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The presewD w3nsengi on relates to the field of inkjet printPoTga@d)77sn
particular, discloses an inproved thernoelastic inkjet actuator.

DESCRI PTI ON OF RELATED ART 10 Thernoel astic actutator inkjet nozzle
arrangenents are described in US Patent Applications Nos. US 09/798, 757
and US 09/ 425, 195 which are both co-owned by the present applicant and

and US ed by the present appli |
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depicted in Figure 1. Figure 1 illustrates a side perspective view of the
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

mcronmeter layer of titani UBAGKQROIIND OF THE IRVENTION thicker 5.8

m cron | ayer of glass 7. The two arns 4, 5 are joilned together and pivot
around 5a point 9 which is a tHFIELROFHAB INVENTHPMNN encl osure which in

turn forns part . of the 20 nozzle anper, 10. . the.arns 4 and 5 are affixed

by posts 11, 121‘38 RERE I%Yfﬁ‘ﬁloﬂirﬁf??esgg)nmfchl\fleOféég?tspﬂﬁt,’% i O PRERYIAGr m
part of thgjsclk& dndiproved tdthoRlak®s inkjeh haa@sr.of the nozzl e chanmber 18 can
be formed fromglass or nitride and provide an enclosure 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 Bﬁgdﬁlilﬁiléhl chﬁém\ﬁ]b Aﬁger nal cavities during

construction by MEM 25 processing technrrques. € paddl e surface 24 is

bent doonwar ds Thedndebsilt tachftatohénkjel aasate cliirahfln&its Wed de€ribedirih NYS Patent
fabrication. A current is Bassed throﬁgh the titanium boride |ayer

6 to
cause heat ¥Rglicgons dyas. Uiy, 8P/ /8P dA§ MenES DI 15 whichrza oty ceemaed  byythe
expands  t g ILB2,b RMRE aftf he2ilBnébrporated 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
are 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 ejection 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 acts to bend the
arns general ly downwards, which are in turn pivoted around the nenbrane 9.
The pivotwogs3nesests in a rapid upward novenent of the paddiaiowoface 24.
The upward novenent of the paddle surface 24 causes the ejection of ink
fromthe nozzle chanber 21. The increase2 n pressure is insufficient to
overcone the WO 03/086768 PCT/ AU02/ 00775 2 surface tension characteristics
of the smaller etchant holes 19 with the result being that ink is ejected
fromthe nozzle chanber hole 21. As noted preV|ousI the thin titanium
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6. Hence, operation o device is as illustrated in Figures

3-5. 1In its qui Asaemrt pehvadisly mbehmmisaxﬂzmmmlﬁlioﬂde strip Ghad 4 suffitieadyehigh yormgsr e
3, generally in the bent down position with the ink neniscus 30 form.ng a
sli ght bul GeddRY S Be (D aanse éh%glaﬁglqaﬁ%t%ae bspigupe ResEngofbheafianing filbgndcrhe

heari ng of gré}est B %%Hé %ggﬂ?hlg%f 'tl?é’g‘-ﬂ?e@ d‘é@fé?% al Ellﬁs&ateﬂ&ﬂ"#}g]r s 3-5. In its

Subsequent , It ent ayer $6 as to cause the pivotl ng
of the 10 qaekdbmt dete,atheLin@et hezzﬂmmasaﬂhasmbdl i® Fagmire Adpeamtaly innth&ibgotr dowin

This causes the ra pansi on f t he rren 30 resul ti | n,a positive
pressure pRASEEPDLY gtﬂ% 1@@1%‘?“&‘10“%] clorgine %ﬁlglﬁb’“flg%ﬁ? fhe R C1IRR Fd10.

Next the cybhfdind ReldBfnk WANOUNTEL Refiddeof the SHhhiGREiboRAE 1ARA GtJ&ﬁséﬁ@% e
24 returns to its quiescent state resulting in a negative pressure pul se

causi ng a ¢and.alSubsasientdy, ihokbaft bynthe\glasstlhyer ifesn 8¢ & casevihé phvotingtafirthe

50 o oS B A 380 FRTHhr,  BOG SR

const ant s &fpahdlén oP BRithéMEub B3O8 e SostfvelfiessifeeiuiRaindshd Serdedl ffc@bn MaY
be controlled However, the negative pressure pul se remains uncontroll ed.
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negati ve peadsingre gmdrﬁesuckmg back of ink via the meniscus 30 Wthh in turn results in the
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 actuator assembly thereby facilitating the return of the actuator to a

quiescent state subsequent to operation.



characteristics were available. A further difficulty with sone types of

t hernoel astic actuators is that it is not wunusual for very high

t enper at uwe ldo8arag or s t o i nduce tenperatures above the boiPicrmgopodrs  of
any given liquid on the bottom surface of the non-conductive layer. 25 It
is an object of the present invention to3rovide a thernoelastic actuator
with a tailored negative pressure pulse characteristic. BRI EF SUMVARY OF
THE | NVENTI ON According to a first aspect of the present invention there is
provi ded a thernoel astic 30 actuator assenbly including: a heat conduction
means posi ti oneHraferablydacheating rlomesnt campaises 2 hepiing ilaygr evhigk it bondedytf pom
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bend | ayer. Preferably the one or nore layers nmetal lic heat conductive
mat eri al i s suf Pieférably th¢ onppewent layesrdfandthltig heht ¢onductivecmntesial iswuffivigai d
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t her noel asti c actuator be incorpora ' jet printer.

of produci lpinate rtérhﬁ?élcastﬂuCﬁVaanltaltid?%als;teglm?; ﬁngnﬁMQHIdasdrlmssim@éulead ilaygpr
characjgri ﬁbis&%;e.i ncl udi ng the steps of:
It is envisaged that the thermoelastic actuator be incorporated into an ink jet printer.
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 the 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 layers in a
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 actuator 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.



determ ning a desired negative pressure pul se characteristic for the
actuator; 15 determ ning a heat dissipation profile corresponding to the
desi red nwgaBios@epr essure pul se characteristic; and for nmpag/Atee/ 00775

t hernoel astic actuator with a heat conduction nmeans arranged to realize
said profile. Preferably the step of dete4m ning a desired negative
pressure pul se characteristic 20 includes a step of determ ning the

physi cal qualities of a fluid to be used with the thernoelastic actuator.
The step of form ng the thernoelastic actuator with a heat conduction neans
arranged to realfiigEe 3ds @ cppsspetionghyiew ] the thermpelastiy ashiatesrof dhgure Heditring a

conductive S ad sive bend | ayer of the actuator. 25 BRI EF
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actuator of Fi He 1. Figure 3 is a cross sectional view of the
t her moel asF¥™K-uat or of Figure 1 during a 30 first operational phase.
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J Figure 9 is a cross sectional view of a portion 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 returns 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.



Figure 8 is a cross sectional view of a portion of a thernoel astic actuator
assenbly according to a second enbodi nent of the present invention. Figure
9 is a creel3mee768 onal view of a portion of a thernoel ast iPcTaatiaadws
assenbly 10 according to a further enbodi ment of the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMEODI MENT Referring to Figure 6,
there is depicted a sinplified side profile of a portion of a prior art

t hernoel astic actuator 40. Actuator 40 includes a heating elenent in the

formof a heater 15 layer 42 and a passive bend | ayer 44. Typically the
passive bend | ayb¢ hegrgondaetivedayeri may,bapesitigned ovprevrat thg beltera seracei nythguch
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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 substrate 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 actuator 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

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



bonded actuator fromgetting excessively hot, thus the actuator can be in
direct contact with any given fluid w thout causing boiling or

over heat iw@.0368¢7e8 e 8 depicts a thernpel astic actuat or ac@eemtiug/ooosa
further enbodiment of the 5 invention wherein the conductive pat hway
conprises a laminate 60 of three Alumini@n |ayers and passive bend
material. By alternating Alumnium |l ayers with the passive bend nmaterial
the effect of the heat conductive |ayers on the nechanical characteristics
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air spage. ,l ﬂﬁ S.there is shown a further enbodi nent of the invention
15 appl1ed to a 0 ated type actuator wherein a heating elenent 64 is
partly separ at eeklﬂhbmgh tipa psdsest Hivbstionahes %erbydemmbadrwﬂhnaekr@ﬁe t@qmefea@dl n

heat conduct | | ayer 54 act condu heat, a owar ds

suppor t asg@%‘%ﬂe@ of"’(’%lf?éwﬁe‘%'%tl‘ﬁraé"s@ irq‘:ﬂ%‘@?ﬁ T O Sr’fn lt‘} PBTI
with a tai Lot ghaNGedbate %@%&hﬁ@@ﬁﬁ%&%&dp@ ofTﬁy lﬁvémnbeen done by
provi di ng a heat conductlon means inthe formof a 20 |layer of a good heat
conductor such as Alum nium By varying the heat conduction properties of
t he aciﬁgtor the cool down time nay be increased so that the actuator will
return re quickly to its quiescent position. Accordingly the present
invention also enconpasses a nethod for designing actuators to have
desired characteristics. The nethod involves firstly determning a desired
negative pressure pulse 25 characteristic for the actuator. The pressure
pul se characteristic will be due to the speed wth which the actuator
returns to its quiescent position. Typically the negative pressure pulse
w Il 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 di ssipation




profile corresponding to the desired negative pressure pul se characteristic
is determned. 30 The determ nation nmay be nmade by neans of a trial and
error prowess/sdiehecessary or alternatively mathenatical modeltiongo77s

techni ques may be utilized. The ther rmeJ]asti c actuator is then fabricated
with a heat conduction |ayer arranged to realize said profile. WO 03/086768
PCT/ AU02/ 00775 6 It nmay be sinplest to formthe actuator with a nunber of
heat conductive layers in order to preserve the nechanical characteristics
of the passive bend | ayer thereby reducing the nunber of variables

i nvol ved ilfClAlM:i zi ng the heat dissipation profile. It will be realized
that the aJ]ctuat rr. wll find application in.inkjet printer assenblies 5 and
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conducti on 18 eﬁl S SOREQYE R SRIAY™ heat generated by a heating el enent
away from said actuator assenbly thereby facilitating the return of the
actuator to a quiescent state subsequent to operation. 2. A thernoel astic
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| ayer. 3. vherdiathatedansdidoctiat maimris aeard tithgn the paksavebehd lfeer ei n t he heat
conduction neans conprises one or nore layers of a netallic heat
conductive material |ocated

3. A thermoelastic actuator according to claim 2, wherein the heat conduction
means comprises one or more layers of a metallic heat conductive material located

within the passive bend layer.

4, A thermoelastic actuator according to claim 3, wherein the one or more layers of
metallic heat conductive material is sufficient to prevent overheating of ink in contact

with said actuator,

5. A thermoelastic actuator according to claim 3, wherein the one or more layers of
metallic heat conductive material comprise a laminate of heat conductive material and

passive bend layer substrate.

6. A thermoelastic actuator according to claim 5, wherein the one or more layers of

metallic heat conductive material comprise Aluminium.
7. An ink jet printer including a thermoelastic actuator according to claim 3.

8. 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 corresponding to the desired negative

pressure pulse characteristic; and



wi thin the passive bend |ayer. 4. A thernoel astic actuator according to
claim3, wherein the one or nore layers of netallic heat conductive
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