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THERMAL BEND ACTUATOR' FI ELD OF THE | NVENTI ON The present invention rel ates
to the fiwb®1R83681 cro el ectronechani cal devices such as i ngeggbo1Rjosdt € S-
The present invention will be described herein with reference to Mcro

El ectro Mechani ca nol ogy. However, it will be appreciated that
the i nvention doe Mﬂ H ‘ @ r appl | cat Lgns to other mcro

el ectro- nechani cal™"devi ce . mcro electro-mechani cal punps or mcro
el ectro- nechani cal noVé¥s: BACKGRQJND OF THE | NVENTION M cro

el ectr o- mechani cal "IMRROVED XHERMAL BEND A CPUATOR10 is
normal ly involve the creation of devices on the ~Cm (m cron) scale
utilising sem conductor fabrication techniques. For a recent review on

m cr o- nechanFEELDJOF I THE INVENTEONe i s nade to the article "The Broad Sweep
. of Integrated Mcro Systens" by S. Tom Pi craux and Paul J. MWhorter

pul s Oy i L o L R 20 A e B
devices in Wajdphs éﬂ%‘/_]ek gnﬁﬂerC(IEE’ fers&[f‘lﬁdr}i}h br P@l’é Bsﬁéﬁﬁbgﬁﬁgﬂaﬁn \ﬁlﬂ?f@&éﬁce%ny

fornms of ink jet ces are Va rent techniques on iIn
printing andMismddeeiteMedbanica inkjetiechinelogyi Howeverit wﬂbbe apeciatey thak tltehe

field, referencelsma a art cle by J Moore, "Non 20 |npact Printing:
| nt roduct i on!MYgAH w@%ﬁwa&% ?rsqpe ?th 1o @b%raamrslp %8}99 hamitAl geycesgqi t or s

R Dubeck and,g grﬁﬂ%&%lec eve Opeéall})uﬁﬁ%go('}rggi%)eiecﬁg alfmPegs f or m of i nk

jet printing een e present |cant which is
referred to as Mcro El ectro Mechani cal |nkjet (I\/EMJET) t echnol ogy. In one
form of the BAMKGREUNDOFIVHE INVENTEQBCt ed from an ink ejection nozzle
chanber utilising an electro nechanical actuator connected to a paddle or

pl unger whi ch nov rds t ection nqzzl e, of, the,chanber. for, ejection
D O e ook PR oAb niah s Posts 81 ooes
PCT/ AU014£€05§ lv U GEsi ('(%ntm sited as
a general? ﬁmﬁ {s]?(?\lg ayerog%zdg\?algrl &gﬁ’@“a@ﬁﬁéc a%lﬁs‘?? ormed and

t hen an uppecom:luntarfahimanem teehnigsesaForeawecaitiryvipl ananicioamechanivahdgvicespor t i on
of the cost of, a mahufactured w.n em cgonduct or, _manuf 83/[‘6’“ ng tecgyl gues
Bk

devi ce depen¥rdeigace isanadeip the asticle o The Broad Syeep of Integrated Micep Pystemsdwis-ed
during fabri ggh BiRrauRadd Paiid. MEVALIR PubRihed BRAEADE: 198%5H PRl dpedifififlat © €

pages 24 to 33.

15 One form of micro electro-mechanical devices in popular use are ink jet
printing devices in which ink is ejected from an ink ejection nozzle chamber. Many

forms of ink jet devices are known.

Many different techniques on ink jet printing and associated devices have been
invented. For a survey of the field, reference is made to an article by J Moore, “Non-
20 Impact Printing: Introduction and Historical Perspective”, Output Hard Copy Devices,
Editors R Dubeck and S Sherr, pages 207 - 220 (1988).

Recently, a new form of ink jet printing has been developed by the present
applicant, which is referred to as Micro Electro Mechanical Inkjet (MEMIET)
technology. In one form of the MEMIJET technology, ink is ejected from an ink

25  ejection nozzle chamber utilising an electro mechanical actuator connected to a paddle

or plunger which moves towards the ejection nozzle of the chamber for ejection of
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drops of ink from the ejection nozzle chamber.



deposi ted reduces the cost of the device. The efficiency of the thermal
actuator is roughly inversely proportional to the nass of the actuator

mat eri al . uator arnms need to have a certain stiffnegsy 10

St ffnesswg)f {8 e arns can be maintained whil st decreasing rras/‘ds‘#&t/@g@l
~efficiency of the actuator can be inproved. The present invention, in
preferred fornms, ains to address either ap_both of these issues. SUMVARY OF
THE | NVENTI ON 15 In one aspect of the invention there is provided a thernal
actuator which ma VIGH ' S : EEHS rm
sets being deposi %tg flei n a%ﬁ%#é%%&@ﬁ%ﬁ S ascc{?p{é%%ggg%} avr?jlng%aelﬁarrrs
arranged in aimplelageres baupificiag sparinglayerAcformed agd sheniah upper @mie depdsited as
invention provides a thermal actuator for micro mechanical or mcro

el ect r o- mecharicaenallyplanaelayer he act uator including: 20 a supporting
_Substrate, an actuator extension portion, at |east one first armattached
at a first end the e | . t he
extension porti on,Asﬁior%pl%F&s{h %tﬁﬁ]ggcés:i ﬁ%gén%agfﬁg%@ \?ﬁx%a%g&c%?@uéggr conductively

heatabl e, 5 WankidchadGIecthidied d&vi0d d&iehaslomthe nater 6N&paRETAgera Fefuatd & hed
at a first end to the supporting substrate and at a second end to the

ext ensi on poPeidsposited dusag Hbaicalion. Befvweing heawmbspaf seppragniaysre that pesd tarbe

the first ar I i se .to undergo thermal expansion, thereby
causing the a@g?ﬁéé@gg@c{urgé‘{;%.gﬂgstéﬂ]x%r%gmteb t he extension portion, and
wherein, in plan view, said at |east one first armand said at | east one

second arm do not Theafficibncy of the thefndl AdcRiatde & roaghly ieversthepioprtionhiabehd S
provi ded a thermal actuator having at | east one of the upper and | ower arns

i ncl udi ng st im3s of thy agkates materighcEher agtuaipriamas sesshinchaye p cetain stiffessi ithent i on
i d t heg f i G i cal . i .
bl ot r o cnAnigs ATt 248 cap BE RthRe FRIRHCERerigE mios, 'k effciepry of he

substrate, anch@iotduPbe miprehed.on portion, at |east one first arm at t ached

at a first end thereof to the substrate and at 15 a second end to the

extension portion, the first armbeing arranged, in use, to
The present invention, in preferred forms, aims to address either or both of

D

these issues.
SUMMARY OF THE INVENTION

15 In one aspect of the invention there is provided a thermal actuator which may
be manufactured with material for upper and lower arm sets being deposited in a single

step. This is achieved by having the arms arranged in a non-overlapping manner.

Accordingly, in one aspect the invention provides a thermal actuator for micro

mechanical or micro electro-mechanical devices, the actuator including:
20 a supporting substrate,
an actuator extension portion,

at least one first arm attached at a first end thereof to the substrate and at
a second end to the extension portion, the first arm being arranged, in use, to

be conductively heatable,



-

be conductively heatable, at |east one second armattached at a first end
to the supporting substrate and at a second end to the extension portion,

t he secon@,oq,rl)ghggi ng spaced apart fromthe first arm 20 t /I\bﬁﬁ(fostﬁrm

bei ng arranged, 1 n use, to undergo thermal expansion, thereby causing the
actuator to apply a force to the extension portion, and wherein, in
transverse cross-section, at |east one of gthe first armand the second arm
are non-planar. In transverse cross-section both the first and second arns
may be non-pl anar. - / t OF ferably
i ncludes two first arvn\ﬁglg’%%gﬁ %?%gpﬁﬁ%ﬁ%@éﬁggéféaﬂgﬁ t?‘%é&@)é)g%nr%{uéﬁtﬁatﬁnd
preferably incl udeand by £ecomdaiitoahd®xtetidoibpition, thd Sdcofi® Aidh Béihi spe@f Upper
and lower arms are within the scope of the'invention. The at |east one
first armand at | apat fremdhe Siss@emar m nay be spaced 5 transversely rel ative
to each other and preferably in plan view do not overlap. The edges of the

first and second arms SPeRCuit iR rirkel KRS uRISIEwet R GoBIRE ' 17

preferably has a ceierety cabsingieldctuat@ea bpsly bFoie8 €o fhe@RteRbioh PerdaNamn pl ane
and the second armpreferably has a centre of inertia |locatéd to the other

side of the 1o common plane, In transverse cross-section the at |east one
first arm and/or t M&en,isalan view, seidbasdenshons finglarmand sgid atdeastions ssoend on
extendi ng a f ther arm The edge portion may extend inwardly. In
transverse \é\%sdgglg%:{)‘ltkglﬁst he at |east one first armor the at |east one
second 15 arm or both, max have a U, V, Cor Wprofile. In a third aspect
of the invention Theseond ageoybithe itvefibhitereds providddarthefmhal Gc@alod RAvIRg
actuator in which material for upper and | ower arns is deposited in a

si ngl e st ep. alleasoae fthg upperandJowsyems ingluding stiffening msanssr ovi des a net hod
of formng a 20 thermal actuator including the steps of a) depositing a

of sacri10ci ol mat Accafily SRcEA FoesPor tIF RS Potas! F it RRYa ™ 0)

deposi ting amicotmiedhanicilosrhiog ¢lesttr-methanivabdévidespie aetub@r frichflinggnd

a supporting substrate,
an actuator extension portion,

at least one first arm attached at a first end thereof to the substrate and at
15 a second end to the extension portion, the first arm being arranged, in use, to

be conductively heatable,

at least one second arm attached at a first end to the supporting substrate
and at a second end to the extension portion, the second arm being spaced

apart from the first arm,

20 the first arm being arranged, in use, to undergo thermal expansion,

thereby causing the actuator to apply a force to the extension portion, and

wherein, in transverse cross-section, at least one of the first arm and the

second arm are non-planar.

In transverse cross-section both the first and second arms may be non-planar.



25 second | ayers of sacrificial layers; and WD 01/83363 -5 PCT/ AUO1/ 00501
d) .sel ectively renoving portions of the actuator formng material to form
at | east wom1fsbiedt arm deposited on the first layer and atpd@a661/086 Second
arm deposited on at |east part of the second |layer. Step b) may I nclude
depositing one or nore additional |ayers of sacrificial 5 material on

sel ected parts of the second | ayer. The additional |ayer or |ayers nay be
deposited on only part of the second |layer. The at |east one first armso
formed may be pl anghe émadPpRESARY indlhtek RO FiYE aRRs El%&?i%%l%&éréﬁhn@ﬁ@dﬁf

| east one first armor the at | eaSt one second arm or both, may have 10 a
.UV, C or Whersefdridssndiind prefprably inelpdésahrbesesindedms.dlowester, othan f or med, t he
transverse edges, of. the at |east one first armlie in first, plane and the
transverse eﬁ%@é‘“ﬁ?mﬁw‘g“&’?q @gé?w%@“@@%w&ﬁ‘é‘rt P"?%’eioﬁﬁ'&@@%’t‘?&' pl ane. The
. first and second planes may lie in a common plane. 15 In plan view the at

| east one Tirst armgaehiend ik 87 @ BFIcAR GAE kAR LR i) (RIpRRICT Y DE
spaced transversely to each other. In plan view when there are at |east two
first or $ectmukvarsely relativatoeachlother amd prefdrably ireplan eiesv dedoteoveddp.nent s, an

i nproved thermal bend actuator is fornmed 20 through the depositing and
etching of a nunber, of .| ayers wth the tuator .arnms bejng in the formof a
corrugated or non Epﬁﬁdoﬁesso? m?ﬁatr@dssﬁc %fBlSﬁ?%y\hedecartﬁffl%w@ae’éalagﬁ ff ness
in the bending direction. The corrugated titaniumnitride |ayer of the
thermal bend act uamereédgt@_fofﬂ@qiratanhls&d}ﬁa'iﬁl@afé%éatédfﬂw&ﬁﬁmhﬁlag&% and
in a nunber of enbodinments is of such a nature that the maski ng edges occur
on the sane firsiaem prefgrablydfis awentre dfsinertiallocathgite one kide lof thei comirhamplane hiyd

wi thin the depth of, held pf t epper process. It _is_inportant that the
arns of an aﬁ{)eéﬁ??ﬂd Wegeﬂ‘?‘ﬁ Eqseﬁ&ngr iof fneziaslopaed tasthy r‘T’B]?E gideQftheror o
given stif negamoh®iflef | ci ency of the thernmal actuator is roughly WO

01/ 83363 PCT/ AU01/ 00501 -6 inversely proportional to the mass of the
actuator material. The utilization of a corrugated or non-planar structure
provi des for i nproletansversé amss-sectian dut atdé¢ast oesfifsbarmpaml/orcthe tteastehe nass.

The corrugations,achi eve hi ghey stiffness w thout increasing t

t hi ckness an&%Rd F%Pﬁyﬁeaaﬁ%%héaewgﬂim‘s?“%@qw ayfromdhs qtiefqﬁ?@. Bﬁ%ﬁiﬁ‘es an
overall 5 ingpRRa&nd x?érfdiﬁ{vﬁlzﬁ))f- CGeneral l'y, sinulations indicate
efficiency increases of aroun

In transverse cross-section the at least one first arm or the at least one second

15  arm, or both, may have a U, V, C or W profile.

In a third aspect of the invention there is provided a method of manufacturing a
thermal actuator in which material for upper and lower arms is deposited in a single

step.

Accordingly a third aspect of the invention provides a method of forming a

20 thermal actuator including the steps of:
a) depositing a first layer of sacrificial material;

b) depositing at least a second layer of sacrificial material on a selected part

or parts of the first layer;

c) depositing an actuator forming layer of material over the first and

25 second layers of sacrificial layers; and



50% are possible. In the preferred enbodi nent, a thermal bend actuator is
formed by the deposition of a single layer of titaniumnitride so as to

f orm spacg@-3gades actuator arns which do not coincide in gpMekbédikoP! ane.
The advantage of utilising a single |layer of 10 out of plane actuator is
that the nunber of |ayers to be deposited and patterned in the structure
are substantially reduced. BRI EF DESCRI PTIsON OF THE DRAW NGS

Not wi t hst andi ng any other forns which may fall within the scope of the
present inventiongpre : i i bl [ hed,
by way of exanpl ed)15 o%ﬁé‘?ﬂvé\}){ %ﬁﬁ%gpegﬁggnét%fw?ﬂ%&g%g%%% n%tplz?lggmfﬁgls? in
“which: Fig. 1 shows, i teastdnerfirsi arnf depositdden thp irsttlayen and atdessh enevsdcoindnd

“actuator ink jet printing .device; Fig. 2 sh a pl vi ew of thermal bend
actuator of a first en%%ﬂ?@?ﬂ‘“i@@h’&ﬂ%&%%ﬁ”&ﬁ%ﬁ 3 shows a
_cross-section of a thermal bend actuator of the first enbodi nent of the
invention; Fig. 4 5 ; : of a
second enbodi ment §$®‘t'l§exﬂ?3ﬁ\5}g%§?gﬁg&gﬁgdﬁfg@%&&g&g&%ﬁ@g@gﬁq&gﬁ&g@a

t her mal b&nd nmtdrish bnisclacted pakitsiof the s¢doadlayest 25 enbodi nent partway through
t he manufacturing process; Fig. 6 shows a cross-section of a thermal bend
actuator according,to the sciciond epbodi nent part, t hrough § he

manuf act uri ng pr oc44€ additignal lgyer g1 jayersanay agitedausdy past g the seqandst r at es
a sectional ylgw through a portion of a nozzle chanber which is forned

sinmul taneously with the formation of the thermal bend actuator. DESCRI PTI ON
OF PREFERRED AND OTHER EMBODI MENTS The basic operational principles of a

| i qui d section whi Jheat lepstons fiasttanmsodorniedanayibe planateorinos planiat. Ip eragsvptsai ned
with reference to Fig.,1. It is o be understood that the thermal actuator
of ' the 1 nenERHSrauioRspe et o fit A OF fhec lgas OngAPEPTS Y PERPITRERAYE A
shown infigad, ’t@gf]wn'gﬁﬁﬁg.ovi ded an ink ejection arrangenent 1 which
conprises a nozzle chanber 2 which is normally filled with ink so as to
forma neniscus 10 around an ink ejection nozzle 11 having a raised rim
The ink within theThelales mapbbdepaitedsdlthat, shep forneed, the transvessecddgesdf theippl y

channel 3. The ink is ejected froma nozzle chanber by nmeans of a thernal
act Uator 2 wht lAstione Hrehahyie in adrElnecnddhe ansvass £es oS dn & Tenst ange

thermal act Ugt o d armHERh la$6conWarR. The first Andkdcddnd Bﬁnpé)ﬁﬁigﬁb?ﬁ gb&n&%hng .
i nterconnected to an el ectrical” current source so as to provide conductive
heating of tiplankottom arm 9. Wen it is desired to eject a drop from 15 the

nozzl e .chanber 2, the bottomarm9 is heated so as to cause rapid expansi on
of this arm9 relative to the t arm 8. The rapi d expansion in turn causes
a rapid dpward rmvi‘FrBﬁ‘PVb‘fw eﬂtféato?’?f%%ﬁr{nrﬁ“ﬁl ‘I’lé“ﬁ%ﬁfp%s%’ﬁéﬁlrﬁ‘@i‘m?y Thi s
initial nnveré'@@ltlap\fﬁqﬁﬁfb@spat?é&jﬂlﬁ%fséﬁt@) BechSRR&. 1 N pressure within the

2 iC [ to

nozzl e chanber Inturn causes i nk

In plan view when there are at least two first or second arms the arms

alternate.

In the preferred embodiments, an improved thermal bend actuator is formed
20 through the depositing and etching of a number of layers with the actuator arms being
in the form of a corrugated or non planar structure so as to provide for increased
stiffness in the bending direction. The corrugated titanium nitride layer of the thermal
bend actuator is defined utilising standard lithographic steps and in a number of
embodiments is of such a nature that the masking edges occur on the same planar layer

25  such that all edges will be simultaneously within the depth of field of a stepper process.

It is important that the arms of an actuator have sufficient stiffness to avoid -

buckling. For a given stiffness the efficiency of the thermal actuator is roughly



flow out of the nozzle 11 causing the neniscus 10 to bul ge. Subsequently,
the current 20 to the heater 9 is turned off so as to cause the paddle 5 to
begin to Hig33dz0 its. original position. This results i dodyt | al
decr ease Wg’ttae pressure within the nozzl e chanber 2. Theq;cgrr/‘\%g% nonent um
of the ink outside the nozzle rim11l results in a necking and breaki ng of
the nmeni scus so as to forma neniscus and a bubble of ink 18. The bubble 18
continues forward onto the ink print nmediumas the paddle returns 2S toward
its rest stat; j e [ . in Fig. 1,
drawi ng i nk tﬁg‘ﬁgﬁg&g?&gﬁgﬁg&?ﬁ&?% §f§g@§ﬁg§8}é§&§1§9&§@é§g@£§m§ e chamber
.2 forms an apefrup#ted brmoipliarshactsdpioides forlimpydvel] sBIfAdHR cha@@BristiRe F6r a
between. Figs. 2 and 3 show a first enbodi nent of a thernal bend actuator

accor di ng t o &Y thermahmass The copugations sgfievep hiple stiffpessoptiout neecagingbe or
has two | ower, a 2 28 and three upper.arns. 23,25 and, 26. Al|l..of the
arms are 1 or b eams atd mefehyngeistig e BRERA B Ban AeyRtief i atirel “cr oo
arm 32. Ag bafdresRen effitidnicy. GeherdIRSsigfilffond indidie SBRROCPRR rdaQWRIF affull_ ar e
| ocated in a comon pl ane 33. However, the lower arms 27, 28 are configured
so as to ext ) amglpossiblse 5 common pl ane 33 whil st upper arms 23, 25, 26
extend above the common plane. The result is that the | ongitudinal centre

of inertia for th er.ar .S ;above the an 3 .and .t he lLongitudinal
centre of inerti aﬁpgl%o?rﬁge egs\ﬁ&bog\%’iasthﬁﬁﬁb?ﬁ?‘ﬁﬁc qtgx;gé,fo%gec%y&ﬁ%at ed by
lines 34 and Rpodi8GPELCA sikgle Yayer Btifahigh Fiftide s30as 16 forff spab&i-hMeictdidanas
sel ectively connected to an el ectrical power 1o source whi ch causes current
to pass. frorwhiehdo ot oimaideingeeerticalplie.aht advantagsofutilisingzssifgle layecef
versa), causin i stive heati of .ar 2T an 8. The free ends 38, 39,
%0 of ar 0 5$1% of Bika hinlinri Bhay ik i G815 e AsopsfS pad SilieBiEein B

circuit so Cugfgfite &0 88bstattiafly Aubed.0 them Thus, the arns 23, 25, 26 are
not heated and do not expand.” Ends 36, 37, 38, 39 and 40 are secured to an

anchor bl ock (not shown) so the thermal i5 expansion in the |ength of the

| oner arns 2BRHEF DE ION OFFHEDIRA ing of the actuator as a

whol e about the anchor block. This, in turn, causes novenent of whatever
devi ce, such as an;in jection ddle. is.connegcted. t.0.the actpator. |
cross-section out 0‘%(551?35‘&@"%?1‘9 %erﬁ[’lgggs g'%icgrff‘?%fahh‘&ﬂﬁcﬁfm §ﬁ°pf)8£ﬁiedﬁesﬂ nd
two downwar dlifventb, stefeied ToinsOdtSthe nvenhibs il o e 3B, by albdyofdxumphy ds
to the 20 comon plane 33. The central arm 25 has, in cross section, two
out er pori5i orenlyl avithrreference tathe acoompeanying dea®ingshin which:i nner portions 45
extend symetrically outwards and upwards rel ative to each other and the
centre liné of the.arm,25. The,outer.porkians 44 then extend.downwardly and
outwardly relativd®d %S MSPrmae fp?grpt {h&?geﬁago%gfgﬂ}fr?lgletfeng aﬁtBﬁli%f‘T&z‘ t

pl ane 33. Thq,ﬁn\ﬁagh@aieg; arns 27 'and 28 are identical and include a central
portion 46 |ocated in the common plane 33, two internediate portions 47
ext endi ng downwardly fromthe central portion 46 and then two outer
portions 48 extendii&g shewes-aiplan tview Bk theemeldeng [agtwatog of a firsiendhodgegs f tise
PCT/ AUO1/ 005%vention; :

20 Fig. 3 shows a cross-section of a thermal bend actuator of the first embodiment of

the invention;

Fig. 4 shows a cross-section of a thermal bend actuator of a second embodiment

of the invention;

Fig. 5 shows a cross-section of a thermal bend actuator according to the first

25  embodiment partway through the manufacturing process;

Fig. 6 shows a cross-section of a thermal bend actuator according to the second

embodiment partway through the manufacturing process; and



The two | ower arnms 27 and 28 are spaced equal |y between the central upper
arm 25 and the outer arns 26 and 23 respectively so that arm25 lies in the
centre ofyfiRsessuator as a whole. The total cross secti onghya @1%09(¥1 t he
three upper arnms 23, 25 and 26 is equal to the total cross sectional area
of the two lower arns 27 and 28, but this is not 5 essential. It will be
appreci ated that the non planar arnms have-a greater stiffness and hence
resi stance to bending conpared to arnms of the sane cross sectional area.

Fig. 4 shows a cr Gl Gﬂhﬁr'}rlgﬂ iﬂ&%ﬁ‘l%n' | .
provi ded three upg§7§§n§5&a%r%€ogte&o q%ggv\%r ar .ql nop aérlﬁv%{gg\%vﬁ%éaﬁér%ﬁgﬁm
_confi gur at i offomiedtsimuleanssusiyswith ehefohpitivntof #d thednitd beiaetiasorf hat shown in
Fig. 2 for the first enbodinment. The 10 enbodi nent of Fig. 4 only differs

in the cross ' | nrofil f the er _and | ower arns. The outer upper
“arms 80 and ﬁ%wm@&m%g% PEBER EMBODEVMENTS 1 r st

enbodi nent. The central upper arm82 is also simlar to the outer arns 23
and 26 of the fir sty gy : d . | 3 : ] t wo
outwardl'y and 15 doiewatgPpoauohd phinBbles of 1 EER BhicAIINAT iy

common pl &ne asfiator devitd wilbke explaided With réferenet ¢ Rigol. Tt ido benhdattopdtat the 85
of arm82 is greater than that of the two outer arns 80 and 81, but this is
not essenti alt atyaterpfdhe mypationsis et Hmjted &0 nedn spehuliquid ejeptipnsdeyicesi on,

if desired. T, : ¢ . ,,?5]%% r 'gr%'l f the first
enbodi ment but h%%@lg%% lt@% rggg%or |a§ﬁpﬁfﬁ§§%a ,g{tﬁﬁ%ﬂgrrlggg'ﬁﬁpgﬁglpg St end
i nwar dl y and nodexieshamiber 2f wiioh iswormaliytitied haihen So kotofofh athdrisch$ 1€ bround
portions 87 which extend outwardly and downwardly fromthe comon pl ane 33

to forma W Shdpecieotion ngzzledddwning asrised tignlde ink withinghe nezzde chamber 3ds shown
in Figs. 4 a'}gsuiipliéﬁﬁyﬁgﬁﬁc{f?xﬁ]k%w aﬁﬁ‘él%d stiffness in the thermal bend
(o

actuator w thout®*i1ncreasing the I"ckness “of 25 .the | ayer through the
corrugated nature of the actuator arns and reduces the occurrence of

buckl i ng dur iThg inlpBrefdctealfrarh atridezle thambir gy thet ofal thérnad AGaLteL!7 whickiis
actuator with planar arns of the sanme total cross sectional area. This

al | ows t he crigadly intercomesteddp anozzln paddie § Thathermalacwator d eoapasesdwo arms

i ncreasi ng efd ipGl: gl i s, al 1/,83363 -10

per aup1 godt oSt ik beltip 36 el lleorReti o an G BRERA spitSe sn iy,
Wi th or w t hqubvide coductivetivating 6Phe.bodemalrin 9. Wh&ig &sdesired tojétP R AropPRéim
| ower arns are in the sane plane, this provides for an increase inthe

exposur e 1r edhanezaleahgmber 2iihe bottora arm Ads heatedaas tacawserapig expamsiogief thik oser

t oget her tha .be. ok h | se sible or to utilise equipyent having a
snmal | er dept WF ﬂé‘%%%@&%?@%&?ﬁé‘q@égﬁ’ﬁi g ecr?}l%eﬁgrrgﬁggl_l’g a
depth of fi elmovemeaper thy paddle s Yvithif the iozele Thambeér 20thid inkial mdvembht/cali®s a
expl ai ned below, this also allows, in preferred enbodi nents for a

sinplified maHbftentialincragsepincpressyre within she nozale chamiber 2 whichda tamcaedes inketas of
t he upper and| rear s in t.he two to enbodinents,arg.simlar,. it is to be
appr eci at ed ng x\@ﬁéﬁ?ﬁ&o Es]t‘}acﬁé@mg Itlgsrgelgéqﬂsilgﬁoﬁyplgga@psgﬂw@y, thepurent oss
sect i onalzoar @4 thesheaRk 9G4 tutndddff §Pad LRAuRAShS PRIAIP B b Fo RfurA tdiObSifaNd
about an axis vertically distant fromthe axis about Wwhich the | ower arns

bend. Furt herpofiionskhis rsulitiipcassubstantid deeneaserin dieepressuye witkinithe mozztenmon
pl ane, this ig_npt eptial, 15 1pn bo of, the. enbodi nent s .descr.i bed the
effective no ﬁ?’gﬁﬁfﬁgg?ﬁwfﬁmpﬁpg‘}%gt%ﬂnk bliSid8 M Soae Tk 11 FosEls B

necking and breaking of the meniscus so as to form a meniscus and a bubble of ink 18.

The bubble 18 continues forward onto the ink print medium as the paddle returns

25  toward its rest state. The meniscus then returns to the position shown in Fig. 1, drawing
ink past the paddle 5 in to the chamber 2. The wall of the chamber 2 forms an aperture
in which the paddle 5 sits with a small gap there between.

Figs. 2 and 3 show a first embodiment of a thermal bend actuator according to the

invention.



the, upper arns is preferably equal to that of the lower arns for optinum
efficiency. However, this is not essential and the effective nonent of
inertia awe/ orsssgdss of the two sets of arns may be differepdpatioydsi tion
the centres of inertia of the two sets of arnms may be at unequal distances
fromthe comon plane 33. 20 It is also to be appreciated that the
invention is not limted to the nunber of-8pper arns being in a ratio of
3:2 to the nunber of |ower arns. For exanple, without limting the scope of
the inventi OThe adtub® had twd BwePartns, 47 25drRl thfee APpalirMs wagfaﬁ&tzer&u%mehe
t hermal band actuator according to the invention wll be ‘described wit
.reference t oagnhgare fermgibasa uritachstalcbue and arsgoined by am integralccrpssrarindl y
fabricated i nk 25 ejection device utilising a thermal band actuator

accordi ng to e first enbodi ment . FEi shows fabricated
oheral " Deng Astestichs in FE0R heEites oF it nobefiiiloR A ik Rbied im & cofiioir | on
The process @laaessoﬁowavetfaeuma aeﬁlstzhezé me%bnﬁg\ﬂeés&m RIEAQPLITN are

the sane and’it is only the design of the masks used that differentiate the

end produét . Conmmmamhﬂﬂllppmw%lm%rxmﬂ@bove@emmﬁlog pla‘ne The
manuf act uri ng_st.e r e formation _of the thermal bend | ude
the fol I owi nS été%ﬁw{% Wga%qfén%f‘%g?f HE%PH’@SFI?E 6Pl 25
el ectrical cqopilion i eaﬁref&rlﬂaﬁa?&%@mer%ﬁ? 1s'%eic}vl7 e pléHe! hd fnqcaIed
|l ayer 22 is deposited and etched to forma generall anar spacer | ayer.

The | ayer 22 biydinps 34 endB5 yespenivelyt ed as a 2 mcrons th| ck layer of
phot oi mageabl e pol yam de (Pl) by spinning on the | ayer. The layer is then

dth h f I d d t
nexposed r odBEHESAEE e of S IONER SIS B8 P eGP ORRISD 1 S power p
shrinks g 1gb@c8wWhiditabfsCeRHSo smeﬁ%ﬁQeI fne&éfoﬁg &hf32 htBBEn fdo b

deposited on selected areas of the first layef In the same manner as step
2, but utili £Bdgr \@icdi&féf&@); eausingeredistivetheating oinatmis 27 and 28. Thefreatds 885 2dOover

aII of the first S I dso as to hav p bet ween portions.
& baki ng. t n¥ Brms 2435, Bhteshaeevalis far Souncr Y dpBomieal cigpikeo bt do
wal I s whi ch h W I on

ei t her side O?Qs If:lée*qgogﬂlsrﬁ(%g{é %uﬁz&ld%%ggst ég%tsﬁk% ;a?gtdgﬁg%ﬁdégdhaw ng
m ni mal w dt Ends 36)87, BEIEM are sécurdttofanranthdrdjeok (At shdowdsetheitherhml t 0 be

appreciated that- the aps may have a significant wdth at the jnt erface
with the 1fi r SEPANgiALIn 4>f the lower rand; 28 rgsulisdg ap upwagdbending of

deposi ted ontyf, §é§$a‘?&t£da \Qﬁcflé‘ab&ft thd ShcASCRBCC TRIE bn fin, ' Bude@ lBE e ! -

Agai n the edges becone angled upon a Ing In er as in ep 2;
5. A singl e Gvhafever device, sachets ahfinlte]eaﬁbmpmﬁld,Iﬂdﬂ)ﬁnécﬁed&)thélﬁct‘tuﬁmOSI ted to
cover all of the exposed first, second and third sacrificial | ayers 21, 22,

23. The titagium 25 njtride Ia gr@ d;?éj en et che known nmeans to renove
mat eri al bet WREPS-HEFtiOR 08ty apm 1 IE Foen %@1 R%ﬁ“f‘ﬁ%‘déf’%?s and

he |
E?Eéiré‘e&?orﬁﬁﬁwﬁxéﬁe@nﬂgﬁ%&g‘é?gmﬁﬁgﬁfe i A A

desi gn i reopr eoemmeon Hbmp33.

The central arm 25 has, in cross section, two outer portions 44 and two inner portions

45. The two inner portions 45 extend symmetrically outwards and upwards relative to

each other and the centre line of the arm 25. The outer portions 44 then extend

downwardly and outwardly relative to the two inner portions to extend to the common
25  plane 33.

The two lower arms 27 “and 28 are identical and include a central portion 46 located in

' the common plane 33, two intermediate portions 47 extending downwardly from the
central portion 46 and then two outer portions 48 extending upwardly to the common
plane 33.



WD 01/ 83363 -12 PCT/ AUD1/ 00501 6. A fourth sacrificial layer 59 of 6 micron
thickness is then deposited so as to forma sacrificial structure for a
nozzl e chgplffesses’- A 1 micron layer of dielectric materiap 1,19 t he
nozzl e chanber 2, is deposited; 8. Subsequently, a 1 MCronCﬁégse@{Ong
sacrificial material conmprising the fifth sacrificial layer (not shown) is
deposited; 9. A subsequent |ayer (not shawn) is also deposited to forma
nozzle rirn, with the etch preferably being an ani sotropic etch so as to

| eave a thi nTREEAb fovdr Bl 29 Ghit b8 aff Eéhég} 1 &n HARRET

nozzl e guard structurerapzlot sc‘,lhom), éli’?l re ?]rgg,&ﬂesnattacﬁed'lpi)%#ﬁ]ezﬁ
_substrate. Thanad theauiter ayma 2§ and 28 c¢speativehysdrbat arohe?feliekdn tthe/cemtre b thechi ned to

mate with the substra{)\&;ﬁ 1Jr The nozzle guard is then affixed to
UV- sensi t i ve 38R0E aye Whajse The sotalpress errtisnakares of thethisn uppariamas 2Ha$ and 26

segrent s and P o EORAERR Pt o 6B ) kb o8, e ik AR

and 13. the lebséntislpk will behppreedapashat thondi ﬁllahmmslav«oa pRAE &iffites and
adhesi veness _and to | eave 1 ndividual printhead segnents which can be picked

and pl aced f beneeastistance tpbendiag spapared te amassoftthe same enepusectional prea. | ayer for
both sets of arnms is laid down 20 in one step. This results in a reduction
in the proce t red.to |44 ] dal . . S of

s Scquent Lo Ty o BERREdion Y REokd ibb th iniciPhnet e bR iR

only |im t edubyertdids and twalowerfarth§dn pladppew thesmfighhton BOR a8he the
si mul taneously formboth the therpmal bend actuator and the nozzl e chanber

and paddl e. FSepstantialiprhe same asiteat shown ieFig. 2 fordhe first smbediment, Be of the 25
Forreq (e crmeofyal ob e (RERIGER n BCUR SveH fopthor b il sl °

etched as ar@rhéie second 57 and third 58 sacrificial layers. On top of the
sacrificial |ayers is deposited a WD 01/83363 PCT/ AU01/ 00501 -13~
titaniumnitride |ayer 60, which includes portions formng the paddle as
wel | as the dheQutespPpo asmp8Band Al havaihe same prafile as anms 23 and 26ofitke fiesposi t ed

and et ched. ' ' 0 e tEiC. i is d sit ed

and etched s gmgéd{ngen;?r'ﬂr% \@ﬁfe}alﬁ‘ﬁ)f g’l- %h’éggfr‘?baggro Sbé’@ég{o tgéﬁ%@%é‘{l}gr@ I %Pfa%h%f '
sacrificial keykisperabodifleaitindh@ibasecential porlich RhewbRdatwAaN sng@t uat or and.
simul taneously rel ease the paddle structure. It would be appreciated by a

person s$KP| | dewnwardiyextending portionsrihinhdesminatgtat thescommon plane 33. It will be
noted that the width of the central portion 85 of arm 82 is greater than that of the two

outer arms 80 and 81, but this is not essential and all three upper arms may be identical

in cross section, if desired.

The two lower arms 83 and 84 are similar to those of the first embodiment but lack a
20 central portion. Instead, outer portions 86 extend inwardly and downwardly from the
common plane 33 to meet with inner portions 87 which extend outwardly and

downwardly from the common plane 33 to form a W shape.

The arrangement of actuator arm cross-sections, as shown in Figs. 2 and 3, provides for
an increased stiffness in the thermal bend actuator without increasing the thickness of
25  the layer through the corrugated nature of the actuator arms and reduces the occurrence
of buckling during operation of the thermal bend actuator compared to an actuator with
planar arms of the same total cross sectional area. This allows the cross sectional area,

and hence mass, to be reduced, so increasing efficiency. In addition this allows



and/ or nodifications nmay be nade to the present invention as shown in the
speci fic enbodi nent without departing fromthe spirit or scope of the

i nvent i onwgo1RsRadl y described. The present enbodinent is,pdhgiiEa to be
considered in all respects to be 1o illustrative and not restrictive. WO
01/ 83363 -14 The C ai ns: PCT/ AU0O1/ 00501 1. A thermal actuator for mcro
mechani cal or mcro el ectro-nechani cal dew<ces, the actuator including: a)
a supporting substrate, 5 b) an actuator extension portion, c) at |east one
el ongat e fir sfiffAdsiabé Afch@ledio rBdide'thd ik BuRREAS fwitiPor Wighout & Y&Hkfigh & and

at a second end to the extension portion, the first arm being arranged, in
-use, to be comdsicti vely heatable, d) at |east one el ongate second arm
attached at a first end to the supporting 1lo substrate and at a second end

to the ext t h bei fromthe first
arm the at PATRGRAER L che Gt By ke BBRSEE BB s GRS el e
expansi on, t ReheRY if BeTxPosurd SreBikionHna allbRs Bithtrthadt@ft6Cark 6 BEbRMERNS! ON

portion, and wherein, in transverse cross-section, at |east one o The at
| east one5fi lcklselatng&thml:hamwoatd eotheraise pmmbbenwdnhsemqamlmha\phgaar 2.

An actuator of m,1 I n transverse cfross-section, h t f| rst
o cenand afmaiey Hb?#vﬁﬁgﬁapder@ SteRReT AP {RLReGE Ofen Blt’eé‘i‘tﬁ? Qv eRpih

| east one fifgh BW A5 hidshs) A3aAEAN A BALBIARAGRIW HRSIE' S¢! y
relative to eaclr)tﬁot er g ., In p an%waew 0 not over ap Q Tﬁe

actuat or of allawspii préfemred embdthentarfen/aasm@hﬁdgamnufacmlmagfpmceks and second

arns are located in a common pl ane. WO 01/83363 -15 PCT/ AU01/ 00501 5. The

act uat or of m 4 wherein the first armhas a centre of ertia | ocated
to one side @t’ﬁ%"%‘&@ﬁwsbﬁﬁﬁ%@n%ﬂﬂs thenpREE %W‘?é?na“{‘é ™ of inertia

| ocated g t RgmehitfdntShdSimilarl 11 5s YT Prel]atidfihatihe éihc@gﬂdﬁ@té?ﬁssﬁfectﬁ;ﬂf“ 1

wherein, in transverse cross-section, f| rst armor a 5 second arm
i ncl udes an edclearpoott totah cross sevtional amaaynbtrmnca]m longlasthefuppdnmrmsmad and .
first arm 7. The act ator of, claim6. wherein, in_ transv }% oss section,

the edge portW 8’§ ah s werpcally distans fxom the s goug w ﬂle qRfeE NS t he
first '
B Uy, AC or Do EESEEORHIA R dles BB arif Brofirio felih 3 SHEHG OB Bt O

el ectri cal-lyesmaalconnect ed at the second end: 10. ~ An actuator of claim1l
I ncludi ng three second arms . An actuator of claim1l wherein the at

I t f d f d

| ntogral ini 1 beli e Fubo mn@@e‘é‘qx&e&”hﬁejf%eﬁﬁ%%%ﬁé iaertigadgEEWROLNd o
t | {

mochan oal - ote SASSH0R LRRBIAHA iy br 0B (BRI ORIAR B,

However this is not essential and the effective moment of inertia and/or mass of the

two sets of arms may be different. In addition the centres of inertia of the two sets of

arms may be at unequal distances from the common plane 33.

20 Itis also to be appreciated that the invention is not limited to the number of upper arms
being in a ratio of 3:2 to the number of lower arms. For example, without limiting the

scope of the invention, ratios of 2:2, 5:3, 4:4 are acceptable.

Manufacture of the thermal band actuator according to the invention will be described
with reference to Figs. 5 and 7 which shows cross sections of a partially fabricated ink
25 ejection device utilising a thermal band actuator according to the first embodiment.
Fig. 6 also shows a partially fabricated thermal bend actuator according to the second
embodiment of the invention. The process steps of manufacture of the first and second
embodiments are the same and it is only the design of the masks used that differentiate

the end product.



a) a supporting substrate, 20 b) an actuator extension portion, c) at |east
one first armattached at a first end thereof to the substrate and at a
second e extension portion, the first arm being i.n use,
to be con S@@F%gﬁy heat abl e, WO 01/83363 -16 PCT/AUOl/OSQ%?Rg?H%?tS6 east
one second arm attached at a first end to the supporting substrate and at a
second end to the extension portion, the.ggecond arm bei ng spaced apart from
the first arm the at least one first armbeing arranged, in use, to
undergo thermal expadsingfo ng?gfﬁéhaﬁuﬁ@ﬁﬁhggtehb?oﬁﬁé f@%ﬁ{'oﬁefﬁl@%éhnal force
to the extension portion, and wherein, 1n planh view, sald at l[east one
first arm andesdactuator inchsle thenfellewingratepar m do not overlap. 13. An actuat or
‘of claim 12 wherein, in transverse cross-section, the at |east one first

armis non-pl.anar. . An actuato f clagm 12 wherein, in transverse
cross-section; thé é&ééé@tfer@és E@d’éf{?é?'é?"ﬁ‘ﬂit WSH‘-r%]%lﬁgF?ah@me“ﬁ@F%at or
“of claim12 \/\hereifgmtlg}ﬁh&re?ﬁlsverse edges of the at least one first and at

| east one second arns are |ocated in a comon plane. ' ~ 16. The actuator
of claiml5 wherein the first armhas a centre of. inertia located to 15
one side 6f ®he cdnfiost suirdicial dayer 221is deposited aad siched teafotmri genemaily iplamnit | a

| ocated to the other sjde he mon ne. 17. An actuator of claim 12
wherein in transvéP%"é’ri‘\'yﬁrsg[ﬁ‘?i%}’gﬁ}SPéefFFa}b&geé’PﬁﬁtQﬁaSe? Zpicraps thick layeeofides
an edge portion e i ; T of
claim17 wherein, ﬁ’ﬁ%ﬁ%ﬁé’%ﬁ%ﬁﬁ - se}(;:)%éignéll?gg) ﬂ‘éheélgﬁ%r. gg? %&%ﬁgg%&lext ends
inwardly. 19. The eaposedttimougi a fikstinraskt Mevelopedaml dtbigedaso dseasémepambiposed ar m
or the at |east one second ar r. both, has, in_transverse _cross-section,
a Uy V, Cor W pr&gipRs a“gldhelhgg“ﬁ‘g’?lﬁ%ﬁ- Srigg the bardhbake stage, ths Rlshrinks ok st
arms el egprical ly jatengoppacted at the second end. 25 ZI. An actuator of
claim 12 including three second arns. WO 01/ 83363 PCT/ AUO1/ 00501 -17 22.
An actuator of claim1 wherein the at |east one first armand the at | east
one second aBm ar e\ Sevon dacaificiah layet 2isaleposiietl onselediedl iateat ofithd firstdayed irir s

bei'ng joined at the second end to 2 tr'anf,v,er sely extending cross arm 23. A
met hod of for ni ng '3 $AME MARNES a3 $5P &r byt HElising A gifferentynasks The secgnd jayer 21

depositing a firs r i AGh nrstm%r% ial.- A | east a
second | ayer of stélg ?ﬁﬁcﬁx&'\%dﬁt& lreérq gﬁhgir; a ef te”%tmé%#? %%‘?ifﬂ)@?{agggg%safgf t he
first layer; c) ddptesehipogicas. @n bakihgthefRIrlayen ghhinksaindps 86 ahtudd, itfeghs t he
first and second | ayers, of sacrificial |ayers; and 1o d%gsel ectively

renovi ng Por t i ons Sisfe Walls which aresngled ahaboyt A3l to theigeneral karigontal plareon one

first arm deposit . LI lo2Y.E, .a e second arm
deposited on at | é%ga{gg&ﬁ(gér]& té,fa g?é?elggéjc%'ﬁg‘pqq‘gi)éﬁ%gi.%%a%ﬁﬂ%ﬁ a%ﬁavam%i m 23
wherein step b) i nginiigsvideiAshd infifacd @iththd'BisClayerZ Hovasvet it isiwdes Of
sacrificial material on selected parts of the second | ayer. 15 25. The

net hod of cl ai m 22ppaseiatadithatithe gangil0irsayhiave aypignificant wydth at thedntaefpesswitled on
the first layer 22;

20 4. A third sacrificial layer 23 is then deposited onto selected areas of the second
layer 21 to form three arms. Again the edges become angled upon baking in the

same manner as in step 2;

5. A single 0.25 micron layer of titanium nitride 18 is then deposited to cover all
of the exposed first, second and third sacrificial layers 21, 22, 23. The titanium
25 nitride layer is then etched by known means to remove material between the
intended arms and to form gaps between the arms and pattern the layer 18 so as
to form a thermal bend actuator having the cross-section of either Fig. 3 or Fig.

4, depending upon the mask pattern design in previous steps;



only part of the second |ayer. 26. The nethod of claim 23 wherein the at

| east one first armis non planar. 27. The nethod of claim23 wherein the
at | east Rop1mss3nd armis non planar. 28. The net hod of Cﬂ’@f/ﬁhﬁﬁoo‘ﬁﬁerei n,
in transverse cross-section, the at |least one 20 first armor the at |east
one second arm or both, have a U, V, Cor Wprofile. 29. The nethod of

cl aim 23 wherein, when forned, the transvegse edges of the at |east one
first armlie in a first plane 30. The nethod of claim 23 wherein, when
formed, the fgransy ; I ; AN second
plane. W G1/ 833es RE A B RB PO § AR ARRAEGIONR B sb o & Srei
~when forned, the tfommasasrificiadtrestucs for hnozdle tlemsierone first armlie in a
first plane and the transverse edges of the at | east one second armlie in

A a T Ph Tl AT aictedaliR of Atk BpHR, 6Apyng the Rofale chamter 315
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Al {upj e’ [ V] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
V]c a]ca]caJcalca]calcalc alJcalcajcaUcalls v

UKl X8L1{ v§l gi8] X] ] Sapseajuenfly, a] kmjarar bg¢rot|saajficialjmateda dporplismpahd fifthca] ca] ca
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LoD SHHH mhc’y Sk : ;

] ca] ca] ca] c!a}g([:a] géﬁ@@ﬁf@%ﬁi‘ggﬁgﬂaﬁg] caj ngf%lacfgagﬁ %ﬁ%&%@?y%ﬁ%@lﬁ% a]( ((:?
6) A)))) * v ** +( +) +@tch{prefefablybéing hu apiscttdpiadich e ad wdpav] cthjrcadzzle im] ca) ca] ca
%gg%zghg&gﬂca} %a gt%leca &? &%]n%gllecg}lagnaﬂe%?] calcaUca]cal ++, O ,.8.//00H112Q
5c556b66667789| w mhc”Y] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]ca]ca]c
e it Ao BB G BN IR ER A N iaphed T the sy oy
a] ca] ca] ca] ca] ca] ddkoeizla]goaidestiuctifecdn]bedhdapehdalyahicedmachiell cajatd wih Et EEE
EEAFG-8HHMHI GIKK<L| LL+ NNNO6 CO00@B QR&RWRz upkf a\ W ] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal] ca] cal ca] dzfge‘ Hﬁtﬁ:a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]

ca! WRRaSSST| TTT+Uy UUVZVF VkVZ VWWOWZWAWN Xt XXX<YKYYY+ZNzzZ{vql gb] X]]] ca] ca] ca] c
al cal cal cal calical ankaRbaRIGHN LAl EmRAbIbeAkeARalifelpe) cal cal cal cal ca
Jcaljca]calcaljcal zZ[[3\~\"\*]]]]] T = aaa a*a, a;

aaaa, bbhcdd~ytoj e [ V] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] c”a] ca] cal] ca] ca] ca] ca]

ca] ca] ca] ca] dau] c dhedIMEIScwafenisahércbdck glchad vtilising d dekcH ¢tthihg gidehssitio- j j j j kkk
khl nmk EpRi kfal V] . ‘ U
) cal ca] cafcal cal o APERREAR XPER fT1a PLAPRATVeRriena DAS SrELes PiREIR B v
kKwwwdxcxox~xxX) ys wharknel Rkiha ke bhamder dnaa] ca] ca] ca] ca] ] ca] ca] ca] ca] cal] cau
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca(l gl+yylov%g& ()-1
0%& ()-10%g& ()--10%w& ()--Y" 10%Q& gj) -&10%& ()-L10%g& ()-] ci K-yF% 10%
& ()- 10%g& §1)3- Yyt Y fape IS@@@&gO)SeCﬂS tmg&? QS)tored@c&u(s)afih@imeq&na)to Vz

fié :ygé&(())l ?08{? g‘%é 2&._ ( )léLag/(g%dchfuhll gﬁ%ea@s_e AR WA T)%%i/g(%d Gha i)l%ced for testing.

" In the above process the titanium nitride layer for both sets of arms is laid down
20  in one step. This results in a reduction in the process steps compared to depositing
material for the two sets of arms sequentially. Further more the spacing of edges of

adjacent arms is only limited by the accuracy of the stepper used.

The above steps simultaneously form both the thermal bend actuator and the
nozzle chamber and paddle. For example, in Fig. 7, there is shown a portion 50 of the
25  nozzle chamber (which is symmetrical around an axis 52). On the wafer 20 is formed
the CMOS layer 55. The first sacrificial layer 54 is deposited and etched as are the

second 57 and third 58 sacrificial layers. On top of the sacrificial layers is deposited a
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and/or modifications may be made to the present invention as shown in the specific

embodiment without departing from the spirit or scope of the invention as broadly
described. The present embodiment is, therefore, to be considered in all respects to be

10  illustrative and not restrictive.



" $10%& ()-"-10%& ()- -10%& ()-EbdE:/ 10z 10z9 10%& ()-
710%& ()-Sf5 109%& ()-3 10%& ()- 110%& ()- .10%& ()-DxY:/

102f 1096 QoF& (), t1095& ()- Y 1090& ()- & 109F& 10z
R L §)&10‘Vd'&' ()f)low&' ()-s 18@&' 0)- 10%&*@"@”&01

10907&' ()-<WN  dE:/

10zf 94.09ar&' () - YO$! 10947& () - mLO%T& () - L10%T&’ () &109a& ()- 109d& ()-
"Iolw ! $##dE: | 10zf 6@109T& ()- 0 109%: & % "1099& ()- , 10%& () -
*S109& () - & S109T& () - #H#H#HSSSYBESESSS~\ =~ 107 109G ()-

I #s!10%ccc& ()-!s!'10%; & ()- 10T 10T

10T: 10977&’ ()qlhgmgﬁ;ﬁ, () - $OBBRLEEAE-\ = 10z 10%@& ()- F10%@&' ()- 10%@& () -
1109@& ()-Y TI0YE ()- 10%@& ()-&&Y' ~' ' D((aB~\=
10z" 10%& ()-3!3' ! 109%@0& ()-10%a& ()- 10%@& ()-L "10%@&& () -
109%@&' () - (( (@) A)) Yatbetmal actuator for micro mechanical or micro electro-mechanical devices,

' 102@ 10%@& () - - f #1,0% 0%@& ()-S) 10%@& ()- &LO%EE' ()-! $109& ()-Y))*V**
*+f—+dE:/ 10(@3 10@:%'&%‘%‘% m%I E{%0/@ ) -
7S10%G () -&6" 10%@8: () - 310G () - IMLOUG: () - ++(+) +8+++ xY: /

10@10%&' () - g10% () wsh gﬁbstrxte 109 () - &10%@& () - L10%@& () -
10@0,,.8.//dE /| 10@" #10%

5 b) an actuator extension portion,

c) at least one elongate first arm attached at a first end thereof to the
- substrate and at a second end to the extension portion, the first arm

being arranged, in use, to be conductively heatable,

d) at least one elongate second arm attached at a first end to the supporting
10 substrate and at a second end to the extension portion, the second arm

being spaced apart from the first arm,

the at least one first arm being arranged, in use, to undergo thermal expansion, thereby

causing the actuator to apply a force to the extension portion, and

wherein, in transverse cross-section, at least one of the at least one first arm and the at

15 least one second arm are non-planar.

2. An actuator of claim 1 wherein, in transverse cross-section, both the first and

second arms are non-planar.

3. An actuator of claim 1 wherein the at least one first arm and at least one second
arm are spaced transversely relative to each other and, in plan view, do not

20 overlap.

4, The actuator of claim 1 wherein the transverse edges of the first and second

arms are located in a common plane.
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. An actuator of claim 1 wherein, in transverse cross-section, a first armor a
5 second arm includes an edge portion extending away from the other of the

second and first arm.

7. "The actuator of claim 6 wherein, in transverse cross-section, the edge portion

extends inwardly.

8. The actuator of claim 1, wherein the first arm or the second arm, or both, has, in
10 transverse cross-section, a U, V, C or W profile.
9. An actuator of claim 1 including two first arms electrically interconnected at the
second end.

10. -An actuator of claim 1 including three second arms.

11.  An actuator of claim 1 wherein the at least one first arm and the at least one
15 second arm are formed as an integral unit, said first and second arms being

joined at the second end to a transversely extending cross arm.

12, A thermal actuator for micro mechanical or micro electro-mechanical devices,

the actuator including:
a) a supporting substrate,
20 b) an actuator extension portion,

c) at least one first arm attached at a first end thereof to the substrate and at
a second end to the extension portion, the first arm being arranged, in

use, to be conductively heatable,
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wherein, in plan view, said at least one first arm and said at least one second arm do

-not overlap.

13.  An actuator of claim 12 wherein, in transverse cross-section, the at least one

first arm is non-planar.

10 14.  An actuator of claim 12 wherein, in transverse cross-section, the at least one

second arm is non-planar.

15.  The actuator of claim 12 wherein the transverse edges of the at least one first

and at least one second arms are located in a common plane.

16.  The actuator of claim 15 wherein the first arm has a centre of inertia located to
15 . -one side of the common plane and the second arm has a centre of inertia located

to the other side of the common plane.

17. An actuator of claim 12 wherein in transverse cross-section, a first arm or a

second arm includes an edge portion extending away from the other arm.

18.  The actuator of claim 17 wherein, in transverse cross-section, the edge portion

20 extends inwardly.

19.  The actuator of claim 12, wherein the at least one first arm or the at least one

second arm, or both, has, in transverse cross-section, a U, V, C or W profile.

20.  An actuator of claim 12 including two first arms electrically interconnected at

the second end.

25 21.  Anactuator of claim 12 including three second arms.
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or parts of the first layer;

c) depositing an actuator forming layer of material over the first and

second layers of sacrificial layers; and

10 d) selectively removing portions of the actuator forming material to form at
least one first arm deposited on the first layer and at least one second

arm deposited on at least part of the second layer

24.  The method of claim 23 wherein step B) includes depositing one or more

additional layers of sacrificial material on selected parts of the second layer.

15 25.  The method of claim 22 wherein the additionatl layer or layers are deposited on

only part of the second layer.
26.  The method of claim 23 wherein the at least one first arm is non planar.
27.  The method of claim 23 wherein the at least one second arm is non planar.

28.  The method of claim 23 wherein, in transverse cross-section, the at least one

20 first arm or the at least one second arm, or both, have a U, V, C or W profile.

29.  The method of claim 23 wherein, when formed, the transverse edges of the at

least one first arm lie in a first plane

30. The method of claim 23 wherein, when formed, the transverse edges of the at

least one second arm lie in a second plane.
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second arm lie in a second plane, said first and second planes being in a

common plane.



