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| NVENTI ON The present invention relates to the field of inkjet printing
and, in particular di scl oses an inproved thernoel astic inkjet actuator..
DESCRI PTI ONVES/87%TED ART 10 Therrnmel astic actutator i nRCEAURZ®ITSe
arrangenents are described in US Patent fpplications Nos. US 09/ 798, 757
and US 09/ 425, 195 which are both co-owned by the present applicant and
herein incorporated by cross reference in their entireties. A first nozzle
according to_an _enbodi nent _of the invention described in that docunent is
depi cted in AHRMORLASIGINKIETIAGRIATOR 84TH BEAJRCONDUSAIVE PATHVEAY ST t he
nozzle 15 arrangenent and Figure 2 is an expl oded perspective view of the
nozzl e arrangenent of Figure 1. The single nozzle arrangenent 1 includes
two arns 4, 5 which operate in air and are constructed froma thin 0.3

m cronmeter |ayer of titaniumdi boride 6 on top of a much thicker 5.8

mcron layer of glass 7. TheBABRGHOGNS OB TREINVENBEN 0get her and pi vot
around a_point 9 which is a thin_nenbrane form ng an encl osure which in

turn forms part of the 20 nozzl EIRYRAFFHEINVENEIGN s 4 and 5 are affixed
by posts 11, 12 tpnl gk MM WiesC RNHICKAY Sor! YS! Sriddhelmahi ShnGan, form
part of the CMOS |ayer 3. The oute_refssprgigces off lﬂ%ﬁgﬁlﬁ%uzzhﬁ %d\tl:\%lérc?ﬁren?%% can
be formed frdsslefenakinproved tharmeslaptielinkjcbodtansoran encl osure to be filled with
I nk. The outer chanber 18 includes a nunber of etchant holes e.g. 19 which
are provided for the rapid sacrificial etchant of internal cavities during

construction by MEM 25 procd¥=3GUIRTIONDERELATERARTAdl e surface 24 is

bent dowyyvar ds asnaqh&sidlid - the structure dur
fabrication. A curr en‘fe?#s Sgéslgaie%qmrg{)ﬁg%%t %téaqg? g dm S%Sﬁe%eg ’Inayggrgpaée“f 0
cause heat i npplisktiqngNos) FPedd/ #8157 cadriiS H9/4A5 1% whivk due ddthng-gare byl thy
expands the i8¢ Ap@ﬁ@aﬁt HMa h%feﬂﬁné‘ozporated by cross reference in their entireties.

A first nozzle according to an embodiment of the invention described in that

document is depicted in Figure 1. Figure 1 illustrates a side perspective view of the nozzle
15  arrangement and Figure 2 is an exploded perspective view of the nozzle arrangement of
Figure 1. The single nozzle arrangement 1 includes two arms 4, 5 which operate in air and
ate constructed from a thin 0.3 micrometer layer of titanium diboride 6 on top of a much
thicker 5.8 micron layer of glass 7. The two arms 4, 5 are joined together and pivot around
a point 9 which is a thin membrane forming an enclosure which in turn forms part of the
20  nozzle chamber 10. the arms 4 and 5 are affixed by posts 11, 12 to lower aluminium
conductive layers 14,15 which can form part of the CMOS layer 3. The outer surfaces of
the nozzle chamber 18 can be formed from glass or nitride and provide an enclosure to be
filled with ink. The outer chamber 18 includes a number of etchant holes e, g. 19 which are
provided for the rapid sacrificial etchant of internal cavities during construction by MEM
25  processing techniques.
The paddle surface 24 is bent downwards as a result of the release of the structure
during fabrication. A current is passed through the titanium boride layer 6 to cause heating
of this layer along arms 4 and 5. The heating generally expands the T1B2 layer of arms 4
and 5 which have a high Young’s modulus.
30 This expansion acts to bend the arms generally downwards, which are in turn
pivoted around the membrane 9. The pivoting results in a rapid upward movement of the
paddle surface 24. The upward movement of the paddle surface 24 causes the gjection of

ink from the nozzle chamber 21. The increase in pressure is insufficient to overcome the




and 5 which have a high Young's nodulus. 30 This expansion act 81#@”86% Bhe
arns general ly downwards, which are in turn pivoted around the P 8 9.
The pivoting results in a rapid upward novenent of the paddle surface 24.
The upward movenent of the paddl e surface 24 causes the ejection of ink
fromthe no?2%%%ber 21. The increase in pressure is PESHUPN BNt to
overcone the 12 June 2006 WO 03/086768 PG I/ AU02/ 00775 2 surface tension
characteristics of the smaller etchant hdles 19 with the result being that
ink is ejected fromthe nozzle chanber hole 21. As noted previously the
thin titaniumdi boride strip 6 has a sufficiently high young's nodulus so
as to cause dulfecgeasion dhaseteristics @f the shalér e HoRat1D REthQhe tda@t bdidg2 itk

di boride 5 |ayer _§.£nce, tHe opﬁr ation of the inkjet device is as

i || ustrat ed P FeEFGFPRINenazzle chambes hlg2lscent state, the inkjet nozzle is as
illustrated in Figioteddrevi3BI B¢ thih fithnitrRHBEAL st Wihas Qgﬁﬁ&ierm}h\éghtﬁuﬁ%g i nk
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15  ejection of a drop 31 on demand from the nozzle chamber 10.

By shaping the electrical heating pulse the magnitude and time constants of the
positive pressure pulse of the thermoelastic actuator may be controlled. However, the
negative pressure pulse remains uncontrolled. The characteristics of the negative pressure
pulse becomes more influential for fluids of high viscosity and high surface. Accordingly it

20 would be desirable if theromelastic inkjet nozzles with tailored negative pressure pulse
characteristics were available.

A further difficulty with some types of thermoelastic actuators is that it is not
unusual for very high temperature actuators to induce temperatures above the boiling point

~of any given liquid on the bottom surface of the non-conductive layer,
25 It is an object of the present invention to provide a thermoelastic actuator with a tailored

negative pressure pulse characteristic.

BRIEF SUMMARY OF THE INVENTION
According to a first aspect of the present invention there is provided a thermoelastic
30  actuator assembly including:
a heat conduction means positioned to conduct heat generated by a heating element
away from said actyator assembly thereby facilitating the return of the actuator to a

quiescent state subsequent to operation.




A further difficulty with sone types of thernoel astic actuators, ] thgh It
is not wunusual for very high tenperature actuators to induce t e pés
above the boiling point of any given liquid on the bottom surface of the
non-conductive layer. 25 It is an object of the present invention to
provide a t“@“ﬁ@%%ﬁ%tic actuator with a tailored negati PETHUBEYIEe pul se
characteristic. BRI EF SUMMARY OF THE | NVENTI ON According to a first aspect
of the present invention there is provid a thernoelastic 30 actuator
assenbly including: a heat conduction neans positioned to conduct heat
generated by a heating elenent away from said actuator assenbly thereby
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heating el en%ﬁfw?;ﬁ?ﬁllg%eéé” T4 Hiei 158E gorgustionmcaps isdogstsd geithin ghepassieesisinde
bend | ayer whaggei n the heat conduction neans is |located within the passive
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metallic heat 5 c FIUFHCHOR IBPANSE ImaAY ROFIPERE AR A Motehleyqsiof A veetdbntedtayer .
Preferably thadeie St Bod@MGfin B pABLAbEAFIHgAL conductive material is
sufficient to prevent overheating OP I'nk Tn contact with said actuator.
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A method of producing a thermoelastic actuator assembly having desired operating

characteristics including the steps of:

determining a desired negative pressure pulse characteristic for the actuator;

15 determining a heat dissipation profile corresponding to fhe desired negative pressure
pulse characteristic; and

forming the thermoelastic actuator with a heat conduction means arranged to realize
said profile.

Preferably the step of determining a desired negative pressure pulse characteristic

20 includes a step of determining the 'physical qualities of a fluid to be used with the
thermoelastic actuator.

The step of forming the thermoelastic actuator with a heat conduction means
arranged to realize said profile may include forming one or more heat conductive layersina
passive bend layer of the actuator.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a prior art thermoelastic actuator.

Figure 2 is an exploded view of the thermoelastic actuator of Figure 1.

Figure 3 is a cross sectional view of the thermoelastic actnator of Figure 1 during a

30  first operational phase.

Figure 4 is a cross section view of the thermoelastic actuator of Figure 1 during a

second operational phase.




pul se characteristic; and form ng the thernoel astic actuator Wliﬁ i h b
conduction neans arranged to realize said profile. Preferably g Ef’?@ 8f
determ ning a desired negative pressure pulse characteristic 20 includes a
step of determ ning the physical qualities of a fluid to be used with the

t her noel ast VO %38¥%0%% or. The step of forning the thernoel PETATOHN It or with
a heat conduction neans arranged to reali,ze said profile may include

form ng one or nore heat conductive Iayeré in a passive bend | ayer of the
actuator. 25 BRIEF DESCRI PTION OF THE DRAWNGS Figure 1 is a perspective
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a portion of a thebiRelidalhdss kb Qrfewaélsz?ﬁmityn of a thermoelastic actuator assembly

10 according to a further embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to Figure 6, there is depicted a simplified side profile of a portion of a prior art
thermoelastic actuator 40, Actuator 40 includes a heating element in the form of a heater
15  layer 42 and a passive bend layer 44. Typically the passive bend layer comprises an
insulator of low thermal conductivity such as Silicon Dioxide. A fluid such as ink fills
reservoir 46. The direction of heat flow from heater layer 42 is indicated by arrows 50 and
52.
A preferred embodiment of a thermoelastic actuator according to the present
20  invention will now be described with reference to Figure 7. The actuator includes a thin
layer 54 of very high thermally conductive material, such as Aluminium located in the
middle of the non-heat conductive passive bend layer 56. Thus as heat energy is conducted
away from the heater layer it ultimately encounters the conductive layer and is conducted
away as indicated by arrows 58. The heat is conducted away from the actuator by heat
25  conductive layer 54 to the large relatively cold thermal mass of the supporting structure
(not shown) as opposed to further conduction through the thickness of the actuator itself.
The overall cool-down speed of the actuator, and hence the speed with which the
passive bend layer retums to its quiescent position, and so the shape of the negative
pressure pulse, can be controlled by the proximity of heat conductive layer 54 to heater
30  layer 58. Locating the heat conductive layer closer to the heater layer results in an actuator

that cools down more quickly.




10 according to a further enbodi nent of the present invention. QEIAI LEE 6
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring to Figure 6,14 ndhe200
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t her moel astj c actuator 40. Actuator 40 includes a heating elenent in the
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Al umi ni um  from it by an air space. In Figure 9 there is shown a further embodiment of the invention
15  applied to an isolated type actuator wherein a heating element 64 is partly separated from
passive substraic 56 by an air space 62. Once again heat conductive layer 54 acts to
conduct heat away towards the actuator support assembly (not shown).
The present invention provides an actnator with a tailored negative pulse
characteristic. This has been done by providing a heat conduction means in the form of a
20  layer of a good heat conductor such as Aluminium. By varying the heat conduction
properties of the actuator the cool down time may be increased so that the actuator will
return more quickly to its quiescent position. Accordingly the present invention also
encompasses a method for designing actuators to have desired characteristics.
The method involves firstly determining a desired negative pressure pulse
25  characteristic for the actuator. The pressure pulse characteristic will be due to the speed
with which the actuator returns to its quiescent position. Typically the negative pressure
pulse will be designed to cause necking of ink droplets for ink of a particular viscosity.
Once the pressure pulse characteristic has been decided upon a heat dissipation
profile corresponding to the desired negative pressure pulse characteristic is determined.
30  The determination may be made by means of a trial and error process if necessary or
alternatively mathematical modeling techniques may be utilized. The thermoelastic actuator

s then fabricated with a heat conduction layer arranged to realize said profile.




| ayers and passive bend material. By alternating Aluniniumlanmq% mﬁtgobge
passive bend material the effect of the heat conductive |ayers HuFﬁ
mechani cal characteristics of the actuator nay be mnimzed. Alternatively
a single layer of another heat conductive material having a relatively | ow
Young' s ModPP%¥%ht be used so as not to interfere witFCTHAFOMHETS
mechani cal characteristics of the actuatqé. In the enbodi nents of Figures 7
and 8 the heating layer 58 is directly an continuously bonded to the
passive bend | ayer 56. In so called "isolated" type thernoelastic

actuators a heating elenent is not continuous with a passive substrate but
i's partly separ atkehayfbeaimplést by foai thé fictfpdGth 4 Rurtbed WF Bea? childBEei1fyesgWn a
further enbodi t of the invention 15 applied to an isplated type actuator
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char act er§ st hd inl ok $rift@8. been done by providing a heat conduction neans in
the formof a 20 |ayer of a good heat conductor such as Al um nium By
varyi ng the heat gl theprasens javentien hat bessedesetibpgt with trpfercoesoto gofamretli ne
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gui escent p05|t|on._Accord|quy t he present% mvent i on cal 80 enconpasses a
met hod for dens dstailwithept deaetins frow thrsspiritded soopelofthainaentioni stics. The net hod
involves firstly determning a desired negative pressure pulse 25
characteristic for the actuator. The pressure pul se characteristic will be
due to tH® speed with which the actuator returns to its qui escent

position. Typically the negative pressure pulse will be designed to cause
necking of ink droplets for ink of a particular viscosity. Once the
pressure pul se characteristic has been deci ded upon a heat dissipation
profile corresponding to the desired negative pressure pul se characteristic
is determned. 30 The determ nation may be made by neans of a trial and
error process if necessary or alternatively mathematical nodeling

techni ques may be utilized. The thernoelastic actuator is then fabricated
with a heat conduction |ayer arranged to realize said profile. 12 June 2006
WO 03/ 086768 PCT/ AU02/ 00775




6 It may be sinplest to formthe actuator with a nunber of heat ndugg e
I ayeF%“’# RO04 oh0efEr FAXo95p§@ser ve t he meelrani cal characteristics of bé
bend Iayer thereby reducing the nunber of variables involved 'P Jf%dz 0995
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find application in inkjet printer assahblles 5and|nkJe 5?%‘” :
Al t hough the present invention has been ’descfibed with reference to
preferred enbodinments, workers skilled in the art will recogni ze that
changes may be made in form and detail w thout departing fromthe spirit
and scope of | hvention. 10 26/02 2604 10:57 FAX 95557762 433 FAX W 185
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t her noel astlmﬁm@kﬁ@ﬁgﬂﬁg& Aiof B 2 rein the heat conduction
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-3, A thermoelastic actuator according to claim 2, wherein the one or more layers of :
metallic heat conductive material is sufficient to prevent overheating of ink in contact
with said actuator,

4, A thermoelastic actuator according to claim 2, wherein the one or more layers of
metallic heat conductive material comprise a laminate of heat conductive material and
passive bend layet substrate,

5. A thermoelastic actuator according to claim 4, wherein the one or more layers of
metallic heat conductive material comprise Aluminium,

6. An ink jet printer including a thermoelastic actuator according to claim 2.

7. A method of producing a thermoelastic actuator assembly having desired
operating characteristics including the steps of: |
determining a desired negative pressure pulse characteristic for the actuator;
determining a heat dissipation profile comresponding to the desired negative
pressure pulse characteristic; and

forming the thermoelastic actuator with a heat conduction means arranged to
realize said profile.
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