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Description
Field of the Invention

[0001] The presentinventionrelatestothe field of print-
ers and particularly inkjet printheads. It has been devel-
oped primarily to improve print quality and printhead
maintenance in high resolution printheads.

Background of the Invention

[0002] Many different types of printing have been in-
vented, a large number of which are presently in use.
The known forms of print have a variety of methods for
marking the print media with a relevant marking media.
Commonly used forms of printing include offset printing,
laser printing and copying devices, dot matrix type impact
printers, thermal paper printers, film recorders, thermal
wax printers, dye sublimation printers and inkjet printers
both of the drop on demand and continuous flow type.
Each type of printer has its own advantages and prob-
lems when considering cost, speed, quality, reliability,
simplicity of construction and operation etc.

[0003] In recent years, the field of ink jet printing,
wherein each individual pixel of ink is derived from one
or more ink nozzles has become increasingly popular
primarily due to its inexpensive and versatile nature.
[0004] Many different techniques on ink jet printing
have been invented. For a survey of the field, reference
is made to an article by J Moore, "Non-Impact Printing:
Introduction and Historical Perspective"”, Output Hard
Copy Devices, Editors R Dubeck and S Sherr, pages 207
- 220 (1988).

[0005] Ink Jet printers themselves come in many dif-
ferent types. The utilization of a continuous stream of ink
in inkjet printing appears to date back to at least 1929
wherein US Patent No. 1941001 by Hansell discloses a
simple form of continuous stream electro-static inkjet
printing.

[0006] US Patent 3596275 by Sweet also discloses a
process of a continuous ink jet printing including the step
wherein the ink jet stream is modulated by a high fre-
quency electro-staticfield so as to cause drop separation.
This technique is still utilized by several manufacturers
including Elmjet and Scitex (see also US Patent No.
3373437 by Sweet et al)

[0007] Piezoelectric ink jet printers are also one form
of commonly utilized ink jet printing device. Piezoelectric
systems are disclosed by Kyser et. al. in US Patent No.
3946398 (1970) which utilizes a diaphragm mode of op-
eration, by Zolten in US Patent 3683212 (1970) which
discloses a squeeze mode of operation of a piezoelectric
crystal, Stemme in US Patent No. 3747120 (1972) dis-
closes a bend mode of piezoelectric operation, Howkins
in US Patent No. 4459601 discloses a piezoelectric push
mode actuation of the ink jet stream and Fischbeck in
US 4584590 which discloses a shear mode type of pie-
zoelectric transducer element.’
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[0008] Recently, thermal ink jet printing has become
an extremely popular form of ink jet printing. The ink jet
printing techniques include those disclosed by Endo et
al in GB 2007162 (1979) and Vaught et al in US Patent
4490728. Both the aforementioned references disclosed
ink jet printing techniques that rely upon the activation of
an electrothermal actuator which results in the creation
of a bubble in a constricted space, such as a nozzle,
which thereby causes the ejection of ink from an aperture
connected to the confined space onto a relevant print
media. Printing devices utilizing the electrothermal actu-
ator are manufactured by manufacturers such as Canon
and Hewlett Packard.

[0009] As can be seen from the foregoing, many dif-
ferent types of printing technologies are available. Ideal-
ly, a printing technology should have a number of desir-
able attributes. These include inexpensive construction
and operation, high speed operation, safe and continu-
ous long term operation etc. Each technology may have
its own advantages and disadvantages in the areas of
cost, speed, quality, reliability, power usage, simplicity
of construction operation, durability and consumables.
[0010] Inthe construction of any inkjet printing system,
there are a considerable number of important factors
which must be traded off against one another especially
as large scale printheads are constructed, especially
those of a pagewidth type. A number of these factors are
outlined below.

[0011] Firstly, inkjet printheads are normally construct-
ed utilizing micro-electromechanical systems (MEMS)
techniques. As such, they tend to rely upon standard in-
tegrated circuit construction/fabrication techniques of de-
positing planar layers on a silicon wafer and etching cer-
tain portions of the planar layers. Within silicon circuit
fabrication technology, certain techniques are better
known than others. For example, the techniques associ-
ated with the creation of CMOS circuits are likely to be
more readily used than those associated with the creation
of exotic circuits including ferroelectrics, gallium arsenide
etc. Hence, it is desirable, in any MEMS constructions,
to utilize well proven semi-conductor fabrication tech-
niques which do not require any "exotic" processes or
materials. Of course, a certain degree of trade off will be
undertaken in that if the advantages of using the exotic
material far out weighs its disadvantages then it may be-
come desirable to utilize the material anyway. However,
ifitis possible to achieve the same, or similar, properties
using more common materials, the problems of exotic
materials can be avoided.

[0012] A desirable characteristic of inkjet printheads
would be a hydrophobic ink ejection face ("front face" or
"nozzle face"), preferably in combination with hydrophilic
nozzle chambers and ink supply channels. Hydrophilic
nozzle chambers and ink supply channels provide a cap-
illary action and are therefore optimal for priming and for
re-supply of ink to nozzle chambers after each drop ejec-
tion. A hydrophobic front face minimizes the propensity
forink to flood across the front face of the printhead. With
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a hydrophobic front face, the aqueous inkjet ink is less
likely to flood sideways out of the nozzle openings. Fur-
thermore, any ink which does flood from nozzle openings
is less likely to spread across the face and mix on the
frontface - they will instead form discrete spherical micro-
droplets which can be managed more easily by suitable
maintenance operations.

[0013] Hitherto, the present Applicant has described
the use of PDMS (polydimethylsiloxane) for coating the
front face of a printhead and providing a hydrophobic
surface. However, whilst PDMS has excellent hydropho-
bic properties and can be readily incorporatedinto a print-
head MEMS fabrication process, it has relatively poor
wear-resistance and may be scratched or otherwise
damaged by a wiper blade used for printhead mainte-
nance (see, for example, US Application No. 12/014,772,
filed on January 16, 2008; publication number US
2009/179940. It would therefore be desirable to provide
aprinthead having a hydrophobic ink ejection face, which
can be readily produced by a MEMS fabrication process
and which has good wear-resistance.

[0014] EP 0665107A2 discloses a highly reliable ink
jet recording head excellent in mechanical strength,
weatherability, ink resistance, and adhesion to the sub-
strate. For its production, a cationically polymerized cur-
ing product of an epoxy resin having a structural unit is
used as a resin material which coats an ink flow path
pattern formed from a dissoluble resin on the substrate.
An ejection Face is coated with polysilses quioxanes.

Summary of the Invention

[0015] In view of the above, the present teaching pro-
vides, a printhead having polysilsesquioxane coating on
ink ejection face in accordance with the claims which
follows.

[0016] In a first aspect, there is provided a printhead
having an ink ejection face, wherein at least part of the
ink ejection face is coated with a hydrophobic polymeric
material, the polymeric material being comprised of a
polysilsesquioxane. Printheads according to the present
invention have excellent durability and wear-resistance
making them compatible with various printhead mainte-
nance operation involving contact with the ink ejection
face (e.g. wiping). Moreover, the polysilsesquioxane can
be deposited in a thin layer (0.5 to 2 microns) by a spin-
on process, which is readily incorporated into a MEMS
printhead fabrication process.

[0017] Optionally, the polysilsesquioxane is selected
from the group consisting of: poly(alkylsilsesquioxanes)
and poly(arylsilsesquioxanes)

[0018] Optionally, the polysilsesquioxane is selected
from the group consisting of: poly(methylsilsesquioxane)
and poly(phenylsilsesquioxane).

[0019] Optionally, the polymeric material is deposited
and hardbaked onto a nozzle plate of the printhead during
MEMS printhead fabrication.

[0020] The printhead comprises a plurality of nozzle
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assemblies formed on a substrate, each nozzle assembly
comprising: a nozzle chamber, a nozzle opening defined
in a roof of the nozzle chamber and an actuator for eject-
ing ink through the nozzle opening. The polymeric ma-
terial is coated on a nozzle plate of the printhead, the
nozzle plate being at least partially defined by the roof of
each nozzle chamber.

[0021] Optionally, each roof has a hydrophobic outside
surface relative to the inside surfaces of each nozzle
chamber by virtue of the hydrophobic coating.

[0022] Optionally, each nozzle chamber comprises a
roof and sidewalls comprised of a ceramic material.
[0023] Optionally, the ceramic material is selected
from the group consisting of: silicon nitride, silicon oxide
and silicon oxynitride.

[0024] Optionally, the roof is spaced apart from the
substrate, such that sidewalls of each nozzle chamber
extend between the nozzle plate and the substrate.
[0025] The actuator is a thermal bend actuator com-
prising:

afirst active element for connection to drive circuitry;
and

a second passive element mechanically cooperating
with the first element, such that when a current is
passed through the first element, the first element
expands relative to the second element, resulting in
bending of the actuator.

[0026] Optionally, the thermal bend actuator defines
at least part of a roof of each nozzle chamber, whereby
actuation of the actuator moves said a moving portion of
the roof towards a floor of said nozzle chamber.

[0027] Optionally, the nozzle opening is defined in said
moving portion of the roof.

[0028] Optionally, nozzle opening is defined in a sta-
tionary portion of the roof.

[0029] Optionally, the polymeric material defines a me-
chanical seal between the moving portion and a station-
ary portion of the roof, thereby minimizing ink leakage
during actuation of the actuator.

Brief Description of the Drawings

[0030] 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 partial perspective view of an array of
nozzle assemblies of a thermal inkjet printhead;
Figure 2 is a side view of a nozzle assembly unit cell
shown in Figure 1;

Figure 3 is a perspective of the nozzle assembly
shown in Figure 2;

Figure 4 shows a partially-formed nozzle assembly
after deposition of side walls and roof material onto
a sacrificial photoresist layer;

Figure 5 is a perspective of the nozzle assembly
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shown in Figure 4;

Figure 6 is the mask associated with the nozzle rim
etch shown in Figure 7;

Figure 7 shows the etch of the roof layer to form the
nozzle opening rim;

Figure 8 is a perspective of the nozzle assembly
shown in Figure 7;

Figure 9is the mask associated with the nozzle open-
ing etch shown in Figure 10;

Figure 10 shows the etch of the roof material to form
the elliptical nozzle openings;

Figure 11 is a perspective of the nozzle assembly
shown in Figure 10;

Figure 12 shows the oxygen plasma ashing of the
first and second sacrificial layers;

Figure 13 is a perspective of the nozzle assembly
shown in Figure 12;

Figure 14 shows the nozzle assembly after the ash-
ing, as well as the opposing side of the wafer;
Figure 15 is a perspective of the nozzle assembly
shown in Figure 14;

Figure 16 is the mask associated with the backside
etch shown in Figure 17;

Figure 17 shows the backside etch of the ink supply
channel into the wafer;

Figure 18 is a perspective of the nozzle assembly
shown in Figure 17;

Figure 19 shows the nozzle assembly of Figure 7
after deposition of a hydrophobic polymeric coating;
Figure 20 is a perspective of the nozzle assembly
shown in Figure 19;

Figure 21 shows the nozzle assembly of Figure 19
after deposition of a protective metal film; and
Figure 22 shows the nozzle assembly of Figure 21
after etching through the protective metal film, the
polymeric coating and the nozzle roof;

Figure 23 shows the completed nozzle assembly af-
ter backside MEMS processing and removal of pho-
toresist;

Figure 24 is a perspective of the nozzle assembly
shown in Figure 23;

Figure 25 is a side-sectional view of a partially-fab-
ricated alternative inkjet nozzle assembly after a first
sequence of steps in which nozzle chamber side-
walls are formed;

Figure 26 is a perspective view of the partially-fab-
ricated inkjet nozzle assembly shown in Figure 25;
Figure 27 is a side-sectional view of a partially-fab-
ricated inkjet nozzle assembly after a second se-
quence of steps in which the nozzle chamber is filled
with polyimide;

Figure 28 is a perspective view of the partially-fab-
ricated inkjet nozzle assembly shown in Figure 27;
Figure 29 is a side-sectional view of a partially-fab-
ricated inkjet nozzle assembly after a third sequence
of steps in which connector posts are formed up to
a chamber roof;

Figure 30 is a perspective view of the partially-fab-
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ricated inkjet nozzle assembly shown in Figure 29;
Figure 31 is a side-sectional view of a partially-fab-
ricated inkjet nozzle assembly after a fourth se-
quence of steps in which conductive metal plates are
formed;

Figure 32 is a perspective view of the partially-fab-
ricated inkjet nozzle assembly shown in Figure 31;
Figure 33 is a side-sectional view of a partially-fab-
ricated inkjet nozzle assembly after a fifth sequence
of steps in which an active beam member of a ther-
mal bend actuator is formed;

Figure 34 is a perspective view of the partially-fab-
ricated inkjet nozzle assembly shown in Figure 33;
Figure 35 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 36 is a side-sectional view of completed inkjet
nozzle assembly, after backside MEMS processing
and removal of photoresist; and

Figure 37 is a cutaway perspective view of the inkjet
nozzle assembly shown in Figure 36.

Description of Optional Embodiments

[0031] Thermal Bubble-Forming Inkjet Printhead ; not
part of the invention Referring to Figure 1, there is shown
a part of printhead comprising a plurality of nozzle as-
semblies. Figures 2 and 3 show one of these nozzle as-
semblies in side-section and cutaway perspective views.
[0032] Each nozzle assembly comprises a nozzle
chamber 24 formed by MEMS fabrication techniques on
a silicon wafer substrate 2. The nozzle chamber 24 is
defined by a roof 21 and sidewalls 22 which extend from
the roof 21 to the silicon substrate 2. As shown in Figure
1, each roof is defined by part of a nozzle surface 56,
which spans across an ejection face of the printhead.
The nozzle surface 56 and sidewalls 22 are formed of
the same material, which is deposited by PECVD over a
sacrificial scaffold of photoresist during MEMS fabrica-
tion. Typically, the nozzle surface 56 and sidewalls 22
are formed of a ceramic material, such as silicon dioxide
or silicon nitride. These hard materials have excellent
properties for printhead robustness, and their inherently
hydrophilic nature is advantageous for supplying ink to
the nozzle chambers 24 by capillary action. However,
the exterior (ink ejection) surface of the nozzle surface
56 is also hydrophilic, which causes any flooded ink on
the surface to spread.

[0033] Returning to the details of the nozzle chamber
24, it will be seen that a nozzle opening 26 is defined in
a roof of each nozzle chamber 24. Each nozzle opening
26 is generally elliptical and has an associated nozzle
rim 25. The nozzle rim 25 assists with drop directionality
during printing as well as reducing, at least to some ex-
tent, ink flooding from the nozzle opening 26. The actu-
ator for ejecting ink from the nozzle chamber 24 is a heat-
er element 29 positioned beneath the nozzle opening 26
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and suspended across a pit 8. Current is supplied to the
heater element 29 via electrodes 9 connected to drive
circuitry in underlying CMOS layers 5 of the substrate 2.
When a current is passed through the heater element
29, it rapidly superheats surrounding ink to form a gas
bubble, which forces ink through the nozzle opening. By
suspending the heater element 29, it is completely im-
mersed in ink when the nozzle chamber 24 is primed.
This improves printhead efficiency, because less heat
dissipates into the underlying substrate 2 and more input
energy is used to generate a bubble.

[0034] As seen most clearly in Figure 1, the nozzles
are arranged in rows and an ink supply channel 27 ex-
tending longitudinally along the row supplies ink to each
nozzle in the row. The ink supply channel 27 delivers ink
to aninkinlet passage 15 for each nozzle, which supplies
ink from the side of the nozzle opening 26 via an ink
conduit 23 in the nozzle chamber 24.

[0035] The MEMS fabrication process for manufactur-
ing such printheads was described in detail in our previ-
ously filed US Application No. 11/246,684 filed on Octo-
ber 11,2005. The latter stages of this fabrication process
are briefly revisited here for the sake of clarity.

[0036] Figures4and5show a partially-fabricated print-
head comprising a nozzle chamber 24 encapsulating
sacrificial photoresist 10 ("SAC1") and 16 ("SAC2"). The
SAC1 photoresist 10 was used as a scaffold for deposi-
tion of heater material to form the suspended heater el-
ement 29. The SAC2 photoresist 16 was used as a scaf-
fold for deposition of the sidewalls 22 and roof 21 (which
defines part of the nozzle surface 56).

[0037] Inthe prior art process, and referring to Figures
6 to 8, the next stage of MEMS fabrication defines the
elliptical nozzle rim 25 in the roof 21 by etching away 2
microns of roof material 20. This etch is defined using a
layer of photoresist (not shown) exposed by the dark tone
rim mask shown in Figure 6. The elliptical rim 25 com-
prises two coaxial rim lips 25a and 25b, positioned over
their respective thermal actuator 29.

[0038] Referring to Figures 9 to 11, the next stage de-
fines an elliptical nozzle aperture 26 in the roof 21 by
etching all the way through the remaining roof material,
which is bounded by the rim 25. This etch is defined using
a layer of photoresist (not shown) exposed by the dark
tone roof mask shown in Figure 9. The elliptical nozzle
aperture 26 is positioned over the thermal actuator 29,
as shown in Figure 11.

[0039] With all the MEMS nozzle features now fully
formed, the next stage removes the SAC1 and SAC2
photoresist layers 10 and 16 by O, plasma ashing (Fig-
ures 12 and 13). Figures 14 and 15 show the entire thick-
ness (150 microns) of the silicon wafer 2 after ashing the
SAC1 and SAC2 photoresist layers 10 and 16.

[0040] Referring to Figures 16 to 18, once frontside
MEMS processing of the wafer is completed, ink supply
channels 27 are etched from the backside of the wafer
to meet with the ink inlets 15 using a standard anisotropic
DRIE. This backside etch is defined using a layer of pho-
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toresist (not shown) exposed by the dark tone mask
shown in Figure 16. The ink supply channel 27 makes a
fluidic connection between the backside of the wafer and
the ink inlets 15.

[0041] Finally, and referring to Figures 2 and 3, the
wafer is thinned to about 135 microns by backside etch-
ing. Figure 1 shows three adjacent rows of nozzles in a
cutaway perspective view of a completed printhead inte-
grated circuit. Each row of nozzles has a respective ink
supply channel 27 extending along its length and sup-
plying ink to a plurality of ink inlets 15 in each row. The
ink inlets, in turn, supply ink to the ink conduit 23 for each
row, with each nozzle chamber receiving ink from a com-
mon ink conduit for that row.

[0042] As already discussed above, this prior art
MEMS fabrication process inevitably leaves a hydrophilic
ink ejection face by virtue of the nozzle surface 56 being
formed of ceramic materials, such as silicon dioxide, sil-
icon nitride, silicon oxynitride, aluminium nitride etc.
[0043] In a preferred process for hydrophobizing the
nozzle surface 56 (and as described in US
2009/0139961, the wafer is coated with a hydrophobic
polymer 80 immediately after the nozzle rim etch at the
stage exemplified in Figures 7 and 8.

[0044] A thin layer (about 1 to 2 microns) of the hydro-
phobic polymer 100 is spun onto the wafer and hard-
baked to provide the partially-fabricated printhead shown
in Figures 19 and 20.

[0045] Referring now to Figure 21, a protective metal
film 90 (ca. 100 nm thickness) is then deposited onto the
polymer layer 80. The metal film is typically comprised
of titanium or aluminium and protects the hydrophobic
polymer 80 from late-stage oxygen ashing conditions.
Hence, the polymer layer 80 is not exposed to aggressive
ashing conditions and retains its hydrophobic character-
istics throughout the MEMS processing steps.

[0046] Figure 22 shows the wafer after etching the noz-
zle opening 26 through the metal film 110, the polymer
layer 80 and the nozzle roof 21. This etching step utilizes
a conventional patterned photoresist layer (not shown)
as a common mask for all nozzle etching steps. In a typ-
ical etching sequence, the metal film 90 is first etched,
either by standard dry metal-etching (e.g. BCl3/Cl,) or
wet metal-etching (e.g. H,O, or HF). A second dry etch
is then used to etch through the polymer layer 80 and
the nozzle roof 21. Typically, the second etch step is a
dry etch employing O, and a fluorinated etching gas (e.g.
SFg or CFy).

[0047] Oncethe nozzle opening 26 is defined as shown
in Figure 22, backside MEMS processing steps (e.g.
etching ink supply channels, wafer thinning etc) and late-
stage ashing of photoresist can proceed in accordance
with known protocols, analogous to the steps described
above in connection with Figures 14 to 18. Final removal
of the metal film 90 using a H,O, or HF rinse yields the
completed nozzle assembly shown in Figures 23 and 24,
having the hydrophobic polymer layer 80.
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Thermal Bend Actuator Printhead

[0048] From the foregoing, it will be appreciated that
any type of printhead may be hydrophobized in an anal-
ogous manner. However, the polymeric coatings are par-
ticularly advantageous for use in the Applicant’s thermal
bend actuator nozzle assemblies, because the polymer
layer acts as a mechanical seal between a moving roof
portion and a stationary body of the printhead. These
advantages are discussed in greater detail in the Appli-
cant’s US Publication No. 2008/0225076,

[0049] Figures 25 to 37 shows a sequence of MEMS
fabrication steps for an inkjet nozzle assembly 100 de-
scribed in our earlier US Publication No. US
2008/0309728. The completed inkjet nozzle assembly
100 shown in Figures 36 and 37 utilizes thermal bend
actuation, whereby a moving portion of a roof bends to-
wards a substrate resulting in ink ejection.

[0050] 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.

[0051] Asshown in Figures 25 and 26, 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.

[0052] The other electrode 103 shown in Figures 25
and 26 is for supplying power to an adjacentinkjet 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.

[0053] In the sequence of steps shown in Figures 25
and 26, an 8 micron layer of silicon dioxide is initially
deposited onto the substrate 101. The depth of silicon
dioxide defines the depth of a nozzle chamber 105 for
the inkjet nozzle. After deposition of the SiO, layer, it is
etched to define walls 104, which will become sidewalls
of the nozzle chamber 105, shown most clearly in Figure
26.

[0054] As shown in Figures 27 and 28, the nozzle
chamber 105 is then filled with photoresist or polyimide
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106, which acts as a sacrificial scaffold for subsequent
deposition steps. The polyimide 106 is spun onto the wa-
fer using standard techniques, UV cured and/or hard-
baked, and then subjected to chemical mechanical
planarization (CMP) stopping at the top surface of the
SiO, wall 104.

[0055] In Figures 29 and 30, 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. Initially, a 1.7 micron layer of SiO, is depos-
ited onto the polyimide 106 and wall 104. This layer of
SiO, defines a roof 107 of the nozzle chamber 105. Next,
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 respec-
tive vias. Next, the vias are filled with a highly conductive
metal, such as copper, using electroless plating. The de-
posited copper posts 108 are subjected to CMP, stopping
on the SiO, roof member 107 to provide a planar struc-
ture. It can be seen that the copper connector posts 108,
formed during the electroless copper plating, meet with
respective electrodes 102 to provide a linear conductive
path up to the roof member 107.

[0056] InFigures31and 32, metal pads 109 are formed
by initially depositing a 0.3 micron layer of aluminium
onto the roof member 107 and connector posts 108. Any
highly conductive metal (e.g. aluminium, titanium efc.)
may be used and should be deposited with a thickness
of about 0.5 microns or less so as not to impact too se-
verely on the overall planarity of the nozzle assembly.
The metal pads 109 are positioned over the connector
posts 108 and on the roof member 107 in predetermined
‘bend regions’ of the thermoelastic active beam member.
[0057] In Figures 33 and 34, a thermoelastic active
beam member 110 is formed over the SiO, roof 107. By
virtue of being fused to the active beam member 110,
part of the SiO, roof member 107 functions as a lower
passive beam member 116 of amechanical thermal bend
actuator, which is defined by the active beam 110 and
the passive beam 116. The thermoelastic active beam
member 110 may be comprised of any suitable thermoe-
lastic material, such as titanium nitride, titanium alumin-
ium nitride and aluminium alloys. As explained in the Ap-
plicant’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.
[0058] To form the active beam member 110, a 1.5
micron layer of 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 33 and 34, the active beam member
110 comprises a partial nozzle opening 111 and a beam
element 112, which is electrically connected at each end
to positive and ground electrodes 102 via the connector
posts 108. The planar beam element 112 extends from
atop of afirst (positive) connector post and bends around
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180 degrees to return to a top of a second (ground) con-
nector post.

[0059] Still referring to Figures 33 and 34, the metal
pads 109 are positioned to facilitate current flow in re-
gions of potentially higher resistance. One metal pad 109
is positioned 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
posts 108 and the ends of the beam element 112.
[0060] Referring to Figure 35, 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 SiO, roof member 107 are then etched to
define fully a nozzle opening 113 and a moving portion
114 of the roof. The etch is typically a two-stage etch
process as described above in connection with Figure 22.
[0061] 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.

[0062] A perimeter space or gap 117 around the mov-
ing portion 114 of the roof separates the moving portion
from a stationary portion 118 of the roof. This gap 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 gap 117 to provide a mechanical seal between
the moving portion 114 and stationary portion 118 of the
roof 107. The polymer has a sufficiently low Young’s mod-
ulus to allow the actuator to bend towards the substrate
101, whilst preventing ink from escaping through the gap
117 during actuation.

[0063] In the final MEMS processing steps, and as
shown in Figures 36 and 37, 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 36 and 37, it could, of course, be positioned offset
from the nozzle opening.

[0064] 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 H,O, rinse to provide the
nozzle assembly 100.

Polymer Layer Comprising MSQ

[0065] The hydrophobic polymer layer 80 has proven
to be an important feature of the Applicant’s printheads.
Not only does it hydrophobize the front face of the print-

10

15

20

25

30

35

40

45

50

55

head, which helps to improve overall print quality, it also
assists with printhead maintenance by presenting a pla-
nar hydrophobic surface for a printhead maintenance
means (e.g. wiper blade) employed to maintain the print-
head in an operable condition. Of course, in the case of
the thermal bend-actuated printheads 100 described
above, the polymer 80 provides the additional function
of mechanically sealing the moving part of the nozzle
from the body of the printhead.

[0066] Hitherto, the Applicant has proposed the use of
polydimethylsiloxane (PDMS). This material can be read-
ily incorporated in MEMS fabrication processes, has ex-
cellent hydrophobicity and a Young’s modulus which al-
lows efficient thermal bend actuation. However, PDMS
has relatively poor wear-resistance and can be scratched
or otherwise damaged by repeated contact with, for ex-
ample, a wiper blade.

[0067] The Applicanthas now found that polysilsesqui-
oxanes provide superior wear-resistance to PDMS whilst
still maintaining all the advantages of PDMS.
Polysilsesquioxanes belong to the general class of pol-
ymers known as polymerized siloxanes or silicones, and
have the empirical formula (RSiO, g),, where R is hydro-
gen or an organic group and n is an integer representing
the length of the polymer chain. The organic group may
be C4_4, alkyl (e.g. methyl), C4_4o aryl (e.g. phenyl) or
C1.16 arylalkyl (e.g. benzyl). The polymer chain may be
of any length known in the art (e.g. niis from 2 to 10,000).
[0068] Poyl(alkylsilsesquioxanes) and poly(aryl-
silsesquioxanes), such as poly(methylsilsesquioxane)
and poly(phenylsilsesquioxane) have been shown to
have excellent hydrophobicity, durability and wear-resist-
ance when used as the polymerlayer 80inthe Applicant’s
printheads. For example, printheads coated with MSQ
or PSQ could be wiped clean without damage, even after
ink and paper fibres were baked onto the printhead for 1
hour.

[0069] Poly(methylsilsesquioxane)isalsoknowninthe
art as methylsilsequioxane, MSQ, MSSQ, PMSQ and
PMSSQ. Poly(phenylsilsesquioxane) is also known in
the art as phenylsilsequioxane, PSQ, PSSQ, PPSQ and
PPSSQ. For the sake of brevity, the Applicant shall here-
inafter refer to poly(methylsilsesquioxane) as MSQ and
refer to poly(phenylsilsesquioxane) as PSQ.

[0070] MSQ has a low dielectric constant (k = 2.7) and
has been used previously as an insulating material. How-
ever, the use of MSQ as a hydrophobic coating for MEMS
inkjet printheads was not previously known.

[0071] MSQ or PSQ may be incorporated into print-
heads as the polymer layer 80 by the MEMS fabrication
process described above. AMSQor PSQ solutionis spun
on to the wafer to a depth of about 0.5 to 5 microns (e.g.
1 micron) and then hardbaked to promote adhesion to
the nozzle plate and to provide a durable ink ejection face
for the printhead. Hardbaking may include a UV curing
step. For example, a typical hardbaking process may
comprise the following steps:
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1. Contact bake @ 110°C for 2 min immediately after
coating

2. Contact bake @ 300°C for 6.5 min

3. UV expose for 130sec (~1300mJ)

4. Oven cure for 1 hour (starting @ 180°C and ram-
ping up @ ~4°C/min)

[0072] Although the Applicant’'s hardbaking process
described above provides MSQ-coated or PSQ-coated
printheads having excellent durability, it will be appreci-
ated that hardbaking may follow any conventional pro-
cedure.

[0073] MSQ and PSQ each have a Young’s modulus
of about 3 GPa, which is somewhat higher than that of
PDMS. However, the Applicant has found that thermal
bend-actuated printheads still operate efficiently when
the polymer layer 80 is comprised of MSQ or PSQ, not-
withstanding its higher Young’s modulus. Moreover, the
overall robustness of MSQ and PSQ usually outweighs
any downsides arising from their higher Young’s moduli.
Of course, in thermal bubble-forming printheads where
there are no moving parts, the Young’s modulus of the
polymeric layer 80 is irrelevant to nozzle actuation.
[0074] The present inventors consider that the use of
MSQ or PSQ represents a significant breakthrough in
inkjet printhead technology. Hydrophobizing inkjet print-
heads, especially those manufactured by a MEMS fab-
rication process, was seen as a very significant challenge
for all industry players. The present Applicant has dem-
onstrated that MSQ or PSQ may be incorporated into a
MEMS fabrication process and provides a hydrophobic
ink ejection face having excellent durability and wear-
resistance. This desirable combination of features had
not been achieved previously in the art.

Polymer Layer Containing Nanoparticles

[0075] Although, as described above, MSQ and PSQ
have significant advantages over PDMS for use as a pol-
ymer coating, there may be some instances where PDMS
is stillthe material of choice. For example, in low-powered
thermally bend-actuated printheads, the lower Young's
modulus of PDMS may be advantageous for minimizing
drop ejection energies. It would be desirable to improve,
for example, the wear-resistance characteristics of
PDMS without comprising its low Young’s modulus.
[0076] In other scenarios, the polymer coating of a
printhead may have properties which do not suit the par-
ticular fluid being ejected from the printhead. It should be
noted that thermal bend-actuated printheads may eject
both aqueous and non-aqueous liquids (e.g. polymers
for printing OLEDSs), and the ink ejection face of the print-
head may have characteristics which complement the
inherent properties of the fluid being ejected. These prop-
erties may include, for example, the fluid’s hydrophilicity,
hydrophobicity, viscosity, surface tension and/or boiling
point.

[0077] Alternatively, the ink ejection face may have
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characteristics which complement a particular type of
printhead maintenance regime employed (e.g. printhead
capping/wiping as described in US Application No.
12/014,772; or printhead flooding/non-contact mainte-
nance as described in US 7,401,886) . For example,
wear-resistance is important for printhead maintenance
regimes involving contact with the printhead, but less im-
portant for non-contact maintenance regimes.

[0078] Alternatively, the ink ejection face may have
characteristics which complement a particular type of
nozzle actuator. For example, fatigue-resistance is im-
portant for thermal bend-actuators where the polymeric
material seals a moving portion of the nozzle to the body
of the printhead. However, fatigue-resistance is less im-
portant in non-moving nozzles, such as the thermal bub-
ble-forming nozzles described above.

[0079] The ability to 'tune’ the characteristics of the ink
ejection face without changing fundamentally the MEMS
fabrication process would be highly desirable. This 'tun-
ing’ may improve, for example, the toughness, wear-re-
sistance, fatigue-resistance and/or the surface energy
characteristics of the ink ejection face. As a trivial exam-
ple, when printing hydrophobic liquids such as polymers,
the ink ejection face should preferably be relatively hy-
drophilicratherthan hydrophobic (in contrast with printing
aqueous inks).

[0080] The availability of silicone polymers incorporat-
ing nanoparticles (sometimes known in the art as "fillers")
means that the characteristics of the silicone polymer
(e.g. PDMS, MSQ, PSQ) may be modified by changing
the nanoparticles incorporated therein. The use of differ-
ent nanoparticles will correspondingly 'tune’ the charac-
teristics of the ink ejection face defined by the polymer
layer 80.

[0081] Ofcourse, the nanoparticles may be of any suit-
able type, size and shape depending on the particular
application. The nanoparticles may comprise inorganic
particles, organic particles or a combination of both.
Some examples of inorganic nanoparticles are metal ox-
ides, metal carbonates and metal sulfates. More specif-
ically, the inorganic nanoparticles may be, for example,
silica (including colloidal silica), zirconium oxide, titanium
oxide, aluminium oxide, calcium carbonate, tin oxide,
zinc oxide, copper oxide, chromium oxide, calcium oxide,
tungsten oxide, iron oxide, cobalt oxide, barium sulfate
etc. Some examples of organic nanoparticles are cross-
linked silicone resin particles (e.g. PDMS, MSQ, PSQ),
cross-linked polyolefin resin particles (e.g. polystyrene,
polyethylene, polypropylene), cross-linked acryl resin
particles, cross-linked styrene-acryl resin particles,
cross-linked polyester particles, polyimide particles,
melamine resin particles, carbon nanotubes etc.

[0082] As used herein, the term "nanoparticles" refers
to particles have an average particle size in the range of
1to 1000 nm, more usually 1 to 100 nm, and more usually
1 to 50 nm. Average particles sizes of about 20 nm are
generally preferred. The particles may be monodisperse
or polydisperse.
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[0083] The nanoparticles may be presentinan amount
ranging from 1 to 70 wt.%, optionally 5 to 60 wt.%, op-
tionally 10 to 50 wt.%. The amount of nanoparticles
present will depend on the requisite characteristics of the
polymer film.

[0084] The nanoparticles may be incorporated into the
polymer by any suitable process, such as the sol-gel
process, which is well known to the person skilled in the
art. The resulting polymer may be deposited by any suit-
able process, such as a spin-on process followed by
hardbaking.

[0085] PDMS polymers incorporating silica nanoparti-
cles are known in the art and such polymers may be used
as the polymer layer 80 in the present invention. The
silica nanoparticles impart the desirable characteristics
of wear-resistance and fatigue-resistance to the PDMS
polymer. Depending on the amount of silica particles
present, the PDMS may also have arelatively hydrophilic
surface which is useful in some applications.

Claims

1. A printhead comprising a plurality of nozzle assem-
blies (100) formed on a substrate (101), each nozzle
assembly comprising:

a nozzle chamber (105),

a nozzle opening (113) defined in a roof (107)
of the nozzle chamber, the roof having a moving
portion (114) comprising a thermal bend actua-
tor (115) for ejecting ink through the nozzle
opening, said thermal bend actuator comprising:

a first active element (110) for connection
to drive circuitry; and

a second passive element (116) mechani-
cally cooperating with the first element,
such that when a current is passed through
the first element, the first element expands
relative to the second element, resulting in
bending of the actuator towards a floor of
said nozzle chamber,

wherein a hydrophobic polymeric material (80) is
coated on a nozzle plate of the printhead, said nozzle
plate being at least partially defined by the roof of
each nozzle chamber, and characterised in that an
ink ejection face is coated with a hydrophobic poly-
meric material selected from the group consisting of:
polysilsesquioxanes.

2. The printhead of claim 1, wherein said hydrophobic
polymeric material is selected from the group con-
sisting of: poly(alkylsilsesquioxanes) and poly(aryl-
silsesquioxanes)

3. Theprinthead of claim 1, wherein said polymeric ma-
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terial is selected from the group consisting of: po-
ly(methylsilsesquioxane) and poly(phenylsilsesqui-
oxane).

4. The printhead of claim 1, wherein each roof has a
hydrophobic outside surface relative to the inside
surfaces of each nozzle chamber by virtue of said
hydrophobic coating.

5. The printhead of claim 1, wherein each nozzle cham-
ber comprises a roof and sidewalls comprised of a
ceramic material.

6. The printhead of claim 5, wherein the ceramic ma-
terial is selected from the group consisting of: silicon
nitride, silicon oxide and silicon oxynitride.

7. The printhead of claim 1, wherein said roof is spaced
apart from the substrate, such that sidewalls of each
nozzle chamber extend between said nozzle plate
and said substrate.

8. The printhead of claim 1, wherein said nozzle open-
ing is defined in said moving portion of said roof.

9. The printhead of claim 1, wherein said nozzle open-
ing is defined in a stationary portion of said roof.

10. The printhead of claim 1, wherein said polymeric ma-
terial defines a mechanical seal between said mov-
ing portion and a stationary portion of said roof, there-
by minimizing ink leakage during actuation of said
actuator.

Patentanspriiche

1. Druckkopf, der eine Vielzahl von Diisenanordnun-
gen (100) umfasst, die auf einem Substrat (101) ge-
bildet sind, wobei jede Disenanordnung umfasst:

eine Disenkammer (105),

eine Dusenéffnung (113), die in einem Dach
(107) der Disenkammer definiert ist, wobei das
Dach einen beweglichen Abschnitt (114) um-
fasst, der einen Thermobiegeaktuator (115)
zum Ausstolen von Druckfarbe durch die DU-
seno6ffnung umfasst, wobeider Thermobiegeak-
tuator umfasst:

ein erstes aktives Element (110) zum Ver-
binden mit einem Antriebsschaltkreis; und
ein zweites passives Element (116), das
mechanisch mit dem ersten Element zu-
sammenwirkt, so dass sich das erste Ele-
ment, wenn Strom durch das erste Element
geleitet wird, in Bezug auf das zweite Ele-
ment ausdehnt, was zu einem Biegen des
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Aktuators hin zu einem Boden der Diisen-
kammer flihrt,

wobei ein hydrophobes polymeres Material (80)
auf eine Disenplatte des Druckkopfs beschich-
tet ist, wobei die Diisenplatte zumindest teilwei-
se durch das Dach jeder Diisenkammer definiert
wird, und dadurch gekennzeichnet, dass eine
DruckfarbenausstoRflache miteinem hydropho-
ben polymeren Material beschichtet ist, das aus
der Gruppe ausgewahlt ist, bestehend aus Po-
lysilsesquioxanen.

Druckkopf nach Anspruch 1, wobei das hydrophobe
polymere Material aus der Gruppe ausgewahlt ist,
bestehend aus Poly(alkylsilsesquioxanen) und Po-
ly(arylsilsesquioxanen).

Druckkopf nach Anspruch 1, wobei das polymere
Material aus der Gruppe ausgewabhlt ist, bestehend
aus Poly(methylsilsesquioxan) und Poly(phenylsil-
sesquioxan).

Druckkopfnach Anspruch 1, wobeijedes Dach durch
die hydrophobe Beschichtung eine hydrophobe Au-
Renflache in Bezug auf die Innenflachen jeder Di-
senkammer aufweist.

Druckkopf nach Anspruch 1, wobei jede Diisenkam-
mer ein Dach und Seitenwénde umfasst, die aus ei-
nem Keramikmaterial bestehen.

Druckkopf nach Anspruch 5, wobei das Keramikma-
terial aus der Gruppe ausgewahlt ist, bestehend aus
Siliciumnitrid, Siliciumoxid und Siliciumoxynitrid.

Druckkopf nach Anspruch 1, wobei das Dach vom
Substrat beabstandet ist, so dass sich Seitenwéande
jeder Disenkammer zwischen der Dusenplatte und
dem Substrat erstrecken.

Druckkopf nach Anspruch 1, wobei die Diisenoff-
nung in dem beweglichen Abschnitt des Dachs de-
finiert ist.

Druckkopf nach Anspruch 1, wobei die Diisenoff-
nung in einem unbeweglichen Abschnitt des Dachs
definiert ist.

Druckkopf nach Anspruch 1, wobei das polymere
Material eine mechanische Versiegelung zwischen
dem beweglichen Abschnitt und einem unbewegli-
chen Abschnitt des Dachs definiert, wodurch eine
Druckfarbenleckage wahrend einer Betatigung des
Aktuators minimiert wird.
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10

Revendications

Téte d’'impression comprenant une pluralité d’en-
sembles buses (100) formés sur un substrat (101),
chaque ensemble buse comprenant :

une chambre de buse (105),

une ouverture de buse (113) définie dans un toit
(107) de la chambre de buse, le toit ayant une
partie mobile (114) comprenant un actionneur a
flexion thermique (115) pour éjecter de I'encre
a travers I'ouverture de buse, ledit actionneur a
flexion thermique comprenant :

un premier élément actif (110) pour une
connexion a une circuiterie de commande ;
et

un second élément passif (116) coopérant
mécaniquementavec le premier élémentde
telle sorte que, lorsqu’un courantestamené
a passer a travers le premier élément, le
premier élément s’étend par rapport au se-
cond élément, résultant en la flexion de I'ac-
tionneur vers un plancher de ladite chambre
de buse,

un matériau polymére hydrophobe (80) étant
appliqué en revétement sur une plaque de bu-
ses de la téte d’impression, ladite plaque de bu-
ses étant au moins partiellement définie par le
toit de chaque chambre de buse, et caractéri-
sée par le fait qu’une face d’éjection d’encre
estrevétue d’un matériau polymere hydrophobe
choisi dans le groupe constitué de : polysilses-
quioxanes.

Téte d’impression selon la revendication 1, dans la-
quelle ledit matériau polymére hydrophobe est choisi
dans le groupe constitué de : poly(alkylsilsesquioxa-
nes) et poly(arylsilsesquioxanes).

Téte d’impression selon la revendication 1, dans la-
quelle ledit matériau polymere est choisi dans le
groupe constitué de : poly(méthylsilsesquioxane) et
poly(phénylsilsesquioxane).

Téte d’impression selon la revendication 1, dans la-
quelle chaque toit a une surface extérieure hydro-
phobe par rapport aux surfaces intérieures de cha-
que chambre de buse en vertu dudit revétement hy-
drophobe.

Téte d’'impression selon la revendication 1, dans la-
quelle chaque chambre de buse comprend un toit et
des parois latérales constitués d’'un matériau céra-
mique.

Téte d’impression selon la revendication 5, dans la-
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quelle le matériau céramique est choisi dans le grou-
pe constitué de : nitrure de silicium, oxyde de silicium
et oxynitrure de silicium.

Téte d’impression selon la revendication 1, dans la-
quelle ledit toit est espacé du substrat de telle sorte
quedes parois latérales de chaque chambre de buse
s'étendent entre ladite plaque de buses et ledit subs-
trat.

Téte d’impression selon la revendication 1, dans la-
quelle ladite ouverture de buse est définie dans ladite
partie mobile dudit toit.

Téte d’impression selon la revendication 1, dans la-
quelle ladite ouverture de buse est définie dans une
partie immobile dudit toit.

Téte d’impression selon la revendication 1, dans la-
quelle ledit matériau polymere définit un joint méca-
nique entre ladite partie mobile et une partie immo-
bile dudit toit, rendant ainsi minimale une fuite d’en-
cre pendant I'actionnement dudit actionneur.

10

15

20

25

30

35

40

45

50

55

1"

20



EP 2 490 898 B1

12



EP 2 490 898 B1

13



EP 2 490 898 B1

NS
‘ I
A

FIG. 5

14



EP 2 490 898 B1

FIGC. &

’Jﬁ

N

/ 77
/ /7
\ 247,
C\'\"{\'(\?ﬁ%&s

.-n..n...n.,n..";

./

,.,,

\!

+ ‘«ﬁ—q%\-\e\r* s

\‘\

\\

T
\ 21 12 ,ﬁ*’b

—

10

2

FIG. 7



EP 2 490 898 B1

<l

7

A .. ] / .,

“
s

..r.. .//.4
r..s.,. //@wv

AN . \

!

Q
O
L

16



EP 2 490 898 B1

21 _. 25
NG 26 29 ~

;;\ — 15

vy

LLLLLh '

7.
NN
NN\
NN

17



EP 2 490 898 B1

W3l ¥ ¥
. h 5 2
8K Y/
4
Y/
\ - Y7
" O\ 2
N4

FIGC. 11

18



EP 2 490 898 B1

I'd ')”II"”K/

- 29 " g S
% 2800 = : /2(9
V-t s s i s’ ,! ,,,1,"—\9
\ \ N2

A
\

FIG. 12

FIG. 15

19



EP 2 490 898 B1

26 2,

™ .
Ml

/] v
5 Vi ¥
/ Fal ’
SOSARR
\\\\

K

NN

- FIG. 14




EP 2 490 898 B1

150 pm

SRR

\\\\%
4 \ V |

FIG. 15

21



EP 2 490 898 B1

V4 Lo W/ Lo
//
) 7 / . /

Ve \ / LML LT, I

v

FIG. 17

22



EP 2 490 898 B1

FIG. 15

23



EP 2 490 898 B1

{ YN
7 Al eeR e P Ty W 16
2127 ¥ w;
% N NN

R KRS GRS R S S R s
s S S PP
ha -

.‘..\
ll" CRLl LTSI 22 |
110

/ 4
4
7 &
& 4
/ :
}..‘ V4
/
/- &
7
OO
3 '!‘
7
MY R
$5s W
V. , DA N\ 4
"’/ !
8
. 3y
% %
V& 2
N 4y,
. 2,
o "’
ba%
3 N
07
2~ 5
¢ €
¢
7 4
7 XY, )
4% SR
2 .
2 q)
NN
2\ 3
AT
A
s}

FIG. 20

24



EP 2 490 898 B1

Q

{

15

VL

Ll
/S

//////

\ \s_\ )
\E\\\\

FIG. 21

s

\\ - ~ — 6
B
7\

S S SRS SN SN
/ M”M;ll)zbrlit L Al O

\iﬁ‘\ia
NN Y2

7&:2»»‘& s P Bt
ERTINN ety

A\

.




EP 2 490 898 B1

150 um

26



EP 2 490 898 B1

- FIG. 24



nlIlmmy

FIG. 25

FIG. 26



EP 2 490 898 B1

106

.27

FIG

FIG. 25

29



EP 2 490 898 B1

106 107

RN L L L L e 4RSI
NxxN.\xNx\N&:\\'x{*\\\\\-\‘\"xNN‘\‘\\NN\N‘\\N‘\\NN\NN DN \\'\N\:\\Ng
T A A A A AN
AN \x\\\‘\\\x\\‘\k.\\\x\X\ AR AN
\g\{\\:\\ ‘\§\.\‘x\w NN AR
3 N ) :

7
A
7%
NN

104~
1027

N N
X DNBRRON

N

RRNANRNGY
N ) RN
A R A AN

1017

LN

NN
) oy

.

FIG. 29

107 ' <

30



EP 2 490 898 B1

4

]

107 106

109

AN AN

L

N\

o)

FIG

— 109

31



EP 2 490 898 B1

107 109 10

109 \

G LR LA AL LLL, PS5
108 WA T R LR ALl
A s rrsss

757 \&x\x&\\\\\ AN N‘\;\RN\\ N '\kx\&_ AV
104 — RN A AR AR R
TRORNN A R R DR IRRNRRY

P

G
.

7
7
Ny
7

7/,

N DAY
1027

1011

32



EP 2 490 898 B1

115
: E0 110 / ne
{ ( (

A ERARAERR WY \\‘\\\\Q

: 7 Z
7 N R o
3 NN AN A A AR AN
| ) NN N

AN

114 V/
15

no ne ‘ 105

R A N A A A
A R R T TR
VA VP OOEIGGGT TN GT LR M B s

102 - & Q
707/--\
NN

FIGC. 56

109 &0 ns N7z ns

33



EP 2 490 898 B1

\ \ -
S
4 .y 70 ‘4’
1

FIG. 57

34



EP 2 490 898 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

US 1941001 A [0005]
US 3596275 A [0006]

US 3373437 A, Sweet [0006]

US 3946398 A, Kyser [0007]

US 3683212 A, Zolten [0007]

US 3747120 A, Stemme [0007]
US 4459601 A, Howkins [0007]
US 4584590 A, Fischbeck [0007]
GB 2007162 A, Endo [0008]

US 4490728 A, Vaught [0008]

Non-patent literature cited in the description

Non-Impact Printing: Introduction and Historical Per-
spective. J MOORE. Output Hard Copy Devices.
1988, 207-220 [0004]

35

US 12014772 B [0013] [0077]
US 2009179940 A [0013]

EP 0665107 A2 [0014]

US 11246684 B [0035]

US 20090139961 A [0043]

US 20080225076 A [0048]

US 20080309728 A [0049]

US 20080129793 A [0057] [0061]
US 7401886 B [0077]



	bibliography
	description
	claims
	drawings
	cited references

