WO 2007/ 041744PCT/ AU2005/ 001561 LOW LOSS ELECTRODE
CONNECTI ON FOR | NKJET PRI M READ Fi el d of the Invention
5The present invention relates to the field of inkjet
woizoi7esg4and di scl oses an inkjet printing syBUEAU063/004561
print heads manufactured wth m cro-el ectronechani cal
systens (MEMS) techniques. Crloss References to Rel ated
Appl i cations Vari ous net hods, systens and
appar at.ow LOSSELPUTRODECONNECSHUN FOR EXKIEH PRINTHEAD
di sclosed in the 10foll ow ng US Patents/ Patent
Applications filed by the applicant or assignee of the
tion: 09/517539 6566858 09/ 112762 6331946

Fielé sfth¢ Invemiem
BE PR et SRel il iU pladoda Baddai. g,qﬂ 754%Stem
oL 20EbRds noyidesé it BiesaE s srId bRy 6?9 ques.

Cross References to Related Applications

Various methods, systems and apparatus relating to the present invention are disclosed in the

following US Patents/ Patent Applications filed by the applicant or assignee of the present

invention:
09/517539 6566858 09/112762 6331946 6246970 6442525 09/517384
09/505951 6374354 09/517608  09/505147  10/203564 6757832 6334190
6745331 09/517541  10/203559  10/203560  10/636263  10/636283  10/866608
10/902889  10/902833 10/940653 10/942858  10/727181 10/727162 10/727163
10/727245 10/727204 10/727233  10/727280  10/727157 10/727178  10/727210
10/727257 10/727238  10/727251 10/727159  10/727180  10/727179  10/727192
10/727274  10/727164  10/727161  10/727198  10/727158  10/754536  10/754938
10/727227 10/727160  10/934720 11/212,702  10/296522 6795215 10/296535
09/575109  10/296525 09/575110 09/607985 6398332 6394573 6622923
6747760 10/189459 10/884881 10/943941  10/949294 11/039866 11/123011
11/123010 11/144769 11/148237 10/922846  10/922845 10/854521  10/854522
10/854488  10/854487 10/854503  10/854504  10/854509  10/854510  10/854496
10/854497  10/854495 10/854498 10/854511  10/854512  10/854525  10/854526
10/854516  10/854508  10/854507 10/854515  10/854506  10/854505  10/854493
10/854494  10/854489  10/854490 10/854492  10/854491  10/854528  10/854523
10/854527 10/854524  10/854520 10/854514  10/854519  10/854513  10/854499
10/854501  10/854500 10/854502 10/854518  10/854517  10/934628 PLT046US
10/728804  10/728952  10/728806  10/728834  10/729790  10/728834 10/728970
10/728784  10/728783  10/728925 10/728842  10/728803  10/728780  10/728779
10/773189  10/773204 10/773198  10/773199  10/773190  10/773201  10/773191
10/773183  10/773195 10/773196  10/773186  10/773200 10/773185 10/773192
10/773197 10/773203  10/773187  10/773202  10/773188  10/773194  10/773193
10/773184 11/008118 11/060751 11/060805  11/188017 6623101 6406129
6505916 6457809 6550895 6457812 10/296434 6428133 6746105
10/407212  10/407207 10/683064  10/683041 6750901 6476863 6788336
11/097308  11/097309 11/097335 11/097299  11/097310 11/097213  11/210687



10/ 902889 0/902833 10/ 940653 101942858 10/ 727181

10/ 727162 10/ 727163 10/ 727245 10/ 727204 10/ 727233
10/ 727280 10/ 727157 10/ 727178 10/ 727210 10/ 727257

WOy 260772884 10/ 727251 10/ 727159 10/ 727180 10/ 7PT0X62005/001561

10/ 727192 10/ 727274 10/ 727164 10/ 727161 10/ 727198

10/ 727158 10/ 75453 10/ 754938’2 10/ 7%77%81

11/097212
10/760218
10/760201
10/760238
10/760231
10/815625
10/913377
11/172816
11/003334
11/003615
11/003463
11/003617
10/760263
10/760222
10/760206
10/760268
11/014763
11/014713
11/014758
11/014712
11/014749
11/014755
11/014744
11/014732
09/575159
09/575118
6728000

6789194

6549935

6290349

09/575129
09/575171

The disclosures of these applications and patents are incorporated herein by reference.

Background of the Invention

11/212637
10/760217
10/760185
10/760234
10/760200
10/815624
10/913378
11/172815
11/003600
11/003337
11/003701
10/760254
10/760196
10/760248
10/760267
10/760184
11/014748
11/014762
11/014725
11/014715
11/014746
11/014765
11/014741
11/014742
09/575132
09/575131
09/575145
09/575150
09/575187
6428155
09/575124
09/575161

10/760216
10/760253
10/760235
10/760190
10/815628
10/913380
11/172814
11/003404
11/003698
11/003683
10/760210
10/760247
10/760236
10/760270
10/760195
11/014747
11/014724
11/014739
11/014751
11/014769
11/014766
11/014768
11/097268
09/575123
09/575116
09/575192
6789191

6727996

6785016

09/575188

/760273
10/760233
10/760255
10/760183
10/760191
10/913375
10/913379
11/003786
11/003419
11/003420
11/003614
10/760202
10/760223
10/760192
10/760259
10/760186
11/014761
11/014723
11/014738
11/014735
11/014729
11/014740
11/014767
11/097185
09/575148
09/575144
09/575181
6644642
6591884
09/575174
09/575189

10/760246
10/760209
10/760189
10/760227
10/913373
10/913376
11/003354
11/003700

11/003682

11/003702
10/760197
10/760264
10/760203
10/760271
10/760261
11/014760
11/014756
11/014737
11/014734
11/014743
11/014720
11/014718
11/097184

~ 09/575130

09/575139
09/575193
6502614
6439706
09/575163
09/575162

10/760182
10/760212
10/760208
10/760262
10/760207
10/913374
10/913381
11/003616
11/003601
11/003699
11/003684
10/760198
10/760244
10/760204
10/760275
10/760258
11/014757
11/014736
11/014726
11/014719
11/014733
11/014753
11/014717
09/575197
09/575165
09/575186
09/575156
6622999

6760119

6737591

09/575172

10/760188
10/760243
10/760194
10/760232
10/760181
10/913372
10/986402
11/003418
11/003618
11/071473
11/003619
10/760249
10/760245
10/760205
10/760274
11/014764
11/014714
11/014759
11/014745
11/014750
11/014754
11/014752

11/014716 -

09/575195
09/575153
6681045

09/575183
6669385

09/575198
09/575154
09/575170



10

15

20

25

30

35

10/ 727160 10/934720 11/212,702 10/ 296522 6795215

10/ 296535 09/575109 10/ 296525 09/575110 09/ 607985
6398332 6394573 6622923 6747760 10/ 189459 10/ 884881

WO/ 0381744 10/ 949294 11/ 039866 11/123011 11/ 1PGDA02005/001561
11/ 144769 11/ 148237 10/ 922846 10/ 922845 10/ 854521

10/ 8
The presséln% %%engdgx{ igéo é? g}e %jgc/:t?og% 8 ink drops by way of forming gas or vapor

bubbles in a bubble forming liquid. This principle is generally described in US 3, 747,120
(Stemme). Each pixel in the printed image is derived ink drops ejected from one or more ink
nozzles. In recent years, inkjet printing has become increasing popular primarily due to its
inexpensive and versatile nature. Many different aspects and techniques for inkjet printing are

described in detail in the above cross referenced documents.

Completely immersing the heater element in ink dramaticaily improves the printhead efficiency.
Much less heat dissipates into the underlying wafer substrate so more of the input energy is used to

generate the bubble that ejects the ink.

To immerse the heater, it needs to be spaced from the floor of the ink chamber and so the heater
material is usually deposited on a layer of sacrificial material (SAC) that is subsequently removed
by a release eich. The contacts at either end of the heater element are raised to the height of the
SAC layer by some type of permanent scaffolding structure. The contacts need vertical or inclined
portions to establish an electrical connection between the electrode areas on the top metal layer of
the CMOS drive circuitry and the heater element. However, heater material deposited on vertical
or inclined surfaces is thinner than on horizontal surfaces. To avoid undesirable resistive losses
from the thinner sections, the contact portion of the thermal actuator needs to be relatively large.

Larger contacts occupy a significant area of the wafer surface and limit the nozzle packing density.

Summary of the Invention

Accordingly, the present invention provides an inkjet printhead comprising:

an array of ink chambers formed on a wafer substrate, each having a nozzle aperture and a
thermal actuator, the thermal actuator having a heater element extending between two contacts such
that the element is suspended in the chamber; and,

drive circuitry lithographically deposited on the wafer substrate for generating drive
signals, the drive circuitry providing electrodes for the contacts of each actuator;
wherein,

the contacts and the heater element are coplanar such that the thermal actuator is an

integral planar structure.

A planar thermal actuator, with contacts directly deposited onto the CMOS electrodes and
suspended heater element, avoids hotspots caused by vertical or inclined surfaces so that the

contacts can be much smaller structures without acceptable increases in resistive losses. Low
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contact size is convenient for close nozzle packing on the printhead.

Preferably the heater elements are slongate strips of heater material. In a further preferred form the
electrodes are exposed areas of a top-most metal layer of the drive circuitry. In a particularly
preferred form, the printhead further comprises a trench etched into the drive circuitry extending
between the electrodes. )

In a first aspect the present invention provides an inkjet printhead comprising:

an array of ink chambers formed on a wafer substrate, each having a nozzle aperture and 2
thermal actuator, the thermal actuator having a heater element extending between two contacts such
that the element is suspended in the chamber; and,

drive circuitry lithographically deposited on the wafer substrate for generating drive
signals, the drive circuitry providing electrodes for the contacts of each actuator;

wherein,
the contacts and the heater element are coplanar such that the thermal actuator is an

integral planar structure.

A planar thermal actuator, with contacts directly deposited onto the CMOS electrodes and
suspended heater element, avoids botspots caused by vertical or inclined surfaces so that the
contacts can be much smaller structures without acceptable increases in resistive losses. Low

resistive losses preserves the efficient operation of a suspended heater element and the small

contact size is convenient for close nozzle packing on the printhead.

Optiqnally, the heater elements are elongate strips of heater material.

Optionally, the electrodes are exposed areas of a top-most metal layer of the drive circuitry.
Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,

the actuator simultaneously ejects ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.

Optionally, the nozzles in each chamber are arranged in a line parallel to the length of the heater

" glement with the central axes of the nozzles are regularly spaced along the beater element.
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Optionally, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volis.

Optionally, the drive voltage of the drive FET is 2.5 Volts.

Optionally, the array of ink chambers is defined by sidewalls extending between a nozzle plate and
the underlying wafer substrate, one of the sidewalls of each chamber having an opening to allow

ink to refill the chamber;
an ink conduit between the nozzle plate and underl&ing wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.

Optionally, the inkjet printhead further comprising a plurality of ink inlets defined in the wafer

substrate; wherein,
each of the ink conduits is in fluid communication with at least one of the ink inlets for

receiving ink to supply to the ink chambers.
Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.

Optionally, the inkjet printhead further comprising at least one priming feature extending through

each of the ink inlets; such that,
the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet

and partially along the flow path toward the ink chambers.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.
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Optionally, the inkjet pﬂnthéla%/f\grt 2174 34 comprising a filter structure at the opening of

each ink chamber, the filter structure having rows of obstructions extending transverse to the flow
direction through the opening, the obstructions in each row being spaced such that they are out of

registration with the obstructions in an adjacent row with respect to the flow direction.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

Optionally, the nozzle plate has an exterior surface with formations for reducing its co-efficient of

static friction (known as “stiction’).

In a second aspect the present invention provides an inkjet printhead comprising:

an array of ink chambers;

a plurality of nozzles formed in each of the ink chambers respectively;

an actuator in each of the ink chambers respectively; and,

drive circuitry for selectively providing the actuators with drive signals; wherein during
use,

the actuator simultaneously ejects ink through all the nozzles of the chamber.

By giving the chamber multiple nozzles, each nozzle ejects drops of smaller volume, and having
different misdirections. Several small drops misdirected in different directions are less detrimental
to print quality than a single relatively large misdirected drop.

Optionally, the actuators are thermal actuators, each having a heater element extending between
two contacts, the contacts forming an electrical connection with respective electrodes provided by
the drive circuitry, the thermal actuator being a unitary planar structure.

Optionally, the heater elements are formed from elongate strips of heater material, the electrodes
are exposed areas of a top-most metal layer of the drive circuitry, and the ink chamber is
configured such that the heater element are suspended by the contacts in the chamber.

Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, the width of the trench is at least twice that of the heater element.

Optionally, each of the ink chambers have two nozzles.
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Optionally, the nozzles in each chamber are arranged in a line paralle] to the length of the

heater element with the central axes of the nozzles are regularly spaced along the heater element.
Optionally, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzlés are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volts.

Optionally, the drive voltage of the drive FET is 2.5 Volis.

Optionally, the array of ink chambers is defined by sidewalls extending between a nozzle plate and
the underlying wafer substrate, one of the sidewalls of each chamber having an opening to allow

ink to refill the chamber;
an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.

In a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets
defined in the wafer substrate; wherein,

each of the ink conduits is in fluid communication with at least one of the ink inlets for

receiving ink to supply to the ink chambers.
Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.

In a further aspect there is provided an inkjet printhead further comprising at least one priming
feature extending through each of the ink inlets; such that,
the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet

and partially along the flow path toward the ink chambers.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to aimosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.
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In a further aspect there is provided an inkjet printhead further comprising a filter structure at the
opening of each ink chamber, the filter structure having rows of obstructions extending transverse
to the flow direction through the opening, the obstructions in each row being spaced such that they
are out of registration with the obstructions in an adjacent row with respect to the flow direction.
Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

Optionally, the nozzle plate has an exterior surface with formations for reducing its co-efficient of

static friction (known as ‘stiction’).

In a third aspect the present invention provides an inkjet printhead comprising:

an array of ink chambers;

a nozzle formed in each chamber respectively;

an actuator in each ink chamber for gjecting ink through the nozzle; wherein,

at least two adjacent chambers are separated by an ink permeable barrier configured to
reduce fluidic crosstalk between the chambers; such that,

at least one of the adjacent chambers refills with ink flowing through the ink permeable

barrier from the other of the adjacent chambers.

The conduits for distributing ink to every ink chamber in the array can occupy a significant
proportion of the wafer area. This can be a limiting factor for nozzle density on the printhead. By
making some ink chambers part of the ink flow path to other ink chambers, while keeping each
chamber sufficiently free of fluidic cross talk, reduces the amount of wafer area lost to ink supply

conduits.

For the purpose of increasing nozzle density it is also advantageous to use elongate actuators.
Thinner actuators allow the ink chamber to be thinner and therefore the entire unit cell of the
printhead to be smaller in one dimension at least. Accordingly adjacent nozzles can be close
together and nozzle packing density increases. However with elongate actuators the bubble formed
is likewise elongated. Hydraulic losses occur when an elongate bubble forces ink through a
centrally disposed circular nozzle opening. To reduce the hydraulic losses two or more nozzle
openings can be positioned along the length of the chamber above the elongate actuator. While this
reduces the hydraulic losses involved in injecting ink there is a degree of fluidic crosstalk between
the ink ejection processes through each nozzle. By placing an ink permeable barrier between the

nozzles to reduce the fluidic crosstalk, the chamber becomes two separate chambers.
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Optionally, the actuators are actuators, aving a heater element extending between
two contacts, the contacts forming an electrical connection with respective electrodes provided by
the drive circuitry, the thermal actuator being a unitary planar structure, and each of the actuators
extend through at least two adjacent ink chambers in the array, the actuator configured to

simultaneously eject ink from the adjacent ink chambers through their respective nozzles.
Optionally, the heater elements are formed from elongate sirips of heater material, the electrodes
are exposed areas of a top-most metal layer of the drive circuitry, and the ink chamber is
configured such that the heater element are suspended by the contacts in the chamber.

Optionally, a trench etched into the drive circuitry extends between the electrodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,
the actuator simultaneously ejects ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.

Optionally, the nozzles in each chamber are arranged in a line parallel to the length of the heater

element with the central axes of the nozzles are regularly spaced along the heater element.
Optionally, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volts.

Optionally, the drive voltage of the drive FET is 2.5 Volis.

Optionally, the array of ink chambers is defined by sidewalls extending between a nozzle plate and

the underlying wafer substrate, one of the sidewalls of each chamber having an opening to allow

ink to refill the chamber;
an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.

Tn a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets

defined in the wafer substrate; wherein,
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inlets for receiving ink to supply to the ink chambers.
Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.

In a further aspect there is provided an inkjet printhead further comprising at least one priming
feature extending through each of the ink inlets; such that,
the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet

and partially along the flow path toward the ink chambers.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long

relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.

In a further aspect there is provided an inkjet printhead further comprising a filter structure at the
opening of each ink chamber, the filter structure having rows of obstructions extending transverse
to the flow direction through the opening, the obstructions in each row being spaced such that they

are out of registration with the obstructions in an adjacent row with respect to the flow direction.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

Optionally, the nozzle plate has an exterior surface with formations for reducing its co-efficient of

static friction (known as ‘stiction’).

In a fourth aspect the present invention provide an inkjet printhead comprising:

an array of ink chambers, each chamber having a plurality of actuators and nozzles, each of
the actuators corresponding to at least one of the nozzles; and,

drive circuitry for selectively providing the actuators with drive signals; wherein,

a single drive signal simultaneously actuates the plurality of the actuators within one of the

ink chambers to eject ink through the plurality of nozzles.
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By putting m]ﬁ t1p} ]é/ct%g'tgrrz %Za s]m]g 01472 c}ig'nlab%él;éwc? providing each actuator with a
corresponding nozzle (or nozzles), each nozzle ejects drops of smaller volume, and having different
misdirections. Smaller drops with differing misdirections are less likely to create any visible
artefacts. A single actuator in the chamber could be used to eject ink from all the nozzles, however
there are hydraulic losses in the ink if the actuator is not aligned with the nozzle. Providing several
actuators allows each actuator to align with all the nozzles to minimize hydraulic losses and

thereby improve overall printhead efficiency.

Optionally, the actuators are thermal actuators, each having a heater element extending between
two contacts, the contacts forming an electrical connection with respective electrodes provided by
the drive circuitry, the thermal actuator being a unitary planar structure.

Optionally, the heater elements are formed from elongate strips of heater material, the electrodes
are exposed areas of a top-most metal layer of the drive circuitry, and the ink chamber is
configured such that the heater element are suspended by the contacts in the chamber.

Optionally, a trench etched into the drive circuitry extends between the elecirodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,

the actuators simultaneously eject ink through all the nozzles of the chamber.
Optionally, each of the ink chambers have two nozzles.

Optionally, the nozzles in each chamber are arranged in a line parallel to the length of the heater

element with the central axes of the nozzles are regularly spaced along the heater element.
Optionally, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, the drive circuitry has a drive field effect transistor (FET) for each of the thermal
actuators, the drive voltage of the drive FET being less than 5 Volis.

Optionally, the drive voltage of the drive FET is 2.5 Volts.
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11/014756 11/014736 11/014759 11/014758 11/014725
11/014739 11/014738 11/014737 11/014726 11/014745
11/014712 11/014715 11/014751 11/014735 11/014734
WO/20d441794 11/ 014750 11/014749 11/ 014746 11/ ORel7£G2005/001561
11/014729 11/014743 11/014733,11/ 014754 11/ 014755

%téo?la 4,7 g arg'ayop 1%1@1 Zh6aglbe:lfg- 1/s %ﬁﬂé‘ bjyjéz{dgvgiﬁlz %}gending between a nozzle plate
and the underlying wafer substrate, one of the sidewalls of each chamber having an opening to
allow ink to refiil the chamber;

an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fiuid communication with the openings of a plurality of the ink chambers.

In a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets

defined in the wafer substrate; wherein,
each of the ink conduits is in fluid communication with at least one of the ink inlets for

receiving ink to supply to the ink chambers.
Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.

In a further aspect there is provided an inkjet printhead further comprising at least one priming
feature extending through each of the ink inlets; such that,

the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet
and partially along the flow path toward the ink chambers.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface

tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.

In a further aspect there is provided an inkjet printhead further comprising a filter structure at the
opening of each ink chamber, the filter structure having rows of obstructions extending transverse
to the flow direction through the opening, the obstructions in each row being spaced such that they

are out of registration with the obstructions in an adjacent row with respect to the flow direction.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.

Optionally, the nozzle plate has an exterior surface with formations for reducing its co-efficient of

static friction (known as stiction’).
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11/ 014753 11/014752 11/014744 11/014741 11/014768
11/ 014767 11/014718 11/014717 11/014716 11/014732
11/014742 11/097268 11/097185 11/097184 09/ 575197
O 6070k 9E4 09/ 575159 09/ 575132 09/ 575123 09/ 5P61482005/001561
89; 575130 09/575165 09/575153_09/575118 09/575131
9/575116 O

In a fifth aspect thegp/reSSZn% Jm%élntigg {)rgzi e]si 3 a%%]ggez gr]m%ad comprising:

an array of ink chambers, each having a nozzle and an actuator for ejecting ink through the
nozzle; and,

drive circuitry for selectively providing the actuators of the array with drive signals;

wherein during use,

each drive signal simultaneously activates a plurality of the actuators.

By replacing a single relatively large chamber with two or more smaller chambers, such that the
separate actuators are in the same driver circuit (either in series or parallel), each nozzle ejects
drops of smaller volume, and having different misdirections. Smaller drops with differing

misdirections are less likely to create any visible artefacts.
Optionally, the actuators are thermal actuators and the plurality of actuators that simultaneously

activate are part of the same drive circuit., each having a heater element extending between two

contacts, the contacts forming an electrical connection with respective electrodes provided by the

drive circuitry,.
Optionally, the plurality of actuators that simultaneously activate are connected in series.

Optionally, the thermal actuators each have a unitary planar structure and a heater element

suspended in the ink chamber.

Optionally, each of the ink chambers have a piurality of nozzles; wherein during use,

the actuators simultaneously eject ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.

Optionally, the heater elements are aligned elongate strips and the nozzles:in each chamber are

arranged in a line parallel to that of the heater elements.
Optionally, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzles are aligned.

Optionally, each of the drive circuits has a field effect transistor (FET), the drive voltage of the
drive FET being less than 5 Volts.
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09/ 575193 09/575156 09/575183 6789194 09/575150
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WOLeTHA8# 6727996 6591884 6439706 6760119 OHET7TALOG/001561
6290349 6428155 6785016 09/575174 09/575163 6737591

09/ 575154, . L 14
Optionally, the drive voltage of the FET is 2.5 Volts.

Optionally, the array of ink chambers is defined by sidewalls extending between a nozzle plate and
the underlying wafer substrate, one of the sidewalls of each chamber having an opening to allow
ink to refill the chamber;

an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.

In a further aspect there is provided an inkjet printhead further comprising a plurality of ink inlets
defined in the wafer substrate; wherein,

each of the ink conduits is in fluid communication with at least one of the ink inlets for .

receiving ink to supply to the ink chambers.

Optionally, each of the ink conduits is in fluid communication with two of the ink inlets.

" Ina further aspect there is provided an inkjet printhead further comprising at least one priming

feature extending through each of the ink inlets; such that,
the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the inlet

and partially along the flow path toward the ink chambers.

Optionally, each of the ink inlets has an ink permeable trap and a vent sized so that the surface
tension of an ink meniscus across the vent prevents ink leakage; wherein during use,

the ink permeable trap directs gas bubbles to the vent where they vent to atmosphere.

Optionally, the ink chambers have an elongate shape such that two of the sidewalls are long
relative to the others, and the opening for allowing ink to refill the chamber is in one of the long

sidewalls.

In a further aspect there is provided an inkjet printhead further comprising a filter structure at the
opening of each ink chamber, the filter structure having rows of obstructions extending transverse
to the flow direction through the opening, the obstructions in each row being spaced such that they

are out of registration with the obstructions in an adjacent row with respect to the flow direction.

Optionally, the nozzles are arranged in rows such that the nozzle centres are collinear and the

nozzle pitch along each row is greater than 1000 nozzles per inch.
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09/ 575129 09/ 575124 09/ 575188 09/575189 09/575162

09/ 575172 09/575170 09/575171 09/575161 The

di scl osures of these applications and patents are
wocooepetrat ed herein by reference. Backgr oundPOf/AU065/001561
I nvention WO 2007/041744PCT/ AU2005/ 001561 3 The
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structure, The contacts need
rpemymg;mint data. i Aderptivsky, the umt cell configuration used in the present invention can be

arranged into opposing rows that are staggered with respect to eachother to effectively double the

GIC

print resolution — in the case of the preferred embodiment, to 3200 d.pi

Optionally, the nozzle pitch is 1600 nozzles per inch.

Optionally, the nozzles are elliptical and the minor.axes of each nozzle in the row are aligned.
Optionally, the actuators are thermal actuators, each baving a heater element extending between
two contacts, the contacts forming an electrical connection with respective electrodes provided by
the drive circuitry, the thermal actuator being a unitary planar structure.

Optionally, the heater elements are formed from elongate strips of heater material, the electrodes
are exposed areas of a top-most metal layer of the drive circuitry, and the ink chamber is
configured such that the heater element are suspended by the contacts in the chamber.

Optionally, a trench etched into the drive circuitry extends between the elecirodes.

Optionally, each of the ink chambers have a plurality of nozzles; wherein during use,

the actuators simultaneously eject ink through all the nozzles of the chamber.

Optionally, each of the ink chambers have two nozzles.
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30 Optionally, each of the ink chanbers have a
plurality of nozzles; wherein during use, the actuator
simul taneously ejects ink through all the nozzles of
woeowharmpier . Optionally, each of the ink chadIexEi5R0E561
two nozzles. 35 Cptlonally, he nozzles in each
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Optionally, the formations are columnar projections of equal length extending normal to the plane

of the nozzle plate.

Optionally, the actuators are thermal actuators, each having a heater element extending between
two contacts, the contacts forming an electrical connection with respective electrodes provided by

the drive circuitry, the thermal actuator being a unitary planar structure.
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Optionally, the inlcjet printhead furtherconprising a
filter structure at the opening of each ink chanber,

the filter structure having rows of obstructions
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an ink conduit between the nozzle plate and underlying
waf er, the ink conduit being in fluid comunication
with the openings of a plurality of the ink chamnbers.
wo 2007faraher aspect there is provided an i nlBEWAU2005/601561
printhead further conprising}g plurality of ink inlets
20defined in the er. substrate
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RBnSE b&&nﬁﬁmﬁi&@s dcftés théWedt prévehts ink Geakhpgwibie duridg weit of

e cheberaeeBerfraba i OiS A AR o T hte

has an ink permeable trap and a vent sized so that the

6&%&@&? tht 0 Eﬂaﬁ% arg bR Bn élGA‘gafg‘?ﬁypps SR th& 4w §ﬁhé gi’d’ew‘dﬁ‘srﬁre long

s in wher ei n  duri ng use,
btmeeta Bre ethers.pd te Peteing fog aloviRgyBf fogelilghe ‘Fi‘ém‘?f'é R 9&‘?@? the long

&mgﬁnyent to atnosphere. 350ptionally, the ink

chanbers have an el ongate shape such that two of the
sidewalls are long relative to the others, and the

Rpditeaashet thak Isewivitgd amikkjetprintbdail [irthertvemprisingtadiltei strugtyre at the

one. of ansverse
SR b ik B AR Banwp Wina ows of bsimotions xtendi
tottesr flowi diregtion (hrapekitha AP HE the ObFFICHRTA BeraclyTgY bpfag spaced such that they
£:0 BRIOF REiStehtign fitl thebosldiibitinlitadAtent B vEREGBHRGLoGH: fR@CHrection.
I nk chanber, the filter structure having rows of
obstructi ons extendi ng transverse to the flow
dpt[cﬁﬁ)llyl, thendzhleCaigdirahrd 0oeR such) thatt theenoets tentrs rienBinganand the

W are out of
?026 ¥ gltw% }og%eacg %ﬁé‘% %agero ? ?dl??t%%z})e% ?&I nc,ﬁan adj acent row
with respect to the flow direction. Optionally, the

lglgaﬁtar gtg a%%cg t‘tgzo Fe@éﬁgggern'hgn ﬁr@%@es %ﬁ'ﬁ:ﬁ;eﬁﬂi‘ﬁfheafdfwmglﬁg%l e ]
|
ow | B ARSI, T HSZ PR e P Tor o B flbugh the

fptieonal Iy, the nozzle plate has an exterior surface
with f tions e g!gg f. hﬁﬁ&

10st at ;iﬁ%rm¥ ?P 1.{1]k m.{e% (.tkﬁuug & 1c§at o§1 vﬁﬁ e u;xlé & s, tQt%dl, fd
aspecﬁkﬁﬂemnm@s@ﬂ%ﬂmﬁv@ﬂﬂﬁﬁﬁﬂ@WEVWHégh%mkP%%%@Phﬂwt

print tﬂ@@tﬁ'&&%ﬁ@i@ﬁ st aﬂ%k r@eﬁhs@tfs e Rk ildd keth aRR@RSInk dut of the inlet
nozzle formed in each chanp erw%Ss ectively; 15an

andipauielbtalong thedlow priRovErLHS jecting ink through
the nozzl e; wherein, at |east two adjacent

hanbers are se ar at.e : :
SREPPEaP T F BaGREp FEPEo R uBRRIRADLE RBAL dflon i o ek
ﬁhﬁﬂhﬁ@sbes&uhwdhamuﬂmnmﬁkmgﬂmm@agﬁb6m5h9$m¥ﬁ@nmmhﬁbmkhm)
ggﬁﬁéent chanbers refills wth ink flow ng through the

I'nk per neabl e bather fromthe other of the adjacent
chanmbers. 20 The conduits for distributing ink to

éﬁﬁfn)ﬂl)} K a&gﬂ@mﬁﬁﬁhdnﬂoeﬁs e d@ﬁﬂedkﬁy ﬁd’d&/amwﬁ&in@between a nozzle plate
nIfI%% proportion of th area. Thi

er '
P YA PG H B GHE e i QR BTy P B e 2
ByrurBide loag pa04ly withle thhhierysof feiitk igift, 4odextemingftbwandspbe fozzle
to other ink chanbers, while keeping each chanber
3%?f|0|ently free of quidic cross talk, reduces the
anmount of wafer area lost to ink supply 25conduits,
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For the purpose of increasing nozzle density it is

al so advant ageous to use el ongate actuators. Thinner
actuators allow the ink chanber to be thinner and
wioewetwimst he entire unit cell of the print hremAU2903@1561
smal l er in one dinension at Ieast Accordingly

adj acent nozzl es can be cl 0séY930 t oget her and nozzl e
packi ng density inereases. However with el ongate
Bﬂiﬂiﬂteﬁﬁsﬁect ihere Bukdvided dnGnkje @rintheali fuktbevicemprising dgeet aircitry for

: ﬁ%{“{eﬁ' row%mgstﬁ’e actu %81‘% thﬁ%%@ &%artls grlgig Sﬁﬁ%gttr?ﬂ%g £ZI§ fhfﬁ?l{a? Sthhators,
cqse hiving a h&'aber eletierd equelg hsfeesaie eontagis.dhesontggls femingsn glectrical
&%ﬁgclusn Qiﬁ?x@é E@t%e gﬁ:ﬂo&@ pﬂaqgédf HyQamivadiRtigy iandranatBat@tbeing a
nber a ove the elongate actuator. Wile this
W@@ﬂﬁ&@mﬁﬁemﬁ?draullc | osses involved in injecting ink
there is a degree of fluidic crosstalk between 35 the

Bl BRSSP B RO Pl Pl
trh expobed iaghsnf @ tapawisiarhdtal laytref the dritpesirctiio envdke inkwhamber is
&%?Xr@& slgfhctnﬁ 'ffﬁ%ga?er eleMQt 2 Qt?s{;&ﬁégb%ﬂffqu{ltg&gg BelPRbebl 9

ona the actuators are théermal actuators,

each
havi ng a heater el enent extendi ng between two
ORnAG), 8 iredchGcHe® Bl AES Eivk CiFdUiLYGxiaMls BbtRednlie@Rbtrodes.
connection with respective el ectrodes provided by the
drive circuitry, the thernmal actuator being a unitary
Obtixmally, &kl ofthe inlecha@brgs lescdplahlity hEnocazd¢sualicmirsdugng esad
thro
ar' ay ok SEln by SUARERL b GURBIR P 0l Bk
eject ink fromthe adjacent ink chanbers through their
BEREIGL LR of 1RZiAE @8mbddtabORBlnbislest he heater el ements
arefonmdfromehmgMe strips of heater material,
the el ectrodes are exposed areas of a top-nost met al
Optjoatllypthe héveledlinieach cirimber bird aranged inch link garhlivktodhedenigthrof the heater
gonf | t d
G5 SHLEE plE B e ARk Bl BB B U8 U REER
etched into the drive circuitry extends betmeen t he
gb@ﬁ@hpmggmm@p%égp@khy, each of the ink chanbers have
a plurality of nozzles; wherein during use, the
act uat or S|nultaneously ej ects ink through all the
OpiEonhIBSthe hajoldecdtaelBipticalpiztlerwad dlignedeach of the ink
chanbers have two nozzles. Optionally, the nozzles in
each chanber are arranged in a line parallel to the
Optingelly, bé diivesiruitt has a driive deldteffont trnsistan(FEBPT eaph of thedhegnal
téaempsoaz &R vBlide sﬁgéur% E¥T ﬁa@gqeg f3h 99614 he heat er
el ement. 20 Optional Iy, the nozzles are elliptical.
Optionally, the major axes of the elliptical nozzles
Opteonaly, §6 eve v bi tBdivk YET {s& Whikve circuitry has a
drive field effect transistor (PET) for each of the
thermal actuators, the drive voltage of the drive PET
Optiongjly, @sf thh sitevBlli/fletch, cha@pter Iow ail dppning teallaly ink to rofdl the gfamber;
of t ha?t u?{ éf%ﬁﬂt%ﬁ-\; n% ehczncézly;%t % #nd u%@erﬁﬂ% 'waé@ Itﬂeynk dofiit being in

array o rsis i ned dewal
Buid eqrernumipatinatwikhdhe ogenings of aplypliy ef thfhlak thﬁ@b?ihder | yi ng
waf er substrate, one of the S|demalls of each chanber

havi n opening tq al.l MIInk to ch er.
Gl SO it mSe e it e Sl et ok QR Gieinges o
maﬁﬁﬁgmkhemmnho&emﬂuhhmhslng in fluid communication

with the openings of a plurality of the ink chanbers.

35 WD 2007/ 041744PCT/ AU2005/ 001561 10 each of the ink
conduits is in fluidcomunication with at | east one of

the ink inlets for receiving ink to supply to the ink
chanbers. Optionally, each of the ink conduits is in
fluid communi cation with two of the ink inlets. 5
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In a further aspect there is provided an inkjet
printhead further conprising at |east one primng
feature extendi ng through each of the ink inlets; such
wbang7/041744 the surface tension of an ink nenPGRAB0H001561
the ink inlet acts to dramrthe i nk out of the i nl et

nd partially. al o . t.he ath to
AR TN LA e R R

i nk perneabl e trap and a vent S|zed so that the
g l€1on eaéh Q‘%he%ﬁc ts E:E a.\l%‘r?& E‘&%'ab aﬁt? ! %ﬁtssxz‘cﬁsb A& E]te surface
rﬁ Iea PeI use
tpteroneﬁ@l vek mmpu&jiproesdh@egfagevmm @skag‘a wherein desing tsgher e

t hey MR peReaBit FRSRREE Gas b¥obidIR hONAL hiere thdySredt IEt?tl‘atmOSﬁhere
chanbers %ave an el ongate shape such that two of

sidewalls are long relative to the others, and the
@{ﬂi@ﬁﬁﬂ@ghef iak c}:iitnbﬁy\l'leﬁg ad dMghte sHaﬁef siubﬂ thdt lveo @ rsaewalis sre ldhg
r%gttvg?o the 8%%55’22‘9?1 nr&pdegift\l\g%o? f‘cﬂ},] owing é’g‘ ﬁ%l eercha% ere 1(5: En one ofr tﬁe long
sideivaltsr structure at the 20 openi ng of each |nk

chanber, the filter structure having rows of

obstructlons extendi ng transverse to the flow
Ta p frthen agnec thirds gIevidereandpish prinhead frghes sapnrigise p G4 strygture at the
dDaGky Jfe¥h R cAgmtR %Qﬁet&&ﬁdﬁur& H@Ing&ckﬁ)bf Ebb@ru&ibhs @cﬁendmg transverse
taﬁ]? ;ﬁls‘ty rgg%lggx? th{vggél{]tﬁéoqghlg%b& [ F | t%g?im ezrtlch%onw asg%g ﬁu)}l t\%t they
wmmum@maﬁmemamhﬂmuhmumamsmwnm@msmsuchnhhamdnhéwﬂwwd%%umx
centres are collinear and the 25nozzle pitch al ong

each row is greater than 1000 nozzl es per inch.

Qenadindhd npzzlesties apvaerd & Ty etieh thal dheaprancersior g callineprgadtbe

kA hilk R 5168 dafliYEw fisreatc@ thiC1000 nézufes §eRin€ll.T | Ci ent of

static friction (known as “stiction'). 30 In a fourth

aspect the present invention provide an inkjet

Qutibmd i elachogdaplate bismg exterior surfagwituforantias for redudidpaivbeefficient of
ng~a plurality of actuators and

Sﬁ%ﬁ? £ﬁ£%§§ﬁp%¥&$ﬁe actuators corresponding to at

| east one of the nozzles; and, drive circuitry for

teeha@rlta!;péeltye ﬂi’és@i( i efiOn tnlaada% u&teprratﬁeaadamgﬁgmge
Sl ghal s

si muft FHsk ?P%B‘“ﬁ itk Phgraers; g3gh lﬁ‘lv’ﬁt? aPt%F&? anacti‘ﬂ’i%” Sf%f%teﬁféﬁgé‘iks
thbrighitie nopdte afl a tidevaRopekngaharibeng td refilbjredtambakwielingugh

;g87ﬁ%ﬁ%%%%%%?%&Ugg%é%%%¥§%¥g%fm§$m%%?ting mul tiple
actuators in a singl echanber, and providi ng each

%ﬁﬁ@ﬁw WiclcRarfbes 86 rhas&@rt@lre@gie A7k icksUhe (NOREN 88ds, The inlets
each nozzle ejects dr mal | er vol une, and havi ng

aEﬁ‘ﬁ“fleéF’ejrfPerﬁfP?d? #le%t”rétﬁ%are@ﬁtﬁfl er drops with differing

m sdirections are less likely to create any visible

tefa ngl e actu I
(%é%ngﬁ}r, %heeajxre%?ts w"hers are %%.n{dﬁ)é/gld&t)ﬁls %;Qe 'het@getﬂ ag?%ge I,péate:
and ewifgubnlstrite.ond tbs s@@tqrsnart thermiakdetuptprsy daén Iat:mzrat Qmgitsheatst
RIS MR W lRwlQ%AdcR. Providing several actuators

all ows each actuator to align with all the nozzles to
m nim ze hydraulic | osses and thereby inprove overal

w4 ﬁﬁh&@@éctﬁﬁefﬂtre@ér@ B&¥ntion proyalids @i akjedprinthbal ﬂﬁeﬂﬁi@hﬁng’ﬂrﬁe
Cltu or ea
kSR 1B e e A e il s BT r b e ot

fam aglelecttical canhecti@nwigtCrespeciiveveledirode ppeided hyghedrve tiraifyswherein
¢ %%Mﬁ&&&&na%ﬂvq&yﬁwm%% the thermal actuator

el ng a uni t a AHar struct ure. Optionally, the

heater elenments are fornmed from el ongate strips of
heater material, the el ectrodes are exposed areas of a
top-nost netal |ayer of the drive circuitry, and the

i nk chanber is 15configured such that the heater

el enent are suspended by the contacts in the chanber.
Optionally, a trench etched into the drive circuitry

ext ends between the el ectrodes. Optionally, each

43
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20t he actuators sinultaneously eject ink through al

the nozzles of the chanber. Optionally, each of the

i nk chanbers have two nozzl es. Optionally, the
warmbem1i4m each chanber are arranged in a | i PE€T/AU2005/001561
parallel to the |ength of thﬁ heat er 25el enent with

the central axes of the nozzPés are regul arly spaced
along the heater elenent. Optionally, the nozzles are
©btidnpityi, clad heatéﬂ&teineﬁta#rb formédfeonn@prpate stripsof bfater inaterial, the electrodes
el lipti.cal no '

are £x osed areas or} %é o§tS Iﬁ(gatﬁ Imjv og ﬂ%%hile dpQrc?l% %%ﬁtﬂ%% )s‘(l}aél%%ﬁs
écﬁaﬁ@recr smph féa@dw hefer elgment freersprpendad oy the wpigcts injhe chgmbye

vol tage of the drive PET being less than 5 Volts.
Optionally, the drive voltage of the drive PET is 2.5
Qetiaually. (s Biebadrbe AN OISO HEAER B nal |

the array of ink charrbers i s defined by sidewal | s

n e.an | vi.ng
R T e e
h aV| ntge antnatppemilpgedquely giedtoink thrdegh dl th@lﬁqzﬂt:s of the chambnatber ;
an ink conduit between the nozzle plate and underlying
wafer, the ink conduit being in 5 fluid comruni cation
@ptiralish ech pisha inchagberghaye B¥oaords of the ink chanbers.

In a further aspect there is prow ded an |nkJ et

§étlf1qq% A dﬁgzgulgt%xg\%é:ﬂac a@%%%%{lg %ed U]éngl 1L el%theI 1Qx£<gth oqfthethgater
clamént @fth thh eenirrllexs ofitiendzgles se regulérlyup@ecb@mmlm heaerielpment.
wth at | east one of the ink inlets for 10 receiving

ink to supply to the ink chanmbers. Optionally, each of
Ph@nﬁlrvktheafr?@é$¥%el’rl@cﬁln fluid conmunication with tw of
the ink inlets. Inafurther aspect there is

rovi ded an, i nk fur her, conprising at
BBMVO%@WTW%‘%%%@HY ?oé ¥y through each of
the ink inlets; such that, the surface tension
Bk i nk e

tﬂ(o%nl J{,{E FJE%Q}I&J.% e?!\dlrl el d%ﬁedtﬁan%ﬁto?%‘b%) itoﬁeag}; f}‘\%vsttgngtnalt]l
G@W@F&dtﬁp ﬁ@vervnltag@h%thwvs FET being 1€§f§tﬂ¥a@ﬁé{ Olt%f each of the
ink inlets has an ink pernmeable trap and a vent sized
so that the surface ron f an i nk nmeni scus
Qutiqpally; thﬁém(?é/ﬁ]tagﬁ?%b"eﬁg’l@%ta cFltége wher ei n during

use, the ink perrreabl e trap d| rects gas bubbles to the

vent t o
8 Rl AU IRERRL S ot R b AR
dméulsbed@mtht gozale plateandthe mdatlmmtf@ ttlh’@k ekt beingamBuid he

&%ﬂhﬁguofn‘%th@le 09&411&9 of J}hur‘élﬁy EQEéMcﬂaﬁge@ha”ber isin
one of the long 25sidewalls. In a further aspect there

IS provided an inkjet pri nt head further conprising a

ful d flneier é?sbé’cUt(ﬁé peRnidhvehii® pRivids agnkét paithdad fubierchapidig,a plurality
t %I e $t ruct ure h \él %errows of obstructions

%{}fﬁé &fr‘nf HLEFEEREF ow direction through the
openi qagh oftttla:enlnbsdwtsusun fuig cqnnmsb;efipnmth/atiedswe spthe Y inlets for
gg&{&% fo s ko B é)rhll;er registration with the

obs

ctio in anajacent row with respect to the
flow direction. Optionally, the nozzles are arranged

ﬁncrnatlyseawsﬂlhem@éonam 19 Al CorbAHidalsh vAth@w6 6f thé e alletsand
e nozzle pitch along each rowis greater than 1000

nozzl es per inch. WO 2007/041744PCT/ AU2005/ 001561 13
Opricaalfyi, Eakhofakqigicinletsthes qurigksenteabln tegndnid @ menp sigadi sd ésethe surface

tegs!went of BL fn@ Eagn%s%gs z%?oqpﬁé %nplgfévents ink leakage; wherein during uvse,
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an array of ink chanbers, each having a nozzle and an
actuator for ejecting ink through the nozzle; and,

drive circuitry for selectively providing the
wotwetarasof the array with drive signals; SreivRUE051001561
during use, each-drive signal S|nultaneously activates

a plurality of the act uat or s 2 repl.acin

r el at g @k permesblsirap HEFERS wi t h V&Bhﬁgﬂﬁﬂﬁgg@ﬁﬁaF%%mtm
ghkdaees, such that the separate actuators are in the
same driver circuit (either in series or parallel),

each nozzle ejects 10 drops of smaller volune, and
Pationally, the fiifkehantersipwdn clotgatechape sightial twp ofthoyidewllstare long
(il %{ ol btk S S %%Eénﬁiﬁor@ﬁ&vﬁfﬁﬁ tdl e Bt chbbes §sQRbR oRMAY long
visibl'e artefacts. tionally, the actuators are

sileTalal actuators and the plurality of actuators that
simul taneously activate are part of the same drive

G i oo RS Bt i e i PO e CfPising e
ﬁh&tuterait tha bpenizg n&@th bk chambér, theglpe sitvctue hetierrowpefesbstructions
kng (?r?nsp&?e tg] e ﬁ[)\!v ﬁﬁecﬁ&{j ﬁéhrtﬂe peﬁg {hg Q?skrlléﬁonstiﬁ‘ Each row being

actuators t taneous activate

snaeedcs thexiarp ﬁuts@egletsanmmﬂabf phstaetipny in %nr@éta%eﬁ@rpwﬂh respect to
aelnvpliRtsiog£ach have a unitary planar structure and a
heat er el ement suspended in the ink chanber.

Optionally, each of the ink chanbers have a plurality
obumlz;z the apzzinkh &t edraageailin tong such ehat théimzzle tants@rescollinear and the

B R ol o OO BB sk, T Chamber s

have two nozzles. Optionally, the heater elenents are

ahigaed e In%gz%ta?e h§§ 11 RBrieG D RitN RZZ18HCD: 8RGRg BNRNIRient of
are arranged in line parallel to that of the heater

§W§ﬁ§ﬁ¥§(hgﬁn€bﬂpaﬂh1ly, the nozzles are elliptical.

Optional ly, the maj or axes of the elliptical nozzles

MI G IrCUItS
aastengil ?Sg ﬁ?% ©pw IEIV ? gm %ﬁ%ﬂxﬁt&%ﬁ ggnﬁd)r 0% Vol t age
of t ha adwy vfenlﬁazmm f:ragh h@sng atnhzm & agypiprsfor ejapying ink through the

?1&9@/ &%&%ﬂéﬁ%’ NZRORL RQdABHe dmbR AL Re} ¥rmcthd @t 18 inMEopening;
voltage of the PET Is 23Volts. Optionally, the array

whetpipk chanbers is defined by sidewal |s extending
bet wega filer @@z:a&eaaapfoa& ef amthudibes eureﬁlmg t;amgrsmm@rﬂow direction

b i d h
Bap LR PnBa e P ati ar Moy eppf R Sl RANERRE Gy 1O

registration with the obstructions in an adjacent row with respect to the flow direction.

'csgc

Filtering the ink as it enters the chamber removes the contaminants and bubbles but it also retards
ink flow into the chamber. The present invention uses a filter structure that has rows of
obstructions in the flow path. The rows are offset with respect to each other to induce turbulence.
This has a minimal effect on the nozzle refill rate but the air bubbles or other contaminants are

likely to be retained by the obstructions.

Optionally, the filter structure has two rows of obstructions.
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an ink conduit between the nozzle plate and underlying
waf er, the ink conduit being in fluid comunication

with the openings of a plurality of the ink chamnbers.

wo 2007foursher aspect there is provided an i nkPEW/AU2005/001561
printhead further conprising?% plurality of ink inlets
10defined in the wafer subst e, \Wherein ) ach
GriopHls AT HALFECORSaT n 1| i OGS PEigR b
202218 p1a10 AR 20Fafdr Bbstrads andthedbsinfcBons bR calumhaxytendikg Hebveen the wafer
S y the i,nk chanbers. Optionally, each of the
?ﬁgg%éﬁ%@??gg?gmfh fluid comunication with two of the
ink inlets. 15 In a further aspect there i's provided

gél}o?nﬁﬁg tﬁﬁ% ac%f.oﬁtaﬁqggm;l%thgﬁg, e%%gsén%ngéte ﬂe@@ﬁélen%ﬁ?extending

eat ure extendi ng through each of the in
hefirasp §vo caijedts- t hat | the surface tension of an ink
meni scus at the ink inlet acts to draw the i nk out of

he inl et d tiall I L, fl th t dt
bneanese e b Ptk Ry e s prtil s R s il
dreuitry Ror pexctieiiiirevidingthe therchabacinetots véthZgeb signals brah thattheir contacts
%&ﬁ h%%%%ﬁ%éaﬁ%e{gggfgg&s e TRB e R oA 85 &ehﬁ\%c}fﬁg&y, wherein

revents ink | ge,; erein during use, the in
the thanmalrcmator befngdivpiéeey Blaggagrupiiisbl es to the vent where
they vent to atnosphere. 25 Optionally, the ink
chamber s have an el ongat e_shape such that t of .th
SPEBUS e S TGO 1o0 85 GIOTHIE 51 G Bt e Hectrodes
ap epbdarbBof atobawkirngetdl Rigertofthe éfivel dirctitng anhtbniplechainberiis
‘%I’I]ﬁ (r)efd s%cggh lt 2093 gl@(?@hlt LIE sus Qxd%i 4)'%4 c{%ﬁtﬁct@ﬁ %Q}Latﬁd&e re

'S %?OV| ed an |ﬁﬁje printhead further conprising a
filter structure at the 30 opening of each ink
@}%M@! a trenbfetdibd 1R thedrivh Gitdding ekidMis BEwESWEe eRtrodes.
obstructions extending transverse to the flow
di rection through the opening, the obstructions in
@ hallypactbeitiRgnisasiet mucdplirhiity of dveslesawkerdniduriof use,
registration.wi.th the .obstr 1,0 ' ' r ow
w ©h Rlae el o B P oI i BEERL

the nozzles are arranged in rows such that the nozzle
5&&&&@§m&&%ﬂ%@ﬂdmﬁﬁ%ﬁHNW%w%Q&m§§nozz|e pi tch al ong

each row is greater than 1000 nozzles per inch. WO
2007/ 041744PCT/ AU20051001561 15 Optionally, the nozzle
OpthRly BSnRFleSN ERR tIRhbEH ddf@ngtt irha lina Haralld @S 1émpth of the heater

SSSUEL A ey 5 RSO LTt

i nvention provide an inlj et printhead conprising: 5an
d.;correspondi ng actuators for
g?%%%?ﬁ%eﬁﬁéé%ﬁ%%uggdihe nozzl es, the nozzl es being
arranged in rows such that the nozzle centres are
O1ohd 11 E8E ma¥hREIf he eliiBBcal@zAbardiliphdd. al ong each row is
greater than 1000 nozzles per inch. Traditionally, the
nozzle rows are arranged in pairs with the actuators
Ogtionsligcihe drbwcouitarhds ndrivie ficld 0Fpp baisister FET Bt dadnef.theThezmal
r | ther so that
R e e E e
nozzl e pitch (nozzles per inch) along each row. By
éﬁ%ﬁﬁél?}kﬁé a8t hBSHMARROFST Rh.sthsuni t cel | (the
repeati ng chanber, nozzle and actuator unit) such that
the overall width of the unit is reduced, the sane
nunber of nozzles can be arranged into a single row
i nstead of two staggered and opposing rows w thout
sacrificing any print resolution (d.p.i.). One row of
15drive circuitry sinplifies the CMOS fabrication and
connection to a print engine controller for receiving
print data. Alternatively, the unit cell configuration
used in the present invention can be arranged into
opposi ng rows that are staggered with respect to
eachother to effectively double the print resolution -
in the case of the preferred enbodi nent, to 3200

P A PN P~ P~
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Optionally, the nozzles are elliptical and the m nor,
axes of each nozzle in the row are aligned.

Optionally, the actuators are thermal actuators, each
wauvnorgsasheat er el ement ext endi ng bet ween 25p@WAU2005/001561
contacts, the contacts forn13 an el ectrica

on tion th respective el“ec des OVJ
3‘? @@g PPEH \F%F PLrsent e i e r mal aE‘PY}g w&eﬁwpnsmg
b mk asndsit bethedetl the nozzieplatread thy undeﬂﬁnmtrethe mk eomguit ieingiefluid

PRl VRIS oF} SRRy Sl RLERAIE P 2 i Tayer

of the drive C|rCU|try, and the i nk chanber is 30

%pmuh&u hekt ?Qse’hﬁﬁ‘tfenﬁ&eprmg ﬁ{m%)t%ﬂﬁﬂéad me&u&mﬂg%%mmy

e contac tionally, a trench
@¥%ﬁ€&ﬁqﬁﬁ?H4ﬂ? REPRFEDSERE Rty ext ends bet ween t he
el ect ¢06leRhe ink conmth isanfhill yommacBiicfwithReledstidae ofiase ifets for
gg%%na. gurallt%é %oz Ies wherei n during use, 35the
SEPins BF & SR PHRARGTE ™ s) ect i nk through all the
nozzl es of the chanber. Cptlonally each of the ink
@)g e ¥ OnBOE Q cA@numcahon with two of the ink inlets.
E7/ '8’41744PCT/ AU2005/ 001561 16 Optionally, the
nozzl es in each chanber are arranged in a |line
ogﬁ@lamﬁ back efthch@k h&&gbi’hﬂﬁk fehfeable &L@arnd e lvaﬁﬁﬂsd sWihbiihd si€face
?e tng EFes .Of @ozz es are agu ar.| % spaced al ong
Heat m@?%%?’?f"“ EFE BREFE P I PREodiiers ettt ry
has athelink ygmbabls tokp irdctshs hubblmto ﬂie @ent (vhérd they want te aipdospdifre.
the thermal actuators, the drive voltage of the drive
PET being less than 5 Volts. Optionally, the drive
@éﬂlqnalgfethe fokchasbgs hes afrplyngate shapg sugly fhpi¢wo e{yhegidealisacd lpug
teBve RYieds, dnfl he GHANR E6ralldwinghiek toe! thychahBle Wah bife of the long
ﬁg ﬁdlng bet ween a nozzl e pl ate and the underlying
Ter*substrate, one of the sidewalls of each chamber

havi ng an opening to allowink to refill the chanber;
V\gt dnglky {ﬁg Q&Hﬂ {(anpgag%e%@n o@? sd&ﬁ’élé s :P)Eﬁé &n@@%e%gﬁiiﬁéal Xﬂd%
fer con i comuni cat

wizeln PW?@IOG@@% S graty ﬂ;ﬁlﬂ LW@I HP¥Z}€S ofrindhe i nk ch arrb e r s

15 In a further aspect there is prOV|ded an i nkj et
rinthead further co jsing a rality ink. jnlets

B Pl apepibe P %ﬁg POk, agmff)éf ré}n.tPead or use Wifa g foge

tdpper tkrakengz(mg:kud: printtiesd witenfbtiih Ghe bR Btipeifthéad Rontprishgat

| east_ on nk. inlets for . receivi

suppl ai/ 5025 ;? r}l%.l?g g.?] aarr 8?%0221?§n&%vm§n n F)i]g‘lor surfa%e%or engaﬁement

WﬁkmegmHHN¥§Nh%,ln fluid conmmuni cation Mﬁth two of the

i Nk iyde bR ca ;Jﬁ& cﬁseﬁgdgés R SRR sEEé%E @esid%al@ﬁk%éiw@@xgthé‘&pper and
i nkj et print further conprising | east one

be qu?gsurfé%ﬁwes AP PrITAR oL Wf%?ﬁ 5??3%35 eﬁa PSR the capper
1mmmaammm&uahwéha&gm25the surface tension of an ink

meni sgcus, at nl.et acts to.thaw the j out

The. ot SR trts et e Bt B iedbyebiebhopong Pk
pmwd@WMQmsﬁnofmfh@r’oalme;menswsh of the ink inlets has

an ink perneable trap and a vent sized so that the

surface tension of an ink neniscus across the vent

Bty Prpadiopyipnning Aleasyerse igfhsdispooniiyptithrpappsiis iy jpway fig the nozzle

PaE Wﬁﬁ@rh&/etaﬁcﬁﬁtaﬁ' sbieé &ﬁhﬂ@ﬁmlﬂ&é@nﬁ&st Whilbe YERLs MRS Bllect all
the i nk chanbers

nt to a phere. Opt.ional
fﬁaw% e A SR SRS TR AR L RS
diffeert oslgureddhlat i ve to the others, and the opening for
allowing ink to refill the chamber is in one of the
| ong sidewal ls
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35 WO 2007/ 041744PCT/ AU2005/ 001561 17 to the fl ow

di rection through the opening, theobstructions in each
row bei ng spaced such that they are out of

wegiwsasd on wWith the obstructions in an adjrPaesti2005(01561
with respect to the flom1dir§ét|on 5Cptiona||y, the
nozzl e Iate gas an exterio urfa%F W th { d t m
Prjfonglly i ST Bt SBITSTR BrYRAl g P o the
é}&&dﬁi@ﬂ\ﬂﬁrfﬁﬁ of & hazkle plate betwEdmtnonea kayeject inle ofiiifferdnecofiusst e

has an exterior surface configured for use with a
nozzl e capper that engages the printhead when not in

hsdyrtharaspashtbere sipeovisabpdrkid piwhgd feberoproprising drivecirerithfer
EE&\@&%rovidglgrtfegdcﬂH@Js with KR I MR EPn e AEhE fRRREs a?é}gerﬁlzh @ctuators,

exterior surface noves across the exterior surf

L ITEE 2 Spates olRBFH SEEISING BEVRER WY $0BIAEY ﬁﬁé?nt%ﬁtﬂf‘”ﬂ‘f’é an clectrical
ERhRBIOHithStpEACLelechb@®E Biovided by the diibeciRitrg Rheahensal bftat® being a

has %gé ormations for retaining at |east sonme of
o124 é%%mﬁnk pushed al ong the exterior surface by
the nmeni scus. 15ln a seventh aspect the present

! e
b@;ég{]% tﬁ?%étagep%&?egﬁ a?erfoxjm@ll ﬁbﬁklo%ate@&@?@ﬁe&&'m&héﬁ tﬂgele&od S

ning an array nozzl es;
e et Pre@,sé’f # @gmfcnﬂq%@ layes ofthe Hﬂ‘f%ﬁﬂ@ A thegk %?PP"&{/ ist or
SinB&kddNGohl R the MERH GBmédd Bre BRBRUEL by koMbt in tHe ChalDEZ | €
pl ate has an exterior surface with formations for
reducing its co-efficient of 20static friction. By
Ogibualiyngtrdntieetechod mfo thedrgeatircoiiry sttartds betWeen teielpriyodesher e i s
I ess likelihood that paper dust or other contam nants
will clog the nozzles in the nozzle plate. Static
Prtiogallyorch efitheink thambesrhavepsplyrplity alnoprss SRS BHIRE USal | ows
dust iRadctibiet @SullaBeousty 606 ink 1BroR@ZA 16 rdb-Ads @5thattEdmbdrer eby
cl og nozzles. By patterning the 25exterior of the
nozzle plate with raised formati ons, dust particles
OtionOR] daclcaftiiednit chileershateawo exdzleemi t i es of each
formation. This reduces friction between the particles
and the nozzle plate so that any particles that
@wionallyt the trazled i pash gambérasegripnded ina ling pasalichie e lengty of the heater
488N Woh 8L LRed axds BEYe RRes R Bodidily @]iLa)éedta“anE thehenR viederdy
print head mai nt enance cl eani ng cycles. 300ptionally,
the formati ons are colummar projections of equa
bggilly, mxbieae agelngicarnl to the plane of the nozzle
pl at e. Optionally, the actuators are therma
actuators, each having a heater el ement extending
Owsionadlyrthe mejoraest of the slliptidaknogdestagealigneflor mi ng an
electrical connection wth respective electrodes
5@OVIded 35the drive circuitry, the t

iouelly e i RiEcudar @ 4ivg e stfest traSpistorlF ET)ef°f eai}wf the thermal
BRI F:44 REREAMIROGHOPE BEelng 18s Bai 5 volal | y, the heater
el enents are formed from el ongate strips of heater
material, the el ectrodes are exposed areas of a
Omijoraliysthe drbe abltapagyfehe doifre FEis d5iKolis.ci rcui try, and the
i nk chanber is configured such that the heater el enent
are suspended by the contacts in the chanber.
Greioraligriag aripy ofink ehapbers isdefed by ideyyallyratepting hetwepy dafzelp plate and

8 {RBHSn BRI MR rdtd) Bnef B IAORES of dabH dh@Rd: hating@A 6fenid to allow
the i F chanpers have a plurality of nozzles; wherein
8 t escham er;

g

an ink conduit between the nozzle plate and underlying wafer, the ink conduit being in

fluid communication with the openings of a plurality of the ink chambers.
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the actuators sinmultaneously eject ink through all the
nozzl es of the chanber. 10 Optionally, each of the ink

chanbers have two nozzles. Optionally, the nozzles in

wacho7ohemdber are arranged in a |line parall el PaToAT&/001561
| ength of the heater element with the central axes of

the nozzles are reqgularly sp&ged al ong the heater

el enent. 150ptionally, the nozzles are elliptical.

@pd fuamhdpw theda és pavided amdsieist poifithédddurtbked dopbiishia) a ;ﬂlﬁﬂi}l &Sk inlets
[ L.an opally, the drive circuitry has a

gr?ﬁ\?gg fﬂ%“?%r tlea(t:eff %r%@f& stor (FET) for each of the

t her nedch ofthednl eondudts & in ftié cagrmpupisaticn|vithgbleast one Ethelink indets for
?égg_wgginﬂ%slxﬁp?ﬁtom%ﬁ:cﬁa&&ht s. Optionally, the drive

vol tage of the drive PET is 2.5 Volts. Optional ly,

the array of ink chanbers is defined by sidewalls
OxticaL, fgh bRbdveiesonduild B4Z Fiaid pérdinthicatieh valh tivh 6f thideleysi NQ

waf er substrate, one of the sidewalls of each chanber
having an opening to allowink to refill the chanber;
&re further soevtiibert spetvided m inkje privthed durfhbrcomprsing aiegibodeprimipg

HahR ool dif drbleneand gihgmmag sﬁc’ﬂﬂﬂu' d communi cat i on

wth t penings o lurality of the ink chanbers.

30l n tae W@H“é‘ﬁ‘%@fﬁécﬁk nmewe a fée ’64‘ Bl epédo diaithpdylequt of the inlet
Rd gakiaadbnk telfld®patl @iWAFd 1B MBcAmBLIr al i ty of ink inlets
defined in the wafer substrate; wherein, each of
the ink conduits is in fluid comrunication with at
Detimtillypench offthe ihieinietsas anlied @rofieable trgoail w veng su'zeldlso that the surface

IEH %H of at Lxgzﬁsch%rog{]t? ﬁ'eveﬁt? @tléag%gl V!’h% re "J\;,g) ‘ﬁg t he

nk con tsisin conmuni cation of the
i nk ithmksqrmea\bbhméw@@asﬁm@ew 1&@2@@5')&%@536@@9 atmgsphere.
further aspect there is provided an inkj etprinthead

urt opprising at |l.east one prinmn at ure
ol 6 2K Rl LR enIGaE APt S (B & G Shslone
tehevestu ik atters,taedithe openinf foa nlldwihg infetoirafiltbe dhbmbdn & i ¢1¢ of the long
Llehs acts to draw the ink out of the inlet and
partlally along the flow path toward the ink chanbers.
5 Optionally, each of the ink inlets has an ink

Hlearffﬁﬂﬁpisﬁ‘ect théPis @fbcizdaa WO et DHABA BRI ARE asﬂl’térfsﬁ'ﬁ&ure at the

tensi o an ink i scus across the vent prevents
PRYRIDE %%ﬁ%d’@‘ chaRsr é}ilerﬁ}‘a{ﬁmﬁ&re Aere et iohtrupiops i ing transverse

tortisflodi direibs thepagh thebjehiasg, ﬂtembkthetmne fifeadkyew Geihd1@yced @1th that they
. i nk .

Er 81%9 Ly é&r@ﬁ%p\,\éﬁh;tg% ?(]ggl%\ﬁg?n% tul z¥1 ad egh oW w1 re%n%)F tg %11{3?1% %Irgctlon

relatlve to the others, and the openlng for aIIOMAng

oaisnmi tﬁeﬁdzhés &J@raﬁg%a 8ks dush ik tﬁerh%zz@ef cehiAg ateQ@BBnear and the

her aspect there | s provided an
RS pifch amlgrﬁaﬁ%raw lmﬁafqﬁ@%ané P%Zlfﬁﬁﬁm&h«f ilter structure
at the 15 opening of each i nk chanber the filter

tru tru 0 ext endi.n
bR R R PR i B S Bt
t he cbstranet pozgles androgespbnding\actbaérm épr slpame thk $uaigh theabzzles;
t hey C?E},ﬁu?ali%lﬂfx&fmé ?%ﬂéé%ﬂﬂ@co‘ﬁﬂn&uﬂw&tt&? nU.{»‘ziek QRS ot he ink

an adj acent row w respect to the i rect |on
iggst a}parﬁlaqs [hgving g8 dnk;psomeplele trapy qud 3 vous figrdgo thﬁt tlawgfafe trapion ofzp ink

B citQZBésEheCRI iR Snt Ak EleBALY; Whesh daid ukd)e 20 nozzle
r t han 1000 nozzl es

pltc al.on ch rgwis r
P et RSPl o e s s b SR DR o e,
provi des an |nIet printhead conprising: an array of

i nk chanbers, each having a nozzle and an actuator for
ej ecting ink through the nozzle;
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25a plurality of ink inlets in fluid communication

with the ink chanbers; and, at |east one primng
feature extendi ng through each of the ink inlets; such
wbhang7/041744 t he surface tension of an i nk mMenPGLAB206{001561
the ink inlet acts to dram1thg ink out of the inlet

B b feine bupplosi B0 Sk %lﬂe?fcaf#g P Bl R b ety 4

gifeetielyatmbvae ﬁ'bzﬂ fetnicfperwitos any inleleskapd. Sithe trépemas tlsindonble as an
t LQ? HE redirected to pull the ink
g&%ﬂg fe |ﬁ§§ng“gﬁ&%32ath rat her than push it back

into the inlet. Optionally, the array of ink chanbers
B LRl hPedmb &@ﬁﬁ%@&d@%@ﬁm p@xﬁﬁéﬁ@ﬁﬂh@ c&@@ang an array of

pl ate 35and .a wafer substrate
wh eharbprecasyhatipeatieatt ane o tisorles énd aé*‘r‘?ft et E‘F Pattg QS’ the chambers
beid defifedib$ sideviilh extBAdiAg bdheds b nialeplat almy thenddeilying vreer substrate,

BRSS9 i P m e 0008108 Gl

f u r t hesrch efgipault inketrpebid e iprfluidicdeudentipmitiethe ehingsiséapurality of

hVEkRefweQMprising drive circuitry for selectively
providing the actuators with drive signals, wherein

the actuators are thermal actuators, each having a
m&m{er ghamat 1s%vﬂ3@£ﬂl@q&®hﬂﬁ@ﬂ filriher comprisaRtalurdityeos ink

BB or o o et PG 5 B hats Y PRGSBPED e b e yrores

. arh & ﬂdiﬂeaomaiumazﬂom afthythe bpsinings &f alphlrahazrqi the Inawharmlsts izcne) pféhe ink

g? ;@nal Iy, the heater elenents are fornmed from
ongate strips of heater material, the electrodes are
exposed areas of a top-nost netal Iayer of the drive
Obtidabliyl &¢h ofdRink QA re G RID@mmuSicdi(dn @A b 1 1R 6 ofbkCibk inlet
at the heater elenent are suspended by the contacts
ﬂﬁ“?ﬁ% chanber. Optionally, a trench etched into the
drive circuitry extends between the el ectrodes.
t4d .. a c.al-d
Qf% %@%@%s&%t the\%gfs:}que% 0 %{%ﬂl@gﬁa ?gﬁlﬁf lﬂ%r?smg dm/é{jﬁ@t!u{r)tf r
sslentinelymvisiing the asjuators with dftversigndlswherein the ﬁqﬁ@tqti?cﬁzezqh@@a’dﬂﬁmamrs
thRrANR A RENer cflbAt Qﬂéﬂdln! bet@@éﬁr@w@ fontabiS, tEd'Uénth?ﬁfBEﬁﬁgSanréﬂ:Vtﬁcal

tmo nozz| es t he nozzl es

wxahrrsspawaﬂgéfact‘@f ﬁm&dﬂy rehe i a1 tF%lal AP peing 2
ﬁﬁm@b&dMﬁﬁdmaZOelenent with the central axes of the
nozzl es are regularly spaced al ong the heater el enent.
Optionally, the nozzles are elliptical. Optionally,
Opiionnlly} e heaicedenyitstatedfonsiell frpm icloagatersisips pEhsaterirentasial, tha elgotrodes
99&& 008 bile¥s of b R -nklisd N&Ba1 @dysrw fnb Hbfvehﬁ'%m@y aid tHeink bhainger is

tt (FET) h t th
%oeﬁg}g%dépéhatﬁaﬁﬁéhaﬁtqr@ém% Pre%eee ?dHYElée %Ptgﬁ%m%’ré%a@%g

| ess than 5 Vol ts. Cptlonally the drive vol tage of

optiatl ¥ SeobieussR it RoiBe bR R Btdren s8Rl 1°,
to refill the chanber; an ink conduit between the

zoﬁlﬂﬁj &hﬁ egﬂﬁchwe?;ﬂaw DSuR] §F nozdifiewheltn GRRLHNE!

mruni cation with the openings of a
pI ur aﬁ“? gofpiatgr smﬁ@mfoméy gpravipletioush apigthe nozzles of the Chamber.
2007/041744PCT/AU20051001561 21 Optionally, each of the
ink ¢ i.,S ILn i dcomunj cation with two of the
(i)Pﬂ?n?IE'Peé‘P R ﬂ@d’ﬁ%‘ﬁ‘&{? VEROAB >t he ink inlets has an
I nk perneable trap and a vent sized so that the
surface tension of an ink neniscus across the vent
prevents ink | eakage; wherein during use,
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5the ink perneable trap directs gas bubbles to the

vent where they vent to atnosphere. Optionally, the

i nk chanbers have an el ongate shape such that two of
woeogidemal | s are long relative to the ot her BCT/Atzhoy/évese1
openi ng for allowing ink to Sfl|| the chanber is in

Upioghy HSoL0E ShORNELL 20 10L (LA RS0 et o e

hentgp elergént glthxthf: cdéntralraxestof the howzles at regtﬂelwpwnd #lopgaifie heatertelement.
i nk chanber, the filter structure having rows of
obstructlons extendlng transverse to the flow
@rtienelly, e neggleperg Bliptisel openi ng, the obstructions in
each rom1be|ng spaced such that they are out of

g tion wt 4ég$#0b tructloas ann adj acent row

a Ye SR %55 ¢ BYFELAF B85 Optional Iy, the

nozzles are arranged in roms such that the nozzle

g 0 j thr%;a e c%lcllF%yR% ri Sxaage e d e?ff:& %:Zu(s sﬁ)r ﬁ‘l Etl“ﬁ}%r Qacggﬁheetﬁe%gal

nozz
amtamhﬁieldyve vohage nbithe figveFER beinglass ﬂa!n 5é/5dte ri or surface
with formations for redu0|ng its co-efficient of
20static friction (known _as “stiction'). In a ninth

Sefirelly: R driprvalagi o PRGEREES 20t Bffdes an i nkj et

prlnthead conpri si ng: an array of eIongate i nk
h_havi,n e an.act.uyato .
PR A G RS BlR e BRE Sorbe ARBATBhe i i g
allomnng |nk to refill the chanber, mhereln 25t he
I{el‘,?as]p&t fh?r Wox@t{ed ta:.hﬁlq it nﬁid%ﬁ’ﬁlepéombﬁﬁné am%?st Céne priming

ur k chanbers so that
FFa%le egterpping thyp ‘fhég@éé%‘“ﬂﬁe spahighat.ef i || ti mes. The
I nl et e sRcWerdBh oBAGnK HisedsQf tBe e frldt hetd th AitvwItad iSiSouBbBhe inlet
hi gher 0 tJ ona i nk chanbers are
%%aﬁgla'%‘ﬁfgg%ﬁé‘ %%‘yv%a%{tg?}'&?ﬁb@n%%rfv\een a nozzle plate
and a wafer substrate, and the actuators are therm

@ gt ga‘ih ﬁﬁecxﬂk ﬁﬁz\’s 138anFhk &M&@Er% a{?ﬁ? %d%gﬁﬁttthe surface

ten Petween two contacts. her aspect
teneonmf ers!@h eRispyEIRrasoiie BIbEWats wéfﬁeak?ﬂecqﬂ@femgfklm Head
f ur t hgg ink QEFREdbRI tHA dfiécks\eBs b3BbIEd th Beividt Whér® the RIn16 bimbeihyre.
providing the thermal actuators with drive signals
such that their contacts forman el ectrical connection
mbmdnalbe&p ik chartbes haxetan eldmstephapy sudh thatiyo bitde ddcwalis are long
&53519%? ghre)éfhgi)é‘n al At gll r@ﬂéﬂﬂx f&'&ﬁ&{% inf ol HAf RL chgﬁbe!?gs iflone of the long
2W11e41744PCT1AU2005/ 001561 22 Optionally, the heater
el enents are forned fromelongate strips of heater

material, the electr des are d areas of
P fiisEsborL Pefp PaRyiAed g I QMENRFay QU PR 38 @ e o e

opeling h&ﬁ&ﬁﬁk dhambaa thd Gjter &ﬂctsm (hhvnﬁé‘lﬁtvs bthvbsthetihe extebiageaisverse
%Jl%e fﬁ)l\%lsﬁ):? 101 %rc?%%%hg Spehi nt dob nicponts eac rnlo%glg (%?Jed tsuc)k/x that they
FROW nﬂrsglbteatlwewh fﬁhebsmoeensnmﬂeash%@mmn&l rgspect wakstfloyfdirection.
the ink chanbers have a plurality of nozzles; wherein
during use, the actuator si mul t aneously ejects_ink
@m@&h thepqzzlpspse Hpagaddnrons sich datthenerds Cenfrysreresiingay and the
fRabpieh abh@eab@f@wﬁb%@ﬁ&fﬂﬁm heooewoiA paracel es. Optional |y,

the nozzles in each chanber are arranged in a line
parallel to the length of the heater elenent with the
henlirtehthaxes tiefprdstie inverizh povidesen inkgtiprarteyd ®padad: al ong
the heater elenent. 15 Optionally, the nozzles are
elliptical. Optionally, the najor axes of the

elliptical nozzles are aligned. 200ptionally, the

drive circuitry has a drive field effect transistor

(PET) for each of the thermal actuators, the drive

vol tage of the drive FET being less than 5 Volts.
Optionally, the drive voltage of the drive PET is 2.5

Vol ts.
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251 n a further aspect the present invention provides

an inkjet printhead further conprising an ink conduit
bet ween the nozzle plate and the underlying wafer, the
wolkeoecrmaddst being in fluid conmuni cati on w t PCT/NE2005/001561
openi ngs of a pI urality of t i nk chanbers. In a

ki o BTORT RESHPER ERBF Rompr FRPHY SBRLF AR - agigle lete and

i anlunﬁqnlb'sk wafdreﬁﬁlbﬂretd, e|a<rh chim@w@hmg a gorls iy the mozzlwplate plurality of
%E%qes?zindwfctda@kfo%j%li% ﬁﬁth!ro% Fm&ﬂ%% & NG A PLhch ghamber
| east one’o e |n ets Ot‘ receirving In

thevisg fpgrinego elfes iplte f%fhléheo“él?%bercpt ional |y, each of the
I Nk C QR eiticrdiuik Betwddn tle Wb 2GRN kRl ik wakdr] the f\Bon@dit Bl in

k.inlets 2007/041744P /A 005 001 1 23 the
Tt SomiioR ith M6 OB 8 DU e B8 PP e
wher e aﬁiﬂgdltya’nﬂkmbtsaéﬂmsmhadmbsﬁm;wmﬁl Y, the ink -

of dovey i ills 88U Sy SRR R b B gl ok
(ﬂﬁ#ﬁh@mﬂ@WMMMQang ink to refill the chamber is in
one of the long sidewalls. In a further aspect the
resent inventjon provides an _inkjet prrnthelgyfurther
piRg ﬁ‘tg”kafo’?"rufttﬂf@&ugﬁl’re& Evaplef e n‘tzﬁlés BYsldninigelioronlisd by several
I ikinlel aadueds thetchacd thhttn®zleS iillLiRistaived bt BYInleiidggiag. If one inlet is
0 uctions .10 ex endln rse
SRR 6 b B T B RS R P Biseth B Frishne "
each row bei ng spaced such that they are out of

IVII?Q FuSth&raldeQ el it frodifld o0 Q&}e[ Mﬁtﬂeﬁﬁnﬂepco%nélgé &ﬁz@ Bi}cuft&\%r

th respect to the flow direction. Opt i
ﬁﬂechﬁet E’roeém&the ackpafOst I FITiVR, Signglavhergintherapiagton ﬁré threaa% pgators,
eedhihadsg eﬂeaemndehmaﬁd@&nieeewbﬁmml fBe &Jnfaetb f@h@@ @n electrical

each row.Jjs reat han ({) 0zzl es
&)xinecnon wl1t11 res;gﬁ §ee gczzt%o'des pﬁ?w 9 I%h Vﬁ i f the %ersnﬂc\} %cggté)r being a

mwlﬁlmanmuoms for reducing its co-efficient of
statlc friction (known as stiction'). 20ln a tenth
Fect t he present invention provides an inkjet
1

praHe Sy bearslementigge formed fromglonggte gijosof hqatrkmetﬁ%ﬁl@reéectmdes
e@cetapdaayardagof& 168 ﬁxetaﬂ@yeﬁ@ftth&ﬁ'i% cifcBifry, & ﬁle rﬂwhéxﬂbkr is

O b BT e et B Pt e emmter, o

openi ng; wherein, the filter structure has
I flow
Yl s RBh AR RO e hBIRRER R abllE (7

each row bei ng spaced such that they are out of

ORHbialY, 8ich GNhdnk BhatiBers B8 h ramgatltyqﬁsoz!zles, arﬂer'é.gldﬁ%%ﬁlﬁe row
wth respect to the flow dlre%lgolFﬁgn?? tering. t e i nk

as it PEATwEeL simyltancopshysicpts fk thy Bt e iareeT and

bubbl es but it also retards ink flow into the chanber.

i n ' ter structure that has
ﬁgﬁ%ﬁgg%gé%%?%c altng%gﬂa}vgﬁa{ oEth% ow Path. The rows are
offset wth respect to each other to induce

DY dILE BE GozzIESinSadhdBarfoe D bR bedSh § Bfctpa@ilel td V8o RAAZSShe heater
refill rate but the air bubbl és or other cont am nant s

gPRent ik by oo alt?éesr"é ihaporates H§ reHEoBLrd tens thifsater clement.

Optionally, the filter structure has two rows of

bstr ons tionally, the array of ink
@ﬁté%&’shegrzé{?e? 8@) si dewal | s ext endi ng between a
nozzle plate and a vvafer substrate, and the

BRRhEHE ik Al BLo SRl RS EXLEOAL g fiet ween the waf er

trate and the noz
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5Cptionally, the actuators are thernmal actuators, each
havi ng an el ongate heater el enent extendi ng between

two contacts. In a further aspect the present
wovenéon provi des an inkjet printhead furt hIT/AU2005/001561
conprising drive circuitry for selectively providing
the thermal actuators with dPtve signal s such that

their contacts 10 forman electrical connection wth
Oﬂﬁﬂﬁg&&H&n&bﬁ@ﬂﬁﬂﬁﬁﬁ&ﬁb@%ﬁdﬁﬁxbywkbe@ET)Wdehﬁﬁkaﬂyﬂ

h I
SR e V% o e 50 PR PP P 812, B 0T

fromelmmauastnpm of heater material, the

BERIT,ORE 8RN GG BRRARHAFERS 20fvdks! OP- MDSt metal | ayer
o# t%épﬂrlve cf§CU|try7 and the ink chanber is
15configured such that the heater elenent are

Elé%%ﬂﬁgecbm%r& Rersvaed ﬂﬁm{getipﬁnthae figthartbprisingat fbagﬂ@le bitming
trench, etche rive cuitry extends
@?V%%ﬁ? ey 8?%8%@ mEngﬂss%%ﬁlénally, each of the

i nk chagwfacesenbiowef aa inklmeniadus bithoik mipt adtsgg drawheink oyt of the inlet
gﬁ%oug nFth%%\;}ﬁatﬂbetggmﬁ fbLgneously ejects ink

ozzles e chanmber. Optionally,
each of the ink chanbers have two nozzl es.

é}ﬁdnmaéalcw of thd 16k AR BhRS Mk beRBGhle ﬁi}ﬁdﬁ‘@ e K/enaﬁﬁd 86 tharigadrface

|n a l[Ine parallel to the |en %E:$£ e fer
RO ST VPR Bk PR VTS P AP EE o
r e gu I thd inly pepebRdrapicaaty godtabblesdid the vent wmmfney ©pitto etmasphgre.
the nozzles are elliptical. Optionally, the major axes
of the elliptical nozzles are aligned. 30 Optionally,
ptionallyi eink chambers haye prmelongaig shapesueh ridwe phthggidewalls are long
xtefaf'%&bstb e Otherk,BEd the bRhing 8% Bl @find B0l EXRT tHPdhadller 1834 6o Bf the long
grlve voltage of the drive PET being less than 5
sl Optionally, the drive voltage of the drive PET
|s 2.5 Volts. WO 2007/041744PCT/A112005/001561 25 In
ther ect
D e AROE S b s B RGO A LNl d e A at e
@@mmacthh@c Qh@m?zelr,éhepftlfat serugipng hevies rowtefiobsmetignygsfeading faggverse
e o IﬂUétiton t?l?du?lgthb Boehinblithk SIS GAdab00w Bhihdls gﬁd@@ such that they

openi ngs of urality of the ink chanbers,

Fe Pyt ﬁ%qeglétsaa@wﬁtt theobsiuskionsin IAdisrEt B YHRSTPELS ﬂ%?ﬁbw direction.

i nkj et prlnthead further conprising a plurality of ink

Jgé}{?ﬁﬁ £ e rﬁolgz Igsgaﬁel ag‘rg%%fg qmrlaofvvg gucﬁ' E\affslfle If%%ﬁ% coe\ﬁém;'reﬁ reﬁ% c§>§lﬂmear and the

wmiztlbpitch aloegesth s gréatar han Wﬂ@ norrlespey ifcbr recei vi ng i nk

to supply to the ink chanbers. 10 Optionally, each of

the ink conduits is in fluid comunication with t

Qrtiongliykthe pezale Blate bysiap SR jurage Wi formatipns fragdupipg ’ést°§ eﬁiééem of

Adfic idsioP@hsmak | dicdongp and a vent sized so that the

surface tension of an ink meniscus across the vent

prevents ink | eakage; wherein during use, the ink

Pepnehidecdrdig tathe me¢nsiogesupoisds b pslityef héreles eqtvelloh e plamber and
HRing 1P hdAB ek ﬁetlter 5}&% its of th

808V & lasd: Qxeawc%{;ésgg ing 9pR Al XmallcBtaolg units of e

ers ave an e € SucC
nginghendaill Saveras mk@vrglmlptaf?q% igkgo ppreor mOf?ech@mbe%%n ath fytire nozzle

LRGN thihefi 8Y repdatiPM A intiRduk] Qnikse fShidhl an brld8/i G RARID BlrefbrBeditdlherein as

one, of the |long sidewalls.
a “unit cell”.




200ptionally, the nozzles are arranged in rows such

that the nozzle centres are collinear and the nozzle

pitch along each rowis greater than 1000 nozzl es per
wocho7/utv4en el event h aspect the present i nveR€CI/an2005/001561
provi des an inkjet printhead Egé use with a nozzle

capper f engaqges. the pri.nt d when not in use, the
inlet p rsjlazrj1c¥l tglzg\r%'ug(o Apt 'fdgtf’ E‘é‘“g’z 5a SRFFFIARle Brd endlie ot timites to
arfoReRtepal ks erpteiringsolard djmay EoghpRRofish-861bd in%&@&%x,;tg/%s, infra-

€ RGIRG PR Mk Muhfichfi8e £ . .such that, i when th

caglger di sengages f?_o%glfgﬁég’ g%e%‘ﬁs’gbﬁoq%giﬁa* ids, medicamenis pater and
i R e fRdh g CEhs rkror sinetebidiguighelse néed notswdebsaslp bEDMESLy a liquid,
aendysay codifin @ ¥ispunkiod ofSHid RRLILECause of a meniscus

bet ween the capper and the exterior surface; wherein,

30t he exterior surface has gutter formations for

r Beiefilepanp eBswimone of the residual ink pushed

abRRfed dboftbGL

' rface by the isgus, Qutter
f ormations r unnél’f?l%ept% rsgnrtlén\y%nrhgéwl]g“"fv :EEH?PF’F@EPY B efiszample only
t Wb eippesto be asempangina drayings, avwitidhe nozzle plate wil |
renove and retain some of the ink in the neniscus.
Vig}i Iglghhe %uttirgg}l do not collect all 35the ink in the
menl sctsr W | bg?aéqqiufnit il thy MEMf razle Ireryloe w efintinhd according
rfe fazpesambinyaation at naifcel ok %&i&iﬁoﬁékﬂ]&fﬁ&e@r ed ink.
WO 2007/ 041744PCT/ AU2005/ 001561 26 . Optiondlly, the
utter formations are a series of square-edged
O LRV s Tsectivref terpatiallyhfebriextbdsineell spmdace of the
nozzl e pl ate between nozzles that eject ink of
q;iiffe gnt olours. In a further aspect there is
provi-ded ar’ Pk Feteiqd vritsatrhiotithe heater clomeat irsiclng dri ve
circuitry for 5 selectively providing the actuators

WA 448 1 X6 sianal s, wherein the actuators are thermal
acgyuéat or's, log%%ﬁevﬁ%\}kﬂ N tﬁe]ﬂa@ﬁﬁtg?e@ Ehedrensdit endi ng

bet ween two contacts, the contacts form ng an
Blgtre 5hd LRbspCAMNEGE &35 tive el ectrodes

provi ded b§)/ the drive &g&t%gghslﬁl&?tg,ﬁ%fglw“é t hermal actuator
being a unitary planar structure. 10 Optionally, the
Figart 6 s tixd 243 Bls Soialdday ifh Ik BRpbs o 57 L1304 Lips of o
heater material, the el ecfporsoldes "ar e e@&gtg%tsdwtasgoewé?ng’fgurﬁz
top-nost netal |ayer of the drive circuitry, and the

Figtiee € thamb the unitsoell eidritigpiepitisn 6fad:ifiail ;Jhaﬁresr}%@te%, ShEIRR
ta i n.the chanber.
S onar Ty el R et oo gt

tends between the el ectrodes. Optionally, each of
the ink chanbers have a plurality of nozzles; wherein

| ng use, the actuator simnultaneously ejects ink
I?#éoiﬂlgﬁpngGCt{Vﬁgftﬁ%‘initlcé]%Sbe"nF’fﬂégZ‘;han‘oer. Optional |y,
each of the ink chanbers have two nozzles. Optionally,

B i chanber are arranged in a line
O e P BT o BF i it i el thsos
20RH1op sifle walls T B¢ trals nozzl es are regul arly spaced al ong
the heater elenent. Optionally, the nozzles are

Fslgﬁgtical. Cg%%onaLly, the maj or axes of the
&M% pt5 1 OEPHR AL s vnit éell shawrieBiz 90pt i onal |y, the drive
circuitry has a drive field effect transistor (PET)

t.he thermal actuators, the drive voltage

F{cg)tf% tlﬁgggerci%v%“wog&gﬁl@f Jeresition pfipe hwatergnatesial laysrsi onal |y,
the drive voltage of the drive PET is 2.5 Volts.

Figat 19Rably f. ink ch ers is defined by
g?demal%slgg%gﬁgﬁéég%g %@8ﬁ“§%%2'2|e pl ate and the
underlyi ng waf er substrate, one of the sidewalls of
each chanber having an opening to allow 35ink to
refill the chanber; an ink conduit between the
nozzl e plate and underlying wafer, the ink conduit
being in fluid comuni cation with the openings of a
plurality of the ink chanbers.
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WO 20071041744PCT/ AU20051001561 27 hi a further aspect
there is provided an inkjet printhead further
conprising a plurality of ink inlets defined in the
warfes7/8ubst r at e; wherein, each of PEEAUZRS/001561
conduits is in fluid connuni%ation with at | east one

of the ink inlets for 5 rece'%ing ink to supply to the
i nk chanbers. Optionally, each of the ink conduits is
Figuik 1 Blistheamisimssica@t wih theintetal ikt (e htdtee matekal siviwatissFigdra14;
a further aspect there is provided an inkjet printhead
further conprising at |east one primng 10feature

Bigure félisagectipn Gergihowing Fheafeta ¢ieh th shaps the keatsr acgigiers: t hat |

the surface tension of an ink neniscus at the ink

inlet acts to draw the ink out_of the inlet and

Bigyee i Sispperspeetivg ot heust shoioae  Higldr d the i nk chanbers.
Optionally, each of the ink inlets has an ink :

er hl.e trap and.a.vent si.zed. at the surface
BEHETER R A R B R8s e Vent prevent s

i nk | eakage; wherein during use, the ink perneable
FRA0I TR LS 1B0R LR, Byl Mk Wi N Bt B MRt o e
AsBYR§ et 18yes pajse obe PMPR diiva listsof t he sidewal |s are |ong
relative to the others, and the opening for allow ng

ink to.refill. the chanber is.i 1e of the long

bigie AEiraPrEE==vR O] HCRLIoNS 5t T here i s provided an

i nkj et printhead further conprising a filter structure
Bt R Do b G AR B O o g mdrtyi siion
véfethsverse to the flow direction through the opening,

t he obstructions in each row being spaced such that
Jhey_25are out of reqgistration.wth the obstructions

#1 g?\&éaf’%fﬁp@?ﬂvef’ W%tcﬁﬁ?h@gfb £4% the flow direction.
Optionally, the nozzles are arranged in rows such that
. | \ ' | . zl e pitch
APl 208 o Sk e AL, RRPHSRANRRRZ " P P i
30ln a twel fth aspect the present invention provides
BiBurk Bk 8 berPebtit PEACHAQBIPEHowA Riig AN array of nozzles,
and correspondi ng actuators for ejecting ink through

t he nozzl es; a plurality of ink inlet apertures
Figuré 23tis the @@skAdsRbaER Wiltheblidioréshectehanadeis Figeach of t he
ink inlet apertures having an ink perneable trap and a
vent sized so that the surface tension of an ink

Freme 2bsdhewsibe photorasistestopdovfory preiags for thethainbeykend end sigh avalds; n
during use, 35the ink perneable trap directs gas
bubbles to the vent where they vent to atnosphere. WO
Bigror 02 2 perspettive ofiltbomis cobsssa e By t rappi ng t he

bubbles at the ink inlets anddirecting themto a smal

ent hey are effectively. remved fromthe ink flow
%iﬁ'%% © 1}%}3 R 1°88it§§§&e god ?é\(ﬁnaéeélﬁeal so doubl e as
an inlet primng feature (discussed below). 5 1In a
Higlhd D6 o ARREAL. bt G B3PHbwh REBEON ProvVides an

i hkj et ptrinthea urther conprising an array of ink
chanbers, each having at | east one of the nozzles and
Biurd 888 the BAK 20bcibiBEwRCH Aéz8IE Sim ddAGhdWRARDBRRS; bei ng

defi ned by sidewalls extendi ng between a nozzle plate
and the underlying wafer substrate, one of the
HBiuckertadibws the etehad the ejod Rpetto foaw tha gozale appersrdug t o al | ow
ink to refill -the chanber; wherein, each of the ink
inlet aperture are in fluid communication with the
openings of a plurality of 10 the ink chanbers. In a
further aspect there is provided an inkj.et printhead
further conprising a plurality of ink conduits between
the wafer substrate and the nozzle plate, wherein each
of the ink inlet apertures are in fluid comunication
with the openings of a plurality of the ink chanbers
via one of the ink 15conduits. Optionally, each of the
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20ln a further aspect there is provided an inkjet
printhead further conprising drive circuitry for
sel ectively providing the actuators with drive signals
wioao@iaiwhe actuators are thermal actuators, PEEAHR005/001561
havi ng a heater el ement extendlng bet ween two
contacts, the contacts Lornt | ectrical '
EgR SR {5 aqrsngetiys of e pubtel shova ek ﬂ%g)es provi ded by the
drlve circuitry, the thermal actuator being a unitary
?E lssfﬁr UC gSrSOeCI te%SWIfBEhB 118 z(f‘ea té@ SQ tlgﬁl %&en‘ent S
£rom el ongat e SE7 B Ch nacetri al
the eIectrodes are exposed ar eas of a top most et al
k?f@ﬁ% 32 Qowk B efdh bMBe berikdrl ¥ forﬁrﬂﬁi: ehlﬂﬁca! 5216 Eﬁff&‘é{ i s
configured such that the heater el enent are suspended
by the contacts in the chanber. 300ptionally, a trench

‘elgataad id dPeRpdctive ofithe Vit &l kitiwintis Figet ends bet ween the

el ectrodes. Optionally, each of the ink chanbers have
a plurality of nozzles; wherein during us; the

Aigtedt srows ihewktemplausirgieass @dt of therfikst addsenoghsagrificiaf lagers;
nozzl es of the chanber. WO

2007/ 041744PCT/ AU2005/ 001561 29 Optionally, the
Rigwe(38 & 4parseegive of g el srowain Biedgdd in a |ine parallel
to the length of the heater elenent with the centra

xes of the nozz re reg ul ar | ced al ong t.he )
B o e AR S SO Y B RESohPhOBE I8 waces

elllptlcal Cptlonally, the maj or axes of the

tionally, the d
Bl P enBOER Fe BhFe el AT P Pnsi Sior ()

for each of the thermal actuators, the drive voltage
Siourle 8 iskd Bk fbokiRQIWHE te@8Rrst Eté!f‘shgwﬂ/ﬁ'ﬂigs 39;Optional 'y,
the drive voltage of the drive FET is 2.5 Volts.
Optionally, each of the ink conduits is in fluid
BROMeB0 sIoak the feviadsd dicht ofthe afk stippdy ¢hadael into dtesvafet,51 N a
further aspect there is provided an inkjet printhead
further conprising at |east one primng feature

Bigte il isngetsbrcbeghumtreh shofvnithidg 8%k i nl et's; such that,
the surface tension of an ink meniscus at the ink
|nIet acts to draw the jnk out of the inlet and

AL hoys the Griningipd the paitRr APASIdS §iskiEE t he i nk chanber s

ZOCptlonaIIy, each of the irk inlets has an ink

bl e t vent. sj zed so that th f
PERERER Braite AR el Sdtiedl {12 veont prevents

i nk | eakage; wherein during use, the ink perneable
i 4‘3“ Gligl Q\H:kbmhgﬁnﬁ rhbBiey &th e doBR¥inYBMe present
gégtn€§% érégéé%tlona y}qthe Fn c%%ﬁ%grs havéya P
éW@ﬁ@%te shape such that two of the sidewalls are |ong
25rel ative to the others, and the opening for allow ng
Enk t ref|II1the C anherlls in one of the Iong
phows the glan View Of iyt ek et there is provided an
i nkj et printhead further conprising a filter structure
1 Al he filter
Bl B8 (R ROl SRSy BORTINL 44 "2 ¢ endi ng
trancverse 30 to the flom1d|rect|on t hrough the

RRER U B scHeRBricPRReW/dr v Wniti cBlIsSAGIhS O 146l rBHo V@R B& @6t tain roof
such that they are out of registration with the

5&§@?ﬂ@?ﬁ%ﬂ§“¥ﬂ“@ﬁ°ﬁ@]acent row with respect to the
flow direction. - Optionally, the nozzles are arranged
in rows such that the nozzle centres are collinear and
the nozzle pitch along each rowis greater than 1000
nozzl es per inch.
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35 In a thirteenth aspect the present invention

provi des an inkjet printhead conprising: WO

2007/ 041744PCT/ AU2005/ 001561 30 an array of ink
wbandyenz4def i ned bysi dewal | s ext endi ng bet weriT/4U2005/001561
nozzl e plate and an underlying wafer substrate, each

nozzle in t Z pl ate plura
R Bhad P BE S Fapth oAb at ey i e g th nosate
t dpenings sixiva in ortlneofilyt he si dewal | s of each chanber
having an opening to allowink to refill the chanber;
S5an ink conduit between the nozzle plate and
Ufigrse 4316 miRprtiphschematie plan viewk ol defls tvith &tkrigetiaperutegindhe sidewall of the
CapmBY; cation with the openings of a plurality of the
i nk chanbers; and, a plurality of ink inlets defined
in said substrate; wherein, the ink conduit is in
fHiglir€/49d osehenitic plhn dew vff aluit tdlis with the adof layer@dmdvedkbut ht Rézsle
for . LV ink to supply to the ink chanbers. 10
f%Jﬁggﬁghﬁan%ﬁhf%E&conduit that supplies several of
the nozzles, and is in itself supplied by several ink
ibed bis 4 }?ﬁgﬂt@%& &a@oﬁﬁ@ﬂ% ﬂlzﬁ@@wtﬂ‘é%@dn@&u%é forrpa@ions and a particle
starved o by inlet clogging. If one inlet iIs
ABPGHE the ink conduit will draw nore ink fromthe
ot her |nIets in the wafer. 15In a further aspect there

500K 50yt B BB ROy M AR ™

actuators with drlve signals wherein the actuators are

Fhéﬂ'é'@l is aaﬁ%}tfé?gegfoﬁ me@%ﬁﬂvxﬂb?ﬂé Jbgos"i’uoE 6Ad 81 ﬁh@ﬁﬁ%}tm accordance with

endi ng between two contacts e contacts form ng
éﬁmﬁméﬁPWW%éP“%Bﬁﬂ@éﬁpﬁﬁmmnth respective el ectrodes
prOV|ded by the chive circuitry, the thermal actuator

Lo B 80 BBl 5 Bl B o B
Ke’ééllehotmsucaﬁdﬂd d@h@c@h@@m@de&dﬁr e exposed areas of a
top-nost netal |ayer of the drive circuitry, and the
ink chanmber is configured such that the heater el enent
e dpaatiebsebypatindancdett efetuait peil withanudtiplgrgegics and actuators in each
25fptiaapall y, a trench etched into the drive circuitry
extends between the el ectrodes. Optionally, each of
the |nk chanbers have a plurality of nozzles; wherein
g dsgiptidref tlePrafiated Embodmudrtsaneousl y ej ects i nk
through all the nozzles of the chanber. 300ptionally,
each of the ink chanbers have two nozzles. Qptionally,
ke deseriptienthanfollows rorprapreing referenca pymgrerglateo epriedpprding parts.
8f Ahvefibnd:Qnd Q&u&ﬁﬂ&&aﬁd@? edc&erhiRE ﬁfmeeit %ﬁﬁéd B the
central axes of the nozzles are regularly spaced al ong
the heater elenent. 350ptionally, the nozzles are
el liptical. Optional | MNNIMEN S@&jepPar@X8s of the
elliptical nozzles are aligned. WO
2007/ 041744PCT1AU2005/ 001561 31 Optionally, the drive
¢i r cuNezzlg Usg$ell drive field effect transistor (FET)
bor eg@bnlbarihe thermal actuators, the drive voltage
of the drive FET being less than 5 Volts. 50ptionally,
fhe dFirpestydypiaye Matal Lpsr @iha@PEmpetaldayerss \po t s,

4. Passivation Layer

5 CVD Oxide Layer

6. Ink Inlet Opening in Topmost Aluminium Metal Layer 3.
7

Pit Opening in Topmost Aluminium Metal Layer 3.
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In a further aspect there is provided an inkjet
printhead further conprising at |east one primng
feature extendi ng through each of the ink inlets; such
wbabq7/041744 the surface tension of an i NRCTAEGRSHNOES61
at the irk inlet acts to draw the ink out of the inlet
10and_partially along the f1 o path toward the ink
€ha s. Optionally, each of the ink inlets has an
bnk pER#akl e trap and a vent sized so that the

rfa nsion 0f an i nk neniscus across the vent
?J?{eve%t?%{fhﬁiorﬁ%étal% ede, wherein during use, the ink
bbr neBépte Matesigl (BiANCt s gas bubbl es to the vent where
they ¥ephatQndlposphere. 15 Optionally, the ink
chanbers have an el ongate shape such that two of the
$3-dewlliorsesist ke¥frong rel ative to the others, and the
openi RY K@ DpalidgBiHBThrodgh Phots REdist Lajehe chamber is in
? e o%bﬁigez |l ong sidewal I's 20In a further aspect there
1% prbHaE5%i nkj et printhead further conprising a
6.1 t eBAGE Photrasistlager t he openi ng of each i1 nk chanber,
ihe fglkatm%érsﬂer\#ﬁféﬁ'eﬁin ving rows of obstructions

[

extendi ng transverse 1o the flow direction through the
dbdbeni Frgnt Grrmeldsgiinefettt$ns i n each row bei ng spaced
seiIch Bhadr foheYordd &kt of registration with the
1%Pstr(g]i(l:tio S h{} an adjacent row with respect to the
‘ow FRERBR-PF5pt i onal |y, the nozzles are arranged
2h rokwfsuch that the nozzle centres are collinear and
tLhe ngzzl & pitch along each rowis greater than 1000
nozzl es per inch. Optionally, the nozzle plate has an
&kt erlnbfordyiti ace with formations for reducing its
69- effihGle@Rbmifs static friction (known as stiction').
30 The printh .according to the invention conprises
2-pl %lﬂ&?‘f‘l&s"&ﬁgﬁ’é‘kzl es, as well as a chanber and one
or nolsge)hdadeeLipel enents correspondi ng to each nozzle.
The s I)I %%tterli eating units of the printhead wl|
have an i nk supply inlet feeding inlc to one or nore
ghanbiezzle APprrent i re nozzle array is fornmed by
b Peajnk Bibply@sshe] Ndi vi dual units. Such an individual
unit Is %g%erredlto herein as 35a "unit cell". WO
2507/ Goeri4PCT1AU2005/ 001561
39 A Heterthaedterm "ink” is used to signifyany
?(%ﬁeCtﬁl%lb%cLieqUi d, and is not limted to conventional
ks Contari ng col ored dyes. Exanples of non-col ored
Bhks bubblk cathetidn skatticves, i nfrared absorber inks,
%mctim%ga%@qmgcpggﬁ cal s, adhesives, biol ogical
ui ds,” nmedi canents, water and other solvents, and so
¥n. THeedbAlR or ejectable liquid al so need not
pecesisREtialnyerbe a strictly a liquid, 5 and may contain
?qqsusbfe%(s)i E[ of solid particles. )3rief Description of
e D3 W% “Preferred embodi ments of the present
#hvengaporus | | now be described by way of exanple only
i)gd'th &f%‘gggﬁnce to the acconpanyi ng draw ngs, in which:
I'gure shows a partially fabricated unit cell of the
HENS 390 PoiveenSCA pudyengh sideall head according to the
Py esepdncH segmt i on, the unit cell being section al ong
A-A of Fjgure 3: Figure shows a perspective of the
thr t i 8rY 105%‘??{:%{? eﬂﬁ’?i"%tr E of Figure 1; Figure 3
sthowsthinhe imthiiel s@8a0dhedie chateristh t he et ch of the heater
ement, trench; Fi i ioned view of the
g‘lhit ¢ eq SIPO%F Wgérn SF%eg%eD?gﬁedo o ﬁze%%%tcsench; 20 Figure 5 is
a perspective view of the unit cell shown in Fig 4;
Figure 6 is the mask associated with the deposition of
sacrificial photoresist shown in Figure 7;
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Figure 7 shows the unit cell after the deposition of
sacrificial photoresist trench, with partia
25enl argenents of the gaps between the edges of the
waeniffosrzuel material and the side walls of tPEr/Av®oRi]sel
Figure 8 is a perspective of _the unit cell shown in
Fig 7; 30Figure 9 shows the 3hit cell follow ng the
S6ef | GREdstolathe sacrifici al phot oresi st to close the
ps(ghg&gpkmﬁu&gde wal |l s of the trench; Figure 10 is
pers ive of the unit cell shown in Fig 9;
@BFld 8 K PRNE secti on vi ew showi ng the deposition
6. t hskdeflabreningrat erial | ayer; Figure 12 is a
perspective of the unit cell shown in Fig 11; WO
2007/041744PCT/AU2005/001561 33 Figure 13 is the mask
i g e88 netal etch of the heater materi al
sﬂomn in E|gure 34 Figure 14 is a section V|ew
showi ng the netal etch _to shape the heater ac
BhepEN, élaa“facrwgm%mﬁ%%“sba@éﬁ“ip%zzg“rstri"ﬁ‘&es&ﬁa CATHS E“ th"‘. n
Foinplelida of EMIDB @RockigsSFifhe? Fasktavgyocpatiediam dia nvztzb upit edh 100
OF osition of
?‘%&t\ﬁ%}ﬁ"&%%eﬁ‘g %‘P%&}Né&% Z%s e%%ﬁgﬁe%ﬁl@of the ink
inlet to the passivation |layer on top of the CMOS

B&rh\é%l\{[]@y V\ﬁr[x,%ssul: 'ongE %’at%fg fdu?m@talﬂ%fel%Bﬁ%ﬂ)dé@ed%totaréﬁméﬂ'\:bdfer 2, with

thp m@t@blhyefsﬁ)émb gygegquéqdl BWe%ma Soriay 1? le}g—g’f@Db an?rﬁ éjh teour me%la] layers
MO eledley tog M| M!Z Q@NandaMElayersng bike Buil Op beguantighros fectafey during

g&g rf)gc}??sg%% gkllzikqﬁersifpp%v?e Qu gbg thl'1 " O c&&%&d%@gﬁ!‘g& Jpgx@ting the
griritheadn mafgr Figure 22 is a perspective of the unit
cell shown in Fig 21; Figure 23 is the nask associ at ed
W th the photoresist etch shown in F| 25 Fli
Duhesqepplsted prantisad ershdeaies plompty ACAPT IS SO 85%‘}‘? |thr?é:§\d(lf)5g\‘la f T of
abAcHS H?ﬁn@&)ﬁa tl?’lﬂil:qeﬁh&ﬁvml&bérSHence Eiegm (E‘MQS ldysr isthe foundation for
r Spec of the It C

Mb}\’fﬁ é)m&g%)&% P#.F \ﬁaf%fe'i‘ el,l]vgﬂs ayer, also u% bgzg'i’mlg%Q{ 'ag)lﬂg &

reagiedingllefge of each printhead integrated circuit. These bondmg pads (not shown) allow the

CMOS to be connected to a microprocessor via wire bonds extending from the bonding pads.

Figures 1 and 2 show the aluminium M4 layer 3 having a passivation layer 4 deposited thereon.
(Only MEMS features of the M4 layer are shown in these Figures; the main CMOS features of the
M4 layer are positioned outside the nozzle unit cell). The M4 layer 3 has a thickness of 1 micron
and is itself deposited on a 2 micron layer of CVD oxide 5. As shown in Figures 1 and 2, the M4
layer 3 has an ink inlet opening 6 and pit openings 7. These openings define the positions of the ink
inlet and pits formed subsequently in the MEMS process. )

Before MEMS processing of the unit cell 1 begins, bonding pads along a longitudinal edge of each
printhead integrated circuit are defined by etching through the passivation layer 4. This etch reveals
the M4 layer 3 at the bonding pad positions. The nozzle unit cell 1 is completely masked with
photoresist for this step and, hence, is unaffected by the etch.

Turning to Figures 3 to 5, the first stage of MEMS processing etches a pit 8 through the passivation
layer 4 and the CVD oxide layer 5. This etch is defined using a layer of photoresist (not shown)
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Figure 27 is a perspective of the unit cell shown in
Fig. 26; Figure 28 is the nmask associated with the
nozzle rimetch shown in Fig 29; 35 Figure 29 shows
woeoerwivsof the roof |ayer to formthe nozzlBCESE2003/008561
rira; 34 Figure 30 is a pers ective of the unit cel

shown in Fig 29; Flgure 31 i 38t he soci. a

eipesed by thp éarlam? Rit fResk iowR s howrF e -’rﬁs e pjA haga ﬁpéﬁ’?% mﬁm’s’ as
ﬁ@‘%iﬁ%d Ebe th%ttdf)fbf ok Mahgrer N0k theBdRNinRlas ttﬂmfg(‘hhd‘pltté?hﬁectrodes 9 are
6@11@ é}lé.% e{;élg%%tz t%eﬁaéﬁnsr ﬁ#éigg%eal g%,]'l{iﬁ r?;lég:! ﬁ]?()é}%l thﬁvasswanon layer

34n &8 ovBpldtdienoniley g beuteptlasabis sebedsicwssdhe mefs betyeert tgfr ejgctrodes 9.
and second sacrificial layers; 10 Figure 35 is a

perspective of the unit cell shown in Fi ure
BOhstestateptFigures i to 8) the pit §fstidlpd withea firgh S@&é@%é%”r{“%g R |
gﬁ)t&&%t fbop&sdu&gn ﬁ&éil 8f Bfh ﬁﬁ&lt%ﬁ&fremsﬂ-ﬁ Bispapteondo’the ®afer and then

g@ggeg %?M??c&glkto%%g ?hlg{vg &%%g %Sé@\/pélptgresﬁ 18 Eorxg s%affold for
hdbsdﬁh@t deB&luoE ioghe BeaBPmaibrtiacrdshide pleatorls @ o kithar side of ﬂileplt 8.

8?%%181@ b %gc h an 0G tl%eI % e%ﬁ lpkgﬁ'es\{@i(?ﬁa’s ?Qna? i E{sﬁrfAcQ thlatsis flush with

ure
e o fuirfacetolifhn nheﬂg:d@w Btibe sy e, e %%é wéweréswg PEH F?@letﬂy fill

é;% Fit%%f eﬁlgﬂ%ﬂl&e@ FEERIREEE hedRr ﬂiteﬁah@ctéﬂﬂ‘ihg acB®} the pitdBhdrithg out
ure 43 is a partial perspective of the

éﬁﬁk?ﬂéﬁﬁhozzles on the printhead according to the
present |nvent|on 30 Figure 44 shows the plan view of

a uni t ;
E’l“gqn?allg %‘%‘é‘eﬁ X/Hispho ore'éxstgﬁ1 }sgn%éfgsﬂlﬁrgg é}%ﬁ e(aIe h&@re b&tszde
We@mméterbﬁ\rhe tenich ineedet o epgutetthat photaresist fills ggainst th‘é‘ﬂ"ﬁ\? ég‘ heygench

e
i @845*37 %174@ /}/A{JZ%%%J%%?%S 1 35 Eé Hﬁ?@%} %hﬁkﬁzdmh%’muhs ne
St R A P SRR BT 1T {i? bl because
lixﬁayﬁf)se&&m\é&ﬁmbﬁl tieg, Rt & bR st anivags oshibumistdriny vérticagor

angle}é. surfaces on the rim will receive less deposited material than the horizontal planar surface of

the photoresist filling the trench. The result is ‘resistance hotspots’ in regions where material is

thinly deposited.

As shown in Figure 7, the present process deliberately exposes the SAC1 photoresist 10 inside the
perimeter walls of the pit 8 (e.g. within 0.5 microns) using the mask shown in Figure 6. This
ensures a planar upper surface of the SAC1 photoresist 10 and avoids any spiked regions of

photoresist around the perimeter rim of the pit 8.

After exposure of the SAC1 photoresist 10, the photoresist is reflowed by heating. Reflowing the
photoresist allows it to flow to the walls of the pit 8, filling it exactly. Figures 9 and 10 show the
SAC1 photoresist 10 after reflow. The photoresist has a planar upper surface and meets flush with
the upper surface of the M4 layer 3, which forms the electrodes 9. Following reflow, the SAC1 ‘
photoresist 10 is U.V. cured and/or hardbaked to avoid any reflow during the subsequent deposition

step of heater material.

Figures 11 and 12 show the unit cell after deposition of the 0.5 microns of heater material 11 onto

the SACI photoresist 10. Due to the reflow process described above, the heater material 11 is
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Figure 48 is a partial schematic plan view of unit

cells with ink inlet apertures in the sidewall of the

5 chanbers; Figure 49 is schematic plan view of a unit
wel dog7/mdh t he roof | ayer rermved but t he noepel/8U2005/001561
openi ngs shown in outline onI 10 Figure 50 is a

artial plan view of the no | at it i ct
SRR R (RPN
@t RerhlmiyberoRfristd @lanpduitable/doatuctife matrpiahorl bseTipl, AN TIAIN,

bt A P enbt it Re s S Jfolg it b Buion ora
[iock eediayes bf TiAl, a2WOrdayscef ’RAMN} a m@ﬂOgAtseegléaé'ppmf difd gnd finally a

%E(ﬁﬁl\é érgf’ﬁ.MN ngers; Figure 53 is a parti al
tion Vi ew show ng the depositon of a | ayer of
heater material onto the SACL photoresist scaffold

ﬂ&%%g t‘tb@ﬂgufeé‘ 1500 8/ith6 aext aep;l the iy §E Bealed mitsrish 1 pia pichegllto define the
schematl C

ﬁﬁ‘?ﬂ e@glataxhﬁl %étfl{fﬁtp%tpr 2. hﬁs c@gtgﬁs %Z%e tL%t ﬁstab‘ilqa anc eEthQJl Sonnection to
Pededtivk eldctidas®rdnpeithensideatt thelSa CPphdteresiz do- E‘hb@tﬁr ﬂ@imn§29 s
tt)ergv‘(;eed sgorrrlepﬁﬁ(?% G Jzol | ows, correspondi ng reference

0 correspondi ng parts. For

O'

uner at
convenl ence, the features indicated by each reference
*ﬁME‘&E}ﬁL d&ﬁl@d ﬁ)} aslﬁég{do@ﬁ&t&’éélst MINhMP edstBsinpak dark kin tnaskGhown

Nozzl e

. | i con Waf
LAY 100 MV T P R RS ORERS ise dre B oo btwesn e
PasTeNaiodarn. Epyever, o hbatdCBmenil majL aljeeratiGly aldm( other| configurations,

%g A tE%e desc";|[D y m%{ohcﬁ*ltus%ﬁa%m t@y ft co%fent7of which is herein

um ni um . Pl t
Bicorpdraert w@efe@n¢0FormlePh@teo¢1@§¢n§¥9 oag@raﬂms hawl%%ﬁ gpiral void

MQ} %éd%nta&é@uﬂom%n 126 BB LrioNE 18Rk Of catittiodREOINAR hter
R@tgxflag pvhtn%}étpbli Soﬂaqs‘aﬁguo 5 nx@? g g‘gltgg. a@tge Torgrg %gcawgztwn protection may be

adopted such as ‘bubble venting’ and the use of self passivating materials. These cavitation

management techniques are discussed in detail in USS patent application (our docket MTC001US).

In the next sequence of steps, an ink inlet for the nozzle is etched through the passivation layer 4,
the oxide layer 5 and the silicon wafer 2. During CMOS processing, each of the metal layers had
an ink inlet opening (see, for example, opening 6 in the M4 layer 3 in Figure 1) etched therethrough
in preparation for this ink inlet etch. These metal layers, together with the interspersed ILD layers,
form a seal ring for the ink inlet, preventing ink from seeping into the CMOS layers.

Referring to Figures 16 to 18, a relatively thick layer of photoresist 13 is spun onto the wafer and
exposed using the dark tone mask shown in Figure 16. The thickness of photoresist 13-required
will depend on the selectivity of the deep reactive ion etch (DRIE) used to etch the ink inlet. With
an ink inlet opening 14 defined in the photoresist 13, the wafer is ready for the subsequent etch

steps.

In the first etch step (Figures 19 and 20), the dielectric layers (passivation layer 4 and oxide layer
5) are etched through to the silicon wafer below. Any standard oxide etch (e.g. Oo/CFs plasma)

may be used.
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16. SAC2 Photoresist Layer 10 17.Chanmber Side Wl

Openi ngs 18. Front Channel Prim ng Feature 19. Barrier
Formation at Ink Inlet 20. Chanber Roof Layer 21. Roof
wb2m7Budenal | s 23. I nk Conduit 24. Nozzl e Cheeiisv2032B1561
Elliptical Nozzle R m 25(a) Inner Li p 2025(b) CQuter

Lip 26. Nozzl t
b eaore SSEipRper e | e SR N RSl APt atc2
t%% dbptbbﬁzs nli@bB[ising Iﬂle%f:ﬁd.@bﬁfe&lst%sk 5: Ammsmm agisotropic DRIE,

ho h
flﬁc]il '[153’5 %Chpeg%giﬁe Qg ate%j\!o %k5b5§9t3f @@9&"614%2@' bg ld%g gﬁ% etch.
BAlGking ecthitg eftictinisintelfathe phpBresiselareh 1 ki mﬂ by plasma ashing.
3550.raised lip of SAC | around edge of trench

52. thinner inclined section of heater Ai g ”
Eyfestnelyetonetinkisler Bxis plgpasd vikpRopesstkind P ot lser 8AC2")
of photoresist 16 is built up on top of the SAC1 photoresist 10 and passivation layer 4. ‘The SAC2

photoresist 16 will serve as a scaffold for subsequent deposition of roof material, which forms a
roof and sidewalls for each nozzle chamber. Referring to Figures 23 to 25, a ~ 6 micron layer of
high viscosity photoresist is spun onto the wafer and exposed using the dark tone mask shown in

Figure 23.

As shown in Figures 23 and 25, the mask exposes sidewall openings 17 in the SAC2 photoresist 16
corresponding to the positions of chamber sidewalls and sidewalls for an ink conduit. In addition,
openings 18 and 19 are exposed adjacent the plugged inlet 15 and nozzle chamber entrance
respectively. These openings 18 and 19 will be filled with roof material in the subsequent roof
deposition step and provide unique advantages in the present nozzle design. Specifically, the
openings 18 filled with roof material act as priming features, which assist in drawing ink from the
inlet 15 into each nozzle chamber. This is described in greater detail below. The openings 19
filled with roof material act as filter structures and fluidic cross talk barriers. These héip prevent
air bubbles from entering the nozzle chambers and diffuses pressure pulses generated by the

thermal actuator 12.

Referring to Figures 26 and 27, the next stage deposits 3 microns of roof material 20 onto the
SAC?2 photoresist 16 by PECVD. The roof material 20 fills the openings 17, 18 and 19 in the
SAC2 photoresist 16 to form nozzle chambers 24 having a roof 21 and sidewalls 22. Anink
conduit 23 for sﬁpplying ink into each nozzle chamber is also formed during deposition of the roof
material 20. In addition, any priming features and filter structures (not shown in Figures 26 and
27) are formed at the same time. The roofs 21, each corresponding to a respective nozzle chamber
24, span across adjacent nozzle chambers in a row to form a continuous nozzle plate. The roof
material 20 may be comprised of any suitable material, such as silicon nitride, silicon oxide, silicon

oxynitride, aluminium nifride etc.

Referring to Figures 28 to 30, the next stage defines an 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 28. The elliptical rim 25 comprises

two coaxial rim lips 25a and 25b, positioned over their respective thermal actuator 12.
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WO 2007/ 041744PCT/ AU2005/ 001561 37 56. nozzle plate

58. col ummar projections 60.sidewall ink opening 62.ink
refill opening 5 MEMS Manufacturing Process The MENMS
wanoi7act7ar i ng process buil ds up nozzl e str ucRQIVAR0GYNOES61
silicon wafer after the conpletion of CMOS processing.
Figure 2 is a cutaway perspe@¥|ve view of a nozzle

unit cell 100 10 after the conpletion of CMOS
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10 Consequently, it is inmportant the SACLl phot oresi st

10 has a pl anar upper surface that is flush with the
upper surface of the electrodes 9. At the sane tine,
WheoBACI4phot or esi st nust conpletely fill theCEAG2085/q0E561
avoi d 'stringers' of conductige heater mat eri al
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correspondi ng contacts 28. ThIS etch i s defined by a

| ayer of photoresi st
Aa ﬁlﬁcws(gﬁ ghopis, he Applisapt hFl_hfo Tgmg %%2%&\%& oFeg tbfg Sos 4g so that
2 scatBid bB@adntlic SMc@smRNY 1s]:81np16tela flbti MRia Blldwveal eafia theinmd actuator 12

gﬁ}gﬁaﬁ% %ge HJ'%?J srgpc?ttférF ﬁ Icélg alea% to}i’ }v_vig;)é\ﬁon?acts dtrebcﬁy H&)@gn%ﬁ onto the

configurations, 1l5such as those descrlbed in
Applicant's US Patent No. 6, 755,509, the content of
which is herein incorporated by reference. For
exanpl e, heater elenent 29 configurations having a
central void may be advantageous for mnimzing the
del eterious effects of cavitation forces on the heater
materi al when a bubbl e col | apses during ink ejection.
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In the next sequence of steps, an ink inlet for the
nozzle is etched through the passivation |layer 4, the

oxi de layer 5 and the silicon wafer 2. During CMOS
wocoerasing, each of the netal |ayers had an PCRAU20D3#101561
openi ng (see, for exanple, opening 6 in the M4 | ayer 3
in Figure 1) etched therethr h 25in pr. tion,for .
EMDS ciode e SERBHFL IS o2y SO I HOP B T
J;A}ﬁchhemltsa@a%ps%aﬁmwniaay@me € sHaer StB@bures iwithout anceptahle

ink inlet reve

from seepi n
PP BB 1 g PP o ) Gl (Y Rpended
hdateE Yerheny @i e fmplh@biacteige & borkri¢ns fos glons noﬁted)a‘tkh?é opge @}’lmhead
and exposed using the dark tone mask shown in Figure
16 The thlckness of photoresist 13 required 30w ||
vig iple dNozgbes tfd ghemher vity of the deep reactive ion
etch (DRI E) used to etch the ink inlet. VVth an i nk

BelPere g edlyior Bt o oEh b SRR TR R a2 St e baving
fléafeS terdn€1p ateeang(ﬂét\@w egedBe paid oQ@)ﬂ;acts 2 mk ;@mmp Bteuctures 34
ers (jpassiyatdon | A, b #thftion, th
uE bttt 6 o e P il R 0 B8 NS, pibipbo Rbiion, te
stuamawprgwdeobemh byrirgudic psistame m@cmw&ye %Wr@éldt%@as talk to
%@(Q§é744PCT/AU2005/001561 40 I n the second etch
Igures 21 and 22), anink inlet 15 is etched
through the silicon wafer 2 to a depth of 25 m crons,
BRI A6 th aRBrsiiRlopine st thivaghkhdliBk infen y5. Prizmggaieatires 18 extend

i Bob e 1o A OB SRR 38t

bitiiag etdshup G fowi. ik fetthy st bY lisite 1¢fﬁk1 il foadbi 2 WhJF]h gipplies
ﬂg&gﬁg&g§§mﬁ o3 is renoved by plasma ashing. 5 hi

e next step, e ink inlet 15 is plugged with
phot or esi st and a second sacrificial |ayer ("SAC2") of
RRRIYrasingit n&z@le b& chdaibed, eddp clambérGp hﬁsftwb hezI8A151 When the heater

photore3|st i vatio h

IR FoTeres 9‘11"%@ ?"Y/ & S °§m1§ g%% ]% 4 0gor S uggmzzl}%?ns Bac

dﬁﬁﬁmaltdrc@rofmfc hasda$ vatehethanghe singtvidedp efegtedi the chasdpr b& guly one

si dewg hadRgber siReh&kbusty Gnprbves the print

B B P BE GroBERdn EuIARREEr iRt ros tho e

qm%m@3|ty photoresi st is spun onto the wafer and

exposed using the dark tone mask shomn in Figure 23.

As shown in Flgur s 23 an e |

Nithesyriy P°Zélﬁvé'|‘ﬁ“’n’§§ oo, C@K&Ee RSt or e§p E% ﬁ%gmg on the degree

eﬂma&mdm gari te déthimernpd & mmmhtmf By: bistind the chrinpenpyliipde nozzles,
g 6%Zﬁ% ﬁ'bec A psf 09 %g J/o'ﬂlﬁaefz&ﬁ‘ﬂ CF &k&eﬁ%ﬁﬁécﬁ&hs Several small

are expose acent ,he %& .
dropetisdifectahig dpf&zept @regt}pamg}ess&qung 0 prt ﬂ%a&‘fyl |a)§ e relatively

TJ?%%SS&Q&EH di&h> Th8A ant Bas\Whundl thREhd dyk bﬁ@agw thdmisdifebtions of each

ral 1n the su uent r.oof depgsitio
me\drerean et/ 60 PR A LIERT £ FORH R, Pia el s S
desi-eiton. Speci fically, the openings 18 filled with roof
material act as primng features, which assist in
drawing ink fromthe inlet 15 into each nozz
ahautt eszzle Thembei @n alesct drens niore fdientle hagjesipgly n%@f ghmber. The
E;h ter gfgﬁgﬂt DOR ad aox?gg{e s dsb&ﬁed’%e‘éﬁ of PIAIN %ttﬁ‘erﬂu%le ﬁl&ﬁmﬁs likewise

tructures an dic cr

a
fneyéedh E]lﬁ]cpf??ﬁ@%/@nﬂe crepted By AR5 06%“?‘1“3‘?%? @H]t Cé}‘%e HB‘ & ﬁ%"t through
Q&E&ﬁﬁm%m&&ﬁ B0 cvel, bttt the piceBbhEthPplesas pgeriedisipedd in
by the thermal actuator 12. Referring to Figures 26
and 27, the next stage deposits 3 mcrons of roof
material 20 onto the 25 SAC2 photoresist 16 by PECVD
The roof material 20 fills the openings 17, 18 and 19
in the SAC2 photoresist 16 to form nozzl e chanbers 24
having a roof 21 and sidewalls 22. An ink conduit 23
for supplying ink into each nozzle chanber is also
formed during deposition of the roof material 20. In
addition, any primng features and filter structures
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WO 2007/ 041744PCT/ AU2005/ 001561 41 Referring to

Figures 31 to 33, the next stage defines an elliptica
nozzl e aperture 26 in the roof 21 by etching all the
woygoiTtmowgh the remai ning roof material 20, REWAGROIIH01561
bounded by the rim25. This etch Is defined using a

| ayer of photoresjst (not shéfn) exposed b

el ot FHRSREESHOBR oI oAbt B RO 948 Pl sod tat of
ReZEFLe. aperture 26 is positioned over the thernma

actuator 12, as shown in Figure 33. Wth all the MEMS
nozzl e features now fully forned, the next stage

$reniny esertlmozzBALY alongdhedA@h | Hotheate siement P& {edvogs the zeepigtrie 6

c? %cre%%th 2 Ib@tvS(/P& Sbtlbﬂqtgshgﬂ%' AYE RozaTe c&xﬁiggéﬁon bl gBIwhas tﬂierﬂtgg gjects.

actuator 12 1s suspended in a S|n
Phisinary teepcct Hrparosanrh i P AR DEPOSTPIE: st gicincy.

contacts 28 and the heater elenment 29 provides an

eff|C|ent_§J_ ,Aﬁal -ctton with the el ectrodes 9.

ftire thickness (150
m crons) of the silicon wafer 2 after ashing the SACl

@er}dmn )Aic%@rg%% chrg %ﬁp%gm%a%(tec'eﬁs Q\%j It!r Bris e]Iﬁ)oBﬁlEﬁ I dnkt le Ha four

ront SI roceSS|ng
inh chowmiabre 35, e clormpprs e dsfiiedRy e ﬁéﬂwﬂq;%@ﬁﬁglpgnkm#ée structures

21 Ched LB NS RATKRdrdRmet 26 MencWedt@lelehentiBedre M»fahibdliﬂhﬁus

Ink 1nlets 15 using a st ndar nlsgg_ e DRI

BaleReomEoRd BeTes. BRoenatihge h ol il By ioporEpa Ao
gre@tr hed Q’hﬂfﬁlg emessefbs it tiubmesdnrnbt mmtme avtiwlcold lspniatdiand thus the
%(gsg)étg Heco -[13 c Eon coﬁlt[a)%e h&w ?5@ €§r féirléaltgﬂﬂgment pair.
the ink |nIets 15. Finally, and retelllng to Figures

‘gﬂe erﬂtgable 'éthﬁtuy@%@ EliokSink 13 r&HN8EE chRbeRd 13laB8SirddYkjection but baffle
acC

ksi de etchin

43
 the prsesuze pRlse from gltlgﬂatgg\éé}seﬁb%%tg éegltt\/\qse\tttgl}{}\}dgw%%# tagcebetwaen A/XS acent

SRrpetiedinme laﬂirehﬁ&d tHatiihis @ﬁlﬂdchﬂenchas et pardBals with Gt sbéwn in
EB%FS lﬁ& %ﬁcgtgs%% é%%t%!:/er,?t X r#re?slént %m!? nXenF %@Qﬁﬂ%iy ci(es the relatively

: tohgwtammryofd’ﬁgurerﬂlﬁ mtmt“@tsspamﬁ qhmn@at H’htscﬁwherﬁhén& fhﬁ@eometry of the

B\ﬁ)lbﬁtf Smed By tLé‘l%ther AARRI 26 Vlll{l]ll?hél:q sﬁagjg Remd Moz Q@%%&uc@h’%fdfaﬁlﬁc losses

row, Wth each nozzl e chanber receivinp
it ARFD erioR: BTie VMDY AP Bgfhe PR (P i H oss a8 Some
Qe fricklRf biosdsh.ar Enbodi ments 30 Di scussed

bel ow, under appropriate sub-headi ngs, are certain

specific features of enbodi ments of the invention, and

Tlme:oaﬂmamlaglets 1 Héndtstypiyecohduits 2) o distHatiridul to eesy ink ghamber in the
c?bh%;g aggmhﬁan{ %L 51509 e 0 wiked ar@f Thid %anq{e@\ﬂnﬁ‘ﬁl% factor for nozzle

ta|n| esent

i nvention unle cont ext

écpebt opitleiriptpeadx By pakins waednk charheEmRT: @%the 2k SOY’ itk othef Bk
& ARB&s, %ﬁa\k o SPESHakb& ahtbiviert§ feE sfFRlidicotross Bk, RdickOSamount of
El ect rodes g§007/ Q41744PCT/ AU2005/ 001561 42 As
whfERealopt feid Y HP¥d 42, the heaterel enent 29 is
suspended mnthln t he chanbet. This ensures that the
%thae rbe?I SnﬁnﬂtnfG%CLMLL 3 agc?ﬂesb&tv"é}lfthzwn the c hanb.er IS
girTm§¥—4§)rp|ete|y rmmersing the neater element in ink
dramatically inproves the pri_'nthead efficiency. Mich

k@f?rf‘mgﬁﬁii gl Ssrst'hpﬁﬁtec%ll bH&tNQ h&sh:@o bG8 ¥8; @Q:h\bﬂefnﬂfer has two heater

strate so nore of he |n uéu(oener

@%@t‘%@éﬂ%ﬁ@%@by eTt\eﬁngt%? Teyction, ip drop m{sdlrectmn ltay using multiple

nozzles per chamber is discussed above in relation to the embodiment shown in Figure 49. The

h"

additional benefits of dividing a single elongate chamber into separate chambers, each with their
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To suspend the heater elenent, the contacts may be
used to support the elenent at its raised position.
Essentially, the contacts at either end of the heater
wloaeeris1@an have vertical or inclined secti ORET/AG2005/001561
connect the respective electrodes on the CMOS drive to
the el enent at an el evat ed 16 sitio
Rwatcrtoraisdpseated ApBEitt ed on vlféf%fﬁn%eé? thg F"}f_‘?‘\}/ﬁ&e $oil fagem in Figure
361 rfia @)fé‘éent &ntobiideMekes trutiple@nzzles hod indilpit @tuaosid eaclechambe to
0id u ble re |ve Shlicated
v B o1 T BB PP ek VAT bRl Gptcnc
m@ﬂs vmn abmphﬁ¢dalesng!e thy ovmlgignenglams@éthe eeigel etesedyesd tsiFby
ﬁ n&&l@ @engitwst RemNahiR bkl sh AL thd Rsbtpriat Bt the lufli€cell is
ozz density. 15To i merse the heater, the
mml@m w

émmﬂ%n etches a pit or trench 8 betmeen t he
el ectrodes 9 to drop the IeveI of the chanber fl oor.

?Séﬂ% g%ga?) é@?c%}o%%f, iga g.sxg?%/ éxa ?nlis C I 2l é‘q el ?aé:fg %b%ﬁlbecft%
ﬁlfsﬁad afehrée spacad dobinths ﬁmlthtthﬁlgm‘téemnbetﬁlgpmn’ﬂ?he sifgloeolamn has a cross
sc%c on qr%ﬁlgcgtf) §é61(gss:l'& slﬂ{'}: th RAnbE %pmg}e %@1@'t5@h¥em%%&%wrfﬁm the

er nateri al can |l e

stivitingpressue vl @gth{hﬁawrﬁ@mgﬁw oz ChETOHRER b} 1‘?@0%%6111‘6@11““31%
aekndHEm el oMakdaR afiBinetold o6t tkaheasd %th(oaan&eamew sappibd/with ink

described in relation he gap [

fem g germpy ink Blehi§ sod sypply %4 8?-% %"1 f;ﬂlﬁﬁﬁtf’%ﬂ ?‘hw (B¢ otpriat to be

\fddﬁ&%dbiitﬁth@l kediscadsed ih moterdetit bel@v. ha atitipg faatwess 18 have been made
sk hot a

R e Pk ? B el R 2 il AN RRRNAS, Y pupose e

knEtaese featests simphfies thefebricatign epéﬁlélﬁ 11°é<eep theydesigy qo8PEdhese

gaps to form'stringers' (as they are known). The

stringers renaln in the trench 8 g tef the nmetal etch

Muliiple Ghamhers andMultiple bogzles for.cagh Daive Lirg t he rel ease etch

(to finally remove 25the SAC). The strlngers can short

L e same drive
%Lrl{r!é g4 %tﬁraﬁt}l (grs aﬁr([c) \c/:\c/?n?xecgeg% slj:#uges agcg{h!:fgfg;egggﬁ'ﬁﬁfs&t fonfhe s dri
'signed ¢hi imifiathe CM@@hﬂnyq@@qu)r In ghediighrag vait pqllnwg)rsl igadjacent
§g éiég' %!% @%ﬁ%cd@ seH@sKllqﬁtal th\@mbNrivREkid hﬁt:o&%?@éﬁs&aioﬂ&n adjacent

an the trench t he SAC 1§H¥I{) 1o be
leanghess @gl}ki eﬁf hs\?eqneqt?iién Barafiel. \k&mnéfa%s"e?&hﬁ ﬂﬁ%‘?“’ﬁéﬂ Geapgamoerto
fiDdeparatblifoattd, ihaBMEIS)drive Jiltcﬁltrp woald bemora cortpleeaid thegintsBsions of the
3 Oage?ll%ncgpqng &g@%g&r@%ggﬁ ea esiﬁpg h%é%}ggﬁrgﬁ 2 t I{xé{;}nﬁg addressed
dm sntblatﬂumgmtuﬂttpkl smalier idropd, pwetdmmef’fa% exsuagps ayfl ﬂteﬁécquch"%ZZles
ﬁﬁt& g Eon.rmli})% rﬂgé Qqulﬁs Qﬁlefﬂaglt ﬁﬁﬂl&%ﬁﬁh&!%ﬁl vin teE:SE plifthddd IG Rbrication

rmati ons remai n and cause chotspots' because the

laodkrpziloseddnsithii nni ng i ncr eases resi stance. These
hot spots affect the operation of the heater and

typical | redy  heater. Iife. 35 As discussed above,
éﬁ%ﬂkﬁﬁpﬁg%ﬁg¥§§§"3“ﬁ§ that refl owi ng the SAC 10
cl oses the gaps 46 so that the scaffold between the

Zﬁ:ﬁc Iy %h A xlt;agfeﬁlli% pxgrlt@ hd to-EF\Le%oézllés %nfs l&ﬁt prevmusly

anar he
stoplderenitd mh@zzlhéqnm to hme@wb (OF gy lopt geg g ensity has a
%%egmﬁ deRgzL snfgmalemlze BRY/or Wt quality.

O41%44PCT/A 05/ 001561 43 CMCS el ectrodes 9 and
suspended heat erel enent 29, avoids hotspots caused by
W%k&kﬁﬁhgwwmhaehh@eaa&mméameeusmﬂmhakmmheﬁﬁ@ﬂﬁaeﬁgﬂ@dhgm

be mich smeller structure ac |
CrePte Sl Teuteartf SRl UKl BRI By e prinive

preserves the efficient operation of a suspended
heater element and the small contact size is
conveni ent for close nozzle packing on the printhead.
5 Multiple Nozzles for each Chanber Referring to
Figure 49, the unit cell shown has two separate ink
chanbers 38, each chanber having heater el enent 29

ext endi ng between respective pairs of contacts 28. Ink

D

D
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15into the inlet opening so that an ink meniscus does
not pin itself to the peripheral edge of the opening
and stop the ink flow. Ink fromthe inlet 15 fills the
Wen20078H1nk conduit 23 which supplies both cPERidE085/®8561
of the unit cell. Instead of4 singl e nozzle per ’
chanber, each chanpber 38 has ™ fwo

praclttion (ot5 pet iag RIISQe RS es RY b S B i) g Bgue e By

einBpsing thelcbﬂipoaéxﬁs jtteahieckll sﬂcrlﬂhaft the wvepdicVidth ofth¢ enitdGreduced, the

Each f .l k

e élrlé ar noz%les canf b fr o Q‘rzx?geil h:l? rmg ﬁnﬁte%i‘yg 0 tag%@é?l S 86pposing

ma_s litbout Byn@qn&ml}' pript m§¢111tl09l(@1> li)r 6@3 emphogdigents éhOFYe jingthe
@rﬂm éﬁé&*&%@lﬁl«ﬁz@ b Sd¥le N RUBR: thdd Q060" dolees gbf%l.\dh‘id/eachzlﬁmar

every nozzle, there is a degree of m sdi
RO (H G e RSP ity TSOEHS R 2 Phoaphie (1600
Bﬂlﬁ\dhdh@ﬁé éﬁpﬂsmgts&ggeréd&mm dﬁﬁnﬂdrd’&ﬁzﬁ]ﬁ ﬂieretls)sum’cieﬂtt capacity for nozzle

%ggnléi:a%\ieqe ogzka?o gns% fon gﬂgg rcT;lo 2 : hx\r% Fnsm@s fhe %%éﬁ!melﬁé of 1R ngthead
thirfafne saﬁsfactcvrysels dimossedabsve, Be vebadimegshbwn igFigprs 54 has a footprint that

1% GRRlE &Qfmqa' dd n%Ez@ a‘icﬁI hib la eis ol 1|6@(§51§)zzles per inch.

I ment a print ty sin rel atively
.l‘\aqog@gﬂﬁ @mqf@etts@age@ﬂmyvs Tﬁciﬁ’BFlP’t‘éfr‘i‘Po‘ﬁg%OOfiﬁdnd t hat
the eye averages the raisdirections of each SOsnaI

effectivel froma sin
i ﬁheaeaiifa@lﬁr? Sty e o Rraed i SHPul BT, G Rfbicant bs
fﬁdhﬁdzd on adeatifging haindombining A nmhlg:oofefpe&\ues tolredyps th¢m1q51ant dimensions of
cie
%nncg&lg%nghlggp F%lr §71aﬂlgie, ellg)ggﬁ ngzé glggﬁé the In'il%:la %ﬁl%ﬁ Cj:hambe:r,

an el ongat am of Ti Al

ﬁwe gmmgtgy bogictand shprtas diive HETR @%@iﬁeéfe@ Hansisioerh e fatues éevebped by the
BbARSM EFaeRid s%ﬁe Gf tﬁ@inﬂﬂdlmént@ﬂnoﬁh ORGA Y featodk hdcessitated a

cause jnk to t thro a
o oA Vit G B ?ngiuf%% PR g’b"reé'gléaﬁe fom the
Plideaisddsraditiami :p\atoedv i ordW@b decrease transistor length.
2007/ 041744PCT1AU20051001561 44 hydraulic | osses
aSSOCIated Mﬁth t he m smat chbet ween the geonetry of

1 deadppatiacof t he nozzl e. Spaci ng severa
nozzles 25 along the length of the heater elenent 29
reduces the geonetric 5 discrep bet ween
RGP HEATE 351 b oA G FIBNS O BUTF Ik g pats
brlilhe@dbe Glog nozElRs. Figufe 10Uhows At BT mymhzaelblaﬂe 56.ci%r glhdindie nozzle

t d,th b .
TR R T —
ﬁamamb@mtmmaezamrmmmgnst% eﬁprghng@ sH@t digianee @m@s Plalg syface. The
ﬁ&k ?ﬁ% Buld IOV phfbriel with SEBIAHE£H8 AdrmatiéRd &c@@'cioséi‘ﬁﬁxacfe@ Hbges,

anmbers 38. The chanbers are defined &
SITERERIRNY & bympss KPWEYER 1 ipgashigrrais B FHtaRle P dpagk é& 8 pattera gejmnar
SI3RBIABE sHIRS, ahd 8 isQWAnPEBALRS to@lcR e 0lur. intd the exterivk @urface.
el enents 29 are arranged in palrs that are connected
in series. Between each pair is 'cold spot' 54 with
Boweincineahs ®tediingat ﬁmtdtmﬁicqunemre s 1¢se Hielibaod Kiarmpper Tihgt gr other
goil?a.g%lgﬁ S H}g&lo %ﬂp% 1% e Q%lerf)ﬁ@é PRHhenid thd BRri6Arthe B8R eDlate

spots becone the commopn cont act

pyish veisechforrhations Jingis th@@mfaa@ @rsa the} dpgh parficies worﬁ'@étléﬁhe Brtigles gpn only
Bihkdct thel der bkenRRE SRALN Brnfitibn) Gl Widion Gefwedh ho Yartidlds abdthe nozzle

gr)lgffgl m Ay ﬁ@ért{%gggrrg if‘%{%ﬁ?%%{@{?l itgf eqalné]ce%{ifgagt? qlzéexbagg Ifnore likely to

bERteed b prifthddd Blhigteamesg ekl k bet ween adj acent
chanbers It will be appreciated that this enbodi nent
has many parallels with that shown in 20 Figure 49

di scussed above. However, the present enbodi nent
effectively divides the relatively |ong chanbers of
Figure 49 into two separate chanbers. This further
aligns the geonetry of the bubble forned by the heater
el enent 29 with the shape of the nozzle 25 to reduce
hydraulic | osses during drop ejection. This is

achi eved wi thout reducing the nozzle density but it
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reduction in drop msdirection by using nultiple
nozzl es per chanber is discussed above in relation to
woeoEhods nent shown in Figure 49. The addi t PCFI&U2005/001561
benefits of dividing a singli elongate chanber into
separate chanbers, each with Their

< ming Poalise T/ AU2005/ 001561 45 own actuators i's
descrlbed above withreference to the embodi nent shown
REfefring toFagudd547, t%laammeﬂsaa shoerbxaelidimg it oppesits dinagticns gl each other. The
n l.es an ti C
g T

Bisbribdiimgenkt mgumaomkeendyﬁsr sk astbmipk m@a? 52 %e%gﬂ‘@hMEMS
}Q?]ztzlgs R art inﬁl}%{ L folr8gh 19&%%&(1% ?acﬁté@ﬁa@hd ndd b8 BShRfySscé ﬂow A

e unit are reduced ereby 5 perntttl 9 F E
mepiscbecan Gsiond, dependin B EEPRRIO EPeEpgyfean (R itseltto the lip of

fh@ Qﬁe@t’iﬂe Rbitdkroddhe ’B}hﬁlcﬁn WeRkdfuliiSpriheads) wﬂzgas Mﬁe(ﬂlﬁﬂﬁmthart et trapped

e | er neab) uctur
guqb{%%blg Lefaig ghe tﬁ Ja.g, cdmftlso Eeé’é?ﬁblﬁ?tl% stop : o%rgt{o gg%e c%%mbers
ms etll B@atiety ccolr whwnsmaslmxmhlgﬁlta@nﬁthgasiwethm &itboigk pemigous pins
S I eyl ed to
B 1 il e BB R R R e, T Ve
to sudden back fIOM/fronrthe actuation pressure puls

Bo gkwrhusaingthis heroiniss Fapredicdprmmbenr e #ey peend dpprish fheglane of
o %iéttaﬁeﬁlﬁzgqg | ¥he tf&ﬁﬁes% 51'% chli@nLRthdfd Sordfhe amhot dfehe

col ot feature Bot h rs 38 .ar
GRS PP b0 s o R GBS Rt et S Loh il te
33iphdih est@at hiRatiiice Rnstdndb argink mwnitcheat treddkpinlervtill faymigethe priming
reduc .

B TF e 0 4 P BE IR il AT o ki, G o of
dmemummwhehbh&mbbwm§ﬂ&eWaﬁﬂ§m22 and a wal |l ink conduit
23. The dual purpose nature of these features

3[‘11%}1&1&% Rarutd 88 gaﬁ k?eﬁda 9191! yI foﬂasaﬁQ q’on@ el @Sy dﬁr&e&%@@fd&:@ﬁa‘c extends

npact . nbers an gp g hbzzl ¢
fr@qsveaé%thepliawf thenalaer:ﬁlte ’Q"WhF‘ﬁnOF? &ﬁ#’@mt?& CApFFEaR BS TRt Parto

3ther o entued ad MowehiFasredad t herefore flre i n unison
fromthe same drive signal to sinplify the CMOS drive

circuitry. In the Figure 46 unit cell, actuators in
&@F&@@H@gﬁg¥§¥%s are connected in series within the
same drive circuit. O course, the actuators in

Rdfeae i Fighatt) axvaaladited: wlt sdlsbe shonm dc thisgmberdipent.diid eldngate

k%ate% L L8 oxile] UIaﬁlg%o %M%{\s&ﬁhfngoﬁﬁﬁ Bs. Cmm%lyttﬁe Q@ngate ink

separate Cir rrve CIrCUItry
bleam’vms 38 wojipivise aligned witethelinfreondiip®l Sdewel epezessfﬁotcoeéftrthe

t:%?rfb@rrs hfilo Ml Sninfiche @%g;ﬁlg tﬁhﬁh@&ﬂﬁﬁ&gs Bat R3S havB i €inlets

msdirection is Sstituti
s e kA i T GRS SR BBt i B The
aa@lwantbger_ﬁnga eSRAE Ink\ﬂ&mﬁa(bZeZsireﬁurBSYMOO leeep Glnirtio nroglrthll & an acceptable
chrt is an efficient inplenentation both in terns
printhead I1C fabrlcatlon and nozzles density. 30 Hi

h Densi Ther nal et Prin ead Reduction in the unit
Qedt[Filet £t Ink Shadlees t he printhead to have nozzles

patterns that previously would have required the

%Séé—%ng a d ke L,Pt%re 49 tg)eeinlE I%Hﬁl S&Qmﬁ g eaglpéi!x.rnﬁ@er 38hds QWREr structure 40 to

ens ha’s " a correspo | uence on
pep #it bréblds aiother cantanippnigy AR b,fesatnrl ﬁ‘g}ld C%almtmts in ink are detrimental

%cptgg 7&%2?&%&9%9 Ot Q% éﬂmﬁﬁanfswwﬁdu@ﬂoé tﬂ@ﬁc&zl@ 6fenings,
inch) 1s tw ce nozzl epitch § zlesgﬁ r 'ﬁ' al ctuator if
g BRI, Pt M DRI PR iR the e

unit cell such that the overaII wi dt h of the unit is
reduced, the same nunber of nozzles can be arranged
into a single row instead of two staggered and
opposi ng rows w thout sacrificing any print resolution
(d.p.i.). The enbodi nents shown in the 5acconpanyi ng
figures achieve a nozzle pitch of nore than 1000
nozzl es per inch in each linear row At this nozzle
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Accordingly, two offset staggered rows yield a

resol ution of about 3200 d.p.i. Wth the realisation

of the particular benefits associated with a narrower
Wit 2001641744 t he Applicant has focussed on i deRETAYRGIF001561
and conbi ning a nunber of feajures to reduce the

[ eg\g/f;a{%t g énnﬁeeﬂs ?%fsqbgrgl 52tz ; |u e §&ec§y}el)f {.{sagfgs ?ﬁéec%%%gfa & fromthe
Iaﬂ’ecﬁetd nbzdenHyrpeovmdnwwiti‘eﬂe: stridture #0 eleferinr of rdvcsgnf gbstwmtions extending
{v&r?g fo q{ 6% dﬁgc-[g g:;duglhﬂe %Delu gteac'il rr@vpﬁeh%[ ?a[cgc) sufll @iat they are out

ures devel cant Ive sone O
tdﬁ egismision itk foe 9b8§fh@\ms in ea@rrcep@mvr‘rn@uﬁpwgtwﬂeeﬂoafr@ectmm the

Q@&%&ﬁé&@&&&t BiHan @ﬁt&ruﬁe%hinruemscvﬂﬁueﬁtiﬂmam flot SR Hot a/erly
the field, such_as reducing the FET g ge vol t age from

frefardey Jhe 1w sw@tisst xubh ermsereg easltﬁtt%a@ e Pl

Ge6dt onhe néAziR AlThte but kieng bﬁbbleﬁ Or dRed conenchin3hts &llowna relatlvely tortuous
i nt head, Surf ac atic as it

o e e sl B Sl L nshopbl Sl Phy b UElBR S, |

nozzl e pl ates and thereby cl og nozzles. Figure 50

shewsibadipert shown ue twdewne phitmctiphedlen 86 formof calirens extgnding

td%%e g&gh%Q%ggghwﬁﬁgm%@ﬂﬁgg the nozzle rins 25 are

al so s own. The exterior surface of the nozzle plate

IS patterned mrth colunnar prOJectlons 58 extending a
piprcolout iSurfac Be a ourdnlgetPrinthegde  The nozzl e

pl at e coul d al so be patterned with other surface

fﬂ&@do@%ﬁ%&t@ B1,a% eﬁtleﬁ’o? SlricSR A zAd BGEPowERF & b&ﬁt&kﬂ Qﬁﬁas that
i S eas to CrgteaSUIta

er,
oo Bt dessted Ao G PP} 04 FORBHHAHEC1S e e
ihbatér@lethets (iiﬂi showi tahdd seti@ ofiquire-bdped o guttensidiatetfornted i the nozzle
e [ ur.f.ace Ie ing the co-efficient of
d Iaéeteiéé g?vre ?tgtl?kocr? ndutlt%g #SEXF%M ?g@s I'i keli hood that paper
dust or other contam nants will clog the nozzles in
thiiget poert eftqplbavegnait®apice stationgthetivep bk préntlicad wieh itfspet in use. To
NQF Ak BxcBls Ei‘rg&io‘fﬂ hbndzAk Pﬁ&’ thd¥a %@I’ bR ‘%@ dﬂsén @g%@sottﬁh% it b 2CBe

area t art|c esS con art|c es can
@ﬁ‘le?*’fé‘éfﬁt:%%ft‘hq%éd?ﬁ}{“er This e edemfongic FReKEA R YR (e capper
ts{&eacé 5ddGhd RR QIR abzzlechBited @léi'ng ednest e hystbeesia ottdh@elates to the

te | tt |i.kel
ndie Rty g M Sl e o R B o
memmamtk doypenpiingrif Smdurrdaelmﬂ@ﬁ}i)ﬁﬂésmgcgjpg@ted hapgin by reference), the
é&%? biiPek %@gﬁg&@%@&%}&@&éﬁ; o cme%t)ue%’rea B RS Ml bPthe

erring igure 47, unit I's are shown
avenisevd Prigesnrihepprssind @olemlate |T8ﬁekMO@V&@ﬁnﬂ@@ﬁ@ﬁﬁedWelarge bead at

%H%oinﬂtvtﬁéﬁe @ﬁ%ﬁé}@ﬁ@%ﬁg@@k B6S ttuermkzztecpla&é? &Jnff&uﬁatanamms
e e e R T e T S S

hfpund OgivanchiowlechperturdySbenditferént soloun thamthatrgjected by the nozzle becanse
RAJ A NEA% AR SR et (AR RES. Al TilQ, dgaatmaa §fink in one

N macro-s meni scus can fonn an
dewmruﬂrg&manmher ngesdmeat prpateYisiblp artefastsin e printi t can
"pin' itself to the lip of the aperture quite

%fu rfgrjﬁﬁ tions Bk ﬁl 1 RA8vekts &t dideltioR Hlah DGRBS is p%él&fh\@? from the
b ol

es t at vent trapped air bubbles_but reta

eﬁeleu pike Wil aemqve apdiRtain s 9 dhe gk e mgpipqus, Whils thp & ttem 30 not
febiat dllQheﬁﬂUﬁ tKEJ'iﬁd&mafs&heyﬁb Isignifibantly reSk tHeildvell of n@Rle dontamination of

@gﬁtnltl |11ﬁglmng the printhead with ink. If the
i §ﬁ?§? 10at the ink inlet opening, the
chanbers supplied by that inlet will stay unprined. To
guard against this, two primng features 18 are forned
so that they extend through the plane of the inlet
aperture 15. The primng features 18 are col ums
extending fromthe interior of the nozzle plate (not
shown) to the periphery of the inlet 15. A part of
each colum 18 is within the periphery so that the
surface tension of an ink nmeniscus at the ink inlet
will format the primng 15features 18 so as to draw
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Referring to Figure 48, several adjacent unit cells

are shown. In this enbodi nent, the el ongate heater

el enents 29 extend parallel to the ink distribution
wonadarios1728. Accordi ngly, the elongate ink cheetiav2003@1561
are |ikew se aligned with the ink conduit 23. Sidewal
openi ngs 60 connect the chanf®rs 38 to the ink conduit

Bubble@s®r i guring the ink chambers so that they have
side inlets 25reduces the ink refill tinmes. The inlets

A Subdled BittramBtin kR exkEEOVeRy Ha@ fidr Ipkinthda6 vpet b SAig roerattiegdue in general,

The, si dewal |. openi ngs,60 have ink I, r; e

i ety opaaigeiple ARG A de e e SRS LB, B d H b
Jimple tonpiréstes in Bponsk ikthSivauator inkReH eotrejepidromyhé #pzele Trampgd dubbles
47, the Jdnk refill [ e Hotti d
FRPe %urrgesdtﬁroﬁcté Lﬁgglhﬁ?)&%{g{hg%g %Jr%bgﬁ air %%b grgedg?k %?ﬁser e e
tboforcedfiowm paudd wekj intrasipestfieaisbulples- sol i d cont ami nants in

ink are detrinental to the MEMS nozzle structures. The

g4l é&oﬁ%ﬁ@mﬁiﬁﬂ FRufcdB KBS 4Dl aOBie InREnld1QZ.ZTHR trap is formed by a
openi ngs, while air bubbles,

ei i hl )
b FPEpYirgcturg 32, anghavgRt36 {q{@e%ﬁé@%gﬁ? zayﬁru ?f‘g%btfbplg Fgtqtion structure
86 k&t 6 colufuns INEp 200 Zrb Ot/ REEEAITRS Bfict 05 156discdBed dheve, the ink

get. trapped ,n the ink chanber.. ' j ¢ refaini
?‘%’%fe%‘g‘%f ﬂaeﬂagi ae‘g’la]l pléllrrm & “f R nrl%lﬁp % O%g E%f&edé Ytglg%n ozl e
Bayotpre0ti Wk, gy iak Herthetable trap diveets gasdublesitnihe VRat WRRFRIe veRidos
%{n?sg;gérgr ﬁl}p&dﬁplggc‘ thﬁ %ﬁlﬁ)ﬂg Lk JLIE alka\aed &i?ect‘i’ﬂ% tﬁéﬁﬁtofak@éﬂd vent, they are

ectronm t ugh t he openi ng, each row being spaced
sffpetiveligmovedEgm %Féﬁlﬁiﬂw Wihoptagy g*?ea]ﬁg%n with the

obstructions in an adjacent row with respect to the
fluRinledil BRtH1QNPathhe Scontam nants are not likely to
enter the chanber 38 while the ink refill flowrate is

not overly retarded. The ro e offset.. Wwth re
PPl R Roistivg RECRR AR TP SR Sttt B Bbs atows
@bk otthe oafet i@ (RORE Ink ejectfon kide)tabaye horzles lngeadiof camplsts inkglistribution
or, other contam.pnants fo ' ing from
e e S
satagiinetd otajr tubideso Fbis staryes thayapzae(s) supplied byrhe ARBEHRIFENt
shown uses two rows of obstructions 40 in the form of
col nmms extending 10 between the wafer substrate and
the nozzle plate. Intercolour Surface Barriers in
Multi Colour Inl 'et 13rci_._,..Ji _ntheM Turnln%>no$% b
to Fi fubest sBawn ip FiguesdBrmtieads piepiiog e RIFEI BT o8 HaYs o ast two
SR { Dfiprtyibtdath Sh@inber 381618 a@fk titdbit SHigweeh the Rozglepbteld
desqnibe above. The nozzl e apertures 26 are

THPoHET: di rectly above the heater el enents (not
shown) and a series of square-edged ink gutters 44 are
formed in the nozzle 15 plate 56 above the ink conduit
23 (see Figure 46). Inkjet printers often have
mai Nt enance stati th ' Yedif suSoli
B Rieede 6 o5 555 shiee B b1, bR S0 I RRalt i by
EdverhiBink infets 16.apdvess tasehative thefi noegies ik b siraved lehink py infsb@pgging. If
Ofd imiENS 8% detd, Bk ik i A6 §ri1Pfraly RRrNAZELLHE bdbEnletd Bi tBe wafer.
pronotes the formation of a neniscus between the
capper surface and the exteriar of the nozzégmglg%ﬁﬁube

(@21

 Withowgh the irvensien idigicabadypleve il referengp fospectiis) egb

2Anah By bR bkildHEn Bdhh: BREhE BRGENmibelehBodERITh SaniSother forms.
contacts the surface (for nore detail, see the

Applicant's co-pendi ng USSN (our docket FNDOO7US)

i ncorporated herein by reference), the majority of ink
wetting the exterior of the nozzle plate can be

coll ected and drawn al ong by the neni scus between the
capper and nozzle plate. The ink is conveniently
deposited as a | arge bead at the point where the
capper fully disengages fromthe nozzle plate.
Unfortunately, sone ink 25renains on the nozzle plate.
If the printhead is a nmulti-colour printhead, the
residual ink left in or around a given nozzle
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49 Bubble Trap Air bubbles entrained in the ink are
very bad for printhead operation. Air, or rather gas
in general, is highly conpressible and can absorb the
pressure pulse fromthe actuator. If a trapped bubble
sinply conpresses in respon@é to the actuator, ink
wll not eject fromthe nozzle. Trapped bubbles 5 can
(Hﬁyﬁﬂéged fromthe printhead with a forced fl ow of
MK, but the purged ink needs blotting and the forced
flow could well introduce fresh bubbles. The
Pnboq&?p it sh mQ1L%1§ ure 46 has a bubble trap at the
ink iRt eE IR, ?ﬁhﬁ F's forned by a bubble retention
st r uet ink ehddibeafodnal onantafdGutisaataphk ink ciah®ertadhg sidy/e4lls and a

T bble retention structyre.is, a seri.es of columms
i) 0ok SRR {olhes b F it S e e S
di scebseidalabnues providediimiwaldpppdinggidegvdle af the @k chthbaiate a

ual pur e.and conveniently.formpart of the bubble
e RO BRI E MR Bl bR e et o cr ap

di r ectteergalsiciostbbpreddddan edek inkeshtmbdnahethérimalactoetot hdving a

ere r.appi the bubbl es at. the .ink.inlets

LR Socnite hE Bl e Do Sy Had Pl
tieft the htdterelementasospaldddrfoom thh electrikal toroauts\in thh ohsmban ynd, nk

| eakgge. . Mul ti.nle Lok, .|lnl et El ow Paths . 15Supplying ink
ot Be et L8Rt hopleel of e s e Blackiighs e
stghds, \Weef deive tiocuittyeprotidieg eladtdodaatorntbe eeatricat doetavtmbfaacteacanmtor,
QR the ink ejection side) to have nozzles instead of
conﬁ?ex ink distribution systens. However, deep

et chée,comhds on-tiedmhter diaphensart hopanghsuah thatftke thermel getuatoeis an
. I [ from contam nants or air bubbles. This
“&%%@Q%ggfﬁ%mﬁgzz|e(s) supplied by the affected inlet.
20As best shown in Figure 48, printheads according to
the pr ] iop have.at lLeast, two ink inletsg 15
2% cppring bR BUREL BB WD Sorke
stipips eidentetthaerimbzzl e pl ate and underlying waf er

I ntroduci ng an ink conduit 23 that supplies several of
the chanbers 38, and is in itself supplied by
325s everizjet prikth¢ad laeoslinpSp cla 2 edhereinhige ddvandes atelraposed areas
| L)l ved of jnk by inlet clogging. If

O%gtéé frﬁ)?teﬁt%t%éa}}iggo%e%l\gg r C%tltﬂjé ink conduit wll draw
nore ink fromthe other inlets in the wafer. Although

the i Ot | ' ol . it eferen .
3 poct T el st Rl B el P NGl R BEFE p Be
ciguittyl eatgndsrbetviven the eletthrales.t he i nventi on nay be enbodi ed
in many other forms. 50 CLAIMS 1. An inkjet
print head, conpri sing: an i nk chanber forned
5.0n aAwafkget pinihet pabrlingtth elaion k whérainisech dff theiimkgchginblas have a
. [, ng an ink storage vol une, the
ﬂﬁggﬁéﬁggﬁkﬁgé%ﬁﬁ{% %g%bh a nozzl e aperture,
el edhe dcoator siomttaeouslyiastsiigettirqugh tlivhe oprples pithe diadhber.
wal | s of the ink chanber, the electrical contacts
bei ng provi de outside of the ink storage vol uneg;
6.a t hén mijet prirtthead accoding\d deith $ wherein leadhroi the lirsndbembers heye two
m%gginal actuator having a heater el enent extending
etween el ectrical contacts provided in opposing side
wal | s such 10that the heater elenent is suspended from
the electrical contacts in the chanber; and,
drive circuitry lithographically deposited on the
waf er substrate for generating drive signals, the
drive circuitry providing electrodes for the
el ectrical contacts of each actuator, wherein,
the contacts and the heater elenent are copl anar such
that the thermal actuator is an 15integral planar
structure. 2. An inkjet printhead according to claim
1 wherein the heater elenents are elongate strips of
heater material. 203. An inkjet printhead according to
claim2 wherein the el ectrodes are exposed areas of a
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circuitry extends between the electrodes. 25 5. An

i nkj et printhead according to claim1l wherein each of
the ink chanbers have a plurality of nozzles; wherein
o.during use, the actuator sipultaneously ejects ink

t hrough all the nozzles of e chanber. 30 6. An inkj et
printhead according to claimb5 wherein each of the ink

7Chamgrs; a%ﬁthsmcm v\%ﬁ)%ialmg%eymﬁﬁe héWie€n Jﬂxﬁxﬁﬁé}%e

accordlng llaim5 wherein the nozzles i n each
axngadra lpe @araH<r1 #nige tpngth ofthe hepter glemgnt veith thecentiel axesod the
10%ck R R STp RLATBR ihdall LBBeRENt ral axes of the
nozzl es are regu arl'y spaced al ong the heater el enent.
58. An inkjet printhead according to claim1l wherein

gt he naagl &imﬁeh@ad%'cédr V\%&ﬁ: haim 9 -wi¥arei Yok 8522128 %Eﬂﬁé&l
accordlng o claim8 wherein the naj or axes of

el liptical nozzles are aligned. 1010. An i nkj et

opri n%‘%ﬁé}et %ﬁﬁtﬂéﬂ' BEbrdifly Gl i s WARE! BE ﬂlafop £xel bt h€elliptical
circurtry has a drive %le I'd effect transistor (F Tg
nezsles eig@hgnstl. t he t hermal actuators, the drive voltage
of the drive FET being less than 5 Volts. 11. An

i nkj et printhead accordlng’to claim 10 wherein the
18 | vAnjeKiet pjetherd apepsdipg fo\pkaim 3§ parpreinstho diveggryiy haspairivafeld
eff&lﬂrﬁ{sls% kfﬂh‘j ?ﬁ%a&q&%%emaltaem%@l e &nw\%ﬁtgge%fm%nve FET
array mbers is denied by sidewalls extending
bejag lﬁ@séha@ H@‘tszl e plate and the underlying wafer
substrate, one of the sidewalls of each chanber having
an opening to allowink to refill the chanmber; 20an
1.nk Aanekist prinbeagaeeprdingtorslsim [1@ whergindhediye waltree Pliha drive
Fﬂ?&@iSVBﬂ@ ink conduit being in fluid conmunication

th the openings of a plurality of the ink chanbers.

13 An |nkJet pri nthead according to claim 12 further
lf 0 np Wh$hiHd ! tpﬂntﬂtl:aﬂra@tlo‘rchﬁfg Qfclaih Wh@}eﬁi tﬁe Qt%fy' dJt ﬁﬁt chimbdaEis

fer su rate; wherei n, 25 5each he i nk conduits
d¢f‘§1e41 hy filealls exerding hetor Anegzietplan aqdé%@sqnd@héngowafﬁwbﬁtrﬁw@
oﬁJHf?ﬁe%xfe%ﬂJ &%Q&hvc'h&gbér 'ngﬁéaan%&ﬂhél tolaPlol hxﬁ( th Bl the chamber;

nbers. kjet printhead according to claim
13 wn:emb |cwd@a@ﬁwe¢n tilhéOZiZ]ﬁ plageorngd wndeslying wafersthejnl conduit being

Wdaﬁ& Witk the ‘bﬁ@m&g of J‘;Quﬂa% ot HeGhiSchamPers. 15. AN

I nkj et printhead accordi'ng to claim13 further
conprising at |east one prinming feature extending

13.hr ough %Hntﬁéadtab&rddfg(to kRl 2 ﬁlrﬁglcé?miphﬁﬁg a plurahty el inlets

surface ension of an 1nk nmeniscus at the ink Inlet
defined intthe wefansubsiuate wkereigt of the inlet and partially

al on Each Iaﬁthg lirﬂlvgoﬁ(ﬁltitg isti® %'HQOmﬁnikzﬁK)n %ﬁ@ﬁﬁs% one e ink inlets

for receiving ink to supply to the ink chambers.

14. An inkjet printhead according to claim 13 wherein each of the ink conduits is in

fluid communication with two of the ink inlets.

15. An inkjet printhead according to claim 13 further comprising at least one priming
feature extending through each of the ink inlets; such that,
the surface tension of an ink meniscus at the ink inlet acts to draw the ink out of the

inlet and partially along the flow path toward the ink chambers.
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16. An inkjet printhead according to claim 13 wherein
each of the ink inlets has an ink perneable trap and a
vent sized so that the surface tension of an ink
Jmeni scus across the vent prﬁéents i nk | eakage; wherein
during use, the ink perneab trap directs gas bubbles
to the vent where they vent to atnosphere. 5 17. An
16NK] b, iR tghﬁﬁ@ﬁ REGRLS Wit 3 GhdleR ehdh WIS ik Pidid¥is bk
chanbers“have an elongate shape such that two of the
peiimgable frinsand peventsirgd satheitthasarfacs tension of #eink mepipys peyess the

] | ' refill the chanber is in
V%ﬁgﬂg?g?%g&?%%%gﬁ%ﬂ%%g@#§%§3018.An i nkj et printhead
accothd ink@pemesable Haprlitgtsizas pubbles @dhﬁ)@éWL@e they yqnf toratmosphere.
structure at the opening of each ink chanber, the
filter structure having rows of obstructions extending
17.r ané\nénliet priptheddeacedréing Wi dlaime ! shereinrtaigh chambersbays agg,
efoﬂgatcpﬁﬁﬁer 46 Ao oPihE QLW AIR W58 SRAG B oBéRNaddR opening
they are out of registration with the obstructions in
fanllawing inkrie refihebamber dsip oae ofithe lopgsidawalls.di recti on. 15
19. An inkjet printhead according to claiml| wherein
the nozzles are arranged in rows such that the nozzle
18ent Padnkisteriatbeddianecadingiodlaimd 3 futher eonprisiag a fltensuctye pt the
o e A Dt ol oo
trprsrorsetophesfioa dirpstinihrongheihe epenigr theelstryftions REAFHPW SRSS
s;g QEd SuBTHG tﬁgl ard Sut %@r’e?f‘sﬂ‘rétﬁ)h% 1 obSthRtibes ih b £didcOR row with
fknomn as tiction').
respect to the flow direction.

19. An inkjet printhead according to claim 1 wherein the nozzles are arranged in rows
such that the nozzle centres are collinear and the nozzle pitch along each row is greater than

1000 nozzles per inch.

20. An inkjet printhead according to claim 12 wherein the nozzle plate has an exterior

surface with formations for reducing its co-efficient of static friction (known as ‘stiction’).



