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formed to of a thermal actuator that 1 ncludes a
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able to develop printheads having one or more printhead chips that together incorporate up
to 84 000 nozzle arrangements. The Applicant has also developed suitable processor
technology that is capable of controlling operation of such printheads. In particular, the
processor technology and the printheads are capable of cooperating to generate resolutions
of 1600 dpi and higher in some cases. Examples of suitable processor technology are
provided in the above referenced patent applications/patents.

Common to most of the printhead chips that the Applicant has developed is a
component that moves with respect to a substrate to eject ink from a nozzle chamber. This
component can be in the form of an ink-ejecting member that is displaceable in a nozzle
chamber to eject the ink from the nozzle chamber.

As is also clear from the above applications, Applicant has developed a number of
ways in which to achieve the ejection of ink from the respective nozzle chambers. A
majority of these are based on the selection of a material having a coefficient of thermal
expansion that is such that, on a MEMS scale, expansion upon heating and subsequent
contraction upon cooling can be harnessed to perform work. The material is formed to
define at least part of a thermal actuator that includes a heating circuit. The heating circuit

is shaped to be resistively heated when a current passes through the circuit. The current is

supplied to the circuit in the form of pulses at a frequency that depends on the printing
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A majority of the nozzle arrangements covered by the above applications and
patents use differential expansion in the thermal actuator to achieve bending of the thermal
actuator. This bending movement is transmitted to an ink-ejecting component that is either
rectilinearly or angularly displaced to eject the ink.
Applicant has found that it would be desirable for simple rectilinear expansion of a
thermal actuator to be transmitted to an ink-ejecting component, since such simple
rectilinear expansion on a MEMS scale is relatively efficient.

The Applicant has conceived this invention in order to achieve the desired

transmission and amplification of motion mentioned above.

SUMMARY OF THE INVENTION

According to the invention, there is provided a printhead chip for an inkjet
printhead, the printhead chip comprising

a substrate; and

a plurality of nozzle arrangements that is positioned on the substrate, each nozzle

arrangement comprising



a substrate; and a plurality of nozzle arrangenents that is positioned on
the substrate, each nozzle arrangenent conprising WO 03/091029
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The actuator may have a fixed portion that is fixed to the substrate and a working
portion that is capable of thermal expansion when heated to be displaced in said
substantially rectilinear manner.

The translation to rotation conversion mechanism may include a pivot member that
is pivotal with respect to the substrate. The pivot member may be connected to the working
portion of the thermal actuator to pivot upon displacement of the working portion. The ink
ejection member may be connected to the pivot member so that the ink ejection member is
angularly displaced upon expansion of the working portion.

The nozzle chamber walls and the roof may be dimensioned so that the nozzle
chamber is elongate and has a generally rectangular shape when viewed in plan. The nozzle
chamber walls may thus include a distal end wall, a proximal end wall and a pair of
opposed side walls, the pivot member being positioned adjacent the proximal end wall and
the ink ejection port being positioned adjacent the distal end wall.

Bach ink ejection member may be shaped to correspond generally with a plan
profile of each nozzle chamber so that an end of the ink ejection member is positioned
adjacent the ink ejection port.

Each pivot member and each ink ejection member may be configured so that the ink
ejection member is between approximately 20 and 60 times longer than an effective lever
arm defined by the pivot member. In particular, each ink ejection member may be

approximately 40 times longer than the effective lever arm defined by the pivot member.



the ink ejection port being positioned adjacent the distal end wall. Each
ink ejection nenber may be shaped to correspond generally with a plan
profil e oWwoemmlbinezzl e chanber so that an end of the ink ej@rAv@mimnber is
positioned adjacent the ink ejectiondport. Each pivot nmenber and each ink
ej ection nmenber may be configured so that the ink ejection nenber is
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as described above.
The invention is now described, by way of examples, with reference to the
accompanying drawings. The following description is not intended to limit the broad scope

of the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

Figure 1 shows a schematic sectioned side view of a nozzle arrangement of a first
embodiment of a printhead chip, in accordance with the invention, for an inkjet printhead,
in a quiescent condition;

Figure 2 shows a schematic sectioned side view of the nozzle arrangement of Figure

Figure 3 shows a schematic plan view of the nozzle arrangement of Figure 1; and
Figure 4 shows a schematic sectioned side view of a nozzle arrangement of a second

embodiment of a printhead chip, in accordance with the invention, for an ink jet printhead.

DETAILED DESCRIPTION OF THE INVENTION
In Figures 1 to 3, reference numeral 10 generally indicates a nozzle arrangement for

a first embodiment of an ink jet printhead chip, in accordance with the invention.



Figure 1 shows a schematic sectioned side view of a nozzle arrangenent of a
first enbodinment of a printhead chip, in accordance with the invention,
for an inWoeds/oprazat head, in a quiescent condition; Figured/shnwsica
schematic sectioned side view of the sozzl e arrangenment of Figure |[;
Figure 3 shows a schematic plan view of the nozzle arrangenent of Figure 1;
and Figure 4 shows a schematic sectioned side view of a nozzle arrangenent
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person of ordinary skill in the field can readily obtain the printhead chip of this invention

by replicating the nozzle arrangement 10.

An electrical drive circuitry layer 14 is positioned on the silicon wafer substrate 12.
The electrical drive circuitry layer 14 includes CMOS drive circuitry. The particular
configuration of the CMOS drive circuitry is not important to this description and has
therefore been shown schematically in the drawings. Suffice to say that it is connected to a
suitable microprocessor and provides electrical current to the nozzle arrangement 10 upon
receipt of an enabling signal from said suitable microprocessor. An example of a suitable
microprocessor is described in the above referenced patents/patent applications. It follows
that this level of detail will not be set out in this specification.

An ink passivation layer 16 is positioned on the drive circuitry layer 14. The ink
passivation layer 16 can be of any suitable material, such as silicon nitride.

The nozzle arrangement 10 includes nozzle chamber walls in the form of a distal
end wall 18, a proximal end wall 20 and a pair of opposed sidewalls 22. A roof 24 spans the
walls 18, 20, 22. The roof 24 and the walls 18, 20, 22 define a nozzle chamber 26. The roof
24 defines an ink ejection port 28 in fluid communication with the nozzle chamber 26. The

walls 18, 20, 22 and the roof 24 are dimensioned so that the nozzle chamber 26 has a
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Each of the anchors 34 are configured to provide electrical connection between the
fixed ends 42 and the electrical drive circuitry layer 14. In particular, the anchors 34 are
configured to provide electrical connection between one fixed end 42 and a negative
contact and the other fixed end 42 and a positive contact. The electrical drive circuitry layer
14 is connected to a microprocessor of the type described in the above referenced
patents/applications so that electrical current pulses of suitable shape and magnitude can be
supplied to the actuator 36.

The bridge portion 40 of the actuator 36 defines a working portion of the actuator
36.

The nozzle arrangement 10 includes a pivot member 44 that is pivotally arranged on
the proximal end wall 20. The bridge portion 40 of the actuator 36 is connected to the pivot
member at a position intermediate a pivot point, indicated at 46, defined by the pivot
member 44 and the proximal end wall 20. It is to be understood that the pivot point 46 can
be defined by any number of configurations of the pivot member 44 and the proximal end
wall 20. For this reason, the pivot point 46 is indicated schematically only. In one possible

embodiment, the proximal end wall 20 could define the pivot member 44. In this case, the



exanple of a suitable material is Alumnum T TitaniumN tride. In particular,
the thermal expansion actuator 36 has a pair of arns 38 that are
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paddle 50 and the pivot member 44. It should be noted that the lever arm 56 is only shown
schematically because of the wide variety of different possible configurations available for
defining the lever arm 56. Further, a ratio of paddle length to lever arm length can vary
widely from the 40:1 ratio. This could depend on a number of factors such as driving signal
strength and actuator material.
It will be appreciated that a maximum extent of movement of the paddle 50 takes
place at the end portion 54 of the paddle 50. Furthermore, this extent of movement is up to
40 times greater than a range of movement of the effective lever arm 56. It follows that the
expansion of the thermal actuator 36 is substantially amplified at the end portion 54,
therefore facilitating the ejection of ink 58 from the ink ejection port 28 as indicated at 60
in Figure 2. When the actuator 36 cools, subsequent contraction of the actuator 36 causes
an amplified extent of movement of the end portion 54 back into a quiescent position
shown in Figure 1. This results in separation of the ink 60 from the ink 58 to form an ink
drop 62.
The paddle 50 includes reinforcing ribs 64 to strengthen the paddle 50. This is
necessary due to the relative length of the paddle 50 and a resultant bending moment

exerted on the paddle 50.



The nozzl e arrangenment 10 includes an ink ejection nmenber in the formof a
paddl e 50. The paddle 50 is dinensioned to correspond generally with the
nozzl e chewbssro@9 In particular, the paddle 50 is di mrenscanad2801dshat an
end portion 54 of the paddle 50 is p@sitioned internediate the ink

ej ection port 28 and the opening 32 of the ink inlet channel 30. The
paddl e 50 and the pivot nenber 44 are configured so that the paddle 50 is

approxi mately 4f) i ' Lndi 56,
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driving signal strength and actuator material. 1t will be appréciated that
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portion 54.. | e ...Furt her nor his extent qgf nmovenent is up to
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follows that thk Figua)séforned mich€ral TiRgenetallgGhdisited a 8ézzSarsamBahattoral | y
anplified at the end portion 54, therefore facilitating the ejection of
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anplified @?&tg%d g\&%\%&n@? 8%&% %%Sgl @n%(ﬁg% |rc‘)3§1i %‘ﬁ%@@%ﬁélg‘%’ﬁﬁ&gmem

posi tion wilewnthedtwkiegpedfidd. This results in separation of the ink 60 from
the ink 58 to folgm an ink drop 62. The paddl e, 50 i ncludes reinforcing ribs
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arrangement 10 i uited for fabrjcation with an integrated circuit
fabri catio‘i‘?get?‘ﬁrc‘iﬁﬂsn&&él.ozﬁlﬁlc{"%g e, the pivot member 44 and pivot point 46

can be defined ye @als 76 boSiseX prokiata? eAEFARRRCAH ofHos S GSEEMSwall ¥ and a
exanple, a flexible nmenber nay be forned
pair of opposed sidewalls 86. The ink ejection port 78 is positioned adjacent the distal end
wall 84, while the opening 32 of the ink inlet channel 30 is positioned adjacent the
proximal end wall 82.

The proximal end wall 82 is pivotally mounted on the substrate 12 so that the active
ink-ejecting structure 72 is pivotal with respect to the substrate 12. In particular, the active
ink-ejecting structure 72 is pivotal in the direction of an arrow 88 to an extent that is
sufficient to facilitate the ejection of ink from the ink ejection port 78.

The roof 74 and the walls 76 are dimensioned so that the nozzle chamber 80 is
rectangular and has a length that is more than 3 times a height of the nozzle chamber 80.
This, together with the fact that the ink ejection port 78 and the opening 32 are positioned at
opposite ends of the nozzle chamber 80 facilitates the retardation of ink flow from the ink
ejection port 78 towards the opening 32 when the structure 72 is pivotally displaced
towards the substrate 12. This flow is referred to as backflow and is highly undesirable.

The bridge portion 40 of the actuator 36 is fixed to the proximal end wall 82. Thus,
on heating and subsequent expansion of the actuator 36 in the manner described above, the
ink-ejecting structure 72 is pivoted towards the substrate 12. Upon cooling and subsequent

contraction of the actuator 36 in the manner described above, the ink-ejecting structure 72



intermedi ate the pivot nenber 44 and the sidewalls 22 or proximl end wall
20 that is distorted to accommpdate pivotal novenent of the pivot nenber
44. 1 n Figwm/iodiozpef erence nuneral 70 generally indi cat es reTmoz®I0R166
arrangenment of a second enbodi ment of9 a printhead chip, in accordance with
the invention, for an inkjet printhead. Wth reference to Figures 1 to 3,

| i ke reference nunerals refer to |ike parts, unless otherw se specified.
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is pivoted away fromthe substrate 12. This reciprocal novenent of the
ink-ejecting structure 72 results in the ejection of an ink drop fromthe
i nk ej ect wano3por2928. The bridge portion 40 is connected trRCTVA®2 TSI Mal
end wall 82 at a position in which aitdength of the ink-ejecting structure
72 is up to 40 tinmes greater than a length of an effective |ever arm
indicated at 92. It follows that pivotal novenent of the effective |ever
arm 92 as a result of displacenent of the bridge portion 40 upon heating
and subsequent cooling of the actuator 36 can be anplified by a factor as
hi gh as 40WB €CLAAM been found by the Applicant that this facilitates

efficient ink drop ejection. The nozzl rrangenment 70 includes a sealing
structure 901t h‘éﬁ’néiﬁé‘ﬁ@gpgﬁﬂ%l%ﬂl‘ﬂét Pwﬁe%a%i e@)ﬁ&u cR\POPPHENEThe wal | s 76
overlap the sealipgstrspature 90 so that a fluidic seal is defined between
the sealing structure 90 and the walls 76 when the nozzle chanber 80 is
filled with ink plapity efmizzle@iiangasentsithat is positipmedeort the substiate, ek nezrAleans
wher eby sinpl e their mal . expansion and contraction, in a rectilinear nmanner,
can be cor?gg‘f“g@ﬁer} FPEPUSBRUl work by converting the notion into anplified

pi votal notion. VehD3! 82LAREwRH bfdBedd? e Gefiddda Mzz{d atibér with tid robhead

chip for an inkjet printhead, the printhead chip conprisjin a substrate;
and a plural i tydefihingmnzhk eietiempertrthat is inflaid ¢osnpuricatiosneidh B nogdesubst r at e,
each nozzle arrangenment conprising nozzle chanber walls and a roof that
define a nozzl eCh@W§ﬁ]ber with the roof defining an ink ejection port that

is in fluid comugjgabhtenthet islidpheeitsle zh @ subdi@itatly redilins@tm@iner, withat i s
di spl aceable, in a substantially rectilinear nmanner, with respect to the
substrate; an itekpes}edhe supstigiéhani smthat is angul arly displaceable with

respect to the S%JQ aLe: G610 i LOMARE NS &b Ci%iit}f)f'és flothend a
translation to ro a?@{)ﬁggb&r%/qxégém o%mrrtgc EL @m I ntleélpose% et vvelgér% t he
act uat or substrate to eject ink from the ink ejection port; and
a translation to rotation conversion mechanism interposed between the actuator
and the ink-ejecting mechanism to convert rectilinear movement of the actuator into

angular displacement of the ink-ejecting mechanism.

2. A printhead chip as claimed in claim 1, in which the ink-gjecting mechanism
includes an ink ejection member that is positioned in the nozzle chamber and is
angularly displaceable with respect to the substrate to eject ink from the ink ejection
port.

3. A printhead chip as claimed in claim 2, in which the actuator has a fixed portion
that is fixed to the substrate and a working portion that is capable of thermal

expansion when heated to be displaced in said substantially rectilinear manner.

4. A printhead chip as claimed in claim 3, in which the translation to rotation
conversion mechanism includes a pivot member that is pivotal with respect to the
substrate, the pivot member being connected to the working portion of the thermal
actuator to pivot upon displacement of the working portion, the ink ejection member
being connected to the pivot member so that the ink ejection member is angularly

displaced upon expansion of the working portion.



and the ink-ejecting mechanismto convert rectilinear novenent of the
actuator into angular displacenent of the ink-ejecting nechanism 2. A
pri nt headwohismoerocl ai med in claim 1, in which the ink-ej axtiag2reecdaani sm
i ncludes an ink ejection nenber that 1 positioned in the nozzle chanber
and is angularly displaceable with respect to the substrate to eject ink
fromthe ink ejection port. 3. Aprinthead chip as clained in claim2, in

whi ch the act siat/oprifBeadichip Maiﬁ%tih@ﬁimubﬁ{whﬁhftﬂéﬁﬁﬁzfe%\lkﬁxgﬁeﬁk'ﬁﬁt gl and

a working portion that is capable of thernal expansion n heated to be
di spl aced in sairepisubdimensioned so thetthi mormde chamdren év clongateranrtias tulgemetalti p as
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claim4, in which the nozzle chanber walls and the roof are dinmensioned so

that the nozz)e chanper, is el gngate and has a generally rectangul ar shape
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menber being positioned a p e 1 nk ejection
port bei ng posit enhefithadjlagectiontthembrds positorbdwe]acenthe ik ridctibhpad. chip as
claimed in claim5, in which each ink ejection nenber is shaped to

correspond generally with a plan profile of each nozzle chanber so that an

end of the ink @ R4ith&d BRI aihitdReSlalth NBCVREH R&SHi th*iﬁeﬂﬂ?Qf afid £5chl i
port. 7. A printhead ch;ﬂg as claimed in claim6, 1n V\}Cll ch each pivot nenber
and each ink eggetiommempabae configuredsd that thd irdoejedtimn mdmber ikbetyveat i on
menber is betwe pprgxi,fat el.y..20 and 60 tinmes. | onger tha n effective
| ever alr?n def i ngﬁprggﬁ)r? e§(bg?a{}§p¥mz?qger Blanlan e?fectlve ever anngegnedebyt e

pivot member.

8. A printhead chip as claimed in claim 7, in which each ink ejection member is
approximately 40 times longer than the effective lever arm defined by the pivot

member,

9. A printhead chip as claimed in claim 1, in which the ink ejecting mechanism is in
the form of an active ink-ejecting structure that at least partially defines the nozzle
chamber and the roof that defines the ink ejection port that is in fluid
communication with the nozzle chamber, the active ink-ejecting structure being
pivotally connected to the substrate, the actuator being connected to the active ink-
gjecting structure so that the active ink-ejecting structure is angularly displaced with
respect to the substrate upon displacement of the actuator, to eject ink from the ink

ejection port.

10. A printhead chip as claimed in claim 1, which is the product of an integrated circuit

fabrication technique.



8. A printhead chip as clained in claim?7, in which each ink ejection
menber is approximately 40 tines |longer than the effective | ever arm
defined bwads@opizvot nenber. 9. A printhead chip as clai med/Avozoisem 1, in
which the ink ejecting nmechanismis iR the formof an active ink-ejecting
structure that at least partially defines the nozzle chanber and the roof
that defines the ink ejection port that is in fluid commnication with the
nozzl e chambey, AthgRGHIC ds 1ifle8 Gt 138 $.iH WHCHPH B ShifEat &hMH%é%' d sllicon
connected to the substrat e actuat or bel ng connecte to the active ink-
ej ecting struct water smbstrlamanﬂhélM&S l‘asaerlpmk}tlepai:tvntm s#fcon stafieresubsrase) ghe arI y
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inclaim11, whi ﬂ{@abﬁla{&l@w@f&é&ﬁéa]qﬁvi’ﬁgﬁu[&ggr ated circuit fabrication

techni que. WD 03/091029 PCT/ AU02/ 0116 12 11. A printhead chip as clai ned
in claim10, in which the substrate includes a si |icon wafer substrate and
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actuator with elmgatchhmrls dﬁﬂnw f@rdit] GRSnleflchanfel Ppiithp @6l efdh PspREtied RoAFRd 1 N
claim1, in which the substrate has a plurality of ink 1inlet channels

defined t her ei nchagheri nl et channel opening into each respective nozzle
chamber. 13. An inkjet printhead that includes at |east one printhead chip
as claimed in claim1.

13. An inkjet printhead that includes at least one printhead chip as claimed in claim 1.




