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actuator for mcro el ectro-nechanical device conprises a first
conductively heatable arm (30) attached at one end to a substrate
(31), withWPWl#ss sectional profile along its | ength FCHAYEVEHE8d so
as to increase thermal heating of the-arm (30) adjacent to the
substrate (31). In particular, one or nore heat sink regions.(38)
and/ or regi GHERMAL ACTATOBGHARED FOR 3F0RH mgokhgm;m:n(ﬁﬁlﬁ: PROFILHE aI
nore uniforgm heat i rofile, which inproves bending efficiency. In
one enbodi n‘gg‘lt]&]?ﬁ}}eg%ied ¥br controls an ejection paddle (32) in an
ink jet nozzle TiRast&etit.invention relates to a thermal actuator for a micro electro-

Pt O

mechanical device. The invention is herein described in the context of an ink jet printer
5 but it will be appreciated that the invention does have application to other micro electro-

mechanical devices such as micro electro-mechanical pumps.

Background of the Invention

Micro electro-mechanical devices are becoming increasingly well known and
10 normally are constructed by the employment of semi-conductor fabrication techniques.
Fora review of micro-mechanical devices consideration may be given to the article
“The Broad Sweep of Integrated Micro Systems” by S. Tom Picraux and Paul J.
McWhorter published December 1998 in IEEE Spectrum at pages 24 to 33.
One type of micro electro-mechanical device is the ink jet printing device from
15 which ink is ejected by way of an ink ejection nozzle chamber. Many forms of the ink
jet printing device are known. For a survey of the field, reference is made to an article
by J Moore, “Non-Impact Printing: Introduction and Historical Perspective”, Output
Hard Copy Devices, Editors R Dubeck and S Sherr, pages 207 - 220 (1988).
A new form of ink jet printing has recently been developed by the present
20 applicant, this being referred to as Micro Electro Mechanical Inkjet (MEMJET)
technology. In one embodiment of the MEMIET technology, ink is ejected from an ink
ejection nozzle chamber by a paddle or plunger which is moved toward an ejection
nozzle of the chamber by an electro-mechanical actuator for ejecting drops of ink from
the ejection nozzle chamber.
25 The present invention relates to a thermal actuator for use in the MEMJET
technology and in other micro electro-mechanical devices.

Summary of the Invention

The invention is defined broadly as providing a thermal actuator for a micro
30 electro-mechanical device. The actuator comprises a first conductive material arm

which is attached at one end to a substrate and which, at its other end, is connected to or



17 OCT 2003 WO 00/ 64804 PCT/ AUOO/ 00338 -1 THERMAL ACTUATOR SHAPED FORy gr7 2003
MORE UNI FORM TEMPERATURE PROFILE Field of the Invention The present
invention relates to a thermal actuator for a mcro electro-
mechani cal device. The invention is herein described in the context
of an ink jwoopssoater 5 but it will be appreciated thaRCTIA190/00338

i nvention does have application to othey. mcro el ectro nechani cal
devi ces such as mcro el ectro-nechani cal punps. Background of the

| nvention M dntagrm&w,itlrzomnwbhatcmml THefiistas insrenpicnmsa dp beteatedby ngl y
wel I known angiss %f Qcct I?%i CLXren d ﬁlo? r%ﬁ%_.?orm?é’ al&r\% 1ts%%hc%ﬁiea ;;roi%fe
seni - conduct 6 brication techn ues

m cr o- nec hantlmaiundems m@en@mme ldaeuingtmdmmm;o dregion adjazertohetatecharentite| e

"The Broad Mcro_Systens: b Tom,Pi.cr aux and
paul 3 < MoviEPRgy i BT sl Soa R drs BB BT Ages
24 to 38. Oneetivydrth®fubstiatd d e @iviide eTBRdA AN doelichOie Mirdhged sich ihet wn&g j et

printing deV|c from 15 ink is ejected. b of an
ej ection noz?i ﬁ%ﬁé’fﬂaw‘%\iﬂﬁ?‘“l*mcwe A EXRapgre Yﬁ“&"t%ﬁl?ei Sﬁf’qnﬁ@mﬂ%‘\ﬂ ce

are known. Fefertt delEdRY e dnlie thovabid elemedter ence is nmade to an article
by J Mdore, "Non-| rrpact Printi n% I ntroductign and Hi stori cal
Per spective", Out pig secqndagm by pougled tothe first ampby By ppRRliRE Msepsgndhen,

pages 207 - %Qoﬁpllﬁ%g%ansﬁmdﬁ%f@ﬁﬁlmsqacateﬁ kntdrBlediPe kR tehdDbr ARSIk 8RNt | Y
been devel oped b resent 20 applicant, this being referred to

a5 M GO I oispoha Ersha Reelrabin i feme WEWDERE® it endnoh oghyrma isisne
enbodi ment of -t herVEMIET xﬁv@,ﬁiaﬁqiseﬁa&ud&mquﬁa e kabbrlsfod Tn1d Nk

ej ection nozzle chanber by a paddie or plunger which i S noved toward
an ej ection Chgbey, e ligyid @théloe h@pm;@rm Pe \@ahl Céil@@bm@cn@dnaﬁlewamon@@d@at or
for ejecting ] 29 |
present i nvenﬁ%ﬁ&@; g{ egls%anfﬂ%?gﬂd atﬁ%?mng aag%:t'l[) ﬁ%tegfr%% bfo tﬁ% g@ﬁ%bﬁe F/IJ ET
t echnol ogy afwadcess apentare ink sacondevadlotf ﬂ@cmanﬂw@emm\amsgt its8fi rmar y of
the Inyentio i f mal
act uat icl)f for Qoﬁﬂ%ﬁ%_a%%%ﬁ%?ﬂ%%a%%ai gxl{lhlli)% é? gkxheg%t &ne%ﬁ& 9) te andr
conpri ses a Wwhichis comnediad bt 1tset1ma&ndno mb handme@tion piddlce The ﬁschmds at one
end to a s UbSt ! atc{e maurgg tt\)/\@e heated g\)t, passage 0 elfec{ncgl cui'rent andc tg Hrstc ;[n%qs %orme

along its length with a profile that functions to concentrate heating of the arm adjacent

its attachment to the substrate. In use of the ejector, when the first arm is heated the
20 liquid ejection paddle is caused to move from a first position to a second position to

thereby cause ejection of liquid through the liquid ejection aperture.

Brief Description of the Drawings

Notwithstanding any other forms which may fall within the scope of the present
25 invention, preferred forms of the invention will now be described, by way of example
only, with reference to the accompanying drawings in which:
Fig. 1 to Fig. 3 illustrate schematically the operation of a thermal actuator
device;
Fig. 4 to Fig. 6 illustrate schematically a first form of thermal actuator;
30 Fig. 7 and Fig. 8 illustrate schematically a second form of thermal actuator;
Fig. 9 and Fig. 10 illustrate schematically a third form of thermal actuator;
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Fig. 1 to Fig. 3 illustrate schematically the operation of a thernal
actuator device; Fig. 4 to Fig. 6 illustrate schematically a first
formof ther ’ﬁ'éscﬁ@oﬂ%i‘ﬁiﬁdferm il Othér Bfifodiments 8 1/ ustrate _
schematical | y a second formof tnermal_actuator; Fig. 9 and Fig. 10
il lustrate schenmafdshownyn Bigt hither is providest antipleeiprtipn areangement 1 whith OCT
2003 g comprises a nozzle chamber 2 which is normally filled with ink so as to form a

meniscus 3 within an ink ejection nozzle 4 having a raised rim. The ink within the
nozzle chamber 2 is supplied by means of ink supply channel 5.

The ink is ejected from the nozzle chamber 2 by means of a thermal actuator 7
which is connected to a nozzle paddle 8. The thermal actuator 7 comprises two arms 10

25 and 11, with the bottom arm 11 being connected to an electrical current supply so as to

provide current induced heating of the bottom arm 11.

When it is desired to eject a drop from the nozzle chamber 2, the bottom arm 11
is heated so as to cause the rapid expansion of this arm relative to the top arm 10. The
rapid expansion in turn causes a rapid upward movement of the paddle 8 within the

30 nozzle chamber 2.
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quiescent condition as illustrated in Fig. 1.

The arrangement 1 also comprises a number of other significant features. These
comprise a circular rim 18, as shown in Fig. 1, which is formed around an external
circumference of the paddle 8 and provides for structural support for the paddle 8 whilst

20 substantially maximising the distance between the meniscus 3, as illustrated in Fig. 3,
and the paddle surface 8. The maximising of this distance reduces the likelihood of the
meniscus 3 making contact with the paddle surface 8 and thereby affecting the operating
characteristics. Further, an ink outflow prevention lip 19 is provided for reducing the
possibility of ink wicking along a surface 20 and thereby affecting the operating

25 characteristics of the arrangement 1.

The principles of operation of the thermal actuator 7 will now be described
initially with reference to Fig. 4 to 10. In Fig. 4 there is shown a thermal actuator 100
attached to a substrate 22 which comprises an actuator body 23 on both sides of which

are activating arms 24 and 25. The two arms 24 and 25 are preferably formed from the
30 same material.
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heated by paglgtlar?ag 26 l:a%cntasuit n rapld heat conduction from the arm 125 to the arm 124,

The arm 125 should be subject to a temperature which can be tolerated by the
body 123. Hence, the operating parameters are determined by the characteristics such
as the melting temperature of the portion 26.

25 In Fig. 9, there is illustrated an alternative form of thermal actuator which
comprises the two arms 224 and 225 and actuator body 223 but wherein there is
provided a space or gap 28 between the arms. Upon heating one of the arms, as
illustrated in Fig. 10, the arm 225 bends upwardly as before. The arrangement of Fig.
10 has the advantage that the operating parameters such as temperature of the arms 224,

30 and 225 need not necessarily be limited by the material that is employed in the body
223. Further, the arrangement of Fig. 10 avoids induction of a shear force in the body
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buckling may be achieved by providing a series of struts to couple the two actuator
activation arms 324 and 325. A series of struts 40 and 41 are provided to couple the
two arms 324 and 325 to prevent buckling thereof. Hence, when the bottom arm 325 is

25 heated, it is more likely to bend upwardly, causing the actuator body 323 also to bend
upwardly.

In a further modification, the thermal actuator is formed with a series of
protuberances 55 and 56 which are strategically placed so as to provide a fine thermal
tuning of the operation of the thermal actuator.

30 As shown in Fig. 16 there is illustrated schematically a top plan view of the
thermal actuator 50 which is attached to a first substrate 51 and which is designed to act
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Struts to Couple 7 Rerdath 2tk fiichey G3bhaifL %1 94 BflfkrttRand)
series of struts 40 anad arecpr((:)yv?% lt?% glgﬂél-lhe t he t\/\gerar rrsan
and 325 to pthegwangement R FIE}Q}G@H@VSefo relaBEﬂiX:bgh mﬁaf!lw@lmﬂhe@muamm%%
is 25 at ed, ' r '

act uatrc;gr3 bod?lség‘gfyg?aggwtggmgéﬁé °fﬂ§/ar§ﬁ &L¥urt %dn%}ﬁﬁsu |on
t he thernmal wongatents.is fornmed wnth a seri es of protuberances 55 and
56 which are str G G2 Iac dso t.0 _pro e _t.her mal

tuni ng of the op?&gtl onl%%/an? CRe ﬁ%%ﬁ%c@ﬂé”% c"(?(}:agl\s}b 6dh in Fig.
16 there is illhitragetishgheg n&diﬁe&ﬁtmmﬁﬂ:byctmtmropnthmmormmé piotuberatideer mal
actuator 50 %1 %? is attached to a first substrate 51 and which is
designed to act" 9 OCT 2003 WO 00/ 64804 PCT/ AUOCO' 00338 -7 on a | oad
52. Tie® conduct i Ite peiiicipd asrigscpibddiabove vaith referepce ts F. 18hapbeaitilibiiances
55 and

adapting the operation of a micro electro-mechanical system that contains a thermal

actuator. A mask for use in fabricating a micro electro-mechanical system is illustrated

in Fig. 20. This includes a series of protuberances. 80 which provide alternative heat

distributing arrangements. A sectional view of the ink jet print head is illustrated in
25 Fig. 21.

It would be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the preferred
embodiment without departing from the spirit or scope of the invention as broadly
described. The preferred embodiment is, therefore, to be considered in all respects to be

30 illustrative and not restrictive.



56 which act to reduce tenperature in those regions by having a 17 0CT 2003

| arger cross sectional thickness than, say, the cross sectional
region 58. Fig. 17 illustrates a side view of a coupling Gepletmestnae
| ower | ayer 61 and an 5 upper layer 62. In Fig. 18 there is
illustrated a graph of the resultant heating schenes for th¢4 0CT 2003
different arrangenents. The curve 70 8s the resultant thermal profile
for an arrangenent such as that illustrated in Fig. 11. The second
curve 72 is for the arrangenent of Fig. 13 when having a central

heat sink. The third curve 73 is the 10 resultant thermal profile for
the arrangement of Fig. 16. It has been found in sinulations that the
anmount of bending is proportional to the energy expended in heating.
This enefgyclhildurn is related to the area under the curves 70 to 73
and, as the efficiency of bending is proportional to the tenperature
and the arrangenment of Fig. 16 allows for relatively high

tenperature algng the actuator .54, .15 it is |likely that t .
arr angene n? ' CA a}f’?@‘ap%fglag?fg@ a %go%chrogp?qhépg?hcﬁy ?l?ghtﬁgta ‘I“ltéutr&%r con_lp nsing
illustrated fifspbaRIMRHYS mairial hrrh BaViAEA st ARDBERF attavhed pe s Subitete
For exanple, in Fig. 19 there is illustrated slightly nodified form

of the actuatadd asieFend enskidersof eenmscieddo pr bitessaied Natks? mpyaklp glemnt, ke
The princi pl %ggtz%%eﬁeéﬁé %%glg’% ,ro i\é*?‘}s\émh{[o o rlge];%ﬁ;%&gp%g%age o glec&ﬁﬁ%eg and

utilised in Ctr O- nBchanl ca

system t hat ahéfigt Bfin encluiiigbansdot prdviding #eiphividedempattureprofile along
fabricating a mcro electro-mechanical systemis illustrated ||2“F|tg
20. This i nclthe@sm dn gdrcheheaifis ponpephaled A die armp tanp TeHOM AP said firs
alternative hegt distributing arrangements. A sectional view of the
ink jet print head is illustrated in 25 Fig. 21. It would be

appreci ated by a person skilled in the art that nunerous variations

and/ or nodifications nay be made tao the .present. i.nyention as shown.in
the pref er?edTheeﬁl?ﬁBmlr?éﬁ{at% %Sh“g%ifn B "Pﬁhgap d’t‘r?l’r‘%@gép?ef?‘f‘f@im é’@g‘i}b
of the inventd,aniapeRiacthy suﬁs%%ﬁ hftthe nhbEable efefiche Snd WRRY IBHanESd

therefore, to be considered in all respects to be 30 illustrative
and not r est rsuch that wignTheficst ainnis: heaed 0T fiz0@8n iRegubetdioreapandrelptive to] 4

0 CT 2003 the second arm and exert a deflecting force on the movable element.

3. The thermal actuator as claimed in claim 2 wherein the second arm is coupled to

the first arm by a coupling means.

4. The thermal actuator as claimed in claim 3 wherein the coupling means is located

intermediate the ends of the first arm.

5. The thermal actuator as claimed in claim 4 wherein the coupling means is located

approximately mid-way between the ends of the first arm.

6. The thermal actuator as claimed in claim 2 wherein the first arm is formed

intermediate its ends with at least one thermal sink.

7. A liquid ejector comprising a nozzle chamber, a liquid ejection aperture in one

wall of the chamber, a liquid ejection paddle located within the chamber and a



1. A thermal actuator for a nmicro el ectro-nechanical device, the 17 0CT 2003
actuator conprising a first conductive material armhaving a first

end thereof attached to a substrate and a second end ”F%F)%%mentpage
connected to or integrated with a novabl e el enent, the rst arm

bei ng arranged, in use, to be heated by passage of electri,c lOﬁ“Nﬂgm

and the first armincluding neans for, providing a Iength\R/i e

tenperature profile along the armin”which heat is concentrated in

the armto a region adjacent said first end. 2. The thermal actuator

as clainmed i | aj ' ' éﬁﬁﬂﬁfib I | fihacRyd feire in a
bet ween t he sagrﬁlacélagﬁ%’#ﬂ@%ygg@ el enent 9an whi _caﬁcis arranged
such that, whebBohdeafliofshe ahambes, theahemhal tabmator compaisingi & firsh gardyictige
expand relative to the_second arm and.exerf a deflecting,f .
the novabl e englifeakamsw Staﬁé?a['f?g]l at agﬁraé?%% thggeog Faf r?%f?ful%ﬁe c d:u%}rhﬁg ®
wher ein the SEEANdeALIY LSofiPURl BEtebPto thd fqhidieotia Padile, ahe ephinlbeing
means. 4. The thernmal actuator as clained’in claim3 wherein the
coupl i ng meanardnged Oimaisegto banheaterbbly pessaghef elselzicalf curreat angd the fgshprme

The thernmal actugtor as clained.in ¢lai,m.4 erein t i S
is located af E}gn‘HF@}SfoﬁPWyWé@g ?)Z%VWS? ﬁ%‘pgg%gre&{} 8?%2“%%@? aglr%ﬁqﬂ
6. The ther mahREHIM 9 coRnfrhidl e thel AAmCtb @i régidn whiat it Baidferst éndsvheaety,
is forned internediate its ends with at | east one thernal si nk'le'e i'SA\

li qui d ej ect om wenyfrths iejagtar, mben ithe frsaparis beated e Hawd &deqtign pa

aperture in one |1 of . the chanber Al LU fectd & eiecti

| ocated wit hi {9 toc‘ﬁ%YFb%?mzfrf Stapcgﬁff)? t&f&g%lggm ﬁgg?‘%@‘grﬁe@zg pagjeecllglno
CT 2003 ther ngt1ifd #abgh By ligadiepgtibmbgertuie chamber by way of an
access aperture in a second wall of the chanber, the thernal

actuator conprising a first conductive material armwhich is

attached at ir.st..end. ther j | includ
connect ed a& aﬁ‘es &8‘6‘&&3%%%{ e%sthz?lIenqu? gla?[ﬁte)ﬁ %%@dﬁg%%ﬁagﬁc%ﬁ%llngm f Shg

first arm bei ggon@hrmngdeh ektendiSbetween tie dubstratel ahy tizakiguid ejastion ’paddle
electrical current and the first arm Jincluding nea fo ravi.di a
| engt hwi se t eI & Branepd é“‘%!ﬂ &ﬁb ‘Yl]‘fi? 'i‘?fﬁ’?gmnﬁ%wﬁ%éﬁe &St anis®
concentr at ed Eﬂlséﬁ]fooé{p%m% gelgti\feecg IRNsROhPASN Anb R dkeftial delflebiitth Rl @bthe

in use of the ejector, nthe first armis heated the liquid
ej ecti on paddliguilgjecdiampadlilé.0 nove froma first position to a second
position to thereby cause ejection
9. A thermal actuator for a micro electro-mechanical device, the actuator comprising
a first conductive material arm having a first end thereof attached to a substrate
and a second end thereof connected to or integrated with a movable element, the
first arm being arranged, in use, to be heated by passage of electrical current and
the first arm including means for providing a lengthwise temperature profile along
the arm in which heat is concentrated in the arm to a region adjacent said first
end, the thermal actuator further including a second arm which extends between
the substrate and the movable element and which is arranged such that, when the
first arm is heated, the first arm is caused to expand relative to the second arm and
exert a deflective force on the movable element, the second arm being coupled to

the first arm by a coupling means located intermediate the ends of the first arm.

10. A thermal actuator for a micro electro-mechanical device, the actuator comprising

a first conductive material arm having a first end thereof attached to a substrate



of liquid through the liquid ejection aperture. 8. The liquid ejectofy qorT 2003
as claimed in claim7 wherein the thermal actuator includes a second

arm whi ch extends between the substrate and the |iqui geplaggrieftpage

paddl e and which is arranged such that, when the first armis

heated, the first armis caused to expand relative to t,ty,eggq%gg arm
and to exert a deflecting force on the liquid ejection’paddle. 9. A
thermal actuator for a mcro el ectro-nechanical device, the actuator -
conprising a first conductive mat eri'dall arm having a first end

t hereof attached to a substrate and a second end thereof connected
to or integrated with a novable elenent, the first arm being
arranged. | eliSCeobih B AEALP AR RAT5 B0 Al Sl EYaLEITh AR
the first armincu I Ng neans Yor providing a I engthw se tenperature
profil e al orfigst erhebaingrirangstlj mhushctatbel leatedrbyerissage ©f eleatrichkbcuarent ad a
region adjacent said first end, the thernpl actuator further
including a tg"e%‘bﬁﬁé“%#"rﬁl %We%‘?tféhﬁ@v’égﬁ%n’gﬁgt teRYARLs OIS AIoRE
movabl & el RO A% Wil Bedr3s B8AGNGEA] L hitto 2 W0180n hllfcert sk L M
is heated, the first armis caused to expand relative to the second
arm and exemntl, thedthefealt acteatboincéuding @ ireconsl aivh avhithe metands befavege dlahd

arm being coupled to, .the fjrst armb .caupl i ng ,nean ogat ed
i nter rredigat é“gﬁ@t%ﬁ%ﬂ‘ﬁanvﬁbfefqtkfr’%ffnq]éf“x\“’%i%.ls ﬂ%ﬁﬁﬁ& %8{’3’ eEg(r%hef st o
mcro el ect rpm"RARARHCHe HQYAGE s EdiBed fd 8 rélafid tosiheGecéhd arfirSind

conductive material armhaving a first end thereof attached to a |
substrate 1%xe@T dodstiRegbrecermethe pavabla lement dosharginathg firsk aige iy

end t hereof connected t.0 ar integrated with a |l e el enent, the
first arm béﬁﬁﬂe‘gﬁeﬁﬁ t,“f%e“@é : a&FeSg%gglfeéﬁgg%agassage of

electrical current and the first armincluding neans for providing a
| engt hwi se tenperature profile along the armin which heat is
concentrated in the armto a region adjacent said first end, the
thermal actuator including a second arm whi ch extends between the
substrate and the novabl e el ement and which is arranged such that,
when the first armis heated, the first armis caused to expand
relative to the second armand exert a deflective force on the
novabl e el enent, and wherein the first armis fornmed internediate
its ends with at |east one thernmal sink.






