METHOD FOR ACTUATING AN INK-JET PRINT HEAD

The invention is directed to a method for actuating an inkjet print head,
comprising at least one printing system having a nozzle on the side of an ink
chamber which faces a substrate to be imprinted, and which is delimited at least
in areas, preferably in its area facing away from the print substrate, by a
diaphragm that is movable away from the ink chamber by electrically actuating a
piezo element that is mechanically coupled to the diaphragm, so that ink is drawn
into the ink chamber from a reservoir, and the diaphragm is movable into the ink
chamber so that an ink drop is ejected through the nozzle, wherein the printing
system made up of the ink chamber, diaphragm, piezo element, and the
electronic control system thereof represents an oscillatable structure which, when
actuated at high energy, is excited to oscillate at a natural frequency fres that
exhibits resonance: i.e., the oscillation with the period Tres = 1 / fes Undergoes
little or no attenuation, and wherein the brightness of a pixel to be printed is
varied in that, for each pixel, a sequence of zero, one, two, or more ink drops is

ejectable in succession from the same nozzle at a time interval of Tgrop = 1/ farop-

A known inkjet printing system is illustrated in Figures 1 through 4. The external
mechanical construction of an inkjet print head 1 is apparent in Figure 1. The
central area of the inkjet print head forms an elongated plate 2 with adjustment
and/or fastening holes 3, 4 and/or fastening pins in end areas 5 of the plate 2 on

the end-face side.

Situated between these end areas 5 used for adjustment and fastening is a
central, preferably thickened portion 6 of the plate 2, where a plurality of nozzles
8 for delivering ink drops in the direction toward the substrate to be imprinted
open into the flat side 7 of the plate 2 facing a substrate to be imprinted. In the

area of the flat side 7, the middle portion 6 of the plate 2 provided with nozzles 8



may be elevated with respect to the adjoining end areas 5, so that heads 9 of
fastening screws protruding beyond the end areas 5 do not contact the substrate

to be imprinted.

A mechanism, illustrated in cross section in Figure 2, extends in the area of the
middle portion 6 of the plate 2 on the oppositely situated flat side 10 of the plate
2. It is apparent that a printing system 11 associated with the nozzle 8 is situated

behind each nozzle.

Each printing system 11 has its own ink chamber 12, from which only the single
nozzle 8 that opens into that location is supplied with ink. This ink chamber 12 is
connected to a feeding ink reservoir 14 via an ink channel 13 having a
comparatively much smaller cross section; the ink chamber 12 may be refilled

through the ink channel 13 after ejecting an ink drop.

Whereas the ink channel 13 opens into the ink chamber 12 from the side, a
diaphragm 15 which is fixed, for example clamped, only along its peripheral edge
is situated at the side of the ink chamber 12 opposité from the nozzle 8. The
movable portion of a piezo element 16 is fastened to the side of the diaphragm
15, in the middle area thereof, facing away from the ink chamber 12, and the

piezo element in turn is fixed to a solid rear plate or to a solid rear block 17.

Via a control circuit 18 that is directly connected to the piezo element 16, the
piezo element may be excited to undergo contractions or expansions, which are
transmitted 1:1 to the connected diaphragm 15 and which therefore increase or

decrease the volume within the ink chamber 12.

When the ink chamber 12 becomes larger, ink is drawn from the ink reservoir 14

and into the ink chamber 12; when the ink chamber 12 becomes smaller, an ink



drop is ejected from the nozzle 8 when the reduction in volume is sufficiently
strong and powerful, i.e., sufficiently great and rapid, so that an ink drop

consequently bulging from the nozzle 8 falls off.

Figure 3 shows that overall, only a few ink reservoirs 14 are provided, preferably

only one or two, to which a larger number of ink chambers 12 are in each case

connected.

It is apparent in Figure 4 that the piezo elements 16, from an electrical
standpoint, may represent capacitors that charge when connected to a supply
voltage 19, in order to cause a mechanical reaction, for example a contraction or
expansion; they may also be discharged or recharged to trigger the reverse
mechanical reaction, for example by short-circuiting the two electrical terminals of

a capacitor or by active application of a different voltage.

The totality of a printing system 11, i.e., its ink chamber 12, diaphragm 15, piezo
element 16, and the control circuit 18 form an oscilléfable system. The natural
frequency fes of this system depends on the geometric design of the printing
system 11 and the properties of its components 12, 15, 16, 18. However, the
natural frequency frs does not have to be calculated; instead, after triggering an
oscillation by means of a sufficiently high-energy actuating signal, the natural
frequency may be read off at the electrical terminals of the piezo element 16. At
this location a largely undamped oscillation is discernible, whose period Tres is

inversely proportional to the natural frequency fres: fres = 1/Tres.

A measuring circuit for determining this natural frequency fres is quite simple: An
active control circuit 18 for a piezo element generates an isolated trigger pulse or
a series of trigger pulses with widely spaced time intervals, for example at an

interval of one or several seconds. If the signal pattern is so strongly attenuated



after emission of the pulse, or in each case a pulse, from the control circuit 18
that the natural frequency oscillation is already dying down within an oscillation
period, the connection between the control circuit 18 and the piezo element 16
may be additionally interrupted after a pulse is emitted, or interrupted until the
next pulse, so that the piezo element 16 together with the connected mechanical
components is in the meantime left on its own and may freely oscillate without
appreciable attenuation, so that a plurality of measurable oscillation waves follow
one another in succession. In this phase, an electrical voltage in the form of a
gradually dying down wave is measurable at the electrical terminals of the piezo
element 16, with a frequency that corresponds to the resonance frequency fres of

the overall system made up of electrical and mechanical components.

The voltage at the piezo element is dynamically measured or recorded, for
example with an oscillograph or a storage oscilloscope, the image display or
recording being triggered by the trigger pulse. The period Trs Of a resonance
oscillation may then be read off on the time scale of the oscillograph screen or a
stored signal recording, and the resonance frequency fres May be determined

therefrom using the formula: fres = UTres.
For variable darkening of a pixel, up to k ink drops may be delivered per pixel:
n=0,12, ..k

The time interval Taop between two successive ink drops may be constant, for
example Tseq/(k — 1), i.e., a portion of the overall image drop sequence Tseq OF @

multiple thereof, in particular:

Tdrop = Tseq * (k —n)i(k=1),



when n < k ink drops are printed per pixel sequence.

Typically, for each pixel sequence, initially the natural oscillation is excited at the
resonance frequency f.s of the printing system 11 by a signal having a reduced
amplitude, and in the period split specified thereby, by means of an appropriately
set actuation one ink drop per period Tes of the natural frequency is then
delivered, in particular in each case approximately in the same phase of the
natural oscillation. This entails an actuation in such a way that, in any case for

more than one ink drop per pixel sequence, the following applies:
Tdrop = Tres.

The printing system is thus subordinate to the natural frequency of the system,
this natural frequency, in a manner of speaking, forms the clock pulse in which
printing takes place. However, it has been shown that this pulse frequency fres is
comparatively slow, and therefore limits the printing sbeed. As a result, in turn
the number of ink drops per image sequence in practice is reduced to the
greatest extent possible in order to keep the printing speed within acceptable
limits: however, this results in reduced printing accuracy, since each ink drop
must then have a comparatively large volume, and therefore fine gradations are

not possible.

The disadvantages of the described prior art result in the object of the invention,
to refine a generic method in such a way that the printing speed may be
increased, and/or at the same or improved printing spéed the gradations in color

brightness may be refined.

This object is achieved in that energy is only introduced into the printing system

via the actuation signal precisely when an ink drop is actually to be ejected.



Thus, by dispensing with triggering the natural oscillation prior to a pixel
sequence, the printing system at that point is initially in a neutral state. The first
drop is printed with a large control amplitude, but with a shortened pulse
duration, in order to minimize the energy introduced into the system, so that no,
or only a minimum, excitation takes place at the natural frequency, and the
printing system therefore also does not post-oscillate after the first ink drop, but
instead once again comes to rest within less than one period Tees of the natural
oscillation, preferably even within less than one-half the périod Tres of the natural
oscillation. This opens up the possibility for emitting the trigger pulse for the next
ink drop within a fraction of this period Tes. Consequently, rhythmical excitations
in the clock pulse of the natural frequency fes also do not take place, so that
natural oscillation cannot build up in the course of multiple successive trigger

pulses. Rather, the printing system returns to the neutral state after each ink

drop.

It has proven to be advantageous that the minimum time interval Tarop between
chronologically sequential print actuating signals is unequal to the oscillation

period Tres = 1/ fres Of the resonant natural frequency fres of the printing system:
Tarop # Tres.

It is best to provide a certain safety margin T, = |Tres — Tarop| = O between the two
period values Tqrop # Tres, SO that, even in the case of actuating signals following
in direct succession, no resonant oscillation is triggered, or that an oscillation
possibly initiated by successive actuating signals undergoes sufficient

attenuation. Such a safety margin may be defined by

Te=|Tres — Tdropl 2> * Tres,



where 0 <y < 1, in particular g = 1/5, or y = 1/4, or p = 1/3.

The invention may be refined in that the minimum time interval Tgeop between
chronologically sequential print actuating signals is equal to or preferably less
than three-fourths of the oscillation period Tees = 1 / fes Of the resonant natural

frequency fres of the printing system:
Tarop < Tres /'1.33.
This corresponds to a value of y = 1/4 for p.
The invention may be refined in that the minimum time interval Tgrop between
chronologically sequential print actuating signals is equal to or preferably less

than two-thirds of the oscillation period Tres = 1 / fes Of the resonant natural

frequency fres of the printing system:

Tdrop < Tres / 1.5.
This corresponds to a value of y = 1/3 for p.
According to another design rule, the minimum time interval Tyop between
chronologically sequential print actuating signals is equal to or preferably less
than one-half the oscillation period Tres = 1 / fres Of the resonant natural frequency
fes Of the printing system:

Tdrop < Tres / 166

This corresponds to a value of p = 2/5 for .



According to another design rule, the minimum time interval Ty, between
chronologically sequential print actuating signals is equal to or preferably less
than one-half the oscillation period Tres = 1/ fes Of the resonant natural frequency

fes Of the printing system:

Tdrop < Tres / 175.

This corresponds to a value of p = 3/8 for p.
On the other hand, the minimum time interval Tqp between chronologically
sequential print actuating signals cannot be made arbitrarily small, since
otherwise, either successive ink drops would coalesce during their flight, or no
ink drops at all would come off the nozzle. Therefore, the following should apply:
Tdrop 2V * Tres,
where 0 < v < 1, in particular v = 1/5, orv=1/4, or v = 1/3.
The invention provides, for example, that the minimum time interval Tgrp
between chronologically sequential print actuating signals is equal to or
preferably greater than one-third the oscillation period Tres = 1 / fes of the
resonant natural frequency fs of the printing system:
Tdrop Z Tres / 4

This corresponds to a value of v = 1/4 for v.

Therefore, the invention provides that the minimum time interval Ty, between



chronologically sequential print actuating signals is equal to or preferably greater
than one-third of the oscillation period Tes = 1 / fes Of the resonant natural

frequency fres Of the printing system:

Tdrop 2 Tres /3.

This corresponds to a value of v = 1/3 for v.

Further advantages result from the minimum time interval Tyop between
chronologically sequential print actuating signals being equal to or preferably
greater than four-tenths of the oscillation period Tres = 1/fres Of the resonant

natural frequency fres of the printing system:

Tdrop > Tres / 2.5.

This corresponds to a value of v = 2/5 for v.

Based on the above definition, the following must apply for u and v:

M+v<t

Optimal results may be achieved when a subsequent trigger pulse takes place
fairly closely to the point in time when a resonance oscillation that is triggered by
the preceding trigger pulse has just completed one-half a period, since then, the
new trigger pulse is anticyclical with respect to the preceding trigger pulse, and in
a manner of speaking counteracts same, i.e., in the ideal case quenches it. This

may be optimally achieved by the following dimensioning:

Tdrop = Tres ! 2.
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In practice, it has been shown that values that deviate slightly herefrom also

provide good results:
0.4 * Tres < Tarop < 0.6 * Tres,
or in particular:
0.45 * Tres < Tarop < 0.55 * Tes.

Such an actuation is thus completely different from that customary in the prior art,
in which the energies of successive trigger pulses are superimposed additively;
i.e., they further increase a resonance oscillation. In contrast, in the present
invention the energies of successive trigger pulses are superimposed
subtractively; i.e., they quench each resonance oscillation. in. other words,
whereas in the prior art resonance oscillations are facilitated, the aim of the

invention is to suppress resonance oscillations.

One advantageous side effect of the method according to the invention is that the
drop frequency may be at least doubled, and may possibly be increased even

further. As a result, multiple drops may be delivered for each pixel.

According to the invention, it is further provided that the size or the volume of an
ink drop is not a function of the duration or of other properties of a preceding
trigger pulse. In this way, not only multiple ink drops for each pixel, but also even

different sizes of drops may be produced.

The sizes or volumes of the ink drops of a pixel sequence to be printed may thus

be different and/or independent from one another.
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The invention allows a refinement such that the series of different drop sizes is
nonlinear. The series may be logarithmic, for example, suchas 8:4:2: 1. ltis
clear that, with such a system, drop sizes between a maximum volume Vmax and
a minimum volume Vmin may be produced, for example Vimax = 15 * Vmin. For an
ink quantity per pixel of 7 * Vi, it would then be necessary to produce one drop
each of the sizes 4 * Viin, 2 * Vimin, and 1 * Vmin; an ink quantity per pixel of 12 *
Vmin May be produced by one drop each of the sizes 8 * Vmin @and 4 * Viin, and so
forth.

The size or the volume of an ink drop may be increased by increasing the
amplitude of a trigger pulse. The diaphragm 15 is thus further deflected, and a

larger volume of ink is displaced.

Another option for increasing the size or the volume of an ink drop is to increase
the overall duration of a trigger pulse or the duration of the plateau phase of a
trigger pulse. This makes it possible for a drop that is falling off to pick up a larger

quantity of ink.

The size or the volume of an ink drop may also be increased by increasing the
duration of the rising and/or falling edge of a trigger pulse. The mechanism is
thus given more time to follow an actuating signal, and in addition a larger
quantity of ink may be set in motion, which then ultimately falls off in the form of a

larger drop.

Lastly, according to the teaching of the invention, in any event for a pixel having
an associated color intensity of zero, corresponding to no ink drop, a placeholder
signal is emitted which, however, is too weak in its intensity to bring about the

triggering of a drop; however, if the color intensity of zero is not associated with a
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pixel, corresponding to one or multiple ink drops, a nonprinting preliminary signal
or intermediate signal is not present either in front of or between the trigger
pulses of this pixel sequence. On the one hand, as a result the printing speed is
not impaired by unnecessary intermediate signals; on the other hand, no excess
energy is consumed, which in particular heats up the print head and may thus
result in inaccuracies, and lastly, in the ideal case successive trigger pulses are
optimally set with respect to one another in such a way that no additional signals

are necessary for the sought suppression of resonant natural oscillations.

Further features, particulars, advantages, and effects based on the invention
result from the subclaims and from the following description of one preferred
embodiment of the invention, and with reference to the drawings, which show the

following:

Figures 1a-c show various views of an inkjet print head;

Figure 2 shows a vertical section of a printing system of the inkjet print

head according to Figure 1,

Figure 3 shows the ink chamber system of the inkjet print head according to

Figure 1, in a schematic illustration;

Figure 4 shows the electronic control system of the inkjet print head

according to Figure 1, in a schematic illustration;

Figure 5 shows the variation over time of a customary actuating signal for a
printing system according to Figure 1, and the deflection signal of

the piezo element proportional thereto;
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Figure 6 shows the variation over time of the actuating signal according to

the invention for the printing system according to Figure 1;

Figure 7 shows the options for influencing the control signal for varying the
drop size or the drop volume, where "+" corresponds to an
increasing influence on the drop size, and "-" corresponds to a

reducing influence;

Figure 8 shows a variation over time by way of example of a sequence of
trigger pulses according to the invention, for illustrating the option
of varying the ink quantity by overprinting multiple drops having

different volumes; and

Figure 9 shows a variation over time by way of example of a pixel sequence
in the prior art, where all trigger pulses have the same size and

length, so that all ink drops have the same volume.

The design of the inkjet print head 1 and one of its printing systems 11 has

already been described in detail above with reference to Figures 1 through 4.

The customary mode of operation of such a printing system is illustrated in
Figure 5. The deflection x or —x of the portion of the piezo element 16 coupled to
the diaphragm 15 is shown as a graph 20 in the figure. The upper line of the
signal corresponds to a type of zero position of the piezo element 16 or of the
diaphragm 15. The ink chamber 12 has just been completely filled with ink.
Plotted at the bottom is a deflection of the piezo element 16 or of the diaphragm
15 away from the ink chamber 12, which results in an increase in the volume Vin
the ink chamber. This increase in volume AV is approximately equal to the

deflection Ax of the diaphragm 16 multiplied by the base surface area F of the ink
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chamber 12 or of the diaphragm 16 which completely spans the ink chamber:
AV = Q * Ax.

The displacement —x is illustrated along the ordinate in Figure 5; i.e., a
displacement of the diaphragm 16 toward the ink chamber 12 is plotted at the
top. Thus, as the graph 20 ascends, the diaphragm 16 approaches the ink
chamber 12 by the value |Ax|, thus reducing the volume V by the quantity |AV| =
Q * |Ax]|; i.e., AV < 0. In other words, —Ax, corresponding to —AV, is plotted at the
top.

The time t is plotted along the abscissa in Figure 5.

A first pulse 21 begins at t = 0. The deflection 21 in Figure 5 points downwardly;
i.e., Ax becomes larger, and the ink chamber volume V thus increases, and ink in

a quantity AV is drawn into the ink chamber 12.

However, the deflection 21 does not take place to the extent that the drawn-in

volume AV is less than the volume of a drop Viroep:
AV < Vdrop.

Consequently, when the diaphragm 16 subsequently swings back, no ink drop is
pressed through the nozzle 8, and instead the ink surface only bulges outwardly

through the nozzle 8, but without falling off.

Due to this high-energy measure, however, the natural oscillation at the
resonance frequency f.s is triggered in the printing system 11; in the illustrated

example, the period T.s = 1 / fes of the resonant natural oscillation is
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approximately 15 ps.

The following pulses 22 for ejecting multiple ink drops 24 are subsequently
produced in a certain time grid. Each following pulse 22 in Figure 5 is made up of

a falling edge, during which the ink volume V in the ink chamber 12 increases by

a volume AV, where the following applies:
AV = Vdrop;

During a brief plateau phase 23 of the following pulse 22, ink flows from the ink
reservoir 14 through the ink channel 13 into the ink chamber 12 of the printing

system in question.

The diaphragm 16 subsequently swings back into its starting position, and the
volume V within the ink chamber 12 decreases by AV. However, this quantity of
ink corresponds to the volume Vyp of an ink drop, and the ink drop ultimately

falls off on the other side of the nozzle 8.

Such a "shot" period, during which ink is thus drawn into the ink chamber 12 and
subsequently ejected through the nozzle 8 until the beginning of the next intake
movement of the diaphragm 16, corresponds to the period Tes of the natural
oscillation of the printing system 11, so that each period begins at the same

phase position of the natural oscillation.

In order for the period Tsq Of an overall pixel sequence to be at most
approximately 50 us, only three ink drops 24 maximum per pixel sequence may
therefore be delivered. In addition, since the volume is approximately the same
for all ink drops 24, accordingly the color intensity Ir of a pixel may be changed

only in a coarse grid, namely, in the steps
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[e=0*lp;
F=1"lo;
[F=2"%*lg;
|F=3*|0;

where |y corresponds to the color intensity of a single colored drop of the size in

question.

Thus, this involves a maximum of four different values, corresponding to a piece
of information that is representable by 2 bits: 00=0;01=1;10=2; 11 =3.

Although this might be normal for an inkjet printer, it does not represent a good
result, since, for example, the intensity values of the pixels of images that are
recorded by means of a camera have a much finer resolution, for example with
16 different color intensities per pixel and color (4 bits), or with 64 color

intensities, or with 128 or even 256 color intensities.

In order to solve the above problems with regard to a limited printing speed and a
very restricted resolution of the color intensity, with printing using inkjet printers,
the invention, with an otherwise identical print head 1 and identical printing

system 11, proposes the actuation method illustrated in Figure 6.

This method is based on the concept of not subordinating to the natural
oscillation of the printing system 11 with the resonance frequency fes, but, rather,
to avoid such, so that the system is not excited at all into its natural osciliation,
and therefore each ink drop 24 does not have to be delivered synchronously with
an oscillation of the printing system 11, and instead could theoretically be

delivered at an arbitrary point in time.
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The invention provides several measures for avoiding the natural oscillation of

the printing system 11 with the resonance frequency fies:

Firstly, in the method according to the invention an excitation pulse 21' that

precedes the actual print pulse 22" is completely absent.

Therefore, in any case the first print pulse 22' encounters a diaphragm 16 at rest;
defined conditions prevail in the printing system 11, and the first ink drop 24 is

delivered with high precision.

Another measure for avoiding the natural oscillation is to shorten the plateau
phase 23'. Whereas in the prior art, the time Ty of the plateau phase 23 is
greater than the times Trising, Traiing for the rising or falling ramp, the following now

applies:

Tplat < Trising

Tplat < Tfalling

This is achieved by increasing the maximum deflection AXmax, with the slope of
the rising and falling ramps remaining approximately constant. The time Tyt
required for drawing in the same ink volume AV may thus be shortened, since the
flow velocity is increased due to a higher differential suétion pressure between

the ink chamber 12 and the ink reservoir 14.
Consequently, the following relationship may be achieved:

Tfalling + Tplat + Trising < Tres/4|
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in particular
Tfalling + Tplat + Trising < Tres/s-

As a result of this measure, the spectrum of such an ‘individual wave is shifted
toward higher frequencies, and thus has a much larger frequency spacing from
the resonance frequency fes. Consequently, the resonance frequency fres is not

hereby triggered.

Another measure for avoiding resonant natural oscillations in the printing system
11 is to further reduce the duration of a period Tgrp for the ejection of an ink drop,

in particular in such a way that the following applies:
Tdrop < Tres / 1.5.

As a result, in the spectrum there are no spectral components at fes, and

therefore there is also no excitation of natural oscillation.

Moreover, for a period duration of Tgop = Tres / 2, for example, due to a following
print pulse a natural oscillation of frequency fres, possibly triggered beforehand, is

once again quenched by an anticyclical phase position.

On the other hand, the period duration also should not become too short, so that
successive ink drops 24 in the flight phase remain separate from one another
and do not uncontrollably combine with one another during flight, since otherwise
the size of the drop 24 drawn in from the nozzle 8 could differ from the desired
volume. To ensure this, the invention recommends that the following inequality

be observed:
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Tdrop 2 Tres /3.

Particularly suitable for the method according to the invention are such print
heads 1 or printing systems 11 in which the movement of a diaphragm 15 that at
least partially delimits the ink chamber 12 is brought about by a piezo element
16. The activity direction of the piezo element is usually oriented perpendicularly
with respect to the diaphragm 15. However, there are various piezo print heads
of this type that differ in particular with regard to the configuration of the
diaphragm 15 and the piezo element 16 acting on it, relative to the position and

longitudinal direction of the nozzle 8:

In the arrangement referred to in technical jargon as a "piston shooter," the
diaphragm 15 is situated between the nozzle 8 and the piezo element 16, and
the direction of action of the latter is in alignment with or parallel to the

longitudinal direction of the nozzle 8.

In the so-called "side shooter," the diaphragm 15 is situated to the side of the ink
chamber 12, next to the nozzle 8, so to speak. Whereas the diaphragm 15 may
be parallel to the nozzle direction, the ditection of action of the piezo element 16
is perpendicular to the longitudinal direction of the nozzle 8, and therefore an

ejected drop 24 moves at an angle of 90° relative to the direction of action of the

piezo element 16.

Furthermore, there is also the so-called "shared wall" arrangement, in which
pressing by means of piezo elements 16 takes place from both sides against
laterally situated diaphragms, preferably in opposite directions; however, the
longitudinal direction of the nozzle 8 and the direction of a drop 24 exiting the
nozzle are offset relative to one another by 90° with reéspect to the shared line of

the directions of action of the piezo elements 16.
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The invention provides a number of advantages:

The point in time of the firing signal is independent of a preliminary signal or an
oscillation, since firing takes place when the frequency is quiescent. In any event,
when the color intensity of zero is associated with a pixel, corresponding to no
ink drop, a placeholder signal may be emitted which, similarly as for the
preliminary signal generated in the prior art, is too weak in its intensity to bring
about the triggering of a drop. Such a placeholder signal should be used only for
the purpose of keeping the ink within the ink chamber 12 in a print-ready state, at
an optimal viscosity, during phases of non-use. In addition, a residual natural
oscillation from a preceding actuating signal may.be quenched when the

actuation takes place anticyclically, i.e., for Tyrop = Tres / 2.

By use of the method according to the invention, successive ink drops 24 having
different drop sizes that are independent of one another may be achieved which

do not influence each other.

The drop size in each case is a function only of

— the duration of the rising and/or falling edge of a print pulse (a more rapid
edge results in a smaller drop size), ‘and/or

— the overall duration of a print pulse (a shorter print pulse results in a smaller
drop size), and/or

— the amplitude or magnitude of a print pulse (the d(qp is smaller at a smaller
amplitude),

and in each case conversely; i.e., larger drop sizes may be achieved by the

respective opposite measure.

By varying the above parameters, it is possible, in a single sequence for creating
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a pixel by means of multiple print pulses, to eject multiple drops 24 having
different sizes and volumes in order to achieve intermediate color intensity

values.

In contrast, the drop size is a function of the nozzle diameter only to a limited
extent, since the drop/meniscus during firing does not oscillate and is delimited
by the nozzle wheel, and instead is a function strictly of the energy of the pulse.
In the current prior art, the nozzle diameter is the determining element for the

drop size.
In addition, in the invention the ejected drop 24 is very stable and precise.

The maximum drop speed becomes smaller; there are no undesirable satellite

drops next to, in front, of behind the main drop.

With the method according to the invention, a much higher firing frequency is
possible than in the prior art, at the same time with' increasing precision and
variable drop size. The frequency may be increased by approximately 100% to
approximately 200%, and at the same time, finer gray graduations are

achievable.

The savings are approximately 5 to 10% for printing with high-viscosity (ink)
fluids.

*x%k
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List of reference numerals

inkjet print head
plate

fastening hole
fastening hole
end area
middle portion
flat side

nozzle

screw heads
flat side
printing system
ink chamber
ink channel

ink reservoir
diaphragm
piezo element
rear block
control circuit
supply voltage
graph

first pulse
following pulse
plateau phase

drop
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Patent Claims

1. A method for actuating an inkjet print head (1), comprising at least one
printing system (11) having a nozzle (8) on the side of an ink chamber (12)
which faces a substrate to be imprinted, and which is delimited at least in
areas, preferably in its area facing away from the print substrate, by a
diaphragm (15) that is movable away from the ink chamber (12) by
electrically actuating a piezo element (16) that is mechanically coupled to
the diaphragm (15), so that ink is drawn into the ink chamber from an ink
reservoir (14), and the diaphragm is movable toward or into the ink
chamber so that an ink drop (24) is ejected from the ink chamber through
the nozzle (8), wherein the printing system (11) made up of the ink
chamber (12), diaphragm (15), piezo element (16), and the control circuit
(18) thereof represents an oscillatable structure which, when actuated at
high energy, is excited to oscillate at a natural frequency frs that exhibits
resonance; i.e., the oscillation with the period Tres = 1/ fes undergoes little
or no attenuation, and wherein the color intensity of a pixel to be printed is
varied in that, for each pixel, a sequence of multiple ink drops (24) is
ejectable in succession from the same nozzle (8) at a time interval of Tarop
= 1 / f4op, characterized in that energy is only introduced into the printing
system (11) via the actuation signal precisely when an ink drop (24) is

actually to be ejected.

2. The method according to Claim 1, characterized in that the minimum time
interval Tgop between chronologically sequential print actuating signals is
unequal to the oscillation period Tres = 1 | f.o of the resonant natural

frequency fes of the printing system (11):
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Tdrop #* Tres-

The method according to Claim 1 or 2, characterized in that the minimum
time interval Tqrop between chronologically sequential print actuating signals
is equal to or preferably less than one and a half times the oscillation
period Tres = 1/ fres Of the resonant natural frequency fs of the printing

system (11):
Tdrop < Tres / 1 .5.

The method according to one of Claims 1 to 3, characterized in that the
minimum time interval Tgop between chronologically sequential print
actuating signals is equal to or preferably less than twice the oscillation
period Tres = 1/ fres Of the resonant natural frequency fis of the printing

system (11):
Tdrop S Tres / 2

The method according to one of the preceding claims, characterized in that
the minimum time interval Tgp between chronologically sequential print
actuating signals is equal to or preferably greater than one-third of the
oscillation period Tres = 1/ fres Of the resonant natural frequency fres of the

printing system (11):
Tdrop > Tres / 3.
The method according to one of the preceding claims, characterized in that

the minimum time interval Tgp between chronologically sequential print

actuating signals is equal to or preferably greater than two-fifths of the
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oscillation period Tes = 1/ fres Of the resonant natural frequency fres Of the

printing system (11):
Tarop = Tres / 2.9.

The method according to one of the preceding claims, characterized in that
the size or the volume of an ink drop (24) is increased by increasing the

amplitude of a trigger pulse.

The method according to one of the preceding claims, characterized in that
the size or the volume of an ink drop (24) is increased by increasing the
overall duration of a trigger pulse or the duration of the plateau phase of a

trigger pulse.

The method according to one of the preceding claims, characterized in that
the size or the volume of an ink drop (24) is increased by increasing the

duration of the rising and/or falling edge of a trigger pulse.

The method according to one of the preceding claims, characterized in that
the size or the volume of an ink drop (24) is not a function of the duration or

of other properties of a preceding trigger pulse.

The method according to one of the preceding claims, characterized in that
the sizes of the ink drops (24) of a pixel sequence to be printed are

different and/or independent from one another.

The method according to one of the preceding claims, characterized in that

the series of different drop sizes is nonlinear.
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The method according to one of the preceding claims, characterized in that
in any event for a pixel having an associated color intensity of zero,
corresponding to no ink drop, a placeholder signal is emitted which,
however, is too weak in its intensity to bring about the triggering of a drop;
however, if the color intensity of zero is not associated with a pixel,
corresponding to one or multiple ink drops, a nonprinting preliminary signal
or intermediate signal is not present either in front of or between the trigger

pulses of this pixel sequence.



