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7) ABSTRACT

A nozzle arrangement for an ink jet printhead includes a
substrate. Nozzle chamber walls are arranged on the sub-
strate to define a nozzle chamber. An ejection actuator is
operatively positioned with respect to the nozzle chamber
and is displaceable between an inoperative condition and an
operative condition to eject ink from the nozzle chamber.
The ejection actuator includes an actuating mechanism to
facilitate such displacement. A refilling actuator is opera-
tively positioned with respect to the nozzle chamber and is
displaceable between an inoperative condition and an opera-
tive condition to direct ink into a zone in which the ink can
be acted on by the ejection actuator, subsequent to the
ejection of ink from the nozzle chamber. The refill actuator
includes an actuating mechanism to facilitate such displace-
ment.
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VARIABLE SIZE INLETS IN INKJET PRINTHEAD

RELATED US APPLICATIONS

[0001] This application is a continuation-in-part applica-
tion of U.S. application Ser. No. 09/112,778. U.S. applica-
tion Ser. No. 09/112,778 is hereby incorporated by refer-
ence.

FIELD OF THE INVENTION

[0002] This invention relates to ink jet printheads. More
particularly, this invention relates to a nozzle arrangement
for an ink jet printhead which includes a refill actuator.

BACKGROUND OF THE INVENTION

[0003] The Applicant has invented an ink jet printhead that
is capable of generating text and images at a resolution of up
to 1600 dpi.

[0004] In order to achieve this, the Applicant has made
extensive use of micro electromechanical systems technol-
ogy. In particular, the Applicant has developed integrated
circuit fabrication techniques suitable for the manufacture of
such printheads.

[0005] The printheads developed by the Applicant can
include up to 84000 nozzle arrangements. Each nozzle
arrangement has at least one moving component which
serves to eject ink from a nozzle chamber. These compo-
nents usually either act directly on the ink or act on a closure
which serves to permit or inhibit the ejection of ink from the
nozzle chamber.

[0006] The printheads are manufactured in accordance
with an integrated circuit fabrication technique. It follows
that the moving components are microscopically dimen-
sioned. This is necessary, given the large number of nozzle
arrangements per printhead. In order for printheads incor-
porating such nozzle arrangements to operate efficiently, not
only must the moving components be capable of operating
at a relatively high speed, it is also necessary that the nozzle
chamber be refilled at a speed which is complementary to
that of the components.

[0007] In use, once a moving component has been dis-
placed within a nozzle chamber to eject ink from the nozzle
chamber, that moving component usually returns to an
original condition to be ready for again ejecting ink from the
nozzle chamber. It is important that, when the moving
components return to their original condition, the nozzle
chamber is again rapidly filled with ink. This will ensure
that, after it has returned to its original condition, the nozzle
chamber is filled with ink so that the nozzle arrangement can
operate accurately and correctly if activated immediately
after it has returned to its original condition.

[0008] The present invention has been conceived by the
Applicant in order to address the problem of achieving a
high refilling rate of the nozzle chamber.

SUMMARY OF THE INVENTION

[0009] According to a first aspect of the invention, there is
provided a nozzle arrangement for an ink jet printhead, the
nozzle arrangement comprising

[0010] a substrate;
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[0011] nozzle chamber walls arranged on the sub-
strate to define a nozzle chamber;

[0012] at least one ejection actuator that is opera-
tively positioned with respect to the nozzle chamber,
the, or each, ejection actuator being displaceable
between an inoperative condition and an operative
condition to eject ink from the nozzle chamber and
including an actuating mechanism to facilitate such
displacement; and

[0013] at least one refilling actuator that is opera-
tively positioned with respect to the nozzle chamber,
the, or each, refilling actuator being displaceable
between an inoperative condition and an operative
condition to direct ink into a zone in which the ink
can be acted on by the ejection actuator, subsequent
to the ejection of ink from the nozzle chamber, and
also including an actuating mechanism to facilitate
such displacement.

[0014] According to a second aspect of the invention,
there is provided an ink jet printhead which comprises

[0015]

[0016] a plurality of nozzle arrangements positioned
on the substrate, each nozzle arrangement compris-
ing

a substrate; and

[0017] nozzle chamber walls arranged on the sub-
strate to define a nozzle chamber;

[0018] at least one ejection actuator that is opera-
tively positioned with respect to the nozzle cham-
ber, the, or each, ejection actuator being displace-
able between an inoperative condition and an
operative condition to eject ink from the nozzle
chamber and including an actuating mechanism to
facilitate such displacement; and

[0019] at least one refilling actuator that is opera-
tively positioned with respect to the nozzle cham-
ber, the, or each, refilling actuator being displace-
able between an inoperative condition and an
operative condition to direct ink into a zone in
which the ink can be acted on by the ejection
actuator, subsequent to the ejection of ink from the
nozzle chamber, and also including an actuating
mechanism to facilitate such displacement.

[0020] According to a third aspect of the invention, there
is provided a method of ejecting ink from a nozzle arrange-
ment of an ink jet printhead, the nozzle arrangement includ-
ing a substrate, nozzle chamber walls arranged on the
substrate to define a nozzle chamber, at least one ejection
actuator that is displaceable between an inoperative and an
operative condition to facilitate the ejection of ink from the
nozzle chamber and at least one refill actuator that is
displaceable between an operative condition and an inop-
erative condition to direct ink into a zone in which the ink
can be acted upon by the ejection actuator, the method
including the steps of:

[0021]

[0022] activating the, or each, ejection actuator so
that ink is ejected from the nozzle chamber; and

supplying the nozzle chamber with ink;
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[0023] activating the, or each, refill actuator at a
predetermined time after activation of the, or each,
ejection actuator so that ink is directed into said zone
to be acted upon again by the, or each, ejection
actuator, if required.

[0024] The invention is now described, by way of
example, with reference to the accompanying drawings. The
specific nature of the following description should not be
construed as limiting in any way the scope of this summary.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

[0026] FIG. 1 shows a sectioned three dimensional
view of a nozzle arrangement, in accordance with the
invention, for an ink jet printhead;

In the drawings,

[0027] FIG. 2 shows a schematic view of the nozzle
arrangement in a quiescent condition;

[0028] FIG. 3 shows a schematic view of the nozzle
arrangement with an ejection actuator in an operative con-
dition;

[0029] FIG. 4 shows a schematic view of the nozzle

arrangement with the ejection actuator in a post-operative
condition.

[0030] FIG. 5 shows a schematic view of the nozzle
arrangement with a refill actuator in an operative condition;

[0031] FIG. 6 shows a schematic view of the nozzle
arrangement with the refill actuator in a quiescent condition;
and

[0032] FIG. 7 shows a schematic view of the nozzle
arrangement again with the actuator in an operative condi-
tion.

DETAILED DESCRIPTION OF THE DRAWINGS

[0033] In the drawings, reference numeral 10 generally
indicates a nozzle arrangement, in accordance with the
invention, for an ink jet printhead, a part of which is
indicated at 12.

[0034] The ink jet printhead 12 is manufactured in accor-
dance with an integrated circuit fabrication technique. Such
techniques involve what is generally a highly controlled and
accurate deposition and subsequent etching process. Thus,
the printhead 12 includes an etch stop layer 14, a wafer
substrate 16 deposited on the etch stop layer 14 and a drive
circuitry layer 18 deposited on the wafer substrate 16. The
wafer substrate 16 is etched to define a nozzle chamber 20
so that the etch stop layer 14 defines a roof wall 22 of the
nozzle chamber 20. It will thus be appreciated that the wafer
substrate 16 defines side walls 24 of the nozzle chamber 20.

[0035] An ink ejection port 26 is defined by the etch stop
layer 14 as-a result of an etching process carried out on the
etch stop layer 14.

[0036] An ink passivation layer 30 is positioned on the
drive circuitry layer 18.

[0037] A layer 28 of expansion material is positioned on
the ink passivation layer 30 to span an ink inlet 32 of the
nozzle chamber 20.
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[0038] The ink inlet 32 and the nozzle chamber 20 both
have a rectangular cross section in a plane parallel to the etch
stop layer 14. Thus, the passivation layer 30 defines a pair
of opposed major sides 34 and a pair of opposed minor sides
36, 38 of the inlet 32.

[0039] The nozzle arrangement 10 includes an ejection
actuator 40 and a refill actuator 42. The ejection actuator 40
and the refill actuator 42 are defined by the layer 28 of
expansion material as a result of an etching process carried
out on the expansion material.

[0040] The ejection actuator 40 is rectangular with a pair
of opposed major sides 44 displaceable with respect to the
major sides 34 of the inlet, a free end 46 and an opposed end
48 anchored at the minor side 40 of the inlet 32. Further, the
ejection actuator 40 has an outer face 50 and an opposed
inner face 52. The ejection actuator 40 is dimensioned to
extend approximately two thirds of a length of the inlet 32
to span approximately two thirds of a length of the ink inlet
32.

[0041] The refill actuator 42 has a pair of major sides 54,
which are displaceable with respect to the major sides 34 of
the inlet 32, a free end 56 which is positioned adjacent the
free end 46 of the ejection actuator 40, and an opposed end
58 which is anchored at the minor side 38 of the inlet 32.
Further, the refill actuator 42 has an outer face 60 and an
inner face 62.

[0042] The expansion material of the layer 28 has a
coefficient of thermal expansion which is such that, when
heated, the resultant expansion of the material is sufficient to
perform work.

[0043] The ejection actuator 40 includes an actuating
mechanism in the form of a heater element 64 positioned in
the ejection actuator 40. The heater element 64 is connected
to drive circuitry within the drive circuitry layer 18 with
suitable vias 66.

[0044] The heater element 64 is positioned proximate the
outer face 50 of the ejection actuator 40. It follows that a
region of the actuator 40 proximate the outer face 50 heats
to a greater extent than the remainder of the ejection actuator
40. This results in the actuator 40 bending into the nozzle
chamber 20 as shown in FIG. 3.

[0045] 1t should be noted that the heater element 64
extends from the anchored end 48 of the ejection actuator 40
so that an end portion 65 of the ejection actuator 40 does not
incorporate the heater element 64. This serves to enhance
ink ejection when the actuator 40 is activated, since the end
portion 65 remains planar and thus acts as a paddle.

[0046] The refill actuator 42 includes an actuating mecha-
nism in the form of a heater element 68 which is electrically
connected to the drive circuitry in the drive circuitry layer 18
with suitable vias 70.

[0047] The heater element 68 is positioned proximate the
outer face 60 of the refill actuator 42. Thus, when the heater
element 68 is activated, a region of the actuator 42 proxi-
mate the outer face 60 is heated to a greater extent than the
remainder of the actuator 42. This results in that region
expanding to a greater extent than the remainder of the
actuator 42 resulting in the actuator 42 bending into the
nozzle chamber 20 as shown in FIG. 5.
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[0048] The ink ejection port 26 is positioned in a region
which is generally aligned with the ejection actuator 40.
Thus, when the ejection actuator 40 is activated, the actuator
40 bends towards the ink ejection port 26 to eject ink from
the ink ejection port 26.

[0049] Operation of the nozzle arrangement 10 is indi-
cated in FIGS. 2 to 7.

[0050] In FIG. 2, the nozzle arrangement 10 is shown in
a quiescent condition. In this condition, the nozzle chamber
20 is filled with ink 72 that is in fluid communication with
ink in an ink reservoir indicated at 74.

[0051] InFIG. 3, the ejection actuator 40 is actuated in the
manner described above. This results in the actuator bending
in the direction of an arrow 76. This causes the ejection of
ink 72 in the direction of an arrow 78. At the same time, ink
is drawn into the nozzle chamber 23 in the direction of an
arrow 80.

[0052] Upon deactivation of the heater element 64, the
ejection actuator 40 returns to its inoperative condition as
shown in FIG. 4. In order to facilitate this, the expansion
material may have a Young’s modulus which is suitably high
so that the ejection actuator 40 can return under tension built
up in the material when the actuator 40 is displaced into the
condition shown in FIG. 3.

[0053] As a result of the return of the actuator 40 into its
inoperative condition, the ink 72 is sucked back from the ink
ejection port 26 resulting in separation of the ink 72 and the
formation of a drop 82 which is shown finally separated in
FIG. 5.

[0054] As can be seen in FIG. 5, once the actuator 40 has
returned to its inoperative condition, the heater element 68
is activated, resulting in the refill actuator 42 bending into
the nozzle chamber 20, as described previously. This results
in ink 72 being drawn in the direction of an arrow 84 into the
nozzle chamber 20. Further, this also results in ink 72 being
squeezed from one side of the nozzle chamber 20 towards
the ink ejection port 26. As a result, by controlling operation
of the refill actuator 42, the nozzle chamber 20 can be
rapidly refilled once the drop 82 has been ejected.

[0055] In FIG. 6, the refill actuator 42 is returned to its
inoperative condition also under tension built up in the refill
actuator 42 as a result of the expansion material selected.
This creates a drop of pressure within the nozzle chamber 20
resulting in a concave meniscus 86 formed in the ink
ejection port 26. This pressure is gradually equalized as the

nozzle chamber refills fully to the condition shown in FIG.
2.

[0056] The refill actuator 42 can be configured to return
gradually to its inoperative condition to inhibit the nozzle
chamber 20 from emptying again. This could also be
achieved via the drive circuitry in the drive circuitry layer 18
being suitably controlled via a control system connected to
the drive circuitry.

[0057] FIG. 7 shows the ejection actuator 40 again in an
operative condition.

[0058] Applicant believes that this invention provides a
means whereby a nozzle arrangement can be quickly and
efficiently refilled once a drop has been ejected. As set out
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in the preamble, this is an important objective to be achieved
in the design and manufacture of such nozzle arrangements.

We claim
1. An inkjet nozzle arrangement including:

at least one first actuator;
at least one second actuator;

said at least one first actuator and said at least one second
actuator defining at least part of at least one inlet to a
nozzle chamber;

said at least one first actuator being displaceable from a
respective rest position to a respective displaced posi-
tion;

said at least one second actuator being displaceable from
a respective rest position to a respective displaced
position;

the first and second actuators being configured to increase
the effective area of the at least one inlet when at least
one of said actuator is in a displaced position compared
to when in the respective rest position.

2. The arrangement of claim 1 wherein the at least one
first actuator is at least one ejection actuator and the at least
one ejection actuator is configured to eject ink from the
nozzle chamber on movement from the rest position to the
displaced position.

3. The arrangement of claim 2 wherein the at least one
ejection actuator is configured to also draw ink into the
nozzle chamber on movement from the rest position to the
displaced position.

4. The arrangement of claim 1 wherein the at least second
actuator is a refilling actuator and wherein the at least one
refilling actuator is configured to direct or draw ink into the
nozzle chamber on movement from the rest position to the
displaced position.

5. A nozzle arrangement as claimed in claim 1, which is
the product of an integrated circuit fabrication technique.

6. A nozzle arrangement as claimed in claim 5, in which
the substrate includes a wafer substrate and a drive circuitry
layer positioned on the wafer substrate, the drive circuitry
layer being connected to both the at least one first actuator
and the at least one second actuator.

7. A nozzle arrangement as claimed in claim 6, in which
the wafer substrate is etched to define the nozzle chamber
walls.

8. A nozzle arrangement as claimed in claim 7, in which
an etch stop layer is positioned on the wafer substrate, in
opposition to the drive circuitry layer, the etch stop layer
defining a roof wall of the nozzle chamber and an ink
ejection port in fluid communication with the nozzle cham-
ber.

9. A nozzle arrangement as claimed in claim &, wherein
the at least one first actuator is an ejection actuator and the
at least one second actuator is a refill actuator, both actuators
being defined by a layer of expansion material that is
positioned on the drive circuitry layer to span an inlet of the
nozzle chamber so that the actuators are substantially co-
planar, the expansion material having a coefficient of ther-
mal expansion which is such that heating and subsequent
expansion of the material is sufficient to perform work.

10. A nozzle arrangement as claimed in claim 9, in which
the inlet has a substantially rectangular cross section in a
plane parallel to the etch stop layer with the ejection actuator
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anchored at one side of the inlet and the refill actuator
anchored at an opposed side of the inlet, the actuators both
being substantially rectangular and dimensioned to be partly
received in the nozzle chamber with free ends of the
actuators positioned adjacent each other.

11. A nozzle arrangement as claimed in claim 9, in which
the etch stop layer defines the ink ejection port in a position
generally aligned with the ejection actuator so that move-
ment of the ejection actuator towards the etch stop layer into
an ejection zone results in the ejection of ink from the ink
ejection port.

12. Anozzle arrangement as claimed in claim 9, in which
the refill actuator is positioned so that displacement of the
refill actuator into the nozzle chamber serves to drive ink
from a remaining zone of the nozzle chamber into the
ejection zone and to permit the ingress of ink from the ink
supply into the nozzle chamber subsequent to the ejection
actuator being displaced from its operative condition into its
inoperative condition.

13. Anozzle arrangement as claimed in claim 9, in which
the actuating mechanism of both the ejection actuator and
the refill actuator is in the form of a heating element
positioned in each actuator proximate an outer surface of
each actuator so that activation of the heating elements
results in a heating and subsequent expansion of a portion of
each actuator proximate the outer surface so that the actua-
tors are bent into the nozzle chamber.

14. An ink jet printhead which comprises

a substrate; and

a plurality of nozzle arrangements positioned on the
substrate, each nozzle arrangement comprising:

at least one first actuator;
at least one second actuator;

said at least one first actuator and said at least one second
actuator defining at least part of at least one inlet to a
nozzle chamber;

said at least one first actuator being displaceable from a
rest position to a displaced position;

said at least one second actuator being displaceable from
a rest position to a displaced position;

the first and second actuators being configured to increase
the effective area of the at least one inlet when at least
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one actuator is in the displaced position compared to
when in the respective rest position.

15. A method of ejecting ink from a nozzle arrangement
of an ink jet printhead, the nozzle arrangement including a
substrate, nozzle chamber walls arranged on the substrate to
define a nozzle chamber, at least one micro-electromechani-
cal ejection actuator that is displaceable between an inop-
erative and an operative condition to facilitate the ejection of
ink from the nozzle chamber and at least one micro-elec-
tromechanical refill actuator that is displaceable between an
operative condition and an inoperative condition to direct
ink into a zone in which the ink can be acted upon by the
ejection actuator, the method including the steps of:

supplying the nozzle chamber with ink;

activating the, or each, ejection actuator so that ink is
ejected from the nozzle chamber; and

activating the, or each, refill actuator at a predetermined
time after activation of the, or each, ejection actuator so
that ink is directed into said zone to be acted upon again
by the, or each, ejection actuator, if required.
16. A method as claimed in claim 15, which includes the
steps of:

activating the, or each, ejection actuator so that the, or
each, ejection actuator is displaced from its inoperative
condition to its operative condition;

de-activating the, or each, ejection actuator so that the, or
each, ejection actuator returns to its inoperative condi-
tion; and

activating the, or each, refill actuator subsequent to the, or
each, ejection actuator returning to its inoperative con-
dition. 17. A method of operating an ink ejection nozzle
having at least one first micro-electro mechanical
actuator that is displaceable upon receipt of an electri-
cal signal and at least one second micro-electro
mechanical actuator that is displaceable upon receipt of
an electrical signal, the method including, sequentially:

providing a first signal to the at least one first actuator, to
cause ejection of ink from the nozzle;

removing the first signal;

providing a second signal to the at least one second
actuator, to encourage ingress of ink into the nozzle.

#* #* #* #* #*



