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Actuator". These high speed page w I’et printers uce an I nmage on
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substrate by formn T j ' n electrically
resistive materi al %M%@ﬁé;@/g‘%m{%m @‘%H@MB%% to effect novenent
of the armg The ar nTh&disclosiedicf thes®crpéiriitigl @pEcatiohddre iRorpordt@l k€N by ofoss-he
armthe paddle is noved to eject a droplet of ink onto the sheet. In order.
to eject the dF@??@F-of i nk the paddl e extends into a nozzl e chanber which
has a nozzle aperture, and novenent of the paddle causes the droplet to be
ejected fromthe. nozzle 15 aperture. The actuating armis fixed at one end
and when current is applied to the armthe armis caused to bend to, in
tur.n, nove the paddle so as to eject the droplet fromthe nozzle aperture.
In order for the paddle to nove properly, so as to eject the droplet, the
actuating armis required to bend upwardly and generally pivot around the
fixed end of the arm Bending of the armis caused by the application of
an electrical current to the armwhich 20 causes an el ongation of part of
the armrelative to another part of the -arm To ensure that the actuating
arm bends properly it is necessary to control bending nodes of the arm

whi ch
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may result in inproper novenent of the paddle which may effect the ejection
of a droplet fromthe nozzle chanber. For exanple, the elongation of one

part of the armrelative to the other can cause the arm §;0 an to
bend upwarWPP18&28% cquired, to curl up at the sides 25 form &% er al

di sh shaped configuration, or bend into a sinusoidal configuration or
ot her curved configuration. These bendi ng nodes may result in inproper
novenent of the paddle which, as noted2above, may effect the manner in

which a droplet _is eject zl e chanber. 30 SUMVARY OF THE

| NVENTI ON A?AF&GEQJH 8gf ﬁ@%ﬁ%n provi des a thermal bend act uator
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menber coup{@ﬁcf’Bte’gr{ﬁPfeﬁfee?%h%@%?et\ré%%jagﬁ;?t @sﬁ%ﬁ)g‘d connectl ng
menbers. ThLlsQPawdmﬂ/mwlodgedby@gpwentdfppbmtm/@mlp@n hermal AGeAIRIS| on of
the connecting p%&s&@ phgk Width ¢aNjeeprintérb mﬂﬁémqtlﬁfag@sﬁakmsbyand t he
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tTEZ fjﬁi'e; f?oﬁﬂ% e&&tmah&tmﬁ%mggg@mgpfs r?ea‘merctba b B9 Beﬁdmé sdsdipast uat or .
devi ce corTﬂP?‘éeF’%Qt °fstge %PIW?' %F%HH&F fo "F’ecéﬁrqf?f?% ﬂlj‘k q‘ﬁ? Eﬂ%egﬁ‘“&fer et in
t he chanber tbejecttht dwiplegofink theqiaddle axtendsrintnatrioezle hbanther whichtbhss negzlebend
ooy, PRI L e S ol
secondlact uAPEHuTsoThe srfuating ameis f'nai PRE q“a PE‘?W&EQ Eretest ‘sﬁBPlﬁdéga’i i ng
conduct i vel yarindstaubédetotbend i@l induinemdienhe phddidiso dsite ejeat] the droglet from the nozzle :
aperture. In order for the paddle to move properly, so as to eject the droplet, the actuating -
arm is required to bend upwardly and generally pivot around the fixed end of the arm.
Bending of the arm is caused by the application of an electrical current to the arm which -
20 causes an elongation of part of the arm relative to another part of the. arm. To ensure that
the actuating arm bends properly it is necessary to control bending modes of the arm which
may result in improper movement of the paddle which may effect the ejection of a droplet
from the nozzle chamber. For example, the elongation of one part of the arm relative to the
other can cause the arm, rather than to bend ubwardly as required, to curl up at the sides
25 forming a general dish shaped configuration, or bend into a sinusoidal configuration or
other curved configuration. These bending modes may result in improper movement of the
paddle which, as noted above, may effect the manner in which a droplet is ejected from the

nozzle chamber.

30 SUMMARY OF THE INVENTION
A first aspect of the invention provides a thermal bend actuator for a micro electro-
mechanical device comprising:
a first actuator portion,
a second actuator portion spaced from the first actuator portion, the second
35 actuator portion being conductively heatable to cause bending of the thermal bend actuator,
a first connecting member interconnecting the first and second portions,
a second connecting member interconnecting the first and second portions, and



actuator, a first connecting nenber.hntercohnecting the first and second
portions, 20 a second connecting nmenber ‘i nterconnecting the first and

second portjio nd a torsion menber coupled to and inter ' t he
first and sStON2g, o1 ng members. 25 PREFERRED FEATURES A Y

| NVENTI ON Preferably each actuator portion has at |east two spaced apart
fingers, said first connecting nenber interconnecting first fingers of the
first and second actuator portions, and-2he second tonnecting nenber

i nterconnecting second .fingers. of first and secan ct.yat o, portj.ons.
30 referably each fRAYe BeE0S: Qupledfo bid e lsctBE B hra il dBlcR cBiebtick
connecting nmers;s coupled to the tab of each finger. Preferably each
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01/02287 PCT/ AUCO 0DbSiiventibn Sidychisobeshidrto pesidedn a mitrerelsotroadcharibu devicls of
respective pai‘,}rﬁ1 ﬁgin .he connecting nenbers. Preferably the connecting
menber s corrprlsepco iecting rods. Preferably the torsion nenbers conprise
t orsi on ¥ars. Pref et Buidychamberforontaining r includes a paddle located in
the chanber and 5 gpyfRbinghdEHambeE o allGwing ekib of fibia Tronl thechatabed) tO0 ej ect a

droplet of liquid f£8]ré1t 2 h aerrfxtgirﬁ)eu bu Piale)s Ie%hg rt re. E%%Lﬁétably
t he chanber has an upp var Hd 't e foP ' nber o Qe eF, 8%@/

deposi tion si Apgrese: thathermalband acwetogppdrg wal | of the chanber. Preferably
the torsion nenbers are for nefrsPacnt@dPortidnon by first formng an 10 opening

i n.the t.agbs provided on one of t ctuator portians and depositin _
mat er i all%go that the materi%i®c¢ %ﬁﬁ%gimwnﬁﬂmérﬂqtﬁgg&éﬁﬁﬁgpﬁﬁ%“%o
the tabs associ ated wi th t héegrendustively heatable to cause bending of the thermal bend
actuator, '
a first connecting member interconnecting the first and second

portions, -

20 a second connecting member interconnecting the first and second
portions, and
a torsion member coupled to and interconnecting the first and second
connecting members. -

25 PREFERRED FEATURES OF THE INVENTION
Preferably each actuator portion has at least two spaced apart fingers, said first
connecting member interconnecting first fingers of the first and second actuator portions,
and the second connecting member interconnecting second fingers of the first and second
actuator portions.
30 Preferably each finger is provided with a tab and the respective connecting
member is coupled to the tab of each finger.
Preferably each finger has a first edge and a second edge and a plurality of tabs are
provided on the first edge and second edge of each finger, and the connecting members
extend between a respective one of the tabs on the fingers of the first actuator portion and a
35 respective one of the tabs on the fingers of the second actuator portion.
Preferably the connecting members extend through the tabs of one of the actuator
portions and have ends which are spaced from the said one of the actuator portions, and a



the first or second actuator portions so as to interconnect the actuator
portions, the material being deposited to formthe connection nenbers so

t hat the connection nenbers have free ends substantiall W&m&%h t he -
upper wal IWBMAR¥ chamber. 15 Preferably the connecting a

provi ded internedi ate ends of the thermal bend actuator. BRI EF DESCRI PTI ON
OF THE DRAW NGS A preferred enbodi nent of the invention will be described,
by way of exanmple, 20 with reference té-the acconpanying drawi ngs in

which; Figure , 1 is a pl.an, view of agne enbodi ment of t invention in _an ink
ot ozl o 1 torsop et nterponnees S ot PR B Bhile CORRBRIIE BSPc
line 2-2 of Fi gur @reéferably ghe evnBedting membesToppriss matctimgeddssi mi | ar to Figure

2 showi ng more de&’?ég%raﬁpgh%}ﬁbnxﬁénﬁég@?&?ﬂsﬁ?o&i&ﬁil's.eXt reme actuated

position showi ng a dro el ng ejected mthe nozzle;,. Figure 4 is a view
al ong the |ine 4- Preferaily ghe thermal prtyatpringjudes aé”@&@i?"éﬁ%ﬁb@%ﬁ@%%éng-S of
Figure §; artﬂoxfehﬁlubpoxﬁbdnaingolfﬂie&b&ﬁialma«drewejeétaadrbﬂﬂetrofniquiddiuinﬂmt uat or

e

according to,th ref.enr | pent. 30 DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS °R§m57rlt‘€r§1’%{h8 zvﬁ?(I[T% approxi mately 3000x magnificatjon in Figure
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ShO\Nnt asha }Qﬁb&éiﬁlﬂl &%ul&n@&dsp?muﬁh:p'fa&\ﬁﬂlwmb.ay i ntegrating I\/El\/B and
CMOS techno ogl es C ete nNoz e .
structure having gr%?rgl?IX%&fb@t?g{‘%‘”ﬁﬁ?%gmgfgt%g?g%aﬁé%ggﬁms@%%ﬁ%ﬁ)r | ayer
21, a p@ssi vepeniogit thy tabs provided ¢n ane of the astuaien pestionsapd denositing matariahsg thatanber
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nternati ona al en | C .
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application ' th%q@g,r 4o ahMer! ect r o- nechani cal Devi ce"
(MI112) by t%ﬁg Mbkﬁ&mﬂ%&mﬁh The covr‘llt ents of are

e sane .applicant. these t Por:1 -
i ncor pdPat ed i nt oﬁ‘?ﬁ?‘gﬁg %@?W&ﬂeﬁ‘?eﬁf"’t?ff)gld?‘gﬁ”g?ré‘ﬁ%}gt.e%%seé zﬂgg‘g%&evi ce
I ncor por at esbead actudtorchanber 24 which is connected to a source (not shown)
of ink. The layer 29 fornms, anongst other conponents as will be described
' BRIEF DESCRIPTION OF THE DRAWINGS
A preferred embodiment of the invention will be described, by way of example,
20 with reference to the accompanying drawings in which; -
Figure 1 is a plan view of one embodiment of the invention in an ink jet nozzle for

a printer;
Figure 2 is a cross-sectional view along the line 2-2 of Figure 1;
Figure 3 is a cross-sectional view similar to Figure 2 showing more detail and with
25 the device in an extreme actuated position showing a drop being ejected from the nozzle;
Figure 4 is a view along the line 4-4 of Figure 2;
Figure 5 is a view along the line 5-5 of Figure 1; and
Figure 6 is a perspective view of a thermal bend actuator according to the
preferred embodiment.
30
DESCRIPTION OF THE PREFERRED EMBODIMENTS
As illustrated with approximately 3000x magnification in Figure 1, and other
relevant drawing Figures, a single ink jet nozzle device 1 is shown as a portion of a chip
which is fabricated by integrating MEMS and CMOS technologies. The complete nozzle
35 device includes a support structure having a silicon substrate 20, a metal oxide
semiconductor layer 21, a passivation layer 22, and a non-corrosive dielectric
coating/chamber defining layer 29. Reference may be made to the above identified



herei nafter, a chanber wall 23 whi c.h___h_as _a;,-'r_)ozzl e éperture 13 for the
ejection of a droplet fromink 25 contained wthin the chanber 24. As best

shown in Fi ~d,ne wall 23 is 10 generally cylindrical So/dakgsat 1 ON
with the aperturée 13 being provided substantially in the fbdlgﬁqg of the

cylindrical wall 23. The wall 23 has a part circular concave edge portion
10 which forms part of the periphery of the wal | 23. As best seen in Figure
3,the chanber 24 is also defihed by a peT pheral s¥ de wal | 23a, a | ower
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eposi te ur N anr | { V] Ce an I | votabl e espect
to the substrgf 2 la%lif O‘g‘grcfmtfgkgogﬁlﬁ%etg&aé’gk‘faiﬁg BT OHQTROZH: 1“2 trgnsupper

and |owdr ar mqsrﬁcanm@@srafmer@q Lower portion 32 of the arm28 is an
el ectrical contact tYhdhbz2R debiRe idbipokatestn imld cHadtibet D whithRs Yorbeted R donfcd!

t toth 3 nt f th
bendi ng, {1 onfidk SpET w%nﬁﬁiév‘é?f% SR frbngsRubek HEmBOHES 45 il b S
Fi gure 3 so abercipafigreg thaibepnmell 2D whivhchag h napse spertard B3 foothe@q;mﬂen of a)dropl'eta
sheet (not Sﬂ@ﬂﬂ)ﬂf 29 U6nthin¥Pitki tﬁé‘&f 8f 54. 'Rﬂ;éég%%\ﬁnhﬁ

circuitry for su yent _to rtion W|th ot%er
circui triP for sepﬁgﬂ'ﬁatwﬁgdﬂ%mﬁeﬂé%a%w apergurg 13 ‘ﬁ§§r°2’51e§§“ Ipig i n
the af or esai dtheoniddiedf tie cylipdricabivald®3 . THe Walb2Xhdk d partgitcnlae doreave dige poitidat Or

28. Th h d within th
chanber 24 andt VR Dot AUl O ReSRU M, O L2 Shoun 10 Fi qures 1

chanber 24 an uat or as shown ures 1
and 3 to eject the 4 bsst ssenpn Fighes 3obe ?ﬁ#@?eé 4 j5Also defined by, a pefapherpd side 3311
bl ock 8 and sp}ypaildweraideivel mpabatsemlll(not&ﬁoxf/@);ﬁi&ﬁb amdgatpsrtidncs ofkubstrate

o ne- s o0 Wb B ioblbenhaficih g B33l i Bl jo BB EL AR ©
space bet me@@%oﬁlﬂwz@ﬂdﬁﬁpﬂm%&q frsmed ahonezad of the actyaing sum 28.
portion 23b is al sorhe‘a@mmdg gk 28013 dépmsa amaig fébﬁ&iﬁbﬂ@fﬁﬁfd&ﬁe@m 13?1voi'am%

whi oh 35 nas Vb paPRERCRA s 2 0RE SR A58 The R st B SO PP a0t
a generally Tlowapr@uporgpm3 lmd ﬂeﬂomdpwore@rgefqbg arm 38 i eddctridaboangdct witB,
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Fi gures 1 andsi®wndn EFjgure 3 shhas tarejsot d;'pplet D through aperture 13 for deposition on a sheet (not
shown). The layer 22 therefore includes the power supply circuitry for supplying current to
the portion 32 together with other circuitry for operating the nozzle shown in the drawings
25 as described in the aforesaid co-pending applications.
A block 8 is mounted on the actuator arm 28. The actuator 28 carries a paddle 27
which is arranged within the chamber 24 and which is moveable with the actuator as shown
in Figures 1 and 3 to eject the droplet D.
The peripheral wall 23a, chamber wall 23, block 8 and support portion 23c¢ are all
30 formed by deposition of material which forms the layer 29 and by etching sacrificial
material to define the chamber 24, nozzle aperture 13, the discrete block 8 and the space
between the block 8 and the support portion 23c. The lower wall portion 23b is also
formed during deposition with the substrate 20.
The block 8 includes a generally T-shaped portion 50 (when viewed in plan) which
35 has a peripheral wall 10. The upper wall 23 of the chamber 24 has a generally T-shaped
slot 60, defined by edge portion 52 of the wall 23, which receives the T-shaped portion 50
of the block 8. The actuator 28 carries a paddle 27 which is arranged within the chamber




D. The space between end edge 22a of |ayer 22 and edge portion 50 of the
wal | 23 defines an actuator aperture 54 which is substantially entirely

cl osed by T-shaped portion 5 50 of the block 8 when the 8isin.
a rest or Gpﬂgﬁ%t state as shown in Figures 1 and 2. ﬁ"t&mﬁ'&’@%@ cent
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define a fine slot between the edge 57and the wall 10. As the actuator
arm 28 noves,  up.and,down to ej.ec dro Iet fro t he anber . 2 t he
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structure 23c as Ahdmwn in Figurgj3irthe @ige PhusionilAgeay<agy adip$03nd thewealld may edges
80a and 80D ,RpdaRPa1ip 8BS tPfRnérGedRE tHeilelhood of wicking of ink from the chamber 24
onto the block 8 or upper surface of the wall 23. The lip 80 may extend completely about
25 the periphery of the wall 23 and similar lips may also be provided on the aperture 13.
With reference to Figures 4 to 6, the thermal bend actuator 28 is shown in detail.
In Figure 6 the block 8 and the support portion 23¢ are not shown for ease of illustration
and to show as much detail as possible in Figure 6 of the actuator arm 28.
The actuator arm includes the lower arm 32 and the upper arm 31 previously
30 described. As best shown in Figure 4, the lower arm 32 and the upper arm 31 both
comprise a first finger 80 and a second finger 82 which are joined by a base section 84.
The ends of the fingers 80 and 82 remote from the base section 84 are secured in support
structure 23c¢ so that the arm 28 can pivot relative to the support structure 23c as shown in
Figure 3. The fingers 80 and 82 have side edges 80a and 80b and 82a and 82b respectively.
35 The side edges 80a, 80b, 82a and 82b have integral tabs or staples 88, 90, 92 and 94
respectively. As shown in Figure 4, five such tabs are provided on each of the side edges
80a, 80b, 82a and 82b.



35 The side edges 80a, 80b, 82a and, 82h have integral tabs or staples 88,
90, 92 and 94 respéectively. As shown in Figure 4, five such tabs are

provi ded ongg(gs%gg_’ t he side edges 80a, 80b, 82a and 82b. l\(ﬁ%@%@?
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remai nder of the arm 31 when the arm31 is deposited. The lower arm32 is
identical to the arm 31 as described above and is arranged bel ow the upper
arm 31 as clearly shown iniFifyures 2, 3, -8-and 6. «The tabs 88, 90, 92 and
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appl | cat on of EuTiitet s BHeLS o Figonptsteby afoagrbn P oL PopRgh e b uer o
reduce the opperconnectyd bya toxsion vadsHlibragd dlie pdsts ie ive i hrelinterboandctesdtbyra tdsicnng
operati gy angod A8UaRe tdiSon HEHRQ 109118 Hﬁ?%mp&ﬁé@a thhamle tHhSadRe sgpﬂ % mﬁn
heating of the actuator % 'gn endrtstofO£ces he _rq_héo en onoy
in the manner “2IfB\Re ‘I’Weﬂ"’éﬁj% ok aé'él SERRPTt g2l %ﬂﬂ?@g il e foRsiombags, bt
manner to propelldthapfout interchnogit dte siies o thetfingers 82 ahd 80 prd prevent tieZide edges

from curling or cusping upwardly so that the actuator arms would form a dish shape or

valley type shape upon application of current to the arm 32. Hence the torsion bars 110 to

25 118 reduce the opportunity for any cusping of the thermal bend actuator during operation
and reduce the number of bending modes which are possible upon heating of the actuator
arm 32. This tends to force the arm to bend only in the manner shown in Figure 3 so as the
paddle is moved in the proper manner to properly eject a droplet D from the nozzle aperture
13.

30 The provision of five posts on each edge of the fingers 80a to 82b also ensures that
the likelihood of the arms bending into a sinusoidal or wave like shape is prevented. The
torsion rods 110 to 118 therefore tie the two edges of the arms 31 and 32 together and in
particular the side edges of the fingers 88 to 94 together thereby preventing the cusping or
bowing of the actuator arm and the plural number of posts 102 arranged along the edges

35 80a to 80b of intermediate the ends of the fingers 80 and 82 further reduces the possible
bending modes by reducing the likelihood of the arms bending into a sinusoidal or wave
like shape.
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30 The provision of five posts on each edge of the fingers 80a to 82b al so
ensures that the likelihood of the arns bending into a sihusoidal or wave

l'i ke shapewg vihgyented. The torsi on rods 110 to 118 thq;cqilg'_;og,oég’s@ the two.
edges of t arms 31 and 32 together- 8nd in particular the side edges of

the fingers 88 to 94 together thereby preventing the cusping or bow ng of
the actuator arm and the plural nunber of posts 102 arranged al ong the
edges 35 80a to 80b of internediate the ends of the fingers 80 and 82
further redulcdgﬁm.e possi bl e bendi ng nodes by reducing the |ikelihood of
the arns bending Into a sinusoidal or wave |ike shape. WD 01/02287 _ 8 _
PCT/ AUOO' 00588 | CLAIM 1. A thermal bend actuator for a mcro

el ect r o- mechpni calA gheihdt Bemdathiatcrifongs micfo électtmechhniasiaievioe comprisings a second
actuator portion s f Ne first actuator portion and being
conductively heat 3‘@%% a&?ﬁéﬁh@%endi ng of the thermal bend acfuator, a
first cénnecting msatsad artuator pertipm snapssigirom therfirptactuaion peioB 4ed Privg i ons, a

second, CO””%&MV@I?'EP&%NEfﬁ&hﬁgﬂ_ﬁﬁaﬁgbﬂﬂle&lﬁwmiﬂveaﬂa;&ﬁp‘toﬁecond portigns, and
a torsion nenber c ed to and int.ercon econ
connecting 10 ne ggﬁwgegh?dﬁ%cgnﬁc}?’ﬁ%@?r%}%ﬁn\/\#éércé{ldn%gg%. act uat or
portion has at | easecandwomegtingimembertintercopngeting the firsy and sesond-pastiens; andg
menber i nt er conneglyi din meniter Eoupfarts amf intehdnhéckiang thiv Tt stend @8sdnd a6indering!

portions, and the second connecting nenber interconnecting second. fingers
of thel015 tmpembersng second act uat or portions. 3. The actuator of claim2
wherein each finger is provided with a tab and the respective connecting

menber is coppl ed 1@ JLififof Gtidt 1BRRdReih eABUCMAR pdrtiof BEs A éasneIspatied Gpatt M 3
wherein each_finger, has a flrstugg‘g)g?. and a%ﬁc%n% d%e, @n%ﬂta Ieucr)g ity of
tabs are prdinggegsahiissteonpeqtiog Wfcmardng é'&gg Ff’g o ?iaﬂ‘g% M%nd the
connect i ng netdatr postiohs ank thetseswnd connectingauenmber intergomsfectingseconddingerstofi the
fingerggof t M3 iR tion and a respective one of the tabs on .
t he fizaers %%{nﬁgéégg%on é{g{: tftellt or portion. 25 5. The actuator of claim4
wherei n the connecting nmenbers extend through the tabs of one of the

act uat or por’i.!on_smadcmaumfg:lﬂmMQﬁnam&qgaﬁeQmMmﬂQ@hmﬂ@ne of the
act uat or poréépmgfc%%c&gﬁeﬁb&qs&@M%mqsbamasﬁegw.ectl ng the ends of

respective pairs

20 4. . The actuator of claim 3 wherein each finger has a first edge and a second edge, and
a plurality of tabs are provided on the first edge and second edge of each finger, and the
connecting members extend between a respective one of the tabs on the fingers of the first
actuator portion and a respective one of the tabs on the fingers of the second actuator

portion.
25

5. The actuator of claim 4 wherein the connecting members extend through the tabs

of one of the actuator portions and have ends which are spaced from the said one of the

actuator portions, and a said torsion member interconnecting the ends of respective pairs of

the connecting members.
30

6. The actuator of claim 1 wherein the connecting members comprise connecting

rods.

7. The actuator of claim 1 wherein the torsion members comprise torsion bars.
35 o

8. A micro electro-mechanical device comprising:

a fluid chamber for containing a fluid, —_—

10 M



t he connecting nenbers. 30 6. The actuator of claiml| wherein the

connecti ng nenbers conprise connecting rods. 7. The actuator of claiml
wherein the torsion nenbers conprise torsion bars. 35 8. A mcro

el ect r o- mec N9 B287devi ce conpri si ng: 3 fluid chamber for ROHAYIKAOSRS o
fluid, 10 0011220 1 1ImErT i MSIHETE W 01/ 02287 _
PCT/ AUO0O/ 00588 -9 an outlet in the chanber for allowing exit of fluid from
t he chanber, a thermal bend actuator for dispensing£luid fromthe chanber

t hrough the outlet aperture, the thernmal bend actuator having a first
actuat or portion, 5 apoyietimthegbembarder dlopingexitgifhidifrpmdhe ehamber,r st
actuator portion ang thdmaliend ABkGE for Aispedii il EolOthe hihbep BiRGUghEhO butldie

thermal bend actuator. a firs onnecting nmenber interconnecting the first
and second pd¥P 'lbrﬁ’s,eﬁ!’ﬁr’ﬁa@gﬂ%ﬁ%“%%rﬁﬁ@@gi'ng member interconnecting the

first and second portions, alﬁdstacmmspmﬁonrenber coupled to and _
interconngcting the first angds§&neactuatbPpiach %J@&H%éﬁrs@&t&tm&ﬁieﬂ%ﬂce

of claim8 wherein each actuat.or portion has east t spaced apart
fingers, said first connecti 5‘“&@&‘{5{@@‘(% &aFW&er%PpﬁFH&é‘F‘glah?thhe

first and second actuator pecthatorpgs, and the second connecti ng nenber

I nt erconnecti ng second fi nge5%&E°&Q&mgc‘ﬁ5§5ﬁMfﬁﬁg&ﬂg%ﬁi§téﬁﬁsﬂ.9{‘ﬁ&gf‘{‘i ons.

20 10. The device of claim9 wherern e I nger 1I's pro ab and
the respective connecting nBo#@RS,i s coupled to the tab of each finger. 11.
The devite of claim 10 wher ehsecd8d bornetti mérfiberantticopiectitidthe find and seoadd
edge, and a plurality of taBérti@ﬁseaﬁ)J ovided on the first edge and second

edge of each finger, and the i .
a torsion member coupled to and interconnecting the first and second

connecting members.

15 9. The device of claim 8 wherein each actuator portion has at least two spaced apart
fingers, said first connecting member interconnecting first ﬁngers of the first and second
actuator portions, and the second connecting member interconnecting second fingers of the
first and second actuator portions.

20 10. The device of claim 9 wherein each finger is provided with a tab and the respective
connecting member is coupled to the tab of each finger.

11. The device of claim 10 wherein each finger has a first edge and a second edge, and
a plurality of tabs are provided on the first edge and second edge of each finger, and the

25 connecting members extend between a respective one of the tabs on the fingers of the first
actuator portion and a respective one of the tabs on the fingers of the second actuator
portion. '

12. The device of claim 11 wherein the connecting members extend through the tabs

30 of one of the actuator portions and have ends which are spaced from the said one of the
actuator portions, and a said torsion member interconnecting the ends of respective pairs of
the connecting members.

13. The device of claim 8 wherein the connecting members comprise connecting rods.
35

14. The device of claim 8 wherein the torsion members comprise torsion bars.
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25 connecting nenbers extend between a respective one of the tabs on the
fingers of the first actuator portion and a respective one of the tabs on
the fi ngeﬁioglf %J:}e second actuator portion. 12. The devipg@a®oohdsaé M 11
wherein t SRt i ng nmenbers extend through the tabs 30 of one of the
actuator portions and have ends whri d® -are spaced fromthe said one of the
actuator portions, and a said torsion nenber interconnecting the ends of
respective pairs of the connecting nenbers. 13. The device of claim8

wher el n the joNNeq}} g (EFGHS sGHUNih 88 (GARMPLkIARS iARs o pARid foutlin dlevi ce

of claim$8 erein Ion_menbers cqonprise torsion bars, 1L1111J
T11515 11 1 chamber apd moveablonpop PBHREHO e AU SFBHISR S0 3 roples of gl Hev i ce

of claim8 \HueK GeRhihteer tughtthe Acizlédperturencl udes a paddl e | ocated in the
chanber and noveabl e upon bending of the thermal actuator to eject a
droplet of liquid fromthe chanber through the nozzle aperture. 5 16. The
devi ce Bf cli&i m 8 Thhdeviderpfichim 8iveherain theshamber bap ety unpsy walhand theforsign sj on -
nenber is f Qe BVoRRRAGY debS¥iich sitdhltaBaBISWith Wetuppériirallufks chamber. of t he
chanber . 17%The g\g\?i ce(bg’:‘detél aim 12 wherein the gjglr)mecti ng nmenbers are
formed by deposition by first form ng an opening in the tabs provided on
one of the d@t uat Ghe gevidei ofickrim A3 whereitetho sonrieptingmembarsare fermed by deppsition

material isy (ﬁ?ﬁ?bﬁxﬁgg SRR i R 1593RbvIdkdasbrR BE thelabRatoRPeitiomsaaci ated
with the other of the t{Irst seco.gFY?%ctuat I .‘51%5 i ons .0 a§ t.0 et

i nt er cbfinectdepesitingeatenal 89 thatipe matroal is AEPoRieL T 1 RgRi8 BAL PR P8 or m
t he connect iassociaredivethsthe othethafithe first orsecond@tiuator pestibes s al to/mtegcanneqs thend

of s ol atuY Boriths h”*t’m“"“%ﬁggeﬁé’?#gw??ﬁ‘ (55 &6iérion ierltes dwmariny | o
ohacantiglfy sopdl Wit i Spoter il FF e Bhemneg

i connect gﬁr;g
of the ther pamegtionmembers haye a figg op
15 18. The device of claim 8 wherein the connecting members are provided intermediate
ends of the thermal bend actuator.
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