1 A M CRO ELECTRO MECHANI CAL ACTUATOR Field of the Invention This invention
relates to an actuator elenment 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-nmechanical devices such as micro
el ectro-nechani cal punps. Background of the Invention 10 Mcro

el ectro-mechani cal devices are becom ng incqyeasingly well known and
normal |y are constructed by the enpl oynent of sem -conductor fabrication

techni ques. For a reVi@WWTCR!ﬁEBEG§§ﬂ9@q§¢ i j&i@ tion may be
given to the article "The Broad Sweep of |1£§¥%¥%§Eﬁﬁgﬁﬁl ens" by S
Tom Pi craux and Paul J. MWorter published Decenber 1998 in | EEE Spectrum

at pages 24 to 3%?d3§fﬁﬂ§n&%8§ o{ m cro el ectro-nechanical device is the

ink jet printing ch ink is ejected by way of an ink
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known. For a r%ﬁy of the field, reference is nade to an artic y J
Moor e, " Non- | mpacteBrmschepigal dpviee: Jhe myengian istereisidsscobédda the Pentexpefh inkgdt,
Qut put Hard Copyprieeyihg @svill 5&li tHAUR . err. .pages 201 - 220
(1988). 2.0 - A %gw form of i%%g?g?85r|n§l ggﬂd%§F36aﬁfm§£%§%§”§g@eIoped by
the present appleRRslectie-mpchaniedl deyiceefuch assuictoaleaso-MecnnicEpasgsr 0 Mechani ca

| nkj et (MEMIET) technology. In one enbodi nent of the MEMIET technol ogy,
ink is ejected froman ink ejection nozzle chanber by a paddle or plunger
which is noved t &agksround efitheniventionnozzl e of the chanber by an

ﬁl);‘(zi][ reO;: ngrg gr@' cal aciual Qécu]:)%ecﬁzlm%gltcie\q es%eqj%gomoxrlg fncr:]riéasgnrgg(n\;ell %h?ovgnha%d e ection
‘ normally are constructed by the_employment of semi-conductor fabrication techniques.
For a 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 ejection nozzle chamber. Many forms of the ink
jet printing device are known. For a survey of the ﬁeld,' reference is made to an article.

- by J Moore, “Non-Impact Printing: Introduction and Historical Perspective”, Output
Hard Copy Devices, Editors R Dubeck and S Sherr, pages 207 - 220 (1988).
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 (MEMIJET)
technology. In one embodiment of the MEMJET 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 acﬁator 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 a micro electro-mechanical device, wherein the actuator element comprises a



The present invention relates to an actuator elenent for use as an
integrated conponent in the MEMIET technology and in other mcro

el ectro-nechani cal devices. Summary of the Invention 30 The invention may
be broadly defined as providing an actuator elenent as a portion of a

m cro el ectro-nechani cal device, wherein the actuator elenment conprises a 2
novable armthat is connected at one end to a substrate and which is fornmed
at least in part froma titani umal um nium n%utride conposition. The

alum niumpreferably is present in an anpu not greater than 55% of the
total titani um al wEvEldHAGRIRS fergt{y?l resent. in an
anount equal to about 2%%% of thgﬁe'l[dg?glog@ Jgﬁ?%unl%g Hh?rﬁ'@%ﬂﬁ@%ﬁ“t‘f‘on
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process as one steRglfp ndu r ure fabrication process. Mre
speci fically, thg’ %vé%?@“&ggﬁrﬁaeé 8‘2:5{( @P&mvmﬁ&ww@lmm@amby

reactively sputt erhdugost pmfeaiblyai prtgeaiih an drhduntdquiTtGAVAT 20b PR 1deQ¥itdnfint. N
presence of n| rog as F[1)et ai | ed Descri ptl on of the Invention The
actuat or el ement oé Q’tnﬁmnf) PESEHP™ i nvention inits preferred formis

fabricated as a part The nfvilé 4 BaR abikoiEh WGP DK s €l ected
by actuation of a thermal actuator. aTheot her ngpfref{:r%@glst or%@%zf%’aes first
and second arns WRICEHS &%8¢ SiFR BASHR@adusET stBichre fabI'MWOCSSSCMOtdwéClﬁCbR}y are
caused to bend whei nehad drinGRthe GULLETY t the first arm
causing the first armto be heat ed ancfrﬂeﬁng ?0 eé]éyarf%%téebfi?uﬁﬁ’é‘gsecond
arm The first aR@Hddgmde thaninn- almumomgiloedlﬁnapmsenmwhiuegﬁlgegrent such as a
paddl e wi thinian ink ejector nozzle, and bending of the arnms causes

di spl acenent of the
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 inamanner such that they are caused to bend when electrical current is passed through
the first arm, causing the first arm to be heated and to expand relative to the second arm.

The first and second arms are 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 a more 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 as a material that might be suitable for use in
forming the arm through which the electric (heating) current is passed. That material is
25 known to 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 to 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 limit on the use



novabl e el ement and consequential ejection of ink fromthe nozzle. 20 For a
nore detail ed description of the above arrangenent, reference may be nmade
to International Patent Application No. PCT/AU0O0/ 00095 filed on February
11, 2000 | odged by the present applicant. Titaniumnitride has been
proposed as a material that m ght be suitable for use in formng the arm
t hrough which the electric (heating) current is passed. That material is

25 known to be suitable for use in the fabrication of sem -conductor
devices and it possesses a coefficient of t Her rmal expansion that is in the
order required tooftit@aue Ritridde $itiEdn RENLAY; racterjstics. However, it has
been deternmined that, in or de?ito WE%‘Q%"%E?% xéiiseg aetFI&P?rﬁﬁreoggrf”f“éi ency, a
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t he use of tha% material. It is i% this cont e%(l{)nt?lﬁ tt ????%%%E’%(g{:um ni-um
nitride conmposition has been found to be suitable, having as it does an
oxi dation tenperature in the order of 900C. 5 Clains 1. An actuator el enent
formng a portion of a mcro el ectro-nechanical device device including: 5
a paddl e connected to one end of at |east one armwherein said at |east one
arm is connected at the other end to a substrate, said armformed at | east
in part fromtitanium alum niumand nitrogen.



2. The actuator element as clainmed in claim1l wherein said at |east one arm
i ncludes at | east two adjoining cantil ever beans having at | east one
different 10 nechani cal property. 3. The actuator elenent as clainmed in
claim2 wherein said at | east one property includes a coefficient of

t hermal expansion. 4. The actuator elenent as clained in claim1 fornmed at
least in part froma titaniumalumniumnitride conposition. 15 S. The
actuator elenent as clainmed in claim1 wherein the conposition contains
alum niumin an anmount not greater than 55%%of the total titaniumalum nium

conposition. 6. Timimstuator elenent as clainmed in claim1 wherein the
alumniumis present in the conposition in an anount equal to about 20% of

the total titanium 20 al um ni um conposition. 7. The actuator el enent as
claimed in claim } forned bg réactivel y sputtering material froma

titani um al uni ni um al | §§ FHPHICRME Ssning apprtion offagujem elpetso-mBcharicardévived of
form ng an actuator el dadertindfdiag: i cro el ectro-nmechani cal device, the

met hod i ncludi pg t he sty terj a.titaniumalumniumalloy in the
25 presence of ni trogen(?)Ei))clifl(](tpé:)com’%lg{ué stﬁf)}é{%fi°§?“6F'%é’n‘?@?lﬁ’gﬁmﬁ¥sa&jlaéleﬁﬁt8m\ﬂﬁ@r ein
the alloy contains al uffi SIPHcH & thnothsrsudito asulistrate sed er fothaiet B5%Gof  t he

total titanium alunini 8 5P §ipnivmgalumpumetdmirbgef cl ai m 8 wherein t he

alum niumis presgnt i flhézibﬁla'&)&)gi@ﬂéﬁtta% in.  an unf equal to about 20% of
the total titanium alum ni um conposi g%nm.edm"?a‘m?%emm said at least one arm
: includes at least two adjoining cantilever beams having at least 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
. ' | titanium-aluminium nitride composition.

15 5, The actuator element as claimed in claim 1 wherein the composition contains
aluminium in an amount not greater than 55% of the total titanium-aluminium
composition.

6. The actuator element as claimed in claim 1 wherein the aluminium is present in
the composition in an amount equal to about 20% of the total titanium-
20 aluminium composition.
7. The actuator element as claimed in claim 1 formed by reactively sputtering
material from a titanium-aluminium alloy in the presence of nitrogen gas.
8. A method of forming an actuator element of a micro electro-mechanical device,
the method including the step of: sputtering a titanium aluminium alloy in the
25 presence of nitrogen onto a substrate.
9. The method of claim 8 wherein the alloy contains aluminium in an amount not
greater than 55% of the total titanium-aluminium alloy. .
10. The method of claim 8 wherein the aluminium is present in the composition in

an amount equal to about 20% of the total titanium-aluminium composition.



