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BACKGROUND TO THE INVENTION

The present invention involves the ejection of 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 to Stemme.

There are various known types of thermal ink jet (bubblejet) printhead devices. Two typical devices of
this type, one made by Hewlett Packard and the other by Canon, have ink ejection nozzles and chambers
for storing ink adjacent the nozzles. Each chamber is covered by a so-called nozzle plate, which is a
separately fabricated item and which is mechanically secured to the walls of the chamber. In certain prior
art devices, the top plate is made of Kapton ™ which is a Dupont trade name for a polyimide film, which
has been laser-drilled to form the nozzles. These devices also include heater elements in thermal contact
with ink that is disposed adjacent the nozzles, for heating the ink thereby forming gas bubbles in the ink.
The gas bubbles generate pressures in the ink causing ink drops to be ejected through the nozzles.
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Before printing, the chambers need to be primed with ink. During operation, the chambers may
deprime. If the chamber is not primed the nozzle will not eject ink. Thus it is useful to detect the presence
or absence of ink in the chambers. However, the microscopic scale of the chambers and nozzles makes

the incorporation of sensors difficult and adds extra complexity to the fabrication process.

The resistive heaters operate in an extremely harsh environment. They must heat and cool in rapid
succession to form bubbles in the ejectable liquid, usually a water soluble ink. These conditions are
highly conducive to the oxidation and corrosion of the heater material. Dissolved oxygen in the ink can
attack the heater surface and oxidise the heater material. In extreme circumstances, the heaters ‘burn out’

whereby complete oxidation of parts of the heater breaks the heating circuit,

The heater can also be eroded by ‘cavitation’ caused by the severe hydraulic forces associated with

the surface tension of a collapsing bubble.

To protect against the effects of oxidation, corrosion and cavitation on the heater material, inkjet
manufacturers use stacked protective layers, typically made from SizN,, SiC and Ta. In certain prior art
devices, the protective layers are relatively thick, US 6,786,575 to Anderson et al (assigned to Eexmark)

for example, has (.7um of protective layers for a ~0.1um thick heater.

To form a vapor bubble in the bubble forming liquid, the surface of the protective layers in contact
with the bubble forming liquid must be heated to the superheat limit of the liquid (~300°C for water).
This requires that the heater and the entire thickness of its protective layers be heated to 300°C. If the
protective layers are much thicker than the heater, they will absorb a lot more heat. If this heat cannot be
dissipated between successive firings of the nozzle, the ink in the nozzles will boil continuously and the
nozzles will stop ejecting. Consequently, the heat absorbed by the protective layers limits the density of
the nozzles on the printhead and the nozzle firing rate. This in turn has an impact on the print resclution,

the printhead size, the print speed and the manufacturing costs.

Attempts to increase nozzle density and firing rate are hindered by limitations on thermal conduction
out of the printhead integrated circuit {chip), which is currently the primary cooling mechanism of
printheads on the market. Existing printheads on the market require a large heat sink to dissipate heat

absorbed from the printhead IC.

Inkjet printheads can also suffer from nozzle clogging from dried ink. During periods of inactivity,
evaporation of the volatile component of the bubble forming liquid will occur at the liquid-air interface in
the nozzle. This will decrease the concentration of the volatile component in the liquid near the heater

and increase the viscosity of the liquid in the chamber, The decrease in concentration of the volatile
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component will result in the production of less vapor in the bubble, so the bubble impulse {pressure
integrated over area and time} will be reduced: this will decrease the momentum of ink forced through the
nozzle and the likelihood of drop break-off. The increase in viscosity will also decrease the momentum
of ink forced through the nozzle and increase the critical wavelength for the Rayleigh Taylor instability
governing drop break-off, decreasing the likelihood of drop break-off. If the nozzle is left idle for too
long, the nozzle is unable to gject the liquid in the chamber. Hence each nozzle has a maximum time that

it can remain unfired before evaporation will clog the nozzle,

OBJECT OF THE INVENTION

The present invention aims to overcome or ameliorate some of the problems of the prior art, or at

least provide a useful alternative.

SUMMARY OF THE INVENTION

According to a first aspect, the present invention prevides a fluid sensor for detecting fluid in a device
having a fluid chamber, the sensor comprising;

a MEMS sensing element formed of conductive material having a resistance that is a function of
temperature, the MEMS sensing element having electrical contacts for commection 1o an electrical power
source for heating the sensing element with an electrical signal; and

control circuitry for measuring the current passing through the sensing element during heating of
the sensing element; such that,

the confrol circuitry is configured to determine the temperature of the sensing element from the

. known applied voltage, the measured current and the known relationship between the current,

resistance and temperature.

The temperature of the MEMS sensing element is a clear indication of whether it is in contact
with a predetermined fluid. If an electrical pulse heats the sensing element when it is in contact with air,
the maximum temperature that it reaches during the pulse will be higher than if it were in contact with a

liquid such as ink. Measuring the temperature of the element for a given electrical pulse indicates

whether ink is present.

As a MEMS sensor, it can be used in microscopic structures, and thermal inkjet printheads can
simply use the bubble forming heater elements to sense the presence of ink as well. The effect on the
temperature is more pronounced if the sensor has greater exposure to the fluid or air. Hence, a sensor

with little or no protective overcoats and configured as a suspended beam in the fluid chamber for full
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immersion in the fluid will produce a greater change in temperature than a sensor that is partially or fully

embedded in the substrate adjacent the chamber.

Preferably the MEMS sensing element is a beam structure that is suspended in the flow path of
the fluid. In a further preferred form the device is an inkjet printhead and thé fluid chamber is an ink
chamber with an ink inlet and an ejection nozzle, such that the beam structure extends into the chamber
for immersion in ink when the printhead is primed. In a particularly preferred form, the beam structure is
a heater for raising the temperature of part of the ink above its boiling point to form a vapor bubble that

causes a drop of ink to be gjected through the nozzle.

In some embodiments, the bubble generated by the heater subsequently collapses to a bubble
collapse point, and the heater element is shaped in a topologically open or closed loop such that the
bubble collapse point is spaced from the heater element. Preferably, each heater element requires an
actuation energy of less than 500 nanojoules (nJ) to heat that heater element sufficiently to form said
bubble causing the ejection of said drop. In some embodiments, the actuation is less than 200 nJ. In
specific embodiments, the actuzation energy is less than 80 nJ.

According to a second aspect, the present invention provides an inkjet printhead comprising:

a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a heater element disposed in each of the bubble forming charmbers respectively; such that,

heating the heater element to a temperature above the boiling point of the gjectable liquid forms
a gas bubble that causes the ejection of a drop of the ejectable liquid from the nozzle; wherein,

the heater element has a protective surface coating that is less than 0.1pm thick; and,

is able to gject more than one billion drops.

Removing most or all of the protective coatings from the heater reduces or eliminates the
thermal insulation between the heater and the ink. The energy required to heat any protective coating
scales directly with the coating thickness. Diffusive loss of energy into the ink and supporting underlayer
(if any} prior to bubble nucleation is also significantly reduced by thinning or removing any protective
coatings. Nucleating a bubble in the ink chamber requires a much shorter pulse of less energy thereby

improving printhead efficiency.
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Without thick protective layers; cavitation corrosion and oxidation need to be controlled and

options for achieving this are discussed in the Detail Description of the Preferred Embodiments.

Preferably the heater element has po protective surface coating. In some embodiments, the heater

element forms a self passivating surface oxide layer.

Optionally, the heater has a surface area between 80pm® and 120um®. In some forms, the heater element
thickness is between 0.8 pn; to 1.2 pm. Preferably, the drop of the ejectable liquid ejected from the
nozzle is between 1pl and 2 pl. Preferably, each heater element requires an actuation energy of less than
500 nanojoules (nf) to heat that heater element sufficiently to form said bubble causing the ejection of
said drop. In some embodiments, the actuation energy is less than 200 . In particularly preferred

embodiments, the actuation energy is less than 80 nJ.

According to a third aspect, the present invention provides an inkjet printhead for printing onto a media
substrate, the printhead comprising:

a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adap.ted to contain ejectable liquid;

a heater element positioned in each of the bubble forming chambers respectively for heating the
gjectable liquid to form a gas bubble that causes the ejection of a drop of the ejectable liquid from the
nozzle; and,

a print engine controller to control the ejection of drops from each of the nozzles such that it
actuates any one of the heaters to eject a keep-wet drop if the interval between successive actuations of
that heater reaches a predeterrined maximum; wherein during use,

the density of dots on the media substrate from the keep-wet drops, is less than 1:250 and not
clustered so as to produce any artifacts visible to the cye.

By heating the ink priot to a print job (typically to ~60°C), the ink viscosity is dramatically’
lowered: by more than a factor of two if the ink is water based and the room temperature ambient is .
~20°C. The reduction in viscosity compensates to some degree for the increase in viscosity caused by

evaporation and ¢an reduce the viscosity sufficiently for recovery from decap.
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After a nozzle has been recovered from the decapped condition, decap can be preventing from
occurring again by ensuring the nozzles are not left unfired for periods exceeding the decap time. Ifthe
decap time in the worst case ambient humidity is less than the time required to print a page, then extra
“keep-wet” dots (not present in the original image) must be introduced by the hardware and/or software
driving the nozzles. Preferably the decap time is greater than the time required to print a page, in which
the keep-wet dots can be fired between pages if necessary, without putting extra dots on the page. In the
case of the Applicant’s printheads, which are integrated into a page width printer, the time required to
print a page is one second, so the decap time of the ink at the worst case ambient humidity of 30% is

ideally greater than one second.

Preferably, the print engine controlier is programmed such that any drops of the ejectable liquid
ejected solely to ensure that the time interval between successive actuations is less than the predetermined
time, do not print onto the media substrate being printed. In a further preferred form, the media substrate
is a series of separate pages that are fed passed the nozzles wherein, the drops of the cjectable liquid
¢jected solely to ensure that the time interval between successive actuations is less than the decap time,
are ejected into gaps between successive pages as they are fed passed the nozzles. Ina particularly form,

the printhead is a pagewidth printhead.

In some preferred embodiments, the heater element is configured for receiving an energizing
pulse to form the bubble, the energizing pulse having duration less than 1.5ps. In a particularly preferred
embodiment, the bubble formed by the heater element subséquentiy collapses to a bubble collapse point,
and the heater element is shaped in a topologically open or closed loop such that the bubble collapse point
is spaced from the heater element. In some forms, each of the heater elements has an actuation energy
that is less than the maximum amount of thermal energy that can be removed by the drop, being the
energy required to heat a volume of the ejectable liquid equivalent to the drop volume from the
temperature at which the liquid enters the printhead to the heterogeneous boiling point of the ejectable
liquid. Preferably, each heater element requires an actuation energy of less than 500 nanojoules (nJ} to
heat that heater element sufficiently to form said bubble causing the ejection of said drop. In some

embodiments, the actuation is less than 200 nk.

According to a fourth aspect, the present invention provides an inkjet printhead comprising:

a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming

chambers adapted to contain ejectable liquid; and,
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a heater element disposed in each of the bubble forming chambers réspectively, the heater
element configured for heating some of the gjectable liquid above its boiling point to form a gas bubble
that causes the ejection of a drop of the ejectable liquid from the nozzle; wherein,

the heater element is formed from a transition metal nitride with an additive whose oxidation is
thermodynamically favored above all other slements in the transition metal nitride, such that the heater

element is self passivating.

Transition metal nitrides have high thermal stability, hardness, wear resistance, chemical inertness
and corrosion resistance, because of the high degree of covalency of the metal nitride bonds. The metallic
bonding in some transition metal nitrides such as TiN and TalN can also result in low resistivity suitable
for inkjet heaters. However, TiN is not self passivating as it oxidises readily. Testing has shown that
nozzles using uncoated TiN heaters ejected no more than a few tens of thousands of droplets before the
heater went open circuit {that is, the heater element burned out due to oxidative failure). TaN was also

found to have inadequate oxidation resistance.

The Applicant resolved the oxidation problem by introducing an additive that allows the metal nitride
to self passivate. Self passivation is defined below, but basically entails the incorporation of an additive
whose oxidation is thermodynamically favored so that it forms a surface oxide layer with a low diffusion
coefficient for oxygen to provide a barrier to further oxidation. This can provide the heater element with
excellent oxidation resistance such that a protective coating becomes unnecessary. Thinning or removing

the protective coatings can greatly reduce the energy needed to form a bubble.

Preferably, the additive is aluminium. Alternatively, the additive is chromium. In particular
embodiments, the self passivating transition metal nitride is TiAIN. In a particularly preferred formn, the
printhead further comprises control circuitry for driving the heater elements with a driver voltage of
approximately 3.3 Volts, wherein the self passivating transition metal nitride has a resistivity between 1.5
#Ohm.m to 8 pOhm.m. Optionally, the control circuitry drives the heater elements with a driver voltage
of approximately 5 Volts, wherein the self passivating transition metal nitride has a resistivity between
1.5 pOhm.m to 30 pOhm.m. In other embodiments, the control circuitry drives the heater elements with
a driver voltage of approximately 12 Volts, and the transition metal nitride has a resistivity between &
pOhm.m to 150 uOhm.m. Preferably, each heater element requires an actuation energy of less than 500



10

13

20

25

30

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
W08 USTB 10/ 854514 10/ 854519 WO 2006110557GT/AP2005/000480
PCT/ AU2005/ 000480 9

nanojoules (nJ) to heat that heater element sufficiently to form said bubble causing the ejection of said

drop.

According to a fifth aspect, the present invention provides an inkjet printhead comprising:

a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a generally planar heater element disposed in each of the bubble forming chambers respectively,
the heater element being bonded on one side to the chamber so that the other side faces into the chamber,
and configured for receiving an energizing pulse to heat some of the gjectable liquid above its boiling
point to form a gas bubble on the side facing into the chamber, whereby the gas bubble causes the
ejection of a drop of the ejectable liquid from the nozzle; and,

the chamber having a dielectric layer proximate the side of the heater element bonded to the
chamber; wherein,

the dielectric layer has a thermal product less than 1495 Jm™ K 's ', the thermal product being
(pCk)", where p is the density of the layer, C is specific heat of the layer and k is thermal conduct.ivity of

the layer.

The present invention reduces the drop ejection energy and the heat dissipation into the
ptinthead IC by improving the thermal isolation between the heater and the substrate. These properties
are provided by a dielectric layer. Better thermal isolation is achieved by identifying materials with better

thermal barrier properties than silicon dioxide. The Applicant has shown that the relevant parameter to

. consider when selecting the barrier layer, is the thermal product which is (ka)"’. The energy lost into a

solid underlayer in contact with the heater is proportional to the thermal product of the underlayer, a
relationship which may be derived by considering the length scale for thermal diffusion and the thermal
energy absorbed over that length scale. Given that proportionality, it can be seen that a thermal barrier

layer with reduced density and thermal conductivity will absorb less energy from the heater.

Preferably, the dielectric layer is less than 1pm from the side of the heater element bonded to the
chamber. In a firther preferred form the dielectric layer is bonded directly to the side of the heater

element. In some embodiments, the dielectric layer is deposited with CVD, Optionally, the dielecﬁ-ic
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layer is spunon. The dielectric layer may be a form of SiOC or SiOCH. In preferred embodiments, the
printhead is self cooling in that the energy required to generate the drop is less than the maximum
capacity of the drop to remove energy. Preferably, each healer element requires an actuation energy of
less than 500 nanojoules (n]) to heat that heater clement sufficiently to form said bubble causing the

ejection of said drop. In some embodiments, the actuation is less than 200 ol.

According to a sixth aspect, the present invention provides an inkjet printhead comprising:
a plurality of nozzles;

a bubble forming chamber comresponding to each of the nozzles respectively, the bubble forming

chambers adapted to contain ejectable liquid; and,

a heater element disposed in each of the bubble forming chambers respectively, the heater
element configured for heating some of the ejectable liquid above its boiling point to form a gas bubble
that causes the ejection of a drop of the ejectable liquid from the nozzle; wherein,

the heater element is formed from a material with a nanocrystalline composite structure,

Nanocrystalline composite films are made from two or more phases, where at least one of the phases is
nanocrystalline. The other phases may be nanocrystalline or amorphous. They can be designed to be
superhard (>40 GPa) and the hardness of the film significantly exceeds the hardness of constituent phases
in isolation. The advantage of nanocrystalline composite films in their application to inkjet heaters is
their superhardness can facilitate removal of the SiC and Ta anti-cavitation wear coatings, since the heater
itself can be made significantly harder. and therefore more cavitation resistant than either of those
coatings. Improved oxidation resistance can also be achieved with some nanocrystalline composites,
facilitating removal of the SiyN, oxidation prevention coating. By removing or reducing the protective
coatings, the heater element requires much less energy to form a bubble in the ink. A further benefit is

improved crack resistance, which can extend the lifetime of uncoated heaters.

Preferably, the nanocrystalline composite has one or more nanocrystalline phases embedded in an

amorphous phase.

In some preferred embodiments, at least one of the nanocrystalline phases is a transition metal nitride, a
transition metat silicide, a transition metal boride or a transition metal carbide. In some embodiments, the
amorphous phase is non-metallic. The amorphous phase may be a nitride, a carbide, carbon or an oxide.
Optionally, the nitride is:

silicon nitride;

boren nitride; or,
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- -aluminium nitride;
the carbide is:
silicon carbide;
the oxide is;
silicon oxide;
aluminium oxide; or,

chromium oxide.
Optionally, the transition metal is one of Ti, Ta, W, Ni, Zr, Cr, Hf, V, Nb, or Mo.
In a particularly preferred embodiment, the heater element is formed from TiAISIN.

According to a seventh aspect, the present invention provides an inkjet printhead cbmprising:

a plurality of nozzles; -

a bubble forming chambér corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and, '

a heater element disposed in each of the bubble forming chambers respectively, the heater
element configured for receiving an energizing pulse for heating some of the ejectable liquid above its
boiling point to form a gas bubble that causes the ejection of a drop of the ejectable liquid from the

nozzle; wherein during use,

the energizing pulse has a duration less than 1.5 micro-seconds (us) and the energy required to

generate the drop is less than the capacity of the drop to remove energy from the printhead.

The invention is predicated on the realization that reducing the energy required to fire each nozzle is a
more effective solution than the conventional appréach of improving the heat sinking. One technique to
reduce the ejection energy is to drive the heater to the ejectable liquid’s superheat limit more quickly: this
will reduce the amount of heat that diffuses into the liquid and the substrate prior to nucleation of the

vapor bubble.

I the input energy is reduced enough far enough by this and other techniques, the nozzles can become
“self cooling”, in the sense that the only heat removal required by the chip is the heat removed by ejected
droplets. When each nozzle is self cooling, heat dissipation will no longer limit nozzle density or firing
rate. Instead they will be limited by geometric packing constraints and nozzle refill rates. Throughout the

specification, references to *self cooled” or *self cooling’ nozzles will be understood to be nozzles in



10

15

20

25

30

11/014714 11/014713 RRBOLOUS 11/014724 11/ 014723

11/ 014756 11/014736 11/014759 11/014758 11/014725
11/014739 11/014738 11/014737 11/014726 11/ 014745
W 2000107372 11/ 014715 11/ 014751 11/ 014735 11/ @CH/ABZ05/000480
RRBOBOUS 11/014750 11/014749 11/ 014746

which the energy required to eject a drop of the ejectable liquid is less than the maximum amount of
thermal energy that can be removed by the drop, being the energy required to heat a volume of the -
ejectable fluid equivalent to the drop volume from the temperature at which the fluid enters the printhead
to the heterogeneous boiling point of the ejectable fluid. In this case, the steady state temperature of the
printhead chip will be less than the heterogenous boiling point of the ejectable fluid, regardless of nozzle
density, firing rates or the presence or otherwise of a conductive heatsink.

" Preferably, the energizing pulse has a duration less than 1.0ps. In a further preferred form, the
voltage applied to the heater element during the energizing pulse is between 5V and 12V, Preferably,
each heater element requires an actuation energy of less than 500 nanojoules (nJ} to heat that heater
element sufficiently to form said bubble causing the ¢jection of said drop. In some embodiments, the
actuation is less than 200 nJ. In specific embodiments, the actuation energy is less than 80 nJ. Ina
particularly pfeferred form, the bubble formed by the heater element subsequently collapses to a bubble
collapse point, and the heater element is shaped in a topologically open or closed loop such that the

bubble collapse point is spaced from the heater element,

In some embodiments, the heater element is generally planar and suspended in the bubble forming
chamber such that the bubble forms on opposing sides of the heater element. In a particularly preferred

embodiment, the printhead is a pagewidth printhead.

According to an eighth aspect, the present invention provides an inkjet printhead comprising:
a plurality of nozzles;

a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a generally planar heater element disposed in each of the bubble forming chambers respectively,
the generally planar heater element having a heat generating portion for heating part of the ejectable
liquid above its boiling point to form a gas bubble that causes the ejection of a drop of the ejectable liquid
from the nozzle; wherein,

the planar surface area of the heater element is less than 300pm” .

The invention is based on the realization that reducing the energy required to fire each nozzle is
a more effective solution than the conventional approach of improving the heat sinking. If the input
energy is reduced enough, the nozzles can become “self cooling”, in the sense that the only heat removal
required by the chip is the heat removed by ejected droplets. When each nozzle is self cooling, heat
dissipation will no longer limit nozzle density or firing rate.
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Two important mechanisms for significantly reducing the ejection energy are:

1. removing or thinning the protective layers that coat the heater

2. reducing the heater area.

The first aspect is the subject of several of the above referenced co-pending Applications,
entitled “Self Passivating Transition Metal Nitride Printhead Heaters”, “Printhead Heaters with a
Nanocrystalline Composite Structure” and “Bubble Venting Inkjet Printhead Nozzie”, which are

incorporated by reference herein. The second aspect is the subject of this application.

The heater area influences:

1. the energy required to heat the heater volume up to the fluid superheat limit;

2. the energy required to heat the protective coatings covering the heater to the superheat limit;
3. the heat that diffuses into the underlayer prior to bubble nucleation; and,

4. the heat that diffuses into the ink prior to bubble nucleation.

Reducing the surface area of the heater reduces all of these terms and has a significant impact on the

energy required to form a bubble and eject ink.

Preferably, the heater element is configured such that the energy required to generate the drop is less than
the capacity of the drop to remove energy from the printhead. Preferably, the planar surface area is less
than 225um”. In a further preferred form, the planar surface area is less than 150pm®. Ina particularly
preferred form, the drop is less than 5 pico-litres(pl). In some embodiments, the drop is between 1 pl and
2 pl. In specific embodiments, the drop is between 1.1pl to 1.4pl and the energy required to generate the

drop is between 180nJ to 220nJ.

Preferably, each heater element requires an actuation energy of less than 500 nanojoules (nJ) to
heat that heater element sufficiently to form said bubble causing the sjection of said drop. In some

embodiments, the actuation is less than 200 nJ.

According o a ninth aspect, the present invention provides an inkjet printhead comprising;

* a plurality of nozzles;
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a bubble forming chamber corresponding to each of the nozzles respectively, the bubble forming
chambers adapted to contain ejectable liquid; and,

a beater element disposed in each of the bubble forming chambers respectively, for heating part
of the ejectable liquid above its boiling point to form a gas bﬁbble that causes the ejection of a drop of the
ejectable liquid from the nozzle; wherein,

the heater element is separated from the.nozzle by less than Spm at their closest points;

the nozzle length is less than Spum; and

the ejectable liguid bas a viscosity less than 5¢P.

The volume of liquid between the heater and the nozzle determines the inertia of the liquid and its
acceleration in response to bubble formation, Moving the heater closer to the nozzle reduces the inertia
of the liquid and increases its acceleration, so a lower bubble impulse is needed to eject a drop. This

allows the printhead to use smaller heater elements with lower power requirements.

Viscous drag in the nozzle reduces the momentum of fluid flowing through the nozzle. The viscous drag
increases as the nozzle length (in the direction of fluid flow) increases. By reducing the nozzle length, a
lower bubble impulse is needed to eject a drop. This also allows the printhead to use smaller heater

elements with lower power requirerents.

In some embodiments, the heater is separated from the nozzle by less than 3um at their closest points. In
some forms of the invention, the nozzle length is less than 3pm. Optionally, the ejectable liquid has a

viscosity less than 3cP.

Preferably, the heater element configured such that the energy required to generate the drop is less than
the capacity of the drop to remove energy from the printhead. In particular embodiments, the drop is less
than 3 pico-litres(pl) and the energy required to generate the drop is less than 500n]. Preferably, the drop
is between 1pl to 2pl and the energy required to generate the drop is less than 220nJ. In sote

embodiments, the drop is less than 1pl and the energy required to generate the drop is less than 80nJ.
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"Optionally the MEMS sensing element is a beam structure that is suspended in the flow path of the fluid.

Opticnally the device is an inkjet printhead and the fluid chamber is an ink chamber with an ink inlet and

an ejection nozzle, such that the beam striucture extends into the chamber for immersion in ink when the

printhead is primed.

Optionally the beam structure is a heater element for raising the temperature of part of the ink above its
boiling point to form a vapor bubble that causes a drop of ink to be ejected through the nozzle.

Optionally the bubble generated by the heater subsequently collapses to a bubble collapse point, and the
heater element is shaped in a topologically open or closed loop such that the bubble ¢ollapse point is

spaced from the heater element.

Optionally each heater element requires an actuation energy of less than 500 nanojoules (nJ) to heat that

heater element sufficiently to form said bubble causing the ejection of said drop.

Optionally each heater element requires an actuation energy of less than 200 nJ to heat that heater element

sufficiently to form said bubble causing the ejection of said drop.

Optionally each heater element requires an actuation energy of less than 80 nJ to heat that heater-element

sufficiently to form said bubble causing the gjection of said drop.

Optionally the heater element has no protective surface coating,
Optionally the heater element forms a self passivating surface oxide layer.
Optionally the heater element has a surface area between 80pm® and 120pm®.

Optionally the heater element thickness is between 0.8 pm to 1.2 um.

Optionally each heater element requires an actuation energy of less than 500 nanojoules (nJ} to heat that

heater element sufficiently to form said bubble causing the ejection of said drop.
Optionally the actuation energy is less than 200 nl.

Optionally the actuation energy is less than 80 nJ.
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Some applications have been listed by docket nunbers.
These will be replaced when application nunbers are
known. 5 BACKGROUND TO THE | NVENTI ON The present
WREH195H® | nvol ves the ejection of ink dropdCHAAURR/0RES
form ng gas or vapor bubbldas in a bubble form ng
liquid. This principle is generally described in US
3,747,120 to Stenme. 10There are various known types
of thermal ink jet (bubblejet) printhead devices. Two
CoM@hlG e pl MR R uEdlerlishiogratyf¥Buch MGy BHCotltt BRI BLdd ejected
Packard and the other by Canon, have ink ejection
seldy 2 ersyre i the Giaintiregl betfegr sugtseird antgatipm s latthaa dhe K¢cart time, do not
nozzl Each cganber is covered by a so-called nozzle
pBWﬁT% eﬂﬂ?& staig belnepBMedy at el y fabricated item and which
is mechanically secured to the walls of the chanber.
In certain prior art devices, the top plate is made of
Ofidup4lio rhe tnedia suifRirapeis 4 sgried ofStppem pagtsttacke: ftiapaBed i@ hozales wherein, the

polyimde film_ which 15 has been laser-drilled to
d‘l°6"1"¥rﬁ*‘? et gerted YRR ones Pt B8 tin IXEs el RebTeeRRec it Reations

1&4&% Ehg ?rﬂ ( ou.Il.l@ Elﬂ%a 8&%& ﬁ% E:thl'rkeﬂ ﬂﬁes&&%&ge thQ} %p 8{? peaged

] acen
thk Adz#ksNg  gas bubbles in the |nk The gas bubbles
generate pressures in the ink causing ink drops to be

ej ected through the nozzles. WO
OB A9RR R A12001000480, 3. Bl or8, L LAt LT e

'_r'(

ber S need
eﬂexlgemgmmexn@dumaamgemnnm&s. If the chanmber is not pri m%‘d
the nozzle will not eject ink. Thus it is useful to
detect the presence or absence of ink in the

cha rs wever,, the m croscopic scale of the
ORI B BA0k PR A BTSSR BT S PP i,
a.n§ e §é§£:t%iemalft fs Elﬁ}l){:ld En a%@o@éi%i&ﬁop%tr El@ed:lgc,g incﬁ &Lt'.ﬁ% bxﬁbgle LJ‘l‘fpse point
fabrication process hé resistive heaters operate
is bpaced flonetid te@¢releyenhar sh envi ronnment. They nust heat and
cool in rapid succession to form bubbles in the

" ejectable liquid, usually a water soluble ink. These

oftORH &inQPa. xgats efaea%whae o QRGHG L Igf, 5 tlgsm% d%,tm'm%n%nn of

corrosion eater materi SSO oxygen I n

thdrli edefzi ther add bd Rable@Bkheldp, HaigthEdherGHEfuRa & ham d véhle@f 6L
the heater material. In extrene circunstances, the

ciqqiatlt limid equiygipato §q erop vk é‘b‘y the mpsrares whidhdutinitrnos hpar t s

r bre ks th ircuit. The
tfnea? Q%:egg%ogg eousE 8¥% Lhdecffc hier]'gvﬁt ation' caused by

t he severe hydraullc forces associ at ed MAth the

Op%gna{])%ac?l hca%r e%eme%l ret%{!]nesaanf%?tuatl rPener f Pss gam% 5%0 nano;oules C) hea t that

¥ o oxi 1-on,
he%i‘ﬁ alelefawfiﬁafqﬂbﬁ fom saidhubtirsasiag theracionioEpid drpm K et
manuf acturers use stacked protective |ayers, typically
made from Si3N4, SiC and Ta. In certain prior art
Ongjergiyced heaf"h“ée“ﬁ?*ﬁq@{f’f \petuationpagrey ofless thﬁréioaﬁip tQ/ksptyhat Hggter Rlement

57 son et.al .(assigned to Lexmark)
Su%mn exarrpIc’aed\rimliﬁfp'a 0. gi& mf’)frsf")1 %‘é‘i ive | ayers for a

-0. lum t hi ck heater.

Optionally the additive is aluminium,
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To forma vapor bubble in the bubble formng |iquid,
the surface of the protective layers in contact with
the bubble formng liquid nust be heated to the
VEQROPREATY | imit of the Iiquid (-300C for watF&TjAU2G0{04I480
requires that the heater ang the entire thickness of
its protective |ayers be heated to 300C. If the
(gﬁotectlve | ayers are nuch thicker than the heater,
wollyfheiafditipis gramivm| ot more heat. If this heat cannot
be 25 di ssi pated between successive firings of the
dg,%;ﬁﬁhe sm@ssw%g &agsﬁotasletm%zée g5AMg] | boi | continuously
and the nozzles wll stop ejecting. Consequently, the
heat absorbed by the protective layers limts the
tamsliytthy inkfet privheath et @oPme tdneol pirckiny fiedidingthchetirelonas zitea
dibef { bdﬂ&e Eﬁbﬁem-ﬁtélyg 3Vt Weﬂm@ﬁ@el%ssivﬁﬁ@%m&ﬂ mbe Qi bRt

{ﬁ%ﬁw% anstmgnggkmé ead size, the prlnt speed and

nutacturing cos 30Attenpts to increase nozzle
density and firing rate are hindered by limtations on
Cptheullyetle inkiorpaioridid DuitheOianprding tdieol fifchifty fonmiding thd legiér alkRalts with a

dﬁ\lref \Q}H&lgta of(a&mxpl)atelyWO%hwﬂel%m% rs«{lﬁngstmlvé{mé &Lﬁm{% iR %dg QaQL Ing
|smo Er#gg eads on the market. Existing

reﬁ?tfwa??gvﬁﬁfsl ™ require a large heat sink to

di ssi pate heat absorbed fromthe printhead IC

OpGchill 1@ inijpiptiithek ettt Bdftisag Gatrob tichi®f fof dHGRR & Adr Blements with a
[ oy VI Ly,

dﬂe%gdgg'&' a[g fd gjxaagfé( lfgolt's %ereLPﬂu geﬂﬁgpsﬁ'.%{ul Qrgn§1f19n uhekap%t% y

evapor at i onen
“’F‘Ef‘r"iﬁti"r@"e?‘lﬁdfﬁf“&m\ﬁ? 159“%’&% at the liquid-air interf ace

in the nozzle. This will decrease the concentration of

opth,eany suclaﬁeht&.-enmtmma@neraﬁ ackubkich Qfergy bﬂé&& tganeﬁﬁfanofomt@s S RLEE that
rease in the
hea{}"“’rre’g1 o s"?'%ﬁnﬂyéoec?nesgé gu%lglﬁ %Sén n’teéf? ’f‘ffgﬂw‘i OF the vol atile
conmponent will result in the production of |ess vapor
Optindil e litlRbi @yer Blesdthe 1o bih Be didpithaRad PEMAHdRRA to the
integrated over area and tinme) wll be reduced: this
oigber. decr ease the momentum of ink forced through the
nozzle and the likelihood of drop break-off. The
increase in viscosity will also decrease the nonmentum
oftfondilPike diQdcEie Aydr RbOUGRIrtEo 1O EE RmaRetdcRRELASE t he
critical wavel ength for the Rayl ei gh Tayl or
instability 5governing drop break-off, decreasing the
li kel ihaod of dr f. If the nozzle is left
O}f“afagy?’eo‘ir?&tc%‘%IaYeBﬁgé?’O?tﬁdW‘tﬁgg{z)l e is unable to eject the
liquid in the chanber. Hence each nozzl e has a maxi nrum
time that it can remain unfired before evaporation
Omtiotally tb¢ digdectribleyenosmmb e, OBJECT OF THE I NVENTION 10
The present invention ains to overcone or aneliorate
sone of the problens of the prior art, or at |east
ofb R} HEAME RN Rl SERRLE Y SUMARY OF THE | NVENTI ON
15 Accordi ng I rst aspect, the present invention
provides a fluid sensor for detectlng fluid in a

oﬁgﬁéh%%cﬂ@a‘(e'r Elgneﬁt r;qlmrlzl Q;a@zﬁﬁé':%&g défﬁlgs %&oﬁﬁgﬁ n%tg hdBia

\%S) uct Ive teria
hepie Giemg" Sé{fﬁflé‘g’? §tf%{ﬁ & uphig caysio the ¢ Efﬁ?f‘t°ifi9iﬁ‘ 49P- t enper at ur e,
the MEMS sensing el ement having electrical contacts

OfhialiFRREEt é[&ﬂznttréﬁulﬁzg an%l:tﬁﬁt)r[ éngrﬁj of REVRH 209 BH4b Géat tfla@ﬁcater elelment
si gna

sin w.th an el ectrica

su}%maittlyp)gormsaldbugb?e usg%reegzrnofﬁaglg: Beasur i ng the current

passi ng through the sensing el enent during heating of

the sensing elenent; such that, 25the contro

circuitry is configured to determ ne the tenperature

of the sensing elenment fromthe known applied voltage,

t he nmeasured current and the known relationship

bet ween the current, resistance and tenperature. The

tenperature of the MEMS sensing elenent is a clear

i ndi cation of whether it is in contact 30with a

predetermned fluid. If an electrical pulse heats the
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the maxi num tenperature that it reaches during the
pul se will be higher than if it were in contact mﬁth a
| iquid such as ink. Measuring the tenperature of th
VEP 2RSS Tor a given el ectrical pul se |nd|ca?€§mﬂﬂgﬁﬁgﬁm
ink is present. 35As a MEMggsensor, it can be used in
m croscopi ¢ structures, and thermal inkjet printheads
can sinply use the bubbl e form ng heater elenents to
sense the presence of ink as well. The effect on the
Opemrglbntig tharp@ysialbing rom@sifp ho newnogenanderybtdine gigres abediadsin an
albBRbPhas@XpOSUr e t o the fluid or air. Hence, a sensor
with l'ittle or no protective overcoats and confi gured
as a suspended beamin the fluid chanber for fill WD
Optragly 055 PR BUPOSdino DR si9 2 Sntivammeslingtre] afragsien fiefali d
siitidel 2 AL REl BorlgE @A bkt AaAGabidd tenperature than a
sensor that is partially or fully enbedded in the
substrate adj acent the chanber. Preferably the MEMS
(@%ﬁ§yﬂﬁa%W%ﬁﬁﬁF“F§w&mﬁ@§h1structure that i s suspended
in the flow path of 5the fluid. In a further preferred
Ob@nilly kB Bmdivils GRsd iSa ridde] A tlichiBd, cdifoh Hah&@d. and the fluid
chanber is an ink chanber with an ink inlet and an -
e&;ction_no;zle, such that the beam structure extends
Optippdlly fhpairdni&nber for i mrersion in ink when the
pri néillveddrides primed. In a particularly preferred form
t he Qﬁﬁgﬁg&gpcture is a heater for raising the
tenpqrature part of the ink above its boiling point
to fofm a %EOr bubbl e that causes a drop of ink to be
thepaghideésl t hr ough t he nozzle. 10 In sone
enbodicemabis; atdne bubbl e generated by the heater
mgﬁ@ sequently col lapses to a bubble collapse point, and
e heater elenent is shaped in a topologically open
or cY5¥e¥ % oop such that the bubble col | apse point is
Spacaehifiymorxide;ke heat er el ement. Preferably, each
heat @fom@@RENt requires an actuation energy of |ess
than 500 nanojoules (al) to heat that heater el enent
sufficiently to formsaid 15bubbl e causi ng the
Ogsjoradly iheyFrogifon gfnlds ogr S bt Ta W BiofreCrdHDb APrrEMes, the
actuation is less than 200 nJ. In specific -
ofitRA IR SemdahS oAGH BAL tiRRpeNEr gy is | ess than 80 nJ.
According to a second aspect, the present invention
provi des an inkjet pinthead conprising: a plurality of
Optignefly senerpigies Holrdyiot adufatinm pepsribpn &Rtnber corresponding to
each of the nozzles respectively, the bubble form ng

bbb R S g S
chanbers respectively; such that, heating the heater
Opgibetiegath htater glerteatmeireainartanticiiyronr gy of e theo$0b pangjoyls (nditto ight that
hektb}Q@1eRirLGHERBIS ol f&&@i{&buﬁwcaﬁinﬁmg@@ﬁ&ubm @op.hat causes

the ejection of a drop of the ejectable liquid from

the nozzle; wherein, 25the heater el enent has a
Onsiemstherbe aoyationggrrpydless bapd®P g that is | ess than 0. 1nm

thick; and, is able to eject nore than one billion

Oﬂ#igrgﬁyslhe actuation energy is less than 80 nJ,
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Renoving nost or all of the protective coatings from
the heater reduces or elimnates the thernal
i nsul ati on between the heater and the ink. The energy
WeyWrit®sd’0t 0 heat any protective coating 30s@&lad2005/000480
directly with the coating tjj ckness. Diffusive |oss of
energy into the ink and supporting underlayer (if any)
cgr_ior to bubble nucleation is also significantly
Eeftyebubie formied by thrgieatr clpresmisvtiseabent ppllapiee o @ bibply eollapse point, and
tieQester ekgnt iNNbEdad tdGgieallp oabbr@lodediobg tchitiakine BAsHEHGlapse point is
shaB bt 88 nrel BB Shor ter pul se of | ess energy thereby
I mproving printhead efficiency. WO
2006/ 105570PCT/ AU2005/ 000480 6 Wt hout thick
Qoticotlly e hepwsr dlegpprs isgencriinplapa tridewspapded inglsi bohbledoraling shiarokat suchrthat
R 8R8Ic bondd ofpoyiz bidds b Ak HaA et ons for achi eving this
are discussed in the Detail Description of the -
Preferred Enbodi nents. Preferably the heater el enent
OpvSiallf) e 2@ Rt ¥ QorSiptirdd 3G R the @B bileFhy reqlifdd S Q@é¥Brate the drop is less than
enbodi nents, the heater 5elenent forns a self
the eppagiiy/a{the drgp o trmpeecrergyfiow ¢he prighed,  (pt i onal |y, the
heater has a surface area between 80gn2 and 120gn2. In
sonme forns, the heater elenent thickness is between
OPtioBang ik fl&ar]spr?ac&ma shsehebMly, the drop of the
ejectable liquid ejected fromthe nozzle is between
I pl and 2 pl. Preferably, each heater elenment requires
anzﬁctuation energy of |ess,than 10500 nanojoul es (al)
Optg et P A Tarfat BresiPB Y sufficiently to form said
bubbl e causing the ejection of said drop. In sone
enbodi nents, the actuation energy is less than 200 nml .-
Optianapyuhé drgpus less thyh Jpicetiessgppd enbodi ments, the actuation
energy is:less than 80 n1l. According to a third
Onfiepsligtpe drqpribeiypad @htd 2 vent i on provi des an i nkj et
g e A R T T P
Fint hea ponprls?n : a;ﬁgnaﬁ{?y of "ROZZT &S
heafer/5iam et %fﬁrlafrﬂm%gméﬁ%‘n%léfrcatsws Pedsstioref 9 498 each of the
Omiorily esh eggplestnt warss an fchvetiob eHedp) & 1dsOrhani2oNgnT @l badrihe h&iter
cl@ARESaly o £RNR bibbRERG M Rotod Sdlidlirop. a
heater el ement positioned in each of the bubble
form ng chanbers respectively for heating the
Oﬁi&ﬁ]iﬁﬁél@@r & sdphrbibl FhmitR nbLk By Bss Bheh>s pplldhm&loge_;}%t)ip& auses
the ejection of a drop of the ejectable liquid from
the nozzle; and, a print engine controller to
oqon%[ol tpe e%ection of drops from each of the nozzles
RUPRRYY ‘fegteeipehiE i APe ¥ ™ny one of the heaters to ej ect
a keep-wet drop if the interval between successive
actuations of that heater reaches a predeterm ned
Oprendlivimeerdecudeaitned s dudcbsinglesd ey 3¢5t he density of dots on
the nedia substrate fromthe keep-wet drops, is |ess
than 1: 250 and not clustered so as to produce any
' [ S : e, ) B ating. the
ol 3be bbb b Sy i o g R o f sy

the\ehpa &t 51 the)rop $o réicRe@REd £ o) gritved ed: by nore than a
factor of two if the ink is water based and the room

tenperature anbient is -20C. The reduction in
vi scosity conpensates to sone degree for the increase
in viscosity caused by
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sufficiently for recovery fromdecap. WO

2006/ 105570PCT/ AU2005/ 000480 7 After a nozzle

VR 300pa¥A70r ecover ed from the decapped condi t iPEA/ALGRASAP480
can be preventing fronroccqﬁylng agai n by ensuring the
nozzles are not left unfired for periods exceeding the
decap tinme. If the decap tine in the worst case

QRFH?P‘EY o dfpp jess thafy  pigo-litggyed aeﬁtaﬁenfrhseequrw@ gewstpifithedgp fsdpss than

shiak Nt a page, then extra "keep-wet" dots (not present
I'n the original imge) nust be introduced by the

har dwar e and/ or software 5driving the nozzl es.
Preferably the decap tinme is greater than the tine

Optaqgeflyithe drop ©® betwaemtpl aud Prd ppd the fenpreybvingred ¢ brmeritelbpdropat lesithins
% be fired between pages if necessary, w thout

g ‘ting extra dots on the page. In the case of the-
Applicant's printheads, which are integrated into a
page width printer, the tinme required to print a page

Opgpondiy ghe oL lagh thas tpl inh ¢he eregApqtied e gebdratd thadrdpriddesathant 3.
wor st case anbi ent hunidity of 30%is ideally greater

t one r r abl th rjint engi ne
R R S R i e T
d@icettsﬂta [ptegende prpihertyise plaheriseloble dinwd iy the ehaphes the MEME fpid gepger having
a MERSS sdnfliigRfekierh folhtl WRERuGIUOERGS hivtig debitkatd tRNSa fufictibrd$ S

tanP@JEu:J E@Mﬁfdg geg;u% ﬂ]ngi?ﬂw‘]é Jﬁm daqj&ntgéestfor Sr{n& onQJ]at.n%le#nlﬂ:gl I‘pow r

dia substrate being printe urther prefer
5‘1“’6? 191 bt e EYng © %“EPB‘S“f“rha‘l geopgal senalend o5 of separate
page®nttohercuitgy fer ncgsgring $hs sednt piyengnigreh Gssensine elament, duting geating of

mﬁk@ﬂ@eﬁﬁmﬁbﬁhﬁﬁectable liquid 15ejected soIer to
et ween cces

ng uutﬂateﬁo%nﬁgtircuqtrl}lels Ct()nfllgtlerﬁil tQ %et elr%n\ill%lcflée emﬁcrfrture ofthe sensmgeelemet%t frcgn the
i nt orgETerlsEolise fhe swedearapiond hefmernielatiopip bréveen pesggrrent,
passeghtabdeendnapzhtes. |n a particularly form the
printhead is a pagew dth printhead. In sone preferred
enbodi nents, the heater elenent is configured for
recei ving an energi zing 20pul se to formthe bubbl e,

Optaenllpthelegirzienegt 1ed masechvewirfaep coitingthat i fvssiten & Iuohhipk. 1. Sus.
In a particularly preferred enbodi nent, the bubble

In a gslp%yt}é%%1$ am ﬁrmk,% m&g ﬁxﬁ%pt,so%gr‘ﬁ mg[a Lr¥1 &]gEJ c%&%ﬁe‘? to

poi_nt
°°§tf?é’i5%?§°°F‘i’f °5d“tpbg “(S‘Eﬁ of &f P‘VZ‘% Y it agaisgasy O“I“E {oio béﬁ‘“é’ﬁ" cjecta
keppvett drohi€thdiietbripd] betweert ueeprsiee 2otoitinds of that beptercechef a rosdvterhided
miAEREkheRln@BRtse, | N some forns, each of the heater

el ety ho?z?ots%ﬂ thaCt LAl on. SNl ep adfop les etgan r an ’tﬁ he
nmaxi num anou ernal energy-t Angid

chfd¥red R8s efxeame abﬁdnﬁ}&tstvla@leaﬁﬁ‘&% gy requir ed to heat a
volume of the ejectable |liquid equivalent to the drop
volune fromthe tenperature at which the liquid enters
the11 rinthead to theﬁhetero eneous bhoiling point of

ORFEIGPLETA AR GEetiTombt G RASABTg mreR P REEE Y el enent
requi res an actuation energy of |less than 500
nanoj oul es (nJ) to heat that heater el enment

Orgibialiitie hett diegneiit & bbrdedbn 8& side 10 tHa Bilagbeg Sttt hgat fubbieloRs bi 16N
of said drop.- In sone enbodi nents, the actuation is

othersids whiptliperie i hambyp and e sheepban b giclgptrfo Gt PrxiEEpdetidc of e

heaRer € §n§errlg boncp <¥ t I ]10 Bbegl 9\{% rg? djgergtnl: F el- Eas a rgcrmeg progufgtq%sﬁhan 1495
fornrng chanber correspondlng to each of the nozzles
respectively, the bubble form ng chanbers adapted to
contain ejectable liquid; and,
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el ement di sposed in each of the bubble form ng

chanbers respectively, the heater el enment confl%ured

WQROHERET'ng some of the ejectable |iquid ab8¢EAURYS000480

boiling point to forma gasyjbubble that causes the

ejection of a drop of the ejectable l[iquid fromthe
wher ei the heater elenment is fornmed

'Jflr% h a?hf thegiad P‘l"i‘“&ﬂ’e‘ﬁ%(t’%‘?) Whers 4 13 psithof A lexadh s weriic (i e

m cally favored above al
lagé'h o 1eﬁ%}mal §on§1}cm E'EQ:QXJ}Q y v v

enents 1n"the transition netal nitride, such

that the heater elenent is self passivating.
Transition nmetal nitrides have high thermal stability,
Oneignel by s deatepwiement psdeyined frpmaanatedish with anaoctyytrdling fompasitesiyegture.
corrosion resistance, because of the high degree of
coval ency of the metal nitride bonds. The netallic 10
BaliyRE hialRr SRR cInki QR iedr QU id¥RE Shbrgihd fuisti ForsS G £hs BiSb1d bt
and TaN can also result in lowresistivity suitable
CfoGFIS the pikctiatof hdyept o thsejecleldoudmid ifrom T hbzrle whapdin duadgfuse, the energizing

S|vat|ng§as it oxidises readily. Testing has shown

ofisebee agiypoop Bs Vi |- AYREEKE ¢ = B AeaTered 8’13861"% e firgp is fess
m‘Ji%@caLa@i@'Lfée &6 LRRR «Rfey KNPWSANAS,cOf droplets before
the heat'er went open circuit (that is, the heater

el enent burned out due to oxi dative failure). TaN was
al so found to have inadequate oxidation resistance. 15
Ortfpaallnfhp plrnasiittacs 1 6f tedigeier f'eseﬁ FafeblT obl em by

i ntroducing an additive that allows the netal nitride
to self passivate. Self passivation is defined bel ow,
Obtibhallp &S hea@d eleyres® Rbpirki&l folhelnflGI0 byIGK Akd SRR afieirABscB Bdiid: | Ve
whose oxidation is thernodynam cally favored so that

it fOreeeledength psfleactenduaided | ayer with a | ow diffirsion
coef |C|e en to vide a bather to further
oxi d ??cwb W%Qgﬁég%gm¥h$ﬂlggghe heater el enent with
20excel | ent OX|dat|on resi stance such that a
TPRMaaxicgore coati ng beconmes unnecessary. Thi nning or
renmoving the protective coatings can greatly reduce

t he ener needed. to forma bubble, Preferably, the .
AL Pt PO AT % PEVRSPO VA o P SRRet? deed
hegdipy: i pauesAby thaeeyszationof utapar bubhlp @dibpibistiaming lpeid.gébick, in embodiments,
is ﬂﬁ&%i'e\zfﬁsr bfN@uill £33 SjedtdbR Nquid tTad gefrdiddl bidBle baBsesldnAtMhse i Bre@ure in

ejé%%[’é llcfﬁlé %Jh)for&g tﬁx’]f gc%lrtlg(glglt /L rmc?gt n&él% Sﬂlr !Jlﬁ)gilg 8 g%ﬁrﬁtw bg I?ou[e

h"é‘i“’é ﬁ%?ﬁ%ef S\Ef‘“feﬁt “ﬁmlﬂ’ﬁ‘u A fRepmal ts’r*'ﬁ‘agéh Bfinkag b?%ﬁ‘f*?fh&ugf Yppligd tg the
heWled i o priefilvention, npitahieles ehif 2 pias@toudst Diego faraiheat i the Hquiethatiubble

exPintid thrd Qe \@SroBeoh %&é Mehebopuilal e&@mfrlp,éheggmm tuoec&denses,

ontrol circ ry drives
< BB bt ool et O P dr i b b LR R Ay
ingtiagnd qugface (jpriop ef the inkh i tgespdeifionian Fuging Hopgyis tefeafniéfr siheivoireafal
collipker bl thid®. a resistivity between 1.5 gChmmto 30
gChm m In other enbodi nents, the control circuitry
drives the_ heater el enents Mﬁth 30a driver vol tage of

ThapEodh i PRtctFaion Selipatstvaion a5 ¥ Reprrartqnef Gaddtisg whose oxidation
is Hllemgéyga?mcgﬂs%v%rcﬁ ﬁ%ve%ﬁe 'o%érte% Qﬁtuy\ﬁee}[g tQ. ﬁxggcmtilvpfoxtmg ;ugfgce oxide
Ohnm'm Preferably, each Reater el ement requires an

1a3aﬁ®nmand“oﬁfﬁﬁ&ecrog’ycmm‘ forl o@%En sb BAA proBd a bANDr to further oxidation.
2006/ 105570. PCT/ AU2005/ 000480 9 nanojoules (t0) to
heat that heater elenent sufficiently to formsaid
bubbl e causing the ejection of said drop.
According to a fifth aspect, the present invention
provi des an inkjet printhead conprising: 5a plurality
of nozzl es;
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a bubbl e form ng chanber corresponding to each of the
nozzl es respectively, the bubble formng chanbers
adapted to contain ejectable |iquid; and,
VIR WP M5 pl anar heater el enent disposed in Pg%wzqg»p/oomso
the bubble form ng chanber® respectively, the heater
el ement bei ng bonded on one side to the chanber so
A%%%?qugﬁ f%fg]’ta%g{m? g téTaI/haf] tfie ablrlllg'ttcp fo;mhsgch%rs]tfar‘gg oiuﬂe laytero g self

energl zi ng eat
passikng Q;mp&laﬁ o&h Bf gs@hllnﬁuulxﬁ LY bikker ﬁﬁaﬁv&vﬂ(ﬁe 3;{13&%& i§ tR@nddPtaitically
to forma gas bubble on the side facing into the
faohvd neths othwhemainsatstwilbfoges owmsvbmtheheetmgése pravidedahiesids pz oV
a drop of the e ectable liquid f he noz | e; and,
oryiR B AR COREAPR § B owdheesq “39 ¥ oht B erakEPhe
d@% 8, 0f the heater elenent bonded to the chamber;
erein, 15the dielectric |layer has a thernal product
| es Sl”hiolig’hﬁht thdQerifitivBi refoBnctd @ selt dv@led” e selfedolingr machirs tmlltbe i ng
(pCkP, where p is the density of the |ayer,
unéep@eﬁ Poibenoprles in wich heyaerpyfpauiredatipela drog °€"I‘F§Fﬁﬁ1‘° “‘1‘"" i 1es than
C onduct i vi t Qrfnaltenllggé Lh?! gnrbe l’eLh‘%d Q tﬁeﬁ%ﬂt%iggﬁg{%%rbﬁ&umd to

the Tiepun ?%? ion energ

hefl b SSnRAE héMjeclatld ﬂ:iudteﬁlﬁ?valzlg R thel3kdp @&lﬂnd fomlié e inoydt REjcH theduid
t her nal isolation bet ween t he heater and the

ensng s printed to Mrhesroseprowsbeifing peigt ofthecisrblyfiuited by a
dielectric |layer. Better thermal isolation is achieved
by identifying materials with better thermal bather
pro ﬁﬁaroﬁéﬁﬁféthfs t}:@ﬁﬁc&iok 1162 O zAL 1% ¥ers b B2 AR, inGiR RkrechtASE
shown that the rel evant paraneter to consi der when

drpel edliofige sdaesliidefining enczdlcapeure, from thehimeriptné theretamisy to the external

which is Ck) 1/ 4. The ener lost. into
edgerofils 1o e ‘ﬁ)“??E}ﬁ’{‘%E’{’JeWgtff? g‘%é“’ﬁ‘éﬁ’f“ér“ﬁ‘?‘“ﬁ’?%’ﬂ&&?e oK

apé mﬁenlep ﬁE HRL %ﬁ?&%gnkgop Lshqu éj@%&nﬂy&ﬁambgt 25
at' ons may be derived by considering the
Iength scale for thermal diffusion and the thernal

Thg EhgaM aé:pxﬁ a% t@ ﬁlg er\éf?Jn c&nﬂ)ﬂgﬁ s; ;ﬁnﬂﬂft;h)f §&§éseds w@ & Q&mﬁﬂgﬁ;ﬂd one or

portion %@ can é?ﬁ @ grrny Qargé 2
mﬁ“%ﬂ‘iaé?’ P c9 e ‘é%i“’daéﬁ%‘izi A a"‘f‘?ﬁ’é’ R bR
nowe] ifs clmlpbo pild ith s st neoreestemygntsf ip teferrediehebrinap efunit cell”.
Preferably the dielectric layer is |less than 1pm from

he_ s t er,
In &;.6 C;ﬁ:m}r:rggte on, Te re?ere?c%@s Ee tg La@%ﬂz& Q%H%chrﬁ%c?wmgﬁh é:the Cﬂni' me(;ans
thaf gyesre PP~°§‘°E§‘6 fF&féEf *‘d‘ia?bé?@{"]s f"é‘ ‘f"ﬁ’é ongioLfae RTs it %@ec‘h‘é‘éfaéib ¢ o
hed@ihethedtter palt, revesmh@mdmmva migli @ot H¢ ie blevsital jogtack whespchiotyer.
deposited with CVO. Optionally, the dielectric

AI%P q6[g'%1tov51?7op (4 S!Ag:llf-ll 2391)9%1990 m%m 0? Lg}ll&?d [ £8) CO%QH%EF ' nThe .
wgeplpreﬁdy@nﬁwlﬁ@ﬁw colerpleinkp frrlpdeifaiyesi iafrag e apsopB it ng

fudcibniiRéitchdnitals Qe yblblegi]ddl fluie] whier s6kedter @tventsf dnésodn.0fhe ink or

@ect&%&%l Inla' Q% ng Got Fskam}m £aR ?&4 1¥q¥1d qﬁd mgongfnqguspegsﬂn%mﬂﬁ

era heater el enment requires an

Pa%é@fslf?é eisoiid “‘Ré?f’é“r‘@?}’e%‘f“ F‘@g‘g‘“ﬁ 1 RRISHY FRABFGul es (110 to
heat that heater elenent sufficiently to formsaid

BRIHPBESRRHBNTE TepiBayResi on of said drop. In some
enbodi nents, the actuation is less than 200 nJ.
According to a sixth aspect, the present invention
provi des an inkjet printhead conprising: a plurality
of nozzl es; a bubbl e form ng chanber
corresponding to each of the nozzles respectively, the
bubbl e form ng 10chanbers adapted to contain ejectable
liquid; and, a heater el enent disposed in each
of the bubble form ng chanbers respectively, the
heater el enment configured for heating sone of the
ejectable liquid above its boiling point to forma gas
bubbl e that causes the ejection of a drop of the
ejectable liquid fromthe nozzle; wherein,
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the heater elenent is formed froma material with a
nanocrystalline conposite structure. 15

Nanocrystal line conposite filns are made fromtwo or
WR2W/HIIEEes, where at | east one of the phas@§T{AJ2005/060480
nanocrystal line. The other ghases may be
nanocrystal li ne or anorphous. They can be designed to
be superhard (>40 GPa) and the hardness of the film
Peefegph spbastimnt 9f thesivensiensvil prev U doseifiedsy Y7 ofewpleionly @t reference to
the RaGRBEnying diaGasaThe@winghie: dadvadds &gewsof nanocrystal l i ne
conposite films in their application to inkjet heaters
is 20t heir superhardness can faC|I|tate renpval of the
Figppl I ATFOMICHTIST SRRt YOt MO 1P fll Pt o Bt celkof pprtheaf gith 2
susgsaded heatprtelembrt al@ autiqgler speedprigiilgerehive avstel y har der and
therefore nore cavitation resistant than either of

Qve d%%lo S|st | so
lﬁmg);gﬁscee\r/néi T%mng Vlewnan Yo af e cor‘r%os rss,g“él

°HeBEI i t at i ng reanaI of the S|3N4 oxi dation prevention
coating. By renoving or reducing the protective

F,gr}ai FA mgﬁemaaéreosﬁsea.ker Vil RIRA the LEGUWLEELEVC R vt 828508 LHY
forma bubble in the ink. A further benefit is

OIfﬁf“ﬁ‘proved crack resi stance, which can extend the
lifetinme of uncoated heaters. Preferably, the
Fipa$¥O6 § §Eckndicl chose OO thréugh ASinOemIRF FiflRY 1€at vet a further stage of
Ol%%{}}nystalllne phases enbedded in an anorphous phase.
n sone preferred enbodi nents, at |east one of the
nanocrystalline phases is a transitlon metal nitride,
Fignrd ¥ iandidgtamownticrypbseskctigrial viegi tid@igh aunit celingd grindend hmatcaldanborith de
enfbodifent &£&H3 %@n’timhdmg@‘ie c8bsDbd Sapor tibbRONME € mbodi ment s,
- the anorphous phase is non-netallic. The anorphous
phase nay be a nitride, a carbide, carbon or an oxide.
Figysn § ipsghemytic cropserectiprplviesydhrough andrkjchambey ofr vt pef| @ 2 roimrhrad with 2
fiddt BohidedlEeater@lement, W2 pa@iOft 46 RAAEbpeMRRHOAL. 000480 11 .
aluniniunrnitride t he carbide is silicon carbide
oxi de i|s; 53|I|con oxi de; m ni_ um oxi d
Flerﬁcﬂdfﬂ RISy S AP O ‘ﬁ‘fs°hﬂb§‘n°§ Figtet 7T ot
opga@nof Ti, Ta, W N, Zr, C, H, V, Nb, or Mb. 10 In
a particularly preferred enbodinent the heater

Fi %nc%#%hetnauc cx%gsqgc:QO v%w th:r!)uAl a%lnm cham ergesl ngelltop vﬁmﬁegy E1t h

I nventi on provi an

mifrb?”i‘lfdﬁé%“d "I%?‘f“gﬂ‘f@"“ saeqsitne iff SPeptiveFYlsoz z | es

Figure 9 is a schematic cross-sectional view through the ink chamber of Figure 8, at another stage of

operation.

Figures 10, 12, 14, 15, 17, 18,20, 22, 23, 25, 27, 28, 30, 32 and 34 are schematic perspective views
(Figure 34 being partly cut away) of a unit cell of a printhead in accordance with an embodiment of the

invention, at various successive stages in the production process of the printhead.

Figures 11, 13, 16, 19, 21, 24, 26, 29, 31, 33 and 35 are each schematic plan views of a mask suitable for
use in performing the production stage for the printhead, as represented in the respective immediately

preceding figures.
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15a bubbl e form ng chanber corresponding to each of

the nozzl es respectively, the bubble formng chanbers
adapted to contain ejectable liquid; and,
VR 10581%erent  di sposed in each of the bubbP€Tﬁ6¥ﬂ¢@@MW
chambers respectively, theheater elenment configured
for receiving an energizing pul se for heating sone of
the ejectable liquid above its boiling point to forma
Figure 345 iyrther seheppptic pefipective ol b5 witesloRFige 34 shgrpithgie npagls plate
ogjitett able liquid fromthe 20nozzle; wherein during

use, the energizing pul se has a duration | ess than 1. 5

secon S e energ uired t ener.a

S D Pt A T T Y ST s e b
“W@ﬁﬁV@WEﬁEﬂgymmﬂ$Wﬂﬂﬁ@mp¥Nhﬁhe@@mmThe invention is
predicated on the realization that reducing the energy

Frgegsié i§ aes@hei,%a%iar flePR Plask %&dzeefoiue u@pemyﬁe fri,riu&%ii \gsfm the

tion e conventi onal appr oach

P’Pﬂ‘i@“i?é%i?‘“syifﬂ{f%“g‘@i’éa‘?é’@mﬂi‘beﬁ@ to reduce the ej ecti on

energy is to drive the heater to the ejectable

Flghrl34 ik s&ne&ﬁﬂ@ ﬁ&rdﬁ@cﬂte vkeh/rBalttly ﬁ@ﬁﬁy (Mjé dalf bior 4 ]J?lhi:ﬁeaa\ﬁcl:clrdmg to the
f{uses into the

mi"e“gm&'dv AR g‘“?eﬁ% cu%rs? f‘ﬂbga{mem °ih"%?‘ *t9"hucl eation of the
vapor bubble. 30If the input energy is reduced enough
Fifpa# 4080 ehghatd ylart Hdwsof andk adtdverforu @Gl paifaidng the fritictinOdagt BSthe
piBadREE AR fo? BlrlinGRALkeP emend iRkrebf1€ SENSE that the only
heat renoval required by the chip is the heat renoved
"by ejected droplets. Wien each nozzle is self cooling,
Figpoed! i fytherpehetayppapipdctive pigw pOlegeit cell pifigure Adshoymewitdhg g¢zelyplate -
ofiedf iring rate. Instead they will be limted by
geonetric packing constraints and nozzl e refill rates.
Thr gughout the sPeC|f|cat|on references to 'self
Figigi? & schgrpatic REEPEEive gigT iPRFEY by P eamipell pf apEntadastoRting e
inegtiolp Gaving Z futti@spartiqular Wido2iGeE df ek A1ORRAT/ AU20051000480 12
mhich the energy required to eject a drop of the

%tisaa'tts)chgmatlc %ynl v?ewlo a magkss% tatbp ?or use mn arrkIH nmn%n;ﬁe r%uc 100 8 Lﬁ
e el n

hat™ can renov rop,
Prtnﬁedeﬁe@lgw f° THinedhy beatst drmget tsredfol une of the ejectable
quid equi val ent to-the drop volune fromthe
%ra%é-i& ?chéiﬁaué/\iflisge@uvie Rew brlubdiuel: RINL@loSre Ir;f‘s‘ﬁo»ﬂiﬂiuﬂ ih@ £ade fife
et erogeneous boiling point of the electab
onpiffe gld In this case, the steady state tenperature of
the 5printhead chip will be |l ess than the heterogenous
F@ﬁi dbs s Gehukid ectioh thiohi@ 2 8zQ1€ tradlePorh britktdad abBQ@RE @l@&fhodihent of
[
ORI E RS, dofongial il Bl ekl BN B, |
energrzrng pul se has a duration | ess than 1. Ops In a
Fifueerdb isechenpriedeaion dciughe novyle thaebeydl pérgeadappiding el at @nbbdigent of
dERLBE shei,@m%mqéarbbmem BerRRELPLodlaRnddbl o3 Suddp ol BlvpRen
formmgzﬁng | 2 Preferably, each heater elenent requires
Tred®ation energy of |ess than 500 nanojoul es (al)
to heat that heater
Figure 47 is a diagrammatic plan view of a unit celf of a printhead according to an embodiment of the

invention showing a nozzle.
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10el enent sufficiently to form said bubble causing the
ej ection of said drop. In sone enbodi nents, the
actuation is less than 200 al. In specific
WOHEHI%EAt s, the actuation energy is | ess tREFAHPOR00p4S0
In a particularly preferredsform the bubble fornmed by
the heater el enent subsequently coll apses to a bubble
col | apse point, and the heater elenent is shaped in a

FegpH ivtfiaemmmytic sBuyievor 2 Blpaineef wpitssls o5t RdRthehateordinede Bubbl e

egt@limap siehepoemibn shevigpabealty bfomet.he heater el enent. 15

I n sone enbodi nents, the heater elenent is generally

| anar and suspended in th ubbl e form chanmher
PR bR e et B o SRRy e Pt ieires
fupgsian beatst astfent . I n a particularly preferred

enbodi nent, the prhathead is a pagew dth printhead.
FigROQGS LD infeBa G d%l)rgtmliaatﬁt% Ednergy cfirdd R BHOE folr.{l}{o%% 40on

rovides an inlcjet printhead conprising: a plurality
fupgtion 3 %|egsion time. a bubbl e form ng chanber

corresponding to each of the nozzles respectively, the
Fifpldod1 i dfa@bh 9 se6dA BREEHS: nBAR PlafBkr tvith ORI BbdnEinB&iliAl £
s4¥3a9'd; and, a generally planar heater el enent

I'sposed in each of the bubble form ng chanbers

respectively, 25the generally planar heater el enent
Fihige/d21 dagiaeradtic gaide thevhghaglozie EHamben witlOrhedteg eténhegn pafoim ob f
subpdBedlegct abl e 1iquid above its boiling point to forma

gas bubbl e that causes the ejecti-on of a drop of the

ejectable liquid fromthe nozzle; wherein, the planar
Figni P dpadiagrpramatipfectiohbropgh g nesele gambreshipwings thickgigzziejtlate. 300gnP

30The invention is based on the realization that

l F i%ge%g %ia gr!irmgatic.eﬁ%t?%mag%q H{)z%l?gxa&l er 11‘11 iacrcgrdagg% E}IOE?]%!)dgnBilt%f é?]

_hore efféctive solution an the conventional approac
inysptiop HVis% Y "PHePHeat sinking. If the input energy is
reduced enough, the nozzles can become "self cooling”,
FiguRt 55 R dRGASE f&ibn hldEen QRdMe H8RSer i ST RLe With S bbb &Ehne b1 the
ghip is the heat renpved by ejected droplets. Wen
sho 0 heaterele . . . . . ) ;
nozzlie is sg??scoollng, heat dissipation will no
l onger limt nozzle density or firing rate. WO
FigdB06 1 GbgratfhiAGr: dea%hﬁtﬁ:@fgh 0 OB jakaht mllé JTp finkh8ddtaccording to an
enBERARMAN Y R Rvehh, sBdulingd SRR Yol S 0l R i RkROhIAR have

ener are: |. renmoving or thinning the protective
M?ﬁ?@%@ﬂﬂﬁﬁg%oat the heater 2. reducing the heater

area. 5 The first aspect is the subject of
Fig%&\ﬁlﬁ sa hia@{mﬂah&ccﬁ&ﬂlﬁﬁugﬁ Qﬁcgfli&%&&gﬂr &Q pxﬁeﬁﬁﬂﬁﬁ\_ﬂ?ad showing a coated

- ed "Se assivating Transition

h"‘i’%@?‘%’i“" ﬁ%{b%?%én %%Fdﬁﬁeéad Heaters”, "Printhead Heaters

with a Nanocrystalline Conposite Structure" and
FighiBui8hd agliagieminitia gection kircagh sRpizhicinehd ilNeomkned withah énthadiga¢neof the

inveRiBPIhBARAL Hofer DY QAR ESH tRGLRiHs oftRQem&EONd aspect is
the subject of this application. 10 The heater area

i nfl uences:
Figure 59 is a diagrammatic section through a nozzle chamber of a prior art printhead showing two heater

.tqe
MVEeLo;
gach

elements.

Figure 60 are experimental results comparing the oxidation resistance of TiN and TiAIN elements,
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I. the energy required to heat the heater volunme up to
the fluid superheat limt; 2. the energy required to
heat the protective coatings covering the heater to
WHeMed5&heat linmit; 3. the heat that diffudéd/AUAR0§000480
the underl ayer prior to bubbée nucleation; and, 154.
the heat that diffuses into the ink prior to bubble
nucl eati on. Reduci ng the surface area of the

Eeat r reduces all of these ternms and has a

'PERT I CRATCPASRUE shong tierrambs g farterpfime fir hewer tlonams in 2
pinshind umprigedghaber of avkit ceR Ofapefienddotopting td e editRaitned: ofele GIVEIAbn,
is configured such that the energy required to

e the.drop.is | _than the capacity of the

e B e BB R T PHE P A HEACH: Sprearlra .
PFrdvst /pdtion-sur f ace area is | ess than 225pn2. In a
further preferred form the planar surface area is

i 3R afe : ' ar | referred for
S e S LS Bl
BRECTTRAT 8" ™ %e drop is between 1 pl and 2 pl. In
speci fic enbodi ments, the drop is between 1.1pl to
Flgudpd is aftealalipeQRENGHew tBPhthBEmd Qe GR35 Sl \Bexpiafbi OP

IS between 180n1 to 220nl1 Preferably, each heater

el enent requires an actuati on energy of |ess than 500
FIAT 67 S pifcheaatisids vigws shempartly fraectipneefiths printicespedule of Figure 63.
sufficiently to form said bubble causing the ejection
Fibire 86 LschbmBHR plah Rew QR paHRR AR Y Pigud 3¢ actuation is

| ess than 208 nJ. 30 According to a ninth aspect, the
present invention provides an inkjet printhead
F@Uﬁﬁ’r*F :chlﬁ@gtic axp&dqupa'pppqtiye vigfw offorzrintherd accordidg to an embodingnt of the
igenbdal e f or mi ng chanber corresponding to each of the
nozzl es respectively, the bubble form ng chanbers
Fadast_ed to contain ejectable |iquid, and, a
FELY T SSHeRTHE ArgpeBreBaiey A teprpthead of Figwe fisbtynandgedad. ng
chanbers respectively, for heating part of the
FigireatiaabiBmdric Gbh: HevPlIQV rinkiksd oPRLId 479 POI Nt to forma gas
bubbl e that causes the ejection of a drop of the
Sejectable [iquid fromthe nozzle; wherein, the heater
Figireifdyitsotpatic a yiew oty pintesnd offigunézzl e by | ess than 5um
at their closest points; the nozzle length is |ess
il i3 dendiic ch bihiortl BELARLLELLAY! d has a vi scosity

[ ess than 5cP. 10The vol une of 1 quid between the
heater and the nozzle determnes the inertia of the
Figurefdis@ sdpentis alan vige ofthegrigthdadef Figme Ssponse to bubbl e
formati on. Moving the heater closer to the nozzle

; 3 Lpert i fo.the Iiquid and ingreases its
PR J R A et DN P L e e
eject a drop. This allows the printhead to use smaller
Figyerd# & scbénetiiprtgiudinkltsdatidn chvmph tReopaittheall & b 61TENT S .

15Vi scous drag in the nozzle reduces the nonmentum of
flutd flow ng through the npzzle. The viscous drag
ey 13 LR U B ST e e Tl SRR o
fluid flow increases. By reducing the nozzle |ength,
Figlire 76 is a schematic, partially cut away, perspective view of a further embodiment of a unit cell of a

printhead.
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| ower bubble inpulse is needed to eject a drop. This
also allows the printhead to use snualler heater
elenents with |ower power requirenments. 20ln sone
VOO EAt s, the heater is separated from t BET/AYZ0PH/E00480
by |l ess than 3pm at their @kosest points. In sone
forms of the invention, the nozzle Iength is less than
g Bl B AT P S RSOR.
conflgured such that the energy required to generate
Figli€78d¢ Dphemmic) psidlylcht avny dokraive d@padh fuythed Emtblifentiéfa@ pnitcell of 2
pli@ERVe energy fromthe printhead. In particular
enbodlnents the drop is less than 5 picolitres(pl)
and the energy required to generate the drop is |l ess
Figha? i5060matierpatigly o kway, ckiidedtrempyctive vibesfiie et cklpdf Figge Bp 1
and the ener gy required to generate the drop is |l ess
i Elhifislass b SRR TNy UG R BaePor B8 oo
WP?”ﬂess than Rini 15 Optionally the MEMS sensing
elenent is a beamstructure that is suspended in the
FIELI.H,DMI 1&@5%9& p'athﬁly t:tlt yulla? explodgbu d&&ﬁl: 111%1 & |Eh‘é‘ uﬂﬁ‘:t/li cﬁ' & eSSOan
I nkj et printhead and chanmber is an in
chanmber with an ink |nIet and an ejection nozzle, such
Figuneff2 istalyehersio,prctitlly ent evays@erepratiza iy off mfughet dmbodihaaprf e yitfgrof a
printi®@@r Si on in i nk when the 5Sprinthead is prined.
Optionally the beamstructure is a heater el enment for
rai sing the tenperature of part of the ink abagve it
FigheR §° ISﬁgchsbq"ﬁtpﬂftﬂy PHPRY: a"'ft?acatser‘“wﬁbtﬂéhct Thpdisen pl pant acﬂ ofa
prathed. Oof ink to be ejected through the nozzle.
10Cptiona||y t he bubbl e gener at ed by the heater
Fl%UF] qﬁﬁ ﬁzq ematl élparp alll}/](f-axﬁJ asw%% et %de% aerspectt)ive \ite(\)v 00 g n|1t ((::%1. ygu(r)dpSé
or closed | oop such that the bubbl e coIIapse point is
Figipa 816l 9 aratheinite plrgpaii@rvieet & ndit cell shown in Kpirds @Ml B4y areaivls
R ducki uation energy of |ess
w%&?ﬁ%&aotﬁanojgﬁﬁ%&k&ﬁ?&@?gﬁﬁgat t hat 15heat er el enent
sufficiently to form said bubble causing the ejection
Figyfes Seandi07dhayrche@pici rattialy by awsacthehaia peseciyeatrne! trooepiptione of
theRit &0 birdut-o8B per gy of | ess than 200 ni to heat that
heater elenment sufficiently to formsaid bubble
causing the ejection of said dro 200pti onal |y each
Figreed b SBrafip ﬁt’t"’t‘éﬁ‘b‘iwﬁ’é BerRepHve MY &1 fbweréﬁé?d(ﬁﬁ tofa yoigel of 2
prithath 80 NnJ to heat that heater elenment sufficiently to
form said bubble causing t he ejection of said drop.

, the er el ement
eigfo} SR bt PRELS SHOpt FORBTTY T AL s BP Bre el Floia

N%&@élf paSS|vat|ng surface OXIde | ayer. Optionally the
heater el ement has a surface area between 80111212 and
120pnR2. Optionally the heater el enment thickness is

between 0.8 pmto 1.2 pm 30
DETAILED DESCRIPTION

and

In the description than follows, corresponding reference numerals, or corresponding prefixes of reference

numerals (i.e. the parts of the reference numerals appearing before a point mark) which are used in
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Optionally each heater elenment requires an actuation
energy of |ess than 500 nanojoul es (at) to heat that
heater el ement sufficiently to formsaid bubble

VR PHI50he ej ection of said drop. Optional IPFTHAYE005/000480
actuation energy is less thgn 200 al. 35 Optionally
the actuation energy is less than 80 ni. WD

2006/ 105570PCT/ AU2005/ 000480 16 Optionally the print
dHTgR e et otoreponting R Yhemtiereir s wetiPting Prding addifipineof
siffies @ jte efepdade Qudhdrat thele i8]i@E Uik Qle@ilicyemb@in@ftS bl @retphidiing hdie
time interval between successive actuations is |ess
than the decap tine, do not print onto the nedia
tpet ¥ 4e é""ﬁ‘é‘f"n’d" %ff“‘f’ﬂf"é‘iﬂ’“‘"@ﬂf‘i"f)’i’fﬁr'l y the nedia
substrate is a series of separate pages that are fed
vnas@eesacettmgm 7 ?a|4QEe u‘ﬁ‘ﬂ&ﬂ € b b pribdhbed LERRS 12k ehddGinS): SGilabl €

Ul 0 ShECLED: SOL Al o100 STIRHE Sl Bk LIS L IR A1 5 v

'”6’“’% Ween successt ve ac
apsFEeRS R RBuah therozzigpige. é(jh‘é't?tz@d’fafeﬁtisdﬂagwgh@éqom gificon nitride
stBii0e @bish iv &pPRg ey wasof thaeiyal super dieei AS N hvirh eciifdaha@sal -

w0t i @B@dddiy tiea heat er el ement is configured for
receiving an energizing pulse to formthe bubble, the

energi zi ng pul se having duration |less than 1.5u.s.
TRpripthraddldo yaciudrs Wislytsipbcttofash rade Jpyidetvalls dro avbick thexjorgirmate is
sBPURSE 6ltheridet YdefiRll byaRSARSs shOthenokAtplee, Laiit-IBfRERbsPAM §tnd an inlet

pa]sége'bcl :EJ&SF, Osg%, em‘%ln“i‘ r'l bst'raﬁe técﬁé‘%%{ﬁ% E& %WL)OOQFlIt QdiGaldy

1°ﬁ?ffi flongais hesirglemant f‘}‘ﬁ)ﬁ‘fpf‘ﬁiéd ¥ligtthe chagpeg fasp that ”’@EJ’?‘F“&E‘&’F fhg form
oea@chenddt béaine Tivgatterd s lheweini sichdsrarciactaligttenoiVEdISsrgyre,

whiblB§ foind byRdithobrdbBi0 prbfR WiRIXi BIMRLRITPHI delfi vdidder mal ener gy
that can be renoved by the drop, being the energy
required to heat a volune of the 20ejectable I|iquid

Waeshewantiend is ipgseipkd | fpd presropiniier shovalpne the ehamiset vt e idetat

padage®so thaahel chahliér dillathek ! 4s Bowpin Fizhd € alhekditerd dicheater element 10 is

huj;x]t@ct 1 UGG %stthap ® lnicl'o&gon@ 81 )ngo trﬁf thJ}Qsﬁ‘mfljs ﬁ%ﬁ% gf al Ll!legﬁﬂ ﬂlse It

onal | eac requl res an actuati
W@%?PQS?“%?%P‘&%@%‘%%{?WB'GB‘sfPa%EB]‘%Eﬂ“‘éﬁ withthyink “a“ﬂ‘a“t"Ffa?tS"
thii ehtnglre ckeinanfig heated; tifstiuess tpgeparatiprotfvapprbulehies th thhbbk gAccordingly,
m@@usﬂ c&gmma bRIbR ErrhiBNiq@ill. Bkt S0 Phe fodMueibAUeh SUBR 12y each

ap %xunsg gps%ﬁ'? Fenelié{i%gé’t‘a{ ?n%ﬁuéc&%ta} 20 thgpu%glg%? 1‘3& 20cf51 on
Frh b eater erren Cl en?f
the RgatprGlemrsdf- ot W ngece?é?& &ptriy e brat ivgertied indgn foP ol arler
enfpf ncassady loyeteh® tathtbbl i dietobssupglictiwithinthan shortltifne Opt | onal | y
the additive is chrom um
Turning briefly to Figure 34, there is shown a mask 13 for forming a heater 14 (as shown in Figure 33) of
the printhead (which heater includes the element 10 referred to above}, during a lithographic process, as
described in mare detail below. As the mask 13 is used to form the heater 14, the shapes of several of its
parts correspond to the shape of the element 10. The mask 13 therefore provides a useful reference by
which to identify various parts of the heater 14. The heater 14 has electrodes 15 corresponding to the
parts designated 15.34 of the mask 13 and a heater element 10 corresponding to the parts designated
10.34 of the mask. In operation, voltage is applied across the electrodes 15 to cause current to flow
through the element 10. The electrodes 15 are much thicker than the element 10 so that most of the
electrical resistance is provided by the element. Thus, nearly all of the power consumed in operating the

heater 14 is dissipated via the element 10, in creating the thermal pulse referred to above.
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Optionally the self passivating transition netal
nitride is TIAIN. 50ptionally the inkjet printhead
further conprising control circuitry for driving the
WRERPESEPenents with a driver vol tage of apﬁ@ﬂ%&ﬂﬁ%@ﬂ?e
3.3 Volts, wherein the sel fgpassivating transition
net al nitride has a resistivity between 1.5 itChmmto
8 uChm m Optionally the inkjet printhead further
conprising control circuitry for driving the heater
Viabrgheefttosat Va it frated as dBdlibddaBive, the bibblg £2 farfns S ke lehgiadf &b slenfont,
hX@htoR appaay, Bilul c;oglgec‘ﬁ@nlalfweﬁ%isﬁ%ﬂ/ (Al ds ke M dribrls QBe tHFRECA b the
nitri as a resistivit ween 1.5 tra.mto 30
°8@ﬂﬂ?ﬁ?mgﬁV?8ﬁ§FstFhe i nkj et prlnthead further
conprising control circuitry for driving the heater
TR bEIBRNE, Sncdldnbtatal, Ellided s inciéddd h BEQUrOVithAIR CEObARWcl in hich causes

thé/s;!,ch& O?fyvgg,ﬁ%' t&%ﬁ@oh.;h R3S \;a{raegg4%; @p%gaec%gt : ,gios as

aresistivity et ween

- “B@e‘ﬁ'ﬁ‘ S A3 to ey5imizg g P aﬁceéfé’t‘fﬁ“’l‘F ‘WP el ement requires an

actuation energy of less than 500 nanojoules (nJ) to -
Tih8&lon thhﬁﬁerehk&ﬂ& ke nsézﬁ Feflchabl b& lmfemaksyge b @ s§ @4t B Stk wave

gefl%ra*%e% dmthlfn e Shax:ﬂnlgr%:r, f)n ea L ef‘ihc elomcn?{ cPflorTmE oto ubb%q?aoes hot %l’ecty

I's 1"éss rom
ad@ﬁent%@bﬁé@ﬁéﬁe“'éﬂﬂesﬁ@ﬁ‘%@%ed to the chanber.
Optionally the dielectric layer is bonded directly to

TTIeQ@vaﬁ.ﬂl.ggs%f ﬂi heLtQ'QIGQ&QIO%Emgeth@%Qitrathegtﬁggﬁaﬂaeg&ﬁl lnl aXy sBiﬁ%a.atenal are

Ctri 03| i onal t e
SRS Hew ) B RIS SRS © AR RS et ¢ (¢
sutfargsenf th ehargber. c’ﬂammdi@r@@bw vaih ®Br¢nce3Figyss f9Ral | y each

heater el enment requires an actuation energy of |ess

Fléupe?? an§9 9}10%11 %Pclé# P& wfa'ch)ceastn% i ngéges %Eratl&ﬁ‘ gftt% gmﬁie%.‘r%_'lln be

orm sal ection

5"‘6‘@%‘5‘? ‘b"’%‘“’rlé ﬁme‘atf@“&ft Pdbrage B¢ > fih ‘H“a‘FF&‘:‘:”PSi‘g‘ta"aﬂe‘Pﬁn ink 11
thoeipe siztle3. [Thsshemr ef tarbulibieri@ asricanos aydtal is Figes 3pis daeesined by 2
coﬁﬁpa%@:ﬂ& dle ln&ué‘ﬁ&nﬁﬂ&ram%fm%ﬁn ot 26%k | OARd Juyac@&nsioﬁm to
muum%ze ?13 8 crg iarn 2?810£l¥$1;% SS? th %h ?See ets cexlsta‘?unl agr‘llo%e(% ﬂ%{ndt has evaporated
mﬁ@%ﬁ%ﬁ"@fﬁ“ﬁ%‘&*}@%m i de or a t ransiti on netal carbide.
Optionally the anorphous phase is non-netallic.

Thl‘ Q@J‘sé if? 91‘@431!:3’ mhaﬂ%e%%@la Q(H %mPﬁ@EM S oft tﬂ;]cluﬁﬂ’ thgﬁzzlea_ﬂ but also
pu:gi)es sgmc mK bacﬁcatlgrou%gﬂig {nlet%gssage § q‘?owever, the inlet passage 9 is approximately 200 to
300 microns in length, and is only about 16 microns in diameter. Hence there is a substantial inertia and
viscous drag limiting back flow. As a result, the predominant effect of the pressure rise in the chamber 7
is to force ink out through the nozzle 3 as an ejected drop 16, rather than back through the inlet passage 9.

Tuming now to Figure 4, the printhead is shown at a still further successive stage of operation, in .which
the ink drop 16 that is being gjected is shown during its “necking phase” before the drop breaks off. At
this stage, the bubble 12 has already reached its maximum size and has then begun to collapse towards the

point of collapse 17, as reflected in more detail in Figure 5.

The collapsing of the bubble 12 towards the point of collapse 17 causes some ink 11 to be drawn from
within the nozzle 3 (from the sides 18 of the drop), and some to be drawn from the inlet passage 9,
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Optionally the nitride is: silicon nitride; boron
nitride; or, 1l5alum niumnitride; the carbide is:
silicon carbide; and, the oxide is; silicon oxide;

WO A0HSAT0um oxi de; or,; chrom um oxi de. PERBALBHA000)80
the transition netal is onggof Ti, Ta, W N, Zr, Cr,
H, V, Nb, or Mb. 25(ptionally the heater elenent is

f or med fromTi ALSIN. Optionally the energizing pul se
tgyguls the poift of eolighse: | Nstof il 1 piragp i thigapanpen is 4 & w8lfage
ferpfph kehutatnetid i athigdbse of teldemehdrotto itd brgkidgh€. ener gi zi ng

pul se is between 5V and 12V. 30 Optionally each heater

| enent uires an actuati on ener l.ess than
Tﬁ%ﬁa Ig {fﬁ%%s%(cﬁz?ﬂn a{n&unhoz %m?:ﬁgtto cﬁg&qu’g g}\/'fé?e éelz}%cﬁltforces in order fo Qreak
ofuffipkchl esrdravy frenpthé kppain 3daihd cdblerdsbdt ghe bypbls i Jathe dikneetepidhe nicl iP
ré&ﬁceﬁ&drdﬂy BGig thd dobd®E¥adtd Yorfhdd @nsith héldikd mr@ne En@the ln®mbr@SSof

nergy is
o SRR S e R P el B AR R 1 B
t he -heater el ement subsequently coll apses to a bubble
Vael theadypd 6 redkedff, cagintontfhes freatsed as elfiend hit thd Sogd2apede bubblal2

cslra,sgelt@tga pc,al nyousw@ﬁ 10Wilt 6d RESMathHQ Bre 83461 shilfRls il R REPHIR

he heater el enent.
{: Sél"l1 %ﬂﬁhﬂlﬁ"a“agormaqha‘r’?@ﬁfél s general |y planar and
suspended |n t he bubble form ng chanber such that the

Malneing @ides on opposi ng sides of the heater el enment.
Optionally the heater elenent is confi gured such t hat

t he ene uired to generate the draop | ess. t han
Relyant B"é‘b%\fg‘%é ‘%F“?H%@r"fﬁ‘sd’ a prgthad ﬁfﬁveﬂgéﬁéwtggfmﬂtsa § ygntion are

nqyr degstied ith refireneQo Figwesd P ko3t he pl anar surface area is
| ess than 2251=2.

Referring to Figure 10, there is shown a cross-section through a silicon substrate portion 21, being a

portion of a Memjet™ printhead, at an intermediate stage in the production process thereof. This figure

relates to that portion of the printhead corresponding to a unit cell 1, The description of the

‘manufacturing process that follows will be in relation to a unit cell 1, although it will be appreciated that

the process will be applied to a multitede of adjacent unit cells of which the whole printhead is composed.

Figure 10 represents the next successive step, during the manufacturing process, after the completion of a
standard CMOS fabrication process, including the fabrication of CMOS drive transistors (not shown) in
the region 22 in the substrate portion 21, and the completion of standard CMOS interconnect layers 23
and passivation layer 24. Wiring indicated by the dashed lines 23 electrically interconnects the transistors

and other drive circuitry (also not shown) and the heater element corresponding to the nozzle.

Guard rings 26 are formed in the metallization of the interconnect layers 23 to prevent ink 11 from
diffusing from the region, designated 27, where the nozzle of the unit cell 1 will be formed, through the
substrate portion 21 to the region containing the wiring 25, and corroding the CMOS circuitry disposed in

the region designated 22.

The first stage after the completion of the CMOS fabrication process consists of etching a portion of the

_ passivation layer 24 to form the passivation recesses 29,
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Optionally the planar surface area is |ess than
150tin2. 150ptionally the drop is less than 5
pico-litres(pl). Optionally the drop is between 1
Ve 09/105570 Opt i onal | y each heater el enent req’GT&AéTéOOé’ﬂOMSﬂ
actuation energy of less th ?n 500 nanojoules (al) to
heat that heater elenent sufficiently to formsaid
bubbl e causing the ejection of said drop.
Fepe 1 oheitsithy stagsofprefiaaiereatierdie sivlingtof heigigiconasst lzxers 2% todkam Pon
oftig By Thfopdn@§ S0 i BRIk ihl@ phegd to thlldkmBERi: @l be formed later
whskepent sufficiently to formsaid bubble causing the
ej ection of said drop. Optionally the heater is
separated fromthe nozzle by less than 3p.mat their
Fighre Slabdws the stade of pr@udtipraufierthe yteltidzef niok3| @ Heeubgitals pordon2ba g
pssma;nwr%iéme ngzae Rtd b@&ahehymeha m%b:%@fcﬁah !p.%cele ﬂwm@lr HOR BndRated by
th\é Idasslgagﬁrltjrfyé d“lglfsf gﬁEetla%o:{x %% :Hher 8?3 éno nal éXf the su%atra? rgon 2?102({1&? ur;])t
“’t‘*htée 1??%6 b 19 complete e iplprppisagtye the ﬁ’@'&‘{ef t"&l‘“so?’e holgd? wil Gﬁf hyvgto be
etsledaMie: ven Béngite Stheddideiolie spisiratd dagian 1 to tRdevelpk thoifadcdniectldyers 23.
drop is less than 5 pi co- Iitres(pl) and the energy
r ed s less th

t r ate e dr o 5000. .
b e R P RE St B P B i D 40 g ik e ol
3hsing gjshed o gup destebythy treneiriery iathe regib22gthile B2 whulddave tidbg piched a
groated Biftshce 4&30% ik tBdt beliod 0 & tdlAPa dufiable @8 iniRadAted Bl theaRey 14h16r
[%%1% Iingééurgt&eg uﬁu? Egec%whﬂlg 9&1@:%}95 leﬁ'ohlh.i% t(g!roplﬂe Jul?su;t%p%gm& Baﬂd ﬁ‘j ot

‘°ﬁﬂ]‘?"h%hhr§’5“d dendyof e P"Iec’&’rﬁf?ﬁs é"f“ﬁée“&' "I\ﬁ\?@"f’f‘*ﬂ pefets é‘ﬂ%‘r“ for
sub@a gl lblicngeking denpty eSrerrizeceo thustie iidiewtise of t he ej ectabl e .
liquid in the chanmber, the MEMS fluid sensor having a

d.of
Flﬁm‘e'\@ 8 OWQ%C ta%e gfjtpl‘ ogegon aﬁer % ggl‘ nuc?‘onfthcifgcq %g of\éfsac{q&cla?rems?%as bcen

unc
depgfited wﬁwayseéﬁs Th‘gl%@r Bhyrhe hﬁh\?} g fe@s qutcs’ﬁwhe W@é the
printiead CTH ReRigtlldyerd5 istheibdrposdd@ith EektaiBpattPB\R FepS@hEdHY the Bibisk shown in

F;El?@lts} B Ghrch REesSER %ﬁd’?aglo?}'/ eﬁﬁ‘s‘}:ﬁvov}ﬁ’éstf& tfd ?onQJuS‘:PJf EdnGa forthednal ;

circ rin
e“i?E?dFse‘ﬁ pr ey ﬁI&“‘i“H? %“J@'Hedt‘ﬁeé “&Jéer?éﬁd?f °“é’l‘°é‘ﬁ§s %e S&‘ﬁ?ﬁ "ﬁ@p’°"‘d°’
lafrgwmihd mgpess for 1 fdmpatiget Y ngzletatinghat ml@s@h partvathe charphe
control circuitry is configured to determ ne: the

FI%.I?J%? gﬁ tgg ctf gltotfu%ﬁ b GhEP hQ&F(%léthTErHBe l%r%g] otf D(? ?]Jélnrg:y\@ck layer

e neasu curre
38,08 Feale T EAb oD a8 P BOdERE T PR Spepi
tenperature. 20
Figure 18 shows the stage of production after patterning and etching of the heater layer 38 to form the

keater 14, including the heater element 10 and electrodes 15.

Figure 20 shows the stage of production after another sacrificial resist iayer 39, about 1 micron thick, has

been added.

Figure 22 shows the stage of production after a second layer 40 of heater material has been deposited. In
a preferred embodiment, this layer 40, like the first heater layer 38, is of 0.5 micron thick titanium

alumininm nitride.
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Optionally the heater elenent has a protective surface
coating that is less than 0.1 pmthick. In a further
aspect there is provided an inkjet printhead further
QMY 18Py a print.engine controller to confPfFEIAURNE000430
ej ection of drops from eachyof the nozzles such that

it actuates any one of the ﬁeaters to eject a
25keep-wet drop if the interval between successive

Figee 2rthen 10ws 1B seecrﬁlé{ayqﬁéfﬁlf beaterngaierid] afler 14 has pespjeithest tprforppile pattern as
shoeny, lintigngd byeregde muntkal 410 h thisiystrdting tib@memtdlayef doeb@btSnclndt a
sateaaﬁpéﬂemam ! Q&M &b &nd LR dli6 fdﬁammge oW QR Ia}msofl:egtgss

t ¢lus
R R AR PR BE B PR BAEe Tl AR Pl BT I5 e sy
legs|epatgyistcotsumef! by thedectadesrihish dlews erptasiraperoisrpptivn byreod thirgire
grddRdr &Ifectﬁi‘:tfe{s bfl@e hetPreletbhasl 10 yih e AER4tE EmRldRIeR Niusta®d iD Qiglﬁiﬁﬂ,

Elarr%&dlﬁ 1?,% Io%oﬁb&taﬁﬂgémﬁe; so that the gas bubble

orms on e ot her si ich faces into the chanber,
and the chanber has a dielectric |layer proximte the
FigirelZ$ slyfws thingagh efgtoductio s@are fird bentted sdcdficiahesiss hatrize deposited.

Tm&feﬁxloﬁ 1816 ol @Jeﬁﬁh eanaudteaaeeﬁmnaﬁc@ofthb %ﬂraﬁlatmt@med later.

T%s is a%s;:g m?f(r e)%ngof thm ec‘i’mn a'gerture§ {oﬁtgc’ nazéz[r%s '['lilc cl thPla;.le%fH én}xst beC
suffsieat A forshefaetion pE AIHRe 1aipdhe region depigpassd finggpersion of e
pr(mmlumwewr tih¢ heght bitGerl4aye@minent nBHEHidkyhat thebubtdahu@imove in order

to% & gﬁr@ﬁlet_l il h%hptgf%sdthi Jrﬁma@suqa&rg&{ﬂ@lprc%tt ncrﬁmn is de31 ed such that the
osite structure,

nan st al on
SRR ARBT & PR HEE R PROTI B 0P s Fad Bt ok Ry
bysie| bylebletisgediesd. nihe krnerpjins ofls bl euflickpatfordimgisaion ¢f e dejred dicplgmill -
reire Rss e, tRfchi ihpro@icratakle | iquid fromthe nozzle; -

wherein during use, the energizing pulse has a

duratl on less than 1.5 m cro-seconds ép. and the

&¥er vt Byines ‘gami“’(‘i“"ﬁéﬁéﬁ*‘%\’t"%{ l4yp744 bre Bisn fegosjidstRat isyihgdpver praich

wif] aqpetivitd the nofzleplae 2 dingad dideingformdien@d gigroh hghpdiieide film, the -
aclid P2 eAShed i QRRIA oD GuRbgial. Surface area of the

heater elenent is | ess than 300gn2. Optionally the

heater element is separated fromthe nozzle by |ess
Figurralfh simpmhestaat f eioducop aficedit chpseitah yagor dephsition 22D ef s{ligangitrigie | s
fotufrg $he tapcd A4, B3 Ben paatt) etbbdd BiRhe@psRinh sibx@telt #5044 a6lto S tha outside part of
oS R 4 Yis bR phd Ry RGEred ERM NOLOGY As wi I | be

under st 6od by Fhose skilled in the art, the ejection

of a drop of the ejectable liquid as descrlbed
Fig@138 showvythe stage of praduetépn pfier thineV yedwitivon nitrigmhag beemetahedyd ithe way
m:b&gb Rl4g &imﬁet&bﬂiﬂbﬁrﬁnd‘n@f the i EHlelrimOitihho foi the Bectibndperture 5, and after

oS gy M ORI Sk P 5. s

increase in pressure in ejectable liquid, which forces
Figulz@2 ehoophd shapeaidiginduttive affeed peorative 1ap@ 27 dfeesist blachednaflibde ARS this

swgeem@xumgpomen J0uhE: ghmtﬂoms aﬁer adelz&ﬁ;h%) & rea;r&rarte smaﬁh

he
ot A LB o € 20 o Gy i sadoned
abgvp. it chite Yol s Shetlipla FY. ivctghpdp bdretd anskidat ithigess hoolsBbr ed heat
in the liquid, the bubble 25expands for a few
Eﬂh&é Q$R6ANLS: o FtIaEheorfthL R8st E?%tﬁ 39 YL SGs; rerﬁé%dl‘é‘lﬂg %\}go%?ms a,

e vapor c00 i t. recondenses, resu
to o5t thegfyucare sheya “b‘i‘j%‘bﬂ 3% B plls  and oozl pige Mfuﬁ't *°%3@ffé‘?f}?f Hed
champert? lpart dftivarrlloind wealy niptedyingshovimmatravpyd. il beeptefl gatahis also serves

tension of the ink. In this specification, such a
point is referred to as the "point of collapse" of the
bubbl e.
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30Thr oughout this specification, 'self passivation
refers to the incorporation of an additive whose

oxi dation is thernmodynam cally favored above the other
VEQ 2HEAe570 n t he heater. The additive forns FEUH2HEE&00480
oxi de layer with a |low diffision coefficient for

oxygen so as to provide a barrier to further

t9emehR e Qs@jst ﬁlh\(@hglgyggi' SRrdd E(I:T\(o 20 Oﬂ? éhg g‘fq aﬁ% ?rﬁésgo

passi va
3Aﬁg“‘l%‘"’ta‘ i a&%"&??‘iﬂﬁsﬁ?&lﬁ‘wwgfmdmfé@ &weomwéro the'ﬁbreles,dilsf
Pﬁ*&%fe\mﬁ Pty inkanies o3vee senedigl daigiated B, txhd tRAnBErYM  any ot her
addi ti ve whose oxi dation |s thernndynan1cal|y favored

F%M:%BJh [ onets I rman oxi de on the
ﬁﬁer agsljﬁr% #Ja}%e s provi ded: d&‘i“@%‘ YAl <emevad iR learknilpetate the

Vﬁ?ﬁa Xr&F ﬁmﬁa%ae@w @&?ﬁ@?ﬁﬁﬂﬂ@ﬂﬁf@aﬂwfrﬂemwﬂﬂbm de), the

additive wll be a suitable alternative to 5al um ni um

whilg m 5 o fo annc 2 59
BUBR Yod it pBRRGL Ll Bl e LA SHERER ohihenBorts i e

3& erprmtheade éo% ntmﬁg IE% pozz es M h

Nozz I 88 R Wi B @ﬁ@l‘“ﬁ&?m‘i‘sﬁeaﬁﬁ peetin Figure]7eRigures39
”Gl“bﬁ“dcffg‘l{e’rféa@]"éct able liquid is | ess than the maxi mum
anount of thernal energy that can be renpved by the

BEWa R Heal AR, L NE energy required to heat a vol ume of
the ejectable fluid equivalent to the drop vol une from

the tenperature at which the fluid 10enters the
Ingther gmbpdimenty, the hehter ehvataraagerioDbife NGkl WG oY clﬂetmbaf BbdA8g the

hf:fj:r@ﬁ&)l&bh:ﬁcdcs hddiiflene chamber alla-\lgkgl%té%ﬂxpgh%d %Fos:?on R’%galtxon ﬁgot%%l%too De
si drnﬁed ﬁ%ver Fat (a)mgmtron fo t}eers |SUbStBF cacnﬁoglucg the e@ﬂ?npy of dop pqq;lq\sg

rection o
m""é“ 1182 oveer “sff eqotingr- eT herpfprg i dnfyediiants @hdrthe hedter s hendehaatien ika
within ¢he ehetnbar, it ne@ehgy® toadke §tdpeto RRAAN G soRle e RoatePon MG sEarel | M

projecting fromthe nozzle plate. This dinension of

t he nozzllre 15%€gerture i nfl uences the viscous drag on
t he “THKY 1 BFOARe Yepberal iggatonbegyeen i satetrad Ehebsyar is to Finka

maﬁpql Fitrhsted thg‘@el@fn'dq:r mgpert®s thingiliton dioxide] %hmﬁdlﬁﬁﬁly ﬁscd thermal
barfidr tay@] desciybedih UBQZ B3 208 Th@ﬁppﬁﬁl\tlhas@ﬁbw@ thgtl?}% rngpe%%n ametrzr e or

0z7

conSidr théﬂ@@éc th% 'b%l[i‘re? Et €T, 1s tﬁ%a the; ?%l‘? ni ﬁggnfréy ]ast glporq@qrhé

Eac ort |
undgs ez | °n‘%°t‘§ﬂ‘8ﬁ§%éas vrammw 'Stbeﬁlem@lmrmrcétbe helepta, | S

relatienfloy whieli mapbelieived by caSid@ing tHé'lthgthG@le |for therdiBt dlRsidn bhBihe thermal

enefzp @Bbrbeti 6@15 thf Rng WNGL. %nfe:?&ﬁ b %n dligegl: sgeg ah ! gr{ﬁ gl Qrg
I'S msa S

.contact w eac
tyds ﬁ“ﬁ & “%’q@ BEY “%“t‘geﬁaaa""#‘%‘r’fﬂt‘!r Yid 3‘15?5’0 l@%& €125 frprs the bepterh Thigwapest
%rérﬁmemfgcugf OI{%SM ppterials grithedte@densitytand therfab@aduk@itPds thermal
barrfpelaters mgerﬁachﬁdfﬁtehﬁﬂm Rakdlayer@V4din m@ﬁﬁqﬂorlaluﬁlc&%regﬁe layerh In
e

rtleRENESI VS £ thdh & S contact. W't ach
St her. DBAl 9o, He%?&esest%nmeusﬁg ‘}/w'l“ﬁeieéﬁ‘csta&) CIYRITSE any
ejectable liquid, and is not limted to conventional

i nKewddisesiion havgrewotlIMdsed Y, mtmmleﬁ&n(ﬂsz cdppER aagQJc&g ed
mte%r m&zﬂdugg;lhﬂd%égfﬁgﬁdey £en m&mega@%égﬁ%%é gl@s gucerf c{en&tséan? in some
case P PHETOY £ el RiRbss A rasomsiat o ecpigrmeniFiictin e
cap"ﬁ‘fa“‘:éj"%‘ﬁ"ﬁ%?‘% I“if—'fqﬁlfi dhe Bf denynBlbintpapted niegie I8 A dobiyer BBastene

appligdtipn, @t unyesiablk bogjtsin@nce amngk rﬂiﬂééd 808tR ld&sn@ 15%Uc§ Bl@ﬂﬁl’ cgﬁuc%tug
which Qx'nﬂtsdqeapgcr“t ﬂ'o‘;}nl theniB In *&:@ th§r% 1 bamer alipsuf,ag oy t%\tej %}@%Lrlcgwg ?s ideal,

ection t enper
"’“@% Eﬂi?“iﬁﬁgj fe BEisY NGS VO
2006/ 105570PCT/ AU2005/ 000480 23
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Preferred enbodi nents of the invention will now be
descri bed, by way of exanple only, with reference to

t he acconpanyi ng drawi ngs. The draw ngs are descri bed
VHR 2006/RI55 s . Figure 1 is a schematic PCT/AU2005/000480
cross-sectional view through an ink chanber of a unit
cell of a printhead with a 5suspended heater el enent

at a particular stage during its operative cycle.

Figure 2 is a schematic cross-sectional view through

t he Trikexempieppfdew-iFligagiies spitablgfor applisttieets thermglfamios are Applied
MAREAI'ABladMiamb AP GHiNeveBis'l Chraf, H6th e vrich fre CVD 8B os8RIGIOOb Tikhs.

ﬂéseeﬁﬁ{n} ﬂ?e‘i&;&r‘da@i}? 'S0 ? rl%P&f > oEL i ﬂ; and@JweMﬁeﬁ-ma?EL%u@:ﬁXry

(DrBREK Lisct PO BT B PrEss FHerEh T romd SO

“’atomyatdtta further stage of operation. 15 Figure 5 is a

146bis @ngaW@e{r ki®, iQ:r DR e%i@éﬁt)d i Methnal\bto@)6t. t1d t«.@daﬁta th@bé:l&it &a&ﬁy te
1N ance.

denved%ﬁ F:Piacmg uu.derpyciasﬁ Ctg [hesra fnaten.awI moPels usm%eﬁua%orbgrtg %‘f DetallecI

DRfgptipreaghe used ® s@@tﬂ@ﬁﬁf% ef We%@f@@@tﬂ fomekiate 9 Pebie is bastdy gpppmal
difftision ko tezhad¥iEr whén S20, uitlkeday@oikd usedf Tig bptefitnt heathcebehiis therefore
6(%95('3 201, LA BERLRaBh %UIEP t’ﬂus Bdnet R BLeh LakhAd byileAYBicant

urlngltsoeratlve]c% % gure 7 is a schematic

b P BRI PR Y oW PH P B ﬁ""t he i nk chamber of Figure
6, at andtdresrdeppinddirely omp®iPad on. 25Figure 8 is a
schemat. &ea@efs@%@mﬁ&ﬁkitl?&ﬁd)Bka@WmBrmlﬂ‘OUgh an i nk chanber

Tﬁe lattg' ré’il;[‘llueﬁ Z(FFIess engxfgif %r BJ Angg &%&qle ‘A‘ﬁc eg.!og ag az% uQQ Wc%g the

t1cul ar age
bl@k}@fog%a}lqyékoé%qually 24 ag alfeg p@i ﬁogm%cogftghrét?pa{qsxeg water as a test fluid. The
m" BeDoiigntas e overi 1ebillioh ety witkvet ahyshifigivaiiizgen codrayfer gur e
daattn oAROfuBEL m&EaﬂQgﬁheQ:fndeﬁ@@rﬁ&Ee‘rx@Jﬂy sta?bQ: Eogﬂérs@&hé'aphmxtjozihe

wateri e. ~3% °C Zl ee‘} sdch %gci's cant2be thermhlly staBle prl.é 5% asé Zférb ed m wcgrk %ﬁted

toﬁame Iovheéiﬁlmwﬁy 9‘1ff%§f°“ Wﬁl(i"e ‘E?é)lsicaielfd Bamsrrﬁrcmfrhfé a%twquhous
Sik@E-OkydarGepdsited bAIrECODIBO6 ioaAdhy R cltttadiotahdy SoiraDdT Tha t

o roduction process of
B e IR ARt Gl B0 015 ' 91, ot 3o,

29, 31, 33 and 35 are each schematic plan views of a
Furrhes kedsstirintirgtirimea! fanductivifp themmaipendfcpme thn epcteh eayirdid susteitorbubble
mBSibaevide®by ihthBuclRf pdidsinam6lthe A8eckic RE RS 633t S ayrrntcda&echnozogles

Iné g.sdeﬁe tdp}f@ﬁm%’ﬁ?&h@%ﬂcﬁ t‘i&l; %ﬁ%dﬂapagdeﬁmg&ﬂﬁﬁok me ?udtﬂLe o

erspective vie

copduptvineyt ~l 6%y B Gp 1%%9\9\%3"9&% Fiing! ﬁf‘@"fh‘a*i'fr"é“ Bydsiing”s Bor the G
prifécrUne L&Z KIDSelean&CFhEmi’&ﬁsbeﬁe OBpS pﬁﬁcblhngce SAhkredgr), Willl 4 theymzﬁ ut

1Uﬁ| ead acco ot .
pr \{J\I%Xi’e ~r?1, 4IJ o t}ns maqenal v{ohld aos? glll&tm} less anrlgy &aﬁgoa 35 %ﬁ{lay%',fres%tmg
inp &4 ?éfl’/oe"?ﬂe%lﬁr? i gﬁigém%e ‘%““:i‘e%“t"rfélPPéﬁt iltds notsikls heyepethptfthe
inteoditAGIOf Sodsityadly EonfpRistiGembisturgredisiaode BT thomddidnie, yichcdad | on
coﬁbﬁ@&@e tﬁe%ertﬁahﬁop@rq&s%rja@@aqe Qag Eﬂerng ﬁ)d\ﬁzoffl% Jrﬁt?{r E"’z%sé tngat of

heat er el ement ther eof
e AL TR e PRSP Ent%imv g e B et
abgrpitiprt ifnthin dhyea ondd [dely deetads oy dyadl efficiency: in the preferred embodiment the thermal
barrier is directly in contact with the underside of the heater. If it is not in direct contact, the thermal

barrier layer is preferably no more than 1pm away from the heater layer, as it will have little effect

otherwise (the length scale for heat diffusion in the ~1ps time scale of the heating pulse in e.g. 5i0; is

~1um).
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i nvention having a further particul ar enbodi nent of
heater elenent. Figure 40 is a schematic plan view of
a mask suitable for use in performng the production
WO HBEIPHP the printhead of Figure 39 for foPRF/AY0H0480
heater elenment thereof. 153kigure 41 is a further
schemati c perspective view of the unit cell of Figure
39 shown with the nozzle plate omtted. Figure 42
is a schematic perspective view, partly cut away, of a
uni t Acdtetnatiod focfurpher lovtehgaldmatoaidiviggvitiont tsing pa&ityivie id then
sERAdN B ctfos; skt bd S ARG s Sk A iR KRR BAL coicihBAE Elswm K.
T’Eelse'n-gn%iins Fi gslére ﬁdg is.a :Sch%ﬁ%tc\/ﬁ I a‘g vi ew of a rratﬁrlé
ISP an s B PR R Y A R 1 P B TR A
repigignce: [$E-Khng terrhpbsialtiliyfup wi4¢(F. ¢Ong poirtt pfcorfoesp repandipetitia epitmat er
dietb B ¥eR thatiR e geRadily hat®higgisbBeidd of tﬁenlaal ExginkiBRCTIS:S: Neaa ] il séems
\ e h « . Shown
R okt S Rl o0 T e S Bl ARSI
IR SO (o St N eseni U Qi i prgaine, Votume
3%}, paptriie SitK Horexrmdle. gy atCHE af+7epmb & Trevit likdf totbhsuch hygentiah te
CBEST e B@11AngieiR ARG BRI B8 AL Ielal nBtFR B lilke YR EsSIEEbr] HaatiBg
to*ail‘le 0‘%5{1%%{;&&% c!f Iwggrlbgsé u;ﬁ(o S%ICg En%, oélﬁheloaer%gnqﬁ:ﬁnt%talr gsonably low
sect1on Througn a fozzl & chatper Sf g prim Aead
Chrd ol tBictHn the Appyerntiepricesoatghpsahe Cﬁ@eﬁtﬁq BHNSersipagialane
detabiypion oiitk hiden washisarivalnin thd Appeat’s eids pended afdr 1 biien dubye of
B0 SR~ uEnR DRl QU ot o PR il ol
~ g@’&’g‘{ d% %"‘%ﬁ"%EWﬁSﬁP’ﬁ%ﬁd T h¢ REP ANt i on showi ng a
nozzle. WD 2006/ 105570PCT/ AU2005/ 000480 25' Figure
48 iGhe ﬂ?alﬂoagdfm&éiﬁnﬁb R zppli@in@dlated toheltdtedi @ietﬁiﬁtidﬂfoft?mi L
- . e . N
o601 B i S BAARAEE0L 00 B0 BTBRILIE s 16
lovj Germpl RISt frss “ﬁ‘B?‘Fta%iB uaglegieathfic beajer, whiley furgheriouf afegion ¢fjjigh
thepmee diffysivitecyisisr B afapgembny by Bésignefi errevaltd wocoadictag Bfuirengshts:on  of
heat er 1. ak@dne nEzteBbb/ 1R rmaily SN E R KPRbIER@hce B0 Chergy of ejection
theoretlgn%l data for the energy required for bubble
formation as a function of nucleation tinme. 10Fi gure

51 i.s b Hpidhgwrearieed i beseeled by hermicendertionrutibyAger Boecfbmebinr
Subli ah ArraRgelert s @iine@sapiitle Apgribackdnekies, Whigh Hedagintdh B selfdogiing, &
theXénsd tBat e SHnAGL: AHHRT boir@BE b G5 i N M WhofRa BPEZ kL GRRTDET
oM h, éf hea%i; er. ﬁ.l erent FF#'Fg t Ee &gr m of a su Eﬁended 'beamd

Rl 9 & i ol o e SRt o ghioed BUglT e REBLpEe
to gi¢vbardnerrof hrinaiatigianid isfrssahen the manirpunpimmen of thermal energy that can be
removed by the drop, being the energy required to heat a volume of the gjectable fluid equivalent to the
drop volume from the temperature at which the fluid enters the printhead to the heterogeneous boiling
point of the ejectable fluid. In this case, the steady state temperature of the printhead chip will be less
than the heterogenous boiling point of the ejectable fluid, regardless of nozzle density, firing rates ot the
presence or otherwise of a conductive heatsink. If a nozzle is self cooling, the heat is removed from the
front face of the printhead via the ejected droplets, and does not need to be transported to the rear face of
the chip. Thus the thermal barrier layer does not need to be patterned to confine it to the region
undemneath the heaters. This simplifies the processing of the device. In fact, a CVD SiOCH may simply
be inserted between the CMOS top layer passivation and the heater layer. This is now discussed below

with reference to Figures 6 to 9.
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Figure 54 is a diagrammatic section through a nozzle
chanber in accordance wth an enbodi nent of the

i nventi on showing a thin nozzle plate. Figure 55 is a
Vi ¢/t i ¢ section through a nozzl e chanb&FTAH2005/000480
accordance wi th an enbodi nggt of the invention show ng
two heater el enents. Figure 56 is a diagrammtic
section through a pair of adjacent unit cells of a

Figprpsfihbsapmaticelty shviitp boefedbratorsmbadimsntiriyfigugss 6 4o @ the heater 10 is
béntladedthd fbr, of hbhavhtR07, bndBigthesfsfaad SHabd tidiz&dr @Sheadof &ithe difa@ips

Tﬁ@é’ﬁg&gs g@ﬁeﬁa‘hﬁ&ﬁ%ﬁon& Q‘Jt s hﬁﬁf ¢ m%%y%ﬂlo@ﬁ){lﬁg 12 nucleation and the

theret L ch sectlon
F HF‘%gﬁsgﬂE ) o’?E‘F réY‘%qg‘"gs °5‘Ffi “Eﬁ‘t pree PR &R ne
ccghwvdmg‘nfamd:d;@twmém@w@meﬁent enbedded in the
substrate. 30 Figures 58 is a diagrammtic section

R&%@%ﬁ% n’é{% tFl}Q gszsl aﬁd (& B@‘KE%@J elelbht ﬂ)‘%&%ﬁéiﬁ‘[&%% ﬂ\é\értt)meaﬁ;]ﬁ chamber 7. Tn

I nvention sh

thiy &5 5 Heerdovey Apis Brapsieion *hﬁea“f"étmafw%r H‘gﬂféﬁ ta Fishipe the passivation
repeisgL A9 ¢bel Shoivs inigare A bafmreithiing oSlrCitli inler hblkw30 argfli i and n@zszioeof
th6 ﬁm@maye}fss @hm i guRl f4 ap% 1|7 otfgs% /@%ﬁ aeégmrbgm& WL ABRLET

l' e
S“%‘EE““ P’“""”‘S %% IR "réal% Jrée,s S’FLF%JD °ﬁ‘f§9\n‘”§i‘§%f"/ %90 Ur ? %?‘“
heptefrlyeti38 Hes gademgaphphe pgrificipblaeeds. Ehivalawptly rpaflager Hitp Wéepoatﬂ@n
thtla@ficilegerGh arbaof 0 heder Wik B8 £ @ltle c@E indhe Puspeided B embodiments.
N@&E&Qimﬁﬁg IJyg}s Q&eeﬁi}t&}ﬁhﬁﬁﬁé elgxtemt Ih & blorgyogg Ehla &mee%org\%{eﬁas

- resi stance heat er_ vs
s"fﬁ"‘ﬁ‘ﬁd kti"ﬁ?‘ ﬂ‘@’d'ﬁl‘*“ésafgcdr“?eﬂfpﬁij“"ﬁ En"fd§‘é’s‘1q'f‘?“%ﬁ*”6%/‘@° .ﬂ’a PR pperificial layer
42cbave fesdribed with-iefprence toguies2530 e ienstsicthestiricodt@tihe printhead, a low
hiPR4 PRAGCLIAYAE 5 Vin BNicBdsited othd gatshaRA zayepmb QlatQtfheﬁJeﬂEén de BaRd
ele'?n%gtqs g‘ld g‘% rest%f tge[]sul%ﬁ}? OSd IH Ei:ﬁenna?%roctug a ma\(ena }ldo {;' ﬁbﬂ]ﬁy to thermally
‘S°ﬂﬁ‘ei ‘Wtth’é‘ﬁ?Je‘?fﬂ‘dﬁ fsé“s%‘Fseqiﬁb@’G F’@ “%ea‘;?'rfb’% biﬂ?é%‘b Feferaes o aaatirde
Hdover, $n esseis€ e tmtsiternsl icke inwitte pwssighi@uityera dirlny the ieatiie pllse.oN,

of the printhead nodul e of Figure 63. 15Figure 66 is a

sch i.C Invew e ul.e.of Figure
rign € B pehs Bt s ket B et S0 R 20 bty
sugpnded heatdr fabriretiod Pragsesdrserivpithaefesmecdpgiis ke 4, ¢k haatardayer 38 is
depdsied Bl tb[DdT the 2OkicELIEver B 3o ths m&uﬁ(ﬁhﬁﬁfﬁﬁdeﬁ‘ce fshichih@dd until after the
heR&g Ea?@ gé:l{.‘» ba g’neﬁ Iarﬁlvgtcgefd I\nﬁat ;B{nk 194 I]a%ger% is Ierg&égo%teﬁ Zn t§;ho WQ

unex IS a schematic front view. of the
e1eB hﬁ%)eﬁ ’é‘%?él”o’?"“‘ﬁ'ﬂ@'tﬂf“é“’%’*fg sapnfgighieres ¢ 1o thamd prRdnidtyrd Fa 8?
inojuidesin ¢ rodflipger gt jortitatrcidatey faydr B &jeiin @on@izt, wit Bre Biwdhsrmal prctiugt Byen
thePeb @AM GerRDIcks® M BYY s0furbd e HRdnpfdiead of Figure 67.

Control of ink drop ejection

Referring once again to Figure 34, the unit cell 1 shown, as mentioned above, is shown with part of the
walls 6 and nozzle plate 2 cut-away, which reveals the interior of the chamber 7. The heater 14 is not

shown cut away, so that both halves of the heater element 10 can be seen.

In operation, ink 1 passes through the ink inlet passage 9 {see Figure 32) to fill the chamber 7. Thena
voltage is applied across the electrodes 15 to establish a flow of electric current through the heater
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Figure 72 is a schematic plan view of the printhead of
Figure 67. 30Figure 73 is a schematic perspective view
of the printhead as shown in Figure 67, but shown

WA eE®d. Figure 74 is a schematic Iongltli’GFMPO"Sf“O"“s“
section through the printhegd of Figure 67. Figure 75
is a block diagramof a printer system accordi ng to an
cﬁ@ﬁlﬁ) gda %&ﬁeatﬁ%? %!erzln%ft: efcnbe\%g)ove in rélanog % F gurZ? to tS %1 a vaq_or bubble

pefr spectt ve Vi
if th ipkwithindhpiskeenbarent of aunit cell of a pritithead. WO

. 2006/ 105570PCT/ AU2005/ 000480 27 Figure 77 is a

ﬁ?ﬁﬁ&@%&s&bm BRhdeb E%L Jhé’he&é{tm @M@Xf wh% QJe 91‘3@9.11 P@E@sl%? Gb lm‘é %1, and

VI ew O the uni t ur e i'S
ASCHTIR in there beaﬁgfﬁmsn "F‘%F“‘E’ﬁtn ﬂﬁwgtﬂyc’“ea@? @a&*&’t# %hewréwﬂms 19
Shalyvarhaggns @wb tolightbnsurfet ares of e ¢lempeth 10 ngy beghepmichindydad significant

eEécg Uk e Je%mkasmastas&rammm R ke Ble b thSdlancB W Yeen BRlR8lRE
t%&%ﬁt | ve Vi Llew o midie unit cell of Figure 78. Figure
iRl C, partl “al | y cut away, perspective
Vi ew of a further embodi nent of a unit cell of a
Mapxérndrivedaronfeicghpo@nt8dnd tGrequirs pe titvk valtageptbantearkedr begsiopyl tvith lower

r%%es o%@é ﬂ%@%%rsﬁrﬁlﬁép‘@ptsﬂaty el"h\ﬂ ﬁ\é\{lcpgrwg %51% for é:g%le#l u-a?&stor
arti.a cu

ur e

A R e T
gﬂlﬁiﬂ@ﬂcell of a printhead. Figure 83 is a schematic,
partially cut away, perspective view of a further

F%HP l‘egg&tto a%f)ve %ho% Lh]L h%%l llJ {)Ig'rwegr &4 ln&s( ?}? %gumgﬁflegl%e?snﬁ 4.‘uré of

lemat | C, | a away, er spect lve
ﬂ\?F'&W‘S‘F“‘ phithe Pﬁ‘lﬁ‘f"fd SB‘é‘F‘I“‘ F&W@@P g’\ﬁ?f’éimsls as F—%‘Pé@fﬁ%ﬁ thshepg of
tha heatesadrmen il of hatpabagpent i ivewrsfamns o dfdistuseng thai beate elbrhents Ranng
opeRhidn, GHECSowS RrtRAH iftfihe e&t:tro\{ﬁrlf @afh%se&mga,s W&s@ﬂa@@ﬁﬁsﬁj R

th@tghe c{x)rg gbl;Ct L0 rf]tl:lgJ g]ﬁ:g’oeds stls reianvelggfgp ; :lujl;:]lg m%.l.n% results m there lbgng a?ow

SHow s¢
elecrival masitpnee. R papest tp ghameyy lmre@fmt %lg%ﬁ‘)ubathﬁ @fﬁgeszsﬁmé 53-Ye
isUtiE dnd @, WithOfie vidtigis the Bler@3t it is Bbhodimbrgbin | Sifron Sndabe thickness being
oSEhepRtic, partially cut away, perspective view of a

further embodi ment of a unit cell of a pri nt head.
30Figure 99 is a schematic, partially cut away,
It pyidkbs paeittiattse bdtes it sHéwnan Figiret 37 bas 2 eipriifisefitimamtler gfmegt 19 iag the
el€cdnd 10 @fowin Plghrd 312 bas jublfz Tt ixd) 3BEGCARIRT, €N1e3fant 10 of Figure 37
will have a much lower electrical resistance, and will permit a higher current flow, than the element 10 of
Figure 39, It therefore requires a lower drive voltage to deliver a given energy to the heater 14 in a given

time.

In Figure 42, on the other hand, the embodiment shown includes a heater 14 having two heater elements
10.1 and 10.2 corresponding to the same unit cell 1. One of these elements 10.2 is twice the width as the
other element 10.1, with a correspondingly larger surface area. The various paths of the lower element
10.2 are 2 microns in width, while those of the upper element 10.1 are 1 micron in width. Thus the
energy applied to ink in the chamber 7 by the lower slement 10.2 is twice that applied by the upper
element 10.1 at 3 given drive voltage and pulse duration, This permits a regulating of the size of vapor

bubbles and hence of the size of ink drop ejected due to the bubbles.
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In the description than follows, corresponding
reference nunerals, or correspondi ng prefixes of
reference nunmerals (i.e. the parts of the reference
VKPS %appeari ng before a point mark) whi ERTAUZHEWEO
in WO 2006/ 105570PCT/ AU20Qg/ 000480 28 different
figures relate to correspondi ng parts. \Wlere there are
correspondi ng prefixes and differing suffixes to th
Asuriag B s e TRaP it e haindy e prrerielentob 0 ¥ drdhie a%“ffé‘é‘?"ft?"bthe
ereh eublicidp the logér elgmant WS robaki 71 ard ahe brerzy @rliad by bevwo tletchie

td géh\é@ia tlo@A X ABELRIRNES eaérgﬁbp‘iﬁ&@b%ﬁ &Eﬁ;e@élen@ﬂ@sf Bérhiost, B z V. tTius, in
ur.es. @ t cell 1 of a

egm%wmﬁgﬁgmkm@“mgfﬁﬁp o] aﬁh%ﬂﬁeﬁmﬂ%nt of the invention
conprises a nozzle plate 2 with nozzles 3 therein, the
AROZ HorIacha\f dgpndidtindy kot Becikyedaudilyadp@ictitt| 8Be Fine tuning” of the

e;gg&g&l@gaf&g elklﬁu;lﬁ %gf‘an& e, mza% Eivd¥o e thal AEpNOLE iim M fbE

_ asma etc froma silicon nitride structure
“ﬂh?@h is dep03|ted, by way of chemnical vapor
deposition (CVD), over a sacrificial material 10which
It B BSRAUAR ke yppateﬁ,laaﬂl 10. ﬂfneta@cr thiBiigh esael aballus QerticRIGhithEiRsve to
th oEer e[-e%?riP ﬁ)"‘Zt IS g)qgab tgeﬂlroeﬁrgh'o?cs 35 aréc’ I'IOP %inc ot aﬁk}‘gla%?dcﬁe c:l:fgtb
C?Wﬁﬁqm%sﬂ§mﬁﬁ@mfﬁ%“nozzIe pl ate 2 a nultl-layer
substrate 8 and an inlet passage 9 extending t hr ough
Fsalaﬁesm,uawan %y%rpm%um;mmarmo the far side (not shown)
of the substrate. A 15l ooped, el ongate heater el enent
10 i s suspended within the chanber 7, so that the
Disquesprbiiglow; ugder approiyiate hadings.afe specifieisqiats didcddygniagqs of Jiphediments of the
infhiicdl A Batiss afelagivibed ifdiadulliyGd Pekide 6 EdmpRRada Rhdesthnds)y e
cture, which is fornmed by a lithographic
“%¥§%§é§§%ﬁ#ch is described in nore detail bel ow. Wen
the printhead is in-use, ink 11 froma reservoir (not
Efihowndf theptithemsi t he chanber 7 via the inlet 20passage 9,
so that the chanber fiIIs to the level as shown in

Tl%e g%l{head o:l' V\/F]%?sg}t %g‘efnaci%rhés a degn gtacgn L eeslthg gc?zz 3&%%«!: t%{ eﬁg Fce? he
efficdenty layy thss20P propippdss fnartsfﬁoaﬁedép 'Fﬁév Biefentsnfficiently foforyp pybble 2 in
thajpiprie®iasd ekt 4 drapt 16 bk thragh eticzad ® Miekine dithe iAgplicant’¢ doedertgsigns,

th@éﬁ%ﬁ‘é&uué/&' t$ Bnﬂ J‘ﬁbl:’lquthélk is ﬁss%@S(ﬁ!ﬁ m%pazsoﬁ Qn& Q@ﬁm\é\é@ en

geneéagles Feqtﬁru Bﬁf Crijﬁlﬁes ﬁcﬁ}eﬁ gle L]lﬁrtl(ent 12 81%%:'&65)1 rFé %egerat% ahv epor 9 gbiﬁ%
embqqsttkudtomifeghla thshyisgyaeapismentynd the preferit menﬁngw@orelef efimgguiude
lotvdd @ad 04t BBRhdvaheaal iak jRURRING Thid 1025 ea@@rcaﬁmm&@wmas ldvileS

opglﬁt{ng Iéosg %Fﬁﬁ:ﬂ:tolﬂ& Qupglfes BJE%? Enhﬁﬁ drapuHLﬁl? sim 'ﬂ }@; n&x ead M]ﬁ;@

gust nucl eated on t eat er el ement
allg s hightr Igfifigs oez2ighh AU PP R E "R é‘t"‘gheééﬁs‘llﬂ’n‘é”sheat is
applied in the formof a pulse, all the energy

T@ﬁ@&@ﬁ@&wf&l@pr&&mmﬁoﬁ afe &secnmm@én@ca%an 4s§f o&inf SristheRte mée%@lhe
u [ e

mc¥VI wsu chctedh uﬁhdro\ﬁnf%r J’lemselﬁs i@ls#u ?nga}or cooEug m‘é%ég er i%mzhea , a8
“?ﬁ@ﬁﬁ”¢%b¢¢@ure 33) of 30t he prlnthead (whi ch heater
i ncludes the elenent 10 referred to above), during a
&h%&MQQﬁ@pm}“aﬁrocess, as described in nore detai
pbelow. As the mask 13 is used to formthe heater 14,
t he shapes of several of its parts correspond to the
shape of the elenent 10. The mask 13 therefore
provi des a useful reference by which to identify
various parts of the heater 14. The heater 14 has
el ectrodes 15 corresponding to the parts designhated
15.34 of the mask 13 and a heater elenent 10
corresponding to the parts designated 3510. 34 of the
mask. I n operation, voltage is applied across the
el ectrodes 15 to cause current to flow through the
el ement 10. The el ectrodes 15 are nuch thicker than
the elenment 10 so that nost of the electrica
resistance is provided by the elenent. Thus, nearly
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29 When the elenent 10 is heated as descri bed above,
the bubble 12 forns along the length of the el enent,
this bubbl e appearing, in the cross-sectional view

VB9 9P/40537% as four bubbl e portions, one for @53@”&?"5’@?{%’“’
el ement portions shown in &%ss section. 5 The bubbl e
12, once generated, causes an increase in pressure

ﬂé‘l‘extnn alL g%fgﬁg?lgp ﬁ]l’ thxz feaéﬁ‘? 5&% ulvgmﬁr}’y’r&:dgs%ﬁﬁeseﬁér?yea%phed tz 21 e

e e C I on o

3““ st Ip fﬁf%mé§§’P‘§P‘§’b'F I sapyieeter afiprd fief b}ﬁ repigved Gorp tpe j o
rejteed tod condbinatips off iy heat mingredtey thelypctaiion delf,eld tabrigkphat is taken into
tﬂmpﬁmesa%hl tmnk rékg'agﬂ'@nof BARP Nt Rk of K BarktS n@ Rhobertne of heat

wﬂﬁ:e outwar% n.n\?hé:adgto [‘08‘?6 for alrlloma%lﬂ%gmg ﬁlga%eé‘h g%gxéc?ngsmgﬁs, the

fressu Rerat
PHRSIEEq datf nefrearirrenetherferlive yéemand f orni ng of a bubble 12,

does not affect adjacent chanbers and their

ASRE rnﬁmpmjeg& aﬁlcﬂ?rezalngxﬁxt ofik 1 I mm%ﬁa’@em%& toq% 5 d,fag efe&e%%{;

el enment pended rat her
g ST IIRY BF P °a?f Iéq“‘f‘s‘ﬂcf Wil pracofialy B"'éﬂf @Wam%%\‘fé‘r“’“"i"ﬁ@ﬁ‘é
expres tiglngtqroghentaf @yess. bothhen bing ghe efvay idalbe the dabmefthe etepent
16, B3 ob Bt Bifidh ﬁdnd % hdt RGO &ﬁeaieh@gmaaéa@r&omtj@m@mmmp 16 and
m?a.%e o%ag plac% }Qﬁuatﬁi h ih efleks%gx{%ne% al(t)ihe: fgac{:mef: Vﬂo E 09 mnk 11 is at

| gur es Fatlin successive

a?%%ﬂ@?m@%t@éée %‘f"gﬁ‘d{)@F'éft Jupi9 ngjmovernsnt plrherpietiesppe renlacengeptquagidties
ofSgenn diatientiie ekudsied @ thik Beagyan @sudit be Seqiidad b et the @mgiraheRCie
i@ WRp 160Mr e Berk nemm&&we@ Y ARG SRR 008 el Hbp st is ejected

20t hrough the nozzle The shape of the bub% ﬁ as

it grows, as shown in Flgure 3, is determ ned by a
It avipp pmegeiptesithapf deteppination of whiethdr tfdyh\vaqmtysa asrmeft depradsop whatic e
cdn@ifufes @Elantbicntitdi@erbtik. I} the prddd@ caSd) thE BLRrab LI MR © Bkeh BN Ge dndient
teﬂkemnm iétfe tgxnp%ra% { el inB lee%texg Ftﬂ&ezg&%ﬁ lth% mi 2tor§ég retsmg (1104O y

time a certaln_anmount as eva

sheya wiiehipforncrted: i dwid Airy °31"1“§)“°d‘i'°§1€° @h'alﬁéassag?é?ﬁ e H“H‘E‘ia% ase
Typivaljytte sshicoctempetalyiervilt fedhe chamib@enPem@taugnivhich siabsroughik 201°C
(CeMitis).t hrough the nozzle 3, but al so pushes sone ink

back through the inlet passage 9. However, the inlet

passage 9 is apprOX|nateuy 200 to 300 mcrons in
Hovsirgitls ambipngitengerapyrr may bedest £ fof grample the Frem jtempeftap togpr, or if the
inkigtreatering he piinthesl igrefigth®t.ant i al i nertia and vi scous drag

limting back flow. As a result, the predoninant

effect of t ess rise.in the chanb [
IR R, BT A e S A SRR 8 oL vt
oufgging fegttetrery ductiathe dstatiket eflthe @agid atdrerlacqriennuaptitissd g 1 Dis eqBQ to
th Hékt BrieFbE) adAOIGy R hdateQibient 40). t he printhead is shown at a
still further successive stage of operation, in which
the ink drop 16 that is being ejected is shown during
By way ofexzmple; Wbﬁ%&%*ﬂk bt B¢ ‘é‘b'i“f%"“éﬂgéiﬂi“dcﬁ"@é Ratergpsed, thyghaving a
bofling winséfagpenxintatalg 1PRDDIf @e ddbichagnparhtne &dy °q, @acikeds 4 hagimum of

60“@&6%%.&&@%@ %Shcﬁrﬁ%&luf%%&iﬂ&ar&r@ ﬂﬁQL Jh@:QéﬁuanQé@@Erﬂ&e rise

that ﬁlﬁ: E%%eap éoug!fun%m ! 'ﬁde:nsure Yt’ Cﬁ zxfl %]1& %Sfcan H\é erﬁi'fg ﬁg‘gfg%z proguce e!ach

drftpdﬁmaﬂse leshi@anhsinarimerf angogit Preperey Haycap begfersaway e nprinugpmpyst

of BRre@ ha\aim bk RALWytshi N the nozzle 3 (fromthe sides 18
of the drop), and sone to be drawn fromthe inlet
passage 9, 30 towards the point of collapse. Mst of

Expgre™ AGYRT11 dr @WATRD t hi s manner is drawn from t he
nozzle 3, formng an annul ar neck 19 at the base of
the drop 16 prior to its breaking off. The drop 16
requires a certain anmount of nonentumto overcone
surface tension forces, in order to break 5 off. As
ink 11 is drawn fromthe nozzle 3 by the coll apse of
the bubble 12, the dianeter of the neck 19 reduces
t hereby reducing the anount of total surface tension
hol ding the drop, so that the nmomentum of the drop as
it is ejected out of the nozzle is sufficient to allow
the drop to break off.
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When the drop 16 breaks off, cavitation forces are
caused as reflected by the arrows 20, as the bubble 12
10col | apses to the point of collapse 17. It will be
WiHT08e/105%8t there are no solid surfaces in tRETAUBIHP{0YS0
of the point of collapse 1740n which the cavitation

can have an effect. Mnuf acturl ng process 15Rel evant
parts of the manufacturing process of a printhead
according to enbodi nents of the invention are now
wikesel G0 e \d thddesisef o WaOCE-41905. Elgd fs@® spkQfid HBat 3Bwater, V is the drop
vﬁ%e%cf A’IQ&) (E oAsEJng %%ay;l& CX&L]P@ lfat o 192p1$1tl>9\i¥'?=1eél En%?caée ction

a silicon_substra or I.on el ng
Erponet O gy T T AR S5 oo et e
argty afpezzlenwquligispwithgisd Pulag tp ﬂpﬁpeme@sre thh ek meide. theibazles flinguld il
c&@fu@ls@t Egao‘t:@ert ihadk ld&‘lﬁ:ﬁl BERT 0 brodubadhldiop iR %Qardless of other cooling
nEkES R G & ol WS Sind et I bBRRGLLOL L ALl D
process t wir

‘eW%"I"’&Fﬁ%‘ﬁ“‘PYo a unlt cell 1, although it will be
appreciated that the process will be applied to a

SELEL,&LL&Ud&@;m@E&\ﬁC@&ILudAB t cells of which the whole

ambient

printhead i s conposed. Flgure 10 represents the next
successi ve step, during the manufacturing process,
It gdesisgoletitryoid Bavipt ok femperagyfes witibihe paindead (hthevBSatfinmp efiitkatop
¢j RO Sifich arelvErS bibtel torlifh bbilke pbiatdf ih€ink 110 MerhkratAselt bolldhg result in
el&vﬁtgdﬁgépgrtdt% %ateg Q&Emgstheqm thl: &z{{g% & ?I%{dgﬂm%%e inlaasgogg anai c]oa the

trate portion
UrhTRS e 8K P?E‘E?a“}’eéﬁlﬁ?’ "sﬁoi(é “a ﬁﬂseﬁ'ﬁg’é"ie%‘t“i‘ WHEr pagsriditks 19 gome
oth is¢lwrign (kerchin el bwemissing), fimeinglactinehtks thatnadlo@otheaihienbinnglc prévienying
reiill’Hf e %ﬂ@ﬁx@rtﬂﬁr 1 h@coﬁﬂt@HQ ﬁ&@&enﬁ%&tdﬁ @k mde'hﬁdﬁ@s confi gured such

thz& comlpfééle arglg Sas?desr(]:?ltﬁda Ve, ca%l soth %hatl.&r &J&b%mormmg liquid)

rings
in f BATFRIEH nPﬁﬁlefW@b% begp Ft?aéwtedﬁnpefﬁm@ Pf@stanhitﬂé P‘%‘O‘ff#é@ib"ll%}’e&“s
whi2dtht Ikatfnp elereant 10iisilst ablve. fIn cuervach of fvat&ibave ifiks, Qistedie sutegh@ure is
1dg%ﬁks9{ﬂ§16@dc%avm¥‘@f?g%§m£ HQisiReZde of the unit cell |

be formed, through the substrate portion 21 to
the region containing the wiring 25, and corroding the

Thepmgadyintagenf selfipocdipsipiba adliows for hléghrﬂegicdwsidesi foreduich spe@2f
priaheb i 6pefalidnSdithdat r8Yin@didbrbte EdaRng GRANEs & proentf urﬁ&ﬁed@ﬁm in

not&%% L:%g&sdl; t\Q/ gc{zg%%%jﬁz@g‘f&g%&p»?'ié?ﬁeﬁ?é %Qh ”Hns%anf%ﬁJvE ds e 5

assi vati on

b SR ey rozaypoging sty ian WHARE U e IEplgpdEaf, nd the
terreau ctittramestfotedr wetehnet peseph IFrherpbret iftae sterly etate ik r@perature

prédﬁhé@ﬂy%qr%@on 2“&: gﬁﬁgaﬂﬂﬁglo‘g P&tz PB0°8Qor wItQ%as@cpﬁlB} b fu%@ ﬁEq%erIcP

of ﬁle Fcl%l%t Li#not Iumtad l‘rya ermapcionsgr 1& asl% aexmgugl atg an%rﬁ;(e): ieﬁulténﬁ Brmt

process. Igure

Spqeﬁﬁlllslls'aﬂg‘éﬂmé‘fdbpi%tfﬁ‘ét‘ql@fﬁ“'aﬁl‘@\am‘teﬁe et chi ng of a hole 31
in the substrate portion 21 at a position where the

No%%?&:&na?r cdnﬁuch&l opc%f Jaé}!rﬂtﬁéid m&%&t@:f clrEJC} (%!H‘?em%'i QH%% '69@1:0&@ the

$ f% t be r Q’F ﬂy dash

bagk ('H“e“ § of ety SE”(“"C%%"&“% Sraeke Riare 3P Aighroust Eﬁ‘&w’(“r%’fds will

re@h@lwme)mpeﬁmrs blahepritesad inttarated oircit ) i thertbeloy bf sreadirtaitaniperttive
tleJm@d @Lquaﬁdﬂ 2C Mkﬁ& Q) whize th.blmaﬁtmdm&ﬁﬁgﬁr rbddcel iﬂ@pr@xm&m r.

| |
tenwaratuf]p wﬂl de EEGP] g{ %Jénra scgle %e al tah ee%%ag)%tto?thet pn.ntlﬂeag Ca and hotf?he

ing Fale PREPPS Y6 U PG GFBERHURAoPT g et B e 'e?'ms i ik lose

to boiling} will still show significant frequency dependent temperature and viscosity effects. Thus, as
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If, instead, the hole 32 were to be etched all the way
to the interconnect |ayers 23, then to avoid the hole
32 being etched so as to destroy the transistors in
WR2006aHUn 22, the hole 32 woul d have to be B&TEHEE0SH00480
greater distance away fromjhat region so as to |eave

a suitable margin (|nd|cated by the arrow 34) for
etching inaccuracies. But the etching of the hole 31
afrpagiyinquneed; ibis Profratinte aigyfyyspadutiae fuisktenperprursssisnifipsativbriew boiling
1250 eSS bk sdad of s RAdrboaEk dept h of the hole 32, neans that
a lesser margin 34 need be left, and that a

suBstan%lally hi gher packi ng denS|ty of nozzles can
= ved. Figure 15 shows the stage of
production after a four mcron thick |ayer 35 of a

mesm@ bﬁ]he@lvexftt&ﬁbl&&s W BSicReE By Qﬁfb@&b toeﬂes 9 Gn &\Bin&:AY emm24

r%l'x]tj:nce t U B g nofz%lt‘! ;{l;ﬁe 2thgscefm rnl%leres I ace %tge presen?as%ect optﬂe mvegtvgn

rqlages PH'@N%*}&WMOW%ZW %@W@P’ﬁ“ﬁa at%eépqﬁeca(hagw pregh ﬁeesste pfithed
niyyled 3@ thawssrRaceslo over 100006 hagktés@mid urtha® akOr m r ecesses 36
and a sIot 37. This provi des for the formation of
cont for th trodes 15 of the he r el emen
G R PG Pl oy SRR P B G ee Seri wBiech
?fewqfdﬂemmt thé atakdensitnexteds 4908 cesles/cmt. gn sombef the Applicant’s
désRhsiBt drattefy it ps29@zadsemal | s 6 that will define part
of the chanber 7. 25Figure 21 shows the stage of
roduction after the deposition, on the layer 35, of a
encgefing toythe 4144} depsity: 539%5101%“83 igpkep 0 gclugle thepiverqiraptey coppsReRding to
the ppz¢lh evhigh ess@nttypeatlyod i debm transibter, aohift tegitarningimbia kagandilagin
reBdntrhitlofl Gireuife} @kbcBenh ni BENS QI LAGGKaPT Production after
patterni ng and et ching o¥ the heater |layer 38 to form
the heater 14, including the heater elenent 10 and
Wi esforencs indignE 7 in3hicl) $ngie anitrgl! S ehpn, thiy dimensigg f thyf unit cell are
sHoW0d bl 30 Ricohd it WidABP b4 KIS @Qéngth Te @dzz16 B&R hexk AYOSiveIBw of
2BRQ e ﬁﬁp@ 4§)r18£led'ia %mp%ém&%eﬁ gqlgteaqa resl oﬁh i &1&%%

sta uction a
o PR ST beae Bt a1 RS T BaRS *tfé?&éfet ¢ Gk 5 Rt e te ol
arpi ¢ehaity pfadypivetthoialigyet printhbpd ind rmyebly 4000imed theoezztelawal fignsigbf a
pilBMdcBit prindyAr 38, is of 0.5 mcron thick titanium
alumniumnitride. 32 Figure 23 then shows this
second | ayer 40 of heater material after it has been
Thepmain adyartage pfa pigh eakdepiiy s lopnandacunnsipst a5 thecie tickt awbatsly febricated
onrsdibaavefac of apamiedaadize41l. | n this illustration, this
patterned Iayer does not include a heater Iayer
sense has no
T “‘ﬁrét“?zélﬁél thef gj"ﬁ%" %erd FAFE>T ‘é@/‘gr"“bﬁ’t“eﬁ’é"ét"é"‘r“"ﬁ’ét @t feal
Tabtigmas! inasiriglg batqhyhich gygiedliy eentitieof pregiafot Fhrsest ofmapfasturing a CMOS
plEIMEMS VAGES tht HpOfscdifiic fHaME bf tHedredddt tidlion is,ltdkoRPétead | ON,
mé})el%ﬁeﬁt o?ﬁlg ﬁagtye o'f Eatt&%%%tgmkg&/ on 1th %he?e! 15‘ tﬂ%pqge‘?‘ns\éﬂ re? vel small a

greater energy consu
relgively fager mefbff@&tft%ﬁeeﬁ ¢ igfluded. ﬁ@ H@zﬁ ere ‘@F%‘—?ﬁéﬂ’@é‘“"f@'ﬁﬂ‘hetﬂs to
betniya fduadl forraeastres cog Higoid Fase wherd thd negdes et @ hwernrclidgsitye TkZost is
dided¥§ poktloRS B R thedtekeh BMRMmoAs FlO€S contain a heater 14.
Figure 25 shows the stage of production after a third
| ayer 42, of sacrificial resist, has been deposited.
Dryisige uppernost | evel of this Iayer will constitute
the inner surface of the nozzle plate 2 to be forned
later. This is also the inner extent of the ejection
aperture 5 of the nozzle. The height of this |ayer 42
nmust be sufficient to allow for the formation of a
bubble 12 in the region designated 43 during operation
of the printhead. However, the height of |ayer 42
determ nes the mass of ink that the bubble nust nove
in order to eject a droplet In light of this, the
printhead structure of the present invention is
desi gned such that the 15 heater elenent is nuch
closer to the ejection aperture than in prior art
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20w | I constitute the nozzle plate 2. Instead of being
formed from 100 mcron thick polyimde film the

nozzle plate 2 is formed of silicon nitride, just 2

WR 20 HSSPhi ck. Fi gure 28 shows. the st ag®&CHAU2005/000480
production after the chemi g3l vapor deposition (CVD)

of silicon nitride formng the |ayer 44, has been
partly etched at the position designated 45, so as to
EAYsHon 2 Fres oeit Binge™ B tPCH) sbositiptbothdhe op valimeaz eicptigp epergy
sipuglSinget Peschdyl3eic REPCAS: GMAmE i adelflcoblingpHntead ODGHGY e arhe
siod ROGae, %ﬁg%taﬁl&lgt oaﬁet,t% diopgmg@mq; brﬁ 'dJ_.ubﬁ;.g ELe ﬁ}t,,l sﬁée
has been’ et ched

g‘t“ﬁ‘é‘ YFOPIFREPS BT 5t ﬂ%‘”‘“ﬁ@z‘?ﬁe ik r‘eP’Pﬁ”d‘g%nWH ngt 6°°f88"F‘r¥1"T 'ﬁ%‘“
ej ection aperture 5, and after the CVD silicon nitride
EMRprfRBived:BARM Bht Bdad R iARSIsH0IN andd&%@ﬂ@tdﬁg sidefis mnapl

axldtZ%II Er Fs%at Le F‘Ln[l grgducf fGQ&A{;::?ma\%e SQ €aée m&gu? gee ac wshbie

Ion a

lete

: -bis‘@éﬁdogpf;ﬁ'}eud@apla%wfné?mw%W@tga@de quph@atgraﬁ%wlafoéucptﬁﬂﬁwﬁm

th@ bverlgp sighieuntlyr ipeserdhg fitre caquiteinent ot da@racysdndl éror( tizttorg Rabiliey) (commonly
wﬁ@@Qﬁ@mggﬁy?ubstrate portion fromits nom na
t hi ckness of about 800.m crons to about 200 m crons;
‘and then, as foreshadowed above, to etch the hole 32.
Eqpption Pesn be .3 t¢ detepmigeitiscelationsiip kpeyserp STy daby Jbmvid Bndifis eergy
rejlired tgjbcedrdpl betwldB€1R) antl R IHAGR drbpk 61 valer H2@8 inkla 300bT RBEOA eRfy
reguns%n 5 %S’b ‘?‘ige ﬁloﬁ)ﬁﬁ tﬁbl%l?’temég 4%#1‘9;9 dr%§5’ 30b|ﬁ rersxﬁth\é %&LCLJI%A :Q(gfor

QPEX% nﬁ ma3C orm t str g
IFePPP R reRki P 2 36 C Hvd ATTEing %e ‘mméfaée azlbwﬁ f“t?PF"‘l“B“g‘%‘f"h the
steddsf stare dnk tempergiva wited00a7, 261 dmp tiectién withee Ael. | The ialneil bo e e
boting@$ofe g 306hy,9 bmua ejedﬁ&raa&\@éﬁ)-k will be 3k boitREpdR I RB0bMA 1 drop
ejecp ion, Gwcn%t% c?rﬁt;a\lln son V\Dsuf% Ql'r(()i JEeOSS%tQIE gl;/ A;L)Jrzés%n 15n/v9 0 ?(pntl hl s

ch%fraé}hetm@ré*mefelwwwetgh@rwbg s%fzwflﬁ@éesghom in F| gure
34), define a passage extending fromthe | ower side of

Feht}Ss SRS ALEBPr tion 21 to the nozzle 3, this passage
serving as the i1nk inlet passage, generally designated
9, to the chanber 7. 5Figure 36 shows the printhead

Thoprptedimpnts shryp 2¢hisvayelhgoeling Fith nokriprvowams thay bikos withawnolylesd erexgy than

theGdriG@Ft] Vhisd lbdl td1Gd detdlPmEnDEr 2 YaRgeloF ﬁ&bdnﬁm§inafél‘hﬁﬂueafof g Ay BRdtton

eaffly. T DAL 9,{dgr§!m%%m§desng o Okl i B ARG SR ana | ©
sed

ove uction process | 0 pr.oduce
SOUSRIOE AP RERS asa%la%‘é“hpw‘ilﬁ Prarrs oXitppteexpyTiFion forfhe energy
requigdifdy bybblp formmtibrdeild enbodi nents, having different heater
structures are shown in Figure 37, Figures 39 10and

4%hé‘?mg‘ n@hf%g{('?ﬁ%)he(gt em? &0 gﬂ%ﬁ?"t “lep Lqualo Sédltn 0

the inter naI wal I's of the chanber Bondi ng t he .
whirB A &t terhi@raBi® ihotkas tibh amEian Wi thehilin bbilkg poE(RIDE FC Bk WOWDased

iR .seﬁe%mapguf@c@ Jre B RRSdalel. ?r; dzn@gu: g@geglﬁ&emrt%%ééng R isRrmat

uction I con

°°f§’&°g§% falf§ Ef&%ﬂ‘%éhté%bupﬁf‘em BYSIeRE P e UOSFIPLE h & UFES P I fpater,

codtipg nderflayqr gndhigk Feenagiiesly. ' Bhe|chatingio liyrmgisivatifi e iftesti@, codting placed
betG:66R @@ InkiR P ntenidhad ﬁie R sthﬁ@tf&rthd s&ce Q@ﬁd}ﬂi@itytlﬁ)eqimoh 8lto be a single

hox%cg’lgcnoaclaey%r \9111 under].ii 1 38 t.he mzﬁlen? em LPfhrmaI ﬁonaft tg glsg'eatgry (hn thoe 0pp0518 side
of g‘EI B@{exf tﬁtﬂg sidy gmbfowg);he(ppbbicr&ﬁ Weﬁgeop% Tihig dpfigigipn leaves open the
possiBitily af Hepdrs dnadhuipehe ¢hirsbendiabairor @bithnd thepoSibhigt of fbe@ted s8spénded at
find a material with better thermal barrier properties
than silicon dioxide, which is the traditionally used
thermal barrier layer, described in US 4,513,298. The
Appl i cant has shown that the rel evant paraneter to
consi der when selecting the barrier layer, is the
thermal product; (pCk). The energy lost into a solid
underl ayer in contact with the heater is proportiona
to the thermal product of the underlayer, a 25
rel ati onship which may be derived by considering the
| ength scale for thermal diffusion and the thernal
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30particular, this aspect of the invention focuses on
the use of lowk dielectrics as thernmal barriers
Low k dielectrics have recently been used as the
Wh2086/1088%0al di el ectric of copper damascene PRT/AYPIGE/ERG480
circuit technol ogy. Wen uggd as an inter-netal
dielectric, the reduced density and in sone cases
por05|tg of the lowk dielectrics hel p reduce the

fsdully gppacrserhip infsf Inttheesast pf agpspepdeddipateg the budertaydr & inkaprgits
pRPEGP &€ b @ Qi \pRedNicRERLAL the loRteshad¥ing DROREE T Y, is0dss in
nEJHﬁcIleaﬂﬁgterg&s%c%g mcéexqeg Ualitﬁ the IhQiteI‘ h@orﬂ%osgﬁﬁ{ orge? Collated with heat

1 cation, an undesirable consequence of the reduced
. aé‘l fé’&’t"i"""'ﬁg“a%‘FFs*ic"l‘%/ TEOHIEFthRFMHEI  donduct i vi ty, whi ch
limts heat flow fromthe chip. In the thermal barrier
A@&Rﬂdg GRdqhddbh 3, [N aten @Ry Rbc GO ML bV oL MinimSrink R RhergydSquitelt for
b %nts the energy absorbed fromthe heater. WO
BB BT 70 PCVAO20051000480 34 Two exanpl es of
| o Feingizs bt a8éds suitabl e for application as thermal
bax r inidinsze poectifppitngdichbt eri al ' s Bl ack D anondTM and
l\kgvejnjnﬁ,gzehggglrtgl,gg;;%both of which are CVD deposited
S|OCH]‘ ggsefllms have | ower density than 8i 02
(- 13%'(3)?@??"%“@ P 2200kgn13) and | ower thermal
c Onduiskmizg pyclpatigf irge AW i f ' 1 Cl vs -1.46WM 1C5. The
t ler Rimip (pogkyet s for these materials are thus around
6 w/ 2, conpared to 1495 Jnf21C s’ In for
89824'%@ 8 l@ % reduction in thermal product. To
cdt cirigie ?TH%SSBIeneflt that may be derived by replacing
Si%0 2winidér beagrdssSwmi t h t hese material s, nodel s using
equation 3 in the Detail ed Description can be used to

2%6.0f tdnglbgpergy required to nucleate a

Eaﬁpget%mo?tm"]' icusffdm hermal. 10 diffusion into the

under | ayer when Sl O2under | ayers are used. The benefit

Raffice egreagpl acenent is therefore 60% of 35%i.e. a 21%
reduction in nucl eation energy. This benefit has been

med b t_ by conpa t he ener
Lo e A A R T Sl AR R L SO
reghiicpdiip heayfhedheptepto Sie GrehaitingpoinhdlAipdkisand thpensiey rekire tp keettthepoating
to@a it BliacdeinDA 2ERd TM endtD Thitoyldahtiaring Acurbded: 20%.C.e5%"
gﬁ;@ Exg%{ %ée? gy {)&Em&ﬂrﬁ ﬁmte mQ E‘HQHE,RLE‘ a&%?én%ie sl?c;ﬂgly Qeﬁendent on area,

eter View n or mat
S“§f fcb.‘beagseb 61 sgxalfer %;ea nﬁph A Slaﬁlérﬁ’olﬁla%ll)emg BelaTecil ﬁlé smaller volumes will reach

- the@imbbiingmeittinore quickdi wig 2 giaineeweaimpw @ esl, sidettie L asfilFE teopsdn

eqﬂéﬁ@d 3 JSPI'anéim eh¥RiSate uiueilgir 1B en Has Diclohg lme,a@anta@teb Soquired
tog cht ldmc Bteag%ita%mmd tea:llperatt1 &plc{a % garfvm&Qhee hca¥er e (Qee@"% etba:t ?n

‘"e%ﬂ‘a&?ﬂc@m&“ﬁ V'tﬂbfe‘i“FFéhes“mfﬁr“I‘i@QF to|pqiiate “’Gf’“bt’lh@”x%'@ er i.e.
-300C. Indeed, such |ayers can be thernmally stable up

nregeaéﬁa@e% ofa%lteﬁs%mmﬁ ﬁl.e M TAel &&&ﬂo@[ﬁd TR hQatere cUé@d Qfn

1 ? % fusion arrlegls§S gj X !
~ éﬁ‘?& %ﬁ‘fcﬁ"é F“aff”}gﬁd ?‘1"@?“"8?"%&%‘?“&8‘% Gl be ‘E’%F’B irpfpate
thi meygpsateddn kpptinPEENYD worldpr pOsibla trestehty Fetfyqplmgemeaswth brriaaeets as
Ia:g@au BOVR, Bk thd BB6p VEhuRELuRGER K5I 16 @lleasoOf koRALY the lred 22ARQAIE hEYY

awa% IP sh%ernerah% Cgerg&g b)?éegple%x%)lenced Ill‘.lnrtﬁehag atr d?o% lilrgl%neg Emalllg- than 5pl are

uct1 vi pro uct “an ener gy
"e?"@'dﬁi‘%ed to nucl eate a bubbl e 25may be provi ded by
i nt r atweitrgespovoditeyritdtirmgd e di el ectric, as has been
done by Tri kon Technol ogies, Inc. with their ORI ONTM
2.2 porous SIiOCH film which has a density of
-1040kgrr13 and thermal conductivity of -0.16WM! see
1ST 2000 30043, "Final report on thermal nodeling",
fromthe 1ST project "Utra Low K Dielectrics For
Damascene Copper |Interconnect Schenes"). Wth a
thermal product of -334h-11'210s-1'2, this materi al
woul d absorb 78% | ess energy than a Si 02 underl ayer,
resulting 30in a 78*35% = 27% reduction in the energy
required to nucleate a bubble. It is possible however
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35bather is directly in contact with the underside of
the heater. If it is not in direct contact, the

thermal barrier layer is preferably no nore than | gm
VEQAYPOMEBHh t he heater layer, as it wll have PCT{AUREHS/000430
effect otherw se (the Iengtt{zt scal e for heat diffusion
inthe -1 gs tine scale of the heating pulsein e.g.
Sio2 is -1gm. 35 An alternative for further

| e redies thelqmpusieal Tedtivnsea hay torahsork thereby decilijaging fystep pringrg without
S to;-m&&uﬁg}ﬁpes:mbm&.on di el ectrics, such as Dow
Comng's § LKTM whi ch has a thermal conductivity of

0. 18WM. 1 Cl. The  spi n-on | me can al_so be nmade por.ou
prsizes ot (3P e RrfeableAstpy ﬂ“?fg“-lﬁ?%atpmwa%: TBWPW%WM rozdies
tRpdiest -2 wBerdsskditladiepe witGi2004 diationtivey peirs ~530ayibedtdrsy Thep t O
cdrHondidRSpdRMiréHise 6 theQﬂBQ@f an arﬁﬁg'ﬁﬁwﬁﬂbg}gf Jokh?es 8 PledlctQo be 40 °C,
sgéeealtlgﬁgvratlgn fseémlf&r?h a4£e}ré n%; ex :en csan lg]ﬁe)él @E& of%i:aggn rea(a:]lty th% rise
inschig fFEIPYAR ﬁ‘%“éb“t?&’ibﬁ'g will by é‘%’f@?"fm Ipsy thF‘H%‘f’ é%l’ﬁ% eonfigiion G B the back
offthd cBip isSwotital iht@ gbcdufit in' this Gtcutatipn. ah afPddsE, @ide nddbibstnlebt@ié @dfinition of
se!lﬂBtﬁ:E{ EEEWI@&JBEIQL AhERm{ fer A0 haame&ml%m@ né%ﬁm@ﬂh

JLsu megazi ne, E'gp
g el SRR g7 B B TR A CepE ot A B SPRIE B
stpadkedta chip gndlik tamperpiure aﬂlgelessmraw °E.lne mAQAPE denpelst thegnozzles are
AN ot Holy GEciaRRYy B fdd bELI i poodifpel BHBRUSIIRME BSASoQ e ink can

qﬂﬁdg%%@m@;m A @Jﬂ%uheg 5%11%5 s@buaﬁe% g.lot,e &OF'; 8&}5%%5 Lcr%%f rvﬁeQ G

hegfer o ds leést"t‘f’éﬂsoﬂﬁn the stﬁ%‘eaﬂkﬁf@agfefwaﬁwe 1O eepeeigsting 1 2pl drops
with Difamble@l Likewisechthi inatérhaea idjep tiac 220’ sthecbevdy siets ink rEabechesan
bd $0°CCllen Geotinls 1 St Hef WA, SdIBE @Jolu%p | no del am nati on

p

of the heater was observed in the icant's open

pool testing after 1 billion bubble nucleations. Since
Fighied91sloat eperipantd pidaheretisal dea fortherepmseyirpgpipef fr bukbipfofmstian) shewn as
digbBedltd Hee bt;bngljadeh'w:ﬁg fakis: oflic@ttatda. 1he dxpéapprial i was ke fréayD
soq,@ 99@ Aof Rarkd Aan;sde%e@ R Bk da Bk oL pltomsns%pdhcrans&mmw Rl Burge

i_nal ﬁo‘]\]nt of interest relatin t
S"B“ﬁgﬁs‘i JEFBIE PEFAT BUsgs SKFacopsep e ‘EFt‘"a'éf‘ﬁ‘? APt he
retiftraperphhe Hatermiaetial wismedg@edyisi@6a4 Ofaltsinptute ety thh gemicprapctor
wif@Ylde td the doRA § pRioR thethedRPAGELahNRe 1B Qer bldRbrySvelc @Gl RPrei:

thd A ﬁ%&@%ﬁ&tws\l\; Ih]t, ﬁé§tfr¥ | »ﬁr%n %Xfxg'é ;c%ods mgo'maéu%' \-X:ﬁ yidgrpeath

mm?% tho B TERE GRS, 3 oot %2 b s ﬁﬁ*@%ﬁé‘fﬁ f"‘i‘“é to be
cogkgBiteg hyeresistances @s@bongto tha/peaes.NWhen dtisi 20 Ohm @gjtsirssisamrawys put into a
mddBidhsed Jﬁ%q!ﬂﬁﬁhetﬁe tpe%reﬁclaleeﬁé?ﬁl pl‘e}ﬁcﬁtﬁ @{1@&1 %Fhéufeqm clofb® matched the

ex&e%png% rl?tth? ﬁ%nes rcflganf:chuéege d'edgﬁggo%%yoch:onaog 8 el th? Eaté:F %c}el predicts the
enegY FERELdi tfvwcl@mwtl meulse e sfrgvidtipfouidige das |bp~30@u€1n Jgfyesistance
shidht NPT beldvain thE RROHR S:BMihihizing serifi@osARI hdt GRI 'tHEsc ROZE. B&e
reéM?éeﬁzPhaﬁ{ GsBlGgk gned to be self cooling, in 25the sense
hat "the only heat renoval required by the chip is the
heat renoved by ejected droplets. Formally, 'self
The boit e @hiclothe Bega ks @owiridngt is dogminady barvajpatichef volwgd inko be

com&a&lkse@m knd umfme&slaustume ﬂamr &Mhercssa bl thfd Bk, 8faporioflr Uter

ﬁ'om the u!]ctwd?#egrgatﬁ AL € ngg cenetr%té)n ofy waf‘ehm %ﬁeglgn%téve?nghﬁg%a eeaang}k flchzzle

m%maw thesapeigptiohd O'éﬁéakgvnpﬁl@wmwbeaa the bpmesant slygerglo P‘lah@rqssres the

vistdRigy dffhenk & hie redutts dle Sgpuit yBh@ gedefitel, Beas e eaporaibi@edds: om
the tenperature at which the fluid enters the
printhead to the heterogeneous boiling 30point of the
ejectable fluid. In this case, the steady state
tenperature of the printhead chip will be |less than
t he het erogenous boiling point of the ejectable fluid,
regardl ess of nozzle density, firing rates or the
presence or otherw se of a conductive heatsink. If a
nozzle is self cooling, the heat is renoved fromthe
front face of the printhead via the ejected droplets,
and does not need to be transported to the rear face
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36 Figures 6 to 9 schematically show two bonded heater
enbodi nents; in Figures 6 and 7 the heater 10 is

bonded to the floor of the chanber 7, and Fi
WOMOGIBTAd the heater to the roof of the Chg&y@pzoosmomtso
These figures generally codsespond with Figures 1 and

2 in that t hey shOM/bubee 12 nucl eation and the early
st [N interests of brevity, figures
cor r é °8‘H?§g'ﬁ§e ?8“&“’5 m}"(grs?“%‘r&t *8°E° &howi ng 5cont i nued

gr owtths bebhld ingbplend forsf: @@mt@iv‘fh Lo atﬁé@h tooshitheddk redRed- er ri ng
Whed eSéntuliyii@ whleQotc@%ratBn Bikenlthe Hedd@ add @R h&kle @bR BRGH 2 clinl1Svel,

Y Htetg.gdoft@but{le exgt,s% gmoofe mgmm;wtt% mme o dusurd cgmmtttssfmﬁg&e

eat er assivation
&Facy@?s theAnteryat 'é"Fwef“Iﬂé“‘é‘i‘\‘PtﬁPPFg mhgh b ﬁ%t’%%ll“ti’é‘t“F nfglpedss 29
cqnipestiorgbidugbeion thisicgpicaldevd Gilter whigh thy ezzisticiffeatigplyafogdgethie | nk
inlet holes 30 and 31 and deposition of 10t he

acrifi lal ayer 35 4 and 15
TRl st Bl S RE e P = et o
hegterenpeziptsepamifpn arh‘étatl@fer ¥t Eheibegier BG !Sftte@ntp Bésiphrgoneraqydigpugicile ink
vibeBsity. N2nalled hedrs Blde BdntlllcBtubbld, bre lektiatlc &S visdass fhidabt@ie ndzaly @8
coﬁ{éﬂdeﬁtﬁﬁavgygggr% c%f 19 IM %r %@Eornl %ﬂe? Lrgtl.husl nﬁ))@%ﬂscc%éﬂle t(-JI- Q/Lp%ratlon

r oo eposi t
Heatyps thagaredgogmal} i) E“r"e g‘“% et %%‘t o B?P‘af‘ﬁé‘lyﬁ'ﬁ’ﬁt’&qﬁ‘“l’ga%?“% be
firgdsat p gte tHaovogld sdveriefy afftveprisiaglion Qedivdald stpeqt the FBoufibraEnefshe No
preSedd BenBRAGd Hafel a@;gahcat@y@&§ c1BdeBg iR OkbknpBiklerd otmtnm@nhﬁ ata;wt,

I nt 10 '
w%g\.)hg:ﬁ cater I S e r L I‘I%‘%a ?)res%nt?nvglgpne%rweﬁ e 1s¥i41 g

03| |on and
S“@@ﬂéﬂé&labﬁﬂtef Séthem*%fgulfélfmtfﬁ%m% Eaﬁaﬂ%%?&ttefftpétdatﬂd padgreite 42
coationiay teledils folr@dbnwintthat dase ihe penibe sutfase FrieisI306mm° Xplyta 0593 fducik
ﬁg;qpﬂng&@hﬁe,tﬂpgntgg‘l;ah&g ency of the printhead, a | ow
t hermal product |ayer 25 can be dep03|ted on the
paSS|vat|on |l ayer 24 so that it |ies between the
% 1108 nparetectivetaptieesd t he rest of the substrate 8. The
thernal product of a material and its ability to

?JJLEJJS d.he eﬁ&E%F &;d!nl%? 55"%35ﬁ%%°%t‘§% 3 th%l%atlsr oflli3 GRS €d

ove an reater et al oW W t erence to
m@afe%ﬁf%ﬁe %"’wc% BT GYRipally nggte frorg SiiNe.SiG gnd o Fhicsplavers s gk
colnprgigon itorihechedtdn eUYSEEE 5 A 2 Aiprsdn anal fasspedduliermagilt i ekpaple piiigs
striXddrsS efhc 1Fttg TV} $un8thia!n\§in|9 ms taawu&ms%s Jraabx%caeé 1838 Rfat 128} 0l78m.

Wt&hre ereuce to gtﬁztaueoES ng eans re w1 be a ?T%hr@ tcrm tha?ls N‘Jdméeg Etg%%] i} tfh

er tabrica cess
A%Pt(hth tF"@f %‘iméﬁ’tﬁéhetpé"eﬁl"g layeesslingipates e 4 Pc“c‘ch@m’n Sapee (hgprefpetive
layd3 albcSsigeli@i{aouyirédads Hdiffusige 1656 tetnls ms@.@tkuft ‘e TAl a0 <", 3d¢e aS O

smtlttﬁv ﬁfb@ncgthu&ea%saag%m&@ g?ttﬁré#ﬂgbm@a&lg%m ntmqlttﬁ;ma

t he 25heat e
R o MU A e S P EHTTEp BT PEUR 5. spve
cay fjodnoetheehymgy régpizetl torsiebtysmud@s a fagterlaby (Tivirie theprefarrgdamberiiment,
thePeked o hlo@dtiad coLtﬂQQ@Eposméd dn@\WehbQF HBdrialp ROAIGEE orlcAWBkhinglag AN

pn%?echvc cgag%gﬁ%l rﬁm‘ta 5 S’chfncah ﬂ%t?rrkﬁlg %1!}2 ® pgsﬁﬁg ;obigedh eat er

i'n cont pr oduct
I }iy dater Pyl yip ‘P%'ﬂ‘[?ﬁ?’i‘f’@t“’tnlrfé‘?ti‘f‘&‘f arg sgleedi nt o t he roof 50
deir iaingpat breteliesddriavodling vdvBaion BO4Ze wrt sdoptedof 1 Nk dr op
ejection Referring once again to Figure 34, the unit

ngxfrcs?eﬁt {o &&Tpp? oé%mﬁngge n:)zaglpirgtbﬁ?g;fn r&ovgxé I ennreymmc\:ql%pas on
cqpatiapdghoy thaprd. 7pm isdleithigknegsflimitifes seifiseptipreqpergtion Wﬁﬁé@fﬁ'é prks} 4
is not shown cut away, so that both halves of the
heater el ement 10 can be seen. 35 In operation, ink 11
passes through the ink inlet passage 9 (see Figure 32)
to fill the chanber 7. Then a voltage is applied
across the electrodes 15 to establish a flow of
el ectric current through the heater WO
2006/ 105570PCT/-AU2005/ 000480 37 el ement 10. This heats
the el ement 10, as described above in relation to
Figure 1, to forma vapor bubble in the ink within the
chanber 7 The various possible structures for the
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10Modem dri ve el ectronic conponents tend to require
| ower drive voltages than earlier versions, with | ower
resi stances of drive transistors in their "on" state.
WEHYE/10551® such-drive transistors, for a gi vERT/AU2005/000450
transistor area, there is gg endency to higher current
capability and | ower voltage tol erance in each process
generatl on. 15Figure 40, referred to abqv shows the
SESHEIPE20°G 4pbispt 454 lx?PIé*WPS BER Wihfgdqivehismalf BPH‘FF ﬁatet thrank pelhpegfose
telioligListng tis Gickbiclranepladiqrthevaiilictiof hedt kigkingmiesthdi@ach deReuwiptiomit

uEll @lﬂageq\%% forﬁ%ﬁm Mlé/packﬂﬁ atl_:ilb.%u E%g%@quﬁn@ﬁg) Q%,g{}%%e% : h e#

R I A s S RN
PR fpovg therplelittion tigws (L giect were thanl 1 Gillion dropst hefore theyreateniiugs puhe
BBk hog@fentkdnpbhep s enicadt aRYis 20160 BalltleSrofiRSi-ON AipE e steady
st;'n? {n§ @)n er_%ﬁ)e \Iuh] eetbe{om @0 “E u£ gr %ﬂr&ﬂw%ﬁ:& e%ifa?]oti{}.g Feﬁtion to heater

el ectrodes 1s relative

#®sults in there being a I ow 20el ectrical resistance.
By contrast, the elenent 10, represented in Figure 40
chehhﬁtepm;&mgey gnated 10.36, is long and thin, with
the wdth of the element in this enbodi nent bei ng 1

m cron and the thickness being 0.25 mcrons. It wll
Sy thegtTAa-Celeieam apsprintep it hepting He prierie 1pyers IS ggisially YD lappy thpn the
ASAGOD, el BEvEktyd iR thetb AR Rdlcink he bhlaRNthikiRess 4, RF bEbGHE Binefit
u%%sc %? Qééﬁ:g lé’]ehgl!mgtycr& rx%?e ﬂlﬁ@gnylat@tp toJ tlH:Shteaté’? %xle.'ﬂlgllnF ﬂ]latqubegi@done
AR PRSI0 O PRI TSP AR Sl P 5 AFAR s b
alpp tpphieffusiva terme ¢ nuflpagoy, will prawy moky@uickhe Mnd¢ls Yh@d of eqfitignrsbov3iBat a
0.k fm hideiRdaRl RealeBAN typifRy Rqdir® WEthall BIAGE thY el P@GUirkd by d @5 Bilck

he%lelg &{\5\9&2 a%gnapgi}{% hpedlIcpﬁlé : ?sﬁ Be?gv 0]1?1;]1 isQIk%(/)lg Iaa%%gsroglemwsﬁmh §ep!)srhon

ﬂ*fﬂ‘ﬁ?&%ﬁ (GRREE a5 mresiplYescotRAUERRERR 11 Stolrbe sk pletectesmmigrrtion failurp yvith such
thinrhehtetd) h hegterr resB8 1D mekiisg bd 0 lebshBOb@E toledue te @brtent Hensifriencoko -
niffR$MaGkgMENts 10.2 is twice the width as the other

el ement 10.1, with a correspondingly |arger surface
area. The various paths of the |ower elenent 10.2 are
Mpiniiegrogmgndio. wi dt h, whil e those of the upper el enent -
10.1 are 1 micron in wdth. Thus the energy applied to
Tﬂcr&&mlng ahﬂ?ecﬁ' Ig ﬁél@ %f the7heg¥ aﬁdrb?btéctgr\é\@gam%lnﬁgﬁﬂ are%gng\llyL of secondary

tw ce | enent
cogicfel Qrifyd d%‘ﬁ“‘t‘aﬁ’éfe af?aef?fa |S€“E | d?sii't“’% rPxdgtig ?sﬁtéﬂnfn °P‘§°s’a“
resistageel apd dayiigtioo Fesistimes s of ereatdlt imparroge. HowstwdraShaqdnsierntives aggfput to
ork Bige, Bih&Rls Qfth & B¥er AEBP-sRkBEkBProdbtCard RsitahE RURBL £.8, aﬁld 88, and
e

t hat plied to the ink by t
g uanéjggg g’rer%aﬁme egtaire ucm%ymgl? will be appreciated that

the energy applied by the lower elenment 10.2 is about
Gédetallyalr @C pradiceing he yaralymoreaithn bfactbriae2 i vie clesk efiwaniiads available to the

mmja Q@sﬁglagrcohs%ex"ﬂg%tcaé)& mqnc&ey Eéfép, mm% HeRe erquumph Imqgate the

er at IS in
hel BT el BT BB T SRR O R BAPHERe w ¢
the one nozzle 3. 5 As the above factors of energy
out put may not be achieved exactly in practice, some

MHn{rﬂn Ec aioggz;m fini IQE g&etlos i Zi ng of the elenents 10.1
ﬁ‘%ﬁ‘%—an .2, Or C oé THe rﬁl v—‘%e vol tages that are applied to
them may be required. 10lt will also be noted that
the upper elenent 10.1 is rotated through 1800 about a
vertical axis relative to the |ower elenent 10.2. This
Is so that their electrodes 15 are not coincident,
al l ow ng i ndependent connection to separate drive
circuits. Features and advantages of particul ar
enbodi nents 15
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D scussed bel ow, under appropriate headi ngs, are
specific features and advantages of embodi nents of the

[ nventl on. The features are described indivi dual

WP BIFYESR conpr ehensi ve under standing of ealhT @g%%@@mmm
of the invention. 20Efficigpcy of the printhead The

pri nthead of the present invention has a design that
configures the nozzle structure for enhanced

Itd§ ioporiaR fpayrimize s & it e s SO GTRIoFsdt B By wderlayes o fiigigtep in
nfidmibiegat is © Frducetheypbie todehdicd whict ik dont by rfidmipingA, by, 1Hdl & tik2ase of
alhbhtck tb%déd mka slaﬂd unRaRS (LOk, &mﬁng @Bh Jebone a inmér JflaJléaMg Rne

S nozzle esli
By PRE b el et oty U bR e B Db L PR Pl v
incigase the ppaey. @Ering 3 fed‘B?“"db?PB‘af’t“PfS‘é'ﬁ . bevepiesigange cafebgiprowided by either
Iyt i |hbayer FeQ@@Mityl o meRAR ItheThedidr QI (a1 lsi®Gerttdavhie affecddd @). Lowering

m@ 're%fam& i 149 &%{fensa ik %wavgrh gemmg Be Burk Q&ﬁd Qb ?Joﬁenls%nm

an in éﬁ energy requirenents
e‘sﬂm?lﬁrétmﬁrl@gﬂé%ﬁ? FET® %nswcfé?ff'é S%{ﬁs %SF a{erfﬁé'?“ Yokaghiot tigjesher hand,
cdulshrayse prbtdams tviviatlecdlyiik desvmstidnloé therbdater orlnkjcertpogeys,tse Arsomprbluiss is
appEpidie: @GS gryfereee re&bummemompmy lvsiages lbQ&E soraeaf v 5}9 considered
olg'OSt S 1cqftium§ers J%n%l\@ ! on% léI(RJQtlo r éaaé ancoa%e% 0% Hi’h thl«%ol 2?]%'1115 geater are:

r amat | es
lﬁﬂgfﬁweddfeﬁ@r Viheisd Vol 5%6‘2‘%! %é OnJ witck e ﬁﬂswgisepﬁ i Yorfgguctipn in
ejEHugi’mfrgyr BRipddbly isigpls chalgi@Sie d&d:\/bﬁlth@agbﬁs ifond faderipd ensbeditnent, the
vdlé@é%ﬁl:t ,Jemn@ fouﬁ%p a&age@ kol ¥akS1<@Bif 1€ 99451,01.15}1y po&@drbd &ﬁ%@&u&l&g the

rinthea n dual ejected i'nk drops ‘16,
‘ﬁ I ﬁ'édé?S{?'@?”h&Lg‘{]@t"?‘?ﬂf"lé” %VIW‘?;J or Jcool i ngI mschanlosm of

the printhead, as described fiwher below 35
Figd 5¢0-sﬁ‘cﬂ@£ﬂpéiﬂxeﬂil addR@orfici! Bi Rkt end¥P required for bubble formation. As

m%%@!ﬁéﬂu@? ? &9 F’é%érﬁ&éﬁ%@%é 2945 ‘}.%Pnu%?auﬁiﬁfn%f& o 08 lafl I;tLeOdn

"‘ll‘fgﬁts aippied %’ﬁ‘@ll“’gﬂf “ﬁ’btﬁFlFeé’ﬂd“E Gk topis gpcleption fimpre Hie °’T0“n’t'°6talfd®‘f‘ m
wag tkafousenzwbibd £pplidnts earigdevice whjckeaitterad fomapntdGrablems it 11

colns%qmmmgge s&femsg h&, eRﬁﬂat@ th@m ;égxw@e SRURLOR e AR fn dehie

i tself
devxﬁes the sl?eet re.s tance Xf eli]lea eﬁ a%mal wai xﬁeé'ia d:d flﬁ;n%le%ﬁtleﬁmmﬁl %rﬁcture Iocateg on

Reh®n prin
the %@@w'eﬁor “"'{f?'i gipse sonhﬁmvyces lTﬂR?S“P‘e St sheeptesistanpeqnd the hedies geompiey
wdiElsed oY ermiibl rd@dcesDithd Heathke WHdh thESretctibns @8R Eom@ared with
2 egrqxﬁdgltﬂmments%f B @M&r%@istgngc{s, aﬁwdgi S‘:EE 40%h&98'lsén@gemsyﬂ:g Qrgs found

é ese Cl cunstancgs ) ﬁﬁgrgnt ead does not require
o “‘B‘f“ffé Y S BRS "’§§?§*‘t BHEHAE ‘?”P‘Fé his 3R Opfr ffﬁesfé‘s'%]"%‘ﬁs &y
ing A dﬂ%erieseét profipettions, the fikoretical eermwmedictindshosrain e fignteheeadly matched
thé QpbiaeR ah@se@s ﬁg&@dg weQRuAL LonCRMRE {Wioasls, mysahh BoB B Ricts
e\ﬂggy rgcifu%red toq'luélcate »\%ﬁ] peuW? otJ the %asn%gvrl]&ethxuaolrpldés gy ~35‘? Thseqow nt
resijfancs ﬁ@ﬁwerégscnbaﬂhm fhﬁ 8“6’%%“ HEREnE feﬁres l@hw gg} usaa'a@ﬁse Bgzﬂ% e
thheaditsrgplatiseithendit. enent 10, and on the other hand, the
net renoval of heat energy that results from ejecting

he ink dro nd.t he | he repl acenent
oA T P S SRR TRGE VS PE PR BB T
resipaag than sthegsf memmeaarhqps fopgxarparidy s frto atoesrvish atedhthe heatehgop to the
co&kmng&oieﬁn@ BYe viddr ﬂu@nic&nﬁa;ecummmnﬁop afiioh,ie aeiseatrd
e 12Te LAY o] g&m&{{mg Lamu &ﬂ@&m%uw{ ,&%&0&9 nyenient !y be

expresse be required to ralse
exf’ﬁ‘é‘ e e EBF es‘ftﬁ‘é" of B&F dvvicwavif i*“b?j“"%smﬂe‘f heptfr igfighes than
thegrbralieihiiar @pigns tignpaliaheredyced hatet e se@ddnubd patailipesratsuight i@fween
the drop as it is ejected. It will be appreciated that
a determ nation of whether the above criteria are net
depends on what constitutes the anbient tenperature.
In the present case, the tenperature that is taken to
be the anbient tenperature is the tenperature at which
ink 11 enters the nrinthead fromthe ink storage
reservoir (not 20shown) which is connected, in fluid
fl ow communi cation, to the inlet passages 9 of the
printhead. Typically the anbient tenperature wll be
the room anbi ent tenperature, which is usually roughly
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In one preferred enbodi nent, the printhead is designed
to achieve conplete self-cooling (i.e. where the
out goi ng heat energy due to the net effect of the
'@Pég¥@8%§hd repl acenent quantities of ink 1I1PGEARYEFA00480
to the heat energy added by,§he heater el enent 10). 30
By way of exanple, assune that the ink 11 is the
bubble formng liquid and is water based, thus having
the 958 FIRRAGMEHt Foeistist ataeBmyahserinnt Mlt&ouflaobméﬂyeq, heatenshapes HistoBint
rdpenabonesedions 40 Gefedbien there is a maxi numof 60 C
fromthe anbient tenperature to the ink boiling
%Iﬁen'&ec %Frulie tEat { s the maxi num tenperature rise that
Undergo. To ensure self cooling in
this case, the energy required to produce each 35drop
Iﬂ.ﬁom:ﬁhotmhal RSBt (HARUTTuEER Bito IR Xk AAdTReARTRAHIE: pBSr t(ﬁﬂﬁtra% rishat

hat
D A e e
‘{}Wéﬂ"ée"ﬁmﬂ%mﬁ“ r |f‘F%°‘ integratetheyveriggs |TFS§F hyF SIWH'E @?‘ “0221“'5 run with
s@nenms@ﬂvc!k@e Heat€ehulpes havdwborgpigicildpging theatlismiscduhidve in relavlor 16

Hel\RedHeRB} AVQ). 4R %ﬂm%y@{a@duce@aw@ ofmaﬁe@&pmon ARANRIE:

IS case
E,% m%“@%ﬂ““ﬂagfwm?ﬁ %%ﬁﬁﬁ“ﬂ°lf it took nore than
302nJ to eject each drop the tenperature of a dense
‘ThaAgplysnthibs aldXmbadl@ SotadGHd sHorfer, KghetvokaBe IRAE Pulfdbiedife thekxibdd 6F

“ﬂﬁ’:l‘oﬁ&odﬁq@’e f\ﬁcr&ﬂ@tﬁmﬁ ﬂlg pﬁeﬂfﬁﬁeg& u{h?ﬁ){ g:g éﬁ{( cgrggge’ldl)ﬁﬁé@lﬁ% %ﬁ&nﬁé J:cg)let

ont | n| however,
AiEL ek afﬁb&ﬁmlf PG tF B githegprispleg ol e grople
bnﬂ@ﬁﬁnwgmwfdﬂhsﬂswea@ymsmaﬁemmnkbp@mpema@@hamwuuﬂdnwﬂe

pBR! Lipgd fosllng Wyxtmhﬁnobl@ oh biRQidP&itHa hozz1@dan éhuﬁ%ﬁdtl blems, because the

Lyen. by 10Tst st at e E%M3
@ﬁm g{t}@% %&&9 Y gm themie?vesﬁ? gy ps OI&?I qlux 11smg xfn(s)cﬁrgczt;%n of those
aljet? nge Ttmbmf%?ﬁd@wa&smk%@ hvwdtah?aéy e nwlr PIEtherayrages furiker
atchanatio of tiquiviesoGife pheﬂémcdﬁn@pm%ﬂ@jh@g}ildl ﬂﬁ):redhbrk € RIFPEREEY
d%ﬂ%@ ozI apoaf:aln:@ofhighé rth gva?&‘éti@& rafd Lndttllg Catel ap\khJcL :hutd -E‘?JTE%&%!& it

ose S ted evapor ation_rates,
R STk et S FC s S S e s % by digesgives
tq th ngizis elats invgiveasdhcias Geputiiveencrifofithe rozkleniate Witdhat fperoprigteeurface
tréafthent of EORRIE AL Hib2BS endddBYR rebifibikinCd Nui€ Qo ie pH0O) NRGveRiE 1 N

Am£ﬁrhap@&§%a$n95 osc&g%&ﬁ;% M%caggie&gid%}@ap m(fiép%}mcfgéy e

out gassi n orm n alr can
redytioe % °"'gﬂf@%‘éﬁl?e* HYy Febppenificgion rabosqqpjs Spgnedicpes s is
mgst lﬂﬁb@mtqjihngfety of reduged bibble ingaksewiiich ckiduesthe loeth bftle droplet stalk and

the G Fihe biflk @ik Bl RAnsStie B leh@bie CONPl ete
sel f-cooling, as described above, can be achieved so

Inﬁ5n§@ =Nk 11 (bubble formng liquid) in a

par |char nozzl e chanber 7 has. a steady state

tenperature substantially below the ink boiling point
Asi@\femmitidhieingre aietinaeh ced t@rieng abolGedndngrhet loa dital thednk prier td theeonset of
ﬁlﬁﬁ)%ﬁng)gmdé@k @d‘ callaSiREhal ;mfdiet (ﬂ;@@‘& ?staerﬁgﬁal %&I’tﬁmmg el bid b&e,
be d?wate@? ol. . I‘e§ &ﬁfli‘eaMQ has’ a \I/né.l&t lgwcr lher*n&l o?lfcisﬂsxann ter é?OJ mKts

vFrse l?séjmaF?So)\gR/sW‘F'é thisgvop geetly rguse ’@atd‘@ﬁstp the inly iy n#%rde%gner does
ndn pgérally pee the Gikedp ovhdneaitlk B LRt the ik Wisé fdhily menm&gmon of
th@ lnﬁw ffﬁg Erm? ﬁl&ildmngn E@It:grp gtﬁangl%d me?}ﬁxgﬁy} .L)on‘gntyzg'g ﬁ§|s£1§ ¢ tgﬁelf

oi |1, n 25 zzl es acent to nozzles from

°°°W£P n%b% 9B Vem%"e%“ﬁg e REEES HHPET Gegpies P SERP A e D

as a hundred-fol d increase in nozzle packi ng density

than woul d be the case if such a feature, and the

tenperature criteria nentioned, were not present.

Furthernore, if the steady state ink tenperature

predi cted by equation 2 is significantly bel ow boiling

(-60C for water based inks), the firing frequency of

the nozzles will not limted by thermal constraints.
The maximumfiring rate and the resulting print
30speed will instead limted by the refill tinme of the

ink chanbe_rsT hbte phat therngl conduct[qn_ou&_of t he
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back (the surface of the wafer substrate opposite the
nozzle plate 50) or through the wire bonds will reduce
the tenperature of the printhead integrated circuit

V(‘Pe‘f)““’ﬁ%?’f‘}her bel ow the steady state tenperat &T@UZO“W“““S”
35determ ned by equation 2.,49The degree to which

thermal conduction further reduces the printhead IC
tenperature wll end on the time scale for thernmal

leshst iFcbl e Bipn 2¥59 wttgfedﬂmeismm%reﬂufeeb‘am PORSHSaR Biere I8 jeppanargin

i@ ophadingOOhPEbofing tht lcobteoufly.r i ng rate. Designs which
operate close to the self cooling Iimt (ink close to

_stl [ significant frequency

A& AR Splaken apnipt ipe ga’—w scosity effects. Thus, as
41 al ready rrentl oned it is preferable to aimfor

GoleR Bk ifll @ BeBighet ik @ndicﬁﬂﬂ@ﬁ-@&ou{t@ﬁdos ingibrhoh! GR aetnheyoflaﬁ IulQIW]ayer,

b)b S%ielting%nzlténgl w1t§ Q]fog tllel%af [Jpo%uq?_ﬁ e a%aw M%a@ ! ?lﬁtl\f%}/ kisa ﬁmd iitial

nozz

Sﬁ“’é’l‘“ﬁt“&@“‘t“é"‘f“ﬁtéﬂaaséﬁ%’b yinee By‘a“éﬁ"é‘&’ to 6?“’% Mg t§§“’ Slasé)?f
ataliedle pratenilshnelaielthe Mbdult p€ edrierient@ ltoatetaf gephitudd. , In ddm@mitiaerhktter a
pibichGnaterid] BSuifble, Y RRBIucHN LS BEGre memﬁprzcdn& RERSE@R1579 Im K5
ag?rﬁect of the invention relates to the packing density

nozzl es 3 on that surface. Modre specifically, the
SiQe @B 149K 1y ofince the thermal produsts 8f thprtwe hirials ere femeslosd is pasible
w@wehdel 0, 000 nozzl es/cn2 of surface area. hi one

pr ef %’é B«%ﬂea&&ﬁ%@'&ﬂﬁa b xst:JlSm)?Jq{?aglo :h\%ﬁélfén&é’y 19&‘;‘&8%11 (5udathyd M

nozzl es surtace ar
pr ef BPFEHPBHBEFSHEHIC % Re areal density exceeds 40, 000
No% z khers isdini® diff¢rencesio dissivatfve tolsdetiygzp b hegtaribhded «d @ §i0gmderlagetrad a
ar eaheagﬁesiénhwaie%ch% &aﬁmm&@hﬁa{ cm2. 15Wen ref erring

Tll:usom%rpage a%{eﬁs% %? n %tltotny ih wgiaftpe hea(t) Foss uﬁo ée un rl:i]yae:xk 1€e no ‘f'oﬁse than the heat

correspon

loy§ dyorthednk Gagdpriayer T éfﬁ’s‘iné t‘@eﬂaﬁ?p 1o)a (TP { ynpf%ﬁ OHéN%FFW@ underlayers -
shbuldtRr S¢S te®on, thedbasishthaf the the@gH] ArbdRibe,of tB&’hn@dﬁlajb} ifleg@acoradqual ttho Ck
nlRASRGLAF PR Ci rcuitry (this circuitry not being

specifically identified). Wth reference to Figure 47

in which a single unit cell 1 is shown, the dinensions
Otiyfr canfidates for waderleYers vath bewarQhrheiwmodasts thye iwaler oBSIOniome femsthd naw class
of\Wwek{ dikletyicsBsficnith &FpRaMaieRalls @REK TlamohdT® aldQB 71y’ Sorflf, Bolh@f which
m@% d ?(H‘t"e%%ﬁ)%l bt 18 Qogper %ﬁ%Jcegé %rgci%ggg F]thsu Ert‘ ﬂa%z lower density

at el'y, j uxt apose

‘hﬁﬂégh lf“tlf"i%gmtswé 2&?"1’?@?@?‘8#‘”&‘?“’{%“”6%@1‘” b%f‘WfBHé rVﬁ“WWPhE
Capseiusttlyshedt tehiapgrodod @reuglicedIA 8 '8 28 ¢.n 62% tedsfianifthermdl preduits
coRtpiRdto A8, trb .m%aats !a@beneczzmt glaﬁre@mveﬁﬁpe%iatg%ﬁ u@ae&ayag »Gfﬁlthese
mattengs éels usin, equ orn|3ra1, dt ahow éh g% %/ﬂi;ec er] e ea éo ecn 5

eeﬁ densi 8? 2 SIS e @ RE P BB T é?:] %
losrwfﬁﬂawhmta te Hﬁ‘c"lﬂ!ﬁféwg?ﬂ Sig: Wfkglhyealm@ aed-deha binefiy of tke r¢plgggment is
thelARLI0RRE B84 iR0h 209 Sddycti®Sin Ena@y 6F@)édtiee SThikliRanbBdr §i8ferred embodiment,

thd AR EAL S{é ﬁlan éal-bloﬁ &9 ® %%L& (%cﬂ,r%;ar gg&w BoorHb@e silichi €

nor e 'nozz can acconmo uare cm
oxide SRl éf“&her ?’Ff@*efirﬁrf“@d'f’fﬁ% Helcas Jmakrrost é?B“idP%%ttyé’tF ofufing
pogsigitarefues tipaiereity, anduhdérod cinyysindtal | y consi sts of one wafer.
The cost of manufacturing a CMOS plus MEMS wafer of
M&Q%mtlggoused in the printhead of the present
"TﬂVEﬁ%*Uﬂ—ls to sonme extent, independent of the
nature of patterns that are forned on it. Therefore if
Tht Reést{patof e FET dagesisbel at i vely small, a relatively |arge
nunber of nozzles 3 can be included. This allows nore
nozzles 3 and nore printheads to be manufactured for
the sane cost than in cases where the nozzles had a
| oner areal density. The cost is 35directly
proportional to the area taken by the nozzles 3. Dron
size 42 Equation 2 (Tswady stil e= Tanbi cot
Eci echoh/ pCV) shows that both the drop vol une and
ej ection energy strongly inpact the steady state
tenperature of the ink in a self-cooling printhead.
Doubl ing the drop size, for exanple, doubles the
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5 1n the present invention, the print head resolution
i's 1600dpi and the preferred drop size is between Ipl
and 2pl. Drops that are Ipl will produce 1600dpi
WOrRl9ed0S6® a page without any white space vi sl‘iCB‘!AéIZ‘J“SfOUO‘*SO
between dots if the drop plgcenent accuracy is very
good. Drops that are 2pl will produce 1600dpi dots

that overlap significantly, |oosening the requirenent
for HeeeardyFBInd drop trajectory stability (conmmonly
106)e 1B gfk of BET @Chah@tah-biapmel) . Equation 2 can be used to
deJ)e&@]oQﬁhJagSmﬁﬁJn@tdh%ﬂﬁ PhPeRet wveen AT = Tsteady state-

nbi ent an e energy required to eject drops
bePwdeMPpProgia ey T 1% 6Fve pl drops of water based ink,
a 300n.1 ejection energy results in a 71 Crise from

ﬁmea aﬂ’&l p@ﬁrt,s a&@m&n?w bikind Rfisitylof 4 RozelésQRthe sagagacﬁ leo%gu it
ce}’l 1&creasu§ge e P cﬁcma glenslré w?]ﬁeduce%-l% %F %zg §r§l’ ug:lseooe e EI:elsrems ce N chann 1
FFE hagiowerrpristance BartRychane FRTsibpruse @eifrariermgpiby whlgh“ s‘tmw N

PRI bOefERbRat it B Eblab hull obkGsidé 6Ghe hddbupl télise Mil Yolitagh ENFEIDOM ot do

am%up %& a?p,aﬁy SR tamuh t;lne%.QQJMm ndaf] dodk falgmsad%%lggm&%r is

pol nt Wt
“W%B h%j‘ Ueh Palﬂmg '@%@ﬂ a&aﬁ’g&%ﬂ% CPrdrnpoegi e ¢ ?“E“&h“’a’ﬁal
afarik t enperature, for the present invention 300nT is
chosen as the upper limt of ejection energy for a

A¥ é l%g ﬁhurn% e heaQe ngsmBa%ce sgouldgy F]t leasQ4 Eg ahuﬁexetﬁan%{ TF E‘Pown rfesgt%gcg ¥0

ej ectlon
oy e Frifass F"é‘dﬁé@ﬁ'ﬁ’ﬁé“’ flwathafbﬁo‘éef ‘hW“P‘h‘ PRYFE § d!S%%tgd iafef

_ hdafeexesistative should oot beasothigh Toigs, ab B reth@esttiv@owke yabivopid maivtheast, a

inbrEd3d Bue eifclemzs !ﬁ@é’hh&ﬂ&eaﬁ:ﬁﬂe 1860 @thau RS bﬁ sszusroﬁﬂweﬂa and

g BT o R R i e o o B L P B TIPS PP e P e
e FER@er Blo BRICRmesls efithe F 5‘9 cap bruseddmsoppdopnendth goinatibn e Pajdrpieg
tht lRGei@AGLRE whidVinidRREGET matuah@f@pﬁxﬁ&s.hmlfﬁme 1bsk) eryﬁ&&lé@syhnce

ht h
rah R Gl od) rug]ogmb@t& ado % gsagmgﬂ;; Sy phocdsy ol 30040 gggﬁagn
P S e RFATO g fh@%@ﬁgatﬂ’ﬁ PR LY g Engep ffpnimize
degidyiuesnt: bighocutrépe cfnj ckuse doebicius inghe pighinéxte(nal 3 8e i€atérgreludiag er
cl@ﬁ&ﬁ&aﬂoﬁ‘ Siks losd pb\ﬁ:r by c@&oﬁ E}ﬁrgroﬁd&rb&ﬁ&e P@feﬁﬁy, ek hfg]té@resnstances
w%uﬁde}:e Ebtdmeg mr.lﬁln%gler hef-ahar n\ésxstl]qty ra%he an mog.l}i(iatmns aa[ftﬂie hca erl;]géaonfen'ﬁemcc

con
highsn resiftivigy P""ltfﬁ’é“ HG BBteer et J5pRsy @&l‘@g gh gketﬂr?ed f hegsiefertppmigraton
faibure. (Theeihtivity kaBfeBtited 10 a BE Ab@Ss is ﬂﬁmﬂdtgto ~Loeh hayieresiativily

rabgB §uiek S PRV l—o\éﬁi 1§/~8p5£]1@m%3@§d B InS TREM oR ?éﬁ:ﬁéﬁ%&bd&&eﬁ the

LS Ve, e, b DR R LS NSl o

andi0Rsthingi- t y i n equation 3 to be a single honbgenous
| ayer. The underlayer is the material in thernal

?r[ﬂ} ater, on the opposite side of the

M il FL‘ES whi ch forms the bubbl e that causes
ej ecti on. This defl nition | eaves open the possibility

Re@ifring Bk © Figurad 10 @i ety fodiod ¢fehe bagniier 14sliadiemastile bordogs oaf

coﬁ%tettchﬁbma&h wtcynu%te & &%@kﬁass §y Sﬁ@ w;{@ﬂut@ﬁs o sﬁmﬁlm

co%tacgrﬁs:ésrtiaace af rh eéetcnéolgiesX P1 %qu[lg acwé?cln%g;’ g? Le[agr IFyﬁ]kM él'ﬁtd:omnfcé t%e 8ectro%es

15y thdesier ielemenl0ethaschomipis wval] gepeeptethpab it wid npjrees hetiendughigo cotfibufego
the loss in the driving CMOS PET and SL is loss in
non- nucl eating resistances in series with the heater.
Sonme second order terns associated wth heat |eakage
fromthe edge of the heater have been neglected in
equation 3. 5 According to equation 3, there are nany
practical possibilities for mnimzing the energy
required for bubble formation: |I. mnimze heater area
A 2. minimze protective coating thickness t, 103.
m ni m ze heater thickness 4,
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qu
-hPET%{?‘inSL“‘P@/Pﬁﬁ“dFW"éEq%‘E%n 3 can largely be

4. mnimze phCh and pcCe 5. mnimze nucleation tine
T6. mnimze (p,Cki)w7. mnimze (p,C, 210% 158.
mnim7e FET loss FL 9. minim ze series loss SL

VR 2H6BE55these options is discussed in detai [PGFAEBH5000480
20Reduced heater area The hgater area A plays a large
role in equation 3. Two terns scale directly with

area the energy required to heat the heater to the
theiBble oIt FL gkor A be T RisEACH mirharRessiblee Obprisgiycap miyeithe ey

sta® tehpatturd dTehe @0 addictiprdntse bitets & hdhvdadr dobling. poi Nt

ATANCet e. The energy lost by diffusion into the

1\z{rjﬂtﬂerl a\éer ATA st r1/ 2 25and the ener | ost b%ﬁh

FUsFooR™ f“'ﬁi"’d "t’?1" "?Sﬁ'ﬁ‘di{ﬁ*‘ﬂ‘tﬂﬁfélﬂ?ﬁ'}j‘w 9P gl BreRatpes ohip raetal

syrfapegntg Wpicidbedersd elrtrodsnl Saxnilble depsiitardt € ofFideretye mas beggiverp the

p5aiBikity efmsaataa 1oy tbrio® atdhe SoMRAktliRdrfadt Q4 1001t brdie rf&mnie@&f%ﬂies%me

pm oy{(s? cies m s%me C?SCSVM t“x barne{lvgygr ntlaggc 1%1s|ez|-te81; ocl,e%: }.hngMBg

lven S nce

el imnated by design, heater area has a strong
ThJ‘rEstsHﬁc@ Gﬁhe@&n&@@on@e@ﬁ%%el&@gﬂ rortedlearepcaﬁb@&l&n@z@& he

stea state fluidt i cal l ving the
N e N B b R RS T &%%%rg&gamerl
W || o1 educe the energy required to nucI eate the bubble
byz. - H0¥ng AibRsifiaatvah a LSy RfosiR kddbSeSedlaler @ Bivkadistdy t he
mar ket .ar e around 400gn2. These heaters are covered
with -1 gmof protective coatings. If the protective
coatings on prior art heaters could be renoved to
Figire 29 trea thewd dvevomtiorgl) thamat te dsed 1o stivatalieiserigs edivenge. It is alsnabstble
tol36t RQKSH Ik GindeRed RARr 8§:f co0ling inkjets with heater
areas as 35 large as 400gn2, but the drop volune woul d
need to be at |east 5pl to take the required anmount of
Inffhe steferidgipbodinent; the serich EFigAnFaronibon Fom B cayypetpmd pringucleating
segriopsaf thelegardayeriis leshdanald Dhkdhat drop vol unes snal | er than
5p1 are desirable, to: 1. enhance the resol ution of
t nt ed | mage a d V\D 2006/ 105570PCT/ AU2005/ 000480
hle shmaion o o A POEAT =B | ui d the paper has to
absorb, thereby facilitating faster printing wthout
REFAG R itk NPnPRPEI het@ Tk oL be DXTRRedSh BASVhOT 2 bbb foRhsBn the ink
11%;%{:1??0% g%ﬁuxc?% fBlES Xn b%l:hs Wof t}g]ggg@llg?ﬁ[ nHeEgl%]y T?%ﬁs si as to

Appl 1 cant ricat e noz
S“rrar%?e Yrater&lamnhil Yiers B8 eiepepts io Bpfrmofa P‘e?,ef“?eéPF""én er gy
usi ng -150urn2 heaters. The correspondi ng tenperature

F:édres.‘ﬁ S}Q(VS ﬁ:th}%at&laletﬁenwOtahhp@mfo?tﬁgﬂusmﬁﬁ Yo b@ W%nl?gn NOEE! While in
wat based i nk

F‘ﬁ“op“‘ﬁ E”“"b‘s Sk ?"d? n‘%"‘g% ézﬁt"? = °w§°£§‘éfbﬁsf O™ heat In
reality, the ri se |n chip tenperature fromthe anbi ent
InWednhgub@orS uiRyvdbf Figers S1, tha Bubblk [V Brms &Sonly@ad side 6ftkkhedtdr @étnent

IO%QJausQ Ihe élé?r@nt%ﬁlgedﬁ)efd Jﬂ@bsgalry R ﬁécom;tttﬁe%hl%ﬁ Ib %Qortﬂg%ﬁq;des

n&rél? ul at1 on. any case ese nozzl es neet
"‘fhﬁé° 21 °f f‘%’ﬁ" ofs tiedﬁﬁ‘frflc‘ﬂeﬁbllo fB5i%)is suendefhiey require no
cool i ng nechani sns ot her than heat renoval by the
0642 WBrSthd Hoatds 18Hknt 108 in the form of a suspended beam as described above in relation

to Figure 1, the bubble 12 is allowed to form so as to surround the suspended beam element.




10

15

20

25

30

35

ink belowits boiling point in the expected range of
anbi ent tenperatures. If the anbient is 20 C, the
steady state chip and ink tenperature will be |ess
WON6BGE0 no matter how densely the nozzl es PATEAUSREYS0
or how quickly they are firgd. 60Cis a good upper
tenperature limt to aimfor, since ink can quickly
dehydrate and cl og the nozzl es or outgas air bubbles
Tapsyaatagerphthe hubbigya faping e botrpidys isfths higher effirdncyttitis aohievalle tThis is
dad 16 AreliBtidn @38at thiR A Wad &G ing tl@madraR Ayhe Sty ihflkeater element 10,

vﬁ:ﬁgﬁoerfo?c%ﬁﬁqb% © Qoatﬂmgﬁm o a@gn@le% eﬂus %J @%leﬁ] Qr Jgurg 911 wgel;e%grmws 52

kew Se, heat er ar ea IS |ess
indisei homeypmsgis of hﬁﬁ emé*teé%{’&yubg%éb Thpimorss Aiest lopt (e subsriopd
depeBS G tuhiizmuabprasipttiof e stlidapderiaperop Sisanistdrvalir wilngfeesnggartiov d
Iﬁmlndlenagler lﬁ;@% & tﬁaaaﬁabﬁmmeemer J:fﬁH% Béaal)st Sdknd RAQ L& bocal

nuc%:atmn m(?lléoﬂl She Slrd)%tga 51, wi Mt u conthu g to buﬁf ebo S tgogr mation,
Scussed 1o ‘decr easi ng

function of heater area. The experlnental dat a was
Clitinkaegectf df @dficSiffletdn atdt@bbiyFRmmkiRANt ' s early devi ces which
suffered from contact problens and consequently had
Iar series loss, To estimate the serie A si stan
‘@B‘tﬁ‘é ‘%"6”%‘?‘?@'1 > [ &%t e Embp ﬁﬁé%‘”’&r’é“\'}i"e gelf oplge
dquas,last ahyclescribis thepeergyasticed torferinabitthle: ey notprdictithe drag of ﬂlﬁg a
bébble SficNkdlidod Sflefetioh SHUR iia& 3t rBEbvRPME PEecBRIFVBNEIAGERF lifetime.
wafer close to the devices in question. The sheet
resi stance and the _heater geonetry were used t
Apfligegpediin roiafiop @ egratiod pyfikeyztep f §ltgé1ﬁ6’é"§gy Frviehia f‘h’e aP@Plgfs the
réifveion of lvaterpree dih hasemsdassisbie sld{nﬁfptaﬁfeduqmgtlh faPce b&therhuisbdel

Q&JFIQ En&tqurtﬁelﬂﬁuc@@i@!tcgfheﬁc;@éﬁ&&@pces an addi ti onal
I esl

2 O BetrSo s Ehich 058 oF Pl o % R it
When radise ge @zzlﬂhh thigknqseig redyss yigpug ﬁ’@@"f\ﬂﬁ‘é PSS tirqyelfhepozze
nogl e imdkase eh i wanbfligiobilediog sdhbie 1 Heosn@ltic Gdteastin@cYbility of
Pr edisehl0f f S0l haltk Bt dRlu Gh8g6! v mat ched the
exper 1 ment e series resistance were reduced from
22 Chms to 5 Ohns, the sane nodel predicts the 30
Fetemgy, wite@eoxiden preventive fratizerempveds thadepigiesransiotplacdbe comyprtional
hdlebaibridVQith She GQ s&e\s&blebyoms&% W-E‘rhtﬁe tlit&Wc@@tiatﬁ)B ploCAioSaMNE
relmg‘%g,rth ests G mus?gnd%?lltgr\h\ét ans o? g c wtatmn dm I’g]I m zi ng
Series TESs was not use N T hi ese evi ces. =t hese
results enphasise its beneflt. The limt to which the
Tikeatidiond fe@refan al discusdibeled | S det erm ned by the
evaporation of volatile ink 35conponents fromthe ink
yIEni scus in the nozzle. In the case of a water based
-4@%%—é§ﬁﬁﬁﬁ%hlon of water fromthe ink will decrease
the concentration of water in the region between the
heat gk inR BEmteh@1uReZoE [nR jet ek QRGN Gn thd MaGQRG Rk b Tha® f
ot her ink conmponent s such as the hunmectant glycerol.
10ph ﬂhe ety assepecend 409yen” grid ate pladed §t the bottom ef therik chameradbany 12um befow

s. the anmount our r.at ed,
e A Bt B den = SR aa TR D st
arft 550pht is BEEORBS pBRE L Latel ReaRHedidkd 181 doRlg Bﬂgfa%gnhth tabY@rop size.
nozzl e and t he bubbl e inmpul se (force integrated

over time) available to push the ink reduces. \Wen
eventual |y the water concentration between the heater
and the nozzle drops below a certain level, the

i mpul se of the bubble explosion will be insufficient
to eject the ink. To ensure continuous firing of 5the
nozzl es, the interval between successive firings nust
be I ess than the tinme taken for the water
concentration to drop below this critical level, after
whi ch the nozzle is effectively clogged. This tine
period is influenced by many factors, including

anbi ent hum dity, the ink conmposition, the

heat er-nozzl e separation and the heater area. The
heater area is tied into this phenonenon through the
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15whi ch have heater areas around 4001=2. In the

present invention, however, there is the option of
suspendi ng the heater so that it is fully imrersed in
WOR0pNYSYW, with both the top side and under FICIEU2005/000480
contributing to bubble forngtion. In that case the
effective surface area is 3001.tn2, only a 25%

reduction fromprinters currently on the market.
20ThiThe refuctionin the Ratst 2 pf thpnreatipyertion Bepatsity @&bbtmpplﬁedrr@eve

st Lhe &f fect ation _
Q%gl o t I on on )hso r.l%h?eﬁnho%é( of% ectm sa|iamcu ar ﬁec%lblo qu is reduced Tt is

eat er

pbEiBI foRGh et Bl SRS rediicRl: 86 tokcvs%cth@yg%ﬁ the aaspéj&@dn! ¥ AR EGion
fromSi 3N4, SiC and Ta. These layers are thick in

with reraedi bolobly immpist lmeaikseessible.. US 6, 786, 575, to Anderson et
al (assigned to Lexmark), is an exanple of this
25structure. The heater is -0.1 umthick while the-

tot all‘hetf&éeg Ktﬂfg%?au@tf dro‘b Q]@CIIQJ £ a@s%&étéﬁ%wth ayers is at |east
0.7um Wth reference to equation 3, this means there
Wl ba. anfdpeCbtb termthat is -7 times |larger than
the ATAphCbhth term Renoving the protective |ayers

el i mi ndt e¥fHEsBTcct, term Renmpving the protective

| ayers ,al gmaLgnlflcantly reduces the diffusive |oss
terns ATA puck,,)14r1/4 and ATA(plC)ti4, since a
smal l er volune is being heated and snal |l er vol unes

will reach the filmboiling point nore quickly with a
30gi Ve proedar hﬁﬂﬁmﬂﬁ aﬂdW&in@uba@e dertief g inly willpterBiing o w
accgcéanon &?}Iﬁ?godg gf llqu1 betwee il rhtg.'!] Ir S lﬁ ﬂ‘gr;xgztzl? c{]):lle \1.{1311 cP aetnéf oggm équl
G buthe Vb1 ofmws,em&n thB Gealef B4 B :{o@zqt ﬁmegmﬁmsmcetmﬁﬁc%ma
are no protective coatings -deposited onto the heater
byredueing thel volumfd;w&tgmmn thy heagt 40y the irzzmierty rmovieg torhedte clbsentethe

atlng | e mai ntaining a practical heater

“‘118 JERTETe ‘%F‘BB"ﬁé? B BB e g 2 dirkaress ‘*‘Frﬁf‘@ﬁ‘?‘éﬁyif 42
teiitfel 1 0 AP TR ki e BiRLd iPis FoSit SheAG S 2 A Fai e EHL R Produced
alternate strategies for avol ding cavitation danmage
byahecbulebtboyill @aeaseW t h respect to the option of thinning
the coating rather than renoving it entirely, nodels
based on equation 3 show that -0.7pmis the thickness
Inlchadidg td iaave e hdateraerr oty ngygie fogd musinakevntoconat @rzldrigatd from

mérammkv&@su%&wawgm&@@ Qi ent and 1. 2p1 drops: even

relati 0gn® heat er e
ol bl B0 R R e B ey g
(nistlel creten) 4 éhe h@eé?f theibpaiel YiiYf deprceda SrdifBipion eodient nitherolsiilngsmpegent
redults binl the [QAEofiHAEOUBHLKAL ) c¥2Ddratidh 4] he BRBIS infeifack) O ZEik GeclpRGiteNy
voﬁlgxg oﬁva&l} gfexlexra{eggld thg %HFJL‘%H? ble Jn@ ttleecrior gg% time shorter. |
nbodi nments, the tot ness o prot I've coating

Iayers IS Iess than 0.1grn and the heater can be
It SpuMd iwactedrine e fekterno rbzdyi abdrtiue separationg gnd(there®re tig)i@oi ofrimrigk
dlstpméﬂ ard thpinlpl)rtaﬁkraes@fl @c‘%gi(}&rah&fs Qfd%ottﬂg %hatﬁ@@tﬂ@t[meb erli@ﬁ oﬂh’i.tx the heater

neésnfénﬁ an%%eé Q?A ?{FO om gﬂlt'le it :!;Qngmr i ga{yeals?LBc’eéusRenﬂﬁd or a\%ac?ed to 1’513 roof of

rop I'ze
m@#ﬁ#@'lnk tenperature will be be|OMI60C t hus av0|d|ng
probl ens di scussed above in relation to heater area.
10Reduced heater thickness Since the ATApeCot, term
associated with heating the protective layers is
generally much larger than the ATAphChth term
associ ated with heating the heater, reducing the
heater thickness th will be of little benefit unless
the coating is elimnated or nade thin conpared to the
heater. Presum ng that has been done, 15 reducing th
will further reduce the volune to be heated, thereby
reduci ng not only the ATAphChth term but also the
di ffusive terns, as nucleation wll occur nore
qui ckly. Model s based on equation 3 show that a 0.1gm
thi ck uncoated heater will typically require | ess than
hal f of the energy required by a 0.5gmthick heater.
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high (< IMA.cm2). Mnimzing O, Ch and o 25The
densities and specific heats of the heater and
protective coating materials are generally of
Q2WHAWEY concern to an inlcjet designer, siPhdAU2005/000480
properties such as resistivi4y, oxidation resistance,
corrosion resistance and cavitation resistance are of
1% Bdbeh b AR AR GRiitiod 10 WEKE Cuccebshul J;Qﬁo%‘?eq&ﬂpéét 4e5.ail Bps:
are put to one side, materials wth a
slffrigit nyma PR dvér@mb dabtheporeklating spadst ejesamnablioa assbigebtl @dtng
phCh and NC, and in equation 3 has the sane effect as
*@H%@Wﬁ@m@W“ﬁH& to. 30 Cenerally the pC product does
not vary by nore than a factor of 2 in the class of
materials available to the inkjet designer:
& $ case of an uncoated heater, nodels

based on equation 3 indicate the heater nateri al
sel eghdfdtenttbd deceleRRE & e%%m%{]{uﬁ%m%@ 0BG Nen ks QO bk §F214 O
ej ect by at nost 30% ni m zing nucleation tine
b(zmsm gz o |d@ mdlinefnf cu’ gioigeak-0f SIF the EFbld itnpulss isisufudent tapubh theQneniscus
mnimze [ %overns the diffusive loss into the
PR e t‘hﬁa’&f ‘F’Eff’é? uthisgropietvd dragrasiglicpHiapd brbiad &y gitiacqel the
n?letr tgﬁly&cﬁld'ieﬁam\{%&l Wik @ é%? x*ﬂ?%&o%‘{if sulffal :%;Qioh ﬁ. 22 0L .cRYike a

nim zi tc and I'n the case of a heater
sBAAGE db&efbaﬁu theOdetelbratbl HEdrbpRey Bit if te @tdfbibriicnuch Asdigh boihh ezl
r then becones a matter of selecting the right heater

wilbsirp el ta prulficiam dngh fesdeor st ofrocer HSGéis&fI qﬁredlthe %?cesgelv\e r.

| ce. or volt reas
e{e%\é\% The? gtt? {(:) évu gh the stalk mugtge by tf:h(?% s Ia%elﬁ Elovaeeg P the c ifica I’T%av ngth

h@ameaglmgs@ayﬁ; Lﬁb@iﬁlﬂty,cvalﬁh R8 stRhBVih AR ehgBhctfh Bﬂ]ﬁ&ld lasaway. | TR statks
the heater resistivity or making the heater w der (and
oSighertvisrositydiquds il bhtraifhfortdyriher Gefoly breakoffeqein givinhaurfrcesision avre e
s not th referred optign however, as elevating .th
g AR B frepi AEE=pP BTl AT (i e R R gregty Y By e
ohtBfe ERRARES b of RS Reobily M cdoBR! :ﬁ@oﬁ&%lﬁ%[ &R off: B SatiSkitl

H gher voltage, on the other hand, could cause
inotea@ Iphihesdraplet Hacketethd ifladhanibirc destruction. of the heater

or ink conmponents, so a conpromise is 10 appropriate:
in the preferred enbodi nent, FET drive voltages

e ichidsseend 12V are considered opti num Typi cal

nunbers derived fromequation 3 for an uncoated 0.3pm
thick 1201=2 heater are: 175nJ required to eject with
Viedsiy, plads ab piiitipua] rele ju regincing £ Gketiobdrofaroy Weak Ot Speoupidedethd nogle
reues AP roRiEiAGt dr@itd h&n:@]&@&&ﬂ t@efhoﬁ[&em}hs&bst@dg lih‘éx@as&)és Bd dIPAeY

an the r.i.ve. vol
16:’ e%f%ogale ﬁtf ﬂgud ﬂow reases Y %gcef gngi} 4 aern :(1? e é’ﬁ’gg Tr?jmcge lﬁ(dly to
cipchi6 e brbblpimpeiteds '?Vﬂ f’is a‘!dGWBC! beloyy ingeltign to ithe fprmaptipnof e eoede nlatsh
byeCNIm EhidIVER the adivdn@eel Bad@bddaiBat REEH, he fdz84 [Adis & ukhetthidnvBifion are
tlln Elg px%?gﬁ Mo% pargcuﬁrly E]L l&la@eg 2 ﬁggyﬁmﬁ mg{thlm t?pllcally

and theoretical data for tﬁ% energy required f
T ik or mati on. As di scussed above, it is a strongl y
decreasing function of nucleation tinme or input pul se

wi dt h &#he drive voltgfe i's, adjusted to nmake the jnput

pul sEevkYiond dgerare £ %‘“ﬂﬁ‘d’ﬂ% éf"’l“é‘f‘h'a‘t FAfE g Bppfey nozzle
seﬁgfﬁgr[ h&ﬁp&ﬁxlctepa‘ﬂl @ng%ol\ﬂ@lﬁ vn*s Erﬂgg t&gg{:ﬁlsQ% ﬁngtp Bement solutions
Appli'cant's early devices |ch suffered Trom cont act

tofite OlaVi 1B kA Rflat Grgebpd @it theywoldelof fRid (EOR @Etha@ 3o sirE:. the e
estimate the series resistance.extraneous to the
heaters in these devices, the sheet resistance of the
heater material was neasured using a 4 term na
structure | ocated on the sem conductor wafer close to
the devices in question. The sheet resistance and the
heater geonetry were used to predict the 2 term na
resi stances of the heaters. \Wen the predictions were
conpared with 25 2 term nal neasurenents of the
heat er resistances, an additional 40 Ohns of series
resi stance was found to be contributed by resistances



10

5

20

25

30

48 the two contacts wi thout resistive attachnment

sections. Wthout a shunt |ayer, heater shapes mﬁthout

resi stive attachnent sections are preferable.

VO LAY reduced nucleation time 5 It shomﬂca"’@éw”o“"“s"

noted that the heat that didsfuses into the ink and the

underlayer prior to nucleation has an effect on the
Iune of fluid that ori zes_ once nucl eati on has

UPY R TEHTroRpSRY e ‘f % FAMIPHPUPEE! -t ReoRFEh BT o™

eﬁafale;e&:op(k Job PR SneForhiQlik S ihibH L I ah@siarqyeef&lo%gﬁ)m have been
Tests have shown that nozzles run wth shorter, higher

duterninadfer siveatf@ kjeqiiol: Ses have shorter ink clogglng times

(di scussed above in relation to 10Reduced Heater

Ar ea) . IThiheheptes-ngazlssenprafiapimpsibedansthap A ¥ EtFlesHpgins ndof  t he

vapor exp ss. . aple to push ink nmade

VISCOU? b@“@?%&% F%%ﬂ?h?%ﬁﬁﬁaf e nozzle. The

Appl i cantmé"@estatﬂadlhfmnw&bé Yvisd@iaeks thatp. short er, hi gher

vol t age heater pul ses reduce the extent of

Thavhnrplicartls dryidespayiely thige ew@tain@@&mgthlasur@emﬁ etherrviesauiyed inithe plokey

the stal k. dra i.nd th

S R o Kt e Bt B D ey

d&ictOwith dI‘oP Gize3 b 1hAC &1 R eibdi6h POEE bR 2RI Ewater baAGHs. df OPI et

break-of t occurs part of the stalk remains attached to

c¢nipslsmozrmthadq:ﬂnalte enarkeleypodly hava pad-ogrlsischaraivh:nd ivezlaig@dd of 10pm
| at e, uid pooling asymmetrically on one side of
PP aﬁ%‘ﬁ‘f legfﬁse&tgagn@rglﬁ§qf~‘{09% probl ens, because the

stalks of subsequent droplets can attach t hensel ves to

the pooled liquid, causing msdirection of those

dr Bpllet Sprecidrd bathésa eparemntd iDthe at typind tedSetidlikGectidd ehekpf ibinGihly

al ready on the nozzle plate encourages further

desigpile fon s ParrIgHd °b‘f°~“sq tjsfrdérss of BhebeFéhamﬁ ﬁéﬁ‘tfﬁ’“‘@\‘ to achieve self
raf | oodi
ccmm ﬁlé e.nerggy gpe%ct% llrglc ggt&c?nﬁ}g e uced by ac?ao?% th? mea ures tfcuss&%ove

r evapor
Tlﬁﬁstnﬂ lo&&daet;lhﬁteﬁ;&t'a&reﬁhd AN ﬁbeaﬁds i-1||| nazzle Senﬁtﬁ'alhdmh@z@td, A §Fft is not
into the nozzles. The traditional nethod by which the
toche desree permifted| bk plfgpadingflesignour aged from att achi ng
t hensel ves to the nozzle plate invol ves reducing the
surface energy of the nozzle plate with an appropriate
surface treatnent or coating. This al so encourages
Cliefichl Fripiold idép@isit@f nofzleplatd, :6duhih h@-i0@a&l € pl ate. However, the
25Appl i cant has found that m crofl oodi ng can be
dramatically reduced w thout surface treatnen
e aTE FHoeRETE § RS SR o DUl 6 o B Pl e e s
copgiyngfaistontie ohiclsit fooizd Bxcbprical vapa dipsijion EYDE dt @gous hielrmads
cotPBGihents] IV iE8F8i1idoR nitrBE sifkdoh @6ide Of sitt@UMEREabUDDI &
i mpul se, which reduces the |l ength of the droplet stalk
and the |ikelihood of the stalk attaching itself to
The pdvariaepief the pozelplatiybbeing @rmed by QY Inis MptAh infgrmedtin elace Adthayihef r om
rediréhent fatiasignbling, thervodzle FlA€ B obattob@ndi6 Bieh A6 whilsto@ctbieinm epli 1.
TIQQ@.& irh Rt adm,@gemguse ﬂ&s@&wsf&egozh@ aa@m&tmqt otfhehbi{llbe

so- cal her nal
fet"ts@j‘fﬁf&%fﬁz“ 'P gffegt HEPTPOlE P%%ﬁ,!}éfwe’f 'ﬁ%ﬁ Seeh epgneleppne
pojentlal tyspemgsh ofslernpat expgatierbetyeen the eHoblate FRod thepegntp Wich iovdyiivo |
wﬁﬁﬁe@hm&lﬂf m&eestﬁt]@ kd¥Bihg cﬁﬁﬂﬁéﬁﬁtahéntﬁaﬂeaml f, keeping the_ml planar,
us - - . [
s B M e S ot o (BT PSRRA TR Stt ;PR e
i nkj et deS|gner does not generally have the freedomto
change ink base, since the ink base strongly affects
the interaction of the ink with the print nmedium In
addi tion, ethanol and other simlar solvents are |ess
suitable to self-cooling printheads: despite having
reduced ej ection energies, the |ower densities and
specific heats nean 49 less heat is able to be taken
away in the droplets, and the reduced boiling points
nmean there is less margin for operating wthout
boiling the ink continuously. Inproved thernal
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Generally the inkjet designer has considerable freedom
to tailor the thermal properties of the underlayer, by
selecting a material with a | ow thernmal product
WHReK 93779, Low thermal conductivity k is a §oH@U2005/000480
initial screening criteriongfor material selection,
since k can vary up to 2 orders of nmagnitude in the

cl ass of available materials, while the product pC
varies less than 1 order of magnitude. In determning
Tahigtdrd thermal behpmfot is @ bibrdficannBiétatin thel pribrawtSibich Brvls @he sikdfof nlgjets that

c %Inﬁddﬁgtﬁryde TIqus %Mc@tfﬁa@ﬁe Inl'l}ﬁ EMCWIQ BQEEH&H e°x zQLonI'ﬂth'een for

PR A LM AR Wnihe v P RRIRTY Hiee s
is\pétiljpors |s gejte subjigntijl. SCc'gggggqlth oer pyymalbthistapgg @ that occupied by, say, 1000
ndzBies, iiexalhiive i@ ¥xpadBh thit Bichrs behRed tﬁﬂéesbe‘&twé Paeirg) I Bigin £ BpekA fmtnd:e

o G APl Bl B S b o e
diFFRSOp BISE e RIRERYY Fra e P B %‘W&% i e Y er

dgwirmedeldortseh devB#s02 under | ayer and a heater suspended at

each end, fuIIy i mrersed in ink. Thus there are at
Lo the

Ancﬁhaepr?b%em 394;]38869 ?]Yrte f«leaguneg’otjt}ﬁ: mvenfl?]nénreﬁent‘? under EISCUSSIOI% at lﬁa%

0 WOr se
erptopigrests i g e gilviqan el igfes thatneqd iy assoplep rrpsee%ly
lafabatbdtin® 116 kelndiadet &fithie prinfhe@uhday@iiddioRs BtV hipiestsse | Bristc@testn
tbﬂ%a&@&"ﬁdegm defohx%u&nb &y ML‘AGQJ Q'geqﬁﬁom@crn ot‘ th@no%%ﬁre lz@éf'g ‘Jy

Q hermal product of th

Cvﬁl‘{‘ﬂ'cﬁ“h"élt‘“eﬁ%?téqc argtm&é“‘tﬂstﬂ aﬂ‘hdd &‘ﬁ ayers with | ower
thermal products than water or Si02 conme fromthe new
AGIr8& Sdvititagd '\e Kreddht Bla@Gd JF the BivenSdd CANlcAGn ARRdin@d HYRbEE dhad ' S

GO%Q{B%W%}%&%E%I%H%E ct%%@l cht!ﬂ.ﬁnr%glgg < eg%snplgg Dozgi plm b? EVD
allqwsvaeswl@lals i cluderh g the prirgiey af thy spale 9f apan! sl Pty BReRYop

ustnlg praceSds02rmbly4 84 @ sprd R ndustor @AFRgnl3) and | ower t her mal
conductivity (-0.4Wr Ild vs -1.46WnlK-1).

:% &%{Q ys%r}ms egqiyegtlan(:c ;ﬁ'ers]sg% g-/gns:engsu Cu,?'ulil%(;t% hlu%[etgﬁné:rra{r]%xlphase of (Ijlﬂ to
109 arpmbecs ¥ e Baeplater Hingugh dayiceg tvere pbied QR jthen towattsmrﬁb%ychb e
prédad tamghnt) W sub@utia Gickgss 5f (R ek plagyeiile baskduifedt Reeld be
mﬂ@?}t&%ﬁ bﬁl:o%e s}dﬁ&ﬁﬂm.sarys%&mctﬁé]&?&dd&ﬂm& H2R phes Wik B BhOW

/odo ({}% energy required for ejection is

ce’é‘ﬁ‘f%ﬁemﬁ? BPFYLU%8n into the underl ayer when

5102under | ayers are used. The benefit of the
For @@llnﬁ& &mtmeds st dith® iAo Riddanat laﬁ%obph&e préksufeliff@he nozzle

chgrgoe saé %%ﬁow XMB efeﬁe’n&% }Ia%qal 53 mﬂﬁ shmps %g@:t,e § |that is not in

I's ma
H“*b‘Eﬁfé“d"né‘f“[ci“tf’b ﬁ"dd‘Sl’fcd & pugh *O‘E?k IB?ZIEWH Fdgeh Bﬁ aé’d fecatd
thag alt:lbmcld@p@d regiltlin peablemOoclatihg to(dip 2ieipn. Lerrasiug fhe hickress of nozzle

plmzetnetatee Ghe ﬁmtpdtgrsﬁemd byt Gozik 3 dsGR ik 11 QgEcEEB bnrdRgHQEEGLzte ] Bhis
duci uce the density

orosity to re
m%\ﬂ%"%ﬁﬂ’? ﬁ’é‘f‘"@ aGe |€ﬂ|%t BmeSS M ni mi zi ng FET | oss The
resi stance of t he FET depends on: 50 a) the area of
Addother pfobidm Bt voll@exisyip the @be dPfadh { tHckHBAR BRI 2 0¢latdd OB bighing )
prdclgsg. {h%%qssmgﬁzﬁ [hl ndz$t 1§$tc%QcE 8 s&%,‘fn@rgenayulag E%lc Ex)gf-gr 8 of the

substrate portion, for example using standard plasma etching. This would typically require more than 10

microns of resist 69 to be applied. The level of resolution required to expose that thickness of resist 69
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d) the CMOS process e.g. 5V or 12V drive 5 The area of
the PET is determ ned by the packing density of the
nozzl es and the size of each nozzle's unit cell
WHEPEASHY t he packing density will reduce tHe/AIE§05/000480
size and increase the FET ré&distance. N-channel FETs
have | ower resistance than P-channel FETs because

bebRiek diffan b ﬂﬁle\m:bb ihl: foEaYdebtﬁ oﬂhegtéﬁfer thaHQ Wey t@ Expgse BE I-:cs-ll-st e Yatively
p 10IE {0 X relev. TEsl ra C

sl él?%%gﬁ’* Py Rodsbie o RoRRoR SR e P Bt Sovpi yopig

v T?VF“ are typically used to pull one side of

the heater down to ground, inplying the heater is

R @‘&ﬁelai,rw%.g@lt ol G ma;lglcﬁi éh &gng Aé,rbﬁet %?egtug{: casr%gg m%lcrdn\ﬁsck

2t ‘%8%‘"’ 4 %‘?‘fgﬁp%m&ﬁ“ ? HiF PR A At e byornsy of fha djfesence in

By prtarision betwepngled TV ayer anditBe shbsgite ps viel gsnhetidhererfE &rfss @hmthm thick

de@Sites 2R QIR ,wa S oodlD Ed"ba]'sedbcybotvhcﬁsuélm dt:ﬁ@ %a%bgﬁﬁs i

f..th |rcu
PRTREE SURDRRUS Thl S Ol RO 2 iR b‘gz““ﬁi gﬁﬁ‘e
$%ﬁﬁ@ﬁmw5%¢?ﬁﬁgq¥%ﬂuces t he power dellvered to the
heater, increases the nucleation tinme and i ncreases

Wlhﬁef@"gﬂa@te h gt SJwﬁ@Mglnﬁﬁﬁ thQMal q{kfejfe%ﬂ &ch‘ aQJOQmE Q%n é&%ﬂﬁéﬁgof

'Hc resen{ & n‘(‘:“é’n’ @l ESendL B A% ﬁé TREE ?'ilj‘/cze‘%'%“"ﬁ s Wmfﬁi‘i e fiyjde
dfaf peougt thppzple( g ngfpatyiculadipyiificannend fsghergforembte B cawasf dse
used in conjunction with equation 3 to detern1ne 20the

Fﬁl@@ltnﬁfe tfl@ﬂ?clh %In@ Themistq{l?g&s{%m:éﬁé etc%%c-)l;zles SS ¥i4 a nozz (] glate 2, and

npro Si g% usi ve l[oss. Typi cal fesistance r

SR Y HERTE dAe T B P borestiter  are 50- 200 Chns for a
5V process and 300- 800 Ohns for a 12V process.
E%&h@%ﬁﬁhe\ﬁ}tﬁeﬂt ﬁﬁ»‘aﬁloﬂ LrEHAYV:d fQ’ethth?% nSHP HL:Q: t2h LRl le‘J&@
BB 50l LIS ARIE R 0o DLt S0 UL LA
faéseis éfr”rfapfe‘tl%‘sw ﬁ@mﬁ’é‘b‘f"éime Fhﬁ emw.oh@ec@wlefb@ehw vpperizédapd
cosrbeatyy theo®mlse povbibbEU PP eyer,Gir@iofad Bibkle ighb 044 B sEIDLHIGDs
vihRd.erably, the higher resi stances 25woul d be obtai ned

%§ ql her hFater istivity rather than
ot Y ?ﬁgﬁge‘?m?ﬁ%m CHte < §ESfret ry, since hi gher

2y dhyiflyidicliag (ropghithin yoesdh fdereduprd; heat er current density,

3rm&mﬁmﬂ@kkhﬁe%hkehkh&mﬂmgﬁﬂheﬂﬁeﬁuﬁ&aﬁtr0n1gfatlOn
4f thjmu{e ?a'bnc-g%% of &%le%t g&l Jhg(.%berr ﬂg'g%ﬂ Cci’rgrg %cng varlancF é%vegt{‘ (g\%ceeg’,s

|s - 2.
>g d‘?ef’%"d‘e piges 5“"11??/1 ‘E?F‘B’E“é‘é‘g the Gubblg ﬁ‘é}ﬁfﬁ‘f prpd ipythe mwmq m m
6-Thths® id vary tdwelugicafidshared| cresvilb bHowremiozzles e heat er
7. @Rlah FOGH6h it RabRUWEEE veldcifins and 800 Chns, while the
heater resistivity is between 8pChn1n130and100pChn1m
M nimzing series resistance | oss (SLA Referring back
At RivEPgAetsbed gith igfongupe todigyrepi@ite 440e etshing dfghe Preprcathidk agrelp plate
1a)1342 fnlduies tvs rele@fmi sBipds\(Rie Bdi stad RSB Ohe oTBinL T it: nglblhﬂeﬁgﬁaﬁd 45 in
% fnd fstp Eo%'a%esmults!de Q%Ltrvjxlmé(t,o%e gxg ngzﬂeenrnc’ £ r"llhgi?t{l g:%h stage

t e contributlons I nclu

inyols] AP HREE 3 ‘tfﬁ?é°“é‘FS@61‘?déa €§13I‘53 Bnaef St rgich erreidbres e

ejtctm aproare & and|figighes thelm 4. hat connect the el ectrodes 15 to
the heater elenment 10: these portions will generate
heat but will not get hot enough to contribute to 51
t he bubble formation. SL should be mnimzed as nuch
as possible. O herwise it can raise the steady state
tenperature of the ink and conprom se efforts to
achi eve self cooling. Mnimzing contact resistance
i nvol ves rigid standards of cleanliness and car eful
preparati on of the nmetal 5surface onto which the
heater el ectrodes 15 will be deposited. Consideration
must be given to the possibility of insulating |ayers
form ng at the contact interface as a result of the
formati on of undesirabl e phases or species: in sone
cases a thin bather layer may be inserted between the
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15 Figure 23 then shows a second | ayer 40 that can be
used to shunt the series resistance. It is also
‘§055|ble to put the shunt | ayer underneath the heater
QyWH/105570 | n the preferred enbodi nent, thdCJEY 285/000480
resistance contribution frogthe contacts and
non- nucl eati ng 20sections of the heater |ayer is |ess
than 10 Chns. Bubbl e formati on on opposite sides of
heater eIenent Referrlng to Figures 51 and 52, the
higgific d 3 afidigur ed so that when a bubble 12
fornB in the |nk 2511 (bubble formng liquid), it
SRR B B 1S PR pOEE b Raspromin
ofthevelarie ink maprent én theligk ckambergorviecréaty af pfunckin of @enRepfongof the fluid
cRABP &8 R Air RRAR wilt G Yitthor JuiSd}0iNS cdnbRrdiatd-Rlent @) RPR&Hregdl of

ﬂQQQBtIe c\(é;l\ﬂg F!nt 1£ g&?_l}%’é@ p«Ja.lq%e%lg(t ﬁ&r%tgp cef RI tmgrogrléu tl%r& Op?e?eg rcglon

ement
“'el}f‘é‘eﬁlfﬁfﬁFfé‘mﬂs %heﬁfe adgharersegriion it V@?“&fé%mméf‘e‘ st 30
irhimediately Orbatguwittlic beatesuill Bec@ge. t Thatvafatida hgpiwedebtriout dflects: the -

vhééhgloemel.& Je%ezshemwpﬁh Ye Qﬂﬁe Wil Qeea@ef mikg it RE@L B push 1R HRIEh

u 51.
B AR eap i 9o B Y S oy O AT o AR
Emealbfofﬁiq ngerfeat§foee lerfe withqyi firiae, 819 tmpylse of the brille explosicneiibn t
ind@fidRat tefoicS thS USIRAGR fle 03B Ind HOMDESLVNLInR ubdhle tolFRihle Mherefore,

th@ lnmm m al 'béwéezpsugcpsgivef t9i§1££‘ @fore%e%&él@ 9&3%9 cl%é’%neb{fl% deterrmned

descri above In relation to Figure 1
apdguogifos W@H”F&“ﬂﬁFﬁ?@ﬂcbs to surround the suspended
beam el ement. 52 The advantage of the bubble 12

Afs&hmaﬂau@mtehatbhmsh@geﬁg s Sndbsh@1cNingRibeing tu'fa'gaa WRNCHetlaBety 1S
noz%eb %rr%)\(/ Q‘sbullde \i}]dual tnc.z as ma& Peuugedtu'loe ETa.rlry a?vlérgytnl)zz F] rld aeﬂ'?ed a&a@%‘%tagnc?

erl
lefsﬂen ﬁee%xefumewe%hfmf@gg% Therprigg enswefon%lﬁtci*q 43 Heéw f%ﬂg so
cdlairRad we@hdrapk, i.Q diopsliitdd @t aidquenEnhigh endugh b hwsitclogdirgdHowrver, the dots
ﬁEdl QeUJ @et éaps GM%E&nLthg d@erc& 0;\4@1135 %kéep @et%{,r Erd e DG RS HERLS

Su St r a
UM R I T S T
vohymseithe tiscestty ¢f the ink igbreages ardkbyrahdiamaximym ting kpforpsipggingdastyitidalisyless
thitd thelinde @fpRifirQ rasge Th ©isQEt] @k k@pwd drops neddldeve Ra &id tBdjR¥e. Th
;ﬁl .Qaﬁvs o it fﬁ aﬁ1|asct§dnd tha e ‘Jéﬂmg% c?oltsBﬁoEl%eg w8fdroHl§1oD Qn%B h

fromt eat er prior nucl eat |
”“fyh’é" %%&ier‘%'{’eé’“'sfl eYep TP FFB’ﬁ‘fe ot prichusiPafeee e GEB’d’F"é“"’S the”
kebpwartihis of everOhdadly andepess thet tipfdersin] kbepootlots npthaiegri igiess dimdl in -
29 Uam)!huﬁ thb$0 B41Rkd nemuats}emmﬂghd ﬁuastah%lf;’mslt@t cwemetected by the

eye. Sllg%we\é% gjlthe kgeg ﬁvgot ZtlIZrI]IOStO %s lmzz(iI pen:mt the PE es gf Int gfs kce)%p

m@ﬁb@@?“?@@ﬂﬂﬂ@émﬁo forn1a bubble it does not predi ct
the force of the bubble, the |ikelihood of ejection or

Inta!ilﬁmh HB?&% QJcp Wét 'J&%\é anlomlo&'ln%\ﬁ% Bp\éﬁ?oQVﬁE ﬁ‘eﬂ,@u‘i R hia

heat er di scusseéd i h re
SUATBRY AT TN %’°gg%i’ ”R’é? E‘ts P TesEOWRER 5 BRYeRi m@’ﬁ%‘fﬂﬁ"f PPy
THe dpflioamnhanfolyd Iyl resovery stdtegiey thatl e paptipelarlyfeffdotivat er area. Thi s
has saR 6HRARSbABM e Bkt Rdgh@GiwhAd rukn@d b GlvGel DO afrzGBrent

of ngggﬁ (ﬁrégggeg%ﬂa@POEQDETdensate for the reduced

reduce the
h é ataélrli gz durg éﬁo‘é? HmEReYses befarg drorpingfheck fpgledesg e fgruency.
that needs to be displ aced 2. reduce the nozzle'
pl ate thickness to reduce viscous drag of fluid
passi ng through the nozzle 203. inplenent an ink
war m ng/ nozzl e decl og schene to overcone the increased
susceptibility of the nozzles to evaporatively induced
increases in ink viscosity.
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Furthernore, with the oxidation prevention coatings
removed, the designer nust replace the conventional
heater naterial with one | ess susceptible to
VP18, Wth the tantal um cavitation protf&dtiUgHS/000480
coating 25renoved, the designer nust find an alternate
means of pr eventi ng cavitation damage. These

addi ti onal q]w rements are di scussed bel ow )
Thsetuarpeioy 6?2? Ay EPFAeEROPAYH thadave been left forppdo 3 dgg uncepagding dry
eidrbrueB STho éxplaalonjbeitindpiirelr Ric@bsSiestalth exrigl viscosiry vt fadperaurdpetile of
2GR od cht€ lF!)rBéxa%ﬁ %ﬁsc&l%Bwitgglhalver?hemﬁ & ﬁ)"@tB §O°C The
paroun 400 n are, placed % hﬁh

O AF: 1015 R AT °8W°T“ﬁ38 %8’%"2‘?8"“ cﬁ%"fﬁff ésﬁ'f‘*“gy
the iple srgeritly wannicb@p 2 lowdPCoairae A thesseqopdsirategy EehicH fsapyrespmpatiblegyith
te @®IOK hﬁ@b&u&@%@a puk® F0hddlvis@Rvidd ik Wabhldg: WHeadhSinsk R QSMIFring
Oﬂd cIo §n{9£[§ hggl%lﬁ anlﬁl?oﬁ'ﬁegt rﬂ!u%g tth% hga%?z!lf}elj érﬁ% ‘glllﬁi?leate into the

ng operat|

""ﬁmf Firsyrb b aurb sy %@%@’b%ﬁ““mg its tempepy{ye *’rsé’d]b‘&‘i"i‘"& it

eqch firfirlg entihevarthelly is ve@sityfiropdbelow rhe Hreinfor survesefltejegion. r akisbe s
ngnkber obat!@.bﬁta ﬁnﬁg@ Wuﬁ&g BRSO R ctogge@ &rzas £ sQVSIHulIF ﬁl%afesa,ﬂﬁg
thte nozz % to erau n tgxk omt onw %s tgr]: e can bc %gd a% ﬂ'BaI;nEm ecp wct

& ect abhe ? B €™t

FE=peglee I'S "poOSSI
f'Pﬁ“ff\C!gtaneVCP‘ﬁP@méﬁP‘ée‘tcmE‘}g g uci ng the forces acting
agai nst the drop ejection, so that ejection with

Tﬁeqeﬁﬁ%gqumep&*m% M}a@pé&s LR @mmuyﬂa@é@l@& &e a?st&n@foi &Jé&ﬁés,

ction are as clate Wt
“'F'HV‘W“’%@%“?‘?% "‘afz“"e’§‘i?5‘f’&c“§“stffé%‘§1°¥ﬁ?“%fﬁ g%w a Wé%’o sﬁ9t‘§P“‘S°1RS“°d
TWl4nbrh gpalp for heptaliffiedom ihesr avthigtime s (GhPxBfHHI/aCH Mo ehiletire
lehgukdld fox hek ?lfﬁh@n inftle gWkerdl m&ﬁ&ﬁ; (mlﬁnere&m bétd P th@drdtdd Bas OF
Q t e e e YANS)
%?ategj .g %t{rg 19&%%} grss ng #\é\?ﬁﬂnl‘ﬂ uIse cale shou{agxcgelagl Pﬁg scAlc for

hegtifysien agrpss fe ﬁ’%ﬁ F*am‘afét*%'é%lff ﬂ%eﬁ%mw@hltné?f flyid ép "F Figeted ihsateg They
wirging 9dsg inkhvel skiopld he chigd fradtly exciad khe Hnescdlé far Hoar diffastbo,ch hay wilhdow

thmw@ssigite dwaPitintinddgiweeh wb’aﬁcaia%étn@a teaﬁedmmﬁu RRBAH S to the

eat er. cl ose
oRPE PP ST [ a6 ¢ B b P s oo R R Sipegton
Thsyrtigymtrirperaterh fopkwates basqéfiﬂktwrrem@aedrtp Pd SQICH°G higheepougipto Jorerghe
vibcBsdisigh0anty frdnd the rh@n R FatutedallieSbuk RA UBEE td 430ill RtrSashashi on,
o35l 4 SR80 ARGk TR WA, 25 Qe B € e

bl e w I ncr ease 006sing to nove
heater closer to the nozzle, one nust take |nto
Neicth® epbonpogeetion isgtsogd ivittothd 17 6Haz i8¢ win, basertraurrof the teiodiet y
o&e&am S8l gfmewa&ea&er&ma@@rsatdo@mg itldbes tuh Brath St BE héatSrs smueag fired

| f
pafﬂhtgargf aTick?yr 13 an adv?bz% ac‘vlf srelf coo u%g 1s(t?a(t: Sé stea },i stag'a% ??e era%. re zt?ﬁrée y

indepspdant obfhe firtg fe A l@Pg th Pmﬁé@? 'eéf%'*é the 992%!?815% §'iw<5r*1S low enough,
firQpp &el heends a7 kKiid@cevial adve Heeloed Al A Bdissefa@®blbr. STHE nmm:ahthaemzzles
tybi aﬁ;«eﬂfm&m%ps GP maﬂ@ﬁénmw wammm& EQpa@l the ink-air
Interface). This decreases the volume of vapour
generated and t he i mpul se of the bubble and nakes the
The luzeperi ofipplses imthe puhoiraingf a copfrofise botwoen!te efiestiveerssaod the dealbe aykleand
mm\e@ta@rma ow ﬂmszszah@mammy%ﬁm&@p &r:aﬁpbr@c&e edil 1d de@sebOhy

pu%es anc{ arlcﬁ P mka\ngge vsangd 1{' € ectton ds T slo e %aﬁém tlﬁ den_EOé ?ycp‘p?h%ultscis ﬁwe

gn consi deration

thy qogzms argpje opjpqFteity PH@i%eﬂafflefﬁe fﬁ@éﬁoqﬂtﬁf e5igy Wy ad fghy npssley Franot

detleetdanar 6f pulslsemdregolscshantiigely toibtlp.may al so be suspended or
attached to the roof of the chanber. 30
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WD 2006/ 105570PCT/ AU20051000480 54 It is inportant to
realize that in addition to inertia, successful

ej ection requires that the bubble inpart sufficient

W AHLERI0t 0 overcone the other forces acti ngCagdizpns{000480
ejection-i.e. those associagted with surface tension

and viscosity. 5Surface tension and viscosity

Surface tension decelerates the enmerging liquid from
the nonent the neniscus in the nozzle begins to bul ge

A dazztehﬁmmgf‘e@ﬁ Iet@for ﬂk@ﬂbupﬁrﬁﬂﬁy Qdt be sudctssttilyGesRRBRIoBerdibiVY R €

niscus out far e
%]pvc g te :es as ﬁef re:%uctlon B vBcotsJytpﬁwg%8¥% TuarrFm%v?yI:lF madrr nze SI%]c%enth?(
GQFFPEIFSFtafSH ‘bF ipresage HU”SF‘tS‘BtCH!i‘Ed b\‘AF‘IaiP‘J“aY”E RS fapre “E’G&faéfﬂ iprequirgd.
Thdepplidal|s hedzlEs@ i@ berh ngwn t8 bd riv@vetablk in G @ Rld@mstanddd @h@Citeiabileno f
re?a}d{}ef 1A c}: §e|d%vé d& REnStal J?h&ﬁ&éf the S BecBineS tﬁe%&tl!e{m

ubber rat es
ICLLE-CHEMAE MR G
Athgmigd esyiréninerg meyrite sipplfed birewd methods: op br eak- of f to occur (a
necessary condition for successful ejection). The

I elnggumldt ub%mw%ngglmts%nggzp% k. nmust be stretched is largely

govern wavel engt h of the

Ra?yl é‘ia@ﬁ“SF&V‘PW > Privadingta sqaled g mosily pealprd Ghammbar coyeripg by ryinthead, with
| nCr eqstaygmbistire vithdheghanbirqui d vi scosity. The stal ks
150f hi gher VI SCOSI ty liquids will stretch out further

TFf{'Fg occurs, % Pg rface .t ensi on nore
mythp 8‘%‘ %“F PETPRD QG PHIPSEECRTIR OHITRE BIeSRT BT 51
hepmi¢ edironment will peidust e gYhrorptiqRirah docreaging or glisninaying the fegdfer kiep-weth e
adapsb kaiteenawaﬁm 5@d beSuseld §aridgBas ﬂEdeiaﬁnc‘dduﬁﬁﬁ)&inﬁJMnbnlf‘wdﬂ o f the
WErH,Q,HCQE}e dc‘i:lo?ciyggsotgreyyvjer c1o£h?4§tga CE %Lhé?t)v;y, e : ncEthg tﬁ% n_ﬁdmlmlge of

o R e mplcafon O fRpiER BELE AP LIS ‘t°§/m154“3§/*§‘“%ﬂ%

additional role in reducing the likelihood of drop .
TR Gk mRbnbd BlSObtusd qu;gwénmaggsg dﬂﬂ?g%)hﬁmg %&u&me 1.88€t0 prevent

cl%ggl‘g Ql}nngrpdoleo;genoJ t cou{d Saléo\;ge ggd %s:%réemﬁ%:!z} én‘easurf. Q) rec?vlg]r c10ﬁch Hozzles the

cagpiREReEap N ‘@Fld Pa aal?lﬁd fheraiaied dzegiedos cxcts cpridfewd Thistquld
refplivie mﬁt@ﬁnﬁﬂ@&zio@ecpﬂo&e»es sodfiftersTatheut the ku@lid/airtvell gberaly B:gidire itk
k&PSmE‘dRQJ;ﬁav&M&Eg&E is low. As addressed below in
relation to the formation of the nozzle plate 2 by
CvD, and with the advantages described in that regard,
At hiwusped zhpkepthpPESt comseuprptep Hiet dyying rsration) qachamzzleawiil by figed ptian infoerp!
nd: A8 thimn:hetkb@ wor R lof t8d ihk in MbHcRz1de Ahbrt GiblkeBF-Wdf fimd 8 ReddOZAL hat is

lit%re? ﬁle wclw(rsq a%%iﬂ%%ﬁ hElrEQIp ?’l{%e glllnte% mép%lléno% n'ghetPﬁe l’ﬂg)aillso X’y 8 l?igzl%gy

kearéw% PR BRIt 1EpopriRiet ey ﬁf‘ucﬂ@af @PS%? é*& Yeep- s drops that gt

prhvedtosiepipezz| e separati on, nozzle dianeter and | ength,
liquid viscosity and surface tension using

ATt P R B 1 ST S VAP P Ty Doy

aveidingrgakdecae 8 pad Bt ke iiedrénsee 55 surface notion. -These
conput ations can be used to exam ne the opti mal

Fl?tﬁén&@é o&agﬁagxg %g%gnfs% cgnq:";'ovldg %uﬁ&%ﬁ&)ﬁnﬁht%tséog& o‘" the prﬁ%acﬂrl% g

I nterest part | cul ar
idfe st Q““I‘“i“?h“’f’%s *H@\‘/"@’“E)be‘%ﬂbﬂ ECUPHPHeoREST Prigyfe TG Rg Usipg one
of e @@t agdfire declog methods. 1. the heater-nozzle

separation nust be | ess than 5gmat its cl osest point;
and 52. the nozzle length nust be | ess than 5gm and
3. the ejectable liquid nmust have a viscosity |ess

t han 5cP.
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The Applicant's devices satisfy these constraints,
along wth a nunber of others described in the above
ref erenced co-pendi ng applications. In doing so, the
WRI0e/E0a50 has successful ly fabricated sel f - E6BAUMYS060430
devices, wth drop sizes ofglpl to 2pl and ejection
energi es of -2000 for water based inks. In
10conparison, printheads on the market typically have
Itheprefired obedimesh &P Hirhamidireatele yitiAe deglog terngtelsspriofto printiygrn or
~meHebuahd ~toaisesal | y have ejection energi es of -40000.

It will be appreciated by those experienced in the art
t hat any reductjon in ejection ene is hig

AR SITFA BRERIsp By 2PRiRS© thh SfngayIse. i Rg Vi 2 ﬂ%iy ”@ﬂnmgﬁ@&atr f’dﬂ“%g’é“ a
sep bf finiertulses that with¢ject thelgiob Faoomasitls weafideicwreg mduckgheaddvisewity to an
cjo@dble tevel cOOl ing. The energy of ejection will be
significantly reduced by adopting the neasures

di scussed above. This will |lower the chip tenperature
Paftehioa bf @Matol G ASRSshipd NOZzl e density and firing rate,
even if it is not to the degree permtted by

sel f-cooling designs. 20Chem cal va our d sited
Anrseriped abqveaf‘% "a*h‘EP‘et 1R h4 befp Lsmed in 4 rapthrad appppding fpag prabodiment of the
prese Givénoon, tagiablild Holpds tobardsa pdint dftollapeel. [Acchrdiay toeta Gature presently
beidg b4, 1D ﬁea@%allsrﬁs @la.@tﬁfgm tJiamrmadbfss Rlsahd wt EHA& of
gonsgltutl g?g hem ca
<a g)ﬁe lr todv E’w pse g aRPg‘srltiolefgac?ﬂ,ﬁgp é&r clements.
Prefadiy Fhﬁemlsad IStcmfg@QA}O that thsfe isgio pqlid grpferra] at suphgheints gf chljapsg 7. In
thid iv@XdadlBtioR beiSig 4 hhd ProKlenyin Phidr hrt B@mal 2Rjet TG QB VA AGEna04.
the nozzle plate 2 being forned by C/Dis that it is
formed in glace wi t hout the requirenent for assenblin
Refgmne ffo3e e it e g ediment EPB’i‘Ff:‘B’r’FEﬁF’%S 18 e ppofigureql 1q Bave partp gi
wiich@pfing peps (apresenteddiy the hrrow B, and tedforartheibaiblos 12anthat el peantstofigpliapse
1THEGRUIR buﬂnﬁs @ﬁa‘éﬁlmlldéat&fat smegaga OFi R addlg@d rnisdeatultad maroul d
SLIQ Eantlaflgﬁavm cawtatlo ? 1hé: haeglel' GFCIiﬂeI]tS IIB an% t!her s&llgmaetfr]:ap Ct an d

vol ve sues I'ssues
i ncl ude the 30potent|al n1snatch of thermal expansion
In b @bnd@ e riot HGydROAE Shewipkighaticaly il Figutel 32, tp@éateSeldm@nt\Whis eibeddid in

a smuithr?b@th% ﬁ&ﬂg%g?ﬂer SB E@r th! Jletﬂerﬁ %J ayprcg{ctl\g Eé?é} %&Errﬂﬁ: |u¥ulatlggm
b R i e
bubltkhi@splipesesyishob BiohrpsowsH§S af oftbe epergy|ofithecbubbletcollapdq és fegpserbqnto a
vefyandlSpoint o Gonddael7i Faid ﬁo@‘ftwet 1E@F ITBlere @D6ENA 1S tﬂd’lndc&méhl forces due to
mé&&&ﬁ&?&%&m ia@&ttﬁ% @oc&sﬂ%oﬂ%i eggr%)q!é E;e go‘ﬂ@&fﬁﬁla&rﬁﬁl Jo&ld ElEpe

be na
SRR gigddhethpper EIF“?"‘P%‘P e‘i’i‘&"é"ef H"Stl"‘rf’é"'vﬁ"éféf’a' PeArRssive et he r nral
expansi on between, for exanple, a nickel nozzle piate

TyBifily,3uck ¥ P:é&d&@et Iﬁyextﬁ PRVT el W g b«ﬁckﬂ:ﬂﬁéés@o anlnpat h&§d 1ayer of tantafum
ere this substrate

pentoxu{] Zlc é lj)[) éAtlthou |kno mﬁtgneaq ﬁ%ln W )r/e,s:st the é?&ctglgil cavxtatﬂx if the tantalurn

Pe%f?%qe ahgele berbivper avay deeduipr @ytatipg, theg gxidatiniiDacpinoesyr e*éhe updeglying

tanitaBimBriicital] € ds Reffftaely@appiaiichmpilnd fambxidd Gealr S bet ween t he
respective parts, in being heated fromthe anbient

tgggerature to 4@1 curing tenperature required f
RGPt dinp gAYy wlahhis srerskin oyt Hene |“‘5 ?F‘ systems,
it hay it dsadverfragesi G sfznicanitdisydvagrageas i, it difaey, vatually the @hokogzatdeéve
layk:&Sh g{ahng amé@esmﬂaad meséfmhériu&amsb)ynuae& trestsmmra;r toftra{sfer the
req?'%egtg ur émo LE l%kh% Q? ﬁr%\mtts h?esgon BreEL% ntlﬁldb(‘j U n%:d‘r%eséh ‘%"écﬂesas ${%n,
at least in enbodinents thereof, is that, in prior art
devi ces, nozzle plates that need to be assenbled are
generally |l am nated onto the renai nder of the
printhead under conditions of relatively high stress.
This can result in breakages or undesirable
deformations of the devices. The deposition of the
nozzle plate layer 2 by 15CVD in the enbodi nents of
the present invention avoids this. A further advantage
of the present features of the invention, at least in
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Exi sting bubble jet systens experience pressure
transients, during the bubble generation phase, of up
to 100 at nospheres. |If the nozzle plates 2 in such

Ve 006/t85Wer e appl i ed by CVD, then to wi t hst ERHATRRIF/000480
pressure transients, a subghantial thickness of CVD
nozzl e plate would be required. As would be
25understood by those skilled in the art, such .
SRR hRek hick isgtanigrd H S v Besigesied Po BisaibuiempiByre dt tyilqrel dpsieaated
60 euffir@fityas ieat[ie @ [1 & bis it sl rebuis QUSSR Entdlelcom! lod @rakepaailte,
dhtbeong th&lﬁe@ B Abwdbh t Ad d@alss%&]éajlﬂerc\%ﬁ %&e thEahccht3atﬂlg d:@ad\;]agtpge

her e ressure in zzl e
G L B DR IO SPOP eGP B P S Aot
t@llrwmtwalavnﬁ cell 1 that is not in 30 accordance wth
the present invention, and which has such a thick

A{J%&é{%% tﬁ) | fét[‘uﬁe Seng);ulucm-i cusggn @F&E(‘nglj g o‘taé vs Q%{' 57s§%gcrﬁed

ness. can
g iseroislad by spnereng & Byble H‘é° I%Rlﬁé%%a%‘f“% ipfF ewbﬁﬂagéafe a
rhintef @dped 7 titwdich theid islhoGolgimagria xatrtoschadiiyulatiinehersaier|isghc3am®

vhtd&n | a&kssums ﬁeatejeessnefé t«meylg Retifi @e mmds@fm tmla lo&n&ﬁtﬁhor to

n
"%@%ﬁ Frﬁ‘“’% 'E‘e’%%i“’ e f“ﬁ %f‘t % "" a‘*eé g‘ﬁ’ g’ly e O "t"ﬁ% °%"§‘§‘§“ of “such
teprpre ¥ thy e@z Pféolbpsaﬂenaz rea?hena@t thoysapds OE qqeeeaﬁ tebia Femepsgidriy the
PIRROEEE ST soddlinfnedefice. SRS Higk ddva the ik @npaédd £tha poist. Bbvahe,dhe
vé}éne%?&\%}ne ReLRePdiE P&.ﬁ b cbifipde hﬁs VRRAT mddmPes c];tutt&‘m ofink

substrate portion, for exanple using stan pl asma
°‘e‘tp8rf?l“ﬁ’§&“51yﬂ]f"§°‘§\i?uﬁ'%“ﬁf%9bl cally require nore than 10

m crons of resist 69 to be applied. The | evel of
'rneegs&}amni oPtfle BuSHHIL 56 Bhatlit QoI RSB Rrdb Ditint SRMIGHO LS her@ therk RS Hlid
gte a c e ac Cl)e@éld Qu? %ZaQ gréeM%éés%Q@maﬁ&o LBaQ re{)rﬁ}gxggd%?ﬁé part 10.34 of

thg t“%sb ﬂ’@}"“ ’Elﬁﬁl"e ?% TB"S"@H"*’I‘ E?Présilﬁ'ﬁéséy‘t“ﬁ%“cf‘lﬁ‘i‘ kg a holg represented by the
refegh@tninrkedl §3 Siaénker. Wiet hotighntiist heang| thechullibl f@@sBoubd the dlemnent (as

@RS Lt Bbndq £8bH YARen @lams@mafm{eeﬁ;f&ﬁn @&nﬂm% gasmaj &Xp%’as
5

t hi I t
ulhug o e Soeb o B s e SR e BES B RR s A bot b6
fikieyd ayitlpthvapan thet fermssthe bybbisy éheamtm 1is dupmbstaptiabiidise-gipesd. When it
cdflhglsds) tEl@olpee & dicdvied «d @0 Rintn@d (19 Burface SdndidnGRduEAD it bubbIE12. This
iR Ehe bubiRe sm,é\gmfge@arussa% eﬁcaisns glfirzeg;ﬁ%ed wmsd}#amlhm

expansi_on t ween g e substrate

- “’e‘és“isﬂ’émﬁ”rf Fraps éﬁﬂ“" PgiFyo ‘é°§ai’6°f"e’\ﬂﬁ P FFEPHITER h?i"esﬂé‘b‘?“'t °§’t§cf
ofl imynenter elénivt lvavbee theoigtedollanadalised to bow to such a
degree that further steps in the Iithographi c process

T}Wﬁeatef elemcrtqggprﬁsr;ﬁ)ediétﬁmé gag {D? 31 OEM% ma(séshfywnkm 1Fure 1s confc igured to

ac}‘@‘fﬁﬁé‘%‘é‘ﬁ fesyltngilheip ‘)"genﬂ?‘gl&%f\}‘%ﬂﬁf‘%i’d’éé‘&%ashei’/\l‘%eﬁﬁ P’é’f‘@ﬁ’é‘ﬁ‘d’é
collg@sehtd ghitheheDdbblecallartes iy ietheliletéh @ thaadntet dikhe epr@at | ON
devi ce accordi ng t o an enbodi ment of the present

i nvention, the zzl e, pl at
Thg e S ap ETH R P e e B ety A g eed o
achipne @ siggHar reprdt. W@iﬂztheeleswm $0.3$o¢ diprasiqupdsudhaial the hole §his fmalant
ﬁ&ﬁﬂcuirﬁg hhtarREQT e Ratr cRmiMnS affGatSRteftfio YHRE 8 bub8iBcan be formed

such%att ?Jetat '%ceollaggehﬁm ﬁlg I%B ntcfeE%d by%%ol‘é Ii'gr €x gie,%{ne h‘é)le P’&mgiﬁﬂe as

nozz! I'n su

o G ety Wik Y et ey e é‘emf el googp s i ey
re i (dgidleyeprestned a2 AGhdt gre @inevadoppidgisse Gt they veamt begiirecged @wards

able to use a relatively thin nozzle plate 2 because

the forces 20exerted on it are smaller, due to a

reduction in heater surface area and input pul se

| ength: both of these factors will as previously

menti oned i nfluence the anount of ejectable fluid that

is vaporized and consequently the inpul se of the

bubbl e. However, a reduced bubbl e inpul se can stil

ej ect drops because: 1. the small heater-nozzle

separation reduces the ink inertia; 252. the fluidic

drag through thin nozzle 3 is reduced; 3. the pressure
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5. the nozzle sizes have been optim zed for the bubble
vol unmes used in the invention; 6. there is very |ow
fluidic and thermal crosstal k between nozzles 3 307.
WO OEEGH%ej ection is stable at | ow drop vel ETAUEYS/008480
previously described with rgference to Figures 10 to
44, the etching of the 2-m cron thick nozzle plate
| ayer 2 involves two rel evant stages. One such stage
3P splapservithin acle hymatyregien. dnrucheayye: ih ek to)fhaltettef elageni n
répreiile €5 Figle 8Nde Rdiral b 4D OMtiNcRmEnCAL SBplPhtiomitelt thathy idarddsing the
I er such stage
S%%#ﬁ@o v§§§%#$ﬁﬁgﬁé§h§?%‘ﬂhémmgﬂgmﬁgglon desi gnat ed 46
in Figures 30 and 54, which actually forns the
ej ection aperture 5 and finishes the rim4. 58
Dasiiop geialinjyade matsr magegials Cycl es and Humi dity During
periods of inactivity, evaporation at the ink-air

’I'h%é%arl Iu@tﬁ@oohdg o% tgﬁ‘sm{afpiéil ﬁltr}%s hLve G ﬁh&'ﬁcﬁ?ten@cogﬁéﬂgﬁﬂt Jréﬂdl:%rmal

é vol ati| e ink nponent. 1 n the ink npe 9
S*a‘?é'b*l‘ g, pear oS PR f’l"t}lﬁa’ GEFS A COREGR BT Thf Fl‘&‘a‘l“l "ﬁ‘l e io
serhecrausitiont rptaf jwidgs prieh 251 TEN 4o TadY crpig eddipir) result] injowgeststivitp making these
ffieGlkitable fobRe & CM3ERRE FedlévORargd adi ent or depl et ed
region of the volatile conponent is established near
the ink-air interface. As tinme progresses,
&SN /&S S0y hopreset rppligart (e af ﬂretfr*’fsrt%f?feﬂff'&\flféﬁmasmt*ﬁ%* apraeiher
hanrdmdtdnal describedowes TAL # @ymod crydudling/gitridet vsdd én @OPRabA esatbartiey laydn éor
allutnidind aeamaﬁan,aatl@lsx tdon:oaagl tmtas mt. rotb“t,lgemlaﬁatser a aerttr knaterial:
decrease e acﬁs?tisﬁ‘b % tel et erlg ffetct
t He ibxﬁﬁ%&f&‘?l "1"@ " SRS B R B I TR FER Y Fl‘tfe the
nozzhigogwiplabmd ncr ease, making it harder to push ink
t hr OisgbyudHbien BEEHElyEs we Bted h@eavka dHeR wif epl@POMOoD 8RR 7. Bdo
wi | crease, reducing the inpulse of the bubble.
Event Ily, if the nozzle is left too | ong w thout

fier i iy vent haed apdprepfassmest cavifion Frsipitt BandReitiosd pdtsr AP | be

| 1S Uthd dtoicdidindz @ skrahge? @uart the@présbrd inGn dlidy, QMG bl FomnighBEAtsRiaRa H
t he %vErel | become unable to fire ink. Therefore,

t he nHX|nun1|nterval bet ween successive firings,

bef ore the nozzl e becones cl ogged, can be determ ned
hagaedvitmniotue foadofloyidatifveprqsciontan wepked EiNdeawr Fdllohlpricct g¥ew tens of
thsttaaat of mmme lgmgesaéatmbe (ﬁerremg:lrue Skiagivd Bilubth) d 8&Hibdk Ared

en. %ntln dBges with a high density nozzle array,

as I'ndivi nozzles nmay be used irregularly. Every
nozzl e shoul d be f ired at a frequency less than the

) dial ititleeHente imateg Ba ©|f 9ggating.confdagentDr i Nt engl ne
controller can do th|s by flrlng so 20cal |l ed keep

[ freq

enouli ? f°aavar'arda68§§ﬁ‘ SRR R RO e
traggition chetplpigride tprvelErgtrivate. psiprevipyaly digufsedc telf pastivhtionf fefgrs tojtife formation
ofl6@@RccWRie 166 OPEredlic@xil Lt 16 difusloN @Y of dxpyRflscReh Woad a
bARR06 I_ngqua@onspl ttoon to avoid them appearing on the

page. wever, with small chanber vol unes the

viscosity of the ink increases quickly and the maxi num

time before clogging is typically less than the tine
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(R Ep30iect! bﬁfmpsmtnsosrlaw Enotgine Tiphdyate F"éte‘l"'f'b'ﬁ “seif epsyptees B
t he human eye. To achieve this, the print engine
controller (PEC) nonitors the keep-vvet times of every
nozzl e and ensures that the density keep-wet dots on
the page is less than 1 in . 250, and that these dots
are not clustered. This effectively avoids any
artifacts that can be detected by the eye. However, i
the keep-wet tines of the nozzles permt, the PEC\MI
keep the density of keep-wet
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30tinmes below 1 in every 1000 drops. In addition to
havi ng a keep-wet strategy to avoid cloggi ng during
operation, it is helpful to have a strategy to recover
P 3Y§éthsozzl es: this may be useful when t h&CEATR084000430
is turned on after an idle geriod. The Applicant has
found two recovery strategies that are particularly
effective: 351. start firing the nozzles at the
theasenpy-theet fofnse ghireH0y laysh P its surfeqanThispxide Inxguirets asaglfugixg barrier for
AREATISIAEE (ldiHuQ et codifitict f6}BxylediGn NIGR tis@tuck 16w thid thaBof[Tid, S1S
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m up pul ses before ropplng back to the keep-wet
‘%V%ﬁﬁ%ﬁby 59 These strategi es can generally recover
nozzl es that have been left for up to a day uncapped
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cce era
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Sugngﬁc%gﬂﬁékn%sg Jeb @gm,qf S t%ﬁgﬁ&%gd s Mas‘uffmté raise the

retal ne fer'arter I ring
h%“*l"‘fle”&?%‘g P& into the vol ume of fl ui d which failed
to eject fromthe ink chanber, raising its tenperature
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f‘?S‘Pfa“P% piace TiNrjgles esw(hzte than S ldis instphilisy) imihg pesistancaof g T “%*F 1*°é°f
gtedr eontedngichthe sl operhting teingraturedf thé hegterdmink inarpund 30§ G eelt tglow the
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(%‘%fqﬁ@sqferihaw'dﬁ%"cihe i nk chanber, to ensure the ent| re
volume of fluid to be ejected is heated. The 20

Txvﬁftﬂ% D6 B ed.ﬂregker V@J.teﬁ}a@&eé i WAL a3 koqme reh&%eéﬁwmeesgeeda
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hotle G, 6l td A/differegdtiif doefdidnt of thErmalRxpaddon (CXBM t enper at ur e

val ue, but | ow enough to avoid increasing the
25evaporation rate significantly and | ow enough to
avoi d outgassing of dissolved air in the ink. Note
that as soon as ejection is restored with the 17 kHz
pul se train, the tenperature of the ink in the nozzle
will settle at the value determ ned by self cooling:
it does not matter that the heaters are being fired
particul arly quickly, as an advantage of self cooling
is that the steady state fluid tenperature is |argely
30i ndependent of the firing rate. As long as the tine
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pul ses and a lot of ink will be wasted if ejection is
restored early in the declog cycle. Thirty pulses give
the nozz|l es anple opportunity to declog, given t
WoLHA 1B unt of energy involved: if the noz z‘ﬂcé“é‘\Ué?ﬂém“O“SG
not declogged after 30 pul sgs, nore pulses are
unlikely to help. 60 A nozzle which has been left for
a very long tine may not be successfidly restored to
operation by the above strategies, as the reduction in
Inviexsts ofsjettion pariviatte,the MAIN irgtemageiibiyady ipevadivdzenqt Udd@ted
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ting st opped however, so printers without the
hun1d air will generally require the keep-wet drops to
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humiTd bt HAN taktiad less BkelyitOHakeDNQ@AEHR oferuiat] | OW recovery of the
nozzles prior to printing using one of the warm and
fire declog nethods. 61 In the preferred enbodi nent,
the warm and fire cycle used to declog the nozzles
prior to printing is a -171cHz burst of-30 pul ses.

A DC offset may al so be applied to the firing pul ses,
to provide a steady warm ng current, along with a 5set
of firing pulses that will eject the ink as soon as
the warm ng current reduces the ink viscosity to an

ej ectabl e | evel .
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Prevention of cavitation using heater shape 10 As

descri bed above, after a bubble 12 has been forned in

a printhead according to an enbodi nent of the present
WRHEH19581, t he bubble col | 2ﬁses towards a p&ChHATUAT05/000480
col l apse 17. According to e feature presently being
addressed, the heater elenents 10 are configured to

far nTtIe'Hﬂxti@M&b-b‘l@ Giohi?) Qo thdTEAI tirfeeto [ripkavé ®e iBhters pliting psresioh 7
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0SS pl ace rections indicatéd
by the arrows 61. As dlscussed earlier with reference
to equation 3, this disadvantage woul d not be present
if the heater elenent 10 was nerely supported on a
surface and was not covered by 5the protective |ayer
57. According to the feature presently under
di scussion, the need for a protective |ayer 57, as
descri bed above, is avoided by generating the bubble
12 so that it collapses, as illustrated in Figure 58,
towards a point of collapse 17 at which there is no
solid material, and nore particularly where there is
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bubbl e generation), there is no material that can be
eroded here by the effects of cavitation. The
tenperature at the point of collapse 17 may reach maa/
WPAWEAWAY of degrees C, as is denonstrated RFT{AH2005/000480
phenonenon of sonol uni nesengge. This will break down
the ink conponents at that point. However, the vol une
of extreme tenperature at the point of col | apse 17 is
Weymehiayer nqefiaq detliik cppugth Tevrd eI coptiawity PR BIRfIIFRhie Esurerits
chlfinScarvyirlg dpecity B higiénowh @raldid ekatvimigrafibte gener ati on of the
bubbl e 12 so that it collapses towards a point of
888e 17 where there is no solid material can be
B fig el PR BHEN TS TORRS Eﬂ%&‘u“had“%"“
atntwthew i pat the eyt reednsthy whitheliAdH fitms 1@y @ 4orpéd. Vivietioneradt astheowre!
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oﬂtnrqhan ong%;gg;{ng to srﬁxggr%% %@Et@ Qz\ﬂﬁyaﬂ'gch e ab Boli"?xAﬁ\Ir & RftSassivate.

numer a I't's cent ement 1s heated,
the bubble forms around the el enent (as indicated by
Redvers ekasiaeet ih thagt voU }isoapyicctaia e digransisiorsetd bfatte,“ransiiivh méd nipfde
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{ [ t he surface
'nglﬁ%?gﬁge%ljhr% r %&ﬁgﬁ%ggﬁ %‘%b@ﬁbgﬁgﬁf%ﬁ ?ls 25i nvol ves the
bubbl e shape noving towards a spherical shape as far .
as is permtted by the dynanmics that are invol ved.
This, in turn, results in the point of collapse being

Nlﬂmmsm(ﬁmehnq' o%fi‘eh%f 'inlé‘% apol e 63 at the center of the

n:

heater ere re there is no solid materi al .
The heater el ene t 10 represent ed b the art 10.31 of
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agdadas Si;IN, nfairig UTLAISAas te: felloging gigamfagegovecllalNo achi eve a
simlar result. Where the elenment 10.36 is di nensi oned
suc htte Baimnbtre/sthiide@rabBorinSari& AR dot, as f253 BiffoF PhcRGdr the kridgport of

i nac 5

ext e Bl e LG EASREL B EIF Ik, PRI0R Wl pl oy
poi nfiffsien wgffifiephBroxyaen pighe Sl PFaéegﬁ"ﬁﬁn%@rW‘ﬂgda'BWsFﬁ e

h@l eThe BiaY, poeaenybin, thet TiEN hapbeyskiayrotidss endankdd perfogongssistance.ew
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el e e achiev

bubb é\galdg'n enm&%‘f‘ dlS 1 %e ]fpho 1068.? ecom oné%e@ots'ﬂ for TLAHI SO
| o psﬁhmmlssanorq@ale t%‘ﬂ%w@:tawh@ttcﬂmerata'ﬁ%te@a vEaneRfaded gater
a pois pilsedif dpAbhddapsderwi t hi n such a small r eg| on. In

SUc hTh@ hzg‘cﬂés@of tIWIn;agn:{I Ed& anQ[lY] E)!E&d mﬁ%i’ Frc? Hatses my rovmg

represented in ure e centra % @3%
S R Tl TR S o B Y
si zeSip). the region in which the point of collapse of
the bubble is to fall. 5 Transition netal nitride
heater materials The netal nitride bonds of transition
nmetal nitrides have a high degree of coval ency that
provides thermal stability, hardness, wear resistance,
chem cal inertness and corrosion resistance. The
netallic bonding in 10sone transition netal nitrides
such as TiN and TaN can in addition result in | ow
resistivity, making these nitrides suitable for use as
CMCS driven resistive heaters. In USSN 10/ 728, 804
to the present Applicant (one of the cross referenced
docunents |isted above) the heater material described
was TN, a columar crystalline nitride used in CMOS
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However, w thout some form of oxidation protection, an
uncoated TN heater will only eject a few tens of

25t housands of droplets before going 'open circuit’

WO #4149 7ng due to oxidative failure). LikeRCE@U2005/000480
uncoat ed TaN heaters have iggadequat e oxi dati on
resistance. Transition netal nitride heater materials

with._a self Si vat onen 0T | i cant

r e{c, oV ETS I "&fgﬁ"%ﬁ"%ﬁ%ﬂ ' Oﬁﬂ g’b“tAf\g'P o8t Cconteat)
addi Tispdovsia aﬂducacm ipfygent 478 cimet debityi rechcmsbedﬂwlqu of rkblegagpuch
sel fas@a&ﬁibm&aﬂdeﬁe‘au@ﬁ@ﬁb@usl y di scussed 'self

pgss N he. RETo
O?(GI J&y allgr efe&%%u%é%%%eoch‘;n tgvggg i 1% glgfu?'l’l Ioﬁposuedatthe
coef'f°i"?f‘i‘ﬁefﬁ’r’“°lf"blneb‘3’<’9aé"€n o) as to provide a barrier to

f Ui t Tre strughu @ debd boinle ar@Bar febsgroneio Gtk stopugBion xhpelry i@ oving Ithe

I S Ukttishe 6QRRAIY t he oxidation resistance of TN and

Ti ALN heater elenments. The Ti ALN heater is nade
replacing the Ti target (used to nmake Ti N heaters)
AgwithTiAIN crepseqd xa?@@tcoz(t@(py@ bR used B(ngreage tﬂgyas:g{v@mf &iAISiN: films in the
ra63 P0G fo Gﬂpb.hm_ﬁhﬁverbeﬁ tektbd Uy Ghe Rpphikddt. h’S&ﬁtETLAD‘H{o@Ne@llhe doffosion
rc51§a%Le of B@ﬁ%ﬂ n}{x@éeln @g'm ’(>1b ],[bhnﬁn thEs Q.’geﬁsqﬁhg‘u%e& H)@I SO Fau'r tﬁ)er A]éﬁltcalt

\%er on_ its surface.” This oxi de layer acts
h"éé"“‘éf"‘ffefl?rugﬁlﬁ mB‘ﬁF‘W"@*‘r for oxygen. Since the diffusion

coefficient for oxygen in A 203 is nuch | ower than
Theh@tlneQ b TIAIGR, fildi 2@hi0einfd Bnk® MatldgpShdS sﬁwupsize JaaALNsh1s
ei%%&%:l theb aen‘l:ot gousg q@rr}xan-l;x,l\vla'}nc% in tug'nhae ééto:‘? {llxt erce:%z; (?fq C

at1 on revetlon coating | Unnecess |By ’é”"ilh
inpogpateied nta e Fe tAs the dlign Reprentags igeragss fm%ff’eth%%fals%e&e becomes
sniaita iy the tilnEtBRnagiOarredsesiBrang kiistycaly® nfoutnlelyt isi bTIR¢dSH desérided bt Ko
H@Lﬂm}; raat%ml ? geeepro&a$~mhhe%me$ees WELEide ph@&{aéctzﬁhcy.eased
unf i a

| ef e
e e il e e i oot BB P e e L s
Slﬁh@hﬁm i bodehslidiaglpeeqmeydomingny (tepaeyerse Hal PReUAIRGDt h | ps
3301g pul ses. This anmpunt of energy would normally be

Aﬂgtlgh Mgrhgg?egg}?&iayfmtcgwtgtnﬁ re dmﬁce M%%&ltoﬁ esJ 1@& hl]gttrlgl% e?evant

usi ve | 0ss an
to 8‘6 Fﬂ”F R gvdrergrkde it netEn el AT éﬁ‘ﬁf‘i}?‘@bﬂﬁrﬁ
natderygaline edmpositoTiAIGDUS higher tidhn dhe toughgesyvd the tanginien phases lhaasndtls
crffals t:alﬂ rhRRREKs YRS IRAS HE Bbrintus BRise: BRAARS hmfdaesst hERRMGN t 0

totiggn%ss exhll?)f a n‘?&%m% ad aoﬁ.lnchon 0 s%onqgnc?nrt‘rgtwﬁ L SR al% u&.-" hy

ure between tast “enou
phasp gﬁ.d?qua&gﬁfaplynsr tacrach sﬂ[quréang Ry lhe RSP PTE ’r‘é “"fmma‘c
cracleaso fhe anonihbild piaschill fulige cradbihp.h a heat er area of 164prr2
and heater thickness of 0.5gm the 330nl1 input energy

each pul s s.sufficient to raise the 15heater,
A A L SN b
20foe Eirasts aadsevith fhatcppeenTritivh ﬁéawelrthe bajetch campesed o pqueligioportions of Ti
and Al din RpurcEELibl] fedofi@ niMofeh bt oddheds t@prbdubeQit npHab:$@Rine doBiposite films.
N | .
ASRTREEARE Pk AL IERIED Ak B8 plcdect bl
heater still intact). The resistance of the Ti N heater
It with be wadersypod hystogetzkreriended inghevwa sha 23 talmorpigohd phise ofoie nhnatrpstatiisd C

cotyfsile B6es RERLED bmicmﬁmamphaai meaﬁ%emmm@w Mha@ctw aHen

esl st ar
i P atpogy Mels BRMP SIS PoGaiiRlFLuttp, 68 b
nanogypsting Resn necd ppbbepitramitjorrasinl eifridy, esssilisiiesrheridesind carbideggay elby
stable, but did show an initial dip then rise. Several
effects could explain this, but only two have been
proven to occur: with Auger depth profiling, alum nium
has been shown to migrate fromthe bul k of the heater
to the surface, then form Al 203 on the surface. The

oxidation will increase the heater 25resi stance while
the renmoval of alum niumfromthe bul k of the materi al
wi || decrease the heater resistance, since TiNis |ess

resistive than TiAIN. This instability in the
resistapce of the Ti Al'N isrnot of g_reay conce_rn,_s! nce
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65 In terns of ejection performance, the Ti AIN heaters
again had vastly inproved |ongevity. Uncoated 120ng2 *
O.%Spgm Ti AIN heaters suspended in ink 4gmdirec

$1%%he ejection nozzle typically eject? §W¥O<QPIOGO4BG
hundreds of mllions of inlkgdrops conpared to several
tens of thousands of drops for uncoated 5 TiN heaters
or Ti N heaters coated in 300A of Si3N4. In the lig
vEsY bepdyath Ay gesistiviy ptpilare (e Sengfie se RGOt a% e eﬁtheft“ﬁ%m‘m
miewlp uolvas thklom grg vingsien Bunegondiblive gigicdst Binafly, derpel fipessivatprcovmearnt
aaazsd e ak hﬁ&r,tgeﬁae%@e&remaénﬂnmm be muﬁmn Ayl RS ddifive Whe

oxxdeatmn i %ns:lédyna%d z?.l? Klv over ther com ouentC a}f fOETlg%ll oxlg% I the heater

resistance’ o 2 RO
sushtee Fratided thisgeids bpsadew ‘P‘é@l’ fifiggiopfate #@ﬁpm b aipivgogde), the
add@iad ifl 8e Lxoinble ein@ivab AEmisibSst rates. I n these tests the
heater was not shaped to avoid the coll apse of the
bubbl e on the heater: stroboscopic imaging indicated
that the bubble was in fact collapsing on the heater.
Ut hivater psfaiMEMS{loideenesf t he pitting traditionally
associated with cavitation danage was observed even

gqge ;bbl IdI I otpulds r?or_?ug% %qmez[?elfl ag;—%al coefﬁé@%’s%g res:stance (’ltERgth

ness o
degesipy tafﬁeﬁ'ﬁfe pedliesmarienee B Hetwwe“’qfﬂﬁéeatewesuuged%w OALN
infreatdan Buidl Titread d kéyiembling @spéce manHllvgthe tR@erd & et colditid roFEles to be
uspc[lgghgqgsliughn I ayer s) al I ow r eanaI of t he cavitation

pr ot ct| W t hani sm desi gned to
avoi 8‘81 °é s f ‘5%%" "asé‘ﬂa&‘ﬁ“” °§ th H‘BB%‘&" RELPLEPEs

resu F‘lslaeﬂ% eftbffheﬂtquﬁ testhepppli isplath the heatrp frampthesgbshatel r arrat i c

[ ncrease in ejection efficiency. In the long term

c&!n&‘e a st fynﬁg &otgﬁ%q%ﬁg %esc ggp{caﬁlg abotlth Em g%ic En%gtEg Brﬂ\lhleald b&aters.

ers acr oss

TR heafed fgdhe it baﬂ%‘ﬁeaﬁme{%eeﬁ%adf°aﬁ°g6*heé%| R layer of
ink. While thrrparetie thyaf andihe ik 44 Yelng pated ltsal diffubhiabog the Fadie diglance

. intd @¥ bbdaOh. 11O héateiftemnapm WRSalI P A sb BHE ~3. ﬂ@wm& and SO o

hq\;\@ rriug bf?h%atggl tos t'he ll)cgl%giem]pga% ol el'h!: llé%é amtotm? f sohd%]a{ st bf Heatcd

I"cal
meseiifting fexicgs a’sfﬂFW ;'?"tftua’gfurwéss ﬂweaﬁr im Wg'y P‘? ‘F‘"é’ta’f %ﬁé“d sensor, as
thd f@8idh 6fBeaOlbst tolie f16i6 is Clukile®CGmYNE IThidrdp ithesit Hedtdd tinpeddture iV @Bst

1 5"/’3&11%11 W@§ik glgxglﬁer gobgﬁo%ﬁun%ﬁéd%é'ﬁtll%gteg%g% oghegggpﬁgag% ﬁk’en away
B 1A 4 C i P e et (P R apenpool

25configuration with 99%reliability. Exposing the
Cohdiddhil} nb@ &t BdviSes bfthedsedsdilt iSveltioliwdt hetrbrs btk bither nb Pty or

co%ﬁ% Itﬁag&{m grﬁh rﬁs gci\/g g%ﬁ)catlgﬁg %63){;1 Qtf EJaHHFJBchs?' ﬂ%% hea&@ Have food
therrgal §?‘7te§§°"e=’cﬁ'“ﬁ spepdsd efrvate R‘defle“asﬁ‘g“ ‘bﬂ’ft therregl %‘P‘i)“"? @w%?r &-‘*S-of
thah ki@t of vaerelithe hdslerviefuibrspspéntid with sccpkotdetiviaicdadigls, khef &b srild oufside of
th B R 1t A Rk pleht, Mfost aimm\me ¥ v3 Qsey@ary &He hcm%ﬂﬂ%)e

Ta or T
tm%e scag 0 [ e ufpg%g Nﬁ;le is Wﬁtcégaéegi mk grcsserljtf doli equ%q n 5 m? cﬁi i‘.%at
~3p% of thecpas aslésrelﬂﬁei thsjhenger Wléﬁheemlﬂgy ~W di!feese ltlth Bf mll OS? resylt,
theJRdtAcaler BlnpeR:QitviilNdiop T0¥A&vhEnQlielis®k ShaBBer @S ir&l MNEBIOD a FileAbde.
If Matgr%gqgap}ngclgg TER qjgé:f:fl A?éeﬁ}q:eikl{%L dFQrg W‘ﬁ)lfSh(I,VJ]JS [:iseaadgffe&g:e in

trogen content have
heaé“ﬁ F"'F‘Ei%“ﬁ"tfﬁth? B Pfsliea'lﬁ’l’:‘é’“lf% Hipesmytivaliesq is ljeE}s‘E“F‘f’? i”}‘ﬂj‘ 'i"’h?é“pﬁ% e
imprflange dfivefhis @dltdwig ag aolifferype dncerrepiGr thowil ofithermpgtipgiteaic ehanglin
Ti Al coating is easier to fabricate than a Ta or TaN
coating, as the Ti Al sputter target used for the Ti AIN
deposition can al so be used for the Ti Al coating. TiA
al so sticks to the Ti ALN heater better than Ta or TaN
and is less likely to flake off during operation. WO
2006/ 105570PCT/ AU2005/ 000480 66
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The addition of-5%(atorri c) C tothe TiAl target to
i nprove the heater's pitting corrosion resistance (see
"Chromiumion inplantation for inhibition of corrosi
W 208¢18837Ai umt', Surface and Coati ngs Techno?%"g'{?m“o”m[’““s“
Vol unme: 83, Issue: 1-3, Seppenber, 1996). The
addi tion of -5-15% (atomc) Si to the Ti Al target to
forma nanoconposite structure that is_bnore resist
FHEPTRERHP 66&5“%%"?"61‘?"“ ELG ok shPmsTHER “Refled o T S A &
stowepari exampld PRDushetionsnon.0 replicate this work. Firstly the
al um nium content of the Ti Al target inpacts the
oxi dation resistance and resistivity, both of which
i ncrease nonotonically up to -60% al um ni um cont ent .
Beyond this point the phase of the deposited nmateri al
OB @G Sonteth régadiing sBpddwd Hedierd iedeie@traoueitig atcich Whdn @alies tvisa@enk

pAe.ﬁO%eQe%mﬁe &14, eﬂermﬁt rsabpé Bi0kt ivfler b6 iAALA la@ﬁsseéls\t\&bb«le If

proyvi de a a et ayoi
th&rﬁ i ﬁ&lék prggné 81?'?& pu{pﬁ ée %\zﬁntrv! IS ARP, ﬁ eeogak tempgramre will be
10985r| 80 bighersile | yO0’S. At tﬁluwemeraaw tpfstability 9fe*a§1=at?g beromgs @ gaaern: TIN
rebdilp Wtidisas ok AR tefnfidbird, MQeribR @G Byl Fipitse 6/ TiAN Rk dnleGd] pdportion of Ti
a.lﬂlAtl ﬂz?ggcﬂthtler%y\ﬁlhr}( L}%us t&%kz&t&le,\{)ht quoxlt@%!Iye BILR s %pagt[cB%Xerggld

e exact ‘nitr

°E‘F’i‘°b‘?ﬁ“§q°ti“’\ﬁﬁtf*‘éﬁeﬁfﬁ?”§“58’5urs depends on other paraneters
such as argon flow and sputtering power, so it is best

TﬁeQac&H@fu%&d@(fﬂeﬁ&s rdaok fbb@"ceifhglﬁﬁfsed unauas o@ﬁ)‘ﬂ(e gﬁ&ﬁﬁ it hePt¥s must be

rogust aga { de;thnmI%uﬂp Srg tOnc: wayg ess is concen\Ms iollse a non-suspended
easi I'trog en OW or ecreasi ng sputteri ng

h@ﬁ*efweﬁh a soliq Bletrﬁaﬁg I*t Y cagqy e heatprardll dpaymlpedn Gontact Tl aselid rrgeidisyy of
th @yseicSof a8, saithé pealOtErbreian® fwill e towery Efthe fileMal pedducs PRt tudieilapg is

coBQMﬁafe to theflofl3fer, AR u!: ‘”ué eq&tlmrvlfim ab. bﬁnﬂ&cﬁ"ﬁ%&& pQ&i&Q%B% Gfthe

s] des . of ase assSoCi
h“ﬁ‘u"ﬂ“gé‘&ﬁ ‘f‘i"é‘wﬂg H’% IS B WI"F ""F e ¥ q’ﬁ“b‘ﬁ%‘ﬁe" the
heptertand thegpndeglpysr, whidh G8la therma) lengdh sdale of - Erm. cBhis ol fesuly inpfdrop fre
pefld 1@ 4ler RiubdrAGEIT ollplsed vihad theMmEchibed gt 6% anhiiiled toQHREd state (~35%

ofrth% ?ota?ﬁe%t\{sl dgk),(n aw?y @Jm%%%r%g lo?so{do gf hllk%gﬁerta‘g%ggeﬁﬁﬁ bg?ﬁckﬁehﬁ

rren
Wéll‘ %"E’P pejine Q’Pﬂi‘?“ﬁﬁ’f“‘@o fedis “PHhR%‘I Pﬁakf‘ﬁ‘wbtémpémw& E13@9nC if the
hehdrfisquibad vdth ¢ spme dnkrey wixe idiak ho preeg s Tigddirees b temphgurhis gbre

dlffilztﬁtrthg@a glmtﬂﬁ E))feﬁllce Wﬁﬁlsm [h§ %easﬂ‘édtptﬂseg- ﬂ@sulfsmg heRLEE [&tdgteca&e

400 9 |3I h nitrogen nateri al
ik : ?m {20 &
pr?sﬁn(%erc’easg m°re m I'stance b %/sq“pen ared to 0.4% for

heat ers rrade fromthe | ow nltrogen material. As a
This@&kdr touidaé dpplell totaﬁ)anmmmmcﬁ‘caiehcemhmxnlﬂehﬁsl nhe@B dSReEmitngtiae

prisQl\% (ﬁ h&l& Q8GR %s%a& 9(:' reqlugaé e Je{n&glvhc?e%&gzggtﬁn &%m}@ IAIB u’ad

are of interes Fi.rs posi
or 8’H“E"o"‘%ﬁ' ﬂ'ﬁ"f’ﬁ“f‘?ﬂ# Fltigeds Tﬁd%‘}él’f’?si&ﬂe ‘Ei’s"%%"“% dotf R‘/“é"a?g?ft"lﬂ@ﬂ ng
inlfjqt prépthedds mothedrteetionefsyhbrarcet dogupiee mtistverpesefibken to avoi d
the formation of an insulating alumniumnitride

OtJ c e, n' 1sépaﬂ1cu9aq%¥nllefuerg [o%gtilexmate Cn[; e[i%.nseaic:l F)?th{:: é)%%(gse of dg)gict

or mat

¢ ea*epe P’d‘é‘ﬂ‘d BRpsingp He T aﬁ?jsc'éﬁsﬂd H‘?"ﬁ": fﬁ%mf igkje Peafaf dBFPHFEY ed
suigahig 84 fluid RBisokshecgise FUAS thiak prattdiercodtiags@sd npr-jugpendbdrob fizerations.
i ntroduction of nitrogen into the chanber Secondl Y,

for col u ar Cc
BT R G PR ol busoe
nuglespaagintbe detastod ps spraia Slodiodingxe cugseféwwpgﬂtcd Hegter pisemes prpplly of
trenches, the columar crystals on the bottom of the
trench grow vertically, while the crystals on the side
wal | grow horizontally. In this situation, regardless
of the deposition thickness, it is possible for the
| ayers on the bottom and side wall to not nerge at
all, but 35instead be electrically isolated by a crack
that grows at the interface. This can naeke it
difficult to connect the heater material to the CMOS
nmetallization, as it nust be deposited into a trench
etched in the passivation covering the CMOS
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as tantalum form conductive nitrides. A so, the self
passi vating conponent need not be alum nium any other
addi ti ve whose oxidation is thernodynani cal l % favored

VR 061458700t her conponents will form an oxi d&CGAURH{000480
heater surface. Provided thjjs oxide has a | ow oxygen
diffusion rate (conparable to al um ni-um oxi de), the
additive will be a suitable alternative to alum nium
isplgted Bamnthe fpigkits ipmprsed ipi9 HRer fngut REFAE T the fepgrature and resistance
o2 ONsmeed riss et quickly 2 CRNPES bittimef By deBctiag wis irf@@onfpoifin thendisace

WRAE i) @é ﬁxﬁe at Whiéh nﬂ@éﬁ@ﬁ bd6&k &h bd da@mtem? a‘ﬁJ@@ﬂ@u@M&F’fﬂ@Mss
ra se

0 I ne 0
SRR BTy P e P o SR B PGS Wb e oseSion ot
elgeirsicloopyisnoppossibire Ewmefs pithethesttpplisent’s deices ishowithat thegaflsétion roint ip
teblskiRE vs P EUBN Corlabidie § SaturkddR poid], wikteditihbriidciéasesOnlotkt droN
p[ll%%t%‘r%tfl @Jh%ﬁnc g tﬂe rdro@é%léc%n?ﬁnﬂ&[ ?ﬁ&s ﬁe@zﬁlée%e%m)%ﬁ t:onF ffery
I'S np proper '8s 8

rove
e elapsie Bg?tea‘ﬂa? ki f@edtpbe%frgme&wﬂ %ﬂ@%ﬁﬁﬂ&ﬁ%&%@%@e fujg.
Wikhia givenTiipdt|vbitagramwee thegblsd length soghaeirbieftbckived pdim is@prurs at the very end of
1 DPIREIR ARMS m&&uﬂngaahﬁdt eaergJ ané\beat ﬁ&tt}a&m&n&e b @L a&,w;ang

ady. agtlﬁggre Vgsrr.he l'ﬁisﬁ r%ce ofa fus;)enc? ? ’EB heagm ar ﬁl%gt ff- hs‘%fs case

grarn Gnaari es ast fUs on

‘113 Pidsefengiinis jgpger thagt n@ﬁ?@@ﬁheﬂm@eﬂw MYNW&'? ¥ the gfion point c‘m be
cBXrlf feesi on of oxygen into TIAISINis linmted by the | ow
di ffusion coefficient for oxygen of the Si 3Ndphase
encasi ng the Ti ALN nanocrystals. 302. The Si 3Ndphase
encasing the Ti Al N nanocrystal s provi des enhanced
corrosion resistance. 3. The Si 3Ndphase separating the
Ti Al SiN crystals inproves the stability against

LeGiN sdalddsatd on (Cswal d ripening). TIAISIN s
it"%"“gltbl_d—t—%r%e up to 1100C, corrpared to 800C for
S%?en%mgttheﬁppaéer 5 Pol,tl Ianeegses%tlﬁlarfgre:ghém o pfoslm%%seg coolm %ﬁg %sgonﬁ a4
urldsrlamhas gidering| m@m@uﬁéd B4 Birdhan oggul to tFPfef tmazﬁl'el ﬁeglsrg:oqumred
totntiatERbuBHIE Bl bEIR therd o Bjufl koai@Ndrh YusRudeERatert Radisc@fed btose, one
a&&ﬁﬁédfﬁéﬂ&% Bm&&%ﬁ?éo{mﬁﬁg&ﬂy@l’gs tBJb%ak(E&q\fulz d;@rg l)tQ![(]: heatcr wﬂl every

resr stance npar.e
e JRIRT Eipfdeate] §EBE “HgPt "%.“*élwambefs‘g “’S’eq“m’@“%% fh%‘th?f\‘}?lf‘ﬁ)’m
angd gridaan résistgnceefde deafer anles stdig@h rittier donBgyOhngas of hiappfacturing and
th& {ad¥itatie hedket Eaf BRRICEIRLeLIAEES: it is HippSitedby 2QVIR uaieﬂa@dun,ts re@ubed tid
engr &%ﬂ%dlt g th% lﬂga e? QJEJchqx?aﬂe%I g}{%legu%d&{gel fn %r W gh also ﬁgdcgsh.h%o‘j

ens su C groun ounc
d%‘tpg& bogs &msgxr eqpatign . Thus & heater of {he same op gtfﬁ:e prrabendgdip asofid underlayer

cag ausitydakiigss bivery Ginadige a bubblelin@Gtspadded ofe, Gpeyisilyafl theghemmat fodiian
of-ﬁle&ldulagé? Eg@ﬂlﬁ&diy @ls tltat{' ﬁat%mte; Om Q% dlgaﬁﬁﬂé‘g@ @ﬁméuﬂ)&nded heaters

[
iRl ol kP G b ST IR R ey Qi) B0 n e
infpplfedfoieqiptegrftediolrs ity ad gadupe thkeemyivet HmeTi Al N, i ncr eased
ni trogen content can be used to increase the
Heegdlennts forined ip fliffdfenflafsisN: filns in the 10range 5pChm m
to 50ud un. m have been tested by the Applicant. As
In\f',i'\gn}e rémJod@L%'s 12 %V\B t!) havt ﬁlﬁfﬁl&rog l%gtl:r%[émgngsﬁb §L£P§§ S th?nf thet cnamber 7
of Fféh Biticsjig) ?he;flm?ms lgovhaﬁﬁ? frmehley URpiggriphin profsags desmbed above in
relot®dR Ok & 8 65, & fokde inlr@pctivt: fagedgen fil ms. The har dness
of TIAISIN filns exhibit a nmaxi numthat depends on the
grain size of the crystals 15enbedded in the anorphous
Si3Nd matrix, which in turn depends on the percentage
of silicon incorporated into the film As the silicon
percentage i ncreases fromzero, the crystal grain size
beconmes snaller and the fil mhardness increases
because di sl ocati on novenent is hindered, as descri bed
by the Hall Petch relationship. As it approaches -5nm
t he hardness peaks. |If the silicon percentage is
i ncreased further, the grain size will reduce further,
and the hardness mnll decrease towards that of the
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Al t hough high hardness is ideal for cavitation

resi stance, high fracture toughness is perhaps nore
rel evant to the heater material given the cracki
Wa0§A®SHechani sm of Ti AIN. The fracture to@ﬂﬁﬂ%g%@?““s“
nanocrystal I ine conposite HAl SiN is higher than the

t oughness of the constituent phases, because the
25crystals can terninate cracks propagating in the
AP RS teareyRefd aod 555 tiedeateplenisats Headi0 2itthe qhphes 7, gy have
difbregrhine sshtiexduabhiother. a maxi mum as a function of silicon
concentration too little silicon and the crystal

P@SP ‘fﬂé}w apwcrafed en%gg kl nge drestmgpgﬁxr %thi%gléa:p oqq%:?sg(gack he
hea‘eaé%@m 185 1phi f%i*ﬂﬁrbpﬁé?&%oqs Fterssé thofipfopessl prithrgraphicstepsa Hitipg £
edf) bile of 1Be @Gkt @€lnd dd@dct fdiAhdaaakitg tolthcRMbrdRA&S 10220d
toughness lie between atomc Si concentrations of 5%

- to 20% Targets made with that concentrati on of Si
i

THF F9metthid- 1 pl0F A s ern s Bltivs fo et qhtn 35 Fostf theatcalyrin &
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filmboiling tenperature to eject a drop, together
with a -.1 p.mlayer of 20ink. Wile the protective
| ayers and the ink are being heated, heat wll diffuse
about the sane distance into the underlayer. The
heater thickness is typically -0.2pmso in total
-3.2nmof solid and -1nmof liquid nust be heated to
the filmboiling tenperature. The | arge anmount of
solid that nust be heated nakes existing devices
inefficient, but it also neans the heater cannot
easily be used as a fluid sensor, as the portion of
heat lost to the fluid is relatively small. The drop
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fromthe 3.2nm of solid, of which the heater conprises
only 6% by thickness). Considering now the devices of
the present invention, with heaters that have either

VB 2084855 Wgs or coatings that are thin with rPEIEEREIS0H480.
the heater (< 20% of heaterysthi ckness). These heaters
have good 30t hermal isolation, being fully suspended
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an unfilled to a filled state (-35% of the total heat
is taken away fromthe 0.9pm of solid, of which the
heat er conprises 22% by thickness). Wth a film
boiling tenperature of -300 C, this inplies a peak
heater tenperature of -326 Cif the heater is pul sed
with the same energy when ink is not present. The
difference in tenperature is nore 25difficult to
detect given the presence of noise in the nmeasured

pul ses. Thus, using the heaters to detect the presence
of ink is far nore practical if the heater is
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i nkj et printheads and the detection of subsequent
de-primng is also very useful. O course, it is
rticularly convenient to use the heaters in

a a
“EQFWHE% for the dual purpose of droplet FCT/AU2005/000480
ej ection and fluid sensing.zgHowever, as di scussed
above, traditional inkjet heater elenents are not
3bsuitable as fluid sensors because of their thick
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than that of water. The bi g di sadvant age of
unsuspended heaters with respect to self cooling
inlcjets is the loss of half the bubble vol une, which
wi || decrease the bubble inpulse (force integrated
over time) and reduce the keep-wet tine. Heater
el ements forned in different layers 35 In sone
enbodi nents, it is useful to have a plurality of
heater el enments 10 di sposed within the chanber 7 of
each unit cell 1. The el enents 10, which are formed by
the |ithographi c process as descri bed above in
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Also as will be appreciated with reference to the

above description of the |ithographic process, each
S5heater elenment 10.1, 10.2 is formed by at | east one
WP eoaessthat process, the lithographic stepFGralRPl5He04so
to each one of the elenentsnﬂo 1 being distinct from
those relating to the other elenent 10.2. The elenents
10.1, 10.2 are preferably sized relative to eac
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in practice t o achi eve the deS| red binary wei ghted

drop volunes. Were the size of the heater el enents
Figge6p, in Wiickon sidg vigy of @d préintdadygpedifiacassemiedy $0:0f Figrras £8 a0H &9 ip
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wi dt hs. However, the pul se wi dths cannot exceed a
certain amount WO 2006/ 105570PCT/ AU2005/ 000480.. 73
of tinme, because once a bubble 12 has nucl eated on the
surface of an elenent 10.1, 10.2, then any duration of
pul se width after that time will be of little or no
effect. On the other hand, the [ ow thermal mass of the
heater elenents 10.1, 10.2 allows themto be heated to
5reach, very quickly, the tenperature at which bubbles
12 are formed and at which drops 16 are ejected. Wile
the maxi num effective pulse width is limted, by the
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10As shown in Figure 55, the two heaters el enents
10.1, 10.2 are connected to two respective drive

circuits 70. Although these circuits 70 nay
WM/ to each other, a further adjust ner’f"tCTé%Hm’é@”““s“

effected by way of these ci 76uits, for exanple by
sizing the drive transistor (not shomn) connected to
the | ower elenent 10.2, which is the high current

K1 - harger. tha cted to the upper
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‘B% ¥ éﬂeescmﬂﬁ 8 f Frée @@éﬁm Sisrhpndesf bytviires 106 @G ePCB fvend hen
witked arsthen artoapatulitd ifin@pbik£1055To ditehis WRagd @ahEe b &::ﬁ'o@ﬂﬁ%&a This

aﬂcgvs eplaQy 1%7 to@@ apgﬁeﬁiiol ﬁﬂ%gpagetﬂg th%‘ [:!ae 09 Em%e cl%%%ssemt)iy ? 1 so that

P€ descri be

I“i“ﬁss At e‘%’dt'?w f E'é’ii”%’!’r e e fpﬁ"yljlobkei’ﬁ Eaédef_leg 1tH§°t33§ the wipbonding

SWEP@ P Fontagyinfition by rapre and e e tfrod Giedaniical cak@qposi t ed and i s
then etched in the I|thograph|c process mhereafter a

1 0 SC Cma ca Qs ntee
Rﬁ@rﬁﬁé tE i-‘ ‘g‘d:é'%? drl,e"??v] € lhowpiscl ﬁ% ig fngci,de Yiew: gqrﬁgfad éﬂsf‘@%ﬁ%
‘1“ %? "’Ei‘l?ﬁ%"é‘i"f ‘éﬂp%‘“st In"alheati Peduls aeserblips @D afl dederibpaboves The

P@@‘FWG@&IM ifconfighebibrepagd beliaRmed sultaBl @ 34 ormenkﬁ%@ ﬁapé?f
the second elenent 10.1 is etched by a second

aphi.c e sacrificial layer 39 is
T phtal ARG | i R ol il T e ek ped oo
a Qpsprate chapmelil Hiin fhe fprraef a bénbmeah plage. 10sefies afgoupof &vendSles each,
desiprated tedefarboy@mertiil 13, shps tﬁe'ﬁ@xﬁ@;@ﬁ& 34K GG bk¥Ale chrhpressed air to

th@ﬁ@hgsgﬁbhtsrﬁ EA&%@J ﬁexlhlg ng an iIEngB %ctgomf Qs Fﬂmbei{l]elo It will

r?S‘%Jz‘}“D“‘%""S‘i 24 ’?’/‘1“ ‘1955 Hppreei H’F%S&UIESHéﬁ are ngbRsgsent weh the kokel 12
is @pisprngtst torteeshapeeh 1 9 bumetforowotbrealn by @5 pﬁﬁdualg by fokcfng & hbeym
Sﬂjgélee (Bdt 5}3% tMiﬁiglgtm Il%%s 1 Refn mlt‘.h%tgsré@pglg&deg %qflx ahteéosﬁgﬂ at quch
ABLEL 9B L el PSS Blenp o itids o e

| ower print reso
°°??1n‘f"é“ﬁ‘i‘?§1“’&'i‘1@e'§"es P iy e lower ises 80 ofiedchprinthepdammidreseighiteieisles
117 fvérich ngke uiBhepehpoffl | st cie@perctipyng one drop 14 and then

waiting for the nozzle 3 to refill, the equival ent of

npﬁe %%@Ee : l{Seeidro s mght be ejected. Assum ng
¥ LA Smnets ] By yhyop °’§$5'%@116Eﬁth6tf ey PR o 116 e
11his pqangeted to ik fomtaingss (notishpkn), 4hd atafe@priosie Bnd 18T) therll B R@Eded a channel
extpisibXap NG, whith seh@s tb PILE BndlitecRB 1k QB Bk of IBYosP€ aChi eved.
In practice, however, the nozzle refill time wll -
%glcall be a I|n1t|ng factor. In this case, the
A 5% 0p wresTtglae [ 19supperts and; 1gspies| tie chagrelyHlp atddrose @13 4nH seylaes a beck
plate far hkse. The khanel 109 and h@p1 12 6n funphkat ﬂrééﬁretoﬂto bdWeseRbIP LGRS Z€
incklie® Box pRASI RERN T8I RS ﬁﬁihats Rannhen e:gg]nd}éuo nop:ilew Vol ume
drop has been ejected. However, prac W
not take as much as three times as 5Iong to refil
This is due to the inertial dynam cs and the surface
tension of the ink Il. Referring to Figure 56, there
is shown, schematically, a pair of adjacent unit cells
1.1 and 1.2, the cell on the left 1.1 representing the
nozzle 3 after a larger volunme of drop 16 has been
ej ected, and that on the right 1.2, after a drop of
smal I er volunme has been ejected. In the case of the
| arger drop 16, the curvature 10 of the air bubble 71
that has forned inside the partially enptied nozzle
3.1 is larger than in the case of air bubble 72 that
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15whi ch tends to draw the ink 11, fromthe refil
passage 9 towards the nozzle 3 and into the chanber
.1, as indicated by the arrow 73. This gives rise
“@@’H@%‘F@P refilling tinme. As the chanber 7. fCF/éF’P?OF@“““s“
it reaches a stage, designat’ed 74, where the condition
is simlar to that in the adjacent unit cell 1.2. In
dowiv@rdlyestehiding @4, 121 dT@e GlEEN
s partially refilled andeP(tr ﬁgocitaﬂr%%cah%:ngﬁfl&gﬁgle%f?&%% sach
has therefore reduced. This results in the refill
speed sl owi ng down even though, at this stage, when
Apteysi@0 2bimptbidedm ldege dopraCtlEidrsil 15, mgghmlegerggegqjmgm%pmae a

pidoRW aﬁfordln Qe GredeRMtiRediblEs Ina. W
mﬁ? f;g'%{ers ek g%p U%T] !;Eﬁ &Egg%?e glé? i Seh glau W&W&ﬂ%aq
e L Ogptein @ﬁprlnfheafla%@n‘“éhgevp@t@ately
1RO thetraptpr quq,zplesttlheﬂrvhmerH»efpunamlypan iR | & t2 -ndzzkd iR A
prbseﬂ‘ﬁav&hh@ma} BepditionaD@d Bhesird ba i &nﬁﬁﬁﬁgg duLEbacgframn E% \Nhlag
e

p&@ﬁo&mbﬂ Jéxﬁ)%]s az grdér%f rpar eél?e']u ﬁx\z{ne tFatt lndlﬁia ?O%Pﬂnfhaqéé angddhe

refil |

e ﬁq“ggm?ﬁ By, B Bigky &ven thepck ¢ jobpr corvenpgivepae zle Hilllbe an
orgﬂq@qume W8t th25n thedaopd reinMadsN TR Mbusbdds 1981k:6 RitdoRGor providing

fofandhpbRL RghirbrSentd 3B hakDSwdr IR PI3ENALS ri bed above form
part of a prlnnt hea‘zjgbassenb 'y s‘?f(f\(}\%%%% Figure 67 to 74.

c The printhead assenbly 19 is used in a printer system
Dfl&lﬁsslglﬁ SRRppciive sq:q)sd it ase prayidedytpy ehuprith pinheats &Stﬁelpﬁﬂrs}ﬂe,:hgshowrl of
thed@ienmphyrd és flex Pnnmeftmcﬁnmp&au AbdIR aken¥R Wb, el%e ?éhs%i‘&%‘d froh the

chig @Js@ibhes Bﬁ arELlng 1€ 88nnB3 1 port P e%B t?
L%, the tnisx8n E4 Ib%sbﬂssl 26,toa
po{{ﬁs gelow e stnssruﬁ%)ﬁ esco?e)tacghgﬁﬂ??%psgmeﬁd gi;gys and 1rmqgrﬁhe1ﬂ1, the strips

Drint head chip (not shown), with drive transistors,

drive shift registers, and so on (not shown), included
EadBch BEs SAE h_reduces the nunber of
d:Sg g Eg ect <I§)O n Ssu%ﬁ‘inﬁ Flated'sm‘r“ﬁgt Rete s 13 indigated selpmagivgiypy

Rich &% logqipd g the ovgepiface ok CB 6 habntevit roptadt 86 130 (only

Sorqﬁreﬁ‘zﬂwesre shfmi Thematicailys @aaeOPcBO 3 B6hidhOn Be, SaRAH) deta B and edge
confetof 3 2@licNird Brd S8l b 6 { S-RE h. The
conb0 81 is also c%nfl gur%gtse?{)l)getjalgge?g%' %C%lé ﬁ‘ %8 or s
ink 11. 5A flexible printed circuit board

or types of
(PCB) 82 is electrically connected to the chip 81, for

A m@pgteymgprmho OV fogetHalyifl e ahatuflél hé %an(iztb'rp Br or S Q&Rtﬁl
. r
the prifith stge%{dlyq)@&)%blh@r sl llg%a?dséo%arﬂg lIOuuPc es éufls&%gsoliif Whighextend

ﬂmégﬁslo 9 overlie an ar

F 17> b pla; L1 vehen the assembly §94is o astben anfl arg then twistadtheoeh

apprexipateliAg dvﬂ'ﬁeﬁhprhaxg them [frorg brdug Réthdsaw idugtSchawe) i n the
bottom | ayer of silicon 85, these channels being

h al es 84 10 The chip 81 is
By %Efg?%qa:n%w{vg refgrince to r.gu.re %\4 EH? o ??8 BSﬂlb is FP"IW’eﬁ‘gP #semiplpd g
i frpEsal o ﬂﬁpﬂ'éél‘"bsye ttobee 13t aSpowé: itshypliddiviahid 1eads 19d)e
and ziwﬂggtt;g pnn?;;&lﬁﬁséxﬁbliﬁsﬁl Ria @B EfRe LRt 49, %-]: nnmg ch1
asser et catt@ 3n fh ead m e which jnc A%
. OB, S G0 5 SO

as hidden detail) which are e
the sheet as shown in Figure 63. The channels 86

Moupting kofee) 134 are 8196ided fos mountirmetthetphigtiend sesaeksy Blid gate wamnda gbes 87
showh)n Tée ‘ﬂef‘tcd“’elIfﬁ‘ﬁa"tﬁE'fﬂ&gr‘mth-lébl'ﬂa,ss«léﬁﬂ'1 ﬁnlgﬁlest?nteg @y @L &1%0&"%% is dust over th

the iRSPRCUIpYE 1Pk 65 he holes 87, in‘turn
) channel é’gggﬁhlrﬁ aouﬁsomc;g Fayer 90. Each channel 89
carries a different respective color of ink, except

for the last channel, designated 91. This |ast channe
91 is an air channel and is aligned with further holes
92 in the md-layer 88, which in turn are aligned with
further holes 93 in the upper |ayer sheet 83. These
hol es 93 are aligned with the inner parts 94 of slots
95 in a top channel |ayer 96, so that these inner
parts are aligned with, and therefore 20in fluid-flow
communi cation with, the air channel 91, as indicated )
by the dashed line 97. The |lower |ayer 90 has holes 98
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25respectively, and is then blown into the side 99 of
the chip assenbly 81, fromwhere it is forced out at
100, through a nozzle guard 101 which covers

VKO 206485570 keep the nozzles clear of paper P@G&UZ"“:”OO““SO
Differently col ored inks 1lzg not shown) pass through
the holes 98 of the Iower layer 90, into the channels
89, and then through respective hol es 87, then al ong
-respective channels 86 in the underside of the upper

" Refariog toSigare 74, 83y is thawm suhémari@By @ gbss-seetioh throagh B4 ssafibldd pathead 19.

FRRAEE, e ar;rtmt Jt@ rntctohrtaeyghnutgn%mﬁ bsQrB1y 9Poan $Iéir1§ R8eek Al R B1-

oted en of
g i bR Ry S Reh S, BhEodtlf s Y SRk B
cprpRestiestipr e’ rrlmh mpiscopiRntphoesdi the Bishays 153, apd ipiovewithittiydowiergart of
adleP GBI 82 chidndippForithetchip dskemble 1. rhSdvist tha @341 which b&hrﬂlgrough the slots
&m@h@ﬂ ph@ 113 s,aréﬁeqeaa%dds S O Do fthrRion, ,@gt«rrn@d b@%r

a side view of the print head nodul € assenb

dasbeddire BY-gur es 58 and 59 i s 35schematically shown, is
now referred to. The center |ayer 102 of the Chlp
PAseaRly 1S the |ayer where the 7680 nozzles and their
associated drive circuitry are disposed. The top |ayer
of the phlp assenbly, which constitutes the nozzle
Refersinado Higire 7Setfatif @%“"taﬂ’é":’f Figerapyiligtrating fprsisadsyptegs 10 qopprding to an
ediboi@edt efiheStvemisn.t 0 keep the nozzl e guard hol es 104
(which are represented schematically by dashed i nes)
cl ear 2006/10 P /A 0048
st B HenbBRp il 1 Sapes ppmiciin o (i 14
andipeipt desd K4 eeredvotdd hyrbejarow) Phigkie fefl rvkhe@tmhwdeib 5 eJemeﬂkaﬁt gy
pih hktidin@e 0, ©5ex8dpld, BFpbdac146t ai Nl ess st eel upper |ayer
sheet 83. The sheet 83 receives ink and conpressed air
fromthe |ower |ayer 90 as described above, and th
Matit Eewret Pl 1t pé‘f’fd“':da‘f’ fracgrgrt they papgr A Gpasg e pripfiead 1o 4 ”’ce?)‘a pick
uif rogimebsm H8heoitighedamelithdiaw a fhee nf pagve 46 frbh a ngliamec @Pved by

t he Iomer | ayer 90, via the mid-layer 88 and upper
'I'hetpﬁwer \s,up%é 1stforer0\91511}1 P ac?tagf HL% vls :b s’rt]anéa.ﬁd tyl%?g 16188 in LP rrxﬁter dcwces
(7680) of very snall nozzles 3 with the larger, |less
TiRGkstipply @4 1iok@BiniOBrridges {doeshdvayel, typayiR farfid. typddvé infol@MonR@Bbe

pr&;t?deh St 1‘39 rﬂﬂb@&ﬂe%@ stt.lpgly snﬁ'r a§‘tm Jn}omrt gﬂﬂk%éﬂ%[ﬂﬁg aﬂﬂ qurHﬁxron is provided

rcuitr cat ed
i L8 R RGaLET, R 8 el T A0S
copfistseof a ruiBer oftuitens (nes sOEP, srurhexa “Privt” butiens pagppdvense” Bpteon;tahdsn on.
TIRBBRASHEAlLT1 bikb Bkl PAXYr 13Dtat is bRviedd & edividg e redia pick up
m&ha RS atrrr 18 8 %miggﬁetrﬁeé. F)p\é{t%ﬁers 14gNi s allows the

epoxy e appli he space between the

dam 108 and the chip assenbly 81 so that the wires 106
It an@esempioditeghtemzortihii: B CoijentifORXR a tthe ofppEKIA6 E@ibvinp®st the
prnagaq@ned mat Jnn@rg %@stfect&nehwo&&t RN Ghe Sl okt £ 2 biQHR

ap hani cal
i B pee W R oRE n Bt o P BT a6
PfoE’PF@f?r’BH“Ie‘(Pa [ paper s¢nppr gpat skopm) ippreved;aigh i gongsetpde fegygem controller
1525 SaHey thd Seet siper 46 Bhdd 6l @Fain RIBBRGC1BVAIE the HRMRANENHSsystem

co%o!llg}tc{}lgg% ;ggg:\g %ﬁ%ﬁ@@ét&d%? ?g ggn‘:t‘ ? %rfhxgngtg:r %@QM dpr?1 ides

print con page- W
theprmtfiata 144 o g Rrigfed 4r1 oft Wr&zrhetf@rqysarrpeflﬁeﬁhﬂ{ %ésteﬁ’a%ewﬂﬁ 151
m@:Rh étepretd with bhe priht edenditer151.9 | ncl udes el even of the
print head nodul es assenblies 80, which are glued onto
a substrate channel 110 in the formof a bent netal
plate. A series of groups of seven hol es each,
desi gnated by the reference nunerals 111, supply the 6
different colors of ink and the conpressed air to the
chip assenblies 81. An extruded flexible ink hose 112
is glued into place in the channel 110. It will be
noted that the hose 112 includes holes 113 therein.
These hol es 113 are not present when the hose 112 .25
is first connected to the channel 110, but are forned
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The hose 112 defines parallel channels 115 which
extend the length of the hose. At one end 116, the
hose 112 is connected to ink containers (not shown 3
VEQI 081058 We opposite end 117, there is provi F&A/AF2005/000480
channel extrusion cap 118, %hlch serves to plug, and
thereby cl ose, that end of the hose. 35A netal top
support plate 119 supports and | ocates the channel 110
and S8, 112 nd_serv
“ﬁﬁ’@”tg 81’“%‘& “and xﬁ%ag gcmﬁtﬁr ?no?ﬁ%na ?Jr?% tgdx%%? 65‘?12%? ur e
trappraied i arzm%errmbsy of%mvmvneﬁhqnﬁefvad@%“ﬁ‘@ ‘Wit
ECHHERGIET tnectidien IFEEA198 cohi@tida atertviaisioviis fisgimirecds a pacdllehgopnection.

t i \nﬁ]e Qata M@e print data formatter 155 and provides
5%%%%&§g%f%%£&§%iﬁ 8 /55%480 77 downwar dl y extgndlng
capjsq! fefoymesonge the e RRLAR 1110, to | ocate the channel - and
plate with respect to each other. An extrusion 124 is

FRESM AR & Red Y9G AbiapRks Dus bars 125. Al though the
energy required to operate a 5printhead according to
the present invention is an order of ni tude

Figiietr{6 AR ehow forthen ebAdipHE Phtt <k ] %MPP?{?“’I%"“ o fERmen

ere are
hing M oivh pdculadtouiond 81v988es N Ghad dwantagys Wil be iisped fralglej! below,

wﬁ{ fe@¥nce @ gy tnl?ikrﬁuai embéHiRhO ﬁb@&r%e&baﬂ&@m&dc{mﬁf dabtemBlamReris
bf'ﬁtrs o%?l%lé%%%s %T@t %1 de Sﬁoil'g Im%r?ﬁlfalc%n ! O%chs 1§ Jﬂbs‘a)(tgilﬁﬁ]é samq as that

['és sent 1’nven
davaipedabovein eataior t@ﬁalres 1§ to @5 aﬂﬁﬁ’y“’f*ﬁ‘s\‘eé‘)y tbeﬁa%ﬁ del gt wa*afa'é afe used
mbagaﬂesS76dw9lmgdmaﬁ edn@dpbriding colnp@etrO liethe ipawe! wos tafbricatipn
stom es havel% r I 207 wﬁ Fogtgg unff Ee]lgﬁgﬁﬂé gy gﬁy (Qée@'@@%s g mal)t R vk ﬁpﬁ&iaﬁﬁ

curren re ement
thaéltg@;hgluﬁbqe&l,s wx[bt@e th? S@lﬂ& falg\?rgﬁn sllzﬁegd@th xgasfcnwegr 'XEa §13 3\4 Lsxtion
of3@RGHMytroshopwen Figws 33 te 184inkdd ngsde & Fpnhﬂd ‘a‘b‘fe“’}’fﬁﬁi"ﬁ et
11&16%%& s 1Jgtlg£onb etk IRWA inPizhdd Toeeds. The busbars
are suita or providing for such power )

requi renents, and have power |eads 126 soldered3t20dth
Refbrarg o Figuregdhant &s §¢ wit eslld ShRE i Ehaher 7 (7% supply pagpage 22 and the
nREIONth 8l Bitibriad 8id Why ading e le@itofibe Wit 31T dnbettixen w Higere €1 thedrive
cl%am'? Q QMLH%&fongsﬁﬁ: BEnel RWBE: 7R haSreRfindea mb b@l‘sm@@&ﬁof & cifafnber.

r1nthead nodul e Jhe B end
TR OF R RGPS T8 eertd St i e gl
mithilisat Ay df the Infetcenndeq 29, Thetigereonnept3d as hraw@ea‘r}w&mﬂ%m s
kBB, pdiafonRO& 4 & Rhned G:Jt@Wf thdiateSdnhdc{P3 bt Rdves@eat dialte raisadmetal
cont ac ' Qrebstio & Rér to the
¢ %é“t?t%?s?g & RSI! LB BTl B el S e o
e@ﬁﬁ‘@lated through Dat a connections 129 (indicated
schematically by dashed lines), which are |ocated on

Aitmtx%ﬂrt & dnsé'Jutﬁ%QZ ef ode B8t cEiGBucggn Bfdhg dMdet IT the Baatetebdment that it
C(B'IE l%‘ Alil tl@)gln‘%égzu%é ?20 trTE the(?]ﬁate}é\@i oci' one% ?ceﬁﬂ%vmxgﬁg nng%a &9&' ﬂlava

I NC
ofimcfromdigdieatso iy thy dgive P éfﬁaféﬁ“é YRRy mes ‘hb%i?"f“’dﬁr 4
tHe H&tef' 1a&%i it it SRtdiling, Batpartidly ofeaidld byond dagolPCBE: hedd clidredes Fdrom

LS;H:%? un?t%gln elg Eh%rsﬁlatgoﬁ %hc cétcpatt}@ ldn@'c@ctu@ry 133 1eis@1a@1’0@ \ﬂuﬂﬁdﬁ'&ﬁhe

he chanp e
ot iR SRR PPN RO L0 Ol g { o s b
10001 @bria &1 in thany ¢albes Bss Megmcrom tpesferahiy teprdian 1Qlf@°fP‘ﬁc | udes
tw st tabs 134 which extend through slots 135 in the
pl ate 133 when the assenbly 19 is put together, and
are then tw sted through approxi mately 45 degrees to
prevent them from being wthdrawn through the slots.
By way of summary, with reference to Figure 91, the
printhead assenbly 19 is shown in an assenbl ed state.
Ink and conpressed air are supplied via the hose 112
at 136, power is supplied via the |eads 126, and data
is provided to the printhead chip assenblies 81 via
t he edge connectors 132. The printhead chip assenblies
81 are located on the el even printhead nodul e
assenblies 80, which include the PCBs 82. Munting
hol es 137 are provided for nounting the printhead
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78 Referring to Figure 74, there is shown,
schematically, a cross-section through the asserrbl ed

rinthead 19. Fromthis, the position of a sil]
81.can clearl fc%‘%@é’ﬁo““so

OR3P ng a chip asse
QS% through the ink and air

as can a longitudinal secti
supply hose 112. Also clear to see is the abutnent of

Copfeuing thepozels sintpbrentsh ﬂm@e%&%lﬁﬁﬁéaﬁtr&véﬁw%ﬁ%%@&%de@gg %g

| ower art of

dﬂbetchcutuggmbiué p@‘fnﬁacl%§gn v@? 918\1bnozz eﬁ%nszty ozzles ggr é.lglhq]ﬁa ozzle

"%‘ﬁ £ sf" "P%{B@S ‘E"s": "‘Wﬁy B'H‘leé’i'{*%ﬁbwsmﬂmhheﬂm@h @Ithstcsudt&@s
fip the Feuiip o dle elptmades The@orarndabisrOhdeless REfance akCthdiird\si ate
lesdeedrgy. t W St ed configuration, represented by the das
line 139. 10 Printer system Referring to Figure 75,
:]]rre is shown a block diagramillustrating a
‘E') £ £95E55 f ox57lan Rsheeraly clseiedss H andythe daivexircwiud 90 disabionts nofe vishe
behyporeth licmer maef:Bimd v CMDS madizhb OB fersdF @gﬁ@;@anhe%t 25 P& best shown i

i éslihﬁ@giml, sivafon edd2 & ! t head, an
o e aE s IR i SR B st

rin
th!: lﬂiiaﬂerﬁw pl@\ﬁgvxﬁ v}ersgag &S:F%cetbﬁtéfeeﬁlu}e Hiaﬁ%tmcggs Ip {mde&]e itetegnngehlayer
23é’fh’°5£‘r‘3‘°"sé’ﬁ‘t’e(§1°pﬁffﬁ nt media in the form for exanple, of
paper 146. Media transport rollers 147 are
Inp,r y5|7g . JLhe ast the printhead
1ol %&gb Qh EE%KEP%'ES £ "ﬁg‘%?%sﬁé“% i’ § 2PEH "’éf'delfni'?m
W r%‘aafeé ngntgﬂ biggple E‘&‘ﬁ%‘?ﬂ spatign 5B with sesmmlfeciirass dortiay thibdi
recppder o Eshcslemsni e pubbld Auclesion @etioPI8 s igiger Eé@stébeé hegas whi ch

tethpBratare SEodd Yo find ﬁéﬁ?{)f 91@ mﬁ BE@OQJ the rEIHauB d’ oﬂge eZemert% Yd Cl'ge bu&ﬁ %,

ges

t
nuélemés & %F PJ %n }nﬁ subsegue{lt 9' ﬁ'@gs t8 ]surrglﬁ:;d 8{: Iﬁ:@&or tsthe SRiCPE |10 B?g controlling the

vari
bmﬁ’éﬁ?"&@‘i“’ﬂ &y st h5igjectemyoithe sictial dronls ipupphiytblsuch as t he

anount of ink remaining. This i nfor mation is provided
i.s connected to a

ThéMefer @lexﬁéﬁ?’ﬁ)%%ﬁgd’ 9 Lchh c’l‘a%]theﬁ ganﬁ%)zn? Vfﬁlﬁg gnlatrnf,r As heater

t Inte
elemeng expaqrt!'l tﬁegfw?]gtgf?m éefxevafhc fﬁﬁ’ln‘t %lﬁgenks (1) ] asghqm in Rigyreh 76a8d 27
willd bmv P pfthaplang of) #pmntétp:a beaugedy diviress idahelthimiast cra Shotfl ORensidd 8 d

ther8f8 h Hhic Ca4d bengihd re¥fstadlce. h@aﬁ@beﬁ&ﬁ?oﬁ‘@é éanﬁﬂt%tle%ﬁ o %ormau?ﬁ of
I S

cras C. ersd L I C an

- dksc' eQE g}é)l aqiﬁl% 81( luéhjr ]g %ltlal?tgylr?efido ?ﬁg %ﬁeﬁerflpwglﬁél}otm in
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Refcmn ntroller 35151so that when the sheet of paper 146
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79 The print data 144 emanates from an external

conputer (not shown) connected at 156, and nay be
transmtted via any of a nunmber of different

VO AHESSWn neans, such as a USB connecti on, T&A7AU2005/000480
ETHERNET connection, a 1EEHI394 connection ot herwi se
known as Erewire, or a parallel connection. 5A data

mm té;g?ﬁﬁe&m&oﬂ@fdﬁ 59 10ar L %g@%&e@&&n gﬂge%ulgb% o1 the
R s 3 QoL {1 Y eﬁecm‘?dg?ﬁ“&‘f)‘i‘i‘{;’f‘&‘ln?"é? lispi1 . Features and

-|nforrrat|on

advant ages offurther enbodi nents 10Fi gures 76 to 99
Fiphno B2 showrsta lherer @eadaadd ms&glgﬁmdgﬂhipe cA dLs&:ssld Ibg‘re, &&%pﬂ&b of

thigtkdpSRas e aelSee cngnl

bar 1ip a; ic[ &ggctﬁ%%a 1_21&6%‘) %9“ i caPQF ﬁ?f‘é@%‘ga‘h that is
W BE 2 e %&Saﬂffeﬁedd’éﬁla""rhefﬁéwwacw lpﬁw ﬁeef)smoevf@te heatsr
‘ﬁ’@h Thpviehereniduseduracioriotrthi ameprtent ubio wal@Hit the Hager BidGraCresult in

vEBHIYE] ifi IEdin@SioR bf BAGReR MR MBRL 1heSinlREST ﬁémwgs sh e rcsultmg
manuf act uri n SS

Vi e 1he
Jﬁ'a&ﬂsrlﬁ & c?uZensl r?f)f a§%leﬁwely W1§e coxg%oninhaéet pr@g@wﬁ]yﬂ@at%%\y@apqqs for

s substantia
* Phepen fomeTeRt oft il Qﬁ?pé@"‘af@ thaipropstioaplly I ag chapmsneficstpemoty diménkiens

willdipre 2 presfee ef@ror theivinmeided fencth CTHIG R th PbrRdrrizh@ k85t fofus bA 99
refavely Atk Edieo1chof: LERBORALAGF PHRRAGAL S- I n the interests
of brevity, the fabrication stages have been shown for
the twit cell of Figure 83 only (see Figures 85 to

The grpqea shpre dificts puriges flephspuad thadxi df thehvatzletpenre 5. N Es givad doodt@bHIeS

aliginfeht with e iphr@rear ¥Rt Gddtion Gﬂirdpwhﬂs Exéagﬁ§ el Dot EJH%IseeJHm is
uccessi ve a ers

nomﬂ% |h&gr eldﬁgf’ﬂllﬁ Astdlg&lssgc?a%iva flgls avmc(if proggmsocgus H g 82}Vftaﬁlgra in

shown in Fi gures 85 10 nee
detail bel ow given that the |ithographic process

Rereg]ng@ﬁsgurgs@ﬁ toP§ povttdsentbadithdneis the A 1 idshésngobe €S wﬂt@set'eﬁhl des
of BOetdRAE 4l BpBGhioh BbrichiH fn‘@ésgﬁm t@ﬂagnb entt tgeeheﬂgleltem?g 0is saspfnﬂed

fro§1|3 \%ﬁ]gjglr%?@ oI' l%e chamn)cr 1£ Ilaww ta mm%l%lﬁ %{Strsng F‘@’h‘@‘tt Htegggct

alqufge ayis plithe npazle ap_Erturga& Tb’é snfigyeation promiddsia gap @ajefibry alolptheChkis Wighe

nozgle prNrd ¥ while Svoioiag thé @bitaljon GRLIGARIisGI Wb, F @@es@lﬂ éﬂ’@ﬁhmi other

variblidnfofb\Qypb SeHBI P EH&SnQp. t he Opposing side of the
chanber. The drive circuitry 22 controls the oper ation
of the heater 14 through vies in the integrated

Fizgp Poestivts 2 28tvelt lerhlt has it fcale dperperSandafie hedne elbrith 10 6 ARMRhe2 3.

centfde thie ﬁrfclsz dRAHHIET TCox@é’un'ﬂ:a)‘B e ndzRd &ﬁﬁ’oemg Bl iBY £L pr%ué ts ¢

em r op o
l;o@iﬂen%su A ter ltP ﬂ?@géﬁ%&? QTCL‘(%XSel g Wéﬂi; %%%ghbqﬂnﬁémp% 5 §€Hl‘img

welti te i nter COFLHEC
P 1p P2l Rgmbend fe wpngrt oneisidef the tratsr cleBers f10. This reeest terared & the

viassertcting the elbngodex o esh inebsa khe SERaE rebiflanSd HAP lhbf'cf&@ W powkQoskdl €
Hovahe Ry afﬁettu%%hgaﬁf aé'ﬂeht\ﬁ%xlnﬁrc mS( E}lﬁt H rnllcrve s rfﬁl%fc d.{a% retar%.m

IS not on_opposin

el
ﬂovI bggk tlgoughe e mlet 3 ar{d I'%tsuPPlF P35 F&3l2'0 ﬂulﬁf; g qaféuga HiE gqgzle aperture 5

emen
°°“'E‘F?“(‘f"d¥ rately snpber adjitletepregy lirdent te p redefse 6w i st theCiftbtlwhinS: ghd
bublge foinng like glertndtiovi ded area that is offset fromthe
heater. That is, the drive circuitry 22 is partially
Theovterll as'kld gy .one of the electrodes 15 of the heater 14
FHSE § YOS TP P9 TRy elavipleilagabennbat 1 which vesiniraliuads thysudine
area gf therpisptendeg fn corvmt Wi e @ins ekliBE b K0 e Rorhbet faycDPB. BAWAEERS larkRi t
chanﬁb&i Tlafows kel Rdaker Srdeitll o8Q: sdu 1o nggﬁta&ﬁurg % "ltl'uL.1 ¢ aiTa

I nm crons
s Sl ey e ;1B ot GBS w17 e et o Cpeeris e e prromns
Menj et printheads of this type, the offset is |ess
than 100 m crons and in many cases |ess than 50
m crons, preferably less than 30 mcrons. WO
20061105570PCT/ AU2005/ 000480 80 Configuring the nozzle
conponents so that there is significant overlap
between the el ectrodes and the drive circuitry
provi des a conpact design with high nozzle density
(nozzl es per unit area of the nozzle plate 2). This
al so inproves the efficiency of the printlaead by
shortening the | ength of the conductors fromthe

t-men?shown

--EJ_




5| ess energy. The high degree of overlap between the

el ectrodes 15 and the drive circuitry 22 also allows
nore vies between the heater material and the CMOS
WREWPEBEW on | ayers of the interconnect 23. ngmgggﬁmmmm)
shown in Figures 84 and 85,8t he passivation |ayer 24
has an array of vies to establish an electrica
connection with 10the heater 14. MNore vies |owers

elementdy tr Panbee CReLhis i efietamaprosipesides of raw=esreain ‘“tdt‘?%“""‘ge
t¢ fotree speln bublle. Theljubble R@edis siimetriend] ehow 8t lpe W plabeastedpg aléng the

nbAz18 Wi 3‘111?@111&"1\&@ thed Snrd] Hﬁhe@ﬁﬁxﬁeuﬁ 8 bosilkior o3 tht BBb1S Rk t@Shdndd@ty
artmﬁ om the heater el enent 10.

a.uI;{lther fore the e ectcn16 and czo I$ ThOre re
fHeat e f fb as a bubbl e nucl eation section
158 with a smaller cross section than the 15renmi nder
Atfioufihi: ifleioRia tescribdiabdvensilol referendetb aatificemboaaeits, @ Willbd Bndbrersed

b?thgsg Qéﬁs:&?fn A Gx@&n&%y Ekﬁeﬂﬁa&aeﬁ B nﬂn}o@%ﬁ?&%‘{# e!?am@fé ove

n of.
S AP A AP 1 1S MG EE B Sy eckial
apraatyfl gemeatn daysist beapd éraibgdimanis\edert gpprspriatound t he rest of
the element 10. By controlling the bubble nucleation
and growh, the trajectory of the ejected drop is nore
predi ctabl e. 20The heater elenent 10 is configured to
accommodat e thermal expansion in a specific manner. As
heater elenents expand, they will deformto relieve
the strain. Elenents such as that shown in Figures 76
and 77 wll bow out of the plane of |am nation because
its thickness is the thinnest cross sectiona
di mensi on and therefore has the | east bendi ng
resi stance. Repeated bending of the elenent can | ead
to the formati on of cracks, especially at sharp
corners, which can ultimately lead to failure. The
heater el ement 10 shown in 25Figures 78 and 79 is
configured so that the thermal expansion is relieved
by rotation of the bubble nucleation section 158, and
slightly splaying the sections leading to the
el ectrodes 15, in preference to bowi ng out of the
pl ane of |am nation. The geonetry of the elenent is
such that m niscul e bending wthin the plane of
| am nation is sufficient to relieve the strain of
thernal expansion, and such bending occurs in
preference to bowi ng. This gives the heater el ement
greater longevity and reliability by 30ni ni m zi ng bend
regi ons, which are prone to oxidation and cracking.
Referring to Figures 80 and 81, the heater el enent 10
used in this unit cell 1 has a serpentine or 'double
onega' shape. This configuration keeps the gas bubbl e
centered -on the axis of the nozzle. A single onega is
a sinple geonetric shape which is beneficial froma
fabrication perspective. However the gap 35159 between
the ends of the heater elenent neans that the heating
of the ink in the chanber is slightly asymretrical. As
a result, the gas bubble is slightly skewed to the
si de opposite the gap 159. This can in turn affect the
trajectory of the ejected drop. The doubl e onega shape
provi des the heater elenment with WO
2006/ 105570PCT/ AU2005/ 000480 81 the gap 160 to
conpensate for the gap 159 so that the symetry and
position of the bubble within the chanber is better
controlled and the ejected drop trajectory is nore
reliable. Figure 82 shows a heater elenent 10 with a
si ngl e onega shape. As discussed above, the sinplicity
of 5this shape has significant advantages during -
l'ithographic fabrication. It can be a single current
path that is relatively wide and therefore |ess
affected by any inherent inaccuracies in the
deposition of the heater
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material. The inherent inaccuracies of the equipnent
used to deposit the heater material result in
variations in the dinmensions of the el enment However,
these tol erances are fixed values so the resulting
variations in the dinensions of a relatively w de
conponent are proportional I8 | ess than the variations
ctarMd40a thinner conponent. It will be appreciated that
proportionally | arge changes of conponents di nmensions
wi Il have a greater effect on their intended function.
1.Ther afffiidschdoe fop detb@ingdinkidan 6 danataeing 8 tlhidshahbed the sensor
relatively wide heater elenment are nore reliable than
CXRR Fner one. The omega shape directs current flow
a BIBMBebniheelanérs fdied bfxondizatlemaped! havigg Hresistiics tlgt ¥ @s

ood hubbl e 153l i nt wwth the apertur.e.for tter
nimof Bsres s MHETS Strseelimenc PR podtiee i ao
confediiap ®enRidcmicalipswachuea fdr heating tHe@ensilg @femeht with anAdectrical

.%%gcu sed above, this avoi ds probl ens caused by
SIgdvitPation. Referring to Figures 83 to 96, another

coafrblathicnian forateaufiag theictirre bassihg ilsough thwrsetsogetdient during
several stages of the etching and deposition
hqa%\’ﬁﬁ‘?fg]éeﬁe’ésﬁ‘ggp 75'?:68§§‘.1°%I"ﬁat’t hi s enbodi nent, the heater
the ke ndirchidryiiscoafgpandediciihe thotapeatirdof the @asnddlethdie from
chanber.,.This allows it to be s trical..abaut two
g R APl Vol e Bl e A 05 Ftongr iR by i the
culeRY tesistende. andRinperataid | gur ati on provi des a drop
trajectory along the axis of the nozzle aperture 5
whi | e avoiding the cavitation problens di scussed
2.abova flufd sghsoesccOding Balclfith SRhateiatieaMEMa sémine @lkentis b héatn
type of .heater .el nt 10. _25F] re 98 shows a unit
stiglffe i i isbended % R TRE 2P0 RAMRE T ¢ o and the hoat or
el enent 10 offset fromthe <centre of the nozzle
cha r.7. Consequently, the nozzle .chanber.7 i
3. o R o RE et it LBl B RS R R HisLprifhepg and the
fidid chabribver ielhit ink cRadibeetvil bt DR @Hecthbd i ¢jértibh eozzlegduth thatttle beam
el ectrode .15 .ext endi well.into,the pozzl hanmber, 7
SHE O B A e At i Rstiadt B Ve PR TGt e RE

reduces the area of the vies contacting the el ectrodes
whi ch.can i ncrease the .electrade resistance. and
4. her SSRabREE e 1 GBS heg] Figdiih FrRRFGH Epyrplemen
fopfafsiglilid tagpdriterchoé piresf tid iekrebiive fits bailitidyint mk fokm b @tpos bubble
increases the fluidic drag.retarding flow back through
gt aeFe e Sk cpeireed AR bt ao “The t1ui di ¢
drag through the nozzl e apertures conparatively much
smal |er.so little. ener s, | as 0 reve f.I ow of
5.5 i 4 ArgagHot e o Brelaed hergR ey ESPGleAmy et

sugdeqmﬂy criilﬁpsegﬁ)rd'tﬁllbbﬂﬁ icbllped poirik, &HMehtﬁ' diéngauit B8 sRpedinso
. ti 7 [ [
g gy prchir e osp P Sl b atese ol BB R B e

hewteaderhe@adi Nng to the interconnect |ayer 23. However,
the larger chanber 7 allows several heater elenents 11

of fset fromthe nozzle aperture 5. The arrangenent
shown uses two heater elenents 10; one on either side

of t chanber 7.. O her. sj gns u three or nore 82
6.0l erfo b8 YEIToL e RRIFIGH ™ “COPEIn B G ST B R
acpiSnagy sf Be3haf500 henoitails (&) apiest thit dcandlaranvsiiptent! to

forma,single bubble. The bubble forned is symretrica
fo%i?rﬂﬁ buggfelcgﬁg’tg*%lbeheéecgf’% 26 %hdi ng al ong the nozzle

axis. This enhances the control of the symetry and
position of the bubble within the chanber 7 and
therefore the ejected drop trajectory is nore
reliable. Al though the invention is described above
wth reference to specific enbodinents, it will be
understood by those skilled in the art that the

i nvention may be enbodied in many other fornms. For
exanpl e, although the above enbodi nents refer to the

[
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conprising: 5a MEMS sensing el ement fornmed of
conductive material having a resistance that is a
function of tenperature, the MEMS sensi ng el enent
havi ng el ectrical contacts for connection to an

el ectrical power source for heating the sensing

el ement with an electrical &ignal; and contro
circuitry for neasuring the current passing t hrough

the sensjng el enent durjn Oheat i t he sensin
7 ol e Shch et § HBTCOADIER S e L eanes &
a&@ﬂf)ﬁ Eler SIS thad morﬁ;r ehdab@att IR BPCH@hdnt erffifiertlpeo Hansdidg
‘@ﬁ nent fhon1the appl i ed vol tage, the neasured
CAMHDEARTYEHEn R PRl ati onshi p between the
current, resistance and tenperature. 152. A fluid
sensor according to claim1l wherein the MEMS sensi ng
elenent is a beam structure that is suspended in the
8.f | owagRidseRfor kdterdidgub elaim 7 wh&em/éacftﬂ Hehtelr ﬂﬁﬁlﬁlf)fequlres an

S50 8 e bR 0 Sl S8 Sk R

b@ﬁlelcﬁlkslﬂgnh@éﬁ@nﬂomldek@gtl on nozzle, such that the
beam 20structure extends into the chanber for
imersion in ink when the printhead is prined. 4. A
fluid sensor according to claim3 wherein the beam
structure is a heater elenent for raising the
tenperature of part of the ink above its boiling point
to forma vapor bubble that causes a drop of ink to be
ej ected through the nozzle. 5. A fluid sensor
according to claim4 wherein the bubble generated by
the heater subsequently collapses to a bubble coll apse
poi nt, and the heater elenent is shaped in a
topol ogically open or closed | oop such that the bubble
col | apse point is spaced fromthe heater elenent. 6.
A fluid sensor according to claimb5 wherein each
heater el enment requires an actuation energy of |ess
than 500 nanojoules (M) to heat that heater el enent
sufficiently to form said bubble causing the ejection
of said drop. 84 7. A fluid sensor according to
claim6 wherein each heater elenment requires an
actuation energy of less than 200 nJ to heat that
heater elenment sufficiently to formsaid bubble
causing the ejection of said drop. 8. A fluid sensor
according to claim7 wherein each heater el enent
requi res an actuation energy of less than 80 nJ to
heat that heater elenent sufficiently to formsaid
bubbl e causing the ejection of said drop.



