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(54) Ink-jet printhead

(57)  Ink-jet printhead comprising a plurality of noz-
zles (12) and ink channels (16) arranged side by side,
each nozzle being connected to an ink reservoir (14) via
its associated ink channel, and a plurality of electrome-
chanical transducers (40; 40") respectively associated
with each ink channel for pressurizing the ink liquid
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therein, so that an ink droplet is expelled from the noz-
zle, characterized by active means (36, 38; 38") which
compensate the effect of the reaction force of each
transducer by energizing at least one other transducer
(40, 44, 46; 40).
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Description

The invention relates to an ink-jet printhead com-
prising a plurality of nozzles and ink channels arranged
side by side, each nozzle being connected to an ink res-
ervoir via its associated ink channel, and a plurality of
electromechanical transducers respectively associated
with each ink channel for pressurizing the ink liquid
therein so that an ink droplet is expelled from the noz-
zle.

Printheads of this type are known for example from
EP-B1-0 402 172 and from JP-A-60-90770.

The ink channels are formed by grooves in the top
surface of a substrate which are closed by a cover plate.
The electromechanical transducers are disposed on top
of the cover plate and are formed by a piezoelectric
body with a comb-like cross-sectional shape. The piezo-
electric body has a continuous top layer bridging the
plurality of ink channels and a number of finger portions
which project from the top layer toward the individual ink
channels. The end face of each channel is held in
engagement with the cover plate and is provided with an
electrode which cooperates with at least one other elec-
trode which is embedded in the finger or is provided on
the top layer of the piezoelectric body. When a voltage
pulse is applied to the electrodes of an individual finger
in response to a drop demand signal, this finger is
caused to contract and expand in the vertical direction,
i.e. in the direction in parallel with the electric field
between the electrodes, due to the piezoelectric effect.
Thus, the finger acts like a piston which deflects the por-
tion of the cover plate delimiting the associated ink
channel, so that the volume of the ink channel is first
increased to suck-in ink liquid from the ink reservoir and
is then reduced, so that an acoustic pressure wave is
generated in the ink channel. This pressure wave prop-
agates to the nozzle so that in ink droplet is expelled
from the nozzle.

In a conventional printhead of this type, the top
layer of the piezoelectric body must be backed-up by a
support structure with sufficient rigidity and/or mass of
inertia to absorb the reaction forces created by the con-
traction and expansion strokes of the individual fingers.
The support structure satisfying these requirements
leads to increased manufacturing costs and to a high
weight and comparatively large outer dimensions of the
printhead.

In addition, even if a very stiff and massive support
structure is employed, it cannot be avoided that a por-
tion of the acoustic energy created by an individual fin-
ger is transmitted through the support structure to the
neighbouring fingers, so that "cross-talk” between the
individual channels is observed. This means that the
performance of an individual unit (comprising a nozzle
and its associated ink channel and piezoelectric finger)
is influenced by the status of its neighbouring units, so
that the quality of the printed image may be degraded.
This problem becomes particularly virulent if the pitch of
the nozzles in the printhead is reduced in order to ena-
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ble high-resolution printing.

It is accordingly an object of the invention to provide
an ink-jet printhead which permits to simplify or com-
pletely omit the support structure for the transducers
and to eliminate or mitigate cross-talk among the indi-
vidual nozzle units.

According to the invention, this object is achieved
with an ink-jet printhead according to the preamble
which is characterized by active means which compen-
sate the effect of the reaction force of each transducer
by energizing at least one other transducer.

Thus, according to the general concept of the
invention, cross-talk among the different channels is
actively compensated and/or the reaction force of one
transducer which has been energized is actively coun-
terbalanced by appropriately energizing one or more of
the other transducers.

In one embodiment, the active means comprise
control means for supplying a compensation signal to
individual transducers depending on whether or not
their respective neighbours are energized. If, for exam-
ple, three immediately adjacent nozzle units are acti-
vated simultaneously, the transducer of the central unit
will be subject to reaction forces from both its neigh-
bours, and these reaction forces tend to reduce the
stroke efficiency of the central unit. In order to obtain
droplets of the same size from all three nozzles, a com-
pensation signal is supplied to the central unit so that
the amplitude of the voltage pulse applied to its trans-
ducer is increased. On the other hand, if only the central
unit and its right neighbour are activated and the left
neighbour is kept inactive, then it is possible to supply a
compensation signal in the form of a negative pulse to
the transducer of the inactive unit. As a result, the reac-
tion forces of the left and right neighbours will largely
cancel each other at the location of the central unit. Of
course, the negative pulse applied to the left unit must in
this case be kept at a sufficiently low level which does
not lead to the generation of a droplet.

It will be understood that the compensation signal
for an individual unit may be made dependent not only
on the status of its immediate neighbours but also on
the status of its indirect neighbours of higher order. In
general, depending on the number of neighbours that is
taken into account, their exists a certain number of pos-
sible configurations of active and inactive units, and for
each possible configuration, an appropriate compensa-
tion signal will be selected by means of a table look-up
method or the like. The appropriate values of the com-
pensation signal will depend on the mechanical proper-
ties of the printhead structure and can be determined
beforehand by experiment or by simulation calculations.

In a more specific embodiment, the totality of the
nozzle units of the printhead is divided into two or more
groups which are activated at different timings. For
example, when the nozzle units are numbered sequen-
tially, a first group may consist of all odd-numbered noz-
zle units and a second group may consist of all even-
numbered nozzle units. Then, the units of the first and
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second groups will be enabled and disabled alternat-
ingly. Within the enabled group, of course, only those
units will be activated for which a drop demand signal is
present. If, at a given instant, a specific nozzle, e.g. no.
2, is activated, it is assured that its immediate neigh-
bours, i.e. the nozzle units no. 1 and 3, cannot be acti-
vated at the same time. It is therefore possible to
energize the transducers of the units no. 1 and 3 with a
compensation signal which does not lead to the gener-
ation of droplets but just counterbalances the reaction
force of the transducer of unit no. 2 from which a droplet
is to be expelled. Thus, irrespective of the image infor-
mation to be printed, it is possible to eliminate cross-talk
among the different channels simply by appropriately
setting the compensation voltages to be applied to the
nozzle units of the disabled group. The level of the com-
pensation voltage for an individual transducer of the
inactive group depends only on the active or inactive
status of its two immediate neighbours. It is clear that,
with such a system, the support structure for backing
the transducers against the reaction forces may be
made rather weak or may be omitted completely. If, in
the last mentioned embodiment, all the nozzles of the
printhead are aligned on a single line and the printhead
is continuously moved relative to the printing paper in a
direction orthogonal to this line, then the dots or pixels
printed with the even-numbered nozzle units will be off-
set from those printed with the odd-numbered nozzle
units. As a consequence, the dot pattern of the printed
image will generally be rhombic. By appropriately set-
ting the timings at which the first and second groups of
nozzle units are activated, it is possible to obtain a
square dot matrix with the main directions of the dot
matrix being inclined at an angle of 45° relative to the
line defined by the nozzles of the printhead. In this case,
the resolution of the printed image is smaller than the
pitch of the nozzles by a factor of V2.

However, it is possible to obtain a resolution equiv-
alent to the pitch of the nozzles if the configuration of the
printhead is modified such that the nozzles of the first
and second groups are offset in the subscanning direc-
tion, i.e. in the direction of relative movement of the
printhead and the printing paper.

In a particularly preferred embodiment of the inven-
tion the active means comprise auxiliary transducers
which are provided in addition to the piston-type trans-
ducers facing the ink channels. These auxiliary trans-
ducers may for example be arranged as active links
between the piston-type transducers and may be ener-
gized to counterbalance differential reaction forces of
the piston-type transducers. The auxiliary transducers
may be formed by piezoelectric elements with any geo-
metrical shape, polarization and electrode configuration
suitable for causing displacements of the associated
piston-type transducers relative to its neighbours or rel-
ative to the substrate. In a particularly useful design the
piston-type transducers and the auxiliary transducers
are formed by a comb structure in which the individual
fingers form the piston-type transducers and a continu-
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ous layer interconnecting the fingers forms the auxiliary
transducers. In this case the piezoelectric effect may be
utilized to cause shear stresses in the continuous layer
forming the auxiliary transducers.

In another embodiment of the invention each noz-
zle unit is provided with a pair of piston-type transducers
disposed on opposite sides of the ink channel In this
case, the two transducers of each pair are energized
simultneously, and they cooperate to pressurize the ink
volume in the channel from both sides. Thus, each
transducer forms active means for counterbalancing the
reaction force of the opposing transducer. To this end,
the respective ends of the transducers remote from the
ink channel may be rigidly interconnected by web mem-
bers intervening between the adjacent nozzle units.
Alternatively, each transducer of one pair may be rigidly
connected to the corresponding transducers of the
neighbouring nozzle units, and the nozzle units may be
divided into several groups which are energized at dif-
ferent timings as in the previously described embodi-
ment. In this case, the transducers disposed on the
same side of the ink channels may also be intercon-
nected via auxiliary transducers serving as active links.

Other optional features of the invention are indi-
cated in the dependent claims.

Preferred embodiments of the invention will now be
described in conjunction with the accompanying draw-
ings in which:

Fig. 1 is a cut-away perspective view of an ink-jet
printhead according to one embodiment of the
invention;

Fig. 2 is a schematic cross-sectional view of a
number of nozzle units of the printhead shown in
Fig. 1;

Fig. 3 is a time chart of signals to be supplied to var-
ious electromechanical transducers in the print-
head shown in Fig. 1, and

Fig. 4 is a schematic longitudinal cross-sectional
view of a printhead according to another embodi-
ment of the invention.

As is shown in Fig. 1, a printhead 10 comprises a
plurality of nozzles 12-1, 12-2, 12-3, 12-4 (these noz-
zles will be commonly designated by the reference
numeral 12). Each nozzle is fluidly connected to an ink
reservoir 14 via an ink channel 16. The ink channels are
formed by grooves which are arranged side by side in a
common substrate 18. The substrate 18 is sandwiched
between a bottom plate 20 and a cover plate 22. A
comb-shaped piezoelectric body 24 is disposed on top
of the cover plate 22. The cover plate 22 is attached to
the common substrate 18 to close the ink channels 16 in
a way as described later. The piezoelectric body 24 has
a continuous top layer 26 and a plurality of fingers 28
which project downwardly from the top layer so that the
bottom face of each finger engages the cover plate 22 in
a area immediately above a corresponding one of the
ink channels 16. The gaps between the individual fin-
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gers are filled with a resilient filler material 30 which may
be formed integrally with the cover plate 22. A ground
electrode 32 is disposed at the bottom face of each fin-
ger 28. An energizing electrode 34 is embedded in each
finger 28 so that it extends in parallel with the corre-
sponding ground electrode 32 and is separated there-
from by a predetermined distance. Each individual
energizing electrode 34 is connected to a control unit 36
via a signal line 38, as is symbolically shown in the
drawing. Thus, in each finger 28, the energizing elec-
trode 34, the associated ground elecirode 32 and the
piezoelectric material intervening therebetween form a
piston-type piezoelectric transducer 40 which can be
caused to expand and contract in vertical direction by
supplying an appropriate voltage to the electrode 34.
Since the bottom face of each finger 28 is bonded to the
cover plate 22, the contractions and expansions of the
transducer 40 cause a deflection of the corresponding
portion of the cover plate 22, so that the volume of the
associated ink channel is varied. The ink reservoir 14
and the ink channels 16 are filled with liquid ink, and
when the piezoelectric transducer 40 is activated, an
acoustic pressure wave is generated in the ink liquid.
This acoustic pressure wave propagates toward the
associated nozzle, e.g. 12-1, and since the ink channel
is tapered toward the nozzle, the pressure wave is con-
verged to the nozzle and causes the creation of an ink
droplet which is expelled from the nozzle to be depos-
ited at an appropriate position on a printing paper (not
shown) which is disposed in front of the printhead.

In detail, the printhead 10 is moved relative to the
printing paper in vertical direction in Fig. 1, and the
transducer 40 is energized at an appropriate timing in
accordance with an image signal supplied to the control
unit 16, so that the ink droplet is placed at the correct
position on the paper. In order to create a pressure
wave in the ink channel 16-1 with high energy efficiency,
a voltage pulse is applied to the electrode 34 such that
the transducer 40 contracts at the leading edge of the
pulse and expands at the trailing edge of the pulse. As
a result, the transducer 40 first performs a suction
stroke so that ink liquid is sucked-in from the reservoir
14. More precisely, the suction stroke suddenly creates
a negative pressure in the area below the transducer
40, so that a negative pressure wave propagates in the
ink channel 16 in both directions. When the wave front
of the negative pressure wave travelling towards the ink
reservoir 14 reaches the open end of the ink channel
16, it is reflected with phase reversal and travels back as
a positive pressure wave in the direction of the nozzle
12. The duration of the voltage pulse is such that the
compression stroke occurs at the very moment when
the wave front of this positive pressure wave reaches
the left end of the transducer 40 in Fig. 1, i.e. the end
which is closer to the nozzle 12. As a consequence, the
additional positive pressure wave created by the expan-
sion stroke of the transducer shows positive interfer-
ence with the pressure wave which had been created by
the suction stroke. In this way, the mechanical energy of
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the transducer 40 is transformed into acoustic energy
with high efficiency.

As is shown in Fig. 1, the nozzles 12 are alternat-
ingly arranged in two parallel lines which extend at right
angles to the direction of relative movement of the print-
head and the printing paper, so that the odd-numbered
nozzles 12-3 are vertically offset from the even-num-
bered nozzles 12-2, 12-4 by an amount y. This can be
achieved for example by cutting the ink channels 16
alternatingly into the top surface and the bottom surface
of the substrate. Alternatively, all ink channels may be
cut into the substrate from the top surface, and the
even-numbered nozzles 12-2, 12-4 may be delimited by
deeper grooves in the substrate 18 and by projections
on the bottom surface of the cover plate 22 which block
the top-parts of these grooves.

The distance or the pitch p between adjacent noz-
zles corresponds to the resolution of the printhead 10 in
the direction of the printed image lines. However, due to
the offset y between the even-numbered and odd-num-
bered nozzles, the energizing pulses must be supplied
to the even-numbered nozzles on the one hand and the
odd-numbered nozzles on the other hand at different
timings in order to obtain a continuous print line. The
reason for this design will become evident as the
description proceeds.

A thermoplastic foil can be used as cover plate 22.
A foil having outstanding characteristics is a thermo-
plastic polyimide (Regulus ®). This foil is heated to a
temperature between 300°C and 340°C and pressed on
the common substrate 18 with a pressure of about 1
MPa. The foil is sealed under these conditions to the
substrate 18 without the need of a glue which could clog
the ink channels 16 or nozzles.

An assembly comprising one individual nozzle, its
associated ink channel and transducer will be termed
"nozzle unit” or briefly "unit” hereinafter. Fig. 2 is a
cross-sectional view showing five nozzle units 42-1 to
42-5 of the printhead 10 (the nozzle units will be com-
monly designated by reference numeral 42). It is
observed that the piston-type transducers 40 of the noz-
zle units are mechanically interconnected by the top
layer 26 of the piezoelectric body. Thus, if for example
the transducer 40 of the unit 42-3 performs an expan-
sion stroke against the elastic forces of the bottom plate
22 and the liquid in the ink channel 16-3, it will tend to lift
the top layer 26 locally. If no countermeasures were
taken, the transducers 40 of the neighbouring nozzle
units, mainly but not exclusively the immediate neigh-
bours 42-2 and 42-4, would be slightly lifted and the
pressure of the ink liquid in the corresponding ink chan-
nels would be reduced. Conversely, if the transducer of
the unit 42-3 performs a suction stroke, as is shown in
the drawing, the top layer 26 would be flexed downward
and the ink in the ink channels 16-2 and 16-4 would be
slightly pressurized. These undesired cross-talk effects
would make it difficult to obtain a stable droplet size
from the active nozzle units. In addition, a part of the
mechanical energy of the active transducer of the unit
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42-3 would be transferred to the neighbouring units,
thereby reducing the efficiency with which a desired
acoustic pressure wave in the ink channel 16-3 can be
generated. These effects could be mitigated to some
extent by supporting the top ends of the transducers 40
with a massive and rigid backing plate. However,
according to the present invention, a different approach
is made to eliminate these phenomena.

As was mentioned above, the odd-numbered noz-
zle units 42-1, 42-3 and 42-5 on the one hand and the
even-numbered nozzle units 42-2 and 42-4 on the other
hand are energized in accordance with the respective
image signals at different timings. Thus, when the unit
42-3 is active, the neighbouring units 42-2 and 42-4 will
assuredly be inactive, and vice versa. As a conse-
quence, when the top layer 26 is subject to reaction
forces from the transducers 40 of the active units 42-1,
42-3 and 42-5, the transducers of the inactive units 42-
2 and 42-4 can be used to counterbalance the reaction
forces without generating droplets in these units itself.

The polarizations of the various portions of the pie-
zoelectric body are indicated by solid black arrows in
Fig. 2. It is observed that the transducers 40 are uni-
formly polarized in one vertical direction (downward)
whereas the top layer 26 is uniformly polarized in the
opposite vertical direction (upward). In Fig, 2, the print-
head 10 is shown in a state in which the nozzle units 42-
1 and 42-5 are inactive whereas the central nozzle unit
42-3 has just performed a suction stroke in order to pre-
pare for the generation of a droplet. Accordingly, a neg-
ative voltage is applied to the energizing electrode 34 of
the unit 42-3, so that the piezoelectric material of the
transducer 40 is subject to an electric field between the
electrodes 34 and 32. Since this electric field has the
opposite direction as the polarization of the piezoelec-
tric material, the transducer 40 is in its contracted state.
As a consequence, the top layer 26 above the unit 42-3
is subject to a downwardly directed reaction force.

Simultaneously, a (comparatively small) positive
voltage has been applied to the electrodes 34 of the
units 42-2 and 42-4, so that their transducers 40 are
slightly expanded. The portion of the top layer 26 above
the units 42-2 and 42-4 is therefore subject to an
upwardly directed reaction force which partly compen-
sates the reaction force of the central unit 42-3.

In addition, since opposite voltages are applied to
the electrodes 34 of the unit 42-3 on the one hand and
the units 42-2 and 42-4 on the other hand, an electric
field E is established which penetrates through the top
layer 26 of the piezoelectric body. In the portions of the
top layer 26 bridging the individual nozzle units, this
electric field E has a large horizontal component and is
directed substantially perpendicular to the direction of
polarization in this top layer. This causes a shear stress
in the top layer 26 because the piezoelectric material
has the tendency to align its preferential axis with the
axis of the electric field E. As a result, the top layer 26 is
deformed in a shear mode, as is exaggeratedly shown
in the drawing. This shear-type deformation of the top
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layer 26 has the tendency to lift the portion of the top
layer above the unit 42-3 and to depress the portions
above the units 42-2 and 42-4. Thus, this shear-type
deformation greatly contributes to counterbalancing the
reaction force of the transducer 40 of the unit 42-3. The
portions of the top layer 26 bridging the individual noz-
zle units, in combination with the electrodes 34 of these
units, can therefore be considered as auxiliary trans-
ducers 44 which serve as active backing means for
absorbing the reaction forces of the piston-type trans-
ducers 40.

It goes without saying that these auxiliary transduc-
ers 44 will also be effective when the unit 42-3 performs
its expansion stroke with a positive voltage being
applied to its electrode 34 and a small negative voltage
applied to the electrodes 34 of the units 42-2 and 42-4.
The auxiliary transducers 44 would also be effective,
though to a smaller extent, if the electrodes 34 of the
units 42-2 and 42-4 were not energized but were kept at
ground potential. In a situation where the unit 42-1 for
example is required to generate a droplet simultane-
ously with the unit 42-3, an electric field would also be
created between the electrodes 34 of the units 42-1 and
42-2 and the transducer 44 between these units would
be effective to absorb the reaction force of the unit 42-1.
Of course, it is advisable to slightly increase the voltage
applied to the electrode 34 of the unit 42-2 dependent
on whether only one or both of its neighbours are ener-
gized.

By utilizing the effect of the auxiliary transducers 44
and/or the counterbalancing effect of the expansions
and contractions of the transducers 40 of the inactive
units 42-2, 42-4 oppositely to the expansions and con-
tractions in the active unit 42-3, it is possible to eliminate
the cross-talk effect completely and to stabilize the top
layer 26 without any need for a rigid backing plate. Of
course, such a backing plate may additionally be pro-
vided, if desired.

In particular when the top layer 26 is arranged to
form the auxiliary transducers 44, the compensation
voltages which have to be applied to the electrodes 34
of the inactive units (42-2 and 42-4 in this example) in
order to eliminate the cross-talk effect can be kept so
small that no droplets will be generated by these units
(42-2, 42-4) and the acoustic pressure waves generated
in their ink channels (16-2, 16-4) will largely be attenu-
ated before these units become active. In this respect, it
is important to note that in the inactive units 42-2, 42-4
which are energized only for compensation purposes,
the transducers are first expanded and then contracted.
This helps to keep the excitation levels of the acoustic
pressure waves below the threshold at which droplets
are generated.

When, in the example shown in Fig. 2, the unit 42-3
and other odd-numbered nozzle units have printed dots
on the printing paper and the printhead has been moved
relative to the printing paper over distance correspond-
ing to the offset y, the even-numbered units 42-2, 42-4
will be activated to insert the missing image dots in the
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current printing line in accordance with the image infor-
mation. At this instant, the odd-numbered units will be
used for compensation purposes.

Returning to the situation shown in Fig. 2, it will be
noted that the electric field E established between the
neighbouring electrodes 34 has a large vertical compo-
nent in the region of the unit 42-3. This component of
the electric field has the opposite direction as the polar-
ization of the top layer 26 and therefore causes a verti-
cal contraction of the corresponding portion of the top
layer 26, thus assisting the contraction of the transducer
40. Similarly, the portions of the top layer 26 in the units
42-2, 42-4 are caused to expand and to enhance the
effect of the transducers 40 of these units. Likewise,
when the polarities are inverted so that the unit 42-3
performs an expansion stroke and the units 42-2 and
42-4 perform contraction strokes, these strokes will also
be enhanced by corresponding expansions and con-
tractions of the respective portions of the top layer 26.
Thus, the portions of the top layer immediately above
the electrodes 34 function as secondary piston-type
transducers 46 which assist the primary piston-type
transducers 40. This effect is particularly advantageous
because it increases the efficiency with which the elec-
tric energy applied to the electrodes 34 can be trans-
formed into acoustic energy in the respective ink
channels.

In general, in order to achieve an optimal transfor-
mation of mechanical energy of the piezoelectric ele-
ments into acoustic energy in the ink channels, the ratio
between the effective thickness of the piezoelectric ele-
ment and the height of the ink channel should be in the
same order as the ratio between the elastic modules of
the piezoelectric material and the ink liquid. However,
the height of the ink channels 16 cannot be reduced
beyond a certain limit because this would lead to higher
reflection losses at the nozzles 12, so that only a
smaller portion of the acoustic energy would be availa-
ble for the creation and acceleration of the ink droplets.
For these reasons, it would be desirable to increase the
thickness of the transducers 40. Then, however, the dis-
tance between the electrodes 32 and 43 would become
larger and a higher voltage would have to be applied to
the electrodes 34 in order to obtain the same field
strength. In the shown embodiment, the secondary
transducers 46 function to increase the effective thick-
ness of the piezoelectric elements without any need for
increasing the voltage applied to the electrodes 34. This
effect can be enhanced further if an additional ground
electrode (not shown) is provided on the top surface of
the top layer 26.

In this example the cover plate 22 and the filler
material 30 forms an integral member but it is under-
stood that the cover plate 22 can also be made as a
separate plate and that filler material 30 can be omitted.

A preferred mode of operation of the printhead 10
described above will now be explained by reference to
Fig. 3. The curves (A) - (D) in this Figure represent the
voltage signals applied to four successive nozzle units,
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e.g. 42-2, 42-4 and 42-5. The printhead is assumed to
have a large number of nozzle units, and the pattern of
signals shown in Fig. 3 is repeated for each group of
four successive nozzle units, so that, for example, the
signal represented by the curve (D) will not only be
applied to the nozzle unit 42-5 but also to the nozzle unit
42-1.

It is further assumed in Fig. 3 that a solid black area
is printed on the printing paper, so that each nozzle unit
is active to print a dot in each printing line. The even-
numbered nozzle units (curves A and C) are active in
the time intervals t1 - 12 and t7 - 19, and the odd-num-
bered nozzle units (curves B and D) are active in the
time interval 4 - 16.

At the time t1, a negative voltage is applied to the
electrode 34 of the nozzle unit 42-2 to cause the trans-
ducers 40, 46 of these units to contract and to perform
a suction stroke (A). Simultaneously, a positive compen-
sation voltage is applied to the units 42-3 and 42-1
which are the left and right neighbours of the unit 42-2
(curves B and D). As a result, the transducers 40, 46 of
the units 42-3 and 42-1 perform a slight expansion
stroke, and the auxiliary transducers 44 intervening
between these units and the unit 42-2 are deformed in
the shear-mode. The amplitude of the positive compen-
sation voltages is just sufficient to counterbalance the
reaction force of the transducers 40, 46 of the unit 42-2,
but is not large enough to generate droplets in the units
42-1 and 42-3. It should be noted that the unit 42-4 (C)
is not active at this instant, which has the advantage that
the unit 42-3 needs to compensate only the reaction
force of the unit 42-2 but not that of the unit 42-4.

At the time 12 the unit 42-2 performs its expansion
stroke in order to create a droplet. Simultaneously, its
indirect neighbour, the even-numbered unit 42-4 (and a
unit 42-0 as the case may be) performs its suction
stroke. Thus, the reaction forces of the expanding unit
42-2 and the contracting unit 42-4 cancel each other at
the position of the unit 42-3 intervening therebetween.
The compensation signals for the odd-numbered units
42-3 and 42-1 are therefore not altered at this instance
(curves B and D). However, in the time interval {2 - 3,
the voltage difference between the electrodes 34 of the
units 42-2 and 42-3 is much smaller than the voltage dif-
ference between the electrodes of the units 42-3 and
42-4. As a consequence, the auxiliary transducer 44
between the units 42-2 and 42-3 becomes.less effective
and the auxiliary transducer 44 between the units 42-3
and 42-4 becomes more effective. These effects assist
both the expansion stroke of the unit 42-2 and the suc-
tion stroke of the unit 42-4.

At the time 3 the unit 42-4 performs it expansion
stroke, and the reaction force thereof is compensated
by its direct neighbours 42-1 and 42-3 which return to
zero potential.

In the time from t4 to 16 the above-described proce-
dure is repeated with the rolls of the even-numbered
units and odd-numbered units being interchanged. The
procedure in the time between t7 and 19 is again identi-
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cal to that between the times 11 and 13.

It will be noted that the even-numbered unit 42-2
creates a droplet at the time 12 whereas the droplet gen-
eration in the next even-numbered unit 42-4 (at t3) is
somewhat delayed. When the printhead is moved con-
tinuously relative to the printing paper, this may cause a
slight offset of the printed dots which, however, will nor-
mally not be perceptible to the human eye. If desired,
this time delay can also be compensated by an appro-
priate position offset of the corresponding nozzles in the
printhead.

It will further be observed that the pulse width of the
positive compensation pulses is twice the pulse width of
the energizing pulses applied to the active units. As has
been mentioned before, the pulse width of the energiz-
ing pulses (e.g. from 11 to 12) is adapted to the geomet-
ric configuration of the printhead such that the acoustic
wave in the ink channel shows resonance or construc-
tive interference, in order to provide a high energy for
the creation of the droplet. Since the compensation
pulses are twice as long, they will under these condi-
tions cause destructive interference in the ink channel,
so that the creation of droplets is desirably suppressed.

In practice, it depends of course on the image infor-
mation to be printed whether or not an energizing pulse
is applied to a given nozzle unit in a given cycle. This
means that in the signal pattern discussed above for
illustrative purposes, some of the negative energizing
pulses may be missing. In this case, the amplitude
and/or duration of the compensation pulses may be
modified in accordance with the image information. For
example, if the unit 42-4 is not activated between 2 and
13, i.e. the first energizing pulse in the signal (C) is miss-
ing, then the duration of the compensation pulse in the
signal (B) may be reduced to 1/2, so that the potential of
the electrode in the unit 42-3 is returned to zero already
at the time t2.

The signals to be applied to the electrodes 34 of the
individual nozzle units are generated in the control unit
36 (Fig. 1) in response to the image information to be
printed. The corresponding software and/or hardware
implementation of the control unit 36 is straightforward
for a person skilled in the art.

Fig. 4 shows a printhead 10 according to another
embodiment. The nozzles 12 of this printhead are
aligned on a single line, and the whole printhead has a
symmetric configuration with respect to a plane defined
by the ink channels 16. Thus, a pair of piston-type pie-
zoelectric transducers 40, 40’ are opposed to one
another across the substrate 18 above and below each
ink channel 16. The transducers 40, 40" and the sub-
strate 18 are held together by two symmetric housing
parts 48, 48" which have rigid web portions 50, 50’ inter-
vening between the transducers of the different nozzle
units and fixedly connected to the substrate 18, e.g. by
bonding. Thus, the housing parts 48, 48' and the sub-
strate 18 form an integral member which has some ten-
sile strength in the vertical direction, i.e. in the direction
in which the transducers 40, 40' perform their contrac-
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tion and expansion strokes. The top surface of the trans-
ducer 40 and the bottom surface of the transducer 40’
are fixedly connected to the housing part 48 and 48/,
respectively, via the energizing electrode 34 and 34,
respectively. The parts of the substrate 18 defining the
upper and lower walls of the ink channel 16 are fixedly
connected to the transducers 40 and 40', respectively
via the ground electrodes 32.

The control unit 36 is arranged to energize both
transducers 40 and 40’ with the same voltage via
respective leads 38 and 38'. Thus, the transducers 40,
40' perform synchronous contraction and expansion
strokes. During the contraction strokes, the compara-
tively thin, flexible wall portions defining the ink channel
16 are drawn apart, and the reaction forces of the trans-
ducers are absorbed by the web portions 50, 50’ which
bear against vertical walls of the substrate separating
the individual ink channels. During the expansion
strokes, the upper and lower walls of the ink channel are
compressed from above and below, and the reaction
forces are likewise transmitted through the web portions
50, 50" and the substrate 18 which are bonded together
with sufficient tensile strength, so that the reaction
forces cancel each other. Thus, the transducer 40’
forms active means for counterbalancing the reaction
force of the transducer 40, and vice versa. Even when
the pairs of transducers 40, 40’ of all nozzle units are
energized simultaneously (when a continuous line is
being printed), the vertical displacement of the housing
parts 48 and 48’ is restrained by the web portions 50,
50' intervening between each two adjacent nozzle units.
It is therefore not necessary to provide a bulky support
structure for the housing parts 48 and 48'. In addition, if
the transducer 40 for example exerts a force on the
housing part 48, this force is actively compensated by
the force which is exerted by the other transducer 40’ on
the housing part 48’ and is transmitted through the web
portions 50, 50, and the cross-talk between adjacent
nozzle units can largely be eliminated.

This embodiment has a number of remarkable fur-
ther advantages.

Since the forces of the various transducers 40 and
40" are completely balanced at any time, vibrations of
the printhead 10 which would be transmitted through
the mounting structure thereof are largely suppressed.

Moreover, the effective thickness of the piezoelec-
tric elements is given by the sum of the thicknesses of
the transducers 40 and 40', and as a consequence, a
desirably high ratio between the effective thickness of
the piezoelectric elements and the height of the ink
channel 16 can be achieved. On the other hand, the
thickness of each transducer 40 or 40’ as such is kept
small, with the result that only a comparatively small
voltage needs to be applied to the electrodes 34, and
the manufacture of the piezoelectric transducers is
greatly facilitated because of their comparatively small
thickness.

The distance between the nozzles in an array
depends on the density of the dots to be printed on the
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paper. If the wanted print density is 100 dots/inch (dpi)
the nozzle density is often choosen to be also 100 noz-
zles per inch (npi). If the nozzle density is smaller, e.g.
50 npi a complete image is printed by printing in a first
action one row of 50 dpi and in a second action in the
same row again with 50 dpi with the restriction that the
dots of the second actio are shifted over a distance of
1/100 of an inch into the direction of the row. It is often
desirable to have a printer that is capable to print
images with different densities, e.g. 100 dpi and 150 dpi.
The nozzle density of the printhead should than be 50
npi. With such a printhead and a suitable interlacing
method both print densities can be printed. In general,
the highest nozzle density A for a printhead that is able
to print images with a density B1 and a density B2 is:

A = greatest common divisor (B1, B2)

If more than one printhead is used, e.g. for color print-
ing, the highest nozzle density A for each printhead can
be found with the formula:

A = greatest common divisor (B1, B2)/k

wherein k is the number of printheads used.
For B1 = 400 dpi and B2 = 600 dpi and with k = 3(3 col-
ours) A is 200/3 npi.

While only specific embodiments of the invention
have been described above, it will be noted that the
invention is not limited to these embodiments but
encompasses all possible modifications which will occur
to a person skilled in the art and fall within the scope of
the appended claims.

For example, the features of the embodiments
shown in Fig. 1 and 4 may also be combined with one
another by arranging piezoelectric bodies comparable
to the piezoelectric body 24 of Fig. 1 symmetrically on
both sides of the substrate 18. In this case, the housing
parts 48, 48' shown in Fig. 4 may be omitted because
the transducers of the odd-numbered nozzle units pro-
vide the mechanical coupling between the transducers
of the even-numbered nozzle units and vice versa.

Claims

1. Ink-jet printhead comprising a plurality of nozzles
(12) and ink channels (16) arranged side by side,
each nozzle being connected to an ink reservoir
(14) via its associated ink channel, and a plurality of
electromechanical transducers (40; 40" respec-
tively associated with each ink channel for pressu-
rizing the ink liquid therein, so that an ink droplet is
expelled from the nozzle, characterized by active
means (36, 38; 38") which compensate the effect of
the reaction force of each transducer by energizing
at least one other transducer (40, 44, 46; 40).

2. Ink-jet printhead according to claim 1, wherein said
nozzles, ink channels and transducers form a linear
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array of nozzle units (42) of the drop-on-demand
type, and wherein said active means comprise con-
trol means (36) for applying a compensation signal
to the transducer (40) of a given nozzle unit
depending on the status of the drop-demand sig-
nals applied to at least its immediate neighbours.

Ink-jet printhead according to claim 2, wherein said
control means (36) are arranged to supply an ener-
gizing signal with a first polarity to a nozzle unit for
which a drop-demand signal is present and to sup-
ply a compensation signal with an inverse second
polarity to those of its neighbours for which no drop-
demand signal is present.

Ink-jet printhead according to any of the preceding
claims, wherein a piston-type transducer (40) is
associated with each nozzle and said active means
comprise at least one auxiliary transducer (44) for
each nozzle unit, said auxiliary transducer being
mechanically connected to the end of the piston-
type transducer (40) remote from the ink channel
(16) and being energized to exert on the piston-type
transducer a force which is opposite to the reaction
force of the same.

Ink-jet printhead according to claim 4, wherein said
piston-type transducers (40) and said auxiliary
transducers (44) are formed by piezoelectric ele-
ments.

Ink-jet printhead according to claim 5, wherein each
auxiliary transducer (44) is mechanically connected
to two adjacent piston-type transducers (40) and is
subject to a shear-type deformation when ener-
gized.

Ink-jet printhead according to claim 6, wherein an
energizing electrode (34) to which a variable volt-
age can be applied, is formed on the end of each
piston-type transducer (40) remote from the ink
channel, and said energizing electrodes (34) are
overlaid by a top layer (26) of piezoelectric material
which forms the auxiliary transducers (44), and
wherein the shear-type deformation of the auxiliary
transducers (44) is induced by an electric field (E)
which is established between the energizing elec-
trodes (34) of neighbouring nozzle units.

Ink-jet printhead according to claim 7, wherein the
piston-type transducers (40) and the top layer (26)
are polarized in opposite directions, such that the
portions of the top layer (26) intervening between
the auxiliary transducers (44) form secondary pis-
ton-type transducers (46).

Ink-jet printhead according to any of the claims 2 to
8, wherein the nozzle units (42) are devided into at
least two interleaved groups (42-1, 42-3, 42-5 and
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42-2, 42-4) and these groupes are enabled and dis-
abled alternatingly.

Ink-jet printhead according to claim 9, wherein the
nozzles (12-1, 12-3) of one group are offset from
the nozzles (12-2, 12-4) of the other group in the
direction of relative movement of the printhead (10)
and the recording medium.

Ink-jet printhead according to claim 9 or 10,
wherein, when the nozzle units are sequentially
numberedas 1, 2, ..., i, ..., energizing pulses caus-
ing the generation of an ink droplet are supplied to
the enabled nozzle units at such timings that the
leading edge of a pulse supplied to nozzle unit i
coincides with the trailing edge of the pulse sup-
plied to the nozzle unit i-2 (times {2, t5, 18), and
compensation pulses are supplied to the disabled
nozzle units at such timings that the leading edge of
the compensation pulse coincides with the leading
edge of the energizing pulse supplied to the nozzle
i-2 (times t1, 14, t7) and the trailing edge of the com-
pensation pulse coincides with the trailing edge of
the energizing pulse supplied to the nozzle unit i
(times 13, 16, 19).

Ink-jet printhead according to any of the preceding
claims, wherein the transducers (40, 40) are
arranged symmetrically with respect to the plane
defined by the ink channels (16), and said active
means for one transducer (40) are formed by its
counterpart (40") on the other side of the plane of
symmetry and by means (38, 38) for energizing the
transducer (40) and its counterpart (40") simultane-
ously.
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Fig. 1
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Fig.2

/////// /M////

Z7 2

6-4 \& 163 n

— - S OTIITIOTOOI ST T T ] el
22T T I - - — — — — — T Tt e T T 77 I\QU\Q\N\
// TOOTOTOTOITTITIOTS 2227224222222 2227, / ////

11



EP 0 752 312 A1

Fig. 3
(A) —[ (2,6,10,...
(B) A — L.

(C) L | (4,8,12,...

(D) U (L,5,9,...
tl 1213 t4 15 t6 7 8 19
N ,__5 __________________ '
48 34

///\//‘/// ////////

f@i;\\ 2 -

N

12 —_ 6 5 32 14
50 Y
40'\\\ \\ ¢ .
48’ / .
— Tz

12



EPO FORM 1503 03.32 (P04CO1)

European Patent
o Office

EP 0 752 312 A1

EUROPEAN SEARCH REPORT

Application Number

EP 96 20 1789

DOCUMENTS CONSIDERED TO BE RELEVANT
Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
Bory of relevant passag to claim APPLICATION (Int.CL6)
A EP-A-0 063 921 (XEROX CORPORATION) 1-3 B41J2/045
* the whole document *
A WO-A-92 06848 (KERRY) 1-3
* the whole document *
A US-A-5 266 965 (KOMAI ET AL.) 1
* the whole document *
A US-A-4 887 100 (MICHAELIS, PATON) 1
* the whole document *
TECHNICAL FIELDS
SEARCHED (Int.CL.6)
B41J
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
THE HAGUE 18 October 1996 Meulemans, J-P
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : eatlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

13




	bibliography
	description
	claims
	drawings
	search report

