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Description

Field of the Invention

[0001] The present invention relates to the field of
MEMS devices and particularly inkjet printheads. It has
been developed primarily to improve the robustness of
thermal bend actuators, both during MEMS fabrication
and during operation.

Background of the Invention

[0002] The present Applicant has described previously
a plethora of MEMS inkjet nozzles using thermal bend
actuation. Thermal bend actuation generally means bend
movement generated by thermal expansion of one ma-
terial, having a current passing therethough, relative to
another material. The resulting bend movement may be
used to eject ink from a nozzle opening, optionally via
movement of a paddle or vane, which creates a pressure
wave in a nozzle chamber.
[0003] The Applicant’s US Patent No. 6,416,167 de-
scribes an inkjet nozzle having a paddle positioned in a
nozzle chamber and a thermal bend actuator positioned
externally of the nozzle chamber. The actuator takes the
form of a lower active beam of conductive material (e.g.
titanium nitride) fused to an upper passive beam of non-
conductive material (e.g. silicon dioxide). The actuator is
connected to the paddle via an arm received through a
slot in the wall of the nozzle chamber. Upon passing a
current through the lower active beam, the actuator
bends upwards and, consequently, the paddle moves
towards a nozzle opening defined in a roof of the nozzle
chamber, thereby ejecting a droplet of ink. An advantage
of this design is its simplicity of construction. A drawback
of this design is that both faces of the paddle work against
the relatively viscous ink inside the nozzle chamber.
[0004] The Applicant’s US Patent No. 6,260,953 de-
scribes an inkjet nozzle in which the actuator forms a
moving roof portion of the nozzle chamber. The actuator
is takes the form of a serpentine core of conductive ma-
terial encased by a polymeric material. Upon actuation,
the actuator bends towards a floor of the nozzle chamber,
increasing the pressure within the chamber and forcing
a droplet of ink from a nozzle opening defined in the roof
of the chamber. The nozzle opening is defined in a non-
moving portion of the roof. An advantage of this design
is that only one face of the moving roof portion has to
work against the relatively viscous ink inside the nozzle
chamber. A drawback of this design is that construction
of the actuator from a serpentine conductive element en-
cased by polymeric material is difficult to achieve in a
MEMS process.
The Applicant’s US Patent No. 6,623,101 describes an
inkjet nozzle comprising a nozzle chamber with a move-
able roof portion having a nozzle opening defined therein.
The moveable roof portion is connected via an arm to a
thermal bend actuator positioned externally of the nozzle

chamber. The actuator takes the form of an upper active
beam spaced apart from a lower passive beam. By spac-
ing the active and passive beams apart, thermal bend
efficiency is maximized since the passive beam cannot
act as heat sink for the active beam. Upon passing a
current through the active upper beam, the moveable
roof portion, having the nozzle opening defined therein,
is caused to rotate towards a floor of the nozzle chamber,
thereby ejecting through the nozzle opening. Since the
nozzle opening moves with the roof portion, drop flight
direction may be controlled by suitable modification of
the shape of the nozzle rim. An advantage of this design
is that only one face of the moving roof portion has to
work against the relatively viscous ink inside the nozzle
chamber. A further advantage is the minimal thermal
losses achieved by spacing apart the active and passive
beam members. A drawback of this design is the loss of
structural rigidity in spacing apart the active and passive
beam members.
The Applicant’s US Publication No. 2008/0129795 de-
scribe an inkjet nozzle comprising a nozzle chamber with
a moveable roof portion having a nozzle opening defined
therein. The moveable roof portion comprises a thermal
bend actuator for moving the moveable roof portion to-
wards a floor of the chamber. Various means for improv-
ing the efficiency of the actuator are described, including
the use of porous silicon dioxide for the passive layer of
the actuator. There is a need to improve upon the design
of thermal bend inkjet nozzles, so as to achieve more
efficient drop ejection and improved mechanical robust-
ness. Mechanical robustness is an important factor in
terms of both the operational characteristics of the inkjet
nozzle and its fabrication. Fabrication requires a se-
quence of MEMS fabrication steps to provide a printhead
integrated circuit in high overall yield.
US2005046672 relates to a thermal actuator for a micro-
electromechanical device, especially a liquid drop emitter
for ink jet printing. The thermal actuator comprises a base
element and a movable element extending from the base
element and residing at a first position. The movable el-
ement includes a barrier layer constructed of a barrier
material having low thermal conductivity material, bond-
ed between a first layer and a second layer; wherein the
first layer is constructed of a first material having a high
coefficient of thermal expansion and the second layer is
constructed of a second material having a high thermal
conductivity and a high Young’s modulus.; An apparatus
is provided adapted to apply a heat pulse directly to the
first layer, causing a thermal expansion of the first layer
relative to the second layer and deflection of the movable
element to a second position, followed by relaxation of
the movable element towards the first position as heat
diffuses through the barrier layer to the second layer.

Summary of the Invention

[0005] In view of the above, the present teaching pro-
vides a crack-resistant thermal bend actuator in accord-
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ance with the claims which follows.
[0006] In a first aspect, there is provided a thermal bend
actuator comprising: an active beam for connection to
drive circuitry; and

a passive beam mechanically cooperating with the
active beam, such that when a current is passed
through the active beam, the active beam expands
relative to the passive beam, resulting in bending of
the actuator,

wherein the passive beam comprises a first layer com-
prised of silicon nitride and a second layer comprised of
silicon dioxide, the second layer being sandwiched be-
tween the first layer and the active beam.
[0007] The thermal bend actuator is advantageously
robust and resistant to cracking whilst maintaining excel-
lent thermal efficiency. The first layer of silicon nitride
provides the crack-resistance whilst the second layer of
silicon dioxide provides thermal insulation, which main-
tains a high overall efficiency. Cracking may be problem-
atic in thermal bend actuators due to inevitable stresses
in the active and passive beams, but especially the pas-
sive beam which is usually formed from silicon dioxide
having good thermally insulating properties. The present
invention addresses the problem of cracking by using the
bilayered passive beam described herein.
[0008] Optionally, the first layer is thicker than the sec-
ond layer. The first layer of silicon nitride may be between
2 and 20 times thicker than the second layer of silicon
dioxide, optionally between 8 and 20 times thicker.
[0009] Optionally, the first layer is at least two times
thicker than the second layer, optionally at least four time
thicker or optionally at least eight times thicker.
[0010] Optionally, the second layer has a thickness in
the range of 0.01 and 0.5 microns, optionally in the range
of 0.02 and 0.3 microns, optionally in the range of 0.05
and 0.2 microns, or optionally about 0.1 microns.
[0011] Optionally, the first layer has a thickness in the
range of 0.05 and 5.0 microns, optionally in the range of
1.0 and 2.0 microns, or optionally about 1.4 microns.
[0012] Optionally, the active beam has a thickness in
the range of 0.05 and 5.0 microns, optionally in the range
of 1.0 and 3.0 microns, optionally in the range of 1.5 and
2.0 microns, or optionally about 1.7 microns.
[0013] Optionally, the active beam is connected to the
drive circuitry via a pair of electrical contacts positioned
at one end of the actuator.
[0014] Optionally, the active beam is fused to the pas-
sive beam by a deposition process.
[0015] Optionally, the active beam is comprised of a
conductive thermoelastic material, which is optionally se-
lected from the group consisting of: titanium nitride, tita-
nium aluminium nitride and an aluminium alloy.
[0016] Optionally, the active beam is comprised of a
vanadium-aluminium alloy.
[0017] In a second aspect, there is provided an inkjet
nozzle assembly comprising:

a nozzle chamber having a nozzle opening and an
ink inlet; and
a thermal bend actuator for ejecting ink through the
nozzle opening, the actuator comprising:

an active beam for connection to drive circuitry;
and
a passive beam mechanically cooperating with
the active beam, such that when a current is
passed through the active beam, the active
beam expands relative to the passive beam, re-
sulting in bending of the actuator,

wherein the passive beam comprises a first layer com-
prised of silicon nitride and a second layer comprised of
silicon dioxide, the second layer being sandwiched be-
tween the first layer and the active beam.
[0018] In addition to the advantages discussed above
in respect of the first aspect, a further advantage of inkjet
nozzle assemblies according to the second aspect is that
the second layer of silicon nitride is an impermeable bar-
rier to the fluid contained in the nozzle chamber. Accord-
ingly, aqueous ions are unable to leach through the pas-
sive beam and contaminate the active beam, which may
result in nozzle failure. Leaching of aqueous ions from
hot ink has been identified by the present Applicants as
a failure mechanism for thermal bend actuators having
a passive beam comprised of silicon dioxide only.
[0019] The nozzle chamber comprises a floor and a
roof having a moving portion, whereby actuation of the
actuator moves the moving portion towards the floor,
wherein the moving portion comprises the actuator, and
the active beam is disposed on an upper surface of the
passive beam relative to the floor of the nozzle chamber.
[0020] Optionally, the nozzle opening is defined in the
moving portion, such that the nozzle opening is moveable
relative to the floor.
[0021] Optionally, the actuator is moveable relative to
the nozzle opening.
[0022] Optionally, the roof is coated with a polymeric
material, such as a polymerized siloxane described in
further detail herein.
[0023] In a third aspect, there is provided an inkjet print-
head comprising a plurality of nozzle assemblies, each
nozzle assembly comprising:

a nozzle chamber having a nozzle opening and an
ink inlet; and
a thermal bend actuator for ejecting ink through the
nozzle opening, the actuator comprising:

an active beam connected to drive circuitry; and
a passive beam mechanically cooperating with
the active beam, such that when a current is
passed through the active beam, the active
beam expands relative to the passive beam, re-
sulting in bending of the actuator,
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wherein the passive beam comprises a first layer com-
prised of silicon nitride and second layer comprised of
silicon dioxide, the second layer being sandwiched be-
tween the first layer and the active beam.

Brief Description of the Drawings

[0024] Optional embodiments of the present invention
will now be described by way of example only with ref-
erence to the accompanying drawings, in which:

Figure 1 is a side-sectional view of a partially-fabri-
cated alternative inkjet nozzle assembly after a first
sequence of steps in which nozzle chamber side-
walls are formed;
Figure 2 is a perspective view of the partially-fabri-
cated inkjet nozzle assembly shown in Figure 1;
Figure 3 is a side-sectional view of a partially-fabri-
cated inkjet nozzle assembly after a second se-
quence of steps in which the nozzle chamber is filled
with polyimide;
Figure 4 is a perspective view of the partially-fabri-
cated inkjet nozzle assembly shown in Figure 3;
Figure 5 is a side-sectional view of a partially-fabri-
cated inkjet nozzle assembly after a third sequence
of steps in which connector posts are formed up to
a chamber roof;
Figure 6 is a perspective view of the partially-fabri-
cated inkjet nozzle assembly shown in Figure 5;
Figure 7 is a side-sectional view of a partially-fabri-
cated inkjet nozzle assembly after a fourth sequence
of steps in which conductive metal plates are formed;
Figure 8 is a perspective view of the partially-fabri-
cated inkjet nozzle assembly shown in Figure 7;
Figure 9 is a side-sectional view of a partially-fabri-
cated inkjet nozzle assembly after a fifth sequence
of steps in which an active beam member of a ther-
mal bend actuator is formed;
Figure 10 is a perspective view of the partially-fab-
ricated inkjet nozzle assembly shown in Figure 9;
Figure 11 is a side-sectional view of a partially-fab-
ricated inkjet nozzle assembly after a sixth sequence
of steps after coating with a polymeric layer, protect-
ing with a metal layer and etching a nozzle opening;
Figure 12 is a side-sectional view of completed inkjet
nozzle assembly, after backside MEMS processing
and removal of photoresist; and
Figure 13 is a cutaway perspective view of the inkjet
nozzle assembly shown in Figure 12.

Description of Optional Embodiments

[0025] It will be appreciated that the present invention
may be used in connection with any thermal bend actu-
ator having an active beam fused to a passive beam.
Such thermal bend actuators find uses in many MEMS
devices, including inkjet nozzles, switches, sensors,
pumps, valves etc. For example, the Applicant has dem-

onstrated the use of thermal bend actuators in lab-on-a-
chip devices as described in US Application No.
12/142,779, and a plethora of inkjet nozzles described
in the cross-referenced patents and patent applications
identified herein. Although MEMS thermal bend actua-
tors find many different uses, the present invention will
be described herein with reference to one of the Appli-
cant’s inkjet nozzle assemblies.
[0026] Figures 1 to 13 show a sequence of MEMS fab-
rication steps for an inkjet nozzle assembly 100 de-
scribed in the Applicant’s earlier US Publication No. US
2008/0309728, The completed inkjet nozzle assembly
100 shown in Figures 12 and 13 utilizes thermal bend
actuation, whereby a moving portion of a roof bends to-
wards a substrate resulting in ink ejection.
[0027] The starting point for MEMS fabrication is a
standard CMOS wafer having CMOS drive circuitry
formed in an upper portion of a silicon wafer. At the end
of the MEMS fabrication process, this wafer is diced into
individual printhead integrated circuits (ICs), with each
IC comprising drive circuitry and plurality of nozzle as-
semblies.
[0028] As shown in Figures 1 and 2, a substrate 101
has an electrode 102 formed in an upper portion thereof.
The electrode 102 is one of a pair of adjacent electrodes
(positive and earth) for supplying power to an actuator
of the inkjet nozzle 100. The electrodes receive power
from CMOS drive circuitry (not shown) in upper layers of
the substrate 101.
[0029] The other electrode 103 shown in Figures 1 and
2 is for supplying power to an adjacent inkjet nozzle. In
general, the drawings shows MEMS fabrication steps for
a nozzle assembly, which is one of an array of nozzle
assemblies. The following description focuses on fabri-
cation steps for one of these nozzle assemblies. Howev-
er, it will of course be appreciated that corresponding
steps are being performed simultaneously for all nozzle
assemblies that are being formed on the wafer. Where
an adjacent nozzle assembly is partially shown in the
drawings, this can be ignored for the present purposes.
Accordingly, the electrode 103 and all features of the
adjacent nozzle assembly will not be described in detail
herein. Indeed, in the interests of clarity, some MEMS
fabrication steps will not be shown on adjacent nozzle
assemblies.
[0030] In the sequence of steps shown in Figures 1
and 2, an 8 micron layer of silicon dioxide is initially de-
posited onto the substrate 101. The depth of silicon di-
oxide defines the depth of a nozzle chamber 105 for the
inkjet nozzle. After deposition of the SiO2 layer, it is
etched to define walls 104, which will become sidewalls
of the nozzle chamber 105.
[0031] As shown in Figures 3 and 4, the nozzle cham-
ber 105 is then filled with photoresist or polyimide 106,
which acts as a sacrificial scaffold for subsequent depo-
sition steps. The polyimide 106 is spun onto the wafer
using standard techniques, UV cured and/or hardbaked,
and then subjected to chemical mechanical planarization
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(CMP) stopping at the top surface of the SiO2 wall 104.
[0032] In Figures 4 and 5, a roof member 107 of the
nozzle chamber 105 is formed as well as highly conduc-
tive connector posts 108 extending down to the elec-
trodes 102. Part of the roof member 107 will be used to
define a passive beam 116 for the thermal bend actuator
115 in the completed inkjet nozzle assembly, as shown
in Figures 12 and 13. In the Applicant’s previous inkjet
nozzle designs, the roof 107 (and thereby the passive
beam of the thermal bend actuator) consists of silicon
dioxide. Silicon dioxide has poor thermal conductivity,
which minimizes the amount of heat conveyed away from
the active beam of the thermal bend actuator during ac-
tuation. By using a passive beam having poor thermal
conductivity, the overall efficiency of the device is im-
proved. However, silicon dioxide is susceptible to crack-
ing both during MEMS fabrication and during operation
of the completed inkjet nozzle assembly. A further dis-
advantage of silicon dioxide is that it has a degree of
permeability to aqueous ions (e.g. chloride ions), result-
ing in contamination of the active beam layer over time
via leaching of aqueous ions from hot ink in the nozzle
chamber. This mechanism of contamination can lead to
failure of the active beam and the thermal bend actuator,
which is highly undesirable.
[0033] Silicon nitride is less susceptible to cracking and
allows a greater range of residual stresses compared to
silicon dioxide - both compressive and tensile stresses.
Silicon nitride is also completely impermeable, which
minimizes nozzle failure via leaching of ions from ink in
the nozzle chamber. However, silicon nitride has a much
higher thermal conductivity than silicon dioxide, resulting
in poorer efficiency of the bend actuator. Hence, silicon
nitride is usually not used as the passive beam, despite
having better mechanical properties than silicon dioxide.
[0034] In the present invention, the roof member 107,
which defines the passive beam for the completed actu-
ator, comprises a relatively thick layer (about 1.4 mi-
crons) of silicon nitride 131 and a relatively thin layer
(about 0.1 microns) of silicon dioxide 130. Referring brief-
ly to Figure 12, the layer of silicon dioxide 130 is sand-
wiched between the active beam 110 and the layer of
silicon nitride 131 in the completed actuator 115. This
arrangement improves MEMS fabrication, because the
roof member 107, particularly the part of the roof member
107 defining the passive beam of the thermal bend ac-
tuator, is less susceptible to cracking when the actuator
is ’released’ by removing the sacrificial polyimide or pho-
toresist 106. The passive beam 116, as well as the nozzle
plate of the printhead defined by contiguous roof mem-
bers 107, also has improved mechanical robustness in
the completed printhead without appreciably compromis-
ing thermal efficiency. Moreover, the roof member 107
does not allow any leaching of aqueous ions from hot ink
towards the active beam of the thermal bend actuator.
Therefore, it will be appreciated that the dual layer pas-
sive beam improves both operation of the actuator and
fabrication of the actuator.

[0035] Returning now to Figures 5 and 6, after depo-
sition of the bilayered roof member 107, a pair of vias are
formed in the wall 104 down to the electrodes 102 using
a standard anisotropic DRIE. This etch exposes the pair
of electrodes 102 through respective vias. Next, the vias
are filled with a highly conductive metal, such as copper,
using electroless plating. The deposited copper posts
108 are subjected to CMP, stopping on the bilayered roof
member 107 to provide a planar structure. It can be seen
that the copper connector posts 108, formed during the
electroless copper plating, meet with respective elec-
trodes 102 to provide a linear conductive path up to the
roof member 107.
[0036] In Figures 7 and 8, metal pads 109 are formed
by initially depositing a 0.3 micron layer of aluminium
onto the bilayered roof member 107 and connector posts
108. Any highly conductive metal (e.g. aluminium, titani-
um etc.) may be used and should be deposited with a
thickness of about 0.5 microns or less so as not to impact
too severely on the overall planarity of the nozzle assem-
bly. The metal pads 109 are positioned over the connec-
tor posts 108 and on the roof member 107 in predeter-
mined ’bend regions’ of the thermoelastic active beam
member.
[0037] In Figures 9 and 10, a thermoelastic active
beam member 110 is formed over the bilayered roof 107.
By virtue of being fused to the active beam member 110,
part of the roof member 107 functions as a lower passive
beam member 116 of a mechanical thermal bend actu-
ator, which is defined by the active beam 110 and the
passive beam 116. The thermoelastic active beam mem-
ber 110 may be comprised of any suitable thermoelastic
material, such as titanium nitride, titanium aluminium ni-
tride and aluminium alloys. As explained in the Appli-
cant’s earlier US Publication No. 2008/0129793, vana-
dium-aluminium alloys are a preferred material, because
they combine the advantageous properties of high ther-
mal expansion, low density and high Young’s modulus.
[0038] To form the active beam member 110, a 1.5
micron layer of a conductive thermoelastic active beam
material is initially deposited by standard PECVD. The
beam material is then etched using a standard metal etch
to define the active beam member 110. After completion
of the metal etch and as shown in Figures 9 and 10, the
active beam member 110 comprises a partial nozzle
opening 111 and a beam element 112, which is electri-
cally connected at each end to positive and ground elec-
trodes 102 via the connector posts 108. The planar beam
element 112 extends from a top of a first (positive) con-
nector post and bends around 180 degrees to return to
a top of a second (ground) connector post.
[0039] Still referring to Figures 9 and 10, the metal pads
109 are positioned to facilitate current flow in regions of
potentially higher resistance. One metal pad 109 is po-
sitioned at a bend region of the beam element 112, and
is sandwiched between the active beam member 110
and the passive beam member 116. The other metal pads
109 are positioned between the top of the connector
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posts 108 and the ends of the beam element 112.
[0040] Referring to Figure 11, a hydrophobic polymer
layer 80 is deposited onto the wafer and covered with a
protective metal layer 90 (e.g. 100 nm aluminum). After
suitable masking, the metal layer 90, the polymer layer
80 and the bilayered roof member 107 are then etched
to define fully a nozzle opening 113 and a moving portion
114 of the roof.
[0041] The moving portion 114 comprises a thermal
bend actuator 115, which is itself comprised of the active
beam member 110 and the underlying passive beam
member 116. The nozzle opening 113 is defined in the
moving portion 114 of the roof so that the nozzle opening
moves with the actuator during actuation. Configurations
whereby the nozzle opening 113 is stationary with re-
spect to the moving portion 114, as described in US Pub-
lication No. 2008/0129793, are also possible and within
the ambit of the present invention.
[0042] A perimeter region 117 around the moving por-
tion 114 of the roof separates the moving portion from a
stationary portion 118 of the roof. This perimeter region
117 allows the moving portion 114 to bend into the nozzle
chamber 105 and towards the substrate 101 upon actu-
ation of the actuator 115. The hydrophobic polymer layer
80 fills the perimeter region 117 to provide a mechanical
seal between the moving portion 114 and stationary por-
tion 118 of the roof 107. The polymer has a sufficiently
low Young’s modulus to allow the actuator to bend to-
wards the substrate 101, whilst preventing ink from es-
caping through the gap 117 during actuation.
[0043] The polymer layer 80 is typically comprised of
a polymerized siloxane, which may be deposited in a thin
layer (e.g. 0.5 to 2.0 microns) using a spin-on process
and hardbaked. Examples of suitable polymeric materi-
als are poly(alkylsilsesquioxanes), such as poly(methyl-
silsesquioxane); poly(arylsilsesquioxanes), such as po-
ly(phenylsilsesquioxane); and poly(dialkylsiloxanes),
such as a polydimethylsiloxane. The polymeric material
may incorporate nanoparticles to improve its durability,
wear-resistance, fatigue-resistance etc.
[0044] In the final MEMS processing steps, and as
shown in Figures 12 and 13, an ink supply channel 120
is etched through to the nozzle chamber 105 from a back-
side of the substrate 101. Although the ink supply channel
120 is shown aligned with the nozzle opening 113 in Fig-
ures 12 and 13, it could, of course, be positioned offset
from the nozzle opening.
[0045] Following the ink supply channel etch, the poly-
imide 106, which filled the nozzle chamber 105, is re-
moved by ashing in an oxidizing plasma and the metal
film 90 is removed by an HF or H2O2 rinse to provide the
nozzle assembly 100.

Claims

1. An inkjet nozzle assembly (100) comprising:

a nozzle chamber (105) comprising a floor, a
roof (107) and an ink inlet, the roof having a noz-
zle opening (113) and a moving portion (114)
comprising a thermal bend actuator (115), for
ejecting ink through the nozzle opening (113),
wherein the thermal bend actuator (115) com-
prises:

an active beam (110) disposed on an upper
surface of a passive beam (116) relative to
the floor, the active beam (110) being con-
nected to drive circuitry such that when a
current is passed through the active beam
(110), the active beam (110) expands rela-
tive to the passive beam (116), resulting in
bending of the actuator (115) towards the
floor,

characterised in that the passive beam (116) com-
prises a lower first layer comprised of silicon nitride
and an upper second layer comprised of silicon di-
oxide, said upper second layer being sandwiched
between the lower first layer and the active beam
(110).

2. The inkjet nozzle assembly (100) of claim 1, wherein
said first layer is thicker than said second layer, op-
tionally wherein said first layer is at least four times
thicker than the second layer.

3. The inkjet nozzle assembly (100) of claim 1, wherein
the second layer has a thickness in the range of 0.05
and 0.2 microns, and/or wherein the first layer has
a thickness in the range of 1.0 and 2.0 microns.

4. The inkjet nozzle assembly (100) of claim 1, wherein
the active beam (110) has a thickness in the range
of 1.5 and 2.0 microns.

5. The inkjet nozzle assembly (100) of claim 1, wherein
said active beam (110) is connected to said drive
circuitry via a pair of electrical contacts positioned at
one end of said actuator.

6. The inkjet nozzle assembly (100) of claim 1, wherein
the active beam (110) is fused to the passive beam
(116) by a deposition process.

7. The inkjet nozzle assembly (100) of claim 1, wherein
the active beam (110) is comprised of a material se-
lected from the group consisting of: titanium nitride,
titanium aluminium nitride and an aluminium alloy,
or wherein the active beam (110) is comprised of a
vanadium-aluminium alloy.

8. The inkjet nozzle assembly (100) of claim 1, wherein
the nozzle opening (113) is defined in the moving
portion (114), such that the nozzle opening (113) is
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moveable relative to the floor.

9. The inkjet nozzle assembly (100) of claim 1, wherein
the actuator (115) is moveable relative to the nozzle
opening (113).

10. The inkjet nozzle assembly (100) of claim 1, wherein
said roof (107) is coated with a polymeric material.

11. An inkjet printhead comprising a plurality of nozzle
assemblies as claimed in any one of the preceding
claims.

Patentansprüche

1. Tintenstrahldüsenanordnung (100), die Folgendes
umfasst:

eine Düsenkammer (105), die einen Boden, ein
Dach (107) und einen Tinteneinlass umfasst,
wobei das Dach eine Düsenöffnung (113) und
einen sich bewegenden Teil (114), der einen
thermischen Biegeaktuator (115) umfasst, zum
Ausstoßen von Tinte durch die Düsenöffnung
(113) aufweist, wobei der thermische Biegeak-
tuator (115) Folgendes umfasst:

einen aktiven Balken (110), der auf einer
oberen Fläche eines passiven Balkens
(116) in Bezug zu dem Boden angeordnet
ist, wobei der aktive Balken (110) mit An-
triebsschaltkreisen verbunden ist, so dass,
wenn ein Strom durch den aktiven Balken
(110) geleitet wird, der aktive Balken (110)
sich in Bezug auf den passiven Balken (116)
ausdehnt, was zu einem Biegen des Aktu-
ators (115) in Richtung des Bodens führt,

dadurch gekennzeichnet, dass der passive Bal-
ken (116) eine untere erste Schicht, die aus Silici-
umnitrid besteht, und eine obere zweite Schicht, die
aus Siliciumdioxid besteht, umfasst, wobei die obere
zweite Schicht zwischen der unteren ersten Schicht
und dem aktiven Balken (110) eingeschoben ist.

2. Tintenstrahldüsenanordnung (100) nach Anspruch
1, wobei die erste Schicht dicker als die zweite
Schicht ist, gegebenenfalls wobei die erste Schicht
mindestens vier Mal dicker als die zweite Schicht ist.

3. Tintenstrahldüsenanordnung (100) nach Anspruch
1 oder 4, wobei die zweite Schicht eine Dicke im
Bereich von 0,05 und 0,2 Mikron aufweist und/oder
wobei die erste Schicht eine Dicke im Bereich von
1,0 und 2,0 Mikron aufweist.

4. Tintenstrahldüsenanordnung (100) nach Anspruch

1, wobei der aktive Balken (110) eine Dicke im Be-
reich von 1,5 und 2,0 Mikron aufweist.

5. Tintenstrahldüsenanordnung (100) nach Anspruch
1, wobei der aktive Balken (110) mit den Antriebs-
schaltkreisen mittels eines Paars elektrischer Kon-
takte, die an einem Ende des Aktuators positioniert
sind, verbunden ist.

6. Tintenstrahldüsenanordnung (100) nach Anspruch
1, wobei der aktive Balken (110) durch einen Ab-
scheidungsvorgang mit dem passiven Balken (116)
verschmolzen wird.

7. Tintenstrahldüsenanordnung (100) nach Anspruch
1, wobei der aktive Balken (110) aus einem Material
besteht, das aus der Gruppe bestehend aus folgen-
den ausgewählt ist: Titannitrid, Titanaluminiumnitrid
und einer Aluminiumlegierung, oder wobei der aktive
Balken (110) aus einer Vanadium-Aluminium-Legie-
rung besteht.

8. Tintenstrahldüsenanordnung (100) nach Anspruch
1, wobei die Düsenöffnung (113) in dem sich bewe-
genden Teil (114) definiert ist, so dass die Düsen-
öffnung (113) in Bezug auf den Boden bewegbar ist.

9. Tintenstrahldüsenanordnung (100) nach Anspruch
1, wobei der Aktuator (115) in Bezug auf die Düsen-
öffnung (113) bewegbar ist.

10. Tintenstrahldüsenanordnung (100) nach Anspruch
1, wobei das Dach (107) mit einem polymeren Ma-
terial beschichtet ist.

11. Tintenstrahldruckkopf, der mehrere Düsenanord-
nungen nach einem der vorhergehenden Ansprüche
umfasst.

Revendications

1. Ensemble buse à jet d’encre (100) comprenant:

une chambre de buse (105) comprenant un
plancher, un plafond (107) et une entrée d’en-
cre, le plafond ayant une ouverture de buse
(113) et une partie mobile (114) comprenant un
actionneur à flexion thermique (115), pour éjec-
ter de l’encre à travers l’ouverture de buse (113),
l’actionneur à flexion thermique (115) compre-
nant:

une poutre active (110) disposée sur une
surface supérieure d’une poutre passive
(116) par rapport au plancher, la poutre ac-
tive (110) étant reliée à une circuiterie de
commande de telle sorte que, lorsqu’un
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courant est amené à passer à travers la
poutre active (110), la poutre active (110)
se dilate par rapport à la poutre passive
(116), résultant en une flexion de l’action-
neur (115) vers le plancher,

caractérisé par le fait que la poutre passive (116)
comprend une première couche inférieure consti-
tuée de nitrure de silicium et une seconde couche
supérieure constituée de dioxyde de silicium, ladite
seconde couche supérieure étant prise en sandwich
entre la première couche inférieure et la poutre ac-
tive (110).

2. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel ladite première couche est plus
épaisse que ladite seconde couche, éventuellement
ladite première couche étant au moins quatre fois
plus épaisse que la seconde couche.

3. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel la seconde couche a une épais-
seur se situant dans la plage de 0,05 à 0,2 micron,
et/ou dans lequel la première couche a une épais-
seur se situant dans la plage de 1,0 à 2,0 microns.

4. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel la poutre active (110) a une
épaisseur se situant dans la plage de 1,5 à 2,0 mi-
crons.

5. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel ladite poutre active (110) est
connectée à ladite circuiterie de commande par l’in-
termédiaire d’une paire de contacts électriques po-
sitionnés à une extrémité dudit actionneur.

6. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel la poutre active (110) est fu-
sionnée à la poutre passive (116) par un processus
de dépôt.

7. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel la poutre active (110) est cons-
tituée d’un matériau choisi dans le groupe constitué:
de nitrure de titane, de nitrure de titane aluminium
et d’un alliage d’aluminium, ou dans lequel la poutre
active (110) est constituée d’un alliage vanadium-
aluminium.

8. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel l’ouverture de buse (113) est
définie dans la partie mobile (114), de telle sorte que
l’ouverture de buse (113) est déplaçable par rapport
au plancher.

9. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel l’actionneur (115) est déplaça-

ble par rapport à l’ouverture de buse (113).

10. Ensemble buse à jet d’encre (100) selon la revendi-
cation 1, dans lequel ledit plafond (107) est revêtu
d’un matériau polymère.

11. Tête d’impression à jet d’encre comprenant une plu-
ralité d’ensembles buses selon l’une quelconque
des revendications précédentes.
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