1 A M CRO ELECTRO MECHANI CAL ACTUATOR Field of the Invention This
invention relates to an actuator elenent which forns a portion of a mcro
5 el ectro-nmechani cal device. The invention is herein described in the
context of an ink jet printer but it will be appreciated that the
application does have application to other mcro el ectro-nechanical
devi ces such as mcro el ectro-nechani cal punps. Background of the
I nvention 10 Mcro el ectro-nmechani cal devices are becom ng increasingly
wel | known and normally are constructed by the enpl oynent of
sem - conductor fabrication techniques. Forla review of m cro-nechanical
devi ces consi deration ma%@g gv§mc%]ihe article "The Broad Sweep of
Integrated Mcro Systens CRO O MNMEGRANEGAL ACTUMWR t er
publ i shed Decenber 1998 in | EEE Spectrum at pages 24 to 33. 15 One type of
mcro el ectro-mechgnical device is the ink jet printing device from which
ink is ejected by ﬁlﬁ@—"&ﬁ“l&é}ﬂ?ﬂ% ej ection nozzle chanber. Many fornms of the
ink jet printing devi Cehigh@nkdp fie reference is
made to an article. by J More, q%ﬁg?{r%g%t?% %?ﬁr?t%lé?ogﬁsnatdf’gl ue(’:ftaingcfrrl0 and
Hi storical Per sgec"’tl?cvém?"h@?abﬂﬁ‘“w-I-H‘Fél“’@ﬁpfyis ixsein deseribectid the omexRf Blillgek and S
Sherr, pages 207 -prid@Pb ﬁg-aﬂ)e-app’)r&ia‘tedﬁaaﬂﬁé"épin%ﬁtrign%g)es'h%.agp%gaﬁgl{ Qb9 has

i

recently been ,devel.orﬁegrfby t he present _applicant, S being referred to
as M.cro El ectro NEER&HFEAIecPicrceviermiemyioro electiarmestlagial pumps.one enbodi ment

of the MEMIET technology, ink is ejected froman ink ejection nozzle

chanbe_r by a paddllgaclc()rm Jd%?gl%rlmvgl]tlio%h is nmoved toward an ejection

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

component in the MEMJET technology and in other micro electro-mechanical devices,

Summary of the Invention

30 - The invention may be broadly defined as providing-an actuator element as a

portion of & micro electro-mechanical device, wherein the actuator element compiises a



nozzl e of the chanber by an el ectro-nechani cal actuator for ejecting drops
of ink from 25 the ejection nozzle chanber. The present invention rel ates
to an actuator elenment for use as an integrated conponent in the MEMIET
technol ogy and in other mcro el ectro-mechanical devices. Summary of the

I nvention 30 The invention nmay be broadly defined as providing an actuator
elenment as a portion of a mcro el ectro-nechani cal device, wherein the
actuator elenent conprises a 2 novable armthat is connected at one end to
a substrate and which is fornmed at least in part froma titaniumalumnium
nitride conposition. The alum nium preferabby is present in an anount not
greater than 55% of the total titaniumalum nium conposition and nost
preferably is . pres8itablegmhatisronneetedeford end ty aztioirte 20 Whid is fosedtaOitatint i t ani um
5 al umi ni UM cOMPOS i @ik » FFRRTRYARR: AE Bfpd:diSa, 36 MR SLEIRDL, Pref erably
is formed by a sputter process as one step In _a sem -con Gcror structure
fabrication proces8®°SHigr & agsaenstigseater than 55ttoéthertotabiirdunaalvmioimchepositisouat or
element may be fOr RKdibprdr@ahiis Melit i BHi Gl bt o ABE04 3t ol BT Boum:
titaniumalum niumal | oy in the presence o I trogen gas. 1 al |l ed

Descri ption of PhedlFHPRMCPBPPsitipR act uat or el enent of the present invention
in.its preferred form itse hahsi Sal@2te a | Lhk ejector
fromwhich ink is ejected b%/ actuat i oﬁ&g’?e%ﬁ%n&%%%gﬁydigtgé&g?%%&%he t her mal
actuator includes PPTE™ HFd°R BASHE-2pdpstonineire Abricatinperess iiaetpedcally,

the movable arm of the actuator element may be formed by reactively sputiering
material from 2 titanium-aluminium alloy in the presence of nitrogen gas.
10

Detailed Description of the Invention

' The actuator element of the present invention in its preferred form is fabricated
as a part of a printhead ink ejector from which ink is ejected by actuation of a thermal
actuator. The thermal actuator includes first and second arms which are interconnected
.15 ina manner such that they are caused to bend when electrical current is passed through
the first anm, causing the first arm to be heated and to expand relative to the second arm.
The first and second arms arc coupled to a movable element such as a paddle
- within an ink ejector nozzle, and bending of the arms causes displacement of the
movable element and consequential ejection of ink from the nozzle.
20 For amore detailed description of the above arrangement, reference may be
made to International Patent Application No. PCT/AU00/00095 filed on February 11,
2000 lodged by the present applicant.
~ Titanium nitride has been proposed 2s a material that might be suitable for use in
forming the arm through which the electric (heating) current is passed. That material is
25  knownto be suitable for use in the fabrication of semi-conductor devices and it
. Possesses a coefficient of thermal expansion that is in the order required 1o produce
desired bending characteristics.
However, it has been determined that, in order to maximise printer operating
efficiency, a high temperature should be generated in the thermal actuator over a short

30 period of time, typically less than 2 micro seconds, and this imposes a [imit on the use



15 in a manner such that they are caused to bend when electrical current is
passed through the first arm causing the first armto be heated and to
expand relative to the second arm The first and second arnms are coupl ed
to a novabl e el ement such as a paddle within an ink ejector nozzle, and
bendi ng of the arnms causes displacenent of the novable elenent and
consequential ejection of ink fromthe nozzle. 20 For a nore detailed
description of the above arrangenent, reference maybe nade to

I nternational Patent Application No. PCT/AUOCO 00095 filed on February 11,
2000 | odged by the present applicant. Titangumnitride has been proposed as
a material that ni%ht be sujitable for use in formng the armthrough which
the el ectric (heat ChYFRINRRFER Titarjump gitridsds knTinato oxidisest 2 ehpdrature @Grkmbwn t 0 be
sui tabl e for use i godbend &P | : 1 - ctor devices and it
possesses a coefficient of Lﬁﬁ%ﬁgﬁﬂgg%%ﬁgg%ﬁ£?ﬁ%?mﬁ?m%n t he order required
to produce desired bedlds fhicienrs tebthe Gmivs-alubipivenniride compdsisisn pe ben

determ ned that, imudd i m ' r.operating . effici , a high
t enperat ure shoul d be gﬁg&tﬁ%&ﬁ%mﬁﬁ%&% %&%WOR%WWS?”B%%?& 8%@51%% 30
period of tine,5typically | ess than 2 micro seconds, and this inposes a
limt on the use 3 of titaniumnitride. Titaniumnitride is known to
oxidise at a tenperature of around 600C and this inposes a constraint. on
the use of that material. It is in this context that the titaniumal um nium
nitride conposition has been found to be suitable, having as it does an

oxi dation tenperature in the order of 900C. 5
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4 0 Cdains 1. An actuator elenent formng a portion of a mcro

el ectro-nechani cal device device including: 5 a paddle connected to one
end of at |east one armwherein said at |east one arm is connected at the
other end to a substrate, said armforned at least in part fromtitanium
al um niumand nitrogen. 2. The actuator elenent as claimed in claim!]l
wherein said at |least one arm includes at |east two adjoining cantil ever

beans having at | east one different 10 nechanical property. 3. The
actuator elenent as claimed in claim2 wherejnosaid at |east one property
includes a coefficient of thermal expansion. 4. The actuator el enent as
claimed in claimXligsred at |east in part froma titaniumalum nium
nitride conposition. 15 5. The actuator elenment as clained in claim!]

wherein the conposition contains alumniumin an anmpbunt not greater than
conposition. 6. The actuator el enent

55% of the total t1taniam Ll ¢
as claimed in claim1 e_rﬁan%?%gngquﬁatﬂ?m% obt miserpledirm-methpaicalakyiasi t i on
in an anount equal to Y6t indpdingst the total titani um 20 al umi ni um
conmposi tion. 72 The actapaddit codh@fENG 0BSerGl Pl in clajm.l forned by
RSl bITEk ol it Fheiin s ot and v

reactively sputtering y@hLeLi.glffoma tltan uma
. ' cled at cotH?*,r encE to a substrate, said i
presence of nitrogen 938t from i fum, aluming a.ndnitrog:;sal arm formed at least in

2. The actuator element as clajmed in claim 1 wherein said at least one arm
includes at least two adjoining cantilever beams having at Jeast one different
10 mechanical property. -
3. The actuator element as claimed in claim 2 wherein said at least one property
includes a coefficient of thermal expansion. |
| 4, ‘ The actuator element as claimed in claim 1 formed at least in part from a
. . | titaniurn-aluminium nitride composition.
15 : imed i
, 5. The actuator element as claimed in claim 1 wherein the composition contains
aluminium mﬁ an amount not greater than 55% of the total titanium-aluminium
composition. |
6. . .
_ The actuator element as claimed in claim 1 wherein the aluminium js present in
the composition in an amount equal to about 20% of the total titanium-
20 aluminium composition.
7 . .o
The actuator element as claimed in claim 1 formed by reactively sputtering

material from a titanium-aluminiam alloy in the presence of nitro gen gas.,



