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(54) Ink jet device and method of manufacturing the same

(57) An ink jet device comprising a number of ink
channels (12) that are arranged side by side and are
covered by a flexible sheet (16), and a corresponding
number of actuators (18) that are arranged to exert an
actuating force onto the sheet (16) through a bump (22)

that has a trapezoidal cross-section, characterised in that
the bumps (22) are formed on the sheet (16) in such an
orientation that their trapezoidal cross-section diverges
towards the actuator (18), and the bumps (22) are bonded
to the actuators (18) by means of an adhesive (28).
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Description

[0001] The invention relates to an ink jet device com-
prising a number of ink channels that are arranged side
by side and are covered by a flexible sheet, and a cor-
responding number of actuators that are arranged to ex-
ert an actuating force onto the sheet through a bump
having a surface facing the actuator and a surface facing
the sheet, wherein the bumps are formed on the sheet
in such an orientation that the surface facing the actuator
has an area larger than the area of the surface facing the
sheet and the bumps are bonded to the actuators by
means of an adhesive.
[0002] The invention further relates to a method of
manufacturing such an ink jet device.
[0003] JP 2003039669A discloses an ink jet device of
the type indicated above, wherein the bumps have a T-
shaped cross-section.
[0004] JP 7-276 626 A discloses an ink jet device
wherein the ink channels, the flexible sheet and the
bumps are formed by etching a silicon substrate. The
bumps have a trapezoidal cross-section the larger base
of which is facing the sheet, so that the bump tapers
towards the actuator.
[0005] EP 0 820 869 A1 discloses an ink jet device
wherein the ink channels are formed in a channel plate
on which the flexible sheet is superposed as a separate
member. The sheet is formed with an array of parallel
grooves, so that ridges formed between the adjacent
grooves serve as bumps that project towards the actua-
tors. The grooves have a half-circular cross-section, so
that the bumps have arcuate flanks and taper towards
the actuators. The actuators are formed by piezoelectric
fingers, and the tip end of each finger is bonded to an
associated one of the bumps by means of an adhesive.
[0006] Each ink channel is connected to a nozzle
through which an ink droplet is to be jetted out. In order
to create an ink droplet that is expelled from the nozzle,
the piezoelectric actuator is at first energised to perform
a contraction stroke, so that the portion of the flexible
sheet covering the associated ink channel is drawn away
from the ink channel. As a result, the volume of the ink
channel increases and a corresponding amount of ink is
sucked in from an ink supply system. Then, the actuator
is energised with an opposite polarity, so that it performs
an expansion stroke and deflects the sheet into the ink
channel. In this way, an acoustic pressure wave is gen-
erated in the ink channel, and this pressure wave prop-
agates towards the nozzle and causes an ink droplet to
be expelled.
[0007] A general problem that is encountered in con-
junction with ink jet devices of this type is the so-called
cross-talk phenomenon. This means that the process of
droplet generation in one channel influences also the ink
in the neighbouring channels and therefore disturbs the
drop generation processes in the neighbouring channels.
One of the reasons is that the deflections of the sheet
cannot strictly be confined to an individual ink channel

but are accompanied by slight deflections of the portions
of the sheet that cover the neighbouring channels.
[0008] It is an object of the invention to provide an ink
jet device with reduced cross-talk.
[0009] According to the invention, this object is
achieved by an ink jet device of the type specified in claim
1.
[0010] In the ink jet device according to the invention,
the bumps have trapezoidal cross-section and are
formed on the sheet in such an orientation that their trap-
ezoidal cross-sections diverge towards the actuators. It
has been found that one of the reasons for the undesired
cross-talk phenomenon in conventional ink jet devices is
due to the fact that the spatial distribution of adhesive
that is needed for bonding the actuators to the bumps
cannot be controlled with sufficient accuracy. More spe-
cifically, this adhesive is not confined to the faces of the
bumps and the actuators that are bonded together, but
is squeezed out and forms beads along the edges of the
actuators and bumps and is likely to contact the surface
of the sheet itself, with the result that the stiffness of the
flexible sheet is influenced in an uncontrollable manner.
In the device according to the invention, however, the
surface of the bump that is bonded to the actuator cor-
responds to the larger side of the trapezoidal cross sec-
tion of the bump and forms an acute angle with the ta-
pering side faces of the bump. It has been found that this
prevents the adhesive from flowing around the sharp
edge of the bump and from reaching the surface of the
flexible sheet at the narrower base of the bump. Thus,
the adhesive has practically no influence on the stiffness
of the flexible sheet which is determined only by the con-
tact area between the relatively narrow base of the bump
and the surface of the sheet.
[0011] The invention has the further advantage that
the relatively large surface of the bump that is facing the
actuator permits to compensate larger tolerances in the
positioning and the shapes of the actuators, whereas the
relatively narrow contact area between the bumps and
the sheet increases the overall flexibility of the sheet and
helps to confine the deflections of the sheet, so that the
cross-talk tendency is reduced further.
[0012] A method for manufacturing an ink jet device
with the above design is specified in the independent
method claim.
[0013] More specific features of preferred embodi-
ments of the invention are indicated in the dependent
claims.
[0014] In a preferred embodiment, the bumps are
made of metal, e.g. of copper. When the actuators are
piezoelectric actuators, the copper bumps may at the
same time serve a electrodes for creating the electric
field that causes the piezoelectric material to expand and
contract.
[0015] The width of the bump surface that faces the
actuator is preferably larger than the width of the actuator
itself.
[0016] In a preferred embodiment, the flexible sheet is
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formed by a foil of plastic material, e.g. a polyimide, and
the bumps are formed by coating the foil with a copper
layer from which the bumps are formed by photolitho-
graphic techniques. Isotropic etching then gives the de-
sired trapezoidal shape of the bumps.
[0017] A preferred embodiment of the invention will
now described in conjunction with the drawings, wherein:

Fig. 1 is a schematic cross-sectional view of an
ink jet device according to the invention;

Fig. 2 shows the device of Fig. 2 in an active
state;

Fig. 3 is an enlarged cross-sectional view of an
actuator and a bump in the device shown
in Figs. 1 and 2; and

Figs. 4 to 6 are sketches illustrating a method of man-
ufacturing the ink jet device shown in Fig.
1.

[0018] The ink jet device shown in Fig. 1 comprises a
channel plate 10 that is made of graphite, for example,
and forms a large number of parallel ink channels 12.
The ink channels 12 are shown in cross-section in Fig.
1 and are cut into a surface of the channel plate 10, that,
in the orientation shown in Fig. 1, forms the top surface.
Each ink channel 12 converges to a nozzle 14 from which
an ink droplet is to be expelled. In a practical embodiment,
the distance between two neighbouring nozzles 14 may
for example amount to 340 Pm, corresponding to a print
resolution of 75 dpi for a single row of nozzles 14.
[0019] The ink channels 12 are open to the top surface
of the channel plate 10 and are covered by a continuous
flexible sheet 16 that is formed by a polyimide foil with a
thickness of 12.5 Pm, for example.
[0020] An actuator 18 is disposed above each of the
ink channels 12. The actuators 18 are formed by piezo-
electric fingers that extend in parallel with the ink chan-
nels 12 (normal to the plane of the drawing in Fig. 1) and
are arranged alternatingly with support fingers 20 which
are also made of piezoelectric material. Together with
the actuators 18, the support fingers 20 may form a one-
piece actuator block with a comb-like structure.
[0021] Each actuator 18 and each support finger 20 is
connected to the flexible sheet 16 through a bump 22
that is made of copper. The bumps 22 have a cross-
sectional shape of an isosceles trapezoid defining par-
allel top and bottom surfaces 24, 26. The trapezoid is
oriented such that the larger top surface 24 faces the
lower end of the actuator 18 and the support finger 20,
respectively. The sides of the trapezoidal bumps 22 are
inclined at an angle between 40 and 50°. Thus, the width
of the top surface 24 of each bump will be approximately
twice the width of the bottom surface 26. For example,
the width of the top surface 24 may be approximately 125
mm, whereas the width of the bottom surface will only be
in the order of 65 mm. The width of the top surface 24 is
larger than the width of the actuators 18 and support fin-
gers 20, so that each bump projects beyond the corre-

sponding actuator or support finger by an amount of ap-
proximately 15-35 mm on either side. The height of the
bumps 22 may be in the range from 15 to 30 mm, for
example.
[0022] When an ink droplet is to be expelled from one
of the nozzles 14, the corresponding piezoelectric actu-
ator 18 is first energised to perform a contraction stroke,
so that the corresponding portion of the sheet 16 is lifted
away from the ink channel 12, as has been shown for
the central ink channel 12 in Fig. 2. As a result, the volume
of the ink channel 12 is increased, and a certain amount
of ink will be sucked in. Then, the actuator is caused to
perform an expansion stroke, so that the sheet 16 is de-
pressed into the ink channel 12, as has been shown for
the right ink channel 12 in Fig. 2. In this way, the me-
chanical energy of the actuator 18 is efficiently trans-
formed into acoustic energy of a pressure wave that prop-
agates through the ink in the ink channel 12 towards the
nozzle 14, where an ink droplet is jetted out.
[0023] The support fingers 20 have the purpose to rig-
idly connect the actuator block to the channel plate 10
and to absorb the reaction forces of the actuators 18.
[0024] Since the flexible sheet 16 must necessarily
have a certain rigidity, the deflections of the sheet in the
regions above the ink channels 12 will create mechanical
stresses within the sheet 16, which will spread out
through the sheet and will have a tendency to deflect or
bias the sheet also in the portions above neighbouring
ink channels. As a result, the drop generation processes
in the neighbouring ink channels 12 will have a tendency
to interfere with one another, a phenomenon that is
known a cross-talk.
[0025] In this context, the cross-sectional shape of the
bumps 22 has the advantage that the contact area be-
tween the bump 22 and the sheet 16 is reduced, so that
the sheet retains a relatively high flexibility, and cross-
talk is reduced. On the other hand, the larger width of the
top surfaces 24 of the bumps 22 permits to absorb man-
ufacturing and/or positioning tolerances of the actuators
18. In this respect, it is particularly advantageous that the
width of the top surfaces 24 of the bumps is larger than
the width of the actuators 18.
[0026] This configuration has another significant ad-
vantage that will now be explained in conjunction with
Fig. 3. In order for the actuator 18 to be able to draw the
sheet 16 away from the ink channel 12 during its con-
traction stroke, the lower end of the actuator 18 must be
rigidly connected to the bump 22 which itself is rigidly
connected to the sheet 16. As is shown in Fig. 3, the
actuator 18 is bonded to the bump 22 by means of an
adhesive 28. This adhesive, which will be in the liquid
state before it is cured, will have a tendency to flow along
the surfaces of the actuator 18 and the bump 22 due to
capillary forces. Moreover, when the actuator 18 is
pressed against the bump 22 during the bonding process,
the adhesive 28 will be squeezed out on both sides of
the actuator 18. Thanks to the trapezoidal cross-sectional
shape of the bump 22, the meniscus of the adhesive 28
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will assume the configuration shown in Fig. 3, i.e. the
adhesive will tend to flow upwards along the lateral sur-
faces of the actuator 18 and sidewards along the top
surface 24 of the bump 22, but it will hardly flow around
the relatively sharp edges formed at the top corners of
the trapezoidal cross-section. Thus, the adhesive 28 is
efficiently prevented from coming into contact with the
surface of the sheet 16, and, as a result, even when the
adhesive 28 is cured, it will not increase the rigidity of the
flexible sheet 16. This effect contributes significantly to
the suppression of cross-talk.
[0027] A preferred method for manufacturing the ink
jet device that has been described above will now be
explained in conjunction with Figs. 4 to 6.
[0028] As is shown in Fig. 4, a uniform layer 30 of cop-
per is formed on the top surface of the sheet 16, e.g. by
electroplating or rolling. The thickness of the layer 30
corresponds to the height of the bumps 22 to be formed.
Then, the top surface of the copper layer 30 is coated
with a lacquer 32 for photolithography.
[0029] Then, as is well known in the art of photolithog-
raphy, the lacquer 32 is exposed with light in order to
form a pattern of parallel stripes, and either the exposed
or the non-exposed portions of the lacquer are removed,
so that the lacquer 32 remaining on the copper layer 30
forms a pattern of parallel stripes 34, as has been shown
in Fig. 5. These stripes 34 will correspond to the gaps
between the adjacent bumps 22.
[0030] As is shown in Fig. 6, an etching mask 36 which
may be formed by a thin layer of gold is deposited on
those surface portions of the copper layer 30 that are not
covered by the stripes 34, and the lacquer stripes 34 are
removed. The etching mask 36 corresponds to a pattern
of stripes the width of which corresponds to the width of
the top surfaces 24 of the bumps 22.
[0031] In Fig. 6, the flexible sheet 16 has also been
superposed on the channel plate 10 and has been bond-
ed thereto, e.g. by means of an adhesive.
[0032] As has been shown schematically in Fig. 6, a
part of the copper layer 30 in an edge portion of the chan-
nel plate 10 is brought into electric contact with a con-
ductor sheet 38 that will later serve for contacting ground
electrodes of the piezoelectric actuators 18. In this way,
it is possible to apply an electric voltage to the copper
layer 30. Then, the channel plate 10 with the sheet 16
mounted thereon is immersed into an etching solution,
and the copper layer 30 is etched away in those portions
that are not covered by the mask 36. The etching front
38 proceeds isotropically from the gaps between the
stripes of the mask 36 and will finally reach the surface
of the sheet 16. In this way, the bumps 22 with the desired
trapezoidal shape are formed by isotropic etching of the
copper layer 30.
[0033] Finally, the actuators 18 and the support fingers
20 are bonded to the bumps 22 by means of the adhesive
28, so that one obtains the ink jet device shown in Fig. 1.

Claims

1. An ink jet device comprising a number of ink chan-
nels (12) that are arranged side by side and are cov-
ered by a flexible sheet (16), and a corresponding
number of actuators (18) that are arranged to exert
an actuating force onto the sheet (16) through a
bump (22) having a surface facing the actuator (18)
and a surface facing the sheet (16), wherein the
bumps (22) are formed on the sheet (16) in such an
orientation that the surface facing the actuator (18)
has an area larger than the area of the surface facing
the sheet (16) and the bumps (22) are bonded to the
actuators (18) by means of an adhesive (28), char-
acterised in that the bumps (22) have a trapezoidal
cross-section and are formed on the sheet (16) in
such an orientation that their trapezoidal cross-sec-
tion diverges towards the actuator (18).

2. The ink jet device according to claim 1, wherein the
bumps (22) are made of metal.

3. The ink jet device according to claim 2, wherein the
bumps are made of copper.

4. The ink jet device according to any of the preceding
claims, wherein the surface (24) of the bump (22)
facing the actuator (18) has a width that is larger than
the width of the actuator (18).

5. The ink jet device according to the any of the pre-
ceding claims, wherein the surface (24) of the bump
(22) facing the actuator (18) has a width that is at
least 1.5 times the width of the surface (26) of the
bump facing the sheet (16).

6. A method of manufacturing an ink jet device as
claimed in any of the preceding claims, comprising
the steps of:

- coating a flexible sheet (16) with a layer (30)
of metal,
- applying a mask (36) on the surface of the metal
layer (30);
- forming the bumps (22) with a trapezoidal
cross-section by isotropic etching of the metal
layer (30); and
- bonding the actuators (18) to the bumps (22)
by means of an adhesive (28).
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