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(54) Inkjet printhead

(57) A ink jet printhead comprising a line of nozzles
arranged with a uniform first pitch in a line direction X, a
plurality of parallel ink channels having an axial direction
normal to said line direction X and arranged in groups
within which they have a uniform second pitch, each ink
channel being connected to one of said nozzles, and a
plurality of actuators arranged in groups corresponding
to those of the ink channels, each actuator being asso-

ciated with one of the ink channels for pressurizing ink
contained therein, thereby to expel an ink droplet through
the associated nozzle, wherein the ink channels are con-
nected to their associated nozzles by flow passages
which all have a substantially equal length and are in-
clined relative to said axial direction with varying angles
in both, said line direction X and a scan direction Z or-
thogonal the line direction and the axial direction.
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Description

�[0001] The invention relates to an ink jet printhead,
comprising a line of nozzles arranged with a uniform first
pitch in a line direction X, a plurality of parallel ink chan-
nels having an axial direction Y normal to said line direc-
tion X and arranged in groups within which they have a
uniform second pitch, each ink channel being connected
to one of said nozzles, and a plurality of actuators ar-
ranged in groups corresponding to those of the ink chan-
nels, each actuator being associated with one of the ink
channels for pressurizing ink contained therein, thereby
to expel an ink droplet through the associated nozzle.
�[0002] In a conventional ink jet printhead, the pitch of
the nozzles is identical to the pitch of the ink channels,
and the actuators, e. g. piezoelectric actuators, which are
arranged with the same pitch, are made of a one-�piece
block of piezoelectric material which is cut in order to
separate the individual actuators. The ink channels for
all the nozzles of the printhead are formed by cutting
grooves into a one-�piece channel plate.
�[0003] The width of such a printhead in the line direc-
tion X is necessarily constrained in view of considerations
related to the (differential) thermal expansion of the ac-
tuator block and the channel plate, especially in case of
a hot melt ink jet printhead, and in view of the yield in the
manufacturing process. When the width of the printhead
is increased and, consequently, the number of nozzles,
ink channels and actuators is also increased, the likeli-
hood that at least one of the nozzles, ink channels or
actuators is defective, will increase in proportion to the
number of nozzles, and when only one of these elements
is defective, the printhead must be discarded as a whole,
so that the manufacturing yield becomes unacceptably
low.
�[0004] Theoretically, it would be possible to increase
the width of the printhead, in order to provide a printhead
extending over the whole width of a page, by aligning a
plurality of printhead elements with the above construc-
tion in the line direction, so that their nozzles form a con-
tinuous nozzle array or line with a uniform pitch. However,
for a printhead with a resolution of 75 dpi, for example,
the pitch of the nozzles, and consequently also the pitch
of the ink channels and the actuators is only in the order
of 0.3 mm, and the printhead elements would have to be
butted against one another in order to provide a contin-
uous nozzle line with uniform pitch. As a consequence,
the actuators for the first and the last nozzle of an indi-
vidual printhead element would have to be arranged in
immediate proximity to the respective end of the print-
head element, and it turns out to be difficult to manufac-
ture a printhead element with such a construction. More-
over, if the actuator blocks of the aligned printhead ele-
ments are butted against one another, thermal expansion
or contraction of the various components could still
present a problem.
�[0005] EP-�A-�0 921 003 discloses a printhead of the
type described above, wherein the nozzles are offset

from the center lines of their respective ink channels in
X-�direction in such a manner, that the second pitch of
the ink channels and actuators becomes smaller than
the first pitch of the nozzles. As a result, it is possible to
provide a wide printhead composed of a plurality of print-
head elements or "tiles" which are disposed side by side,
so that their nozzles form a continuous line with uniform
pitch, whereas a larger spacing exists between the last
actuator of one printhead element and the first actuator
of the next printhead element. However, since each noz-
zle is formed directly at the end of the corresponding ink
channel, the offset of the nozzle is limited to half the width
of an individual ink channel. Thus, for a printhead element
with a given number of nozzles, the difference between
the pitch of the nozzles and that of the ink channels and
actuators can only be relatively small.
�[0006] EP-�A-�0 755 791 discloses an ink jet printhead
in which each nozzle is connected to its associated ink
channel and actuator by a flow passage that is inclined
relative to the nozzle axis in the X- �Y-�plane. Thus, by var-
ying the angle of inclination of the flow passages, it is
possible to arrange the ink channels and actuators with
a pitch that is different from the pitch of the nozzles. Then,
however, the length of the flow passages varies in ac-
cordance with their angle of inclination, and this may give
rise to nonuniformities in the printed image, because the
different lengths of the flow passages induce differences
in the process of droplet generation.
�[0007] It is an object of the invention to provide an in-
creased design freedom for selecting the difference in
the pitch of the nozzles and the pitch of the ink channels
and actuators, without impairing the quality of the printed
image.
�[0008] According to the invention, this object is
achieved by an ink jet printhead of the type indicated in
the opening paragraph, wherein the ink channels are
connected to their associated nozzles by flow passages
which all have a substantially equal length and are in-
clined relative to the axial direction Y with varying angles
in both, said line direction X and a scan direction Z or-
thogonal to the line direction and the axial direction.
�[0009] Thus, according to the invention, the flow pas-
sages are inclined two- �dimensionally, i. e. not only in the
X-�Y-�plane, but also in the Y- �Z-�plane. This makes it pos-
sible to make the pitch of the nozzles in the line direction
X larger than the pitch of the ink channels and the actu-
ators and yet to keep the length of the flow passages
essentially constant, because an increased inclination of
the flow passage in the X-�Y-�plane can be compensated
for by a smaller inclination in the Y- �Z- �plane. Of course,
this has the consequence that the nozzles are offset rel-
ative to the central axis of their ink passages not only in
X-�direction but also in Z- �direction. However, the offset in
the Z-�direction can easily be compensated for by appro-
priately adapting the timings at which the actuators are
fired when the printhead scans the recording medium.
�[0010] As a result, it is possible to provide a printhead
with a width as large as desired, wherein the nozzles are
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arranged with a uniform pitch in X-�direction, whereas the
ink channels and the actuators form several groups
wherein the pitch is constant and smaller than the pitch
of the nozzles, but with larger spacings between neigh-
boring ink channels that belong to different groups. As a
consequence, the groups of actuators can be formed by
separate arrays or blocks which have a width amounting
only to a fraction of the total width of the printhead and
which can easily be manufactured with a high production
yield.
�[0011] More specific optional features of the invention
are indicated in the dependent claims.
�[0012] Since a channel plate having a very large width
and, accordingly, a large number of ink channels, can be
manufactured with high production yield, e. g. by cutting
parallel grooves into a one-�piece graphite plate, it is pos-
sible that all the groups of ink channels of the printhead
are formed in a one- �piece channel plate which gives in-
tegrity and stability to the printhead as a whole. On the
other hand, since the number of actuators in a group in
which the actuators are arranged with a uniform pitch is
limited by production yield considerations, it is preferable
that the actuators of different groups are formed by sep-
arate actuator arrays that will then be mounted in appro-
priate positions on the common channel plate. Likewise,
the nozzles arranged in a line with uniform pitch over the
whole width of the printhead can be formed in a plurality
of separate nozzle plates which can be manufactured
with high production yield and can then be butted together
like tiles on the common channel plate.
�[0013] In this way, it is possible to provide a page- �wide
printhead which can be manufactured with high produc-
tion yield and is robust against differential thermal ex-
pansion and contraction of its components.
�[0014] The first pitch of the nozzles of such a printhead
may be so small that the nozzles can be arranged with
a density of 75 nozzles per 25,4 mm (75 npi; nozzles per
inch). An even higher resolution of the printhead can be
achieved by providing a plurality of nozzle lines, wherein
the nozzles of one line are offset relative to the nozzles
of another line. In a particularly preferred embodiment,
the nozzle plates are provided with two continuous, par-
allel nozzle lines in which the nozzles of the respective
line are offset by a half pitch, so that a resolution of 150
dpi is obtained. The ink channels associated with the
nozzles of these two lines may be formed on opposite
sides of one and the same channel plate. By providing
two such 150 dpi printheads with appropriate offset, it is
possible to obtain a printing resolution of 300 dpi.
�[0015] In order to facilitate the control of the timings at
which the actuators for the individual nozzles are ener-
gized, it is preferable that the offset of the nozzles in the
scan direction Z, which offset is needed for making the
lengths of the flow passages essentially uniform, fit into
a predetermined raster, e. g. a 300 dpi raster. Then, the
timings for firing all the nozzles of a line (or preferably of
both lines) can be controlled on the basis of a common
clock signal the period of which corresponds to one raster

step in the scan movement of the printhead relative to
the recording medium.
�[0016] An embodiment of the invention will now be de-
scribed in conjunction with the drawings, wherein:�

Fig. 1 is a schematic cross-�sectional view of a print-
head according to the invention, the section be-
ing taken along the line I - I in Fig. 2;

Fig. 2 is a front view of a portion of the printhead
shown in Fig 1, partly in section along the linen
II- �II in Fig. 1; and

Fig. 3 is a schematic front view of a combination of
two printheads in relation to a pixel raster of an
image to be printed.

�[0017] As is shown in figure 1, an ink jet printhead 10
comprises a channel plate 12 which is made of graphite,
for example, and has ink channels 14 formed by grooves
that are cut into the surfaces on either side of the plate.
The ink channels 14 have an axial direction Y that extents
vertically in figure 1. The ink channels 14 are covered by
flexible sheets 16 that are secured to the opposite sur-
faces of the channel plate 12. Each ink channel 14 is
associated with a piezoelectric actuator 18 that is firmly
attached to the outer surface of the flexible sheet 16.
�[0018] A nozzle plate 20 with nozzles 22 formed there-
in is attached to an edge surface of the channel plate 12,
and each ink channel 14 is connected to one of the noz-
zles 22 through a flow passage 24 that is bored through
the graphite material of the channel plate. The flow pas-
sages 24 are inclined relative to the axial direction Y of
the ink channels 14 in a scan direction Z, so that the flow
passages coming from opposite sides of the channel
plate 12 converge towards the nozzle plate 20. The ends
of the ink channels 14 remote from the nozzle plate 20
are connected to an ink supply system (not shown),
through which the ink channels 14, the flow passages 24
and the nozzles 22 are filled with liquid ink. Capillary forc-
es prevent the ink from flowing out through the nozzles
22.
�[0019] By way of example, it can be assumed that the
printhead 10 is a hot melt ink jet printhead, and that a
heating system (not shown) is integrated in the channel
plate 12 for keeping the hot melt ink at a temperature
above its melting point, e. g. at a temperature of about
100°C.
�[0020] When, in the print process, an ink droplet is to
be expelled from a selected one of the nozzles 22, a
voltage is applied to the actuator 18 associated with that
nozzle, so that the piezoelectric actuator contracts and
draws the flexible sheet 16 away from the ink channel
14. As a result, the volume of the ink channel is increased
and ink is sucked- �in from the supply system. Then, when
the voltage is removed or a voltage with opposite plurality
is applied, the actuator 18 will expand and will flex the
sheet 16 into the ink passage, thereby increasing the
pressure of the ink, so that a pressure wave will propa-
gate through the flow passage 24, and an ink droplet will
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be jetted out from the nozzle 22 in a direction normal to
the nozzle plate 20.
�[0021] As is shown in figure 2, the nozzle plate 12 is a
continuous plate which extends in a line direction X over
the entire width of the printhead and carries a plurality of
nozzle plates 20 that are aligned in said scan direction
X and are buttingly engaged with one another. The noz-
zles 22 are arranged in two approximately parallel lines
extending in the line direction X. However, for reasons
that will be explained later, these lines are not perfectly
straight. A first pitch P1 is defined as the spacing between
two neighboring nozzles 22 in X-�direction. This pitch is
uniform over the entire length of each nozzle line, even
across the junctions between adjacent nozzle plates 20,
and amounts to 0.34 mm in this example, corresponding
to a nozzle density of 75 nozzles per 25,4 mm (75 npi;
nozzles per inch).
�[0022] As can further be seen in figure 2, the ink chan-
nels 14 are arranged in groups A, B and C, and within
each group, the ink channels are arranged in parallel in
the axial direction Y and with a uniform second pitch P2
in the line direction X. The second pitch P2 is smaller
than the first pitch P1. This has the effect that the spacing
in X-�direction between, for example, the last ink channel
14-�n of the group B and the first ink channel 14-1 of the
group C is significantly larger than P2 and even signifi-
cantly larger than P1. Here, n is the number of ink chan-
nels 14 within a single group, i. e., n = 11 in the example
shown. In a practical embodiment, however, n would be
as large as 130, for example, so that the width of a single
group of ink channels (such as group B) would amount
to approximately 44 mm.
�[0023] The actuators 18 are also arranged in groups,
corresponding to the groups of ink channels. As can fur-
ther be seen in figure 2, the actuators 18 are formed by
cutting deep parallel grooves 26 into a one-�piece actuator
block 28 of piezoelectric ceramic. Since the number of
grooves 26 is twice the number of actuators 18, the fin-
gers remaining between the grooves 26 form not only
the actuators 18 but also support fingers 30 which con-
nect the actuator block 28 to the portions of the channel
plate 12 remaining between adjacent ink channels 14.
�[0024] Since the pitch P2 is smaller than the pitch P1,
the actuator blocks 28 can be made so short that gaps
32 are formed between adjacent blocks 28 and, never-
theless, the first and the last grooves 26 of each block
are safely spaced away from the ends of the block. This
greatly facilitates the manufacturing process for the ac-
tuator blocks and permits a high production yield. More-
over, the gaps 32 can absorb differential thermal expan-
sions and contractions of the actuator blocks 28 and the
channel plate 12.
�[0025] Since each of the flow passages 24 must con-
nect an ink channel 14 to its associated nozzle 22, it is
necessary for the flow passages 24 to fan- �out towards
the nozzles 22 in the line direction X. Thus, the flow pas-
sages 24 are inclined not only in the Z- �direction, as shown
in figure 1, but also in the X- �direction, as is shown in

figure 2, and the angle of inclination in that X-�direction
increases progressively from the center of each block
(block B for example) towards the ends thereof.
�[0026] Would the nozzles 22 be arranged exactly on
two straight lines, then the flow passages 24 would differ
significantly in their length, because of the different an-
gles of inclination. However, in the shown embodiment,
the angle of inclination in the Z-�direction is also varied
and becomes larger when the angle of inclination in the
X-�direction becomes smaller. This is why the nozzles 22
of the same line have an offset D in the Z-�direction, as
is shown in figure 2. Looking for example at the group B
in figure 2, it can be seen that the two approximately
parallel nozzle lines are closer together near the center
of the group B and progressively separate from one an-
other towards the ends of the group. In this way, it can
be achieved that all the flow passages 24 have at least
approximately the same length. As a result, the propa-
gation of pressure waves in the ink channels 14 and the
flow passages 24 will follow an identical pattern for all
the nozzles 22.
�[0027] In order to make the length of all flow passages
24 equal to one another, it may be considered that the
central axis of the flow passages lie on the surface of an
imaginary cone the axis of which coincides with the cen-
tral axis of the ink passage 14, and, when going from one
ink channel to another, the flow passage 24 is rotated
about the axis of the cone.
�[0028] In the example shown in figure 2, the positions
and widths (in X-�direction) of the nozzle plates 20 corre-
spond to the positions and the widths, respectively, of
the groups of ink channels and actuator blocks. It is pos-
sible, however, that the nozzle plates 20 are offset rela-
tive to the actuator blocks 28 in X-�direction and/or width
of the nozzle plates in X-�direction is smaller or larger than
the width of the actuator blocks.
�[0029] As is further shown in figure 2, the nozzles 22
of the two nozzle lines are offset relative to one another
in the X-�direction by one half of the first pitch P1, so that
the effective nozzle density of the printhead 10 as a whole
corresponds to 150 npi.
�[0030] By arranging two of the printheads 10 in parallel,
with an appropriate offset, it is possible to achieve a res-
olution of 300 dpi. This has been exemplified in figure 3,
where a schematic front view of two printheads 10 (rep-
resented by their nozzle plates 20) has been shown rel-
ative to a pixel matrix 34 which represents a 300 dpi pixel
raster of an image that can be printed with the combina-
tion of the two printheads 10.
�[0031] The two printheads 10 are mounted on a frame
(not shown) in fixed spatial relation relative to one another
and are moved relative to a recording medium, e. g. a
sheet of paper onto which the image is to be printed, so
as to scan the paper in the scan direction Z. In the line
direction X, both printheads 10 may extend over the entire
width of the paper, so that a high printing speed can be
achieved by scanning the sheet in only one direction.
�[0032] The square matrix elements of the pixel matrix
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34 having a 300 dpi resolution correspond to individual
pixels 36 and have a width and height of 25,4/300 mm
(1/300 inch). This width will be called one "raster step"
in the following.
�[0033] The pitch P1 of the nozzles 22 of a single nozzle
line corresponds to four raster steps. The nozzles of the
two lines that are formed in the same nozzle plates 20
are offset relative to one another in X-�direction by two
raster steps, and the two nozzle plates 20 are offset in
X-�direction by one raster step, so that each pixel 36 on
the sheet can be printed when this sheet is scanned once
with the two printheads. The timings at which the individ-
ual nozzles are fired are coordinated with the scan move-
ment, so that the pixels are printed in the correct positions
in Z- �direction.
�[0034] As an example, it shall be assumed, that the
two printheads scan the sheet of paper in positive Z-�di-
rection (downward direction in figure 3), and that a con-
tinuous image line shall be printed, this line extending in
X-�direction and having a width of one pixel. Then, the
two nozzles designated as 22-1 in figure 3 will be the first
to be fired. When the printheads have been moved by
one raster step, the nozzle 22-2 will be fired, then, after
another raster step, the next two nozzles, and so on. In
this way, every fourth pixel of the image line will be printed
with the lowest nozzle line of the lowest nozzle plate 20
in figure 3. Then, the gaps will successively be filled with
the nozzles in the upper nozzle line of the lower nozzle
plate and then with the nozzles of the upper nozzle plate
20, so that the continuos image line is completed.
�[0035] In this embodiment, the control of the actuators
for the various nozzles is facilitated by the fact that the
nozzles are adapted to the raster of the pixel matrix 34
not only in the line direction X but also in the scan direction
Z, so that the timings at which the nozzles have to be
energized correspond to fixed raster positions of the
printheads.
�[0036] The requirement that the nozzles 22 fit into a
discrete two-�dimensional pixel raster implies that the an-
gles at which the flow passages 24 are inclined in Z-
direction cannot be chosen arbitrarily. As a result, the
lengths of the various flow passages 24 cannot be exactly
equal, but slight deviations in length must be accepted.
Nevertheless, the quality of the printed image will be sig-
nificantly improved in comparison to the case where all
nozzles of the nozzle line were arranged on a straight
line, without any offset in Z-�direction. When the resolution
of the printer is as high as 300 or 600 dpi, for example,
the pixel raster will be so fine that the length differences
between the individual flow passages 24 become negli-
gibly small.
�[0037] In a modified embodiment, the nozzles 22 may
be arranged in only a single line, with a pitch of one half
of P1 and with the flow passages 24 coming alternatingly
from the opposite sides of the channel plate 20.

Claims

1. Ink jet printhead comprising a line of nozzles (22)
arranged with a uniform first pitch (P1) in a line di-
rection X, a plurality of parallel ink channels (14) hav-
ing an axial direction Y normal to said line direction
X and arranged in groups (A, B, C) within which they
have a uniform second pitch (P2), each ink channel
(14) being connected to one of said nozzles (22),
and a plurality of actuators (18) arranged in groups
corresponding to those of the ink channels (14), each
actuator being associated with one of the ink chan-
nels (14) for pressurizing ink contained therein,
thereby to expel an ink droplet through the associ-
ated nozzle (22), characterized in that the ink chan-
nels (14) are connected to their associated nozzles
(22) by flow passages (24) which all have a substan-
tially equal length and are inclined relative to said
axial direction Y with varying angles in both, said line
direction X and a scan direction Z orthogonal the line
direction and the axial direction.

2. Printhead according to claim 1, wherein the actua-
tors (18) are piezoelectric actuators.

3. Printhead according to claim 1 or 2, wherein each
group of actuators (18) is formed by a separate ac-
tuator block (28).

4. Printhead according to claim 3, wherein the actuator
blocks (28) are separated by gaps (32).

5. Printhead according to claim 3 or 4, wherein, as seen
in the line direction X, the distance between an end
of the actuator block (28) and an actuator (18) closest
to that end is larger than the second pitch (P2).

6. Printhead according to any of the preceding claims,
wherein the ink channels (14) of a plurality of groups
(A, B, C) are formed in a common channel plate (12).

7. Printhead according to any of the preceding claims,
wherein the ink channels (14) formed by grooves in
a surface of a channel plate (12), the nozzles (22)
are formed in at least one nozzle plate (20) that is
attached to an edge of the channel plate (12), and
the flow passages (24) are formed by through-�bores
in the channel plate (12).

8. Printhead according to any of the preceding claims,
wherein the ink passages (14) are formed on oppo-
site sides of a channel plate (12).

9. Printhead according to claim 8, wherein the nozzles
(22) are arranged in two approximately parallel lines,
with an X-�direction offset of one half of the first pitch
(P1) between the nozzles of two lines
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10. Printhead according to any of the preceding claims,
wherein the line of nozzles (22) extends with a uni-
form pitch over a plurality of nozzle plates (20).

11. Printhead according to any of the preceding claims,
wherein an offset (D) in the scan direction Z between
neighboring nozzles (22) of the same nozzle line cor-
responds to an integral number of discrete raster
steps.
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