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considering cost, speed, quality, reliability, simplicity of construction and operation etc.

15
In recent years, the field of ink jet printing, wherein each individual pixel of ink is derived from
one or more ink nozzles has become increasingly popular primarily due to its inexpensive and

versatile nature.

20 Many different techniques on ink jet prinﬁng have been invented. 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).

Ink Jet printers themselves come in many different types. The utilisation of a continuous stream
25  of ink in ink jet printing appears to date back to at least 1929 wherein US Patent No. 1941001 by

Hansell discloses a simple form of continuous stream electro-static ink jet printing.

US Patent 3596275 by Sweet also discloses a process of a continuous ink jet printing including
the step wherein the ink jet stream is modulated by a high frequency electrostatic field so as to
30  cause drop separation. This technique is still utilized by several manufacturers including Elmjet



2 and Scitex (see also US Patent No. 3373437 by Sweet et al). Piezoelectric
ink jet printers are also one formof commonly utilized ink jet printing
devi ce. WOR0RM/WRT4ctric systens are disclosed by Kyser RGT/AB2002/001123S

Pat ent No. 3946398 (1970) which utilizes a diaphragm node of operation, by
Zolten in US Patent 3683212 (1970) which_discloses a squeeze node of
operation of a piezoelectric crystal, St®me in US Patent No. 3747120
(1972) discloses a bend node of piezoelectric operation, Howkins in US

Pat ent No. 4459601 di scloses a piezoelectric push node actuation of the
ink jet spg and Fischbeck in US 4584590 which 10 discloses a shear node
type of piezoelectric transducer elenent. Recently, thermal ink jet
printing (resalkeUs PetentNe 387343&Iby Seepudtal). f orm of ink jet printing. The ink
jet printing techniques include those disclosed by Endo et al in GB 2007162
(1979) and Vaught et al in US Patent 4490728. Both the aforenmentioned
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unacceptable Ilevel of heat. This is the primary reason why the Applicant
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of a bubble in a constricted space, such as a nozzle, which thereby causes the ejection of ink from

. an aperture connected to the confined space onto a relevant print media. Manufacturers such as

Canon and Hewlett Packard manufacture printing devices utilizing the electro-thermal actuator.

20 A particular problem associated with thermal printers is that they are not suitable for pagewidth
printheads capable of high definition printing. Such printheads require a very large number of
densely packed nozzle arrangements that span a print medium. Applicant submits that -
operation of a required number of electro-thermal actuators would generate an unacceptable
level of heat. This is the primary reason why the Applicant has developed MEMS-based

25  printing technology. Such systems can be fabricated to define printhead chips having a large
number of densely packed nozzle arrangements. In particillar, Applicant has developed page
width printheads that are capable of color printing over 20 pages per minute at resolution finer
than 1200 dpi. Applicant has carried out many thousands of simulations in order to achieve an
optimal design. In this work, Applicant has fouﬁd that the ink pusher should move at least 1

30  micron in order to achieve effective drop ejection. Applicant has also found that certain



30 micron in order to achieve effective drop ejection. Applicant has al so
found th i,n WO 2004/ 002744 PCT/ AU2002/ 001121 3 problens arise with
fabri cat ?‘39%%%@22% i nk pusher is designed to nove nore RGEAUHOINMIYns. It
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- When creating a large number of inkjet nozzles which together form a printhead, it is necessary
or desirable to ensure that the printhead is of a compact form so as to ensure that the printhead
takes up as small a space as possible. Further, it is desirable that any construction of a
20 printhead is as simple as possible and preferably; the number of steps in construction is
extremely low, therefore ensuring simplicity of manufacture. Further, preferably each ink
ejection nozzle is of a standard size and the ink forces associates with the ejection are regular

across the nozzle.

25 Further, where the ink ejection mechanism is of a mechanical type attached to an actuator
device, it is important to ensure that a substantial clearance is provided between an ink ejection
nozzle and the surface of the paddle. Unless a large clearance is provided (of the order of 10
microns in the case of a 40 micron nozzle) a number of consequential problems may arise. For
example, if a mechanical paddle ejection surface and nozzle chamber walls are too close,

30  insufficient ink will be acted on by the paddle actuator so as to form a drop to be ejected.



exanple, if a nmechanical paddle ejection surface and nozzle chanber walls
are too close, 30 insufficient ink will be acted on by the paddl e actuator
so as to WOZA40087dp to be ej ected. WD 2004/ 002744 PCT/ RCADADI00BALL2 4
Further, high pressures and drag is likely to occur where novenent of a
paddl e occurs close to nozzle chanber walls. Further, if the paddle is too
close to the nozzle, there is a danger that an unwanted neni scus shape may
occur after ejection of an ink drop with the ink neniscus surface attaching
to the surface of the paddle. 5 Further, should the ink ejection nmechani sm
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construction process. This invention is based on the fact that the
Appl i cantghas I : Il . tyucture .that facilitates .a .
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posi tioned on the substrate, each nozzle arrangenent conprising no
chanb¥ér \iiring thifabecation pf gurintheddzaystgmt dugdo thermalshressc ftenbm it isdesimbleitok 25
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This invention is based on the fact that the Applicant has achieved a generic MEMS structure
that facilitates a particular range of movement of an ink pusher, which can be in the form of a

15  paddle. The advantage of this is set out above.

SUMMARY OF THE INVENTION
According to a first aspect of the invention, there is provided an ink jet printhead chip that
comprises |
20 a substrate;
drive circuitry positioned in the substrate; and
a plurality of nozzle arrangements positioned on the substrate, each nozzle arrangement
comprising
nozzle chamber walls and a roof wall that define a nozzle chamber and an ink
25 ejection port in the roof wall in fluid communication with the nozzle chamber;
an ink pusher that is operatively positioned with respect to the nozzle chamber
and is displaceable through a range of between 1 micron and 5 microns to eject ink
from the ink ejection port; and |
an actuator that is connected to the drive circuitry and the ink pusher to displace
30 the ink pusher on receipt of an electrical signal from the drive circuitry.



an ink pusher that is operatively positioned with respect to the nozzle
chanber a;bdz' Lspl aceabl e through a range of between 1 mcron and 5
mcrons to ejog@?(g:ﬁ%‘k fromthe ink ejection port; and an Bct/4EI092/00182k | s
connected to the drive circuitry and the ink pusher to displace 30 the ink
pusher on receipt of an el ectrical signa% fromthe drive circuitry. WO

. 2004/ 002744 PCT/ AU2002/ 001121 5 Preferably, each ink pusher is displaceable
.through a range of between 1.5 microns and 3 mcrons. 5 The ink jet
printhead chip may be the product of a MEMS fabrication technique. Each ink
pusher may be in the formof a paddle nenber that is positioned in the
nozzl e cgra_gb%rbéto sl%?n t he nozzl e chanber. 10 Each actuator may include an
act uat or SeHFlncaskink pusheyjis displacsable heyeitarange ofibetvecnl 1 Snuicrausiaad Bed t o

t he paddl gisigagber at an opposed end. The actuator armnmay incorporate a
thermal bend mechanismthat is configured to deflect when heated by said
electrical signal fromthe drive circuitry to displace the paddl e nenber.

Each ther . .Techani.sm i ncl ude rtion of the actuator armthat
i s of ;; n@e‘#’?iﬁgﬁﬁﬁﬁ% 8'6‘%% the IEH#“%P?% Nﬁ‘??‘ﬂ%fa%élﬁmﬁféﬁlqns whi ch is such
that the material is capable of thermal expansion to an extent sufficient

to perfgérax-v,\ork nd an el ectrical heating circuit positioned on said
portion ofechik pisherdngy beanthe formiof apaddle membef thetis gogioned imthemotziat sai d

portion eRREHEADSEs Mk hb eea%;]ﬂ thermal expansion resulting in deflection
of the actuator a?é?nJ anh ‘tgzge IS[L::)T acenment of the paddle nenber. 20
Alternatively, the roof wall may define the ink pusher. Each actuator may
i ncl uge tor ar hat is fast with the substrate at one end and
att acﬁ}ed Sﬁt% %tgg%%?y %?F‘nf & a‘étﬁat8f)?}6%g’6t ’ég‘_éf.t withihe sybstiai #ona erd andy
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heat ed b){) s‘gi d electrical signal fromthe drive circult ce the
roof wal IP€RYRgrhanism that is ¢paligusgddto deflect when heated by said electrical signal from the

drive circuitry to displace the paddle member. Each thermal bend mechanism may include a
| portion of the actuator arm that is of a material having a coefficient of thermal expansion
15 which is such that the material is capable of thermal expansion to an extent sufficient to
perform work and an electrical heating circuit positioned on said portion of the éctuator arm to
heat a side of said portion so that said portion experiences differential thermal expansion

resulting in deflection of the actuator arm and the displacement of the paddle member.

20  Alternatively, the roof wall may define the ink pusher. Each actuator may include an actuator
arm that is fast with the substrate at one end and attached to the roof wall at an opposed end.
The actuator arm may incorporate a thermal bend mechanism that is configured to deflect

when heated by sgid electrical signal from the drive circuitry to displace the roof wall towards

the substrate.

25
The actuator arm may be of a conductive material having a coefficient of thermal expansion
that is such that the material is capable of thermal expansion to an extent sufficient to perform
work. A portion of the actuator arm may define a heating circuit which is conﬁgured to expand

thermally on receipt of said electrical signal, said portion of the actuator arm being positioned

30 so that the actuator arm is deflected towards the substrate upon such deflection.




The actuator arm may be of a conductive material having a coefficient of
thermal expansion that is such that the nmaterial is capable of thernal
expansi onWOR0H0R%ent sufficient to perform work. A potGT/4B2082/01%2
actuator armmay define a heating circuit which is configured to expand
thermally on receipt of said electrical gi gnal, said portion of the
actuator arm being positioned 30 so that the actuator armis defl ected
towards the substrate upon such deflection. WO 2004/ 002744

PCT/ AU2002/ 001121 6 There is disclosed herein an ink jet nozzle assenbly
i ncluding a nozzl e chanber containing ink to be ejected and a fluidic seal
conprising a neniscus fornmed by said ink between two solid surfaces of
sai d assehbdrgistdinglosedbhezein ah ik jetarorzzle assemblyondhating\n sozzld vhambarenithinirigsink to

activated_in use. .angd.5 wherein. at |east ope of said surfaces has.a thin
T aaj acehPeaSadtids S Beq At RenAy B Ry RroRh g o
| east oneofssaid @sembliridt el relaied @ drieRnbther Whén tHRseRblR Blkivated aPRL ankl
m croneter thick, 10 Thgre is further disclosed herein an ink jet nozzle

assenbl y VAP kst oge 0bsad surdacanive @ thinipradiasentisaidfluidie ssal ta kindes wickg:ef | on
Wi th an igkjhRashy 8id a8t fne | e in fluid communication with a

surroundi ng at nosphere; the chanmber including a fixed portion, a novable
portion and a cl earance space therebetween, relative novenent between the
fixed porgipn.and.the.nmovabl e portion in.an 15 ej.ection phase reducing an
ef fect | velgr\?geﬁ?ﬁ%sa(m]? hsgg%ﬁg%ﬁeﬂuﬁﬁ%&équf L Aysse, eFeéJIdH‘E "ve novenent in a
refill phase enlarging the effective volune of the chanber; the clearance

space congl?i nj an ink/ajr interface, surface tension in ink across a
meni séus er‘fﬁgg‘iﬂ?ﬂélﬁsﬁ et heseinan inkdetnogzlgisesembly ingldingen t he chanber and
the at nospher & noMhehfaiiber Bvitd 5 fI&Ah IREE cARRAGRicati e Wit %A ifk ?éggrgBHeanh nl et
are dinmensioned relative to one another such that I'nk I's ejecte

pr ef er entiazileyn flaidmonmeunidation svith asnooghlingwmosphere in droplet formin the

j ecti h i nk. i | t tely.d ' tially into th
Chanber 11 om e el s, F GH potSH i anRIhERbh e lksdocrmpmsu

sai d fl uitlérebawedn, relativd APvement between the fixed portion and the movable portion in an

15  ejection phase reducing an effective volume of the chamber, and alternate relative movement

in a refill phase enlarging the effective volume of the chamber;

the clearance space containing an ink/air interface, surface tension in ink across a
meniscus at the interface forming a ﬂuidié seal between the chamber and the atmosphere;
wherein:

20 the clearance space, the nozzle and the inlet are dimensioned relative to one another
such that ink is ejected preferentially form the chamber through the nozzle in droplet form in
the ejection phase, and ink is. alternately drawn preferentially into the chamber from the
reservoir through the inlet in the refill phase without said fluidic seal breaking.

25  Preferably the chamber incorporates a rim extending outwardly adjacent at least a portion of

the fluidic seal and is disposed to minimise wicking of ink from the chamber across the seal.

Preferably the movable portion includes the nozzle and the fixed portion is mounted on a
substrate.

30



25 Preferably the chanber incorporates a rim extending outwardly adj acent
at | east on%apl}nimgﬂ“of the fluidic seal and is disposed to m nimse w cking
of ink fromthe ¢chanber across the seal. Preferably the FNABI82/pYAZS on
‘includes the nozzle and the fixed portion is nounted on a substrate. 30 WO
2004/ 002744 PCT/ AU2002/ 001121 7 Preferably the fixed portion includes the
nozzl e nmounted on a substrate and the novable portion includes an
.actuator. Preferably a | argest distance between the fixed portion and the
novabl e portion across the 5 clearance space is | ess than approximately 5
mi cr onet ePrferflpfthe dixed portich HichldeNaR hézzdeedub %@%ﬁ%&}%ﬁ }he?’ ovable

m croneters.. Preferably said distance is |ess than approxinmately 7

ni cr omet ePOrUeBIMSMOIELAANALArS| d i m ext ends substantial |y around a periphery
of the fluidic seal, imediately adjacent the clearance space. Preferably
a lower section of the rimincludes a | edge portion overhanging a recess
adapt ed t Brefegabily eclargastydisteséedbativeém theviixakii pgtios b thd hiovafdlbortiba &k ahab! ¥
an outy\argL%&%gtgcudi%?s%lg ext ends aéound the nozzle to mnimse w cking
of ink’® across an st PRRTRXIgately 2 MiGOPeTS hanber . Preferably at | east
one surface adjacent the clearance space includes a hydrophobic coating to
20 enhance performance of the fluidic seal. Preferably the hydrophobic
coating i Sefesabhespid distanse is lesy than eppropiotajely Brmictometerst Prgfoeabdy si®Usknce 26

Pr ef er abl paqqt i j; ! nbly is manufactured using

m cro- el e%?srtgélnﬁﬁoﬁhewgﬁ?@ﬁég( MEMS) techni ques. WD 2004/ 002744

PCT/ AU2002/ 001121

10  Preferably said rim extends substantially around a periphery of the fluidic seal, immediately

adjacent the clearance space.

ani ca

Preferably a lower section of the rim includes a ledge portion overhanging a recess adapted to
collect any residual ink wicking across the seal.

15

Preferably an outwardly protruding lip extends around the nozzle to minimise wicking of ink
across an outer surface of the nozzle chamber.

Preferably at least one surface adjacent the clearance space includes a hydrophobic coating to

20  enhance performance of the fluidic seal.

Preferably the hydrophobic coating is formed substantially from polytetrafluoroethylene
(PTFE).

25  Preferably the ink jet nozzle assembly is manufactured using micro-electro-mechanical-
systems (MEMS) techniques. |



8 BRI EF DESCRI PTI ON OF THE DRAW NGS Not wi t hst andi ng any ot her formnms, which
may fall within the scope of the present invention, preferred forns of the
i nvent i onW@i20p4/¢03%4be descri bed, by way of exanpl e only PCWAGRPBOHIANCE tO
t he acconpanying drawings in which: 5 Figs. 1-3 are schematic illustrations
of the operational principles of the preferred enbodinent. Fig. 4
illustrates a perspective view, partly i%h section of a single inkjet nozzle
of the preferred enbodinent. 10 Fig. 5 is a side perspective view of a
single ink jet nozzle of the preferred enbodinent. Figs. 6- 15 illustrate

the vario 1 ( l in the construction of the

pr ef erredmmﬂ{#wmﬂmes a portion of an array view of
a pri nt hedidtwith¢ian@ing athyodthie fotmEPRhich inah AL WREin thedR6pt STIMSHredéat iR vkntibn,
accordance% t he grl nci pl.es of thq:‘{)resent invention.” Fig. 17 provides a

| egend of P¥ the mveatiemwyillnowrb ed.byrwayxd exaupleEpyly, Wit refereicg. 28

|IIustratgot§@55cbﬁ mﬂ%m 8¢ intvif nuf acturing steps in one form of
construction B jetn plrnl nt Hergd nozzle. Fig. 29 shows a three

di nens? onal , schematl c view of a nozzle assenbly for an ink jet

oot e adeld EERR AR M bt RS aTu %@%ﬁ%&é%éiim y

of Fig. 29. 30 Fig. 33 shows a three dinensional view of a nozzle array

constitutj ng fﬂn i nk j printhead. WD 2004/ 002744 PCT/ AU2002/ 001121 9
ustrates a perspectlve view, partly in section of a single inkjet nozzle of the preferred

embodiment.
10

Fig. 5 is a side perspective view of a single ink jet nozzle of the preferred embodiment.

Figs. 6- 15 illustrate the various manufacturing processing steps in the construction of the
preferred embodiment.

15 |
Fig. 16 illustrates a portion of an array view of a printhead having a large number of nozzles,

each constructed in accordance with the principles of the present invention.

Fig. 17 provides a legend of the materials indicated in Figs. 18 to 28.
20 ‘
Fig. 18 to Fig. 28 illustrate sectional views of the manufacturing steps in one form of construction

of an ink jet printhead nozzle.

Fig. 29 shows a three dimensional, schematic view of a nozzle assembly for an ink jet

25  printhead in accordance with the invention.

Figs. 30 to 32 show a three dimensional, schematic illustration of an operation of the nozzle

assembly of Fig. 29.

30  Fig. 33 shows a three dimensional view of a nozzle array constituting an ink jet printhead.



Fig. 34 shows, on an enlarged scale, part of the array of Fig. 33. Fig. 35
shows a thr i sional view of an ink jet printhead including a nozzle
guar d. S&QF%%"%O?&‘Q to 36r show three-di nensional vi ews RFT/AU2002/001421 he
manuf acture of a nozzle assenbly of an ink jet printhead. Figs. 37a to 37r
"show sectional side views of the manuf ac;uri ng steps. 10 Figs. 38a to 38k
show | ayouts of masks used in various steps in the manufacturing process.
_Figs. 39a to 39c show t hree-di nensi onal views of an operation of the nozzle
assenbly nmanufactured according to the nmethod of Figs. 36 and 37. 15 Figs.

40a to 40Bigs3w§ho$u%96ﬂﬁf@41ar%édj&aléi, ofthe 8PP Q130N of the nozzle assenbl y
manuf actured according to the nethod of Fids. y ‘and 37. DESCRI PTI ON OF

PREFERRED AND OTHER EMBCDI MENTS I n the preferred enbodi nent, an inkjet
printing gysififos ' [ ink.ejection. .hozzl e arrangenent
such that pa{?gl eag%r?%g%gegs'{a%le& e@?% lnﬁégﬁ?’b\e?‘g’&c@m& azzle gRady om a

refillable nozzle chanber. As a result of the construction processes
The cup shape

utilized,xth e s enerally of a "cupped"” shape.

provi des Iflg%%ﬁg)d%%rlsgwQF?%&“W“’QXﬂJhWOfGFePF fethe aragpfagtare ofmmedzler obl ens.
The padd|®sdnsbly bf &1 BRAPFhAEad.0 & thermal actuator device, which is
thermal |y actuated by nmeans of passing a current through a portion of the

thermal actuator, so 25 as to cause the ejection of ink therefrom Further,

t he cuppag,paegd| el e . SUl- 1 abl construction process that does not
require {hE ?or et Sil!l o$ecpﬁé%§ld§uwrl%‘%c° SPEaiimE™She process of
construction. This neans that thernmal stresses across a series of devices

constructed n ingle wafer. are mnimzed. WO 2004/002744
PCT/ A@zodﬁﬁ%égﬁ?%giég‘%f’ ?“}YP“‘P&f pasks used in vasious sy indhe mawaciuring proeess.uch
that the cupped paddl e has a range of novenent of between 1.5 m crons and

3 mcronsg, This ensures efficient drop ejection and an optinmumuse of chip
real est At@s- 3% tp A0 shey fhaea-dimengional viRivgssof ah operstiort dfithe nwizld assaublpe

expl ai neqndliGcRR& ?&:&9“&' to B AEhBY §BF 1% 3t6ha%d 37.

15 Figs. 40a to 40c show sectional side views of an operation of the nozzle assembly

manufactured accordjng to the method of Figs. 36 and 37.

DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
In the preferred embodiment, an inkjet printing system is provided having an ink ejection
20  nozzle arrangement such that a paddle actuator type device is utilized to eject ink from a
refillable nozzle chamber. As a result of the construction processes utilized, the paddle is
generally of a “cupped” shape. The cup shape provides for the alleviation of a number of the
aforementioned problems. The paddle is interconnected to a thermal actuator device, which is
thermally actuated by means of passing a current through a portion of the thermal actuator, so
25  asto cause the gjection of ink therefrom. Further, the cupped paddle allows for a suitable
construction process that does not require the formation of tﬁick surface layers during the
process of construction. This means that thermal stresses across a series of devices constructed

on a single wafer are minimized.




preferred enbodinent. In Fig. 1 there is illustrated an inkjet nozzle
arrangenent 1 having a nozzle chanber 2 which is normally filled with ink
froma sO¥BRY4MZMMel 3 such that a neniscus 4 forns ad®CIEAU200820011%

ej ection aperture of the nozzle arrangement. Inside the nozzle
arrangenment, a cupped paddl e actuator 5_js provided and interconnected to
an actuator arm6 i0 which, when in a qﬁ?escent position, is bent
downwar ds. The | ower surface of the actuator arm 6 includes a heater
element 8 that is constructed of material having a high "bend efficiency".

Pr ef er abl t wherei p the bend
effici enc%/[tﬂ} él%d}h ﬁ?r? Stﬂcg @to ?@Cgrﬁggg{%%_s&dr%adﬁ(}%s §f)aél§Ff’ C Heat
Capaci t y mowumienabf lzctweaneld mhcrmnkié micempHiis ensukes leffidién® Urapfejdetitn ampaer and
40% ni ckel her ei Q)?f Eu%r at {Sed (cuproni ckel) which can be fornmed bel ow a
gl ass | ay PHmum use of shipaeal €8tAE. ) ass layer. 20 In its qui escent position,
the arm6 is bent down by the elenment 8. Wien it is desired to eject a

dr opl et of ink fromthe nozzl e chanber 2, a current is passed through the

act uatbor Hyping inijallyiedngs. bf 3aﬁeiem@rWWMPiamdﬁhmm@nﬂwmcmﬁtof the The
heater el t iah nd eff| t her eby
Causi g Chaeatd GnbRuRed SEFRNS oA eall b ilidt Pld SRR ICA L BT 4

bet ween moszlﬂnhamhes 2awhic181s mponailysfilledtveth iplvdioth irmp@ljmﬁanﬂﬂ 3tsbi¢h thad d1at or arm
6 25 causes. the (ﬂgiﬁ‘glﬁ’ﬁiS to al so no p which results. in a general

i ncr ease Tt P%g Hection Apsriire gpzzée wrangeraenty dosidg the BOFHR ng
t he meni %ﬂaﬁge‘inenﬂhl CppEIPAIER atflaRdr § ¢ SbRAded 8&5 1‘}1 e?é%nﬂéctécﬂlé a?'lgtugtop !ﬁ]ngb ng of

the neniscus 4. Next, as indicated in Fig. heat er enent
turned of'fhigh “éﬁn iba giigscentposition e h@ﬁt&lpwrl@@@m Tb¢ laves S'afavﬁ @f the aptuator arm

qui escentg ,99@&%; Q%ﬁt@tﬂa%ﬁentfmmgkoﬁsﬁﬁ&%&é e aﬂz P bend g @%q%};}(’f;. ont

cupped paddl e Is results in a enera oung
of thermal Expansion) WO 2004/002744 PCT/AU2002/001121 11 sucklng back 11

of the i he n cha he forward ntuym of the ink
surr oundﬁ(ﬁﬁégﬁahg %#@tﬁﬁ“g h?%%g‘iég&’ﬁ%‘? CIRBRERE ge €qc¥al ts in a
gener al efikédg:

Young’s Modulus x (Coefficient of thermal Expansion)

15  bend efficiency =
_ Hiciency Density x Specific Heat Capacity

A suitable material can be a copper nickel alloy of 60% copper and 40% nickel, hereinafter

called (cupronickel) which can be formed below a glass layer so as to bend the glass layer.

20  Inits quiescent position, the arm 6 is bent down by the element 8. When it is desired to eject a
droplet of ink from the nozzle chamber 2, a current is passed through the actuator arm 8 by
means of an interconnection provided by a post 9. The heater element 8 is heated and expands
with a high bend efficiency thereby causing the arm 6 to move upwards as indicated in F ig. 2
an extent of between 1.5 microns and 3 microns. The upward movement of the actﬁator arm 6

25  causes the cupped paddle 5 to also move up which results in a general increase in pressure
within the nozzle chamber 2 in the area surrounding the meniscus 4. This results in a general
outflow of ink and a bulging of the meniscus 4. Next, as indicated in Fig. 3, the heater element
8 is turned off which results in the general return of the arm 6 to its quiescent position which

further results in a downward movement of the cupped paddle 5. This results in a general



of the meniscus and the formation of a drop 12 that proceeds to the surface

of the p quently, the shape of the neniscus 4 results in
subsequenEI E]I nf’?@@ﬁ‘g ink via the inlet 5 channel 3 that l’r‘&ﬁm@m)ﬁlﬁ

refilling of the nozzle chanber 2. Eventually, the state returns to that
i ndi cated by Fig. 1. Turning nowto Fig.;;4, there is illustrated a side
perspective view partly in section of one form of construction, a single
'hozzle arrangenent 1 in greater detail. The nozzle arrangenent 1 10

i ncludes a nozzle chanber 2 that is normally filled with ink. Inside the

nozzl e chamkig back $1 8f the ki ihid GleuitzOle chatbirah ﬂb\f&d}%?q R0 her
froman ink refill supply channel 3 WhIcC supplies in &Pﬁgm azdgacfi(ngurface

of a sil i BmPungding theymenigsys andjthe backvyasd mmmmm r8suits irl gentmlinedking

act uat or I nd ext er nal

cupr oni Ckgﬂ%gﬁ’i{&%%%h@ﬁieﬂg% o%ﬁ?g?ﬁ% fr%)glg ‘F@%{?ﬁh ‘gg\ﬁf ?ﬁﬂf R&%addl e 5

by rreans Yfbsequehtdy, theshape af the mienisoused wailts inf stbiequiedz HiflowcdTaiibas t inlthe sl ot
ce, tension characteristics retain

19 is smal, | |ons ch that s

Lhe © e GRS 3 s TR P el b ZF*rreéﬁePBwa, Evenfuallys therstase repirns toghet of
t he arrangeﬁagabﬁFggq further treated so as to be strongly hydrophobic.
Additionally, a pit 21 is provided around the slot 19. The pit 21 20
includes a ledge 22 with the pit 21 and | edge 22 interacting so as to

mnimze i t he ac uat or

Furt her, ?‘%ﬁlalggliggtbtﬁg tr‘r‘fﬁll%rrﬁé?#s 0 E%u“"c%?’ﬁ‘%" %v’g?"rﬁagylf‘ﬁﬁqtﬁﬂé’?oﬁe famnned
portion 2fcan§tecton, atsmgihmznlmnhmg&mm)m grRateNdaallli Theaidz410 arargeMdht ANQl ed
wal | 5 2% he surfa J{ a rr. 5 includes a slot 12. The
S ot s it o it Aty Rl M ik ot hoa St 2 o
paddl e aqiadalk(abtuﬁtoi'gmcﬁf AideStHE hasAe chhftiber %m%ﬁﬁ?{eﬁws g#l?@ha%ﬁéle_’» \{V\Q@ it o

initially the arrangement is filled with air and I quli S 1 njec
the refi|FPRIEsARkiron a bagk surficpehasilinen wafer b sl ot are such that, duri ng
operation of the paddle for ejecting drops, mnimal flow of fluid occurs
through the slot 11. 30 WD 2004/002744 PCT/ AU2002/ 001121 12

Outside of the nozzle chamber 2 is located an actuator arm 6 which includes a glass core

15  portion and an external cupronickel portion 8. The actuator arm 6 interconnects with the
paddle 5 by means of a slot 19 located in one wall of the nozzle chamber 2. The slot 19 is of
small dimensions such that surface tension characteristics retain the ink within the nozzle
chamber 2. Preferably, the external portions of the arrangement 1 are further treated so as to
be strongly hydrophobic. Additionally, a pit 21 is provided around the slot 19. The pit 21

20  includes a ledge 22 with the pit 21 and ledge 22 interacting so as to minimize the opportunities
for “wicking” along the actuator arm 6. Further, to assist of minimizing of wicking, the arm 6
includes a thinned portion 24 adjacent to the nozzle chamber 2 in addition to a right—angled
wall 25.

25  The surface of the paddle actuator 5 includes a slot 12. The slot 12 aids in allowing for the flow
of ink from the back surface of paddle actuator 5 to a front surface. This is especially the case
when initially the arrangement is filled with air and a liquid is injected into the refill channel 3.
The dimensions of the slot are such that, during operation of the paddle for ejecting drops,
minimal flow of fluid occurs through the slot 11.

30




The paddl e actuator 5 is housed within the nozzle chanber and is actuated
so as to eject ink fromthe nozzle 27 that in turn includes a rim28. The
rim28 asWp08#/G02744i ni m zi ng wi cki ng across the top of ROBAWWSZOMEIZNhanber
2. 5 The cupronickel element 8 is interconnected through a post portion 9
to a lower CMOS | ayer 15 that provides for the electrical control of the
actuator elenent. Each nozzle arrangeneﬁ% 1 can be constructed as part of
an array of nozzles on a silicon wafer device and can be constructed from
the utilizing sem conductor processing techniques in 10 addition to mcro

machi ni n 1 .Gl 1 gatlon. or echnpl oqy . a a_.fuyll

a1 ar o baaleiRals?d s Bk B3R oA RANRCRY o SRR R 1Bl W e o

i nt r oduct fram theonoazlei2Grtbatdh eeh inoludecdAm 28| Theytih 28 a{hdEVib)minghieingwickihg nade
to standard procee ingf in this field including the proceeding of the SPIE
(1 nt er nat3EH5I0edgR P f?l?cha&beﬁéyti cal Engineering) including volunes 2642
and 2882 that contain the proceedings of recent advances and conferences
inthis field. Turning initially to Fig. 6a and 6b, in Fig. 6b there is
shown %an Thei qupeanigkebelement §gs interponmpeted &mtighi aest portios R thaloweg CMOS tayen as
specifiedd [ Qs .0 54 al ' material is preferably 20 a
silicon \?\lla%‘@ra@fgvl egssfio ﬁ%ﬂ%]ég{}lgnf ar gglé)&(ééé %ﬁl&qﬁgﬁgﬁn&mm | ayer 15 that

i ncludes drive electronics (not shown), the structure of the drive on

el ectroni gs, bei readily a rent to those killed in the art of CMOS
i ntegrat ‘%‘i"l"@g ?’T%F‘ﬁ%sl. ‘pagﬁ’é cf’ﬁ_‘srt‘élftegla%Ba’? ﬂfs%aé’&%ﬁzt!ﬁstqwﬂéﬁonéwﬁrngl e
nozzl e i YevteRAd AT Bt MGk Frdin Eﬁetutizi%inrgQeﬁic@ﬁmcl&)r%oceﬁtrglécﬁﬂi opters

using the mask pattern having regions specified 29 as ustrated In

Fi g. 66, Ndditionge mi¢rp geachimingcand miftofabrivgtiomp®cess dechnelogy (VENE) aod a fulke
sacrificigl . i i Si . The sacrificial material can

conpri se %nﬁln%&\f%tﬂ egggégg?oﬁﬁqgsl%%’gr%h e?riag? ‘is then etched wutilizing a
mask pattern having portions 31 and 32 as indicated at Fig. 7a. 30 WO

2004/ 002744 PCT/ AU2002/ 001121 13 Next, as sho in Fig. 8b a very thin 0.1
i c onret d1oT A ESERAIGRTSNEPR B BT AEF FOmoThePISR] HtepHMEMS) reference i made {0
standard proceedings in this field including the proceeding of the SPIE (International Society
15 for Optical Engineering) including volumes 2642 and 2882 that contain the proceedings of

recent advances and conferences in this field.

Turning initially to Fig. 6a and 6b, in Fig. 6b there is shown an initial processing step that

utilizes a mask having a region as specified in Fig. 6a. The initial starting material is preferably
20  asilicon wafer 14 having a standard 0.25 micrometer CMOS layer 15 that includes drive

electronics (not shown), the structure of the drive on electronics being readily apparent to those

skilled in the art of CMOS integrated circuit designs.

The first step in the construction of a single nozzle is to pattern and etch a pit 28 to a depth of

25 13 micrometers using the mask pattern having regions specified 29 as illustrated in Fig.6a.

Next, as illustrated in Fig. 7b, a 3 micrometer layer of the sacrificial material 30 is deposited.
The sacrificial material can comprise aluminum. The sacrificial material 30 is then etched
utilizing a mask pattern having portions 31 and 32 as indicated at Fig. 7a.

30



shown) (for exanple, silicon nitride) is deposited and subsequently etched

so as to g‘%mthe heater el enment 35. The etch utilizes a third nmask havi ng

mask regi Q‘nggi%f"i ed as 36 and 37 in Fig. 8a. 5 Next,PG@EABoMe01L2t ended

in Fig. 9b, a 1.1 mcroneter |ayer of heater material 39 which can

‘conprise a 60% copper 40% ni ckel all oy ilz deposited utilizing a mask having
d

a resultant mask region 40 as illustrat in Fig. 9a. 10 Next, a 0.1
_mcroneter corrosion |layer is deposited over the surface. The corrosion
barrier can again conprise silicon nitride. Next, as illustrated in Fig. |

b, a 3. AN&kEh9dmetkal ng&,ﬁls@ i ited. The glass and. nitride
can then be t[t-’::-tched ljltllrﬁlglls fa]gfea A glzcrg%gtglleg?%d}fi:?o?ﬂmﬁ margaateryl (nqf| ass
| ayer 42 $hoWm)goperample silisen nittde)tihdepdsitedsind stbtequeatl ¢ 8GhedsoRR S foall Hé t hat
is aresu f I t1,.0n-proces foll owing the | ower surface profile.
Next, a 6h%ﬁté§re§$rﬁe§tﬁ tegflogieee&mo ﬁﬁPﬁ?ﬁ%d?aég hayipg magk regipns spasified a8 B AR i s
deposi t edind¥g. 8andi cated in Fig. | Ib. This layer is planarized to

appr ox; mately 4 m crometer m ninum 20 thickness utilizing a Chem cal

Mechani cal Pl anarization (CWP) process. Next, the sacrificial material

| ayer is Negh@bhowh idt&ddad i }n'ﬂ%o ' 49 gs.illustrated in
Fig. 11 a sohgg to ff)tirﬁgb%ﬁé?ggr(ig 6¥ t er{lﬁgxlzlggezo&/gﬁtﬂéﬁ%e%é% W%N@f@? as
i | T ust r at @Rrise £6§% copper 49%gnivke rlopiseepdsitydutilifinglh aask wiﬂfgsa “aNasi heg: The
3 25 mcr LS. terned and etched to a depth of 1 microneter
using a n%gﬁhﬁg\?%%ggatééleb‘%g'n&aSpeci fied 51 as illustrated in Fig. 12b so as
to forma nozzle rim Next, as illustrated in Fig. 13b the glass |ayer is
etcheg) uty, i zi&g a further mask as illustrated in Fig. 12a, which | eaves
gl ass' port i) Lmicromster orresiaon lpyar isdsposited ovenrthe surfugt ] Thcbrpsion banier tan 30
54. WO 2(&4{&;@&3&*3@&@%?/ 001121 14 Next, as illustrated in Fig. 14b,
the backside of the wafer is patterned and etched so as to form

Next, as illustrated in Fig. 10b, a 3.4 micrometer layer of glass 42 is deposited. The glass and
nitride can then be etched utilizing a mask as specified 43 in Fig. 10a. The glass layer 42

15 includes, as part of the deposition process, a portion 44 that is a result of the deposition process
following the lower surface profile. ’

Next, a 6 micrometer layer of sacrificial material 45 such as aluminum is depdsited as
indicated in Fig. 11b. This layer is planarized to approximately 4 micrometer minimum
20  thickness utilizing a Chemical Mechanical Planarization (CMP) process. Next, the sacrificial

material layer is etched utilizing a mask having regions 48, 49 as illustrated in Fig. 11aso asto

form portions of the nozzle wall and post.

Next, as illustrated in Fig. 12b, a 3 micrometer layer of glass 50 is deposited. The 3
25  micrometer layer is patterned and etched to a depth of 1 micrometer using a mask having a

region specified 51 as illustrated in Fig. 12b so as to form a nozzle rim.

Next, as illustrated in Fig. 13b the glass layer is etched utilizing a further mask as illustrated in

Fig. 12a, which leaves glass portions e.g. 53 to form the nozzle chamber wall and post portion
30 54, ‘




an ink supply channel 3. The mask utilized can have regions 56 as specified
in Fig. 14a. The etch through the backside of the wafer can preferably
utilize awBi2gbw/aprad4i ty deep ani sotropic 5 etchi ng syst erRCIUATR062001 ket
avai l able from Silicon Technol ogy Systens of the United Kingdom
Preferably, the etching process also results in the dicing of the wafer
into its separate printheads at the sar® time. Next, as illustrated in
Fig. 15, the sacrificial material can be etched away so as to rel ease the
10 actuator structure. Upon rel ease, the actuator 6 bends downwards due to
its release fromthermal stresses built up during deposition. The printhead
can then be cleaned and nounted in a noulded ink supply systemfor the

suppl y of NeftKad iluéthediaFg. 34b,ftAEC BackEidé BEhYald is pattEMRd ahd LiBhddRb a§ WM NY
electric control to an edge of the printhead can then be bonded utilizing

nor mal TA® sk sapnly chasarld. g askiyéilizesr qag havesregions 56 a3 sperifisdingigr Wehdbecal | y
t ted } . } . filled
w th ik pah ttalghfe bikicddf of BE AR Rl prs AP LS B G dBF Bibortapic ©

pri nt hadethldug systean suethes ithat aenilable fomiSiticGOTechnology Sesieras ofithe Bditédbr f ul |

color pripting. E hows. a portion of .the fipal | nt head structure
and incl gﬂ?&g&?h EI é&e‘? a&’ﬁte @E‘ﬂieﬁb’gsogﬁ‘%@ lwb(eriﬂﬂ%g@hwafeﬁgﬁ? 8% each
col or andsepaale FHnRdNS B satheFim@3 i N turn consisting of two separate rows
of inkjet nozzles 65, 66 which are spaced apart in an interleaved pattern.
The nozzle 65, 66 are fired at predetermned tinmes so as to forman output
i mage as | 4. ; Hadh! . S i j

constr uctilq(g)%’ %flhlssrﬁ( | et F%gr'iqg’?ﬁéegaggﬁégc%agﬁggzlz e%E e %hg(g@ﬁ}nsépgt Z%iela Jsthgwn
act uator antwat@GStrubtuceh, Upon releabes the acthiatoms bends dxwnwands Wucoriacltasafioangenent ,

is prefergbly.forned spo ag to be generglly. hent with respect, to 25 the |ine

Ipe r Be ndi c@’ﬁ’é’}/al tggeﬁsﬁg"ﬂ‘lgw 5%‘%?9@2?“- Iﬁ&f}é"g‘lﬂ*’é F%&]F%L%@g%p 6?85#0}“&5‘?6 hent

i's provi deghoued ﬁikshﬁ?’ly@?ﬁexﬁffoﬁtﬁ@s@b -thebatkufadedst theows¥an TARPeNt a
0

and anot her yellow color _ printing. viously, four-color printin

ar r angenehlsior sppplying slestric Gentea) t9 an edzgg of theprinthead cguthebeopded utilizing
PCT/ AU200 : I ; i i .71
%&g@%ﬁéﬁtﬁm@g FEBARBLY THuRE aadtn %eﬁ?e{hggrgﬂﬂo&&'ﬂ 10343 afia 0

are fornme the insertion auto ondi ng
( TAB) 15t r fimallpitheink sepplp ehaineland dotwle chmatber filledawitly inkefot testihigl €. g.

Hence, as illustrated in Fig. 16, a pagewidth prihthead having a repetitive structure 60 can be
constructed for full color printing. Fig. 16 shows a portion of the final printhead structure and
includes three separate groupings 61-63 with one grouping for each color and each grouping

20 e.g. 63 in turn consisting of two separate rows of inkjet nozzles 65, 66 which are spaced apart
in an interleaved pattern. The nozzle 65, 66 are fired at predetermined times so as to form an
output image as would be readily understood by those skilled in the art of construction of inkjet
printhead. Each nozzle e.g. 68 includes its own actuator arm 69 which, in order to form an
extremely compact arrangement, is preferably formed so as to be generally bent with respect to

25  the line perpendicular to the row of nozzles. Preferably, a three color arrangement is provided
which has one of the groups 61-63 dedicated to cyan, magenta and another yellow color

printing. Obviously, four-color printing arrangements can be constructed if required.



72 which is constructed al ong one edge of the printhead specifically for
this pur form of detail ed manufacturing process which can be
used to P@E’?zlogaﬁmggﬁonol ithic ink jet print heads oper atPCEHADZN020¢1320ance
W th the principles taught by the present enbodi ment can proceed utilizing
the follow ng steps: 1. Using a double sjded polished wafer 14, conplete
drive transistors, data distribution, and 10 timng circuits using a 0.5
.mcron, one poly, 2 nmetal CMOS process 15. This step is shown in Fig. 18.
For clarity, these diagranms may not be to scale, and nmay not represent a

Lo Rt et Sl 8 7S 8 s

representajions of various materials i ese’  nehu "4 and
those of Bthipe gitamatied bpeding CRAB) sthip whichwan bé gligrati bg Meeand 6f lignfiefit Ya ¢igde

down to s#d LGRM ik ] ing Mask 1.. This magk gffines the pit

under neat b the pat #g&d;%m\éﬁe %§89i@eé’ﬂﬂg§a‘g’fp"f‘%§d forthieamposehi p. 3.
Etch silicon to a depth of 8 mcrons 80 using etched oxide as a mask. The
si de | slope. of i, etch is not critical (60 to 90 degrees is

acce\gfgabl éﬁ'e g & ‘iﬁliﬂ%fi dnat“f"gﬁﬁ’ﬁngtpé‘l’f‘é?ssw’él&h crebeiysed. to Tbrivateaforsdlighic ik jshown
in Fig. lfinthea itihg 3n BcoFRARSe Rfith Lfdi gl terial 81 (e..g.,. al um num
or polyimde) 5. Etch ?he sacrifici aﬁﬂfgﬁéﬁhﬁaﬁ%ﬁMS e§,resff§%f‘m%ﬂ’§‘q%&%r
vias 82 ahfacsd piilizng thedellowingstenps: 83. 25 This step is shown in Fig. 20. 6.
Deposit 0.2 microns of heater material 84, e.g. TiN. 7. Etch the heater
material using Mask 3, defining the heater shape. This step is shown in
Fig. 21. BOUsMy 2WabR0Rikd4pdREHIIARRP 14 ki dte 1hivE a6, BERsriBilelon, and

el ectyical .connec%l ons_are conplete at this point, bond pads are )
accesSi bl ‘E2Rg SHMEHENE 4 Dpmigran, ors pajia2 metd SFMOS rocess 156l tep B shbwn inEig Of
PECVD gl a8sF&bclarit), thése @hgfinRSiiay A Dk i EN?EE This mask defines the
nozzl e chamber wall, the paddlae}% angt?ladg&gac u él?trg‘?rﬁ%enﬁfrgsssﬁe@bo’\ oughown
in Fig. 29Y single plane of the nozzle. Fig. 17 is a key to representations of various materials in these

manufacturing diagrams, and those of other cross-reférenced ink jet configurations.

15 2. Etch oxide down to silicon or aluminum using Mask 1. This mask defines the pit undemeath
the paddle, as well as the edges of the printheads chip. |

3. Etch silicon to a depth of 8 microns 80 using etched oxide as a mask. The sidewall slope of this

etch is not critical (60 to 90 degrees is acceptable), so standard trench etchers can be used. This
20  step is shown in Fig. 19.

4. Deposit 3 microns of sacrificial material 81 (e-g. aluminum or polyimide)

5. Etch the sacrificial layer using Mask 3, defining heater vias 82 and nozzle chamber walls 83,
25 This step is shown in Fig. 20.

6. Deposit 0.2 microns of heater material 84, e.g. TiN.

7. Etch the heater material using Mask 3, defining the heater shape. This step is shown in Fig, 21.
30



11. Deposit 6 mcrons of sacrificial material 86. 10 12. Etch the
sacrificial material using Mask 5. This mask defines the nozzle chanber

wal | . Thi WO 2004492744 shown in Fig. 23. 13. Deposit 3 m crRCWEAGIOFHAVD gl ass
87. 15 14. Etch to a depth of (approx.) 1 mcron using Mask 6. This nmask
defines the nozzle rim28. This step is shown in Fig. 24. 15. Etch down to
the sacrificial layer using Mask 7. Thi d6mask defines the roof of the
nozzle 20 chanber, and the nozzle 27 itself. This step is shown in Fig.

25. 16. Back-etch corrpl etely through the silicon wafer (with, for exanple,

8 Thi s nhoafiephe il feeeif MihpitoB S ke oL Rtk DT
The waf ermes;h@ksl@;ﬂimeepbme‘dhls etch. This step is shown in Flg 26. 25 17.

Etch the sacrificial material. The nozzle chanbers are cleared, the
actuators freed, and the chips are separated by this etch. This step is

shown in §ifenodf3 NppRicvih rdcnt heads in their packaging, which may be
a nol ded pl a£€§0 ons ?ncor pgla%tglsng 30 ink channels, which suppl y the

appropfi ate col or |nk to the ink inlets at the back of the wafer.

200410021 T ROOPLEONGL i Se PEIECh R ea%iﬁkﬁe?mh&?ém.on

of ai rflommaTﬁanﬁHmmep@esbwﬂrfe pondi ng may al so be used if the printer
is to be operated with sufficient clearance to the paper. 5 20.

Hydr ophobi ze the front surface of the printheads. 21. Fill t he conpl et ed

print headg; ehgsdm%ﬁls%pgaghﬁﬁghhagﬁal gh filled nozzle is shown in Fig. 28.
ow to

10 Ref errl ng raw ngs, a nozzI e assenbl y, in
accor#ance with a further

12. Etch the sacrificial material using Mask 5. This mask defines the nozzle chamber wall. This
step is shown in Fig. 23.

13. Deposit 3 microns of PECVD glass 87.

15
14. Etch to a depth of (approx.) 1 micron usmg Mask 6. This mask defines the nozzle rim 28. This
step is shown in Fig. 24.

15. Etch down to the sacrificial layer using Mask 7. This mask defines the roof of the nozzle
20  chamber, and the nozzle 27 itself. This step is shown in Fig. 25.

16. Back-etch completely through the silicon wafer (with, for example, an ASE Advanced Silicon

Etcher from Surface Technology Systems) using Mask 8. This mask defines the ink inlets 3 which

are etched through the wafer. The wafer is also diced by this etch. This step is shown in Fig. 26.
25 _ ' |

17. Etch the sacrificial material. The nozzle chambers are cleared, the actuators freed, and the

chips are separated by this etch. This step is shown in Fig. 27.

18. Mount the printheads in their packaging, which may be a molded plastic former incorporating
30  ink channels, which supply the appropriate color ink to the ink inlets at the back of the wafer.



enbodi nent of the invention is designated generally by the reference

nuner al l%,g)z ﬁ%()i? jet printhead has a plurality of nozzle assenblies 110
arranged i (2 y 114 (Figs. 33 and 34) on a silicorP@HE3002(0012116. The
array 114 will be described in greater detail below . 15 The assenbly 110
“includes a silicon substrate or wafer ll'? on which a dielectric |layer 118
is deposited. A CMOS passivation |ayer 120 is deposited on the dielectric
_layer 118. Each nozzle assenbly 110 includes a nozzle 122 defining a nozzle
opening 124, a connecting nenber in the formof a lever arm 126 and an
actuator 128. The lever arm 126 connects the 20 actuator 128 to the nozzle
122. As sggown in greater detail in Figs. 30 to 32 of the draw ngs, the
nozzl e 129 chfFstsibe paingheadmto their tintereonBot wystdmsa Fokiar lowpprofileosona@ion with

dependi n £ t i The ir rtion 132 fqr part of
a peri phg?gjﬁ\{/\%l *ﬁgﬂ ongﬂgg?? Hé” gﬂ%#ﬁ&bﬁ@ﬁd.?ﬁ%bp gy also g? “ﬁeaéfn‘gﬁ BUMAYS) .
25 The nois #¢ ke epseatédgitli Sdficienticleafahed td teeopapti cati on wi th the nozzl e chanber
134. It is to be noted that the nozzle opening 124 is surrounded by a
raised rim 136 that "pins" a neniscus 138 (Fig. 30) of a body of ink 140

in the no HydRPARGBILY the Bdnt PR MRindfrdqS"CT/ AU2002/ 001121 18 An ink inl et

aperture 142 (shown nost clearly in"Fig. 34) is defined in a floor 146 of
the nozzle chanber 134. The aperture 142 is in fluid conmmunication with an

i nk inletyC j L the substr 116.. 5 A wall portion
150 bounds ?ﬁgﬂ g%%@é&%fcggﬁﬁ%&gggg @M@@W&ﬁm‘f‘ﬁ%ﬂoﬁ%‘sﬁh% indig+28on
146. The skirt portion 132, as indicated above, of the nozzle 122 defines

a first pard of a egiiggrﬁl wal | of the nozz|e chanber 134 and the wall
portion CRE PR O Figs &2 of thefigwings ampazle assemhlys i accouditice ithrafartherz 2| e

chanber Jlegtbodibhent BEthedhventioRi ' ' lip 1 t,its free
end that serves nas a fl_&nd?%lsggigﬁ?%da |ank?’gﬁéﬁ?ﬁg&g%éﬁrg?é&i‘H{’%% t he
nozzl e 1Ppinfheadihasy pluwdity efcnoarle pssembliesti0i dmmdgédingnaate i 14 (RigsaB3 abesow. | t

el : , i i f the ink d th H
di mens one s oRereuathe. A8 ahiy PFu] S SSuied T sishier dkni bolgw 11 on 132,

di mensions o e spacli ng be
the inwardly directed

15 The assembly 110 includes a silicon substrate or wafer 116 on which a dielectric layer 118 is

deposited. A CMOS passivation layer 120 is deposited on the dielectric layer 118.

Each nozzle assembly 110 includes a nozzle 122 defining a nozzle opening 124, a connecting

member in the form of a lever arm 126 and an actuator 128. The lever arm 126 connects the
20  actuator 128 to the nozzle 122.

As shown in greater detail in Figs. 30 to 32 of the drawings, the nozzle 122 comprises a crown
portion 130 with a skirt portion 132 depending from the crown portion 130. The skirt portion
132 forms part of a peripheral wall of a nozzle chamber 134 (Figs. 30 to 32 of the drawings).
25 The nozzle opening 124 is in fluid communication with the nozzle chamber 134. It is to be
noted that the nozzle opening 124 is surrounded by a raised rim 136 that "pins" a meniscus 138

(Fig. 30) of a body of ink 140 in the nozzle chamber 134.




lip 152 and surface tension function as a seal for inhibiting the escape of
ink fromthe nozzle 15 chanber 134. The actuator 128 is a thernmal bend

act uat or WERWH002H4nect ed to an anchor 154 extendi ng uREavAl200%/00am21t he
substrate 116 or, nore particularly, fromthe CMOS passivation |ayer 120.
The anchor 154 is nounted on conductive pads 156 which forman el ectri cal
connection with 20 the actuator 128. THé actuator 128 conprises a first,
active beam 158 arranged above a second, passive beam 160. In a preferred
enbodi nent, both beans 158 and 160 are of, or include, a conductive

ceram c terdal such as,Jjtaniumnihtride(TLN). .2 ot h be and, 160
have t hein?mflﬁ g\llet gﬁﬂ'gxr%i%%b%vgl 8 Stﬁ]i%aﬂlg AR ﬁiﬁ' 5[1\9513 dﬁ‘ﬁ‘lfgt‘ﬂéiﬂf’o ag%o‘éséﬁe DQAZHgS
connect edcliamtieh €34 r ThelaperturéVi D isdn fluid @imisicatmSath 4r0ink k0¥ chivineL g4 t he
active begnfl 138 tgﬁqrhrral expansi on of the beam 158 results. As the passive
beam 160, d¢fHied dyRughthe ubskiaed 19 no current flow, does not expand at the
sane rate, a bending nonent is created causing the 30 arm 126 and, hence,

the nozzle 122 to be displaced downwardly through between 1.5 and 3 WO
2004/ 002 7Aavadiporiere 0bamadsithe apegtune t420ams! etxtands diswartily feu gierfloepdrtion 446.shown

in Fig. of, .t he dr gwings. ..This,caus an_ej i,on of. ink through the
nozzl e opé ?%l(é}tfgﬁlogggg’hag\}%dlcﬁgediaggv?’r??éfe OZ%qg# d?ftfjﬂfsarf ' %QP“W&}“‘F’Re
sour ce of whkk of the hopAéchaarbef 13anandhike @6l buioRq30'déHids alseddnd PYrt SF Bl PeAPheral
current flow, .the n?zzle 122 returns to its quiescent position as shown in

Fig. 32 oyl pbthangzgle,chamboplid. t ne nozzle 122 5 returns to its quiescent
position, an ink droplet 164 is fornmed as a result of the breaking of an
ink droplet neck as illustrated at 166 in Fig. 32 of the drawi ngs. The ink
dropl & 1FHe walkh50 hasaadhwardly dirgctedh &ip 62 at itsifrel endshat lsersies @ asthadit sedl thaper .

As a result.of .the for ion aof the, i . draoplet 164, "n tive" neniscus
is for rredmizfsb 113 5, %P OE’HB% ‘?%f?n%‘eg’?ozﬁlf 125 % %@ﬁg‘fegmﬁ‘%‘ﬁ‘i‘.be%ﬁ@%%gwﬁ??ﬁe"
meni scus dedll betow) Liswillibeapprecihted Magdut Bktht48kcbsliyorfihitnk 920 hed dbamanr 134

such that 10 a ne niscus 138 (Fig. 30) is fornmed in_readiness for the
next ink %ESI@?%&(H%‘)&F!F& twgen the lip 152 and the skirt portion 132, the inwardly directed

lip 152 and surface tension function as a seal for inhibiting the escape of ink from the nozzle
15 chamber134. '

The actuator 128 is a thermal bend actuator and is connected to an anchor 154 extending
upwardly from the substrate 116 or, more particularly, from the CMOS passivation layer 120.
The anchor 154 is mounted on conductive pads 156 which form an electrical connection with

20  the actuator 128.

The actuator 128 comprises a first, active beam 158 arranged above a second, passive beam
160. In a preferred embodiment, both beams 158 and 160 are of, or include, a conductive
ceramic material such as titanium nitride (TiN).

25
Both beams 158 and 160 have their first ends anchored to the anchor 154 and their opposed
ends connected to the arm 126. When a current is caused to flow through the active beam 158
thermal expansion of the beam 158 results. As the passive beam 160, through which there is
no current flow, does not expand at the same rate, a bending moment is created causing the

30  arm 126 and, hence, the nozzle 122 to be displaced downwardly through between 1.5 and 3



nozzl e assenbly 110. Referring now to Figs. 33 and 34 of the draw ngs, the

nozzl e ar is described in greater detail. The array 114 is for a
f our - col o‘&ﬁéﬂ}%@ﬁj’eéd. Accordingly, the array 114 incl udé’§1¥@€ﬁ004@1@10ups

170 of nozzle assenblies, one for each color. Each group 170 has its nozzle

“assenblies 110 arranged in two rows 172gand 174. One of the groups 170 is

shown in greater detail in Fig. 34 of the drawings. To facilitate close

. packing of the nozzle assenblies 110 in the rows 172 and 174, the nozzle 20
assenblies 110 in the row 174 are offset or staggered with respect to the

nozzl e asmivttisitewarlid the substhde1 T60W shdwn irfFig 031 5@3 8944 ﬂﬁ?%g?és![ag%g%ég? Ln

the row 17% %aced 21z;gaart sufficiently far fromeach o

the |ever® quel the nezzle opspingd 24 o8 sherwn atd 62 irOFig 3 It dfshe drawiigd. When piss s

bet ween agj,a% i.es, 110 i.n the row 172. It is to
be noted t hat Q’%g%%%gg’?ﬁ%@?&éﬁ%@;’eﬁéﬁ:Tgé’gﬁg@f é?ﬁﬂ‘%g ?Veﬂﬁﬁ%‘lﬂ’ég? n%kped o)
that the hzgtuess to A8 qiiesdehtpositivn2ts shin ineRif. ResfRedakviiDs "WA%h @ nb2Aeansl t he
actuators of. adi acent nozzl e, assenblies 110 in the row 174. Further,
to factli ’ieé“%'gs s %135%?8EP%&‘% a fr q}%pj% 168 lﬁégn%a& awesyltgfshe brealdngjofiany

each nozzink dicplet nbck Al a2l b i 8% 20UFhd FraSh E’eflheiég 539%@%92744
PCT/ AU2002/ 001121 20 |t wi Il be appreciated by those skil in e art

that, whefvelionie e nsiat mediagpeh o ashesicnf paperoda adesultins the fosatiohef fhikGnk i n

use, due 8ol n : i€ ' t a slipoht. apgle wi.th. regpect to
t he nozzl ee%%%é?%?g% I&ggﬁ%ng&ggég?%géds%? F@‘mf‘} ?ﬁgﬁn fﬁeggaﬁbaﬂm"&%ﬁsar. Sit is
an advarinegpsivet memiecuarl68 nepelteint ansihflow of mkAi4Q Snto A 2ele 3harber 138 sibhaMitNgs

t hat ]tohe tors zl e assenblies 110 in the rows 172 and

ct of ..t hg no
174 ext enagh"i“}ln‘%{*?%%"“éja‘ﬁé(%ﬁrgeoét‘§ Brmed ingradinsssfor the naxhink doppsciacrion drom the4,
Hence, t hwzilakssdmbpl DS ej ected fromthe nozzles 122 in the row 172 and
the ink droplets ejected fromthe nozzles 122 in the row 174 are parall el
to one another resulting in an inproved print quality.

Referring now to Figs. 33 and 34 of the drawings, the nozzle array 114 is described in greater

detail. The array 114 is for a four-color printhead. Accordingly, the array 114 includes four

15 groups 170 of nozzle assemblies, one for each color. Each group 170 has its nozzle assemblies
110 arranged in two rows 172 and 174. One of the groups 170 is shown in greater detail in
Fig. 34 of the drawings.

To facilitate close packing of the nozzle assemblies 110 in the rows 172 and 174, the nozzle

20  assemblies 110 in the row 174 are offset or staggered with respect to the nozzle assemblies 110
in the row 172. Also, the nozzle assemblies 110 in the row 172 are spaced apart sufficiently
far from each other to enable the lever arms 126 of the nozzle assemblies 110 in the row 174 to
pass between adjacent nozzles 122 of the assemblies 110 in the row 172. It is to be noted that
each nozzle assembly 110 is substantially dumbbell shaped so that the nozzles 122 in the row

25 172 nest between the nozzles 122 and the actuators 128 of adjacent nozzle assemblies 110 in
the row 174.

Further, to facilitate close packing of the nozzles 122 in the rows 172 and 174, each nozzle 122
is substantially hexagonally shaped.
30




10 Al so, as shown in Fig. 33 of the drawi ngs, the substrate 116 has bond
pads 176 arranged thereon which provide the electrical connections, via
t he pads WO@04W2Hhe actuators 128 of the nozzle assemBOE&AU2002001THese
el ectrical connections are fornmed via the CMOS | ayer (not shown). 15
Referring to Fig. 35 of the drawings, a sevelopnent of the invention is
showmn. Wth reference to the previous d awi ngs, |ike reference nunerals
refer to |ike parts, unless otherwi se specified. In this devel opnent, a
nozzl e guard 180 is nnunted on the substrate 116 of the array 114. The

| |
134 dof { ad 35° AppPaa By ubsBQied B IREL RC IR B h R b s bnlest e
n(ﬁztz | e wﬁ pt@marcbshelsllbstmte i he imosez dee todmzbla;o@ﬁnﬂg 024'Dbe1h£let ﬁdh@ﬁ&'an%gejvﬂ%lﬁ h )
t ha en in one zzl e openl ngs ein
passes t hi*Ri§ tottﬁ'?e 2‘!"“3;’ dﬁﬁé&g‘é@?ﬁf@ﬁ‘%@fy&ét@tﬂem@a’ﬁmﬁh 3t ’raPnt rredl a.
25 The bOﬂMaﬁmgéa@ﬂma&zmgsmeﬁusﬁb&ﬂ il Fitg§ 33GAd 349 el &&fﬁgﬁm&ﬁh@&dﬂ&%éz

nozzl e assenblies 110 by |inbs or ruts 186. struts
air inietofdhene %Siﬂ@lﬁéﬂi%@dm PRoYseli74 angd ﬂ74191§end/\mehe samee darecmp tb bae sslel n

operatio S for

t hr ough ?%etﬂ%%)g}sszggrs&ﬂ %gzgt%g’%? ﬁ%?%?#l%gefggﬁ ﬁ]ﬁém ? éowjggages
184. 30 V¥pdaboink@pdpletd ceCred AdROBE hERTeE 222 aﬂ.thi'h@wilflkaje’:‘pafﬁ%lt@lbhé andilét in the
air as the‘ﬁir is chaaﬁg’g thro h the passages 184 at a different velocity
from t hat™SF &2 FHRPEFSHPER % For exanple, the ink droplets 164 are
ejected from the nozzles 122 at a velocity of approximately 3nmls. The air

is charged through the passages 184 at a velocity of approximtely |Inis.
The plfr poRiso.ss shown i Fig; 33 efshedrawings.the substrats 446 bas 11@4 petleHi6 apfangadr ei gn

particle 0

particl e:thelﬁtggﬁgﬁﬁ gm‘ga(f)énttﬁ%%!t %tgi@%loczz %ﬁ%éssg% % i“i"\ﬁéﬁ‘égﬁ’@@f%ﬁ? i ng
t hei r operaatle essembplies] 10h S hesealecttiaih cafnettivns ardfomé&&iaﬂmmsia)%ﬁ (do? the
nozzl e gus%‘gmgao this problemis, to a |large extent, obvi ated.

15 Referring to Fig. 35 of the drawings, a development of the invention is shown. With reference

to the previous drawings, like reference numerals refer to like parts, unless otherwise specified.

In this development, a nozzle guard 180 is mounted on the substrate 116 of the array 114. The
nozzle guard 180 includes a body member 182 having a plurality of passages 184 defined

20  therethrough. The passages 184 are in register with the nozzle openings 124 of the nozzle
assemblies 110 of the array 114 such that, when ink is ejected from any one of the nozzle

openings 124, the ink passes through the associated passage 184 before striking the print
media.

25  The body member 182 is mounted in spaced relationship relative to-the nozzle assemblies 110

by limbs or struts 186. One of the struts 186 has air inlet openings 188 defined therein.

In use, when the array 114 is in operation, air is charged through the inlet openings 188 to be
forced through the passages 184 together with ink travelling through the passages 184.
30



10 Referring nowto Figs. 36 to 38 of the draw ngs, a process for

manuf actuw n& &FO? ozzle assenblies 110 is described. Starting with the
silicon st % wafer 116, the dielectric |ayer 11PGHARRIBYNIEA] on a
15 surface of the wafer 116. The dielectric layer 118 is in the form of
“approximately 1.5 mcrons of CVD oxide.,,Resist is spun on to the |ayer 118
and the | ayer 118 is exposed to nask 2002 and is subsequently devel oped.
~After being devel oped, the layer 118 is plasm etched down to the silicon

| ayer 116. The resist 20 is then stripped and the layer 118 is cl eaned.

This st epTH@fﬂkﬁ@ﬁoﬁéﬂ&ain@Jhﬂ At 8f a@BRMlrYE &a}é!a tla\Joﬂ%ﬂ: g ggggg% qg4 H%e 1?1{3% ngs

approximately O m crons of al um num 202 ayer

Resi st i s VApE %?malm of the ink dnepletsrh640Poi Qxampbaoémdnk dropleskl 62 @k ajeded from
d | d d 118,
Cho 1 oo o e nblee | 48 QUEOLR of by RARIR SR Th S cheratd Erih e neiihetios the

bond padslmalwkenyoﬁamnmsnfa&l}thﬂ/sl nk jet actuator 128. This interconnect
is to an NMOS drive transistor and a power plane with connections made in
t he CI\%S | ayer (not shown). Approximately 0.5 microns of PECVD nitride is
deposi t edTRepirpescGFER A0S 56 MintH tHe Py 9521%4 1 ﬁgﬁe { pun nd the
| ayer 120 i.s exposed to nmask 206 wﬁerea ter |cte§t00 pah?ée? 2??8‘%6\0
2004/ 002 79rastptint thesedforeigroparticles? suchay duiss pastictes, dohld fall bnuodhae nozzlelasseirblies ched

down to t icon | 6 in.the regjon of
the inl et @p@turgg?ﬁéﬁ;@%@réﬁ?‘ :\*S?%%@ﬁpb o) ?ﬂémi"é\?i’ﬁ@n%qga’ﬂg%e A
| ayer 208nazklesguanick80fthis padblemispta Blargeexteht)8bdRted. 0 the | ayer 120. The |ayer
208 is, 6 mcrons of 5 photosensitive polyimde or-approximately 4 mcrons
of hi tenperature resist. The layer 208 is softbaked and is then exposed
to mask ZRére ¥ th Ficsl 86 toS3FTRL T rdbaked at
400C for oneﬂﬁgur wher% thé)%l ayer %gglls con%aeg%lg’gggag fabﬁ?&?%dle or at
greater 3spemplies 4 40 i feseribefe | ayer 208 is high tenperature resist. It is to
be noted in the drawi ngs that the pattern-dependent distortion of the
pol yi m de | ayer 208 caused by shrinkage is taken into

Starting with the silicon substrate or wafer 116, the dielectric layer 118 is deposited on a

15 surface of the wafer 116. The dielectric layer 118 is in the form of approximately 1.5 microns

of CVD oxide. Resist is spun on to the layer 118 and the layer 118 is exposed to mask 200 and
is subsequently developed.

After being developed, the layer 118 is plasma etched down to the silicon layer 116. The resist
20 is then stripped and the layer 118 is cleaned. This step defines the ink inlet aperture 142,

In Fig. 36b of the drawings, approximately 0.8 microns of aluminum 202 is deposited on the
layer 118. Resist is spun on and the aluminum 202 is exposed to mask 204 and developed.
The aluminum 202 is plasma etched down to the oxide layer 118, the resist is stripped and the
25 device is cleaned. This step provides the bond pads and interconnects to the ink jet actuator
128. This interconnect is to an NMOS drive transistor and a power plane with connections

made in the CMOS layer (not shown).

Approximately 0.5 microns of PECVD nitride is deposited as the CMOS passivation layer 120.
30  Resist is spun on and the layer 120 is exposed to mask 206 whereafter it is developed. After




10 account in the design of the mask 210. In the next step, shown in Fig.
36e of the drawi ngs, a second sacrificial layer 212 is applied. The |ayer
212 is ei VO2004003744r ons of phot osensitive pol yi m de thatPdRAG0Z00GIRIOr
approximately 1.3 mcrons of high tenperature resist. The layer 212 is
sof t baked and exposed to mask 214. 15 After exposure to the mask 214, the
| ayer 212 is devel oped. In the case of t¥e |layer 212 being polyinide, the
| ayer 212 is hardbaked at 400C for approxi mately one hour. Were the | ayer
212 is resist, it is hardbaked at greater than 300C for approximately one

hour. A O ' di-|aver tal. Jayer .216 is then osjted, Part of
this I ayeflgvﬂa@%eggnﬂg% %‘gel a %@F’%ﬁé’ dS@é‘ﬁf’ %?W‘“PW a&ggﬁgﬁﬁ&i%@ ger
| ayer 216116infthe ragibniof deyinlet gfertng: 1420 Ahe AR iy BiPpe@bind ie@elidet1BAdetti de (Ti N)

at around 300C followed by sputtering 50 Angstrons of tantalumnitride
(TaN). A further 1,000 Angstrons of TiNis sputtered on followed by 50

A t . . Ti rical s
Chat e fobyek 20 808sddribeit mitridh i Stnon (SIS T0.O helabby 208 A 0o
2004/ 002 78ptogninivy pulpioidy @Gpp@xinTitely [ 4apierons 06high teniperatarepesise.d Tholapar08218,
d I d. . hed d t a .21 er ter resjst
Coni i o s is 3B tnded 3RFss hebiaSBoidd Wmlafl 2 (Y ubiitler e fevblbeed, Sy SRk bethem,c
cured | aykardbakeBan4002C Zor one Aolihlicte BRA4yek 208 RlcomPhdd o2 2B1yisideBPhd @atgy A

y 2.

spinning on 4 nmicrons of photosensitive polyimde or approximate
m crons  hibgh 30 euhee thedayer 20&is highfemperptwre roist. iIsisdobe hetkd ih thh drawarigsehati t

IS expos 8 4. The exposed L ayer is en vel qped fol ] owed by
har dbaki n%.g P‘Pﬁeﬁg‘!’("“é%é“%‘frﬁ%’b?€‘?‘ﬁf’§‘éﬂ,m%llﬁ iaYF& caﬁﬁfgip’s*l’ﬂg'faés é%é‘lﬁeﬂarflt%ooc
for appr cadcowmitéh she@asighofithe fiasla21@r eat er t han 300C where the |ayer 220

conprises resist. 10 A second nulti-layer nmetal |ayer 224 is applied to the
| ayer 220. The constituents of the |ayer ’ '

In the next step, shown in Fig. 36e of the drawings, a second sacrificial layer 212 is applied.

The layer 212 is either 2 microns of photosensitive polyimide that is spun on or approximately
1.3 microns of high temperature resist. The layer 212 is softbaked and exposed to mask 214.

15 After exposure to the mask 214, the layer 212 is developed. In the case of the layer 212 being
polyimide, the layer 212 is hardbaked at 400°C for approximately one hour. Where the layer
212 is resist, it is hardbaked at greater than 300°C for approximately one hour.

A 0.2 micron multi-layer metal layer 216 is then deposited. Part of this layer 216 forms the
20  passive beam 160 of the actuator 128.

The layer 216 is formed by sputtering 1,000 Angstroms of titanium nitride (TiN) at around
300°C followed by sputtering 50 Angstroms of tantalum nitride (TaN). A further 1,000

Angstroms of TiN is sputtered on followed by 50 Angstroms of TaN and a further 1,000
25  Angstroms of TiN.

- Other materials that can be used instead of TiN are TiB,, MoSi, or (Ti, A)N.



224 are the sane as the layer 216 and are applied in the sanme manner. It
will be agpy that both layers 216 and 224 are electrically
conductive I%%@g?ﬂﬁ The | ayer 224 is exposed to nmask ZXoI/AU2902/601121EN
_devel oped. The layer 224 is plasma etched down to the polyimde or resist
| ayer 220 whereafter resist applied for fhe layer 224 is wet stripped
taking care not to renove the cured |ayers 208, 212 or 220. It wll be
.noted that the renmaining part of the |ayer 224 defines the active-beam 158
of the actuator 128. 20 A fourth sacrificial |ayer 228 is applied by
spi nni ng BheldyeriZdﬁdm&eﬁ)éxpﬂsé&@SﬁébkiZlBV& 91%?&1&1? [ %/

raver ggizam&eﬁxggg%{éc? & S’éed to

m crons er ature resist. The
t he mask ﬁb ﬁpﬁee\siefpbﬁbeaaxebm;mettsmpes kakirty qaey ot @emase GeOWN i n
Fig.' 9k @fre(;myemgomﬂ% The remai ning portions of the |ayer 228 are

har dbaked at 400C for approxi mtely one hour in the case of polyimde or
at greater than 300C for resist. 25 As shown in Fig. 361 of the drawing a

hi gh un tric er .232 is deposited. The layer 232 is
const:g?ut'g y g"ﬁ%@%‘%m?gﬁff’f Pﬁ YIPIYHNG PR # BHeroRs @fipImmsmsummimme@xu de.

of the Sagri fic C?Z‘?apz%"é?? byt B OIS 220 b Efeate?t”?l? éf‘? s

requi red FBFS filt:‘? wagk 24% che; °(‘,P<PS&9 é&YeQEthdavelaﬁechfoﬂogbd By ha‘dlbdkmgo

chemi cal ¢a idNghe 2004/ 002744
PCT/ AU2002/ Oof?a 24 A ?@?g% sacrl ?%e}dgtzp&feﬁgow’f@a P‘i‘eé’d’“b?rﬁpi nni ng
on 2 nmi cmgar@ﬁan;ﬂﬁ)ﬁf@mhamthet lagerBIOYoipsiSestesistappr oxi mately 1.3 microns of

hi gh éenperature resist. The layer 234 is softbaked, exposed to nask 236
and d8vel oped. The renmining portion of the Iayer 234 is then: hardbaked at

400C 5 f o seRbfd r reater than 300C
for the r es] St , Rgﬁiéla%f}é% %@t@?‘z g?/sea&’g g‘:"fgt%tg glV%f?r?& 31%8 ﬁg?ft%%ﬁ of thetlpyer
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| ayer 23 I ne he nozz| e opening 124, th er arm 126
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15 The layer 224 is exposed to mask 226 and is then developed. The layer 224 is plasma etched
down to the polyimide or resist layer 220 whereafter resist applied for the layer 224 is wet
- stripped taking care not to remove the cured layers 208, 212 or 220. It will be noted that the
remaining part of the layer 224 defines the active beam 158 of the actuator 128.

20 Afourth sacriﬁf:ial layer 228 is applied by spinning on 4 microns of photosensitive polyimide
or approximately 2.6 microns of high temperature resist. The layer 228 is softbaked, exposed
to the mask 230 and is then developed to leave the island portions as shown in Fig. 9k of the
drawings. The remaining portions of the layer 228 are hardbaked at 400°C for approximately
one hour in the case of polyimide or at greater than 300°C for resist.

25

As shown in Fig. 361 of the drawing a high Young’s modulus dielectric layer 232 is deposited.
The layer 232 is constituted by approximately 1 micron of silicon nitride or aluminum oxide.
The layer 232 is deposited at a temperature below the hardbaked temperature of the sacrificial

layers 208, 212, 220, 228. The primary characteristics required for this dielectric layer 232 are
30 ahigh elastic modulus, chemical inertness and good adhesion to TiN.



A high Young's nodulus dielectric layer 238 is deposited. This layer 238 is
formed by -depositing 0.2 mcrons of silicon nitride or alumnumnitride
at a tenp¥PW02H4] ow t he 15 hardbaked tenperature of POTAREEXIAIZ] al

| ayers 208, 212, 220 and 228. Then, as shown in Fig. 36p of the draw ngs,
the layer 238 is anisotropically plasm etched to a depth of 0.35 mcrons.
This etch is intended to clear the dielétric fromthe entire surface
except the side walls of the dielectric layer 232 and the sacrificial |ayer
234. This step creates 20 the nozzle rim 136 around the nozzle opening 124
that "pins" the nmeniscus of ink, as described above. An ultraviolet (UWUV)
rel ease tape 240 is applied. 4 mcrons of resist is spun on to a rear of
the sili adiftvatsficidlllayer PB4 iswpbled Bylpinmingap? adckohoof privtosasbRive pobamideairc h

the wafer 116 to define 25 the ink inlet channel 148. The_ resist is then
stri pped PHPG%IF’HE’?W\L? é?‘cri’%‘?ft%gl? tsrpRRfuresesist| DheslyerL3a iy sobbakedotipposedsto

appl i ed t gagk 5RAndUevilBFediathe &%x%émgg gohiaﬁ JFARAagd 93k & théLRRIed 24¥D0°C

sacrificial |ayers 208, 212, 2 and 234 are stripped I n oxygen plasma
to provi the onbbodriimtte casezaflthe polgiendd gr at gfeates timinAOAO°C for Bhegssist36r and 37r of

the drawi ngs. For ease 30 of reference, the reference nunerals illustrated

in these two drawi ngs are the sanme as those in WO 2004/ 002744

PCT/ A1J209R) §itde 3 5); ' f el t
parts of the n%%%léégyggg%ﬂngﬁmg%&?%@ﬂ%ﬂgﬁa ﬁgpgkﬁzﬁhe 0 éee?ggtﬁygtg of

11
t he nozzl wmeysenphbfthe s@ri lajerd3dr ed i n accordance with the process
descri bed above with reference to Figs. 36 and 37, and these figures
correspond to Figs. 29 to 32 of the drawings. 5 The presently discl osed

ink j el pThiskiepdefiteshiohcgle openin® 1B thedbver afidi1R6dnd the anttiod @54 8NBE ndfzle
printing system.including: color and nonochronme office printers, short run
digital p?%?f?@ysl,m‘ hi gh speed digital printers, offset press suppl enental
printers, low cost scanning printers high speed pagewi dth printers,

not ebook conputers with inbuilt pagewi dth printers, portable color 10 and
monochr ondA high Yeungs medwles dieleatrieriapiera38 dsrdepositéde r Bhis lapér@3 8 asfdrmedby hr orre

facsiml edepositing 0.2 microns of silicon nitride or aluminum nitride at a temperature below the

15  hardbaked temperature of the sacrificial layers 208, 212, 220 and 228.

Then, as shown in Fig. 36p of the drawings, the layer 238 is anisotropically plasma etched to a

depth of 0.35 microns. This etch is intended to clear the dielectric from the entire surface

except the side walls of the dielectric layer 232 and the sacrificial layer 234. This step creates
20  the nozzle rim 136 around the nozzle opening 124 that "pins" the meniscus of ink, as described

above.

An ultraviolet (UV) release tape 240 is applied. 4 microns of resist is spun on to a rear of the
silicon wafer 116. The wafer 116 is exposed to mask 242 to back etch the wafer 116 to define
25  the ink inlet channel 148. The resist is then stripped from the wafer 116.

A further UV release tape (not shown) is applied to a rear of the wafer 16 and the tape 240 is
removed. The sacrificial layers 208, 212, 220, 228 and 234 are stripped in oxygen plasma to
provide the final nozzle assembly 110 as shown in Figs. 36r and 37r of the drawings. For ease

30 ofreference, the reference numerals illustrated in these two drawings are the same as those in



machi nes, conbined printer, facsiml|e and copyi ng machi nes, |abel printers,
| ar ge forn%t | otters, photograph copiers, printers for digital

phot ogr apW| czoo‘ﬁ'?‘?r?‘f“abs", video printers, portable printBCBAUZ02/HIIAS

wal | paper printers, indoor sign printers, billboard printers, fabric
‘printers, canera printers and fault tolerant comercial printer arrays. 15
The fully formed printhead being able to*pe utilized in a wde range of
_printing systens. It would be appreciated by a person skilled in the art

t hat nunerous variations and/or nodifications my be made to the present

i nventi oNFgS26 BLWR didvi Jof | ient. 20 without departjing_fromthe
spirit or %(S:ope of d’%%@?ﬁ\?éﬁ‘??%%{h;égg’g?%ga% oéééec?‘fzﬁlt&?.sseﬂ?iy Bﬁ’e?é%& 39 and
enbodi ment0 show theepertiomof the nbzzlcosanblgreo, i churéEHRESdarcd Wil the
illustrat]j not . restri.ctive. WO 2004/002744 PCT/ AU2002/ 001121 26 W
Qaim . 1. DS QfschBoa VG il reieBines @ Fiat. 36057 d those St rartespordtov e

ci rcui tryFiga<2%tod0 e thetdrivigggubst rate; and 5 a plurality of nozzle
arrangenents positioned on the substrate, each nozzl e arrangenent

corrpri%i ng nozzl e chanber walls and a roof wall that define a nozzle
chanber amgk @Bsenfl¥ distl 4 DE - I 00f LL in f]uid . comunication
with the npzl.?le s cﬁé‘“nglé’?‘?‘*%%ﬂﬁﬁ%“éﬁg‘ﬁﬂ??%*sP%*e gyt ‘P;?Vﬂggﬁn%ﬁ d with
respect twinting sysemliecledivgrbenior ahd raombchromaiosfideanmads, Shérd RAUERIA priRAe Of

bet ween 11?@5%;‘3%3 %Ed S.T;gfﬁgss to eject ink fromthe ink e/ ection port;
and an aclahtisro FHRIpl Printers, Gset prgss; PRlFmetal nrinters, dow cost geamthgpiatarnkighus her
t o di spl aspeed papewidik pinteRefotebbok @6fipRiersali | lignal  fremt he
drive circyitry. 15 12) An ink jet ?Fi n?ﬁglﬁﬁg@%ﬁg‘é\h@mﬁrﬁgg&ipﬁﬂgﬁlﬁic °1, in
whi chl® hefnf morogiugme prisitess, splog ardisbrochramecapiers, colon gl mbnashomeeficsimile

m crons afsththeS] cohf¥ifed printer, facsimile and copying machines, label printers, large format

- plotters, photograph copiers, printers for digital photographic “minilabs”, video printers,
portable printers for PDAs, wallpaper printers, indoor sign printers, billboard printers, fabric
printers, camera printers and fault tolerant commercial printer arrays.

15

The fully formed printhead being able to be utilized in a wide range of printing systems.

It would be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific embodiment
20 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 illustrative and not restrictive.




3. Anink jet printhead chip as clained in claim1, which is the product of
a MEMS fabrication technique. 20 4. An ink jet printhead chip as clained
in clai mwoO 1o/a0R748h each i nk pusher is in the form of Bcpadziogorezber
that is positioned in the nozzle chanber to span the nozzle chanber. 5. An
ink jet printhead chip as clained in claim4, in which each actuator
includes an 25 actuator armthat is fast®with the substrate at one end and
attached to the paddl e nenber at an opposed end, the actuator arm
incorporating a thermal bend nechanismthat is configured to deflect when
heat ed by"ﬁ%ggiﬁl ectrical signal fromthe drive circuitry to displace the
paddl e ne . WO 2004/ 002744 27 PCT/ AU2002/ 001121 6. An ink jet printhead
chip as clai mednink jet piinthéd chip thdticethpgiggsh t her mal bend nechani sm i ncl udes
a portion of the actuator armthat is of a material having a coefficient of
thermal = expandt8t#@i ch is such that the material is capable of thermal

expansi on 10 agRxdiRiry fctit)hé‘dxﬁ%deMstPa‘?é‘faﬂﬁm work and an el ectrical

heating circuit positioned on said portidn of the 5 actuator armto heat a
side of said poplurality efnazblatarrssgetheptsipositionaquethi sutsasteféach aoid ireangéhentnal

expansi on, %fsrﬁjsknti ng in deflection of the actuator arm and the di spl acenent

of the pacf' B Senber. 7. An ink jet printhead chip as clainmed in claim3,

in which the roof walzkledBihbesvallpand Nloof wafl tid ABBke a fozzR thhkiKer 88l aRAt head
chip as clainmed in claim7, in which each actuator includes an actuator

armthat is fad¢ctigppRrtinthedopfovallbindluid commpuripaticawithuthe aoreichambetie r oof

wal | at an oppose : : E | |, hend
mechani smthat is %gﬁ??gﬂ%h@ﬁth?@% ?@%%ﬁe@ﬁ%gﬁaﬁ{gg%%g%é%&?’%%ﬁ Feal
si gnalo f r om t haadds displacsableubrongh 4 mnge efbetweent hmicranindfilicrodsavajedsink he
Substrate..

from the ink ejection port; and
an actuator that is connected to the drive circuitry and the ink pusher to displace

the ink pusher on receipt of an electrical signal from the drive circuitry.

15 2. An ink jet printhead chip as claimed in claim 1, in which the ink pusher is displaceable

thmugh a range of between 1.5 microns and 3 microns.

3. An ink jet printhead chip as claimed in claim 1, which is the product of a MEMS
fabrication technique.
20
4. An ink jet printhead chip as claimed in claim 3, in which each ink pusher is in the form

of a paddle member that is positioned in the nozzle chamber to span the nozzle chamber.

S. An ink jet printhead chip as claimed in claim 4, in which each actuator includes an

25  actuator arm that is fast with the substrate at one end and attached to the paddle member at an
opposed end, the actuator arm incorporating a thermal bend mechanism that is configured to
deflect when heated by said electrical signal from the drive circuitry to displace the paddle

member.



.9. An ink jet printhead chip as clained in claim8, in which the actuator

i i i i ici her mal expansi on
armis of ive material having a coefficient of t
which is gﬁ)c%&?/ﬁg"?g{ he material is 20 capabl e of ther nmalP@EHBI082/0011210 an

i Ci [ tuator armdefining
extent sufficient to performwork, a portion of the ac _
‘a heating circuit which is configured ta.expand thermally on receipt of 4
said electrical signal, said portion of 'the actuator arm bei ng positione
.so that the actuator armis deflected towards the substrate upon such

defl ection. 25
6. An ink jet printhead chip as claimed in claim 5, in which each thermal bend mechanism

includes a portion of the actuator arm that is of a material having a coefficient of thermal
expansion which is such that the material is capable of thermal expansion to an extent
sufficient to perform work and an electrical heating circuit positioned on said portion of the

5 actuator arm to heat a side of said portion so that said portion experiences differential thermal
expansion resulting in deflection of the actuator arm and the displacement of the paddle

member.

7. An ink jet printhead chip as claimed in claim 3, in which the roof wall defines the ink
10  pusher.

8. An ink jet printhead chip as claimed in claim 7, in which each actuator includes an

actuator arm that is fast with the substrate at one end and attached to the roof wall at-an

opposed end, the actuator arm incorporating a thermal bend mechanism that is configured to
15 deflect when heated by said electrical signal from the drive circuitry to displace the roof wall

towards the subst;'ate.

9. An ink jet printhead chip as claimed in claim 8, in which the actuator arm is of a
conductive material having a coefficient of thermal expansion which is such that the material is
20  capable of thermal expansion to an extent sufficient to perform work, a portion of the actuator
arm defining a heating circuit which is configured to expand thermally on receipt of said
electrical signal, said portion of the actuator arm being positioned so that the actuator arm is

deflected towards the substrate upon such deflection.

25






