and second
printheads so as to activate image-wise the nozzles.
[0026] The carriage 10 has an element 16 configured

for adjusting the relative position of the arrays 12 and 14
along the x-axis. The element 16 is mechanically con-
nected to at least one of the arrays, for example the array
14, in order to displace the array along the x-axis such
that the relative position of the arrays is modified. The
element 16 may be a piezoelectric element adapted to
expand and retract along the x-axis, in response to elec-
trical signals supplied by the control unit 11.
[0027] In the example shown in Figure 1, the nozzles
18 of the array 12 are spaced from one another according
to a substantially constant pitch p. The nozzles 20 of the
array 14 are regularly spaced according to the same pitch
p. The array 12 is suited for printing marks (or dots) 22,
which result from the ejection of ink droplets out of the
nozzles 18, with a resolution along the x-axis substan-
tially equal to 1/p (usually expressed in dots per inch).
As is seen in Figure 1, first pixel lines having first marks
22 are formed on the recording substrate 26 and extend
along the y-axis. Similarly, the array 14 is suited for print-
ing marks 24 with the same resolution. Second pixel lines
having second marks 24 and extending along the y-axis
are formed. When the arrays 12 and 14 are relatively
aligned such that the nozzles 18 and 20 are in a longitu-
dinal staggered arrangement, a pattern with alternating
first and second lines such as shown in Figure 1 may be
obtained, with printing resolution substantially equal to
2/p. To achieve this printing resolution in an image swath
with one single pass of the carriage 10, represented by
the arrow S, both arrays 12 and 14 are activated image-
wise within one single carriage pass. In Figure 1, a pattern
extending along the y-axis is represented, whereby all
possible nozzles are activated. However, in practice, the
arrays are driven by the control unit 11 in order to activate
the nozzles image-wise. For applications such as printed
electronics, lines may be recorded using a special etch-
resistant ink in order to later on produce tracks of a con-
ductive material by means of an etching process.
[0028] The recorded pattern with the marks 22 and 24
such as represented in Figure 1 is however unrealistic,
and in practice, a recorded pattern is imperfect. A source
of defaults lies within the fact that jet angles considered
in the x-z plane deviate from the ideal jet angle of 90
degrees. Deviations of jet angles from the ideal jet angle
are illustrated schematically for the nozzles 20 of the ar-
ray 14 and for the nozzles 18 of the array 12 in Figures
2A and 2B, respectively. In these drawings, each of the
arrays 14 and 12 is represented according to a cross
section and their relative position is assumed to be the
same as is shown in Figure 1. In the rest of the descrip-
tion, the situation is described wherein each array has
21 nozzles (20a... 20u and 18a... 18u), but in reality, an
array may comprise much more nozzles. Some nozzles
(for example 20a, 20c, 20g, 18b, 18c, 18g etc) eject drop-
lets according to a trajectory having a medium deviation
to the left. Other nozzles (for example 20e) have a major
deviation to the left. Yet other nozzles have a minor de-
viation to the right (for example 20b, 20d, 20f, 18a, 18d,
18e etc). The fact that the jet angles deviate from the
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ideal angle may cause banding in a recorded dot pattern,
as is shown in Figure 3. At some locations of the pattern,
undesired empty (or ’white’) lines appear while at some
other locations, undesired dark appear due to overlap-
ping. These defects are particularly pronounced in an
area 23, wherein a strong overlap as well as a large spac-
ing between vertical lines are visible. The phenomenon
of banding is visually unpleasant. For printed electronics
application, this leads to isolation problems between con-
ductive tracks.
[0029] The pattern represented in Figure 3 may appear
when a prior art method for adjusting sidewise the relative
position of the arrays is implemented. For example, ac-
cording to a known method, the arrays are aligned by a
control means which utilises signals from a sensor for
determining and controlling the position of reference
markers formed on the arrays. The arrays are deemed
aligned correctly when such reference markers are
brought into registration.
[0030] A method for adjusting the first and the second
array relatively to each other according to an embodiment
of the invention is now described with reference to the
flowchart diagram of Figure 10. The steps of the method
may be automated. For this purpose, the control unit 11
is adapted to issue instructions to different modules such
as described hereinafter. To performs its tasks, the con-
trol unit 11 comprises for example a processor, first mem-
ory means such as a RAM whereon data may be written
during the adjusting procedure and second memory
means such as an EPROM for storing instructions exe-
cutable by the processor. Alternately, the procedure may
be carried out semi-automatically or manually.
[0031] In a first step S2, the adjusting procedure is
started by a user in order to launch a program for adjust-
ing the relative position of the arrays which may be in-
stalled on the control unit 11.
[0032] In step S4, the control unit 11 issues an instruc-
tion to the printing device for recording a test pattern on
the recording substrate. In step S4, the first and second
arrays are arranged according to an initial relative posi-
tion, such as shown in Figs. 2A and 2B. An example of
a suitable test pattern is shown in Figure 4. The test pat-
tern is obtained by activating all nozzles of both arrays
such that each nozzle expels at least one ink droplet for
forming marks on the recording substrate. When the test
pattern shown in Figure 4 is formed, the arrays 12 and
14 are in the initial position and the carriage 10 is immo-
bile. The recorded test pattern comprises a group of first
test marks 22a... 22h...22j etc and a group of second test
marks 24a... 24h... 24j etc whereby both groups extend
in a direction parallel to the x-axis. Alternately, to record
a test pattern, the arrays 12 and 14 are in the initial po-
sition and the carriage 10 is moved along the y-axis in
order to form a swath of an image. In this case, when all
nozzles are activated while the carriage 10 is moved,
pixel lines would be formed on the recording substrate.
[0033] In step S6, the control unit 11 issues an instruc-
tion to opto-electronic sensors such as a CCD camera

(not shown) in order to generate data suited for detecting
the locations on the substrate of the first and second test
marks of the test pattern. The CCD camera (not shown)
may be installed on the carriage 10 of the printing device
and is suited for scanning optically the test pattern. The
scanned test pattern may then be saved in a suitable
image format onto the first memory means for further
analysis by the control unit 11. Based on the scanned
pattern, which is an image comprising data representing
the first and second test marks, the location of the first
and second test marks are determined by an image anal-
ysis software module running on the control unit 11. As
is represented in Figure 4, a normal projection of the re-
corded first marks defines points having x-coordinates
(x22a...x22h... x22i etc). Similarly, a normal projection of
the recorded second marks defines points having x-co-
ordinates (x24a...x24h... x24i etc). Based on the deter-
mined locations of the first and second test marks, the
analysis module of the control unit 11 extracts the x-co-
ordinates of the points and generates a list of x-coordi-
nates corresponding to the recorded first and second
marks. An example of such a list is represented in Figure
6. Alternately, the CCD camera may be provided with a
micro-processor for performing the tasks of determining
the locations of the first and second test marks and ex-
tracting the x-coordinates. In this case, the CCD camera
is preferably arranged for determining a geometrical cen-
tre of gravity of each recorded test mark. The determi-
nation of the centres of gravity leads directly to the x-
coordinates (such as exemplified in Figure 6) which are
transmitted by the CCD camera to the control unit 11 via
connection means.
[0034] The concept of ’an attainable relative position’
is now elucidated. An attainable relative position is a po-
sition wherein the first and second arrays at least partially
flank each other, thereby defining a degree of a longitu-
dinal overlap along the x-axis. The first and second ar-
rays, in an attainable relative position could record a pat-
tern with alternating pixel lines comparable to the initial
pattern of Figure 3, expect the fact that the recorded pat-
tern would be less wide in the x-direction since the noz-
zles falling outside the overlapping area would not be
usable anymore. Said nozzles are not usable anymore
because the resolution would not be acceptable anymore
compared to the desired resolution. Indeed, the nozzles
falling outside the overlapping area would produce a print
resolution equal to 1/p while the nozzles falling within the
overlapping area would lead to a resolution equal to 2/p,
which is in the example the desired resolution. If the ar-
rays 12 and 14 were brought into a certain attainable
position and all their nozzles were activated, the recorded
mark pattern would be as is illustrated in Figure 5A for
position P1, in Figure 5B for position P2, in Figure 5C for
position P3, in Figure 5D for position P4, in Figure 5E for
position P5 and in Figure 5F for position P6. The position
P1 simply corresponds to the initial position and the de-
gree of longitudinal overlap is 100%. All nozzles may be
used to record a pattern. Position P2 corresponds to a
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position wherein the arrays have been relatively dis-
placed along the x-axis by a distance equal to one pitch
p. The degree of longitudinal overlap is about 95%. The
outermost left nozzle of the array 14, i.e. the nozzle 20a
is not usable anymore. The same holds for the outermost
right nozzle of the array 12, i.e. the nozzle 18u. Position
P3 corresponds to a position wherein the arrays have
been relatively displaced along the x-axis by a distance
equal to two pitches (2p). The degree of longitudinal over-
lap is about 90%. The two outermost left nozzles of the
array 14 i.e. the nozzles 20a and 20b are not usable
anymore. The same holds for the two outermost right
nozzles of the array 12, i.e. the nozzles 18u and 18t. In
position P4 (see Figure 5D), the nozzles 20a, 20b, 20c,
18u, 18t and 18s are not usable anymore. In position P4,
the degree of longitudinal overlap is about 85%. In posi-
tion P5 (see Figure 5E), the nozzles 20a, 20b, 20c, 20d,
18u, 18t, 18s and 18r are not usable anymore. In position
P5, the degree of longitudinal overlap is about 80%. Fi-
nally, in position P6 (see Figure 5F), the nozzles 20a,
20b, 20c, 20d, 20e, 18u, 18t, 18s, 18r and 18q are not
usable anymore. In position P6, the degree of longitudinal
overlap is about 75%. The number of attainable positions
may be freely chosen, and depends mainly on the design
of the arrays and on choices made for an acceptable
minimum print width.
[0035] Ideally, the projected distance onto the x-axis
between adjacent first and second marks should be equal
to a nominal distance. In the present example, the nom-
inal distance is equal to half the pitch p. Here, the pitch
p is supposed to be equal to 80 arbitrary units (a.u.)
Therefore, the projected distance between adjacent first
and second marks should ideally be equal to 40 a.u (the
nominal distance). In step S8, a list of distances between
first and second neighbouring marks is computed by the
control unit 11 for each one of the attainable relative po-
sitions of the first and second arrays. The term ’neigh-
bouring marks’ relates to first and second marks which
are located next to each other. A distance between first
and second neighbouring marks may be the projected
distance onto the x-axis that would arise between adja-
cent first and second points if the first and second arrays
were brought into one of the attainable relative positions.
In Figs. 5A to 5F, a number of distances between first
and second neighbouring marks are illustrated. For ex-
ample, for the position P1 shown in Figure 5A, d11 is the
projected distance between the second mark 24a and
the first mark 22a. The distance d11 is simply obtained
by the relationship d11=x22a-x24a. In this position P1,
other examples of relationships are the following:
d115=x22h-x24h; d116=x24i-x22h and so on. Hence,
based on the x-coordinates represented in the table in
Figure 6, a list L1 of distances between first and second
neighbouring marks is computed for the relative position
P1 and is illustrated in Figure 7A.
[0036] In step S8, a list of distances between first and
second neighbouring marks is also computed for the po-
sition P2 (see Figure 5B). Since the nozzle 20a is not

usable anymore and since the relative position is shifted
by a distance equal to one pitch p, the first distance of
the list for the position P2 is d23, the projected distance
between the first mark 22a and the second mark 24b.
Due to the shift by one pitch, d23 is obtained by the fol-
lowing relationship: d23=x22a+p-x24b. Other examples
are d215=x22g+p-x24h; d216=x24i-x22g-p and so on.
[0037] In step S8, similarly, a list of distances between
first and second neighbouring marks is also computed
for the position P3. Now, the nozzles 24a and 24b are
not usable anymore, since the relative position of the first
and second arrays is shifted by a distance equal to two
pitches (2p) compared to the initial position. The first dis-
tance of the list corresponding to the position P3 is then
d35 which is given by the following relationship
d35=x22a+2p-x24c. Other examples in the position P3
are d315=x22f+2p-x24h; d316=x24i-x22f-2p and so on.
Based on the x-coordinates represented in a table in Fig-
ure 6, a list L3 of distances between first and second
neighbouring marks is computed for the relative position
P3 and is illustrated in Figure 7B.
[0038] Once a list of distances between first and sec-
ond neighbouring marks has been calculated for each
one of the attainable positions P1, P2, P3, P4, P5 and
P6, the program running on the control unit 11 proceeds
to step S10.
[0039] In step S10, a so-called deviation factor F is
extracted by control unit 11 for each one of the list of
distances. The deviation factor F is an attribute of the
relative position (P1 or P2 or P3 etc.) and is indicative of
an amount by which distances between first and second
neighbouring marks deviate from the nominal distance.
A deviation factor is actually indicative of an amount by
which the distances in a list (in L1 or L3, for example)
deviate from the nominal distance. As explained above,
the nominal distance may be the projected distance onto
the x-axis between adjacent first and second marks in
the ideal case. The nominal value is in the present ex-
ample equal to half the pitch of the nozzles in a row, i.e.
40 a.u. It is seen in the list L1 of Figure 7A that some
distances between first and second neighbouring marks
deviate significantly from the nominal value of 40 a.u.
The differences ∆n computed between the nominal dis-
tance and the distances between neighbouring first and
second marks are exemplified in the second part of the
list L1 and L3. For example, the difference ∆11 is obtained
by the following relationship ∆11= 40-d11, wherein 40 is
the nominal distance.
[0040] A maximum function may constrain the devia-
tion factor attributed to a distinct attainable relative posi-
tion to take the value of the largest difference, in absolute
value, among the ensemble of differences ∆n computed
between the nominal distance and the distances between
neighbouring first and second marks. The deviation fac-
tor for a given list (corresponding to an attainable relative
position) may thus be equal to the largest ∆n found in the
list. Indeed, the largest said value(s) is/are, the more vis-
ible the defect(s) will be. When the deviation factor for a
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list is set to be the largest difference, in absolute value,
among the ensemble of differences ∆n computed be-
tween the nominal distance and the distances between
neighbouring first and second marks, the deviation factor
is clearly indicative of a degree of deviation from an ideal
situation. The deviation factor F1 for the list L1 (see the
greyed area in the list L1 of Figure 7A) is 30 a.u., corre-
sponding to ∆19. For each list, corresponding to each
attainable position, the deviation factor is extracted. For
example, the deviation factor F3 for the list L3 (see the
greyed areas in the list L3 of Figure 7B) is 20 a.u. corre-
sponding to a number of difference ∆n (∆35, ∆310, ∆319
etc.).
[0041] In the next step (S12), a selection module of
the control unit 11 selects a relative attainable position
among the plurality of relative attainable positions. The
selected relative position has to satisfy a selection crite-
rion which is applied to the deviation factors attributed to
the plurality of relative attainable positions. An optimum
attainable position is thus selected based on the extract-
ed plurality of deviation factors F1... F3 etc. For example,
a relative attainable position satisfies the selection crite-
rion when the deviation factor attributed to said relative
position is the smallest among the attributed deviation
factors. In the example described here, not all lists have
been illustrated. However, all lists are computed by the
analysis module of the control unit 11 and it appears that
the list L3 is characterised by the smallest deviation fac-
tor, which is F3 equal to 20 a.u., as indicated above.
Therefore, the position P3 (Figure 5C) appears to be the
most favourable relative position for the arrays 12 and
14. The position P3 is selected by the selection module
of the control unit 11.
[0042] In step S14, a signal is sent by the control unit
11 to the displacement means 16 for displacing the array
14 thereby bringing the first and second arrays in the
selected relative position which is position P3. The arrays
are thus shifted from the initial position P1 by a distance
equal to two pitches (2p).
[0043] In step S16, the program is ended. The first and
second arrays are now in an optimum relative position,
and the printing device can be used for recorded patterns.
After a certain period, or after a certain amount of record-
ing, the deviation angles associated with the nozzles may
evolve. Therefore, the method, as illustrated by the flow-
chart of Figure 10, has to be carried out again. Possibly,
another relative position will be selected.
[0044] The position P3 is illustrated by Figure 8A and
8B, wherein each one of the arrays 14 and 12 is repre-
sented in a cross-sectional view. The overlapping area
28 is also shown. An example of a pattern that may be
recorded by the arrays in the illustrated arrangement is
shown in Figure 9. As explained above, the nozzles 20a,
20b, 18t and 18 u are not usable anymore since they find
themselves outside of the overlapping area 28. There-
fore, these nozzles are set inactive by the control unit 11.
On the other hand, the nozzles 20c to 20u and 18a to
18s find themselves within the overlapping area and may

be activated image-wise by the control unit. In the case
that all of said nozzles finding themselves within the over-
lapping area are activated to form the pattern shown in
Figure 9, a full recorded surface is obtained. Compared
to the pattern shown in Figure 3, obtained with the align-
ment method of the prior art, the phenomenon of banding
is less visible. Defects still exist (areas not filled, areas
wherein marks overlap) but however, at least one large
defect has been suppressed compared to the pattern ob-
tained in Figure 3. Indeed, the area 23 in Figure 3 with a
large empty band has disappeared in the pattern of Fig-
ure 9.
[0045] In the example discussed above, the position
P3 appears to be the most advantageous relative position
of the arrays 12 and 14. In the example illustrated by
Figure 8A and 8B, eighteen nozzles from the first row
and eighteen nozzles from the second row find them-
selves in the overlapping area. These in total thirty-six
nozzles are activated image-wise in order to record a
pattern. If another position had been found to be opti-
mum, a different number of nozzles would find them-
selves in the overlapping area. For the position P6 (see
Figure 5F), sixteen nozzles from the first row and sixteen
nozzles from the second row find themselves in the over-
lapping area (in total thirty-two nozzles). It might be un-
desirable to render the number of nozzles to be image-
wise activated dependent on the optimum relative posi-
tion. Instead, a pre-defined number of nozzles for image-
wise activation may be chosen. This number may be
equal to the number of nozzles finding themselves in the
overlapping area when the arrays are in the most shifted
possible position. In the example above, that would mean
that, independently from the optimum found for the rela-
tive position, the number of image-wise to be activated
nozzles would be thirty-two, i.e. the number of nozzles
in the overlapping area when the arrays are in the position
P6. If such a choice was made, in the optimum relative
position P3, only thirty-two nozzles in the overlapping
area would be chosen for image-wise activation. The
choice may be based again on an best possible relative
positioning of the first and second marks within the over-
lapping area.
[0046] In another embodiment of the method accord-
ing to the invention, the first and second arrays are ad-
justed respectively to each other such that the nominal
distance is zero. The adjustment with a nominal distance
equal to zero is for example interesting for applications
wherein marks formed by ink of a first type have to be
printed at the same locations on the recording substrate
as marks formed by ink of a second type. In a printing
device according to an embodiment of the invention, the
nozzles of the first array are regularly spaced according
to a pitch and the nozzles of the second array are regu-
larly spaced according to the same pitch. When the first
and second arrays are adjusted respectively to each oth-
er such that the nominal distance is zero, such as shown
in Fig. 11, the pixel lines formed on the recording sub-
strate by the nozzles of the first array overlap the pixel
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lines formed by the nozzles of the second array.
[0047] The adjustment with a nominal distance equal
to zero is interesting for graphical applications. The cross
section of a possible resulting pattern is partly shown in
Figure 12A. On a recording substrate 30, marks 32
formed by ink droplets of a first colorant are printed by
the first array. Shortly following the formation of the marks
32, marks 34 formed by ink droplets of a second colorant
are printed on top of the marks 32, using the second array
of nozzles. Of course, for graphical applications, more
colorants may be used. For graphical applications, the
deviation factor is preferably obtained by an average
function which constrains the deviation factor attributed
to a distinct attainable relative position to take the value
of an averaged difference, computed in absolute value
between the nominal distance and the distances between
neighbouring first and second marks. The selected at-
tainable relative position is the one having the smallest
deviation factor among the plurality of deviation factors.
Consequently, the overlapping between first and second
marks is on average as good as is possible.
[0048] The adjustment with a nominal distance equal
to zero may also be interesting for special applications
such as these related to the manufacturing for printed
circuit boards. The cross section of a possible arrange-
ment of the marks is partly shown in Fig. 12B. On an
adequate recording substrate 36, first marks 38 are de-
posited by the nozzles of the first array. Preferably, the
material used for forming the first marks 38 is an electri-
cally conductive ink or a metal. If liquid metal is to be
jetted by the nozzles of the first array, the printhead has
to be adapted for expelling liquid metal droplets. On top
of the first mark 38, a second mark 40 is formed. The
material used for forming the marks 40 may be an elec-
trically insulating ink. For printed circuit boards applica-
tions, the deviation factor is preferably obtained by a max-
imum function which constrains the deviation factor at-
tributed to a distinct attainable relative position to take
the value of the largest difference, in absolute value,
among an ensemble of differences computed between
the nominal distance and the distances between neigh-
bouring first and second marks. The selected attainable
relative position is the one having the smallest deviation
factor among the plurality of deviation factors. Conse-
quently, largest errors in the overlap between first and
second marks are, as much as possible, avoided. This
is of great importance for printed circuit boards applica-
tions, to ensure good electrical insulation between con-
ductive tracks, where it is required on the board.

Claims

1. Method for adjusting a first (12) and a second array
(14) relatively to each other in a printing device hav-
ing a carrying structure (10) for mounting the first
(12) and second (14) arrays, the first array having
nozzles (18) arranged in a first row substantially par-

allel to a first direction (X) for forming first marks (22)
on a recording substrate (26), the second array hav-
ing nozzles (20) arranged in a second row substan-
tially parallel to the first direction (X) for forming sec-
ond marks (24) on the recording substrate (26),
wherein in an attainable relative position, the first
(12) and second arrays (14) at least partially flank
each other, thereby defining a degree of a longitudi-
nal overlap along the first direction (X), the method
comprising forming a test pattern (S4) having first
and second test marks and detecting (S6) the loca-
tions of the first and second test marks character-
ised in that the method further comprises determin-
ing (S10) a plurality of deviation factors (F1, F3) for
a plurality of attainable relative positions (P1, P3)
based on said detected locations, wherein each one
of said deviation factors (F1, F3) is an attribute of a
distinct attainable relative position (P1, P3) and is
indicative of an amount by which distances between
neighbouring first and second marks deviate from a
nominal distance, and selecting an attainable rela-
tive position among the plurality of attainable relative
positions (P1, P3) which satisfies a selection criterion
applied to the plurality of deviation factors (F1, F3).

2. Method for adjusting a first and a second array ac-
cording to claim 1, wherein the selected attainable
relative position is the one having the smallest devi-
ation factor among the plurality of deviation factors
(F1, F3).

3. Method for adjusting a first and a second array ac-
cording to claim 2, wherein a maximum function con-
strains the deviation factor attributed to a distinct at-
tainable relative position to take the value of the larg-
est difference, in absolute value, among an ensem-
ble of differences computed between the nominal
distance and the distances between neighbouring
first and second marks.

4. Method for adjusting a first and a second array ac-
cording to claim 2, wherein an average function con-
strains the deviation factor attributed to a distinct at-
tainable relative position to take the value of an av-
eraged difference, computed in absolute value be-
tween the nominal distance and the distances be-
tween neighbouring first and second marks.

5. Method for adjusting a first and a second array ac-
cording to claim 2, wherein a maximum function con-
strains the deviation factor attributed to a distinct at-
tainable relative position to take the value of the larg-
est difference between the nominal distance and the
distances between neighbouring first and second
marks.

6. Method for adjusting a first and a second array ac-
cording to claim 2, wherein a maximum function con-
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strains the deviation factor attributed to a distinct at-
tainable relative position to take the value of the larg-
est difference between the distances between neigh-
bouring first and second marks and the nominal dis-
tance.

7. Method for adjusting a first and a second array ac-
cording to any of the preceding claims, wherein the
nozzles of the first array are regularly spaced ac-
cording to a pitch (p) and the nozzles of the second
array are regularly spaced according to the same
pitch (p).

8. Method for adjusting a first and a second array ac-
cording to claim 7, wherein the nominal distance is
equal to half the pitch.

9. Method for adjusting a first and a second array ac-
cording to claim 7, wherein the nominal distance is
equal to zero.

10. Method for adjusting a first and a second array ac-
cording to any of the preceding claims, further com-
prising displacing (S14) at least one of the first and
second arrays for bringing the first and second print-
heads into the selected relative attainable position.

11. A printing device comprising a first (12) and a second
array (14) mounted on a carrying structure (10), the
first array (12) having nozzles (18) arranged in a first
row substantially parallel to a first direction (X) for
forming first marks (22) on a recording substrate
(26), the second array (14) having nozzles (20) ar-
ranged in a second row substantially parallel to the
first direction (X) for forming second marks (24) on
the recording substrate (26), wherein in an attainable
relative position, the first (12) and second (14) arrays
at least partially flank each other, thereby defining a
degree of a longitudinal overlap along first the first
direction (X), displacement means (16) for displacing
at least one of the arrays thereby causing a change
in the degree of the longitudinal overlap and control
means (11) adapted to control the first (12) and sec-
ond arrays (14) for forming a test pattern having first
and second test marks and to control detecting
means for detecting the locations of the first and sec-
ond test marks, characterised in that the control
means (11) are adapted to control a computing mod-
ule for executing the steps of determining a plurality
of deviation factors (F1, F3) for a plurality of attainable
relative positions (P1, P3) based on said detected
locations, wherein each one of said deviation factors
(F1, F3) is an attribute of a distinct attainable relative
position (P1, P3) and is indicative of an amount by
which distances between neighbouring first and sec-
ond marks deviate from a nominal distance, and se-
lecting an attainable relative position among the plu-
rality of attainable relative positions (P1, P3) which

satisfies a selection criterion applied to the plurality
of deviation factors (F1, F3).

12. A printing device according to claim 11, wherein the
control means (11) are adapted to control the dis-
placement means (16) for causing the first and sec-
ond arrays to have a degree of longitudinal overlap
corresponding to the selected attainable relative po-
sition.

13. A printing device according to claim 11 or 12, wherein
the detecting means is a camera mounted on a car-
riage and arranged for scanning the test pattern.

14. A printing device according to claim 13, wherein the
camera is a CCD camera which is arranged for de-
termining a geometrical centre of gravity of each one
of the first and second test marks in the test pattern
and extracting coordinates of said first and second
test marks along an axis.

15. A printing device according to any of the claims
11-14, wherein the nozzles (18) of the first array (12)
are regularly spaced according to a pitch (p) and the
nozzles (20) of the second array (14) are regularly
spaced according to the same pitch (p).

16. A printing device according to claim 15, wherein the
nominal distance is equal to half the pitch.

17. A printing device according to claim 15, wherein the
nominal distance is equal to zero.

18. A printing device according to any of the claims
11-17, wherein the first (12) and second (14) arrays
are mounted on carriage (10), and the carriage (10)
and the recording substrate (26) are moveable rel-
atively to each other in a second direction (Y) normal
to the first direction (X).

19. A printing device according to any of the claims
11-18, wherein the displacement means (16) com-
prises a piezoelectrical actuator.

20. Ink jet printer comprising a printing device according
to any of the claims 11-19.

21. Computer program product residing on a computer
readable medium comprising instructions for caus-
ing at least one process unit to perform the method
of any of the claims 1 to 10.
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