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Description

[0001] The invention relates to a printhead or dosing
head according to the preamble of claim 1, for printing,
dispensing, or dosing of liquids on surfaces or three-di-
mensional structures, hereinafter referred to briefly as
printing. In particular, it relates to the printing with a print-
head, dosing head, dispenser, or other comparable de-
vices, hereinafter referred to as printhead, with a plurality
of fluid outlets 6, which are arranged in a geometrically
regular pattern, preferably in rows. The invention further
relates to the printing or dispensing of fluid volumes in
the range of nanoliter to milliliter per shot, fluids with me-
dium viscosity (up to 1 Pas), which also may include par-
ticles (size: up to 0. 3 mm particle size) in concentrations
up to 90%, with rates up to the kHz range and a pitch
down to far below a millimeter. The invention relates in
particular to printing with a mobile device, which should
be lightweight and will work safely without leakage under
accelerations.

[0002] Today’s inkjet printheads are suitable with re-
spect to the discharge frequency and work predominantly
according to the fluid displacement principle. Their use
is limited to fluids with a viscosity below 25 mPas. Print-
heads for liquids of higher viscosity working according to
the fluid displacement principle can also be realized by
using powerful piezo stack actuators. However, a multi-
channel printhead with a pitch smaller than 4 mm, with
light weight, suitable for the processing of medium vis-
cosity fluids with a droplet rate in the kHz range can not
be realized.

[0003] Valve technology-based printheads as in U. S.
5,119,110 or U. S. 5,356,034 are also suitable with re-
spect to the frequency of operation. In contrast to print-
heads working according to the fluid displacement prin-
ciple they have the advantage that the required high en-
ergies for the discharge of viscous fluids are provided by
a pressure source. However, because of the higher fluid
viscosities also higher switching energies are required
for switching the fluid flow, as can be provided by known
valve technology-type electromagnetic (U. S.
5,356,034)or piezoelectric (U. S. 2009/0115816) print-
heads, in order to a to meet the requirements according
to the invention regarding fluid properties, pitch, droplet
frequency and drop weight. US 4,723,131 discloses a
valve-type printhead comprising pneumatically driven di-
aphragm valves. Pneumatic control is supplied by sole-
noid air valves via tubes connected to the of the dia-
phragm valves. Slow reaction times result from the com-
bination of solenoid air valves with the required tubing,
which restrict the printheads to firing frequencies in the
range below 100Hz. The small reaction times further re-
quire the supply pressure to be below 1 bar in order to
achieve sufficiently small droplet volumes. Size and
weight of the solenoid air valves and tubing further make
them unsuited for the use in mobile printing devices. So
new concepts are required to achieve high droplet fre-
quencies in the kHz range, allow supply pressures of at
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least 5 bar and at the same time reduce weight and size
significantly.

[0004] The invention solves the above inventive prob-
lems using a printhead according to claim 1.

[0005] Furthermore, the invention discloses a method
of printing, dosing, or dispensing of fluids with a printhead
1 with multiple electrically addressable channels, each
channel converting an electrical control signal into a
pneumatic control pressure p of greater energy by using
a micro-electro-pneumatic-circuit, the control pressure
actuating a diaphragm of a fluid ejector so that as a con-
sequence of a resulting fluid displacement or a resulting
release of a valve opening a fluid discharge is effected.
[0006] The invention discloses devices and methods
for printing, dispensing or dosing of one- or multi-phase
fluids, emulsions or dispersions, with or without solid con-
tent, with a viscosity up to the region of 1 Pas, by means
of a printhead 1 with a small size and low weight, with
fluid nozzle distance in the order of tenths of millimeters
to millimeters, with a droplet rate up to the kHz range,
with variable droplet sizes from the picoliter to the micro
liter range.

[0007] The invention discloses devices and methods
for printing, dispensing or dosing by means of a printhead
with a plurality of channels, which contain a micro-elec-
tro-pneumatic circuit, which is used to control one or more
pneumatically actuated fluid ejectors.

[0008] The invention discloses devices and methods
for printing, dispensing or dosing by means of a printhead
1 with a plurality of channels, which contain a micro-elec-
tro-pneumatic circuit, containing means to convert an
electrical control signal of low energy into a pneumatic
control signal of higher energy.

[0009] The invention further discloses devices and
methods for conversion of an electrical control signal into
a pneumatic control signal, using electro-pneumatic
transducers, preferably using magnetic or piezoelectric
pneumatic valves, further preferably using micro-valves
18, and by using other pneumatic elements providing flu-
id restriction.

[0010] The invention further discloses devices and
methods for printing, dispensing or dosing by means of
a printhead 1 with a plurality of channels, which include
a fluid ejector 4, which operates on the principle of dis-
placement or on the valve principle.

[0011] The invention further discloses devices and
methods for printing, dispensing or dosing by means of
aprinthead 1, which contains structures that contain fea-
tures of the same kind of the ejectors of multiple channels.
[0012] The invention further discloses devices and
methods for printing, dispensing or dosing by means of
aprinthead 1, which contains structures that contain fea-
tures of the electro-pneumatic circuits of multiple chan-
nels.

[0013] Theinvention also discloses devices and meth-
ods for printing, dispensing or dosing by means of a print-
head 1 with a diaphragm 8, which extends over one or
more channels, transmitting the pneumatic energy to the



3 EP 2 442 983 B1 4

corresponding ejectors, bulging and pressing onto an
opening to prevent the Fluid passing through the opening
or, displacing fluid, as a result emitting the fluid through
one or more corresponding fluid outlets, or, displacing
fluid, emitting it through a fluid outlet until the diaphragm
8 is in contact with the associated fluid outlet, closing
this, and by this interrupting the fluid flow abruptly, sep-
arating the fluid already being discharged.

[0014] The invention also discloses devices and meth-
ods to quickly change a fluid-carrying part against a new
or differently configured.

[0015] The invention further discloses devices and
methods for integrating the control electronics as used
for actuating the electro-pneumatic transducers in par-
ticular so, that the control electronics is purged by air thus
discharging heat from the control electronics.

Industrial applicability

[0016] With the inventive printhead a variety of fluids
in a variety of applications can be dosed or printed. Within
the scope of this invention, fluid is called a liquid, flowing
freely orunder pressure, containing one or multiple phas-
es and having a viscosity profile, which in its viscosity-
shear stress-characteristic curve at least partly compris-
es values below 1 Pas. In particular, fluids with thixotropic
or shear-thinning properties are processable. A multi-
phase fluid may be a fluid with insoluble particles, fluid
droplets or air bubbles embedded in the liquid The fol-
lowing list is only designated to show examples of proc-
essable fluids and uses: Printing of aqueous solutions,
inks, colors (printing of wall paint, latex paints, mineral
paints, artist paints), varnishes, plaster (printing of plas-
ter, stucco), liquid polymers, UV curable liquid polymers
(example: Rapid Prototyping), waxes, adhesives and
resins, filled or unfilled, fats, oils, in principle printing of
all kinds of fluids being used within the field of printing
technology, such as printing inks, and colors, partially
cross-linked liquids, high-viscosity substances or bodily
fluids (blood, sputum ), fluids of food production, rea-
gents or analytes from the medical, biomedical and bio-
logical fields, including liquids, which generate foams be-
fore, during or after the application. A fluid may also be
understood as a gas, which can be dosed by the inventive
devices and methods in high volume and high frequency.
[0017] A preferred use of the inventive printhead ac-
cording to claim 1isthe use as a printhead to print particle
loaded liquids, with a particle size up to the range of tenths
of millimeters. Preferably the inventive printhead can be
used to create a paint coating or a graphics on a wall by
printing wall paint or dispersion paint, especially prefer-
ably by using a hand-held printer which requires a light
weight powerful printhead. Or to print pastes (e. g. con-
ductive, insulator or resistor pastes) in thick film technol-
ogy, or slurries (glass slurries or other), or food.

[0018] Anotherpreferred use ofthe inventive printhead
is to produce 3-dimensional structures, e. g. for use in
rapid prototyping or to print braille characters.
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Brief description of the drawings

[0019] Various exemplary embodiments of the devices
and methods of this invention are hereinafter described
in detail with reference to the accompanying drawings.

Fig. 1 shows devices and methods according to the
invention for printing, dispensing or dosing by means
of printhead 1.

Fig. 2 shows devices and methods according to the
invention for printing, dispensing or dosing by means
of printhead 1 in greater detail.

Fig. 3 shows embodiments of a micro-pneumatic-
circuit according to the invention.

Fig. 4 shows embodiments of the invention of an
ejector operating according to a valve principle.
Fig. 5 shows embodiments according to the inven-
tion operating as a fluid’ displacement ejector.

Fig. 6 shows embodiments of an ejector according
to the invention operating according to a valve prin-
ciple.

Fig. 7 shows preferred embodiments of a printhead
1 according to the invention.

Fig. 8 shows preferred embodiments of a printhead
composed out of patterned plates, each of which
contain similar structures of the channels of the print-
head.

Fig. 9 shows preferred embodiments of a device ac-
cording to the invention to prevent drying up of the
fluid outlets.

Fiig 10 shows a preferred embodiment of a printhead
according to the invention composed out of pat-
terned plates.

Detailed description of the invention:

[0020] Fig. 1 shows a block diagram of the inventive
devices and methods for one channel of the printhead 1.
As printhead should generally be understood a device,
used to apply fluid contactless on surfaces of any kind,
continuously, or intermittently, by means of regularly
spaced, electronically individually controllable channels.
According to nomenclature used here, a channel is the
smallest addressable unit of the electronic printhead 1.
A channel may still have multiple fluid outlets. A "print-
head" may furthermore cover non-contact fluid applica-
tions, such as general dosing and fluid control applica-
tions, which are not associated with a direct fluid release.
[0021] Devices and methods according to the inven-
tion convert per each channel an electrical control signal
of low energy by means of a micro-electro-pneumatic
circuit into a pneumatic control signal p of higher energy
(Fig. 1). The additional energy comes from one or more
pressure sources py, P,,... Which are referred to hereafter
as pressure levels. A micro-electro-pneumatic circuit 2
is understood as a network of micro-electro-pneumatic
elements. These can be, for example electro-pneumatic
converters, pneumatic-mechanical transducers, pneu-
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matic throttles, dead volumes, pipes and cavities.
[0022] The pneumatic control signal p,of each channel
is used for actuation of at least one pneumatically-con-
trolled fluid ejector. A pneumatic controlled fluid ejector
4 is understood as a device that responsive to a pneu-
matic control pressure applied to a diaphragm ejects fluid
from one or more fluid outlets. Diaphragm shall also rep-
resent other suitable pneumatic actuators, such as a flex-
ible plate, a membrane or plate with a suspension, a mov-
able piston, a bellow or inflatable part, a hose or a fluid
line of other cross-sectional shape (rectangular, oval ..).
[0023] Fig. 2 shows in detail the devices and proce-
dures according to the invention with respect to the micro
electro-pneumatic circuit and a pneumatically driven fluid
ejector of an electronically addressable channel n.
[0024] Amicro-electro-pneumatic circuit2 contains be-
tween a first pressure level p; and a second pressure
level p, a series circuit out of a first pneumatic element,
which is a micro-valve 18, and a second pneumatic ele-
ment, which is a throttle 23, whereby at the common
pneumatic node 5 a pneumatic control signal or briefly a
control pressure p, is generated which is pneumatically
connected to the diaphragm of the at least one fluid ejec-
tor.

[0025] Regarding the use of the word "pneumatic” it
shall be noted, that instead of air as a pressure agent
any kind of a gas or even a hydraulic liquid could be used.
The name "micro-pneumatic” in this invention should not
be seen as limitation to the use of air as pressure agent.
[0026] The fluid ejector according to the invention is
the part of the printhead 1, which generates a fluid dis-
charge based on the drop-on-demad principle. It com-
prises at least one fluid inlet and at least one fluid outlet.
A pneumatically controlled fluid ejector is a fluid ejector,
which is operated by a diaphragm with the aid of pneu-
matic energy, here by means of the control pressure p,..
[0027] A printhead according to the invention can work
according to a fluid displacement principle, i. e. the ejec-
tors 4 are sort of control pressure p.-actuated fluid-dis-
placement-means. According to the displacement prin-
ciple, the mechanical deformation or movement of a di-
aphragm is transfered to the fluid in a cavity by reducing
the volume of the fluid-filled cavity resulting in a fluid dis-
charge through the fluid outlet 6. A printhead according
to the invention further can work according to the valve
principle, i. e. the ejectors are working according to the
valve principle and diaphragms 8 act as valve diaphragm.
[0028] In Fig 3 embodiments of micro-electro-pneu-
matic circuits are outlined for a single channel. Each com-
prise the pneumatic control pressure port at the bottom
providing the control pressure p, which is used to actuate
the fluid ejectors.

[0029] The micro-electro-pneumatic circuit contains
between two pressure levels p; and p, a series circuit of
a pneumatic element Z, and a pneumatic element Z,, at
whose common pneumatic node 5 a transient control
pressure p, comprising at least two states is generated
in a cavity to operate the fluid ejectors. Pressure sources
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can be designed virtually as pumps, compressors or vac-
uum pumps (Pabs < 1 bar). Also in the context of the
invention, an opening to the environment is to be inter-
preted as a pressure source with ambient pressure (p =
Pu)-

[0030] According to the invention at least one of the
two pneumatic elements Z, or Z, contains an electro-
pneumatic transducer such as an electrically controlled
pneumatic valve. This can function according to any
transducer-principle, e. g. piezoelectric, electromagnet-
ic, electropneumatic, electrostatic or electrostrictive and
has a short response time T <<1 ms and a small dead
volume. Preferably suitable are valves functioning ac-
cording to the piezoelectric principle, which due to the
electro-pneumatic amplification of the micro-electro-
pneumatic circuit can be of extra small size. So in the
following always the term 'micro-valve’ 18 is used.
[0031] According to the invention at least one of the
pneumatic elements Z, or Z, contains a micro valve V,
and the other element is either a micro pneumatic valve
V, ora pneumatic throttle 23. In the latter case, the micro-
valve V, is the only valve per channel. Pneumatic throt-
tles are characterized by their dissipative effect and have
a linear or nonlinear flow resistance, which generates a
pressure drop in the case of a fluid flow. Examples for a
pneumatic throttle are a capillary 23, an aperture, a fluid
redirection or a cross section change. It shall be noted
in addition, that a pneumatic element Z; or Z, may not
be only a single pneumatic throttle or micro-valve 18, but
may also contain combinations of these, even a further
pneumatic circuit.

[0032] According to the invention the ejector 4 is con-
nected pneumatically to node 5 between Z, and Z,, at
which, depending on the valve position of the micro valve
18, the control pressure p, sets as required to control the
fluid ejector. Pneumatic node 5 includes ducts and cav-
ities extending to the active areas of the pneumatic ele-
ments Z4 and Z, and to the pneumatic side of the fluid
ejector, and therefore has a volume V. A volume Vg,
the displacement volume of the ejector, has further to be
added to this. Due to the compressibility of air the volume
Vi + Vg is a pneumatic complience. This limits the speed
of achange of state of the control pressure. To dimension
the volumes Vi + Vg the time constants of a switching
operation can be calculated, with respect to the config-
uration of the micro-pneumatic circuit and the fluid ejector
(see below), approximately to

T1=R*po/(Vk+Vpg) (1)

where R, depending on the considered switching oper-
ation equals to either the fluid resistance of an open mi-
cro-valve 18 in Z, or Z, or equals the flow resistance of
the pneumatic throttle 23. To enable a clean fluid tear-
off at ejector 4, the pressure change of the control pres-
sure should be highly dynamic. According to the invention
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the circuit elements of a micro-elecro-pneumatic circuit
are dimensioned in a way, that the time constants for a
state change of the pneumatic control signal p; is pref-
erably in the range of 1 microsecond to 1 ms, especially
preferably in the range between 1 microsecond and 100
microseconds. The demands for a high operating fre-
quency, low weight and small size require the use of mi-
cro-valves 18, which on the other side only comprise a
valve travel of about 0.05 mm. As a consequence, the
flow resistance of the open micro valve 18 is of relevant
magnitude, so that according to equation (1) a sufficiently
small time constant can be achieved only if a miniaturi-
zation of the volume V\ and V¢ is made.

[0033] To obtain an effective actuation of the pneumat-
ically actuated fluid ejector, a high difference between
the resulting pressure levels of the control pressure is
aimed. It is further aimed to keep the air consumption
through the the opened micro-pneumatic valve 18 and
the pneumatic throttle shall. - Both aims suggest to
choose the flow resistance of pneumatic throttle 23 Rp
significantly, e. g. 10-fold higher than the flow resistance
of the open micro-valve Rv. This dimensioning however
has the disadvantage, that the time constant according
to equation (1) for the drop of the control pressure across
the pneumatic throttle 23 after closing the micro valve 18
is getting high, which again is (depending on the config-
uration of the ejector, see below) adversely for a clean
fluid discharge or fluid tear-off. According to equation (1)
it remains only the reduction of the volume V and Vg to
realize short response times. According to the invention,
the elements of the micro-pneumatic circuit are miniatur-
ized components and/or structures, particularly in the
case of a miniaturization of the volume V and Vg. But
miniaturization is limited by the fact, that the flow resist-
ance of pneumatic ducts compared to those for example
of a pneumatic throttle are no more negligible in the di-
mensioning phase. At this point a discrete approach, in
which e. g. pneumatic throttles are treated as a discrete
pneumatic elements Z, should be changed in favor of a
continuous model. Therefore according to the invention
the pneumatic elements Z, and Z, are not limited to dis-
crete pneumatic components, but rather should be seen
as part of a device having a pneumatic effect, such as a
pneumatic throttle effect between a first point and a sec-
ond point in the geometry, in the case of pneumatic ele-
ment Z,, between the point at which the control pressure
is set and the point at which pressure p, is applied to.
[0034] As illustrated in the examples in Figure 3, the
electrically actuated micro valve 18 preferably is realized
as piezoelectric valve with a piezoelectric bending trans-
ducer. The embodiments each include a piezoelectric
bending transducer in monomorphic configuration,
which, for example, is a laminate of a piezoelectric trans-
ducer in d3, - operation mode and a substrate made of
a non-piezoelectric material in an elongated shape,
whereby the freely movable end, when charging the pi-
ezoelectric element with an electrical voltage, deflects in
the direction perpendicular to the side of the substrate
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on which the piezoelectric element is located. A suitable
monomorphic transducer has, for example, a total thick-
ness of less than 0. 5mm, a free length of 5 to 10mm at
a width of well below one millimeter. The free end of the
piezoelectric actuator covers the valve opening 9, around
which the sealing surface is arranged, here called a valve
seat. The configurations in Fig 3, A and Fig 3, B contain
a first pneumatic impedance Z, in the form of the de-
scribed monomorphic piezoelectric micro valve 18 and
a second pneumatic impedance in the form of a capillary
Z,.

[0035] The following detailed considerations assume,
that the micro-electro-pneumatic circuit is fed by two
pressure sources with py>p,. Accordingly, the control
pressure p. only can take values between p, and p,. The
piezoelectric micro-valve 18 is located within a cavity,
which depending on the operation mode of the micro-
electro-pneumatic circuit is fed by a pressure p; or ps.
The capillary 23 is on one side connected to the micro-
valve 18 and the control pressure port and on the other
side with the remaining pressure source p, or p;.
[0036] Fig 3, A shows the two modes of operation of a
micro-electro-pneumatic actuator according to the inven-
tion, in which a piezoelectric valve is configured as nor-
mally closed, i. e. in the non-electrically actuated condi-
tion, the valve is closed. In operation mode 1in FIG 3, A
the higher pressure P1 is applied to micro-valve 18. This
is closed and generates the full pressure drop p4 - p5. So
the control output equals p. = p,. When electrically ac-
tuated the valve opens and creates the pressure drop as
described above across the capillary 23, hence p, = A *
(P - P2)- So the micro-electro-pneumatic circuit has non
inverting behavior, i. e. an electrical control voltage re-
sults in an increase of the control pressure. Operation
mode 1 of Fig. 3, A is preferably used in connection with
a fluid ejector 4 according to the fluid displacement prin-
ciple.

[0037] Inthe operating mode 2 in Fig 3, A the pressure
sources are reversed and further the piezoelectric valve
is preloaded in a way, that its free end is pressed onto
the valve seat with force F and therefore only opens
above a pressure pg defined thus. During electrical ac-
tuation of the valve micro-valve 18 acts together with the
pressure pg against the preload force F to open the valve.
Soin the non-actuated state the control pressure equals
pc= Pg, in the actuated state the pressure drops near p,.
Thus the micro-electro-pneumatic circuit exhibits invert-
ing behavior. Operation mode 2 in FIG 3, A for example
is preferably to be used in combination with a fluid ejector
4 working according to the valve principle because in the
electrically non actuated state for example valve dia-
phragm 8 of the fluid valve is pressed against the fluid
orifice by a pressure equaling pg-pF|).

[0038] Fig. 3, B shows the two operating modes of a
micro-electro-pneumatic actuator according to the inven-
tion, in which a piezoelectric valve is configured as nor-
mally open. By considering analogous considerations as
in the cases in Fig 3, A, we obtain the following result:
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[0039] In operation mode 1 in Fig. 3, B the micro-elec-
tro-pneumatic circuit has inverting behavior, in operation
mode 2 in Fig. 3, B the micro-electro-pneumatic circuit
has non inverting behavior. Accordingly also the several
possibilities of combinations with the different ejectors
are resulting analogous.

[0040] The micro-electro-circuits as shown in Fig 3, A
and 3, B are characterized by the fact, that in the open-
state position of micro-valve 18 a stationary air consump-
tion is resulting, which is predominantly determined by
the flow resistance of the capillary 23. When suitably di-
mensioned, particularly by miniaturization of the capillary
23, a low air consumption can be adjusted (throttling).
This however means that the corresponding time con-
stant for pressure build-up or pressure drop of the pres-
sure p, (depending on configuration) over the capillary
23 is large and that the leak tightness requirements of
the micro valve 18 increase. The micro-electro-pneumat-
ic circuits further have in common, that always the side
of the micro-valve 18 is connected to node 5 (which con-
nects Z, and Z, and where the control pressure p,, sets),
which contains the valve opening, or which, in other
words, has the smaller dead volume.

[0041] In Fig 3, C a micro-electro-pneumatic Circuit 2
is shown, which does not exhibit stationary air consump-
tion, by comprising a second micro-valve 18 instead of
the pneumatic throttle as Z,. If both micro-valves 18 are
configured similarly (normally open or normally-closed,
not shown here), the micro-electro-pneumatic circuit is
operated in the way, that these are driven inversely to
each other. There are advantages in an operation mode
using two micro-valves 18 instead of a single: First, the
control pressure levels directly equal the pressure levels
p4 and p, with only little deviation. Second, the pneumatic
switching times for both switching processes are minimal.
Higher manufacturing costs and and a space require-
ment is the disadvantage. In Fig. 3, C one valve is con-
figured as a normally-open valve and one as normally-
closed valve. By this it can be avoided, that one piezoe-
lectric valve has to be maintained permanently in the ac-
tuated i. e. stressed state.

[0042] In Fig. 4 embodiments of a fluid ejector 4 are
shown working according to the valve principle. It should
be noted that the invention is not limited to the illustrated
embodiments, which only constitute examples of possi-
ble embodiments, because itis inessential in the present
invention which nature the ejector 4 and in particular the
operating element of the ejector is of, as long as its
throughout structural design exhibits the required pneu-
matic controlled valve effect with sufficient small re-
sponse time and sufficiently high fluid throughput.
[0043] The valve principle is basically a continuous
working principle, which can be adopted to produce sta-
tionary fluid jets. A drop on demand printing operation is
achieved by using very short valve-open times (in the
order of microseconds to milliseconds), while variable
dispense volumes are achieved by using variable valve-
open times.
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[0044] Fig 4, A shows a diaphragm valve as an em-
bodiment of a fluid ejector 4. An actuation element in the
form of a diaphragm 8, which is pressurized on one side
by the control pressure p,, gets into contact with a sealing
surface 10, when the control pressure p, exceeds the
fluid pressure pg, thus a valve opening 9 is closed, which
is connected to the fluid outlet 6 (Fig. 4, A, left). Opposite,
if the control pressure p is smaller than the fluid pressure,
the fluid pressure lifts the diaphragm 8 from the sealing
surface 10 and fluid flows through the valve opening 9
and discharges from ejector 4. A diaphragm valve offers
a high leak tightness due to the flexibility of the dia-
phragm, high speed operation due to the very small mass
of the diaphragm and the advantage of easy fabrication.
Within this invention the use of the term "diaphragm" shall
not be limited to the narrow definition as used in the sci-
ence of the strength of materials, whereupon a dia-
phragm only is able to transfer tensile forces. Instead,
within this document the term shall also be extended to
the case of the "plate”, which is able to transmit bending
moments, which means, that a diaphragm can be made
of a more solid material or can have thicknesses, which
usually fit into the definition of a "plate". Regarding the
material of the diaphragm there also shall be no restric-
tions within this invention, suitable materials are for ex-
ample, metals, thin glass, silicon, SiN, thermoplastic
(such as PTFE, E/TFE, PFA, PVC, ABS, SAN, PP, PA,
POM, PPO, PSU, PEBA, PEEK, PEI, Designations ac-
cording to ISO 1043. 1), thermoplastic elastomers (TPE),
elastomers (such as NBR, HNBR, CR, XNBR, ACM,
AEM, MQ, VMQ, PVYMQ, PMQ, FVYMQ, FKM, FFKM, AU,
EU, ECO, CSM, NR, IR, BR, SBR, EPDM, EPM, IR,
ClIR, BIIR, TPE, description according to 1SO 1629),
polyimides, rubber and vulcanisate, natural-/synthetical
rubber, thermosets (such as UP, PF, UF, UP-GF, de-
scription according to ISO 1043. 1), all polymers, includ-
ing filled or fiber - reinforced polymers.

[0045] In a variant of the printhead according to the
invention, the ejectors 4 are double diaphragm valves,
actuated by the control pressure p.. Fig. 4, B shows a
double-diaphragm valve as a further embodiment of a
fluid ejector 4. Instead of using a single diaphragm 8 as
shown in Fig 4, A, which combines the functions of valve
actuation and sealing, these functions are realized here
separately. A first diaphragm 8 with an area A, is sub-
jected to a static pressure, which is transmitted via a cou-
pling element 12 onto a sealing element, which seals the
valve. The fluid contacts a second diaphragm 8, having
an area A, and being connected to a coupling element
and a sealing element 11. The coupling element may be
realized lose as an insert, for example as an inserted
sphere or cylinder, or may be realized as a compound
together with the first diaphragm 8 and/or the second
diaphragm 8. As well first diaphragm, coupling element,
second diaphragm 8 and sealing element can be a single
coherent structure, for example made of an elastomer
material. With A,<A; sufficient axial force and surface
pressure for sealing the valve opening can already be
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achieved with control pressures p.1<pg. The double-di-
aphragm valve, as depicted as an example, has two ports
for control-pressures, which can be fed in different com-
binations, whereupon it makes sense, however, to keep
one of the two control pressures p,4 and p;, constant
and actuate the other by means of the micro-electro-
pneumatic circuit.

[0046] Forexample, p4 is fed by a static pressure py=
pg» While the control pressure of the micro-electro-pneu-
matic circuitis connected to p;,. When p, increases, the
fluid valve opens as a result of the effective fluid pressure
pg, even before the pressure p., reaches the pressure
level pg, of the fluid. Opposite, p.; also can be fed with
the control pressure provided by the micro-pneumatic
circuit, while p., is held constant at atmospheric pres-
sure, for example.

[0047] Fig 4, C shows a single diaphragm valve com-
prising a mechanical coupling and sealing device as an-
other embodiment of a diaphragm-actuated fluid ejector
4. Arod 12, sealed by a radial sealing, transfers the mo-
tion of the diaphragm to a valve seal 11. Actuation is done
using the ports p.4 and p., by applying a suitable com-
bination out of a static pressure and a control pressure.
[0048] Further embodiments of a pneumatically actu-
ated fluid valve, that are not presented here, can consist
of all kinds and forms of mechanical actuation elements,
seal elements or translation mechanics such as tipping-
and leveraging elements, pneumatically deformable bel-
lows, tubes or balloons or pneumatically actuated pistons
to achieve a closing and opening effect of the valve open-
ing 9.

[0049] To explain the devices and methods according
to the invention in Fig 5 there are different exemplary
embodiments of pneumatically actuated fluid ejectors il-
lustrated, which work according to the fluid displacement
principle. These are preferably used in free-jet-dispens-
ing-applications. The embodiments are each illustrated
for the states of suction and ejection, which are the char-
acterizing states of the fluid displacement principle.
[0050] Fig 5, A illustrates the basic working principle
of a pneumatically actuated fluid displacer for generating
a fluid ejection. Fluid shall be available at the fluid inlet
7 with a pressure pg;, which is in the magnitude of the
ambient pressure p,,. During suction phase, the control
pressure p, is lower than the pressure of the fluid pfl. In
the case of an ideal flexible diaphragm 8 the control pres-
sure is transferred lossless to the fluid located in the ejec-
tor-cavity 17, so that the ball valve 13 for example, whose
ball is held in position by a valve spring 14, opens to let
the fluid enter the ejector-cavity. By switching the control
pressure to p;>pg, the inlet valve 15 changes into the
closed state, while the fluid outlet valve opens and fluid
is expelled. To obtain a clean fluid output and a clean
fluid tear-off a fast flap of the control pressure between
its two states is necessary, which according to the inven-
tion is achieved by use of a micro-electro-pneumatic cir-
cuit.

[0051] Fluid discharge (Fig. 5, B) is done according to
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the invention by a highly transient pressure pulse of con-
trol pressure p,. This transmits through the diaphragm 8
to pressurize the fluid in the ejector cavity 17. The fluid
pressure then releases through an ejection of fluid
through the fluid outlet 6 and through a return flow of fluid
into the fluid supply 7. The pressure pulse of the control
pressure is followed by a rapid drop of the control pres-
sure to its lower pressure level, which in the best case is
below the fluid pressure pFl (embodiment in Fig. 5, B).
With the drop of the pressure inside ejector cavity below
pg, fluid is delivered through the inlet opening into the
ejector cavity 17. The underpressure inside ejector cavity
17 simultaneously acts on the fluid outlet. Only the cap-
illary forces of the fluid meniscus in the orifice of the fluid
outlet 6 allow the buildup of a vacuum inside the ejector
cavity and prevent that air is sucked in through the fluid
outlet during this phase. Capillary forces in tubes are the
larger, the smaller the diameter is. They decrease with
larger diameter quadratically, so that the ink-jet principle
is used only in high-resolution digital printing and in nich-
es where for printing of low viscous fluids smallest fluid
outlets 6 (nozzle) are used.

[0052] InFig. 45, C as an example the case is illustrat-
ed, that a stiffer diaphragm 8 is used having higher re-
storing force than the one in the case of Fig. 5, B. In this
case, the restoring force of the diaphragm 8 is predom-
inantly used to suck the fluid in the ejector cavity 17 during
the suction phase. The lower control pressure level there-
fore does not need to be an underpressure, as in the
example of Fig. 5B.

[0053] Ejectors according to the invention working ac-
cording to the fluid displacement principle can be actu-
ated advantageously by a configuration of the micro-elec-
tro-pneumatic circuit as in Fig. 3, A, operation mode 1.
Using this configuration, due to the fast opening of the
normally-closed piezoelectric valve, as a result of the
electrical control signal, fast control pressure changes in
the microsecond range can be realized, which favors a
fluid discharge. During the suction phase a slow pressure
drop inside the ejector cavity 17 is desirable to ensure
that the pressure does not fall below the capillary pres-
sure in the fluid outlet and, as a consequence, air is
sucked through the fluid outlet 6 into the ejector cavity
instead of fluid through the fluid supply 7. A slow drop of
the pressure in the ejector cavity is achieved by designing
the micro-electro-pneumatic circuit such that the time
constant for the decrease of control pressure is higher
thanthe time constant for the increase of the control pres-
sure. This can be achieved in the design of the micro-
electro-pneumatic circuit as in Fig 3, operation mode 1
by designing the capillary 23 by choosing R>Ry,.
[0054] InFig. 5, D two further advantageous develop-
ments of Fig 5, B are outlined, which can also be realized
individually. First, the diaphragm 8 has two positive-fitting
stops, so that the expelled fluid volume of the ejector
cavity is exactly defined by the geometry. Second the
diaphragm 8 when getting into contact with the lower sur-
face closes the fluid outlet 8 and thus enforces an abrupt
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tear off of the fluid at the fluid outlet.

[0055] As outlined in Fig 6, more than one ejector 4
may be principally actuated by the control pressure p of
a single channel, therefore, each channel may contain
more than one ejector 4 (Fig. 6, A). In the case of two
ejectors the two ejectors may both handle the same fluid
or different fluids or a fluid and a gas, discharging them
separately or internally mixed or externally mixed.
[0056] Also, several electrically independent control-
lable channels may each control one ejector and the out-
puts of these could be merged suitable for the production
of a mixture.

[0057] A printhead according to the invention for ex-
ample may contain a first ejector controlling a fluid, a
second ejector controlling atomization air, said ejectors
being actuated jointly by a control pressure of a single
channel or being actuated by control pressures of two
channels separately, and the fluid outlets of the first and
second ejector being merged such that the fluid is atom-
ized by the air. The fluid outlets can be merged within
the printhead (not shown here) or in the way, that an
atomization of the fluid is performed outside the print-
head, as outlined in Fig 6, B as an embodiment. The
control pressure of a single channel is fed into a cavity
above the diaphragm layer, as seen left on the example
in Fig 6, B. In electrically actuated state (low p,), the fluid
valve and atomization air valve are opened, so that at-
omization air and fluid are discharged through their re-
spective fluid outlets. The fluid outlet 6 for the atomization
air may be for example arranged as a ring nozzle 6 con-
centric around the fluid outlet 6, resulting in an fluid at-
omization outside the printhead. In the simplest case, an
atomization can also be achieved by crossing jets of fluid
and air outside the printhead. In principle, fluid atomiza-
tion requires ducts for atomizing air, which are designed
in the way, that an internal or external atomization of the
fluid is possible by the atomizing air. In a simple variant
atomization air is controlled externally, continuously or
intermittently.

[0058] Whenusingonly asingle channel by specifically
selecting the entry point for the control pressure p., and
by taking advantage of time delays a time shifted, espe-
cially in overlapping time control can be achieved, as
outlined in Fig 6, B. When using a micro-electro-pneu-
matic circuit according to Fig. 3, B, operation mode 1,
this configuration effects the atomization air to always
flow briefly before and after fluid discharge, therefore, a
fluid ejection without atomization is avoided.

[0059] A fluid ejector further can still have more than
one fluid outlet (Fig. 6, C and D). This means, that there
is more than one nozzle (fluid outlet 6) dedicated to each
digital addressable channel, with the result, that a more
uniform fluid distribution or layer thickness of a surface
can be achieved or a further tasks can be performed. For
example, several fluid outlets 6 may be arranged next to
next or behind each other, in staggered rows, diagonally
oranyrandom, regular array. Advantageous are arrange-
ments of at least two staggered rows of fluid outlets 6.
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As outlined in Fig 6, D, a number of i, i> 1 fluid outlets 6
are assigned to one digitally addressable channel n.
[0060] Fig. 7, A shows a preferred embodiment of a
printhead, where the micro-valve 18 is configured nor-
mally-open andis connected to the higher of the two pres-
sure levels p1 and p2, and where the fluid ejector is a
pneumatically actuated diaphragm valve. The embodi-
ment is a combination of a micro-electro-pneumatic cir-
cuit 2 as in Fig. 3, B operation mode 1 arid a fluid ejector
4 according to Fig4, A. In an advantageous dimensioning
pressure level p4, forexample is setto 2to 5 bar, pressure
level p, at the second port of pneumatic throttle 23 is set
to ambient pressure and the pressure level of the fluid is
maintained at 0. 8 x p4. The mentioned configuration and
pressure settings ensure, that the fluid pressure is always
lower than p1, whereby even in the case of diaphragm
leakage no fluid can penetrate the electrically sensitive
area of the pneumatic valve chamber.

[0061] In this embodiment the devices and methods
according to the invention allow by using the inventive
micro-electro-pneumatic circuit 2 an amplification of the
valve stroke of a piezoelectric valve of about 0. 05 mm
to a diaphragm valve stroke in the fluid ejector 4 of 0. 2
mm to 0. 5 mm, if using for example an elastomer dia-
phragm 8 with a thickness of 0. 05mm. By using the elas-
tomer diaphragm, also highly particle loaded fluids can
be processed, with particle sizes in the range of tenths
of millimeters. On the one hand the deflection of the elas-
tomer diaphragm of several tenths of millimeters allows
the passage of particles in the open state, on the other
hand, the high flexibility of the diaphragm in the closed
state of the valve also allows an effective seal because
particles are trapped by the elastic diaphragm. Due to
the high elasticity of an elastomer diaphragm, contact of
the diaphragm with abrasive particles only yields low in-
ternal stresses, which cannot damage the diaphragm.
The diaphragm "gives way", so that elastomer dia-
phragms are preferable over other diaphragms in partic-
ular in the presence of abrasive particles.

[0062] With the configuration as described the time to
open the valve is between 0. 05ms and 0. 2ms and the
time to close the fluid valve <0. 05ms. These short tran-
sition times are only achievable by a miniaturized version
of the micro-electro-pneumatic circuit and ensure a clean
fluid ejection also of higher-viscous and/or particle-filled
fluids with discharge frequencies in the kHz range.
[0063] Fig. 7, B shows an embodiment of a printhead,
which is specifically suitable for the free jet printing of
fluids. The printhead contains a micro-valve 18, config-
ured as a normally-closed micro-valve and which is con-
nected to the higher of the two pressure levels p1 or p2.
The fluid ejector 4 is of the diaphragm fluid displacement
type. The embodiment combines a micro-electro-pneu-
matic circuit 2 as in Fig. 3, A in operation mode 1 with a
fluid ejector shown in Fig. 5, C, equipped with a stiffer
diaphragm 8, for example out of PEEK in a thickness of
0. 1 mm. The printhead may be operated with the same
dimensioning of the elements of the micro-electro-pneu-
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matic circuit as used in Fig. 7, A. Since the pneumatic
resistance of the pneumatic throttle 23 is high compared
to that of the open micro-valve 18, the time constant of
the pressure release of the control pressure after fluid
ejection is high too, which means, that the control pres-
sure always decreases slowly. This behavior is desirable
for fluid suction phase. On the other hand, the flow re-
sistance of the opened micro-valve 18 and the volume
ofthe pneumatic node 5 are small, resulting in an efficient
fluid ejection due to a fast pressure burst after the elec-
trical actuation of micro-valve 18.

[0064] As a disadvantage of this configuration, due to
an increasing diameter of the fluid outlets and thus de-
creasing capillary forces at the fluid outlets, longer filling
times and thus lower operating frequencies must be tak-
eninto accountto preventthe suction of air into the ejector
cavity.

[0065] Fig. 8 shows in a sectional view through a dos-
ing channel an embodiment of a printhead design made
of several patterned plates. Itis based on a configuration
as shown in Fig. 3, B and Fig 4, A. Tens or hundreds of
similar channels are arranged in a row perpendicular to
the sketch plane.

[0066] According to the invention, the patterned plates
may be manufactured separately out of metal, organic
or inorganic materials. Thereby it is advantageous to de-
sign the mechanical structure such that functionally sim-
ilar elements of several or all channels are each part of
a common structure. Thus for example the valve seats
and valve openings of the pneumatic micro-valves 18 of
some or of all channels of the printhead 1 are contained
in a patterned plate PP2, see Fig 8 and/or the capillaries
and/or pneumatic throttles 2 of the micro-electro-pneu-
matic circuit of several or all channels of the printhead 1
are contained in a patterned plate PP3, and/or parts of
the monomorphic piezoelectric actuators 21 of the micro-
valves 18 of several or all channels of the printhead 1
are contained in a patterned plate, and/or valve seats
and/or similar parts of the fluid supply of several or all
channels of the printhead are contained in a common
patterned plate PF1. and/or the fluid outlets and/or fluid
outlets of several or all channels of the printhead are
contained in a patterned plate PF2. Diaphragms of sev-
eral or all channels may be part of an integrated dia-
phragm part, too.

[0067] Due to the high requirements of dimension ac-
curacy of the elements of the micro-pneumatic circuit,
such as capillaries or valve openings of the micro-valve,
as well as for the elements of the fluid ejectors, such as
the fluid outlets, valve seats and valve openings, the in-
vention proposes, that at least one of the patterned plates
is patterned using micromechanical techniques. Micro-
mechanical techniques include all manufacturing tech-
niques and processes, known from Microsystems tech-
nology (MEMS) and engineering of micro-structures. For
example pneumatic capillaries, fluid channels, fluid out-
lets and valve seats may be realized on a one or double-
sided micro patterned plate using a combination of a lith-
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ographical and an etching technology (subtractive proc-
ess) or by adding layers, which also lithographically pat-
terned (additive process). Furthermore, the micro me-
chanical techniques include the methods of the micro-
injection molding or other duplication methods.

[0068] According to the invention, the patterned or mi-
cro patterned plates are bonded together using tech-
niques such as gluing, welding, heat sealing or laminat-
ing.

[0069] As cheap manufacturing technology it is pro-
posed to manufacture the printhead or parts of it using
multi-layer technology. This is a technique, which is orig-
inally used for the production of multi-layer-printed-cir-
cuit-boards (PCB). Some of the layers used in electron-
ics, such as bondplys, are replaced by etched thin metal
plates (0. 05 mm ... 0. 5 mm thickness), which are equiv-
alent to, for example, the above-described patterned or
micro-patterned plates. Thus, the bonding of the plates
is done by laminating, like it is done in circuit board man-
ufacturing by using previously cut preimpregnated adhe-
sive-Sheets (sheet-adhesive, prepreg), for example
based on epoxies or acrylates.

[0070] For operation, cleaning and service, itis advan-
tageous, if certain groups of patterned plates are com-
bined by bonding them to contiguous parts. According to
the invention, for example, the patterned plates, contain-
ing elements of the micro-electro-pneumatic circuits of
several, or all channels, are combined into a single unit.
This will be referred to as pneumatic part 24. In the em-
bodiment shown in Fig. 8 the pneumatic part consists of
the plates PP1 and PP2, PP3 and PP4. The pneumatic
part 24 advantageously includes components and struc-
tures, which are only subject to little or no wear and/or
their production is costly.

[0071] According to the invention it is advantageous
that fluid-carrying parts of the printhead are grouped to-
gether to a fluidic part 25, composed out of patterned
plates, which in Fig. 8 are the plates PF1 and PF2, and
optionally the diaphragm 8. The plates, components and
structures of the fluidic part are subject to wear and pol-
lution by the fluid. Therefore it makes sense to manufac-
ture the fluidic part cheep and configure it interchange-
able. According to the invention it is further advanta-
geous, that the fluid-carrying parts of the printhead are
combined to a fluidic part 25, which is interchangeable
using adetachable connection. Due to the materials used
and the structural design of the fluidic part it can be adapt-
ed within wide limits to the demands of a fluid or a printing
or dispensing task. To print highly viscous, chemically
aggressive fluids, for example, flourpolymer materials
can be used. The diameter of the fluid outlets can be
adapted to achieve the required droplet sizes. If abrasive
fluids such as paints with pigments and fillers are to be
printed, the invention proposes to design the fluidic part
25 as a disposable part, manufacturing, for example, the
components of it using plastic injection molding and bond
them together by laminating, gluing or by thermal joining
processes, especially ultrasonic welding, laser welding,
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heat sealing or impulse welding.

Best mode for carrying out the invention

[0072] InFig.8Aapneumaticpart24isoutlined, whose
cover PP1 includes an electronic circuit board with con-
trol electronics 26 for driving the piezoelectric actuators
of the micro-valves of several or all channels. The contact
of the piezoelectric elements is performed by spring con-
tacts on the circuit board directly to the piezoelectric el-
ements 19. The spring contacts additionally provide a
force F to press the valve actuator onto the valve seat
and thus keep micro vave 8 in a normally closed position.
[0073] InFig. 8, B1 an embodiment of a fluidic part 25
is shown, consisting of the plates PF1 and PF2 with one
fluid ejector 4 for each channel, using the valve principle,
having multiple fluid outlets 6 per ejector 4. The first fluid
plate contains parts of the fluid supply structures 7, as
well as the parts circular orifice, valve seat 10 and valve
opening 9 of the respective fluid valve. The second fluid
plate contains for each channel the complementary part
of the fluid supply structures 7 as well as the fluid outlets
at the bottom. Using the configuration as outlined having
more than one fluid outlet 6 per ejector 4, alarger channel
spacing and thus lower print resolution may be advanta-
geous, if it is desirable to achieve a more even thickness
distribution within one addressable pixel. The fluidic part
25 of Fig. 8, B1 is adjusted together with a separate, all
channels spanning diaphragm layer 8 and the pneumatic
part 24 by means of alignment pins (not shown) and then
pressed together between the jaws of a clamping device.
[0074] Fig. 8, B2 shows afluidic part 25 in side-shooter
configuration. The diaphragm layer is welded fix to the
fluidic part 25, so that fluid leakage and contamination
while changing the part is avoided. Alternatively, dia-
phragm 8, or another diaphragm 8 may be fixed to the
pneumatic part to avoid the penetration of dirt or liquid
into the pneumatic part 24.

[0075] The invention proposes, that the fluidic part 25
is pressed against a patterned plate of the pneumatic
part 24, containing the n control-pressure-ports, by
means of a pressing device, so that the n control pressure
- openings of the pneumatic part are pneumatically con-
nected with the actuator diaphragms 8 of each corre-
sponding ejectors. Pneumatic Part 24, Part 25, and fluid
diaphragm 8 may be pressed together by a pressing de-
vice in the form of a screw fitting, a press fitting, by brac-
ings or clamps. The commonly used diaphragm 8, by
taking advantage of their elastic properties, is further
used as a seal between fluid and pneumatic part 24 part
25, particularly as a surface seal.

[0076] According to the invention, a diaphragm layer
may be connected to the fluidic part, for example by weld-
ing the diaphragm 8 to the fluidic part 25, see Fig 8, C
(example of a side-shooter), which contains the dia-
phragms of several channels. Thus the printhead com-
prises only a two-parts structure, which compared with
a 3-parts structure offers the advantage of faster handling
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during change of the fluidic part and immanent leak tight-
ness between fluidic part 25 and diaphragm 8. Equally,
however, the diaphragm layer 8 or a second diaphragm
layer can be be securely attached with the pneumatic
part.

[0077] According to the invention for example the
pneumatic part 24 can be fixed into a printing or dosing
apparatus by use of screw fitting. The printing or dosing
apparatus then may comprise a clamp or quick-lock fit-
ting, in which diaphragm 8 and fluidic part 25 can be
inserted and, when exactly aligned, pressed against the
bottom side of the pneumatic part 24.

[0078] Such a modular design offers maximum flexi-
bility when changing to different fluids, when exchanging
a differently configured, defective or worn diaphragm or
when exchanging an otherwise configured, dirty or con-
taminated fluidic part 25.

[0079] Regarding multi-color printing (for example, 4
-, 5 -, 6-color), according to the invention a setup is pro-
posed, in which a printhead contains a variety of flat mod-
ules 34 in an array configuration, which each are manu-
factured out of thin, patterned, parallel plates, which each
contain the features of fluid ejectors and micro-electro-
pneumatical circuits, see Fig 9, whereby the micro-pat-
terned plates are preferably metal plates patterned by
using etching techniques. To bond the metal plates to-
gether it is propoesed to use patterned sheet adhesive
and a lamination process. A module 34 contains in a lat-
eral arrangement the structures of the micro-electro-
pneumatic circuits and of the fluid ejectors, being e.g.
configured as side-shooter, of one or multiple colors. Ac-
cording to the invention the paint supply lines for the dif-
ferent colors and the pneumatic supply lines are fed per-
pendicular to the plates through the entire width of the
printhead. To be able to easily replace individual mod-
ules, the module-stack is preferably pressed together in
a detachable way between two edge-plates 35. As sug-
gested in Fig. 9, each module can include a separate
electronic control, in the case of a 4-color printhead 4-
channel microchips are well suited. The fluid outlets of
each color channel can be arranged in parallel and in
some distance to each other, they also can internally lead
together and to a common fluid outlet, thus performing
an internal mixing. Finally, as in Fig. 6, B, the discharged
paint can be additionally atomized. Atomization can be
performed by means of continuous atomization air or dis-
continuously by means of an additional channel, which
controls the atomizing air.

Claims
1. Printhead, particularly suitable for viscous or parti-
cle-filled fluids, with multiple channels, a channel be-

ing characterized by

- a micro-electro-pneumatic circuit (2) contain-
ing between a first and second pressure level a
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series circuit out of a first microvalve (18) and
either a pneumatic throttle (23) or a second mi-
crovalve, for generating a control pressure p,, at
a common pneumatic node (5) between the first
microvalve and either one of the throttle and the
second microvalve,

- at least one drop-on-demand fluid ejector (4)
with a pneumatic actuator controlled by the con-
trol pressure p,, the fluid ejector (4) controlling
a fluid discharge through at least one fluid outlet

).

Printhead according to claim 1, wherein cavities as
associated with the pneumatic node (5) are minia-
turized structures configured to achieve a time con-
stant for a state change of the control pressure pin
the range of 1 microsecond to 1 millisecond.

Printhead according to claim 1, characterized in
that drop-on-demand fluid ejector (4) works accord-
ing to the valve principle by use of a membrane (8)
as a pneumatic actuator, which on its first side is
actuated by the control pressure p;, and which on
its second side together with a valve seat (10) and
a valve opening (9) acts as a fluid valve, which con-
trols the output of fluid through the at least one fluid
outlet (6).

Printhead according to claim 1, characterized in
that drop-on-demand fluid ejector (4) works accord-
ing to the displacement principle, whereby the pneu-
matic actuator when being deflected by control pres-
sure p, displaces fluid in an ejector cavity (17) and
thus ejects fluid through at least one fluid outlet (6).

Printhead according to claim 1, wherein the pneu-
matic actuator comprises a diaphragm (8), which
comprises an elastomer.

Printhead according to claim 1, wherein at least the
first micro-valve (18) is a piezoelectric valve, prefer-
ably with a piezoelectric bending transducer.

Printhead according to claim 1, characterized by a
pneumatic part (24), which contains micro-electro-
pneumatic circuits (2) of multiple channels.

Printhead according to claim 1, characterized by a
fluidic part (25), which contains fluid controlling parts
of multiple channels.

Printhead according to claim 7 and 8, characterized
by a detachable connection between the pneumatic
part (24) and the fluidic part (25).

Printhead according to claim 1, characterized in,
that the fluid discharged through the at least one
fluid outlet (6) is atomized by means of continuous
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atomization air or discontinuously by means of an
additional channel, which controls the atomizing air.

Printhead according to claim 1, characterized in,
that a fluid with thixotropic or shear-thinning proper-
ties, a particle loaded fluid, a dispersion paint, an
emulsion, a varnish, a plaster, an adhesive, an UV-
curable polymer or a thick paste is discharged
through the at least one fluid ejector (4).

A Method of discharging fluid with a printhead having
multiple channels, whereby within a channel

- an electrical control signal is transferred by
means of a micro-electro-pneumatic circuit (2),
which contains between a first and second pres-
sure level a series circuit out of a first micro-
valve (18) and either a pneumatic throttle (23)
ora second microvalve, into a pneumatic control
pressure p., at a common pneumatic node (5)
between the first microvalve and either one of
the throttle and the second microvalve,

- the control pressure p, is used to control a
pneumatic actuator of at least one drop-on-de-
mand fluid ejector (4), which controls a fluid dis-
charge through at least one fluid outlet (6).

Method for the production of a printhead with multiple
channels according to claim 1, wherein valve seats
(20) and valve openings of respective microvalves
(18) of multiple channels are fabricated out of a com-
mon plate by use of production methods out of the
field of microsystem technology.

Method for the production of a printhead with multiple
channels according to claim 1, in which each of the
micro electro pneumatic circuits contain a pneumatic
throttle, the pneumatic throttle being fabricated out
of a common plate by use of production methods out
of the field of microsystem technology.

Patentanspriiche

1.

Druckkopf, insbesondere geeignet fiir viskose oder
Partikel-haltige Fluide, mit einer Vielzahl von Kana-
len, welche gekennzeichnet sind durch einen Mik-
ro-elektro-pneumatischen Schaltkreis (2), welcher
zwischen einem ersten und zweiten Druckniveau ei-
ne Serienschaltung enthalt aus einem ersten Mikro-
ventil (16) und entweder einer pneumatischen Dros-
sel (23) oder einem zweiten Mikroventil, zur Gene-
rierung eines Steuerdruckes p. an einem gemeinsa-
men Knoten (5) zwischen dem ersten Mikroventil
und entweder der Drossel oder dem zweiten Mikro-
ventil,

wenigstens ein Drop-on-Demand Fluid Ejektor (4)
mit einem pneumatischen Aktuator, welcher durch
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den Steuerdruck p. gesteuert wird und welcher
durch mindestens einen Fluid-Auslass (6) Fluid ab-
gibt.

Druckkopf nach Anspruch 1, wobei Hohlraume, wel-
che dem pneumatischen Knoten (5) zugeordnet
sind, miniaturisierte Strukturen sind, die so konfigu-
riert sind, dass die Zeitkonstante fiir eine Zustands-
anderung des Steuerdrucks p. im Bereich von einer
Mikrosekunde bis eine Millisekunde liegt.

Druckkopf nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Drop-on-Demand Fluid-Ejektor
(4) nach dem Ventilprinzip arbeitet, durch Verwen-
dung einer Membrane (8) als pneumatischer Aktu-
ator, welche auf lhrer ersten Seite durch den Steu-
erdruck p. aktuiert wird, und welche auf Ihrer zweiten
Seite zusammen mit einem Ventilsitz (10) und einer
Ventiléffnung (9) als Fluidventil arbeitet, welches die
Abgabe von Fluid durch zumindest einen Fluid-Aus-
lass (6) steuert.

Druckkopf nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Drop-on-Demand Fluid Ejektor
(4) nach dem Verdréangungsprinzip arbeitet, wobei
der pneumatische Aktuator, wenn durch den Steu-
erdruck p. ausgelenkt, Fluid in einer Elektor-Kam-
mer (17) verdrangt und so Fluid durch zumindest
einen Fluid-Auslass (6) abgibt.

Druckkopf nach Anspruch 1, dadurch gekenn-
zeichnet, dass der pneumatische Aktuator eine
Membrane beinhaltet, welche ein Elastomer bein-
haltet.

Druckkopf nach Anspruch 1, wobei zumindest das
erste Mikroventil (18) ein piezoelektrisches Ventil ist,
bevorzugt mit einem piezoelektrischen Biegewand-
ler.

Druckkopf nach Anspruch 1, gekennzeichnet
durch ein Pneumatik-Teil (24), das die Mikro-elek-
tro-pneumatische Schaltkreise (2) vieler Kanéle ent-
halt.

Druckkopf nach Anspruch 1, gekennzeichnet
durch ein Fluid-Teil (25), das die Fluid-Steuerungs-
Elemente vieler Kanéle enthalt.

Druckkopf nach den Anspriichen 7 und 8, gekenn-
zeichnet durch eine I6sbare Verbindung zwischen
Pneumatik-Teil (24) und Fluid-Teil (25).

Druckkopf nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Fluid, welches durch den zumin-
dest einen FlUssigkeits-Auslass (6) abgegeben wird,
zerstaubt wird mittels einer kontinuierlichen Zerstau-
bungsluft oder diskontinuierlich mittels eines zusatz-
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lichen Kanals, der die Zerstaubungsluft steuert.

Druckkopf nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine FlUssigkeit mit thixotropen oder
Scher-verdinnenden Eigenschaften, eine Partikel-
haltige Flussigkeit, eine Dispersionsfarbe, eine
Emulsion, ein Lack, ein Gips, ein Klebstoff, ein UV-
hartender Polymer oder eine dicke Paste durch den
zumindest einen Fluid Ejektor (4) abgegeben wird.

Ein Verfahren zur Abgabe von Fluid mit einem
Druckkopf mit einer Vielzahl von Kanalen, dadurch
gekennzeichnet, dass in einem Kanal

ein elektrisches Steuersignal mittels eines Mikro-
elektro-pneumatischen Schaltkreises (2), welcher
zwischen einem ersten und zweiten Druckniveau ei-
ne Serienschaltung enthalt aus einem ersten Mikro-
ventil (16) und entweder einer pneumatischen Dros-
sel (23) oder einem zweiten Mikroventil, umgewan-
delt wird in einen Steuerdruck p; an einem gemein-
samen Knoten (5) zwischen dem ersten Mikroventil
und entweder der Drossel oder dem zweiten Mikro-
ventil,

der Steuerdruck pc benutzt wird, um einen pneuma-
tischen Aktuator zumindest eines Drop-on-Demand
Fluid-Ejektors (6) zu steuern, welcher die Fluid-Ab-
gabe durch zumindest einen Fluid-Auslass (6) steu-
ert.

Verfahren zur Herstellung eines Druckkopfes mit ei-
ner Vielzahl von Kanalen nach Anspruch 1, wobei
die Ventilsitze (2) und Ventil6ffnungen (18) entspre-
chender Mikroventile (18) vieler Kanale hergestellt
werden aus einer gemeinsamen Platte unter Ver-
wendung von Fertigungsverfahren der Mikrosys-
temtechnik.

Verfahren zur Herstellung eines Druckkopfes mit ei-
ner Vielzahl von Kanalen nach Anspruch 1, in wel-
chem jede der Mikro-elektro-pneumatischen Schalt-
kreise eine pneumatische Drossel enthalten, wobei
die pneumatischen Drosseln hergestellt werden aus
einer gemeinsamen Platte unter Verwendung von
Fertigungsverfahren der Mikrosystemtechnik.

Revendications

1.

Téte d’impression, particulierement adaptée pour
des fluides visqueux ou chargés en particules, avec
de multiples canaux, un canal étant caractérisé par:

- un circuit de micro-électro-pneumatique (2)
contenant entre un premier et un second niveau
de pression un circuit en série sur une micro-
vanne (18) et soit un étranglement pneumatique
(23) soit une seconde micro-vanne, pour géné-
rer une pression de commande p. au niveau
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d’'un noeud pneumatique commun (5) entre la
premiére micro-vanne et I'un ou lautre de
I'étranglement et de la seconde micro-vanne,

- au moins un éjecteur de fluide de type goutte
ala demande (4) commandé par la pression de
commande p,, I'éjecteur de fluide (4) comman-
dant une décharge de fluide a travers au moins
un orifice de sortie de fluide (6).

Téte d’impression selon la revendication 1, dans la-
quelle des cavités telles qu’associées avec le noeud
pneumatique (5) sont des structures miniaturisées
configurées pour atteindre une constante de temps
pour un changement d’état de la pression de com-
mande p. dans la plage de 1 microseconde a 1 mil-
liseconde.

Téte d'impression selon la revendication 1, carac-
térisée en ce que I'éjecteur de fluide de type goutte
a la demande (4) fonctionne conformément au prin-
cipe de vanne en utilisant une membrane (8) en tant
qu’actionneur pneumatique, laquelle sur son pre-
mier c6té est actionnée par la pression de comman-
de p,, et sur son second cété conjointement avec un
siege de vanne (10) et une ouverture de vanne (9)
agit en tant que vanne de fluide, laquelle commande
la sortie de fluide a travers le au moins un orifice de
sortie de fluide (6).

Téte d'impression selon la revendication 1, carac-
térisée en ce que I'éjecteur de fluide de type goutte
a la demande (4) fonctionne conformément au prin-
cipe de déplacement, de sorte que l'actionneur
pneumatique lorsqu’il est dévié par la pression de
commande p, déplace du fluide dans une cavité d'in-
jecteur (17) et éjecte ainsi du fluide a travers au
moins un orifice de sortie de fluide (6).

Téte d’impression selon la revendication 1, dans la-
quelle lactionneur pneumatique comporte un
diaphragme (8), lequel comporte un élastomere.

Téte d’impression selon la revendication 1, dans la-
quelle au moins la premiére micro vanne (18) est
une vanne piézo-électrique, de maniére préférée
avec un transducteur de flexion piézo-électrique,

Téte d'impression selon la revendication 1, carac-
térisée par une partie pneumatique (24), laquelle
contient des circuits micro-électro pneumatiques (2)
de multiples canaux.

Téte d'impression selon la revendication 1, carac-
térisée par une partie de fluide (25) laquelle contient
des parties de commande de fluide de multiples ca-
naux.

Téte d’'impression selon la revendication 7 et la re-
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vendication 8, caractérisée par une connexion
amovible entre la partie pneumatique (24) et la partie
de fluide (25).

Téte d’impression selon la revendication 1, carac-
térisée en ce que le fluide déchargé a travers le au
moins un orifice de sortie de fluide (6) est atomisé
par l'intermédiaire d’'un air d’atomisation continu ou
de maniére discontinue par l'intermédiaire d’un ca-
nal supplémentaire, lequel commande l'air d’atomi-
sation.

Téte d’impression selon la revendication 1, carac-
térisé en ce que, un fluide avec des propriétés thixo-
tropiques ou de rhéofluidification, un fluide chargé
de particules, une peinture a dispersion, une émul-
sion, un vernis, du platre, un adhésif, un polymere
qui durcit aux rayons UV ou une péate épaisse est
déchargé a travers le au moins un injecteur de fluide

4).

Procédé de décharge de fluide a I'aide d’'une téte
d’impression ayant de multiples canaux, de sorte
que dans un canal

- un signal de commande électrique est trans-
féré par lintermédiaire d'un circuit micro-
électro-pneumatique (2), contenant entre un
premier et un second niveau de pression un cir-
cuit en série sur une micro-vanne (18) et soit un
étranglement pneumatique (23) soit une secon-
de micro-vanne, dans une pression de comman-
de p. au niveau d’un noeud pneumatique com-
mun (5) entre la premiére micro-vanne et I'un
ou l'autre de I'étranglement et de la seconde mi-
cro-vanne,

- la pression de commande p,, est utilisée pour
commander un actionneur pneumatique d’au
moins un éjecteur de fluide de type goutte a la
demande (4) qui commande une décharge de
fluide a travers au moins un orifice de sortie de
fluide (6).

Procédé pour la production d’'une téte d'impression
ayant de multiples canaux selon la revendication 1,
dans lequel des siéges de vanne (20) et des ouver-
tures de vanne de micro vannes respectives (18) de
multiples canaux sontfabriqués surune plague com-
mune en utilisant des procédés de production dans
le champ de technologie de microsysteme.

Procédé pour la production d'une téte d'impression
ayant de multiples canaux selon la revendication 1,
dans lequel chacun des circuits micro-électro-pneu-
matiques contient un étranglement pneumatique,
I'étranglement pneumatique étant fabriqué sur une
plague commune en utilisant des procédés de produc-
tion dans le champ de technologie de micro systéme.



EP 2 442 983 B1

Electrical
Control Signal

=

Micro-electro-
pneumatic circuit 2 -

Control Pressure
Pc

— =

Fluid Ejector 4

Fluid-Discharge

— =

Fig. 1

14




EP 2 442 983 B1

—~
1
o
o
e’ .
L ]
— L ] y
2 v
c 58
C rogv Y
O
||ﬂnU||||||..||||||||||n||||||||||||| |||||||||||||||||||||||||||||||
i = " .
L ]
! o _ |
1 t G !
1 L o " [
" n..w.m (o] ] |
R D T
1 S E i 1 :
) S 3 \ 0 >0 P e
“ - _ v ®T32a !
c 1 Q ! \ 1 L uw o !
| . 2 5 0 t
— “ 1 F I,l_v. 1] o £ [}
e . - ~ ] H 1 m m“ w--v
c g1 N e | 838
C 1 1 i [ I
S L — i |l =8 =
N - " ) ' H L )
& . Foor
i { ] .
H ] ) ]
' : ! J i
3 . B >3 .
-— —) . T 3
S _ SETY | ¢
m I\ ..nmw Q
o = t.m
w D...- w .W ﬁ hosn e
T = Y c T
T e o 5 -
o @ £ 4 ’
wn S 9
O
O a.

- em Em m e S D P ED R G e ED G D WD SR R ek vh G- GD-EP-in W M G R W D @@ W W - e

Fluid-Outlet 6

Fig. 2

15



EP 2 442 983 B1

19 21

1 p1'>- pc2p2

2 .
Operatiom\Modé 1
¢ P

N

2 Operation Mode 2

7, ]
A) \ > \7/ P1 g l /
U W
20 o, 5 V//A
e m i
| N P
Z %

7

.

2 }
N 18

i N\ /
o B
e '////////

A

Fig. 3

16

P>

P

| p,

P>

Py

?

VC



EP 2 442 983 B1

. closed | open
P > P /10 /8 Pc < pFI
Ui 7
_ / — Z
A) o % //\// Pr > Py é é Pr > Py
2%, 7
7 0 :
A Pcl Pc1
T
pc2< pc1 - pcz > pgl
B) g
Pr>Py Pr > Py
A2
11 12 0
pc] _ pcl
Pe2 7 Pe2
11 PP, 7 o PPy
7 Z
,//;/\ 7 12 % % V//%'
C Z /
’ |
//,0 7

Fig. 4

17



EP 2 442 983 B1

17

8 14 p.> P,
A) %”” ¥ Z
| e ////}// By =p 0 /%‘ppﬁpu
17 p16< 0. 8 p.>p
%
B) 4 ! 4 Pr=P
| Pr =Py Z %% R Pu
17 6 0
Pc = Pul 8 P.>P
% W Pa =Py
17 6 ()
b<Pn /° P> P,
D % . 0T . .
%!% Pr =P, /////////// P = P,
6

Fig. 5

18



A)

B)

C)

D)

EP 2 442 983 B1

p.<pFl. 10 8
2V 17 7
é 4 / I:)Fl>pu
Pr > Py / /
" \///////4 \///%
Fluid A Y 7 A Y 2 Gas
7 // ‘W
- k) -
7 % 7,
oooo 6 |
6
ooo p. < pFl 8
AV % 7
//é 7 pFI>pu
0 0
i=2 i=3 i=6
n+1

19



EP 2 442 983 B1

18 23 19 1
20 ,_ %
A§\ ; 7 p1>pF|>pu
_ P2 = pu
P. N
8 N \ . Pr > Pu
— > Z
10 6°() 7
23 19 1
18
20 — é N
2\ / 4 p1 pU
/. IlI/II/{III/ LIS SIS SIS SIS 4’
| 7 =
"V ) 7 P2= Py
| NN \
B) \ \ X \\ pFl ~ |:)u §
1M MMM - s

4 / \
6 7

Fig. 7

20



EP 2 442 983 B1

8 26 27 19 24
' /
1
PP1 ;
p2 = pu
A) PP2 /
PP3 -
PP4 - P12 Ps> Py
23- _— 8
- 25
9 10
7 .
PF1 7 N
B1) BT | P > P,
6 0 0\6
9 10 8 25
//7 Q/
‘ N AL AT lUIIl LR il vvwnvwaay
6 N N .7 N
B2) A N Pa>p,
o Y/, Y/
P E—

Fig. 8

21



PF1

PF2
PP1
PP2
PP3
PP4

EP 2 442 983 B1

6
9 108 34 6
y /
NN 7L >/\
77
AN /] D
NN
V
\
1 27
\ //// //////// ////////////////////////////////// //// // //////d
7 ..........
N\ \
NN k
A4 222 2 é
N
/
NN // D
N
7
%
/7 7
N \ N

Fig. 9

22

35




EP 2 442 983 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 5119110 A [0003] * US 20090115816 A [0003]
* US 5356034 A [0003] e US 4723131 A[0003]

23



	bibliography
	description
	claims
	drawings
	cited references

