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(57) A channel structure for an ink jet printhead
(10), comprising a channel plate (12) having a plurality
of substantially equidistant ink channels (14) formed in
one surface thereof, with dams (16) being left between
the adjacent channels, wherein each channel (14) is
covered by a portion (32) of a diaphragm (18) supported
on said dams (16) and deflectable into the channel (14)

Channel structure for an ink jet printhead

by means of an actuator (28) associated therewith is
characterized in that the diaphragm (18) is supported
on the dams (16) through spacers (22) which define the
exact width and position of the deflectable portion (32),
so that larger manufacturing tolerances are allowed for
the ink channels (14) in the channel plate.
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Description

[0001] The invention relates to a channel structure
for an ink let printhead comprising a channel plate hav-
ing a plurality of substantially equidistant ink channels
formed in one surface thereof, with dams being left
between the adjacent channels, wherein each channel
is covered by a portion of a diaphragm supported on
said dams an deflectable into the channel by means of
an actuator associated therewith.

[0002] An example of an ink jet printhead having
such a channel structure is disclosed in EP-A-0 820
869. The ink channels are arranged side-by-side and
are each connected to a nozzle, so that the nozzles
form a linear array with constant spacings between
adjacent nozzles. When an actuator associated with
one of the ink channels is activated, the portion of the
diaphragm engaged by this actuator is deflected into the
ink channel, so that the liquid ink contained in this ink
channel is pressurized, and an ink droplet's expelled
from the nozzle. The diaphragm portions covering the
individual ink channels are formed by a continuous flex-
ible plate which is superposed on the channel plate and
is formed with bumps on the side facing away from the
channel plate. The actuators engage only the bumps of
the diaphragm, so that the deflection behavior of the
diaphragm is improved. In order to optimize the deflec-
tion properties of the diaphragm, each bump should be
disposed exactly in he widthwise center of the deflecta-
ble portion.

[0003] Applicants co-pending European patent
application 98 200 190 relates to an ink jet printhead in
which the diaphragm has a two-layer structure, and the
bumps are interposed between the two layers.

[0004] In the prior art channel structures the dia-
phragm has a smooth surface on the side facing the
channel plate and is in face-to-face engagement with
the top surfaces of the dams separating the individual
ink channels. Thus, the position and width of the
deflectable portion of the diaphragm is determined by
the shape and position of the ink channel in the channel
plate. In order to obtain a uniform performance of the
various ink channels in terms of drop generation, it is
essential that the ink channels are formed in the chan-
nel plate with high accuracy, so that only very small
manufacturing tolerances can be allowed. As a result, a
manufacturing process satisfying these low tolerances
is required, and this gives rise to increased manufactur-
ing costs.

[0005] It is an object of the invention to allow for
greater manufacturing tolerances in the production of
the channel plate without deteriorating the uniformity of
the drop generation processes in the various ink chan-
nels.

[0006] This object is achieved by a channel struc-
ture according to the preamble of claim 1 which is char-
acterized in that the diaphragm is supported on the
dams through spacers which define the exact width and
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position of the deflectable portion.

[0007] Thus, according to the invention, only the
spacers need to be formed with high positional accu-
racy in order to ensure a correct positional relationship
between these spacers and the actuators or the bumps.
As a result, the channel plate itself may be manufac-
tured with greater tolerances and, accordingly, at lower
costs.

[0008] The less strict tolerance requirements will
generally lead to considerable cost savings, regardless
of the process employed for forming the ink channels. In
addition, it becomes possible to employ more economic
manufacturing processes, such as molding processes,
which heretofore have not been acceptable because
they could not satisfy the tolerance requirements.
[0009] It should be observed that, of course, the
nozzles to which each ink channel is connected must be
formed with high accuracy. This requirement can for
example be fulfilled by forming the nozzles in a separate
nozzle plate which is then attached to a front face of the
channel plate. But even when the nozzles are formed in
the channel plate itself, this does not mean, that the
level of accuracy required for the nozzles must also be
required for the ink channels in their entirety. For exam-
ple, the ink channels may be formed as grooves cut into
the surface of the channel plate with comparatively
large tolerances and spaced away from the front face of
the nozzle plate in which the nozzles are to be formed.
Then, the nozzles may be formed with higher accuracy
in a separate manufacturing step, e.g. by laser cutting or
the like.

[0010] Optional features of the invention are indi-
cated in the dependent claims.

[0011] In a preferred embodiment the spacers are
formed in one piece with the diaphragm. For example,
the diaphragms covering all the ink channels may be
formed by a continuous metal foil in which a pattern of
grooves and ridges is formed, e.g. by etching, so that
the ridges form the spacers and the thinner bottom por-
tions of the grooves form the flexible portions of the dia-
phragm. Optionally, bumps to be engaged by the
actuators may be formed on the opposite side of the
metal foil. Since the metal foil is relatively thin and, cor-
respondingly, the amount of material to be removed by
etching or the like is rather small, the increase in manu-
facturing costs caused by the processing of the metal
foil is much smaller than the cost savings achieved in
manufacturing the channel plate.

[0012] As an alternative, the spacers may also be
formed by a separate grid-like member interposed
between the diaphragm and the channel plate. The
spacers may also be formed in one piece with the chan-
nel plate. In this case, the ink channels may at first be
formed with a width slightly smaller than the nominal
width, so that large tolerances can be allowed. Then,
the top surfaces of the dams separating the ink chan-
nels may be processed in a more accurate second step
in which only small amounts of material are removed
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from the edges of the dams, e.g. by laser cutting, in
order to form the spacers. Embodiments of the invention
will now be described in conjunction with the drawings
in which:
Fig. 1 is a cross-sectional view of a channel
structure according to a first embodi-
ment;

is a section taken along the line lI-Il in
figure 1;

is a cross-sectional view of a channel
structure according to a second
embodiment; and

are cross-sectional views illustrating
the manufacturing process for a chan-
nel plate according to the second
embodiment.

Fig. 2

Fig. 3

Figs. 4 and 5

[0013] As is shown in figure 1, a channel structure
for an ink jet printhead 10 comprises a channel plate 12
made for example of ceramics, graphite, synthetic resin
or the like. In case of a printhead for hot melt ink, the
material of the channel plate should have a sufficient
heat conductivity. A plurality of ink channels 14 are
formed in the top surface of the channel plate 12 by any
suitable process such as cutting, milling, or, more pref-
erably, by molding. A dam 16 is left between each pair of
adjacent ink channels 14.

[0014] A diaphragm 18 is disposed on the top sur-
face of the channel plate 12, i.e. the surface defined by
the top surfaces of the dams 16. The diaphragm 18 may
be formed for example by a metal foil such as a foil of Ni,
Co. or the like or an alloy of these metals, or a sheet of
silicon, plastic or glass or the like. The lower surface of
the diaphragm 18 facing the channel plate 12 is pro-
vided with a regular pattern of grooves 20 separated by
downwardly projecting spacers 22. The pattern of
grooves 20 and spacers 22 corresponds to the pattern
of ink channels 14 and dams 16, so that each spacer 22
is supported on the top surface of one of the dams 16.
[0015] An actuator block 24 made of piezoelectric
ceramic is bonded to the top surface of the diaphragm
18 which, in this embodiment, is a flat surface. The actu-
ator block 24 has a comb structure of alternating sup-
port portions 26 and actuators 28 separated by
relatively deep grooves 30. The lower end of each sup-
port portion 26 is connected to a portion of the dia-
phragm 18 which is directly opposite to a spacer 22, and
the lower end of each actuator 28 is bonded to the
widthwise center of a thinner deflectable portion 32 of
the diaphragm 18 defined between two adjacent spac-
ers 22.

[0016] As is shown in figure 2, the ink channels 14
formed in the channel plate 12 are open at both ends,
but a nozzle plate 34 is attached to the front face of the
channel plate so as to block the open ends of the ink
channels 14. The nozzle plate 34 has a plurality of ori-
fices which define a nozzle 36 within each of the ink
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channels 14. The open opposite end of each ink chan-
nel is connected to an ink supply system which is not
shown in the drawings.

[0017] As is generally known in the art, each of the
piezoelectric actuators 28 is provided with electrodes
(not shown), and by energizing these electrodes, the
actuator can be caused to expand and retract, so that
the corresponding portion 32 of the diaphragm 18 is
flexed into the associated ink channel 14 to pressurize
the ink contained therein, and an ink droplet is expelled
through the nozzle 36.

[0018] The ink droplets are deposited on an image
recording medium, e.g., paper, so that an image can be
printed by energizing the various actuators 26 in
accordance with the image information. In order to
obtain a good quality of the printed image, in particular,
in order to achieve a smooth appearance of uniformly
colored block areas in the image, it is essential that the
ink droplets expelled from the various nozzles 36 all
have the same volume and are ejected with the same
velocity. In other words, the performance of the various
channels in the drop generation process should be as
uniform as possible. In this respect, it is important that
all the actuators 28 have the same dimensions, all the
deflectable portions 32 of the diaphragm have the same
width, and the positional relationship between the actu-
ators 28 and the deflectable portions 32 of the dia-
phragm is the same for all ink channels.

In order to achieve these objectives, a high-precision
cutting process is utilized for cutting the grooves 30 into
the actuator block 24 in order to form the support por-
tions 28 and the actuators 28. Likewise, a high precision
process, e.g. an etching process, is utilized for forming
the grooves 20 in the diaphragm 18 in the correct posi-
tions and with the correct dimensions. When the print-
head is assembled, the actuator block 24 is accurately
adjusted relative to the diaphragm 18, so that the sup-
port portions 26 coincide with the spacers 22 with high
accuracy.

[0019] However, since the width dimensions of the
various ink channels 14 do not determine the width of
the deflectable portions 32 of the diaphragm, greater
manufacturing tolerances can be allowed for the posi-
tions and width dimensions of the ink channels 14.
Thus, as can be seen in figure 1, there may be consid-
erable fluctuations in the positional relationship
between the various dams 16 and the spacers 22. Like-
wise, the positional accuracy with which the diaphragm
18 is disposed on the channel plate 12 does not need to
be as high as the accuracy required for assembling the
actuator block 24 and the diaphragm 18. It may there-
fore be advantageous in the manufacturing process
that, in a first step, the actuator block 24 and the dia-
phragm 18 are bonded together and the assembly thus
obtained is then disposed on the channel plate 12 in a
second step.

[0020] In a modified embodiment which is not
shown in the drawings, bumps may be provided on the
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top surface of the diaphragm 18 at the widthwise center
of each of the deflectable portions 32, so that the actu-
ator portions 28 engage the diaphragm 18 only through
these comparatively narrow bumps, as is described in
EP-A-0 820 869. Then, greater tolerances may even be
allowed in the positional relationship between the actu-
ator block 24 and the diaphragm 18.

[0021] Figures 3 to 5 show a modified embodiment
in which the diaphragm 18 has a uniform thickness and
the spacers 22' defining the width of the deflectable por-
tions 32 of the diaphragm are formed integrally with the
dams 16 of the channel plate 12.

[0022] In a first manufacturing step illustrated in fig-
ure 4, the ink channels 14 are formed in the channel
plate 12 with relatively poor accuracy. In this step, the
level of the top surfaces of the dams 16 corresponds to
the level of the top surfaces of the spacers 22" in figure
3.

[0023] In this embodiment, the ends of the ink chan-
nels 14 adjacent to the nozzles 36 are closed by a wall
portion 38 of the channel plate.

[0024] In a subsequent manufacturing step illus-
trated in figure 5, the spacers 22' are with high accuracy
formed by removing material of the channel plate 12
from the top longitudinal edges of the dams 16, e.g. by
laser cutting. The nozzles 36 may be formed by remov-
ing material from the wall portions 38 in the same proc-
ess.

[0025] While specific embodiments of the invention
have been described above, it will be understood that
the invention is not limited to these embodiments but
encompasses all possible modifications within the
scope of the appended claims. In particular, the term
"channel" used for the ink channels 14 should not be
construed to exclude any specific geometric shape or
length/width ratio of the ink channels.

Claims

1. Channel structure for an ink jet printhead (10), com-
prising a channel plate (12) having a plurality of
substantially equidistant ink channels (14) formed
in one surface thereof, with dams (16) being left
between the adjacent channels, wherein each
channel (14) is covered by a portion (32) of a dia-
phragm (18) supported on said dams (16) and
deflectable into the channel (14) by means of an
actuator (28) associated therewith, characterized in
that the diaphragm (18) is supported on the dams
(16) through spacers (22; 22') which define the
exact width and position of the deflectable portion
(32).

2. Channel structure according to claim 1, wherein the
spacers (22) are formed in one piece with the dia-

phragm (18).

3. Channel structure according to claim 2, wherein the
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diaphragm (18) is formed by a metal foil having a
plurality of grooves (20) formed in the surface facing
the channel plate (12).

Channel structure as claimed in any of the preced-
ing claims, wherein the channel plate (12) with the
ink channels (14) formed therein is a molded
ceramic body.
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