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Electrohydrodynamic print head with distributed feed structure

Technical Field

The invention relates to an electrohydrodynamic print head and to a

printing system comprising such a print head.

Background Art

It has been known to provide an electrohydrodynamic inkjet print-
ing system with a print head having a plurality of ventilation ducts located at the ink
nozzles. The ventilation ducts are used to feed dry gas to the space between the print
head and the target, thereby expediting a uniform drying of the ink on the target.

The feed structure for the fluids in such print heads can become
fairly complex. In particular, it can be a challenge to maintain a homogeneous flow of

gas and ink over the whole print head.

Disclosure of the Invention

An object of the present invention is to provide a print head with a
good homogeneity of the flows of gas and ink.

This problem is solved by the print head of claim 1. Hence, the print
head comprises at least the following elements:

- A plurality of ink nozzles at a front side of the print head: The
nozzles are adapted to eject ink from the print head by means of electrical fields. Typ-
ically, each nozzle comprises an ink retainer to provide ink at a defined location and
an ejection electrode to eject ink from the ink retainer.

- A plurality of ventilation openings at the front side of the print
head: The ventilation openings are used to feed dry gas to the space between the print
head and the target and/or to carry of gas from this space.

- At least one ink feed terminal: This opening is adapted to feed ink
from an ink source to the print head.

- Ink feed ducts connecting the ink feed terminal to the nozzles: The
ink feed ducts are adapted to guide the ink from the ink feed terminal to the nozzles.
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The front side has an active region surrounded by a passive region.
All the ink nozzles are arranged in the active region while the ventilation openings are
arranged in the active and the passive regions such that the active region is sur-
rounded by ventilation openings.

This design allows to maintain a more homogenous gas flow at the
edge of the active region.

In the active region, the nozzles may be arranged in rows and col-
umns, in particular with the rows and columns extending perpendicularly to each
other.

Advantageously, the active region is elongate and has a short axis
and a long axis. The columns of the nozzles extend along the long axis and rows of
the nozzles extend along the short axis. Such a design allows to laterally feed fluid
to/from the active region along the rows using comparatively short ducts, thereby re-
ducing the flow resistance and improving flow homogeneity.

The ink feed ducts may comprise a plurality of ink feed slit vias and
at least one horizontal bulk ink feed duct. Each ink feed slit via has a backward end
connected to the bulk ink feed duct and a forward end connected to several nozzles
arranged in a row. The ink feed slit vias are arranged parallel to the rows of the ink
nozzles, e.g. behind the rows of the nozzles. This design again improves the homoge-
neity of the ink flow to the nozzles.

The print head may further comprise at least one ink withdrawal ter-
minal and ink withdrawal ducts connecting the nozzles to the ink withdrawal termi-
nal. This allows to establish a circulation of ink through the ink head.

The ink withdrawal ducts may comprise at least one bulk ink with-
drawal duct extending horizontally along a first longitudinal edge of the active region
in order to withdraw ink from along said edge. Advantageously, there are two such
bulk ink withdrawal ducts on the opposite longitudinal edges of the active area, in
particular on opposite sides of the ink feed slits mentioned above.

The ink withdrawal duct may further comprise an ink withdrawal
manifold extending horizontally and arranged at a level above the bulk ink with-
drawal duct and a plurality of withdrawal vias extending in parallel between the ink
withdrawal manifold and the bulk ink withdrawal duct. Such a manifold provides a
good flow and pressure distribution over the print head.

The print head may further comprise at least one humid gas feed
terminal and humid gas feed ducts connecting humid gas feed terminal to the nozzles.
The terminal(s) and ducts are suited to carry a humid gas, i.e. a gas with a high satura-
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tion of liquid, to the nozzles in order to reduce ink evaporation at the nozzles. Advan-
tageously, this embodiment of the print head is used in a printing system having a hu-
mid gas source with an evaporator connected to the humid gas feed terminal.

In order to evenly distribute fluid supply or withdrawal, the print
head my further comprise a manifold structure arranged at a level of the print head lo-
cated in front of most parts of the nozzles and continually extending over active area
of the print head. At the level of the manifold structure and at each nozzle, a closed-
loop wall (i.e. a wall forming a closed loop separating the interior of the loop from the
exterior) separates the manifold structure from a passage that provides a path from
one nozzle to a nozzle opening at the front side of the print head.

In yet further advantageous design, the print head may comprise a
folded path design for feeding or withdrawing gas to/from the front side: In this case,
it comprises gas ducts connecting openings in the back side of the print head and
openings in the front side of the print head. The gas ducts comprise a first section ex-
tending into a forward direction and a second section extending into a backward di-
rection of the print head.

The print head may further comprise at least one of the following
elements:

- At least one dry gas feed terminal and dry gas feed ducts connect-
ing humid gas feed terminal to blow openings at the front side of the print head. This
allows to provide drying gas (which is a gas drying than the humid gas mentioned
above) to the space between the print head and the target. In this case, the print head
advantageously forms part of a printing system with a dry gas source connected to the
dry gas feed terminal(s).

- At least one gas withdrawal terminal and gas withdrawal feed
ducts connecting gas withdrawal terminal and suction openings at the front side of the
print head. This allows to withdraw gas from the space between the print head and the
target, thereby removing evaporated solvent from the substrate quicker and assist the
drying speed. In this case, the print head advantageously forms part of a printing sys-
tem with a gas sink connected to the gas sink terminal(s).

The invention also relates to a printing system comprising such a
print head and an ink source connected to the at least one ink feed terminal of the
print head. It further comprises at least one of the following elements:

- An ink source connected to the at least one ink feed terminal of the
print head.

- An ink sink connected to at least one ink withdrawal terminal of
the print head.
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- A dry gas source connected to at least one dry gas feed terminal of
the print head.

- A gas sink connected to at least one gas withdrawal terminal of the
print head.

- A humid gas source connected to at least one humid gas feed ter-

minal of the print head.

Brief Description of the Drawings

The invention will be better understood and objects other than those
set forth above will become apparent when consideration is given to the following de-
tailed description thereof. Such description makes reference to the annexed drawings,
wherein:

Fig. 1 shows a part-sectional view of a print head,

Fig. 2 is a view of the print head from the front side,

Fig. 3 is a sectional view of the backmost layer S1 of the print head,

Fig. 4 is a section view of layer S2,

Fig. 5 illustrates the arrangement of the vias in layer S3 in relation
to the structures in the layers A1 — A3 above it,

Fig. 6 is a vertical sectional view of the print head along line VI-VI
of Fig. 7,

Fig. 7 is a horizontal sectional view through layer S3,

Fig. 8 is a view of the structures in layers A1 — A3 as seen from be-
low with the layers S1 — S3 not rendered,

Fig. 9 is a horizontal sectional view through layer Al,

Fig. 10 is a horizontal sectional view through layer A2,

Fig. 11 is a horizontal sectional view through layer A3 with one
nozzle area enlarged,

Fig. 12 is a horizontal sectional view through layer MO1 with one
nozzle area enlarged,

Fig. 13 is a horizontal sectional view through layer M02 with one
nozzle v enlarged,

Fig. 14 is a horizontal sectional view through layer M03 with one
nozzle area enlarged,

Fig. 15 is a horizontal sectional view through layer M04 with one

nozzle area enlarged,
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Fig. 16 is a horizontal sectional view through layer M05 with one
nozzle area enlarged,

Fig. 17 is a horizontal sectional view through layer M07 with one
nozzle area enlarged,

Fig. 18 is a horizontal sectional view through layer MO8,

Fig. 19 is a view of the structures in layers M04 — MO7 (in this fig-
ure, the only thing of layer MO8 that is shown are the front contours of its openings),

Fig. 20 is a vertical sectional view through the active region of the
print head along line XX-XX of Fig. 19,

Fig. 21 is a vertical sectional view through the active region of the
print head along line XXI-XXI of Fig. 19,

Fig. 22 is a vertical sectional view through the active region of the
print head along line XXII-XXII of Fig. 19,

Fig. 23 is a vertical sectional view through the active region of the
print head along line XXIII-XXIII of Fig. 19,

Fig. 24 is a vertical sectional view through the passive region of the
print head along line XXIV-XXIV of Fig. 19,

Fig. 25 is a superposition of layers M03 (hatched) and M04 (black),
and

Fig. 26 is a block diagram of a printing system.

Modes for Carrying Out the Invention

Definitions

“Forward” or “front” defines the direction into which the print head
is designed to eject ink.

“Backward” or “behind” defines the opposite direction to the for-
ward direction.

“At the front” and “at the back” are understood to designate a loca-
tion at levels forward from or backward from something else.

“Front” and “back” are the forward and backward sides.

The ejection direction of the print head defines the “vertical” up-
wards direction, i.e. the print head is, by definition, designed to eject ink upwards. (In
operation, it may, of course, be under any angle to the direction of gravity.) Hence,
definitions such as “above” and “below” are to be understood in reference to this defi-

nition of “vertical”.
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“Horizontal” is any direction perpendicular to the vertical direction.

“Lateral” designates something that is offset horizontally to some-
thing else.

A “via” is a fluid duct that is adapted to feed, in operation, a fluid
vertically through one or more layers of the print head.

A “horizontal” duct is a fluid duct that is adapted to convey, in op-
eration, a fluid horizontally along one or more layers of the print head, i.e. it desig-
nates a duct having a longitudinal axis extending parallel to front and back surfaces of
the print head.

A “manifold” is a duct interconnecting several input ducts and, at

the same time, connecting them to several output ducts.

Overview

The overall design of an exemplary embodiment of the print head is
best described in reference to Figs. 1 — 3.

The print head has a front side 10 and a back side 12. In operation,
front side 10 oriented towards the target to be printed upon while back side 12 faces
away therefrom.

A plurality of nozzle openings 14 as well as a plurality of ventila-
tion openings, the latter including blow openings 16 and suction openings 18, are ar-
ranged on front side 10.

An ink nozzle 50, as described in more detail below, is arranged at
each nozzle opening 14. The print head is adapted to eject, in operation, ink through
the nozzle openings 14. In addition, it may blow gas through the nozzle openings 14.
Further, gas is blown through the blow openings 16 and withdrawn through the suc-
tion openings 18.

The gas blown through the nozzle openings 14 has higher humidity
(“humid gas”) than the gas blown through the blow openings 16 (“dry gas”). In this
context “humidity” designates the amount of liquid dissolved in the gas. Advanta-
geously, the liquid is the same as the one that the dye particles or molecules of the ink
are suspended or dissolved in. Blowing humid gas through the nozzle openings 14 re-
duces the evaporation of ink solvent at the nozzles, thereby reducing the ink’s ten-
dency to form dry deposits at the nozzles 50. Blowing dry gas through the blow open-
ings supports the ink drying process at the target. Withdrawing gas through the suc-
tion openings 18 allows to maintain a dry atmosphere between the print head and the
target and to avoid condensation of evaporated liquid at the printhead surface, in case

that the printhead surface cooled down below the temperature of the substrate. The
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periodic arrangement of the suction and blow holes makes it possible to achieve a
most uniform flow pattern for each nozzle and the alternating arrangement of suction
and blow holes shown in Fig. 1 reduces lateral air flow at the main nozzle axis, i.e.
the designated flight direction of ejected droplets.

Advantageously, the print head is adapted to withdraw the same
volume flow of gas through the suction openings 18 as the combined volume flow of
gas blown through the nozzle openings 14 and the blow openings 16.

The blow and suction openings 16, 18 are advantageously arranged
alternatingly as described in WO 2021/008817 in reference to Fig. 3 therein.

As shown in Fig. 2, the nozzle openings 14 are arranged in an active
region 20 of the print head, which is laterally, on all sides, surrounded by a passive
region 22 without nozzle openings 14. The blow openings 16 and the suction open-
ings 18 are arranged in both the active region 20 as well as the passive region 22.

Advantageously, the blow openings 16 and the suction openings 18
are each spaced regularly, at a spacing WO. The spacing W1 between neighboring
suction and blow openings is equal to W0/2. The spacing W2 between neighboring
nozzle openings 14 is also equal to W0/2.

The horizontal width of passive region 22 along each edge of active
region 20 is advantageously at least two times, in particular at least three times, the
spacing WO between adjacent blow openings 16, which results in a more homogene-
ous flow pattern in active region 20.

Advantageously, in operation of the print head, the distance be-
tween the print head and the target is smaller than said horizontal width of the passive
region 22.

Active region 20 has, in particular, at least three rows 50a and at
least three columns 50b of nozzle openings. However, the present concept can also be
advantageously used for an active region 20 having a single column 50b of nozzle
openings only.

In a preferred embodiment, active region 20 is elongate having a
short horizontal axis X parallel to its traversal edges 20b, 20d and a long horizontal
axis Y parallel to its longitudinal edges 20b, 20d, with the columns 50b of the nozzles
50 and the nozzle openings 14 extending along the long axis Y and the rows 50a ex-
tending along the short axis X of active region 20. In this case, there are more nozzles
50 and nozzle openings 14 on each column 50b than on each row 50a, in particular
there are at least twice as many nozzles 50 and nozzle openings 14 on each column

50b than on each row 50a. As will become apparent below, such an arrangement
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makes it easier to provide a large number of nozzles while maintaining a homogene-
ous pattern of the gas and ink flow.

Fig. 3 shows the macroscopic interface openings at back side 12 of
the print head. They form terminals and are used to feed various types of fluids
to/from the print head as will be explained in more detail in the following. Advanta-
geously, the openings forming these terminals have diameters of at least 100 um for
easily contacting them to a macroscopic system of fluid sources and fluid drains.

The openings include advantageously the following:

- At least one first opening is an ink feed terminal 26 for feeding ink
to the print head.

- At least one second opening is an ink withdrawal terminal 28 for
retrieving ink from the print head. Together, the ink feed opening 26 and the ink with-
drawal terminal 28 are used to establish an ink circulation in the print head.

- At least one third opening is a humid gas feed terminal 30 for
feeding humid gas to the nozzles.

- At least one fourth opening is a dry gas feed terminal 32 for feed-
ing dry gas to the blow openings 16.

- At least one fifth opening is a gas withdrawal terminal 34 for re-
trieving gas from the suction openings 18.

The print head forms ducts between the terminals 26 — 34 at back

side 12 and the nozzles and openings at front side 10.

Print head layers

The print head is assembled from a plurality of layers, each of them
extending horizontally. Their arrangement is best illustrated in Figs. 1, 6, and 20.

The backmost layer of the shown print head, i.e. the layer S1 form-
ing the terminal openings 26 — 34, is located behind a layer S2 forming horizontal
bulk ducts 38 — 46. Advantageously, layers S1 and S2 are silicon layers.

In particular, layers S1 and S2 are formed from an SOI wafer, with
S1 being the thinner silicon device layer and S2 being the thicker silicon handle layer
of the SOI wafer. The insulator layer arranged between them (not shown in the fig-
ures) can be used as an etch stop during manufacturing of the structures in layers S1
and S2 and is finally etched off at least where the terminal openings 26 — 34 meet the
bulk ducts 38 — 46. Alternatively, the structures may also be comprised of separate
wafers that, for example, are adhesively bonded to each other.

Hence, advantageously, the print head comprises a first layer S1

forming the back side of the print head and a second layer S2 forming bulk ducts,
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with the bulk ducts extending horizontally and being connected to terminal openings
in the first layer S1. Both layers S1, S2 are advantageously of silicon because silicon
can easily be structured into deep, anisotropic trenches using Deep Reactive Ion Etch-
ing (DRIE).

In order to decrease the flow resistance of the bulk ducts 38 — 46,
layer S2 advantageously has a thickness of at least 200 pm, in particular of at least
400 um. A single bulk duct may be connected by several interface openings 26, 28,
30, 32, 34, in case the pressure loss from fluid flow across its length becomes too
large. In such case, the distance between openings should be chosen such that the
pressure drop across the bulk duct is minimized.

An interposer layer S3 is arranged on front of layer S2. It forms a
plurality of vias connected to the bulk ducts 38 — 46.

Interposer layer S3 is advantageously of glass, and the vias therein
may e.g. be formed using laser-induced etching, wherein in such case the etching pro-
cess may be executed either before or after the glass wafer is bonded to layer S2.

Advantageously, interposer layer S3 is anodically bonded to layer
S2, in which case the glass substrate of interposer layer S3 should be compatible with
the anodic bonding process, e.g. Schott Mempax.

The thickness of interposer layer S3 should be small in order to re-
duce the flow resistance in its vias. In particular, layer S3 advantageously has thick-
ness of less than 500 um, in particular of 300 pum or less. If it is made of glass anodi-
cally bonded to layer S2, it should, for handling reasons, have a thickness of at least
100 pum.

Several distribution layers are arranged in front of layer S3. They
form horizontal and vertical distribution ducts to be explained below, but they advan-
tageously do not yet form parts of the front-facing structures of the individual noz-
zles. In the shown embodiment, there are three distribution layers Al, A2, A3 (with
Al being behind A2 and A2 being behind A3).

Several nozzle layers are arranged in front of the distribution layers
Al — A3. The nozzle layers form the structures of the nozzles as well as further ducts
for the various fluids. The figures show seven such layers. They are, in back-to-front-
order, the layers MO1, M02, M03, M04, M05, M07, and M08. Further layers, in par-
ticular the metal layers forming the electrodes, are not shown in most of the figures.

In this design, the distribution layers A1 — A3 are substantially inde-
pendent (in their thickness) of the nozzle design, i.e. their thicknesses can be opti-
mized to meet the needs of the ducts they form.
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The distribution layers A1, A2, A3 and nozzle layers MO1 — M08
are advantageously polymer layers as e.g. described in WO 2022/152379, section
“Manufacturing”.

In particular, these layers may comprise honeycomb structures for
reducing stress as described in WO 2022/152379 in the areas outside the ducts.

The thickness of the distribution layers can be chosen to reduce the
flow resistance in the ducts. Hence, the layer(s) forming horizontal ducts (here, the
layers Al and A3), is/are thicker than the layer(s) forming vertical vias (here, the
layer A2). For example, the layer(s) forming horizontal ducts (here, the layers Al and
A3) has/have a thickness between 10 and 100 pm while the layer(s) forming vertical
vias (here, the layer A2) has/have a thickness between 5 and 15 pum.

In contrast to this, the thickness of most of the nozzle layers MO1 —
MOS8 is given by the structures of the nozzles. For these layers, the thickness is typi-

cally in a range between 5 and 50 pm.

Ink feed and withdrawal

The ink feed and withdrawal system of the present print head com-
prises ink feed ducts and ink withdrawal ducts. They are explained in the following.

Ink is fed from an ink source to the print head through at least one
ink feed terminal 26, which is formed by an opening in layer S1, from where the ink
enters a horizontal bulk ink feed duct 38 in layer S2 (cf. Figs. 1, 4, and 6). Bulk ink
feed duct 38 forms part of the ink feed ducts that connect ink feed terminal 26 to the
nozzles 50.

There may be several ink feed terminals 26 forming parallel supply
connections between the ink source and bulk ink feed duct 38 in order to reduce flow
resistance.

Bulk ink feed duct 38 communicates with several ink feed slit vias
48 in layer S3. As best seen in Figs. 5 — 7, each ink feed slit 48 is a via having an
elongate horizontal cross section with a width K1 much smaller than a length K2, in
particular K1 <K2/5.

The ink feed slit vias 48 extend parallel to the rows 50a of the noz-
zles 50, i.e. the longitudinal axis of the elongate horizontal cross section of each slit
via extends parallel to the rows 50a. Advantageously, each ink feed slit via 48 is ar-
ranged vertically behind a row 50a of the nozzles 50.

Each ink feed slit via 48 is adapted to feed ink vertically through
one or more layers of the print head to a row of several nozzles 50, advantageously to

at least three nozzles, in particular to at least five nozzles. It has a backward end 48a
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connected to bulk ink feed duct 38 and a forward end 48b connected to the nozzles 50
in its row (cf. Fig. 20). It extends through layer S3 and, optionally, through one or
more further layers above it. In the shown embodiment, it also extends through layer
Al. The layers it crosses comprise slit-shaped openings at the location of the ink feed
slit vias 48.

Using such ink feed slit vias 48 for vertically feeding ink to several
nozzles arranged in a row allows to reduce the flow resistance of the ink and to main-
tain the same ink pressure at each nozzle 50 even when several of the nozzles are sim-
ultaneously ejecting ink.

As best seen in Fig. 6, bulk ink feed duct 38 is advantageously lo-
cated vertically behind and centered on each feed slit via 48 for providing a homoge-
neous ink feed for the whole row of nozzles 50. (Note: in the sectional view of Fig. 6
the ink feed slit via 48 does not extend all the way through layer S3 because the sec-
tional view of Fig. 6 is located slightly off-center of the tapered ink feed slit via 48,
cf. line VI-VI of Fig. 7.)

The ink feed slit vias 48 are advantageously arranged parallel to
each other, with one ink feed slit via 48 for each row 50a of nozzles 50, and they are
connected to the same bulk ink feed duct 38. The bulk ink feed duct 38 extends paral-
lel to the columns 50b of the nozzles.

In the present print head, ink is also retrieved from the print head to
a print sink through at least one ink withdrawal terminal 28 in layer S1 (Fig. 3).

The ink feed terminal(s) 26 are connected to the nozzles via ink
feed ducts, and the nozzles 50 are connected to the ink withdrawal terminal(s) 28 via
ink withdrawal ducts. As mentioned, this allows to maintain an ink circulation
through the nozzles 50.

The ink withdrawal terminal(s) 28 is/are connected to at least one
bulk ink withdrawal duct 40 in layer S2 (Fig. 4). Bulk ink withdrawal duct 40 forms
part of the ink withdrawal ducts that connect the nozzles 50 to the ink withdrawal ter-
minal 28. It has at least one section, advantageously two sections 40a, 40b, extending
horizontally along a longitudinal edge 20a, 20c of active region 20 for homogene-
ously connecting the nozzles 50 in the rows 50a of ink nozzles.

Advantageously, the two sections 40a, 40b are interconnected by a
third section 40c of the bulk ink withdrawal duct 40.

Bulk ink withdrawal duct 40 is arranged in the same layer(s), i.e. at
the same height of the print head, as bulk ink feed duct 38 (in the layer S2 of the
shown embodiment). Advantageously, ink feed duct 38 is arranged horizontally be-

tween the first and second section 40a, 40b of ink withdrawal duct 40.
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As shown in Figs. 8 — 11, the ink withdrawal ducts further comprise
an ink withdrawal manifold 52 comprising manifold sections 52a, 52b, 52¢ extending
horizontally within the print head but at a level in front of bulk ink withdrawal duct
40:

- First manifold sections 52a extend along first longitudinal edge
20a of active region 20, parallel and vertically above first section 40a of bulk ink
withdrawal duct 40. The first manifold sections 52a are formed by openings in layers
Al, A2, and A3 (see e.g. Figs. 8 — 11).

- Second manifold sections 52b extend along second longitudinal
edge 20a of active region 20, parallel and vertically above second section 40b of bulk
ink withdrawal duct 40. The second manifold sections 52b are again formed by open-
ings in layers Al, A2, and A3.

- Third manifold sections 52¢ extend parallel to the transversal
edges 20b, 20d of active region 20 and are located vertically below the rows 50a of
nozzles 50. The third manifold sections 52¢ are formed by openings in layer A3.

Ink withdrawal manifold 52 is connected to bulk ink withdrawal
duct 40 by means of several withdrawal vias 54 extending through layer S3 (see Figs.
5 — 7). By connecting ink withdrawal manifold 52 in a parallel manner to bulk ink
withdrawal duct 40 by means of several withdrawal vias 54, a more homogeneous
flow pattern in ink withdrawal manifold 52 can be achieved.

As follows from the above, the ink withdrawal manifold 52 advan-
tageously comprises, in somewhat generalized terms:

- At least a first manifold section 52a extending along first longitu-
dinal edge 20a of active region 20: There may be one such first manifold section 52a
extending along the whole length of the active region 20. Advantageously, however,
and as shown in the figures, there are several such first sections 52a, with breaks 56a
(one of them being shown in Fig. 10) between them because these breaks provide
room for gas ducts as described below.

- At least a second manifold section 52b extending along second
longitudinal edge 20c of active region 20: Again, there may be one such second mani-
fold section 52b extending along the whole length of the active region 20. Advanta-
geously, however, and as shown in the figures, there are several such second sections
52b, with breaks 56b (one of them being shown in Fig. 10) between them because
these breaks provide room for gas ducts as described below

- Third manifold sections 52¢ extending parallel to transversal
edges 20b 20d of active region 20. There is one such third manifold section 52¢ for

each row of the nozzles 50 in order to withdraw ink from the nozzles in said row.
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Each third manifold section 52¢ is connect at least to one of the first and second man-
ifold sections 52a, 52b for carrying off the ink.

Advantageously, at least some of the third manifold sections 52¢ are
connected to both a first and a second manifold section 52a, 52b, thereby also inter-
connecting the first and second manifold sections 52a, 52b and providing a more ho-
mogenous flow distribution.

Advantageously, if (for the reasons outlined above) there are several
first manifold sections 52a with breaks 56a between them and several second mani-
fold sections 52b with breaks 56b between them, all the manifold sections are inter-
connected by means of the third manifold sections 52c for evenly distributing the
flow of ink from the nozzles 50.

As can be seen from Figs. 5 — 7, the withdrawal vias 54 extend
through layer S3. Advantageously, and as shown in Fig. 7, the ink feed slits 48 are ar-

ranged between two rows 58a, 58b of the withdrawal vias 54.

Nozzles

The nozzles are formed by the layers MO1 — M08, and their design
is best described in reference to Figs. 11 — 23.

Each nozzle 50 is arranged behind one of the nozzle openings 14.
As shown in Fig. 20, it comprises a stub 60 (formed e.g. by the layers M04 and M05)
with a central tip 62 (formed by layer MO5) and is located in a nozzle chamber 64a,
64b. The chamber may have a lower, wider section 64a formed by layer M04 and an
upper, narrower section 64b formed by layers M0OS, M07, and MOS.

A nozzle ink feed via 66 is arranged beneath each nozzle 50 and is
connected to one of the ink feed slits 48. In the present embodiment, it is formed by
layers A2, A3, M01, and M02. As seen in Figs. 12 und 13, nozzle ink feed via 66
branches out in Figs. 12 and 13, into two central ducts 66a at layer M02.

The central ducts 66a are connected to a via 68 in layer MO3, which
in turn is connected to several vias 70 in layer M04 that carry the ink to the upper sur-
face 72 of stub 60 surrounding tip 62.

Note: in Fig. 15, the vias 70 are shown to be laterally closed by the
vertical side walls of stub 60. Alternatively, though, they can be open at that location,
i.e. stub 60 may have a cross-shaped horizontal cross-section, with the ink flowing
along the vertical recesses of stub 60. This design reduces the flow resistance while
still maintaining a large volume of ink in the nozzle, ready to be dispensed when
needed.
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At layer MO1, two interconnect ducts 74 branch off horizontally
into two vias 76, which form part of the ink withdrawal ducts. The interconnect ducts
74 provide for a continuous ink flow through the nozzle. They are narrow to as com-
pared to the ducts of the manifold structure in order to create a primary pressure drop
at their position. Advantageously, for the third manifold sections 52¢ that move ink
from multiple nozzles in lateral direction, it is important that the flow resistance of
the third manifold sections 52¢ compared to the flow resistance of the interconnect
ducts 74 is at least 10 times smaller, advantageously, at least 100 times smaller, in or-
der to define the flow resistance almost solely by the interconnect ducts and thereby
keep pressure-fluctuations along manifold sections 52¢ minimal. The flow resistance
of a duct can be primarily reduced by reducing its cross-sectional area or by extend-
ing the length of the duct.

At their bottom side, the vias 76 are connected to third manifold
section 52¢, where the ink is carried off. At their top side, the vias 76 are connected to
one or more further vias 79 in layer M02, which in turn communicate with an annular
duct 80 in layer M03. Annular duct 80 is located at the bottom of nozzle chamber
64a, 64b and is used to carry off any overflowing ink at that location.

In Fig. 13, there are several vias 79 per nozzle. Alternatively, fewer
vias, e.g. with an arcuate geometry, or a single via with an annular geometry, may be
provided for each nozzle.

The operation of this type of system, where ink is recirculated
through the nozzles, is described in WO 2022/152380. It can be used to continuously
refresh the ink at the nozzles.

Each nozzle further comprises ejection electrodes 82 (only shown
in Fig. 20), which can be controlled individually to eject ink drops from the nozzles.
There may also be further electrodes for shaping the electrical field as described in
WO 2022/152380.

Note that layer M02 may also be dispensed with and layer MO1 may
be directly connected to layer MO3. In this case, the structures of M02 (e.g. 112a) can
e.g. be arranged in layer MO3.

Humidification

As mentioned, the print head is advantageously adapted to feed hu-
mid gas to the nozzle openings to reduce the ink’s tendency to form deposits at the
nozzles.

The humid gas is fed through the humid gas feed terminal(s) 30 at
the backside of the print head. From there it is led, by means of humid gas feed ducts,



10

15

20

25

30

35

WO 2024/032894 PCT/EP2022/072592

15

to the nozzles 50. The humid gas feed ducts are separate from the ink feed ducts, the
ink withdrawal ducts, the dry gas feed ducts (to be discussed below), and the gas
withdrawal ducts (to be discussed below).

The humid gas feed ducts comprise the bulk humid gas feed duct 42
(e.g. in layer S2, see Fig. 4), which directly communicates with the humid gas feed
terminal(s) 30. Bulk humid gas feed duct 42 is arranged in the same layer(s), i.e. at
the same height of the print head, as bulk ink feed duct 38 and bulk ink withdrawal
duct 40.

As shown in Fig. 4, bulk humid gas feed duct 42 has at least one
section, advantageously two sections 42a, 42b, extending horizontally along the lon-
gitudinal edge 20a, 20c of active region 20 for homogeneously connecting the nozzles
50 in the rows 50a of ink nozzles.

Advantageously, the two sections 42a, 42b are interconnected by a
third section 42c¢ of the bulk humid gas feed duct.

Advantageously, ink feed duct 38 is arranged horizontally between
the first and second section 42a, 42b of bulk humid gas feed duct 40. More advanta-
geously, and as shown in Fig. 4, also the first and second section 40a, 40b of bulk ink
withdrawal duct 40 are arranged between the first and second section 42a, 42b of bulk
humid gas feed duct 42.

The humid gas feed ducts further comprise a plurality of traversal
humid gas feed lines 84 formed by vias and ducts extending through layer S3 (Figs. 5
and 7), layer Al (Fig. 9), layers A2 and A3 (Figs. 10 and 11), and M1 — M4 (Figs. 12
—15).

The traversal humid gas feed lines 84 communicate with horizontal
humid gas feed lines 86 formed in layers M04, MOS and MO7 (Figs. 14, 16, 17).

The horizontal humid gas feed lines 86 are in turn connected to a
horizontally extending humid gas feed manifold 88 in layer MO7 (Fig. 17, 20 - 23).
At the level of layer MO7, the connection of the horizontal humid gas feed lines 86 to
humid gas feed manifold 88 is a direct one (i.e. not via other layers), as seen in Fig.
17. In addition, at the level of layer M04 (Fig. 15), the horizontal humid gas feed
lines 86 are connected to an auxiliary cavity 87a in layer M04, which is vertically
connected, by means of vias 87b extending through layer M05, to gas feed manifold
88 in layer MO7. If necessary, the ducts may extend into further layers to increase
their height and thereby to decrease their flow resistance.

Humid gas feed manifold 88 is connected to the bulk humid gas
feed duct 42 by means of the humid gas feed lines 84 extending through the interven-

ing layers. By connecting humid gas feed manifold 88 in a parallel manner to bulk
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humid gas feed duct 42 by means of several humid gas feed lines 84, a more homoge-
neous flow pattern in humid gas feed manifold 88 can be achieved.

As can be seen in Figs. 17 and 19, humid gas feed manifold 88 is
arranged at a level of the print head located in front of the front most parts (the tips
62) of the nozzles 50 and continually extends over both horizontal directions (trans-
versal direction X and longitudinal direction Y) of active area 20 of the print head. At
each nozzle 50, layer M07 forms a closed-loop wall 90 separating humid gas feed
manifold 88 from a passage 92, with passage 92 providing a path from nozzle 50 to
nozzle opening 14.

As can be seen in Fig. 16, layer MOS, which forms the bottom wall
of humid gas feed manifold 88, comprises vias 94 (Figs. 16, 19), for each nozzle 50,
which connect humid gas feed manifold 88 to vias 96 in layer M04 (Fig. 15).

From vias 96, the humid gas is led to nozzle chamber 64a, 64b. As
shown in Fig. 25, which shows a superposition of layer M03 (hatched) and layer M04
(black), each via 96 in layer MO4 communicates with two horizontal distribution
ducts 98a, 98b in layer M03, which in turn lead the humid gas to four entry points
100a, 100b, 100c¢, 100d, which are distributed over the circumference of nozzle cham-
ber 64a, 64b, and into an annular cavity 102 of layer M03, which forms an annular
groove at the bottom of nozzle chamber 64a, 64b.

This design allows to generate an evenly distributed flow of humid
gas in nozzle chamber 64a, 64b as illustrated by the arrows 104 in Fig. 20.

Hence, in more general terms, each nozzle 50 is arranged in a noz-
zle chamber 64a, 64b, wherein the humid gas feed ducts enter each nozzle chamber at
at least three, in particular at at least four, entry points 100a — 100d, which are distrib-
uted, advantageously evenly distributed, along the circumference of the nozzle cham-
ber in order to provide a homogeneous gas flow.

Advantageously, the print head comprises, in a layer M03 adjacent
below the nozzle chamber 64a, 64b, an annular opening 102 forming a groove at the
bottom of nozzle chamber 64a, 64b, wherein the entry points 100a — 100d are located

in this annular opening.

Dry gas feed

As mentioned, the print head is advantageously adapted to feed dry
gas from the dry gas feed terminal(s) 32 at back side 12 of the print head to the blow
openings 16 at front side 10 of the print head in order to expedite ink drying. Hence,
the print head comprises dry gas feed ducts connecting the dry gas feed terminal(s) 32
to the blow openings 16.
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Advantageously, for a compact design, the dry gas feed terminal(s)
32 are arranged in passive region 22 of the print head.

The dry gas feed ducts are separate from the ink feed ducts, the ink
withdrawal ducts, the humid gas feed ducts and the gas withdrawal ducts (to be dis-
cussed below).

The dry gas feed ducts comprise the bulk dry gas feed duct 44, e.g.
in layer S2 (Fig. 4), which directly communicates with the dry gas feed terminal(s)
32. Bulk dry gas feed duct 44 is arranged in the same layer(s), i.e. at the same height
of the print head, as bulk ink feed duct 38 and/or bulk ink withdrawal duct 40 and/or
the bulk humid gas feed duct 30.

Advantageously, for a compact design, bulk dry gas feed duct(s) 44
is/are arranged in the passive region 22 of the print head.

As shown in Fig. 4, bulk dry gas feed duct 44 has at least one sec-
tion, advantageously two sections 44a, 44b, extending horizontally outside active re-
gion 20 and parallel to the longitudinal edge 20a, 20c of active region 20.

The two sections 44a, 44b may be interconnected by a third section
of the bulk dry gas feed duct 44, similar as in the designs of bulk ink withdrawal duct
40 and bulk humid gas feed duct 42.

Advantageously, bulk ink feed duct 38 is arranged horizontally be-
tween the first and second section 44a, 44b of bulk dry gas feed duct 44. More advan-
tageously, and as shown in Fig. 4, also the first and second section 40a, 40b of bulk
ink withdrawal duct 40 as well as the first and second section 42a, 42b of bulk humid
ink feed duct 42 are arranged between the first and second section 44a, 44b of bulk
dry gas feed duct 44.

The dry gas feed ducts further comprise a plurality of traversal dry
gas feed ducts 106 extending through layer S3 (Figs. 5 and 7), which connect to a dry
gas feed manifold 108 in layers A1 — A3 (Figs. 9 — 11) to bulk dry gas feed duct 44.

Dry gas feed manifold 108 comprises first ducts 108a extending
horizontally and perpendicularly to the longitudinal edges 20a, 20c of active region
20 in order to carry the dry gas towards active region 20, but advantageously they
also extend over at least 90% of the width (i.e. the extension parallel to the longitudi-
nal edges 20a, 20c) of passive region 22 because the dry gas is also needed in the pas-
sive region.

In addition, dry gas feed manifold 108 comprises second ducts 108b
interconnecting the first ducts 108a in layer Al.

Hence, the dry gas feed ducts comprise at least the following ele-
ments:
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- A bulk dry gas feed duct 44 having at least a first section 44a ex-
tending parallel to a first longitudinal edge 20a of the active region 20 and connected
to the dry gas feed terminal(s) 30. Advantageously, bulk dry humid gas feed duct 44
comprises a first and a second section 44a, 44b arranged on opposite sides of active
area 20.

- A dry gas feed manifold 108, which extends horizontally at least
around active region 20 to distribute the dry gas to the blow openings 16. This dry gas
feed manifold 108 is located at a level in front of the bulk dry gas feed duct 44. The
dry gas feed manifold 108 may comprise several sub-sections that lack horizontal
connections between them, but advantageously all parts of dry gas feed manifold 108
are horizontally connected to each other.

- Several traversal dry gas feed ducts 106 connecting, in parallel
manner, bulk dry gas feed duct 44 to dry gas feed manifold 108.

In this way, a more homogeneous flow pattern in humid gas feed
manifold 108 and therefore at the blow openings 16 can be achieved.

In layers A1 — A3, the first ducts 108a extend into active region 20,
with each first duct 108a extending parallel to and, when seen from above, between
two rows 50a of the nozzles 50.

Dry gas feed manifold 108 is connected to first vias 110 in layer
MO1 (Fig. 12). The first vias 110 are arranged in first rows R1, with the first rows lo-
cated vertically above the first ducts 108a of dry gas feed manifold 108.

As further can be seen e.g. from Fig. 12, the first vias 110 are ar-
ranged on first columns C. However, these columns are irregularly spaced, in particu-
lar at the interface between the passive and the active region.

The first vias 110 of layer MO1 are connected to different types of
first redistribution ducts 112a, 112b, 112¢, 112d, 112¢ in layer MO2 (Fig. 13). Each
first redistribution duct 112a — 112e extends between a first via 110 in layer MO1 and
a second via 114 in layers M03, M04, M05, M07, MO8, which form the blow open-
ings 16 at the front side of the print head.

The first redistribution ducts 112a — 112e will be discussed in more
details in the section “redistribution ducts” below.

Gas withdrawal

Further, and also as mentioned, the print head is advantageously
adapted to withdraw gas from the suction openings 18 at the front side 10 of the print
head through the gas withdrawal terminal(s) 34 at back side 12 of the print head. This

allows to improve the gas exchange between the print head and the target and to
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avoid lateral gas flows that might deflect the ink. Hence, the print head comprises gas
withdrawal ducts connecting suction openings 16 to the gas withdrawal terminal(s)
34,

Advantageously, for a compact design, the gas withdrawal termi-
nal(s) 34 are arranged in passive region 22 of the print head.

The gas withdrawal ducts are separate from the ink feed ducts, the
ink withdrawal ducts, the humid gas feed ducts and the humid gas feed ducts.

The gas withdrawal ducts comprise the bulk gas withdrawal duct
46, e.g. in layer S2 (Fig. 4), which directly communicates with the gas withdrawal
terminal(s) 34. Bulk gas withdrawal duct 46 is arranged in the same layer(s), i.e. at
the same height of the print head, as bulk ink feed duct 38 and/or bulk ink withdrawal
duct 40 and/or the bulk humid gas feed duct 42, and/or the bulk dry gas feed duct 44.

Advantageously, for a compact design, bulk gas withdrawal duct(s)
46 is/are arranged in the passive region 22 of the print head.

As shown in Fig. 4, bulk gas withdrawal duct 46 has at least one
section, advantageously two sections 46a, 46b, extending horizontally outside active
region 20 and parallel to the longitudinal edge 20a, 20c of active region 20.

The two sections 46a, 46b may be interconnected by a third section
of the bulk gas withdrawal duct 46, similar as in the designs of bulk ink withdrawal
duct 40 and bulk humid gas feed duct 42.

Advantageously, bulk ink feed duct 38 is arranged horizontally be-
tween the first and second section 46a, 46b of bulk gas withdrawal duct 46. More ad-
vantageously, and as shown in Fig. 4, also the first and second section 40a, 40b of
bulk ink withdrawal duct 40 as well as the first and second section 42a, 42b of bulk
humid ink feed duct 42 are arranged between the first and second section 46a, 46b of
bulk gas withdrawal duct 46.

The gas withdrawal ducts further comprise a plurality of traversal
gas withdrawal ducts 116 extending through layer S3 (Figs. 5 and 7), which connect
to a gas withdrawal manifold 118 in layers A1 — A3 (Figs. 9 —11).

Gas withdrawal manifold 118 comprises first ducts 118a extending
horizontally and perpendicularly to the longitudinal edges 20a, 20c of active region
20 in order to carry the gas from active region 20, but advantageously they also ex-
tend over at least 90% of the width (i.e. the extension parallel to the longitudinal
edges 20a, 20c¢) of passive region 22 because the gas also has to be withdrawn from
the passive region.

In addition, gas withdrawal manifold 118 comprises second ducts
118b interconnecting the first ducts 118ain layers Al — A3.
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Hence, the gas withdrawal ducts comprise at least the following ele-
ments:

- A bulk gas withdrawal duct 46 having at least a first section 46a
extending parallel to a first longitudinal edge 20a of the active region 20 and con-
nected to the gas withdrawal terminal(s) 30. Advantageously, dry humid gas feed duct
46 comprises a first and a second section 46a, 46b arranged on opposite sides of ac-
tive area 20.

- A gas withdrawal manifold 118, which extends horizontally at
least around active region 20 to collect the gas to the suction openings 18. This gas
withdrawal manifold 118 is located at a level in front of the bulk gas withdrawal duct
46. The gas withdrawal manifold 118 may comprise several sub-sections that lack
horizontal connections between them, but advantageously all parts of gas withdrawal
manifold 118 are horizontally connected to each other.

- Several traversal gas withdrawal ducts 116 connecting, in parallel
manner, bulk gas withdrawal duct 46 to gas withdrawal manifold 118.

In this way, a more homogeneous flow pattern in humid gas with-
drawal manifold 118 and therefore at the suction openings 18 can be achieved.

In layers A1 — A3, the first ducts 118a extend into active region 20,
with each first duct 118a extending parallel to and, when seen from above, between
two rows 50a of the nozzles 50.

Gas withdrawal manifold 118 is connected to second vias 120 in
layer MO1 (Fig. 12). The second vias 120 are arranged in second rows R2, with the
second rows located vertically above the first ducts 118a of gas withdrawal manifold
118.

As further can be seen e.g. from Fig. 12, the second vias 120 are ar-
ranged on the first columns C. However, and as mentioned above, these columns are
irregularly spaced, in particular at the interface between the passive and the active re-
gion.

The second vias 120 of layer MO1 are connected to different types
of second redistribution ducts 122a, 122b, 122¢, 122d, 122¢ in layer MO2. Each sec-
ond redistribution duct 122a — 122e extends between a second via 120 in layer MO1
and a second via 124 in layers M03, M04, M05, M07, M08, which form the suction
openings 18 at the front side of the print head.

The second redistribution ducts 122a — 122e will be discussed in
more details in the section “redistribution ducts” below.
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Manifold structure

The design of humid gas feed manifold 88 provides a very homoge-
neous distribution of the flow of a fluid over the active area. Even though it is illus-
trated here for being used to distribute the humid gas, it can also be used for distrib-
uting another gas, such as the dry gas being fed to the blow openings 16 or the gas re-
turning from the suction openings 18.

Hence, in more general terms, the print head advantageously com-
prises a gas manifold structure arranged at a level of the print head located in front of
the front most parts (the tips 62) of the nozzles 50 and continually extending at least
over active area 20 of the print head. Further, at the level of the manifold and at each
nozzle 50, a closed-loop wall 90 separates the manifold structure from a passage 92
providing a path from one nozzle 50 to a nozzle opening 14 at the front side 10 of the
print head.

Advantageously, this manifold structure is adapted to feed humid
gas to the nozzles and is connected to vias 94 that lead backwards to the nozzles as
well as to other humid gas feed ducts that lead backwards to openings at the back side
of the print head.

Ducts extending forwards and backwards in the print head

As it can already be derived from the last paragraph of the previous
section, another important aspect of the humid gas feed duct design lies in the fact
that, starting at the humid gas feed terminals 30, the humid gas feed ducts first trav-
erse the print head into the forward direction (namely along traversal humid gas feed
lines 84 as well as the vias 87b) to humid gas feed manifold 88 at a layer in front of
the nozzles 50. From humid gas feed manifold 88, the humid gas feed ducts traverse
the print head into the backward direction (namely long the vias 94, 96) before they
lead the humid gas to the ink nozzle chambers 64a, 64b. Thus, the humid gas is first
conveyed in a forward direction through the print head and then again in a backward
direction before it is fed to the nozzle chamber 64a, 64b. This “detour” allows to use
volume at the print head layers in front of the nozzles 50, e.g. for forming gas feed
manifold 88 and/or other duct structures.

This type of duct design can also be applied to other gas duct struc-
tures in the print head, e.g. to the dry gas feed ducts and/or the gas withdrawal ducts.

Hence, in more general terms, the print head advantageously com-
prises gas ducts connecting openings (such as any of the openings terminals 26 — 34)
in the back side 12 and openings the front side 10 (such as any of the openings 14 —
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18) of the print head. These gas ducts comprise a first section (e.g. 84, 87b) extending
into the forward direction and a second section (94, 96) extending into the backward
direction of the print head, with the first and second sections arranged in series. (In
this context, “extending” in a direction means that a path through the ducts from the
openings at the backside to the openings at the front side heads into the forward direc-
tion of the print head.)

This scheme is particularly suited for the humid gas feed ducts,
where the first section 84, 87b is located in the humid gas flow path between the at
least one humid gas feed terminal 30 and manifold structure 88 and the second sec-
tion 94, 96 is located in the humid gas flow path between manifold structure 88 and
the nozzles 50. From the nozzles 50, the passages 92 extending through manifold

structure 88 then may convey the humid gas to the nozzle openings 14.

Redistribution ducts

As mentioned, the dry gas feed ducts comprise first redistribution
ducts 112a — 112e and the gas withdrawal ducts comprise second redistribution ducts
122a — 122e. In the shown embodiments, these redistribution ducts are arranged in
layer MO2 (Fig. 13) even though they might also be arranged in other layers, e.g. in
layer MO03, in particular if layer M02 is to be dispensed with.

Each redistribution duct extends horizontally and connects a via
110, 120 in the layer below it to a via 114, 124 in the layer above it. The vias are ei-
ther vias of the dry gas feed ducts or of the gas withdrawal ducts.

In the layer below the redistribution ducts, the vias 110 of the dry
gas feed ducts are arranged along the first rows R1, and the vias 120 of the gas with-
drawal ducts are arranged along the second rows R2 such that the rows R1 and R2 of
the dry gas feed ducts and the gas withdrawal ducts alternate. This allows to connect
them to the straight first ducts 108a and 118a of the dry gas feed manifold 108 and
the gas withdrawal manifold 118.

Further, and as shown in Fig. 12 for layer MO1, the vias 110, 120
may be arranged on columns C. Along each column C, the vias 108 of the dry gas
blow ducts and the vias 120 of the withdrawal ducts alternate. Advantageously, even
though not necessarily, the columns C are perpendicular to the first and second rows
R1, R2.

As mentioned above, the first columns C of the shown embodiment
are irregularly spaced, in particular at the area between the passive and the active re-
gion, which provides more flexibility for placing the components in this region, e.g.

the traversal humid gas feed lines 84.
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At the front side of the print head, as illustrated in Fig. 18, the blow
openings 16 and the suction openings 18 (and their corresponding vias 114, 124) are
also arranged on rows R3 and on columns C3. The rows R3 extend parallel to the
rows R1 and R2, with the distance between neighboring rows R3 being equal to half
the distance between neighboring first rows R1 as well as being equal to half the dis-
tance between neighboring second rows R2.

However, along each row R3 and along each column C3 at the front
side, the blow openings 16 and the suction openings 18 alternate, for the reasons de-
scribed in WO 2021/008817. However, other geometries may be used as well, e.g. the
other geometries described in WO 2021/008817. The redistribution ducts may be re-
arranged easily to accommodate for any pattern of the blow and suction openings.

The redistribution ducts 112a — 112e and 122a — 122e convert the
duct geometries between row-wise separated dry gas feed ducts and withdrawal ducts
(as shown in Fig. 12) and ducts that alternate along the rows as well as the columns
(as shown in Fig. 18).

To achieve this, for example, for the dry gas feed ducts in passive
region 22, a first type 112a of the first redistribution ducts alternates with a second
type 112b of the first redistribution ducts (see Fig. 13). The first type 112a extends
between two points on different rows R1, R2 while the second type 112b extends be-
tween two points on the same row R1. However, as shown, at least one of the two
types extends along a non-straight path such that the two types have the same total
length and therefore the same flow resistance. This ensures that the gas flow through
all blow openings 16 in the passive region 22 is the same. This is ensured by design-
ing the flow resistance inside the redistribution ducts much higher than the flow re-
sistance inside first ducts 108a and 118a, by at least a factor 10, advantageously by at
least a factor 100.

In more general terms, in any feed duct, the fluid, in particular the
gas or ink, is advantageously first fed through first duct sections that are common to
several blow openings (for the gas) or nozzles (for the ink or humid gas), and then
through second duct sections that are individual for each blow opening or nozzle. In
that case, the flow resistance inside the second duct section is advantageously higher
by at least a factor 10 than the flow resistance inside the first duct sections.

Similarly, for the dry gas feed ducts in active region 20, a third type
112¢ of the first redistribution ducts alternates with a fourth type 112d of the first re-
distribution ducts. The third type 112a extends between two points on different rows
R1, R2 while the fourth type 112d extends between two points on the same row R1.

Again, at least one of the two types extends along a non-straight path such that the
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two types have the same total length and therefore the same flow resistance. This en-
sures that the gas flow through all blow openings 16 in the active region 20 is the
same.

Further, advantageously, the length and flow resistance of all four
types 112a, 112b, 112¢, 112d are the same that the gas flow through all blow open-
ings 16 in the active region 20 and the passive region is the same.

At least one fifth type 112e, 112f, 112g of redistribution duct is re-
quired, in the shown embodiment, at the edge of the active region in order to accom-
modate for the additional duct structures in this neighborhood, which are arranged
horizontally along a second longitudinal edge 20c, e.g. second manifold section 52b.
Therefore, vias 110 and 120 need to be dislocated out of the otherwise regular pattern
of vias 110, 120, in order to not be formed above a section that carries ink, for exam-
ple. Again, it has the same length as the other types.

As can be seen from Fig. 13, the second redistribution ducts simi-
larly use five types 122a — 122e to redistribute the withdrawal ducts, again with the
same flow resistance in each of the five types.

Hence, advantageously, at a first height of the print head (e.g. in
layer MO1, Fig. 12) the dry gas feed ducts comprise vias (in the shown embodiment
the vias 110 in layer MO1) arranged on first rows R1 and, advantageously, on col-
umns C, and the gas withdrawal ducts comprise vias (in the shown embodiment the
vias 120 in layer MO1) arranged on second rows R2 and, advantageously, on the col-
umns C. The first and second rows R1, R2 are parallel and alternate. Along each first
row R1, there are only vias of the dry gas feed ducts, and along each second row R2,
there are only vias of the withdrawal ducts. Advantageously, on each column C, the
dry gas feed ducts and the withdrawal ducts alternate.

At the front side 10 of the print head, the blow openings 16 and suc-
tion openings 18 are arranged on third row R3 and on third columns C3 (Fig. 18).
Along reach row R, the blow openings 16 and the suction openings 18 alternate. Also,
along each column C, the blow openings 16 and the suction openings 18 alternative.

At a second height (e.g. in layer M02, Fig. 12) between the “first
height” and the front side 10 of the print head, the dry gas feed ducts comprise first
redistribution ducts 112a — 112g extending horizontally between the vias 110 coming
from the first height and vias 114 leading to the front side 10. Similarly, the gas with-
drawal ducts comprise second redistribution ducts 122a — 122¢g extending horizon-
tally between the vias 120 coming from the first height and vias 124 leading to the
front side 10. All the first redistribution ducts have the same length and width, and all

the second redistribution ducts have the same length and width.
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Advantageously, the first redistribution ducts 112a — 112g and/or
the second redistribution ducts 122a — 122g comprise a first type (e.g. 112a, 122a)
and a second type (e.g. 112b, 122b) of redistribution ducts arranged alternatingly,
with the first type connecting the vias from the first height to a different third row
than the second type.

As shown in Fig. 18, and in contrast to the first columns C of Fig.
12, the third columns C3 are spaced regularly also in area between the passive and ac-
tive areas.

The different types of redistribution ducts 122a — 122g are used to
convert the irregular spacing of the first columns C to the regular spacing of the third
columns C3 by horizontally connecting between them, using different types of redis-
tribution duct designs depending on the mutual offset between the first and third col-
umns C, C3.

Printing system and print head operation

The print head forms part of a printing system that allows to operate
the print head. The main components of such a printing system are illustrated in Fig.
26.

The shown system comprises the following components:

- The print head 220, which is e.g. designed as described above. In
operation, it is positioned to print ink onto a target 221.

- An ink source 222 connected to the ink feed terminal(s) 26 of print
head 220. It may e.g. comprise a pump or pressure source to force the ink into the
print head.

- An ink sink 224 connected to the ink withdrawal terminal(s) 28 of
print head 220. It may comprise a pump or pressure sink to withdraw ink from the
print head. Ink source 222 and ink sink 224 may form a closed circulation system as
indicated by a dotted line.

- A dry gas source 226 connected to the dry gas feed terminals 32 of
print head 220. Again, it may comprise a pump or pressure source to force the dry gas
into the print head.

- A gas sink 228 connected to the gas withdrawal terminal(s) 34 of
print head 220. Again, it may comprise a pump or pressure source to withdraw the
dry gas from the print head.

- A humid gas source 230 connected to the humid gas feed termi-

nals 30 of print head 220. Again, it may comprise a pump or pressure source to force
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the dry gas into the print head. It also comprises an evaporator or bubbler 232 for dis-
solving a liquid in the gas to keep it humid. Evaporator or bubbler 232 may be exter-
nal to print head 220 as shown, or it may be built into print head 220.

- A control unit 234 controlling the operation of the print head. In
particular, control unit 230 comprises signal generators for generating the control
voltages for the nozzle electrodes.

The operation of the print head comprises feeding dry and humid
gas to the print head by means of the dry and humid gas sources 226 and 230, feeding
ink to the print head by means of ink source 222, retrieving ink from the print head by
means of ink sink 224, and retrieving gas from the print head by means of gas sink
228.

Note that dry gas source 226 is adapted to feed a dryer gas to print
head 220 than humid gas source 230 because the purpose of the humid gas is to pre-
vent drying of the ink at the nozzles while the purpose of the dry gas is to expedite
drying of the ink at the target. In contrast to humid gas source 230, dry gas source 226
typically does not have an evaporator 232.

The printing system may further comprise a temperature control to
cool print head 220 and/or to heat target 221. This temperature control may include at
least one of the following components, controlled by control unit 234:

- An ink cooling unit 234 adapted to cool the ink from ink source
222. By feeding cooled ink to print head 220, the print head can be cooled.

- A gas cooling unit 236 for cooling the gas from dry gas source 226
and or a gas cooling unit 238 for cooling the gas from humid gas source 230.

- A target heater 240 for heating target 221.

Hence, in a particularly advantageous embodiment, the printing sys-
tem comprises a gas cooling unit 236, 238 adapted and structured to cool the gas fed
to the print head. This gas cooling unit may e.g. be a heat exchanger in thermal con-
tact with the gas and being heated by a resistive heating.

Notes

In the embodiment described above, ink is fed to the nozzles by
means of the ink feed slit vias 58. Alternatively, smaller vias may be used. For exam-
ple, Fig. 5 shows two rows of ink withdrawal vias 54, and one of these rows could in-
stead be used to feed ink to the nozzles. Two separate manifolds with interdigitated
feed and withdrawal ducts could be arranged in at least some of the layers A1 — A3

for feeding the ink to the nozzles and withdrawing it therefrom.
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In the described embodiments, the dry gas feed terminal(s) 32 as
well as the gas retrieval terminal(s) 34 are arranged further away from the active re-
gion 20 than the humid gas feed terminal(s) 28. This allows for a more compact de-
sign because the humid gas is only required in the active region.

Note: Various structures in the print head are repetitive. Therefore,
to keep the drawings simple, not all of the structures are provided with reference
numbers. For example, Figs. 5, 7, and 9 — 15 show the reference number 84 for only
part of the vias and ducts of the traversal humid gas feed lines 84.

As becomes apparent from the above, the ink feed ducts and the ink
withdrawal ducts are advantageously only connected to each other at the location of
the nozzles. The dry gas feed ducts, the humid gas feed ducts, and the gas withdrawal
ducts are advantageously not connected to each other.

While there are shown and described presently preferred embodi-
ments of the invention, it is to be distinctly understood that the invention is not lim-
ited thereto but may be otherwise variously embodied and practiced within the scope

of the following claims.
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Claims

1. An electrohydrodynamic inkjet print head comprising

a plurality of ink nozzles (50) at a front side (10) of the print head

a plurality of ventilation openings (16, 18) at the front side (10) of
the print head,

at least one ink feed terminal (26), and

ink feed ducts connecting the ink feed terminal (26) to the nozzles
(50),

wherein the front side (10) has an active region (20) surrounded by
a passive region (22), wherein all the ink nozzles (50) are arranged in the active re-
gion (20) and wherein the ventilation openings (16, 18) are arranged in the active and
the passive regions (20, 22) such that the active region is surrounded by ventilation

openings (16, 18).

2. The electrohydrodynamic print head of claim 1 wherein the ink

nozzles (50) are arranged in the active region (20) in rows (50a) and columns (50b).

3. The electrohydrodynamic print head of claim of claim 2 wherein
the active region (20) is elongate having a short axis (X) and a long axis (Y), with the
columns (50b) of the nozzles (50) extending along the long axis (Y) and the rows
(50a) of the nozzles (50) extending along the short axis (Y).

4. The electrohydrodynamic print head of any of the claims 2 or 3,
wherein the ink feed ducts comprise a plurality of ink feed slit vias (48) and at least
one horizontal bulk ink feed duct (38), with each ink feed slit via (48) having a back-
ward end (48a) connected to the bulk ink feed duct (38) and a forward end (48b) con-
nected to several nozzles (50) arranged in a row, wherein the ink feed slit vias (48)
are arranged parallel to the rows of the ink nozzles,

and in particular wherein each ink feed slit via (48) is arranged ver-
tically behind a row (50a) of the nozzles (50).

5. The electrohydrodynamic print head of claim 4 wherein the bulk
ink feed duct (38) is located behind and centered on each feed slit via (48).

6. The electrohydrodynamic print head of any of the claims 4 or 5
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wherein the ink feed slit vias (48) are arranged parallel to each
other, with one ink feed slit via (48) for each row of nozzles (50),

wherein the ink feed slit vias (48) are connected to the same bulk
ink feed duct (38), and

wherein the bulk ink feed duct (38) extends parallel to the columns
(50b) of the nozzles (50).

7. The electrohydrodynamic print head of any of the claims 4 to 6
wherein each ink feed slit via (48) is adapted to feed ink along a vertical direction
through at least one layer, in particular through at least two layers (S3, A1), of the
print head, wherein the layer or layers (S3, A1) comprise slit-shaped openings at the
location of the ink feed slit vias (48).

8. The electrohydrodynamic print head of any of the preceding
claims further comprising

at least one ink withdrawal terminal (28) and

ink withdrawal ducts connecting the nozzles (50) to the ink with-

drawal terminal (28).

9. The electrohydrodynamic print head of claim 8, wherein the ink
withdrawal ducts comprise a bulk ink withdrawal duct (40) having at least a first sec-
tion (40a) extending horizontally along a first longitudinal edge (20a) of the active re-
gion (20).

10. The electrohydrodynamic print head of claim 9 and of any of
the claims 4 to 7 wherein the bulk ink withdrawal duct (40) is arranged at the same
height as the bulk ink feed duct (38).

11. The electrohydrodynamic print head of claim 10 wherein the
bulk ink withdrawal duct (40) has a second section (40b) extending along a second
longitudinal edge (20c) of the active region, wherein the bulk ink feed duct (38) is
horizontally arranged between the first and second sections (40a, 40b) of the bulk ink
withdrawal duct (40),

and in particular wherein the first and second sections (40a, 40b) of
the bulk ink withdrawal duct (40) are interconnected by a third section (40c) of the
bulk ink withdrawal duct (40).
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12. The electrohydrodynamic print head of any of the claims 9 to
11, wherein the ink withdrawal ducts comprise

a ink withdrawal manifold (52) extending horizontally and arranged
at a level above the bulk ink withdrawal duct (40) and

a plurality of withdrawal vias (54) extending in parallel between the
ink withdrawal manifold (52) and the bulk ink withdrawal duct (40).

13. The electrohydrodynamic print head of the claims 12 and 2
wherein the ink withdrawal manifold (52) comprises

at least a first manifold section (52a) extending horizontally along a
first longitudinal edge (20a) of the active region (20),

at least a second manifold section (52b) extending horizontally
along a second longitudinal edge (20c) of the active region (20),

third manifold sections (52¢) extending parallel to transversal edges
(20b 20d) of the active region (20), with one third manifold section (53¢) for each
row of the nozzles (50), wherein each third manifold section (52¢) is connected to at

least one of a first and a second manifold section (52a, 52b).

14. The electrohydrodynamic print head of claim 13 wherein at
least some of the third manifold sections (52c¢) are connected to both a first and a sec-
ond manifold sections (52a, 52b).

15. The electrohydrodynamic print head of any of the claims 13 or
14 wherein the ink withdrawal manifold (52) comprises several of the first manifold
sections (52a) and several of the second manifold sections (52b).

16. The electrohydrodynamic print head of the claims 14 and 15
wherein all the manifold sections (52a, 52b, 52¢) are interconnected by means of the
third manifold sections (52c¢).

17. The electrohydrodynamic print head of any of the claims 4 — 7
and of any of the claims 12 — 16 wherein the ink feed slits (48) are arranged between
two rows (58a, 58b) of withdrawal vias (54).

18. The electrohydrodynamic print head of any of the preceding
claims further comprising

at least one humid gas feed terminal (30) and
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humid gas feed ducts connecting humid gas feed terminal (30) to
the nozzles (50).

19. The electrohydrodynamic print head of claim 18,

wherein each nozzle (50) is arranged in a nozzle chamber (64a, 64b)
and

wherein the humid gas feed ducts enter each nozzle chamber (64a,
64b) at at least three, in particular at at least four, entry points (100a — 100d), which
are distributed along a circumference of the nozzle chamber (64a, 64b),

and in particular wherein the print head comprises, in a layer (M03)
adjacent below the nozzle chamber (64a, 64b), an annular opening (102) forming a
groove at a bottom of nozzle chamber (64a, 64b), wherein the entry points (100a —

100d) are located in said annular opening (102).

20. The electrohydrodynamic print head of any of the claims 18 or
19, wherein the humid gas feed ducts comprise a bulk humid gas feed duct (40) hav-
ing at least a first section (42a) extending horizontally along a first longitudinal edge
(20a) of the active region (20).

21. The electrohydrodynamic print head of claim 20 and of any of
the claims 4 to 7 or 10 or 11 wherein the bulk humid gas feed duct (42) is arranged at
the same height as the bulk ink feed duct (38).

22. The electrohydrodynamic print head of claim 21 wherein the
bulk humid gas feed duct (42) has a second section (42b) extending along a second
longitudinal edge (20c) of the active region, wherein the bulk ink feed duct (38) is
horizontally arranged between the first and second sections (42a, 42b) of the bulk hu-
mid gas feed duct (42),

and in particular wherein the first and second sections (42a, 42b) of
the bulk humid gas feed duct (42) are interconnected by a third section (40c) of the
bulk humid gas feed duct (42).

23. The electrohydrodynamic print head of any of the claims 20 to
22 and of any of the claims 9 to 17 wherein the bulk humid gas feed duct (42) is ar-
ranged at the same height as the bulk ink withdrawal duct (40).
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24. The electrohydrodynamic print head of any of the claims 20 to
23, wherein the humid gas feed ducts comprise

a humid gas feed manifold (88) extending horizontally and arranged
at a level (MO07) above the bulk humid gas feed duct (42) and

a plurality of humid gas feed lines (84) extending in parallel be-
tween the bulk humid gas feed duct (42) and the humid gas feed manifold (88).

25. The electrohydrodynamic print head of any of the preceding
claims further comprising a manifold structure (88) arranged at a level of the print
head located in front of most parts (62) of the nozzles (50) and extending over active
area (20) of the print head, wherein, at the level of the manifold structure (88) and at
each nozzle (50), a closed-loop wall (90) separates the manifold structure from a pas-
sage (92) providing a path from one nozzle (50) to a nozzle opening (14) at the front
side (10) of the print head,

and in particular wherein the manifold structure (88) is connected to
vias (94) that lead backwards to the nozzles (50) as well as to other gas feed ducts
that lead backwards to openings (30) at a back side of the print head.

26. The electrohydrodynamic print head of the claims 24 and 25

wherein the manifold structure (88) forms the humid gas feed manifold (88).

27. The electrohydrodynamic print head of any of the preceding
claims further comprising gas ducts connecting openings (26 — 34) in a back side (12)
of the print head and openings (14 — 18) in the front side (10) of the print head,
wherein said gas ducts comprise a first section (84, 87b) extending into a forward di-
rection and a second section (94, 96) extending into a backward direction of the print
head.

28. The electrohydrodynamic print head of any of the claims 24 or
26 and of claim 27 wherein the first section (84, 87b) is located in a humid gas flow
path between the at least one humid gas feed terminal (30) and the manifold structure
(88) and the second section (94, 96) is located in the humid gas flow path between the
manifold structure (88) and the nozzles (50).

29. The electrohydrodynamic print head of any of the preceding
claims further comprising

at least one dry gas feed terminal (32), and
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dry gas feed ducts connecting dry gas feed terminal (32) to blow
openings (16) at the front side (10) of the print head,
and in particular wherein the at least one dry gas feed terminal (32)

is arranged in the passive region (22) of the print head.

30. The electrohydrodynamic print head of claim 29 wherein the
dry gas feed ducts comprise

- a bulk dry gas feed duct (44) having at least a first section (44a)
extending horizontally and parallel to a first longitudinal edge (20a) of the active re-
gion (20) and connected to the dry gas feed terminal(s) (30),

- a dry gas feed manifold (108), which extends horizontally at least
around the active region (20) and located at a level in front of the bulk dry gas feed
duct (44), and

- several traversal dry gas feed ducts (106) connecting, in parallel
manner, the bulk dry gas feed duct (44) to the dry gas feed manifold (108).

31. The electrohydrodynamic print head of any of the preceding
claims further comprising

at least one gas withdrawal terminal (34), and

gas withdrawal feed ducts connecting gas withdrawal terminal (34)
and suction openings (18) at the front side (10) of the print head,

and in particular wherein the at least one gas withdrawal terminal

(34) is arranged in the passive region (22) of the print head.

32. The electrohydrodynamic print head of claim 31 wherein the
gas withdrawal ducts comprise

- a bulk gas withdrawal duct (46) having at least a first section (46a)
extending horizontally and parallel to a first longitudinal edge (20a) of the active re-
gion (20) and connected to the gas withdrawal terminal(s) (34),

- a gas withdrawal manifold (118), which extends horizontally at
least around the active region (20) and located at a level in front of the bulk gas with-
drawal duct (46), and

- several traversal gas withdrawal ducts (116) connecting, in parallel
manner, the bulk gas withdrawal duct (46) to the gas withdrawal manifold (118).

33. The electrohydrodynamic print head of claim 30 and of any of
the claims 31 or 32 wherein
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at a first height (MO1) of the print head, the dry gas feed ducts com-
prise vias (110) arranged on first rows (R1) and the gas withdrawal ducts comprise
vias (120) arranged on second rows (R2), with the first and second rows (R1, R2) be-
ing parallel and alternating, wherein, along each first row (R1), there are only vias
(110) of the dry gas feed ducts and along each second row (R2), there are only vias
(120) of the gas withdrawal ducts,

at the front side (10), the blow openings (16) and the suction open-
ings 18 are arranged on third rows (R3) and third columns (C3) wherein, along each
third row (R3), the blow openings (16) and the suction openings (18) alternate and,
also, wherein along each third column (C3), the blow openings (16) and the suction
openings (18) alternate, and

at a second height (M02) between the first height (M01) and the
front side (10), the dry gas feed ducts comprise first redistribution ducts (112a —
112e) extending horizontally between vias (110) coming from the first height and vias
(114) leading to the front side (10) and the gas withdrawal ducts comprise second re-
distribution ducts (122a — 122e) extending horizontally between the vias (120) com-
ing from the first height and vias (124) leading to the front side (10), wherein the first
redistribution ducts (112a — 112e) have the same length, and all the second redistribu-
tion ducts (122a — 122¢) have the same length.

34. The electrohydrodynamic print head of claim 33 wherein the
first redistribution ducts (112a — 112¢) and/or the second redistribution ducts (122a —
122e) comprise a first type (112a, 122a) and a second type 112b, 122b) of redistribu-
tion ducts arranged alternatingly, with the first type (112a, 122a) connecting the vias
from the first height (MO1) to a different third row (R3) than the second type (112b,
122b).

35. The electrohydrodynamic print head of any of the claims 33 or
34 wherein the vias (110, 120) of the gas feed ducts and the gas withdrawal ducts are
arranged on irregularly spaced first columns (C) while the third columns (C3) are reg-
ularly spaced, and wherein the redistribution ducts (112a — 112e, 122a — 122¢) hori-
zontally connect the first and third columns (C, C3).

36. The electrohydrodynamic print head of the claims 18, 29, and
31 and, optionally, of any of the other preceding claims, wherein the dry gas feed ter-
minal(s) (32) as well as the gas retrieval terminal(s) (34) are arranged further away
from the active region (20) than the humid gas feed terminal(s) (28).



WO 2024/032894 PCT/EP2022/072592

35

37. The electrohydrodynamic print head of any of the preceding
claims comprising a first layer (S1) forming a back side of the print head and a sec-
ond layer (S2) forming bulk ducts (38 - 46), wherein the bulk ducts extend horizon-
tally and are connected to terminal openings (26 — 34) in the first layer S1, and in par-

5 ticular wherein the first and the second layers (S1, S2) are of silicon.

38. A printing system comprising the print head (220) of any of the
preceding claims and an ink source (222) connected to the at least one ink feed termi-
nal (26), and further comprising at least one of

10 an ink sink (224) connected to at least one ink withdrawal terminal
(28) of the print head (220),

a dry gas source (226) connected to at least one dry gas feed termi-
nal (32) of the print head (220),

a gas sink (228) connected to at least one gas withdrawal terminal

15 (34) of the print head (220), and

a humid gas source (230) connected to at least one humid gas feed

terminal (30) of the print head (220).

39. The printing system of claim 38 further comprising a gas cool-
20 ingunit (236, 238) to cool the gas fed to the print head (220).



