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A thermal actuator for micro electro-mechanical device comprises a first conductively heatable arm (30) attached at one end to a
substrate (31), with a cross sectional profile along its length dimensioned so as to increase thermal heating of the arm (30) adjacent to the
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uniform heating profile, which improves bending efficiency. In one embodiment the actuator controls an ejection paddle (32) in an ink jet
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technol ogy. In one enbodi mrent of the MEMIET technology, ink is

ejected froman ink ejection nozzle chanber by a paddl e or plungei7 0CT 2003
which is noved toward an ejection nozzle of the chanber by an

el ectro-nechani cal actuator for ejecting drops of ink from the

ej ection nd0E®haber. 25 The present invention rel atfE3/AUB/@3E

thermal actuator for use in the MEMIET1- technol ogy and in other mcro

el ectro-nechani cal devices. Summary of the Invention The invention is
defined br odSERVE. ACTUATORSHAZED FOR VEOREUNIHQRMITEMPERATURE PROFIBE

el ectro-nec ler?' C evi ce. The actuator conprises a first conductive
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and the fir shtiewil deSpproiftBrihaiRNEventién dROEHE appiitdlioR tddthr iniGo eleBif-
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i ncl udes a second arm whi ch extends 5 between the substrate and the
novabl e el enent and which is arranged such that, when the first arm
i s heated, Baekaroyndofthednvention sed to expand relative to the second

armand exert apgef glg%gwg;ﬁag&?% M&ﬂﬁ‘gmﬁéﬁgﬁﬁﬁ% knoWA&nd €cond
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?‘rbfgnl-hsnpact 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



arranged, in use, to be heated by passage of electrical current and 17 0CT 7003
the first armis formed along its length with a profile that

functions to concentrate heating of the armadjacent its attachnent

to the substrate. In use of the ejector, when the first armis heated

the 20 |i quvdoegssnati on paddl e is caused to nove from a FATYAS100/49338i t | on

to a second position to thereby cause.gejection of |liquid through the
liquid ejection aperture. Brief Description of the Draw ngs

Not wi t hst andim@raerdywidt dmovabbrkmenth Tbhfinmﬁatrtangddt iiuse, tdies lsatepy of
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11 i1l ustrat efertacdefieaihg €del op tRe thaviablbelembdier mal actuator; Fig. 12

shows a graph of tenperature with respect to_di stance for t he
arrangement of Fi ghe spgondprmy prefemably is gupled fothe Gshamdyiacqrnlips mepnsapder

form of ther iRlcodtiny flefsmost féiﬁabl}‘fslbéa{euﬁtérﬁfk&&e HQNEs i 1IN Amef
temperat ure with respect to distance for arratgerrent of Fig. 13;

Fig. 15011 ué\ﬂ%Oa%ﬁrssmﬁﬁ@rP@mfym&dfqﬁrmn@?te ftoends with e theFmal sinkct uat or ;
Fig. 16 illustratfg 3&ORMREAdd kY ﬂvfd&na I}Quﬁi"&&for @orﬁﬂ?ﬁfnﬁ'noéﬁt uator;
Fig. 17 illustrates a side wewo? t hermal act uat or 0 Fig. 18
illustrates Shahsr ghalpﬂnsle@mn@m@rlat)m\éalmfm chunhss @tliguid eur:tgmaqaécﬂe for
three diffejentq @fhibl e hantel mqm&%auﬁb&m{&ng chd 8L ERESBS: 6 Way of

alternative actuator arr angenent
an access aperture in a second wall of the chamber. The thermal actuator itself

15 comprises a first conductive material arm which is attached at one end to a substrate and
which is connected at its other end to the liquid ejection paddle. The first arm is
arranged, in use, to be heated by passage of electrical current and the first arm is formed
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;



Fig. 20 illustrates a seni-conductor mask for use in the fabrication 0CT 2003
of a thermal ink jet print head nozzle that incorporates the
features of the invention; and 15 Fig. 21 illustrates a thermal
actuator device that is fabricated by enploynment of the mask of
Figure 20. Resgpkigpii on of Preferred and O her Enbodi menesr/AGecmbsdsn i N
Fig. 1, there is provided an ink ejectign arrangenent 1 which 20
conprises a nozzle chanber 2 which is normally filled with ink so as
to forma meni scyss. 31 ibthited sehembtitilleh RethérdRerif2éthfod4 having a rai sed
rim The ink within the nozzle chanmber 2_is Iled means of ink
suppl y channel 5. Figné2 showsp graph %féF‘EEFIQ‘?ISWtPFFéP%g@iiFS@DEQéhﬁ%r 2 by
means of a thernahnggﬁﬁahgfﬁg]thlch is connected to a nozzle paddle
8. The thermal actuator 7 conprises two arms 10 25 and 11, with the
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to progide curremfy iNGMGHEs MMk RpRbf £RE erQQ&R»@@:@sPE& foldistREfor ke 1S
desired to eject a drop fromthe nozzle chanber he bottomarm 11
is heated so as teﬂ@mageﬂpﬁ@gﬂép|d expansion of this armrelative to
the top arm10. T I pld upward
novenent of the pgg%}fﬁ@hﬂmg L %ﬁﬁggz e chaﬁ% gd%ﬁ 17 OCT 2003
WO 00/ 64804 PCT/ ABROLO1IBSBtes dchemmcall)aa topwigwroé mtheingal pdtbayet r at ed i n
Fig. 2, with the s to cause a
substantlal |ncreg{glf%mg%gggsﬁgyggtﬁﬁgﬁ%ﬁgxﬁﬁgg e chanber 2. This in
turn cadses ink t&ig l&musnates Shoomgtaphs of cenypemtude witlatgspenigo til@ndeeon theels 3
to bul ge. Subseqyepn y e current to the arm11 is turned off so
as to cause the pclmF@ %mm CUEMEHUR in Fig. 3, to begin to return to
its original posi Figom ilfidiags meauhiaﬁveiamuarosathsgmhi al decrease in the
pressure within the zl e chamher 2. The forward nt,um _of th

i nk outside the ng¥%ﬂ£6P$WFﬁaﬁ@§d?? C?ﬁmﬁﬁé%i bméﬁgp %%Vﬁdﬂﬁpnghe
neni scus so as t oinkfj@pHhitheitPzITe thasiGébTposatébithe RatGkeOFH tRS indehtias; and

illustrated in Fi% 3..The droplet 13 moves forwardly ontq an ink
print redi um (not gh%]v\hl,})lstrates a thermal actuator device that is fabricated by employment of

the mask of Figure 20.

Description of Preferred and Other Embodiments

As shown in Fig. 1, there is provided an ink ejection arrangement 1 which
20 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.



10 The nozzl e chanber has a profiled edge 15 which, as the paddle 817 0CT 2003
noves up, causes a large increase in the channel space 16 as

illustrated in Fig. 2. This large channel space 16 allows for

substantial armounts of ink to flowrapidly into the nozzle chanber 2

wi th the inkohmssog drawn t hrough the channel 16 by nearRCTefUgMBISace
tension effects of the ink nmeniscus 34.The profiling of the nozzle

chanber allows for the rapid 15 refilling of the nozzle chanber with

t he arrangenent duignitm@lemyntisiilustiaiedh Rig 2t Wwith the aine8 bavirig mordupwadly as
illustrated in Fig. 1. The .arrangenent 1 also, co i ses.a.nunber of
other s, gni 11 Sk yPeen iR eE ToRsmi UtLug ARl EFmh 1 1BY s
shown i n Fi gturnlcausslinkho fisw baxrfroatthandxed, Atsispthemesitcus 8 io'wgef er ence of

t he paddl e 8_and provides for structural ort for the paddle 8
whi 1 5t 20° sUBLRSHETI) 15 Shapel Fiorp 1 oo LAtEuRcs e Bt trba PR S scus
3, as ig | ust gavaeh Fig. 3 tdbegih.to retittltolild @rigiad gbaticu rThacesuls in hRebstantial
maxi m sing of this distance reduces the |likelihood of the neniscus 3

maki ng cont a?ﬁ‘re@\ﬁet‘ﬁthf Héfsﬂéfdﬂlﬂé“ gy P?Zél?é’h@_‘b&ﬁ%t Thedprpd ‘a?ff‘%'{“!‘ pigfhe he
operating ChRb&SHSTHe fbizfeSrim FrishiRGA nechig bitforiitiniloPe BleaN&Rkb Aol 1 P 19
is provided for reducing the possibil |_§y of ink w cking along a
surface 20 affgmeRey asyisers fard 3 ¢rgpletHd ap Blupteatqdig Fizs3. cHgdaeples A3 mevess of

the arrangengfbardly offdGn Riiphsd Mldiin bt @BEHRAL I On of the thernal
actuator 7 will now be described i1nitially with reference to Fig. 4

to 10.10n Fig. 4 Thhapaleichambrohss apraffiesreded 1achichatoihe naidle Samavatted to a
Wi oh are aSiiy arrRaRRti 3ARadel algl ol iRy L AL o
preferably fchemstispaectn allhws fogsubstantial aneduatsiofink talffovO@HIdROOB® tha@odd¢ 64804
PCT/ AUCO 003 s . ' e.th t t M 25 1.s
heat ed by pa%gwﬁgée‘%g'ct éf:lfnléé%}’g %%vrwr?g]r?ﬁ%tgyﬁire gﬁ%‘ﬁé}{i ﬁgpgnregnﬁgraf'ﬁle&ry rar oon
expansi on neadéftests bhibe niintenistaB3MTAS profitinganf theharrld dhembdrafiowes for thd rapidd, as
t hey aree conpnected. at bot h ends,.the bottom arm IS subject to
conpr 2ls5si ve %ﬁﬁ'@% of tgﬁﬁoz?lﬁghat“g’ﬁr MQF ??ﬁﬂfeg‘t?vef%%g'erﬁ?ﬂ"@téﬁpess. I'n

t he absence qifieseenbeandisivii &5 iltisirgted efdg. 1t hese stresses woul d be relieved

by the structure '1':]'39 grra%genn(:jén?g 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.



upwardly, with the two arns 24 and 25 form ng arcs about a common 17.0CT 7003

center. Wth a dynamc |oad (the paddle and ink) on the end of the
actuator as indicated by Pin Fig. 4, the notion of the structure
100 may be nuch nore conplex than a sinple bend, creating second
order di st oVOPYH84and buckl i ng. These can be mi ni m sed PGF/AHPI/R0RIS
correct choice of dinensions and nmaterisals of the structure 100. It
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of 1 0f bncy iy B F dulie Qo te gnee 100 BrbbSi mt ooty a1 26

can result isimpRpest, bxeatng@emml@rmrmt&ﬁmﬁ&&cnmgl TR&e tan Beh@niadised 124.
The arm 125 sh@ul d be subject to a temgerature whi ch can be tol erated

by the? body?¥ %°°’Fq§'rﬁ?8‘°e?tﬁjémﬂ’ﬁlﬁf’%ﬁ”id ssils Shipe gructuss Wodet er mi ned by

the charact eri st iitks seatound$n ﬁ&rb@lcmlalt i ARPPMALY bR t& lohd) GheR et | ON
26. 25 In Fig. 9, there is illustrated an alternative form of _t her nal

act uat or whi B8 emd’(‘ﬁfﬁ’r“ﬂg"e%s ilypratedyin Fig- pombeatingpf shearm 28 This buckling body

223 but wher gieeé e Bﬁerétﬁmal BffEEt’l'le%ﬁi ot tlx%@ﬁ‘ﬁc‘?ur@ 1000 ke AéteRfR fU?&fbkﬁﬁhe 88
arns. Upon heating one of the arns, as lustrated in Fi

arm 225 benddlu gjFig. Qa@nbéﬂ@ﬁténnaﬂnéedmeﬁ athMtsmeﬂerﬁﬁqatwma&% he
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00/ 64804 PCT.
Further, it should be noted that in the arrangement of Fig. 8, the portion 26 of the

actuator body 123 between the activating arm 124 and 125 will be subjected to shear

20 stress and, as a result, operating efficiency may be reduced. Further, the presence of the
material 26 can result in rapid heat conductionvfrom 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



223 and ninimises the risk of del anmination during operation. Thesel7 0CT 2003
principles can be utilized in the thermal actuator of the

arrangenent of Fig. 1 to Fig. 3 so as to provide for a nore energy
efficient formof operation. Further, in order to provide a nore
efficient fwopvesodoperati on of the thermal 5 actuat or ,PC/AVIHPEE of
further refinements may be incorporated. The thermal actuator relies

on i nduced heating and the arrangenent utilized in the preferred

ermbodi ment  c233 anb enisivtisestit rigkedfldylaminatidn durieglopeeatioh.| These Rrineighles panfieg. 11

to a materia i

subst rat o andied §bENg R ahgbEbARERERRGRAPI R 1 Bk S Wprbodlyr
as to expandamnﬂkeemgybfflaxeﬁt(fomeof@peram | oad 32. Upon heat i ng the 10
tenperature profile, wl a ustr.ate 12.
The two ends 31 ang-'z? oé‘g toe{’%%“qo‘? aé?or%?e&ﬁé r"‘zﬁ?né‘rofto Ratea 0? the 915 sag t he
t enper & ure muz’idr,l aalm:ﬁ)emfﬁhxﬁfer @fincd@ai nan e inadrgortted. t'El&tthdrmaltahﬁatm ddl e.

The operati on ri.sti of the ar rm ned by
the nelting 5’ eﬁ%anga‘f:afr?f@e‘f‘%‘}‘rﬂﬁzﬁgﬂlr%e ?rﬁ’bfrﬁjee ’(‘fﬂe@t %8
exceeds theher@hémmalmhﬁﬁhf@éas itlheraed myrgmioaa haterl180 ¢hRpls of Fig. 12
represents a non-optiml 15 result in that t earm3§ﬁln Fi 11 is

not heated ufffeFOPRACiFd 3t Bt god 81 fodsybsirate gYd 33 8PP TRy a load By arm

i1 lustrated agyshidied sb3s tolepdAH GRY dxB a kdd&d dATheOIBad?S2. NRA heaﬁhﬁlﬂfe 38 and
39 in a central portion of the arm 30, a nore desirabl e thernal

profil’® as temperatrernspiiewillbeppproximately s flugiateddn Figy 2. Theiwo epdspl pud of

Fi g. 14 shows) & fDHEat H]Hk;”(ﬂirmle ﬁ%@t%ﬂ E@th@f&hﬂéﬁt&eﬁﬁoﬁl@ﬂ%&e&ft eJcB%nd?‘r m
30, thereby providing for nore efficient overall 20 operation.

shown i n Fi gandhsttest mrthm’fdd’éf Th@l’éﬁéﬁ’l@k‘:@ﬁ@eﬁs‘lﬁ%@f@ rB0ivill bt e
potential fo

rrits to couurRifiby 0 aliiths Bncsth P BN BEMLC LGS il Jo33ells,
series of st themeltiag peintBS4the ammempy il Teeckraph of bigpl Zreprvgentstawon-gptireal 324
and 3 to e om arm 325
s 25 Teeat ecrerii e e Sl 3 I £y R Gurolll oh s BALAOT, 2

actuat or body 32$yah<shfymgtlt¢end30,upmm(ﬂteﬁmﬁg 1, fhoough éhe imivgichiof bdat on,
the thermal g to sfor dW|t a_series of berances 55 and
56 which are l&?% d(i:]‘?dcal (5PH8T BT (t)h 5“%6 an}oé?/‘ljeagab?e tFe fi}f ﬂ@? Rl

tuni ng of thi#luopeda Flgm4oéantbbechﬁdved IfEHe pmﬁﬂdn’ftﬁg’ 14 shows a more uniform

beating across the length of the arm 30, thereby providing for more efficient overall
20 operation.

As shown in Fig. 15, further efficiencies and a reduction in the potential for
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



30 As shown in Fig. 16 there is illustrated schematically a top plah7 0CT 73
view of the thermal actuator 50 which is attached to a first
substrate 51 and which is designed to act 17 OCT 2003 WO 00/ 64804
PCT/ AUOQ' 00338 -7 on a |oad 52. The conductive actuating portion 54
conpri ses twooM8Muber ances 55 and 56 which act to redR@IeU00/00338
tenperature in those regions by having7a | arger cross sectional

t hi ckness than, say, the cross sectional region 58. Fig. 17

il lustrates ensloddSki &he whductivaashialingpod®nisé covprisetiwiopruberanges S5 6ud and
an 5 upper t.h t he
resul t ant he‘lsé%cEICh g%ﬁoerr?%llsf:e eg“rp ertjaﬁm mgﬁ ? ? lg%gtdy;hr%%]g QE%??%S%%@R%M ve
70 is the reémdknamthan,he)r, Icrqsssrbmdmlrbgmnéﬁh arrangenent such as that
illustrated in Fl ond Gurye & 1L ment
of Fig. 13 when ha%ll%lllustrznesatsx o Vi of coup] (.lll.ﬁtwefeﬁlatlé1 erlaly ﬁngm t he
10 reSLHtantu;ipIaellaymI&profl le for the arrangerrent of Fig. 16. It has

been found in si stht t he anou of bending i roportional
to the energy e%k hf'ﬁ i Wﬁﬁgag‘m’i‘ ggtg%ré?uqu?‘ﬁatﬁﬁﬁﬁi‘eﬁggs flgéﬁli’ﬁt ed to
the area undéiffeichtearraigeni¢s. Tie Eudve/BD lamé;esﬁsantthmf;frbméma? of bending
is proportional to the tenperature the arr e { of Fig. 16

al | ows for r 8yt ?‘chﬁsgtﬂngt‘]@ﬁﬁﬁ?‘h’fl%r‘% 11 'gﬁde@ﬁgc‘gﬁ%{sé?r e 15 it
is likely thatanhdieentbi g e WREY ha¥fng ficBntral Rabdiiki | ThehBrd @R Bfif thei ent
than other illustrated arrangements. Still further arrangements are

possi bi%. Fofeswianthsrmal profile-fog the eyangpmens of Eig 46 | ustrated slightly

nodi fied form of IEﬁh@b@&xtfblﬁaH% siﬁﬁla@xﬁné tHQ%eHQfo&Kt%?bén‘&ﬂg B RbpdRfnAnG es
75 and 76. 20 The pri nca&ge as describ above with reference to Fig.
18 may be ut thp presgy qxnend peqting. mée@wﬂ&t%ﬁ redgtedo the@peg under the

el ect r 0- TeChapid b (515 iR akckAg dBuifh it BSbHibnal Bk tBhfiraturd afB K
for use in fabricating a mcro el ectro-nechanical system]
illustrated the ﬂffﬁgg}nenzof FigHp allowsclounglatively bigh tewefeﬁlfepl@gmmm@ 80
whi ch 5] ovi dﬁ 1s6Hk %ﬁa&%@tﬁém ofill-'lg.t]{? (ﬁfld Q:Qn? Eﬂi@igglqﬁ to?hr?r ﬁlustrated

sectlonal Vi EWO prin 1S 1 ustrate
arrangements

Still further arrangements are possible. For example, in Fig. 19 there is
illustrated slightly modified form of the actuator which incorporates two protuberances
75 and 76.

20 The principle as described above with reference to Fig. 18 may be utilised in
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.



25 Fig. 21. It would be appreciated by a person skilled in the art”[mzm]3

t hat nunmerous variations and/or nodifications may be nade to the
present invention as shown in the preferred enbodi nent wiReplagement nane
departing fromthe spirit or scope of the invention as broadly
described. The preferred enbodinent is, therefore, to be copsj @€Temn3
in all respects to be 30 illustrativg and not restrictive. 8 The :
clainms: 17 OCT 2003 Replacenent n.q re 14 0 CT 2003 1. A thermal
actuator for a mcro el ectro-nechanical device, the actuator
conprising a first conductive material 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
arrangedypd faiase, to be heated by passage of electrical current and
the first armincluding nmeans for providing a | engthw se tenperature
profile along the armin which heat is concentrated in the armto a

.-regi on adj ace said first. end. 2. The thernml.actuator i
in claim 1?ar1lgh}eﬁ@flﬂ?ﬁ%oréf°5%%ﬂ8 e&%"v&ﬂ?‘%‘ﬁ’“@ﬂ%ﬁagﬁﬁ‘é‘%‘%@’n&ﬁ@%&
substrate andg fiRecHMMRAYE nRtRHE Bim ARGNYAI B3t &15d Befoan gRsthed U6 b sibAiate
when the first armis heated, the first armis caused to expand

rel ative to anda& sseenshendsthaseafgonnesied to orjiegsaled Nathf mesakip clement, the

novabl e el e t., 3.. The thernmal actuatar i i i

wher ei n then?‘gréto”}“ﬂ}1 %?1?7% ?%a%ggﬁneﬁe’t %abet 63&? ibys% S%%gnogglegér%%ﬂep |er11r(f:1and

nmeans. 4. Theahé fifst 6h irtbidigt MearRYoEpravitheh 4 Rnglh@iise tSmpératued profileealong

coupling neans is located 1nternediate _the ends of the first ar %&?51
S

The thernal 4b¢ aemdn vauck heatig gongeniatsd in ahepar & A regien adiapant said

is |located groxi mately m d-way between the ends of the first arm
6. The thermal actuator as clainmed in claim2 wherein the first arm
is formed

2. The thermal actuator as claimed in claim 1 and 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 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



intermediate its ends with at |east one thermal sink. 7. A liquid 17 0CT 2003
ej ector conprising a nozzle chanber, a liquid ejection aperture in
one wall of the chanber, a liquid ejection paddle |oca binehtod
chanber and a 9 17 OCT 2003 Repl acenent page 14 0 CT 2 gla}te%erngﬁ) d@e
actuator extending into the chanber by way of an access aﬁel;td.cpe 00? a
second wall of the chanber, the therngl actuator conprisi a i?s
conductive nmterial armwhich is attached at a first end thereof to’
a substrate and which is connected at a second end thereof to the
liquid ejecti t fifSint A HHE Q8 bR addRBsdgRrtutOinde
heat ed by pastggrﬁgﬁ%g{%foéc%??ngggscurrent andrtﬁe irst arm ?ﬁcl udi_ng
neans for prosetehdigrall dfahgchambe, thenbemsl acwator shinpsismzonfrst BendICHYe n

whi ch heat i icent int ' dj ' j.r:st
end vhor eby, mAERBLET MGl afadigr Agraho BRF A E Rl ARLFLIChE
liquid eject '(%'ﬁn&acg&i%@a dSonFaNEBE b P TRY Bqhidfecion paddle, ARsfifst At being

second position to thereby cause ejection” of |liquid through the
| i quid ej ectiarrangpérinurse, toBbe Hdnted byjpastags of eloeirigal Q}F@iﬂﬁéﬂé the fsharm 7

wherein the the | actuator ingludes secon | :
bet ween t he sEHEBEURIOL Y ‘ﬁ‘ﬂﬁl?gﬁﬁ%@f‘? ?H‘%ﬁ%‘éﬁ%’%ﬁg I%@Eq;ﬁgm
arranged suc hwfm%ﬁtheat"‘@ @BndeAfatell S thedkri th % Bgidh adjacéh gailli first endrwhdreby,
caused to expand relative to the second armand to exert . a ,deflg ti.ng

force on the inlusguifdhejegastarowhemdiel frst grmAs haeiedidhe Hewid figstiop padgle 1s

m cro el ectro-nechani cal .devigce, the ‘ r L Si JaloSdot;
conduct i ve mata¥Fhio BPYH ﬁ%iar%s%pqsﬂxro&%tglégég%ﬁ (raglgip h :tiﬂhggaﬁgga\?g eZéctlon
substrate anglﬂ?qlﬁ@%&gg]ﬁﬁgﬁq\lﬁqre fiosapeteed.ed to or integrated with a
novabl e el enment, the first armbeing arranged, in use, to be heated
by passage of electrical current and the first armincludi ng neans
for providihg .engt hw, se_ t i i a
whi ch heat %nsTﬁ%hg ter’%lcttoeroa Si Cnﬁpﬁfeﬁ%#%??gf g’i’%‘%gﬁ %% ad) gicgﬁ}tlﬁgglidglﬁdfsr st
end, the thergRbndatmatldch bxtehdicbetivaal tidi susteate esd it Bquidefrctinn paddle

ext ends between . .
and which is arranged such that, when the first arm is heated, the first arm 1s

caused to expand relative to the second arm and to exert a deflecting force on the

liquid ejection paddle.

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



the substrate and the novabl e el ement and which is arranged such 17 0CT 2003

that, when the first armis heated, the first armis caused to
expand relative to the second armand exert a deflecﬁbﬁgcémeﬁmgg@

t he novabl e el enent, the second arm bei ng coupled to e first arm
by a coupling neans |ocated internedi ate the ends of thzgomtzuﬂgm
10. A thermal actuator for a mcro el ectro-nmechanical Vi ce

actuator conprising a first conductive material armhaving a first
end thereof attached to a substrate OCT 2003 Repl acenent page 14 0
CT 2003 10 and a second end thereof ctonnected to or integrated with a
novabl e el enent, the first arm being arranged in use, to be heated
by passage qf ¢l $E4 68 wEHOE EincBA 1o bAGuldrkish YR BT LR AEIRS
for prOV|d|nga engt hw se tenperature ong e armin

whi ch heat |fhsmﬁcbaﬂhg aﬁmigedmnhh;e tarba heated bngsmge@dpbc‘mo;al caredt find st

end, the ther act a ncl udj a., seco rm whi ch exten
bet ween t he th gﬁb% u I’Enﬁ%‘g‘rﬁﬁﬁg"ﬁ @s ﬁ@ c}e’%bﬂ?réw}(? gmg‘feraa{%d
such that, vhen.fhg WHi 51? Beatqg Qbﬁccenﬁ%a ¢4 1hé Qe td Q%gléﬂ HijaSerft Abifkst O

expand r elative to the second armand exert a deflective force on
t he novabl e endetienthermaldachiwgorinvluding hi sesdzndaam ivehiclf oxtends between the
| ntermedi at esu étrsatg Qr(lj th\émngor{/aglte eleen?esl}t and Wth 55 anﬁangeid sﬁch 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, and wherein the first arm is

formed intermediate its ends with at least one thermal sink.



