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W TH PREDETERM NED M CRO- ELECTROVECHANI CAL SYSTEMS HElI GHT FI ELD OF THE

| NVENTI ONwOmogorsant i nvention relates to ink jet printpicighuzbdd/deddssi cul ar,
the invention relates to an inkjet 10 printhead chip with predeterm ned

m cro- el ectronechani cal systens height. BACKGROUND OF THE | NVENTI ON Many
different types of printing have been invented, a | arge nunber of which are
presently in use. Known fornms of printers have a variety of nethods for
marking the print nedia with a relevant 15 marking nedia. Conmonly used
fornms of printing include offset printing, |aser printing and copying

devi ces, dot matrix i rinters, thermal paper printers, film
recordefs, ther mal IW&W&%@?@&@%W%@?@WM@R@'i nk j et
printers both of the dromisTHerRECHRNICAIONT$TIMYHEIGAY type. Each type of

printer has its own advantages and probl ens when considering cost, speed,
quality, reliability, sinplicity of construction and operation etc. 20 In

recent yea ‘it INPEN j et printing, wherein each individual pixel
ERAE

of ink is m one or nore ink nozzles. has becone increasingly
popul ar pr iThepresgnt éhyention rélatss foniek jre pshting. MghrticuRr,38d inkentidArdlies to2h iNGaY

di fferepnt ni gues of | et printing have peen invented. For a survey
of t heqafgi eﬁgﬁt e?‘afel#’épr‘gﬁl&%re?eémjﬁﬁ%éi mpigrosyleciiomehagica) system Beight. » Non- | npact
Printing: Introduction and Historical Perspective". Qutput 1-lard Copy
Devi ces. Egit k and S Shen. pages 207 - 220 (1988). Ink Jet
printers t%é&émgﬁ”rﬁ};wlﬁrm%rem forms. The utilization of a
cont i NUOUS M @ﬁf&éﬁplgﬁé JF Bhinting Haldbdef fnvBlckd) b ARG i bagk Lo at
| east 1929 whse(r ein U F_S>at gnrt] ﬁl%o.al _1941%“51 t%d;’talﬁgense Ep@%&o@%ér%%mgy%q%
form of cofNPWEdeEs9f paripss drere veriest oft inethodsifo mbrkingitint privg media vAgt £ Rdlevant
35962735 by S0 Al rocess of .a,cont]nuous ink jet printing
including 't ﬁe %Pg%%\hde%@ﬁ?%ts ﬁ%d?fﬁﬁ“ﬁ %ffprg}npgé?ﬁlng %M@PE@IQW{' BRiRgand
frequency edpyutgrdevisesativtondtiie hype Smpas plitters 3heAlf et biilers FNAI Bd@Rs, tHihs
techni que is_st.i ll %&i I%.ed .br}/ several manufacturers including Elnjet
SUBSTI TUTEV&rEER e(sR G xjnauo printers anad inx jet printers both of the drop on demand and

continuous flow type. Each type of printer has its own advantages and problems when

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

20 |
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
versatite nature.

25 Many different techniques of ink jet printing have been invented. For a survey of the field.

reference is made lo 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 (1983).

Ink Jet printers themselves come in many different forms. The utilization of a continuous stream
30 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 electro-static field so as to

35  cause drop separation. This technique is still utilized by several manufacturers including Elmjet

SUBSTITUTE SHEET (RULE 26)
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US Patent No. 3373437 by Sweet et a]) Piezoelectric ink jet printers are

al so one ¥ rogbozeasmonly utilized ink jet printing devipeg/aumBiaoerbectric
systens are disclosed by Kyser et. al. in US Patent No. 3946398 (1970)
which wutilizes a diaphragm node of operation, by Zolten in US Patent
3683212 (1970) which discloses a 10 squéeze node of operation of a

pi ezoel ectric crystal, Stemme in US Patent No. 3747120 (1972) discloses a
bend node of piezoelectric oper ation, Howkins in US Patent No. 4459601 '

di scl oges Lezoel.ec uation of the ink jet stream and
Fi schbickarfadnsc%g‘ gsg%ﬁ%@g&\ﬂ%fegﬁé 83?@‘58?%@“’8“% node type of piezoelectric
transducer elenment. 15 Recently, thermal ink |j et printing has become an

extremely_popular formof ink jet printing, The _ink jet printing )
t echni queBie? EHe‘“FHS‘sEUIH?%éFeo%l@H"Eﬁ/ fomgef eammenly yligedsiph jetarinting Aeyicand

Vaught et pighoeledtrldSyBRME e éﬂ&@% ﬁfgep ett Ql? TR B NGt 8 o ?@f@ﬁlch

disclose ink jet printing tec ues rely upon the activation
el ect r ot hetlizas a diephragro mogik pf:tbpemmlbo/s"doltcn mHéS Baten 8583212 {1950) whiblbdiscloses a

constri ct zzl er eb h of

i nk f?é)m gﬁle%%oedg r%%uﬁgm@%‘nne & ]t%t f: ﬁg ATTned nsgg?ée %‘%@ﬁ(@f’é@%
print meddisclodes aﬂ;bndhgodbeof pfmseledmd opeiatign, Hdsxeluﬁd RIS Patérld o 459801 digdle¥es ar €
manuf actured mnu{‘actdurers sucth as .Canon and wl}ﬁ)tﬁt: .Packard. As can be
seen fron?f’?ﬂ? ‘5‘:"&6‘5 epde psmatian; ¢fr the dvk Jet yiseam BIFJ_‘EF‘F kip VechatrWgrhich ar e
avai | abl edisclgis & et hnde Spa¥ti prizbaIgniegmoalcomientipul d have a number of
desirable attributes. These include inexpensive construction and

operation, high-speed operation, safe and continuous | ong-term operation

etc. EﬁChRéd’e %&Iﬂmlﬁﬁj’etg 'h5§ |ab|qF|ty 50 mf&hﬁ&ql\{%ﬁgﬁgl% he

areas of cost’, speed usage
constr uctmbdetoweﬁlag |t@nhn1qd@ﬁr mbiuth ﬂl}bseaddclowrl&uﬁmlﬂ etsal iBEB A00HE2 (297N tand

applicati N. O%$ % 7 gl scl osed: a r| nt hnol oo t hat
is bas edgé)h %riéc%rl i Pto%ég %Str}%:a ‘%f%%%“q’(’ﬂfél\féﬁ A& dd%gos ﬁ%l ar
there is tditmiduesedy @ponpthd mtivatipn mﬁmhammamatacmmﬂwmh 2dslts i tllié:_d)ﬁudﬁ\bf ge.
There is aI 50 .di scl osed a net h?l
bubble in a constricted space, such as a nozz]e, which thereby causes the ejection of ink from an
20  aperture connected to the confined space onto a relevant print media. Printing devices utilizing
the electro-thermal actuator are manufactured by manufacturers such as Canon and Hewlett

Packard.

As can be seen from the foregoing, many different types of printing technologies are available.
25 Ideally, a printing technology should have a number of desirable attributes. These include
inexpensive construction and operation, high-speed operation, safe and continuous long-term
operation etc. Each technology may have its own advantages and disadvantages in the areas of
cost, speed, quality, reliability, power usage, simplicity of construction operation, durability and
consumables.
30
In the parent application, USSN 09/112,767, there is disclosed a printing technology that is
based on micro-electromechanical systems (MEMS) devices. In particular there is disclosed a
printing mechanism that incorporates a MEMS device. There is also disclosed a method of
fabricating such a mechanism.

35



fabricating such a nmechanism 35 26 Cctober 2006 WO 2004/002

PCT/ AUR00DT 001163 3 & The fabr i cation of NEWS devi ces i s basegogiober 2006
i nt egr at ewaiweoi2r4st abri cati on techni ques. Very gener alpcy/a@oaniichi ci al
material is deposited on a wafer substrate. A functional layer is then
deposited on the sacrificial material. The functional layer is patterned to
forma MEMS conponent. The sacrifici al 3Iayer is then renoved to free the
MEMS conponent. 10 Applicant has found that topography of a MEMS chip is
very inportant. The conponents are required to nove. It follows that the

t opogr aph . Lhat suffjcient.clearance.is . provided for. novenment
of t heélc o%%gﬁf%?m%ﬁ :B@ﬂ\rd]ggﬁ‘élc?sﬁ%lbasg‘g8’?1@%%&‘?‘5?“&%&?@ 5Er LY st
be deep epenegiily} osaprifiviaiaattnal if dupotitedionla wanmesibatatd A RRctmhliajels e ti oned
in the nqzzle chaH‘oer., 15 There %re however, problens associated with
deep topog‘?@w.o ¢ sacrifigy] waterial. The tyaetomablayeris Patiegge & formaEMSof ¢ he
drawi ngs. cérfipdneMITRe ActififihPajc SRV RndvedRStdaheMEMS tdhfonkayer of

sacrificial material 2 positioned on the substrate 1. 20 One problemis
i mredi ately apparent. It is extrenely difficult to achieve a uniform

t
deposijgio ' I & Vi The fluid
dy nan’i1 CS %}p pl'gur%glsﬁcf g g%‘}s??tt%‘%ﬁgpé’%% ggggif% @%M%C]ﬂé) 5 Jr%g)f ly Ke astb’rfl‘h? %olmp[omni{g s a

resul t, arequired tonmaye. kt ielosadhat thectopdgraphy enusbbe saich iansiufficemtaldataycelis t ends to

taper in to the.side wall . 25 Accurate etchin f. the sacrificial

vaberi ol PRyidBE e nfeliRnl ot i ccahongl Bl o fhad QiR Geaiits iapalé fanbers

appr eci at edsttbealte driotngh aoptevidefor furlREohd SlovemenitHE af ddthdidr phsitidhd ih@hd he depth
of the cavit‘ét4. This results in poor etching within the cavity 4. Etching

i s carri e®P%§chEEPHy a device that etches in steps. These are usually 1
mcronpsin depth. 30 It follows that each stepping process renoves 1 mcron
of sacrificial material at a time. As can be seen in Figure B, once a
required Piare agf hawpyer, pyablens dsspsiatasarith dagp vengraphy dihis reblemfis illpsthdtertin | n
the cavit I SH tek I . A} preci ated .t hat the
Stringer P“S'iglérses érﬂgxﬁ IBcﬁﬁ ttﬁ@%hlg%g@. RFPOR thede is'showh a lsulGa@ARLECA & or

sacrificial material 2 positioned on the substrate 1.

20 One problem is immediately apparent. It is extremely difficult to achieve a uniform deposition
on side walls 2 and a floor 3 of the cavity 4. The fluid dynamics of the deposition process is the
primary reason for this. As a result, a portion of the sacrificial material within the cavity 4

tends to taper in to the side walls 2.

25  Accurate etching of the sacrificial material relies on a high image focus on the layer 2. It will

be appreciated that this focus could be lost in the cavity 4, due to the depth of the cavity 4. This

results in poor etching within the cavity 4.

Etching is carried out using a device that etches in steps. These are usually 1 micron in depth.
30 It follows that each stepping process removes 1 micron of sacrificial material at a time. As can

be seen in Figure B, once a required part of the layer 2 has been removed, a part is left behind

in the cavity 4. This is called a stringer 5. It will be appreciated that the stringer 5 is difficult to

remove and is therefore an undesirable result,



renove and is therefore an undesirable result. 26 Cctober 200 6Cﬁﬁbber200
2004/ 002745 PCT/ AU2002/ 001163 4 5 The Applicant has concei ved the presen?
I nvent i onwlognopgeusheke a printhead chip that incorporatespceaNBoparP@Eent s
that are spaced a predeterm ned distance froma wafer substrate so that
sufficient ink ejection can be achieved. The predeterm ned distance is such
that the chip topography avoids the probl ens descri bed above. to SUWMARY
OF THE | NVENTI ON According to a first aspect of the invention, there is
provided an ink jet printhead chip that conprises a wafer substrate, a
tioned on the wafer substrate, and 15 a

CMOS driveg, circuitry | ayer paosi , ] ] :
pl ural T t y BF ARRIEEP o5 Fktye Ein e SBAP YRR 1P BIRViCha PHEVEN Sl Gef AEUPYAES  he

CMOS  dri MEMS Eshpdnets R 8fe spSRA 1A PR ZHRINE BRAGEI B AGHIR b le
chanber wall s aﬁg[ba rgof W§|SF t hat defi ng a nozzl e cﬁaarrberslugér?g&asg@i%nk

ej ecti on poheieridnk ejectiongan heaghinyrd. el predgisaminedidistapceis suthr thatshehip cal
act uat or ﬁ)ﬁg@g@fyea%mtﬁe% lﬁgﬁ@dg%m %iogégui try layer 20 and that has at
abl'e ? a %

| east one nmenber I'S positioned to act on ink in the nozzle
chanmber to eject the ink fromthe ink ejection port on receipt of a signal

fromthe | ' ' he, or each, novabl e nenber bei ng spaced
bet wedh ZW@QEMWﬁQﬁHom the CMOS drive circuitry layer. 25
The at | easdor@ingtoDRDisPedTRIERInti 6 Cherd RBEGdA nANK REBAthéREhARSPac ed
between 5 mcrons and 12 microns fromthe CMOS drive circuitry |ayer. Mre

particul afiP1¢he at | east one novabl e menber of each nozzl e arrangenent
may be spaced pghse@bs@arsi crons and 10 mcrons fromthe CMOS drive
circuitry layer. 30 The nozzle chanber walls and roof walls of each nozzle
arrangenent nmed/CMOScdiMe] cifgritd laysr pesitioned petheoyafersubstetrherd are general |y

L2 Bl AR OB e DTS ™
drive circuitry layer, each nozzle arrangement comprising
nozzle chamber walls and a roof wall that define a nozzle chamber and an ink
gjection port defined in the roof wall, and '
a micro-electromechanical actuator connected to the CMOS drive circuitry layer
20 and that has at least one movable member that is positioned to act on ink in the nozzle
chamber to eject the ink from the ink ejection port on receipt of a signal from &e drive
circuitry layer, the, or each, movable member being spaced between 2 microns and 15

microns from the CMOS drive circuitry layer.

25 The at least one movable member of each nozzle arrangement may be spaced between 5
microns and 12 microns from the CMOS drive circuitry layer. More particularly, the at least
one movable member of each nozzle arrangement may be spaced between 6 microns and 10

microns from the CMOS drive circuitry layer.

30  The nozzle chamber walls and roof walls of each nozzle arrangement may be configured so
that the nozzle chambers are generally rectangular in plan and transverse cross section. Each
movable member may be planar and rectangular to extend across a length of its respective
nozzle chamber. A free end of the movable member may be positioned between the CMOS
drive circuitry layer and the ink ejection port. An opposed end of the movable member may be

35  anchored to the CMQS drive circuitry layer. The movable member may incorporate heating




nozzl e chanber. A free end of the novabl e nenber may be positi
the CMOS drive circuitry |layer and the ink ejection port. Anhgg%gggpgﬁgg
of the nowabtwsnemdzer nay be 35 anchored to the CMOS dripeqyQidéiioiics | ayer .
The novabl e nmenber may incorporate heating 26 October 2006 WD 2004/ 002745
PCT/ AU2002/ 001163 5 5 circuitry that is electrically connected to the CMOS
drive circuitry layer. The novabl e menbet nmay be configured so that, when
the heating circuitry receives a signal fromthe CMOS drive circuitry

| ayer, the novable nmenber is displaced towards the ink ejection port as a
result _of . di.fferentjal. ansi on. and, the . signal is term nated, the
movabl & el fit FL%%H&@ OngGRIgA bV e CispRLY Ty e Enoyablg meatbet ( of
di ff er ent infaly be GBAfTgALIdI s6 fhat Lhenihd Badfing Lif@itPNaAVE dBsHaPfromBe CRRILER 2N
actuator armof a conductive material that is configured to define a
heating cFRUY layerathe movabls mestherisidisplased owaeisdhg ink efeptienpart 35 4 ragdofand i s
confi gur eg; : r . : t.. of

di fferent ﬁlgfe Peenﬁ [g)faéﬁ %ﬁéﬂ%@h‘ggﬁt tHiF ct ?{tggmgt%&g’ﬁgﬁemlgzab?ee@gﬁgéer s ?‘r‘s '(J)Iﬁg’etd he CMOS
drive cireway frgmitheyigk ejeqinn popiods amesult cfidiffdrentiabeonkractiom. chanber and at | east
part % t he nozzl e chanber walls may be connected to the actuator arm so
that, "when the actuator armis deflected towards the wafer substrate, ink

i s ej ect ethsfeadythé Mevibikmemb@achiydncipdy in adefatdr @ bfa toi—ve@f mMahdl tha ke
| et printhead chip that includes a urality of

i nvention extends ta.an ink t es I )
print headc?,rﬁgﬂ’?ﬂé% E]efﬁ’(? adiating Predtt b ireonnectedita W&M@Sél"’é’éégﬁﬂ‘rhgﬁ%@ﬂdé? t he
| nvent i oncorifip@fed tb BefROWRE (R WERLNQWsPte IstieliftAdf dierdftidl BXpankiSh whEA B head

chip having a wafer substrate, a CMOS drive circuitry layer positioned on
the waf eflectipa sigaplds gaeived Femithg CMPSHrivesieyiay favenAdge reofvallpédietioarled on
the wai er .5t LR 1A @V 0SWeler ' ' ozzl e
arrangeme(r:u haw&% no%aé%gﬁgﬁg)er vvaﬁﬂlﬁgs&gﬁ'gé fzi;ﬁ&' P%é%nn\%\‘g?‘f{dttﬁggcq%é&iaﬁé’sé)
nozzl e chtwbathentd agwatonkrmejsalefleated towatdsithe wifer substfateydll is ajedted froinctheink
el ect romeghani cal tor copnected to the CMOS drive circuitry layer the
act uat or 5@%0911 Ogtd%ﬁf’@gﬁeorﬁgﬂ?’r%\f/‘abl e nenber that is positioned to act on
ink in the nozzle chanber to eject the ink fromthe ink ejection port on

recei pt of, a signal fromthe drive circuitry |ayer, the nethod
P ’}he mvenq{c])n extent?s to an ?nk jet printhead chip tha% incll}/des a plurality of printhead chips as

20  described above.

According to a second aspect of the invention, there is provided a method of fabricating an ink
jet printhead chip having a wafer substrate, a CMOS drive circuitry layer positioned on the
wafer substrate and a plurality of nozzle arrangements positioned on the wafer substrate and
25 the CMOS drive circuitry layer, each nozzle arrangement having nozzle chamber walls and a
roof wall that define a nozzle chamber and an ink ejection port in the roof wall and a micro-
electromechanical actuator connected to the CMOS drive circuitry layer the actuator having at
least one movable member that is positioned to act on ink in the nozzle chamber to eject the
ink from the ink ejection port on receipt of a signal from the drive circuitry layer, the method
30  comprising the steps of:
depositing between 2 microns and 15 microns of a first sacrificial material on the
CMOS drive circuitry layer to define a deposition area for a layer of actuator material,
depositing said layer of actuator material on said deposition area,
etching the layer of actuator material to form at least part of each micro-

35 electromechanical actuator, and




30 conprising the steps of: depositing between 2 m crons and 1
a first sacrificial material on the OCMOS drive circuitry |ayé§?3§3§§¥’?ﬂgéa
deposi ti owazoe#0d2045 a | ayer of actuator material, depoictyAgosiothezayer of
actuator material on said deposition area, etching the |ayer of actuator
material to format |east part of each mcro- 35 el ectronmechani cal

actuator, and 26 October 2006 WD 2004/ 02745 PCT/ AU2002/ 001163 6 5

form ng the nozzle chanber walls and roof wall by at |east one of a
deposition and an etching process. The nmethod nmay include the step of

deposi fing betyeen m cron d 12 m crons the first acr.i.ficial

mator 1Bl on ¢ nioremEn et 8 ErRc Vil P ipar vell by pllfest b o SPRRUOREHGE rmy

i ncl ude dwhinppreeesp of depositing between 6 and 10 microns of the first
sacrificial material on the CMOS drive circuitry layer. The step of

form ng the nozzle chanber walls and roof wall of each nozzl e arrangenent
my 1 NCl URembied Slag Bl tHOsCIPAARbE: RERY ichAS ahd 1£ hillrodPdrRhd e ON
the layer of actuator material to define a deposit area tor at |east part
of the nosegrificiehmatodal ondhe MG driveesincuitt layat. In patbpdan, themgpthodshayiotludeal

mat er i al J n hin he-structural mteri.al to.form
he aft1 sl or AERRRIL vAEE: o LG HECIeEn Lol TP R CYBSeR EF
DESCRI PT| @N-eGhrclitly 1BRAW NGS Not wi t hst andi ng any ot her forns, which may fall
within the scope of the present invention, preferred forns of the
invention will now be described, by way of exanple only, with reference to
the acconprniteper fafming BEozze dhbntHer wafls fiidtoof WhlBoffeasis REZRL drfan SinRGE ARY

i ndi cating prohl ens associated with deep topography in a
include the steps of

15 depositing a second sacrificial material on the layer of actuator material to define a
deposit area for at least part of the nozzle chamber walls and the roof wall,
depositing a structural material on the deposit area, and

etching the structural material to form the at least part of the nozzle chamber walls and

the roof wall.

20 . _
BRIEF DESCRIPTION OF THE DRAWINGS
Notwithstanding any other forms, which may fall within the scope of the present invention,
preferred forms of the invention will now be described, by way of example only, with reference
to the accompanying drawings in which:

25

Fig. A is a schematic diagram indicating problems associated with deep topography in a

printhead chip, as set out in the background of the invention,

Fig. B is a schematic diagram indicating problems associated with deep topography in a

30  printhead chip, as set out in the background of the invention.

Figs. 1-3 illustrate basic operation of the preferred embodiments of nozzle arrangements of a

printhead chip of the invention.




printhead chip, as set out in the background of the inventi ong &D Erbﬁog
schematic diagramindicating problems associated with deep topograpﬁy

30 pri nt heaxkoodoqezesas set out in the background of the ipgdettzo@oifszgs. 1-3
illustrate basic operation of the preferred enbodi ments of nozzle
arrangenments of a printhead chip of the invention. 26 Cctober 2006 WO
2004/ 002745 PCT/ AU2002/ 001163 7 5 Fig. 4 is a sectional view of one

enbodi ment of a nozzle arrangenent of a printhead chip of the invention.
Fig. 5 is an expl oded per specti ve view of the nozzle arrangerrent of Figure

4. 10 F I secti | views of the r| nt ead of e
i nvent| on ]i.gl? ]a[ ?q‘r‘%g‘” WL?&% @’E@?’gﬁgai’]ﬂzﬁl%@r@ﬁ FRE QL BHD ?adf)‘i]i‘ét’ of he
print headm&éntmnaccordi ng to a method of the invention. Fig. 16 illustrates

a top view of the printhead chip of the invention. 15 Fig. 17 is a | egend
of the materials used in a nethod of the invention described with reference

to Figs.Fig8 ischn%aplo&écgperél;ﬁcﬁ@ Jl:évgof e nbiﬂlé'ﬁefn@&rﬁerﬁ%ﬁ‘fgﬂﬁqi views of the

manuf acturing steps in one formof construction nk jet printhead
havi ng nozzl e arrangenents of the invention. 20 FI g. 30 shows a three

di men I nt_for i.nk jet

print Edeagﬁ %‘qﬁ accogg}gr%%%c\é\t}m mfllg{gr?gt E%ﬁmﬁﬁ‘%é‘ﬁ Q}Pﬁ? g lqvﬁgn?ﬁgﬂfqtll}% Figs. 31
to 33 showceestive stepgiinrtinfabocrtibn ofihb @rathead ¢Hip isbrdiig o méth@hofaRematndaa. of
the nozzle 25 arrangenent of Fig. 30. Fig. 34 shows a three di nensional
view of another ink jet printhead chip according to the invention. 30 Fig.

35 shows, Fignl Gillustrdtearagel viseadf éhe friitliead hiple theltkvanBbn.pr i nt head chip of Fig.
34. Fig. 36 shows a three dinmensional view of the ink jet printhead chip
with a nozzle guard. Figs. 37a to 37r show t hree-di nensi onal views of

stepsig n F1E917f 8NégeAd bPibe HatcfiaR¥Eed f SnetRbd SNAETRA oA deldiBed Bih kdlrence to

ri nt head chi
P Figs. 1§t029

Fig. 18 to Fig. 29 illustrate sectional views of the manufacturing steps in one form of construction
of an ink jet printhead having nozzle arrangements of the invention.

20 |
Fig. 30 shows a three dimensional, schematic view of a nozzle arrangement for an ink jet

printhead in accordance with another embodiment of the invention.

Figs. 31 to 33 show a three dimensional, schematic illustration of an operation of the nozzle

25  arrangement of Fig. 30.

Fig. 34 shows a three dimensional view of another ink jet printhead chip according to the

invention.
30 Fig. 35 shows, on an enlarged scale, part of the ink jet printhead chip of Fig. 34.
Fig. 36 shows a three dimensional view of the ink jet printhead chip with a nozzle guard.

Figs. 37a to 37r show three-dimensicnal views of steps in the fabrication of a nozzle

35  arrangement of the ink jet printhead chip.




26 Oct ober 2006 WD 2004/002745 PCT/ AU2002/001163 S 5 Figs.
show sectional side views of the fabrication steps of Figs. 3§§Q?%t%?%?2006

Fi gs. 39awm209o2sow | ayouts of nmasks used in various sicapuiotedoifss
fabrication process. 10 Figs. 40a to 40c show t hree-di nensi onal views of

an operation of the nozzle arrangement fabricated according to the method
of Figs. 37 and 38. Figs. 4la to 4l1c shotv sectional side views of an
operation of the nozzle arrangenent fabricated according to the nethod of
Figs. 37 and 38. 15 DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS | n the
preferred enbodi nents of the invention, a drop on demand ink jet nozzle
arrangenent is provided which allows for the ejection of ink on demand by

means of Bighl#8an8Baahbwab@oniNideVie PSR AbritMioRisRpl of Es. BRKiS978m a nozzle
chanmber. The nozzle chanber is forned directly over 20 an ink supply

channel thereby allowi ng for an extremely conpact form of nozzle

arr angemehigs. 39h3e 3RRAoG/E %&ﬁt%&rmﬁﬁgugeﬁlim&fouggﬁggﬁt% ereg§3} ocflls! Ovs for

mni mal ar ato a printing nechanism resu1t|ng in
i mproved economcs of fabrlcatlon Turnlnglnltlallyto Figs. 1-3, the

oper at i on ef arr, nbodi nent. of e nozzle arrangenment i s now
dgscr}l Fng n‘fdé?o %clsmf” Eﬁﬁg%flgeqsﬁoln ek %ftc?né’pgrélg?ri‘ o Fn?ﬁz BB i nk j et
nozzl e arfahﬁga&@ﬁdcérdh{gtolﬂemﬂh@&oﬁigs.B@mﬂ&On a silicon wafer 12 which
includes a series of through-wafer ink supply channels 13. Located over a
portion of the wafer 12 and over the ink supply channel 13 is a thermal

act uat or Figd. 414 to ¥t GHowi s§ctﬁﬁﬁlus?dee\ﬂe\§§0ﬁa‘ﬁ @raﬁi)l?&lt thi ﬁ&zieraemnge ﬁ?&ﬁ@@@@“ ng

nozzl e chamber. The act uator IS ace substantially ov eln

suppl y ch%ﬁ@“&@mqweﬂlﬁ‘éoﬁﬁg%§zm3 osition, the ink fills the nozzle
chambgs and an ink neniscus 15 fornms across an ink ejection port 35 of the
chanber. 35 The actuator 14 is spaced between 6 mcrons and 10 m crons
above t heDHSCRIPTPONGF EREXERREDGCOND OTHER EMBODIMENTS

In the preferred embodiments of the invention, a drop on demand ink jet nozzle arrangement is
provided which allows for the ejection of ink on demand by means of a thermal actuator which
operates to eject the ink from a nozzle chamber. The nozzle chamber is formed directly over
26 an ink supply channel thereby allowing for an extremely compact form of nozzle arrangement.
The extremely compact form of nozzle arrangement allows for minimal area to be tak.en up by

a printing mechanism thereby resulting in improved economics of fabrication.

Tuming initially to Figs. 1-3, the operation of the preferred embodiment of the nozzle
25  arrangement is now described. In Fig. 1, there is illustrated a sectional view of two ink jet
nozzle arrangements 10, 11 which are formed on a silicon wafer 12 which includes a series of

through-wafer ink supply channels 13.

Located over a portion of the wafer 12 and over the ink supply channel 13 is a thermal actuator

30 14, which is actuated so as to gject ink from a corresponding nozzle chamber. The actuator 14
is placed substantially over the ink supply channel 13, In the quiescent position, the ink fills
the nozzle chamber and an ink meniscus 15 forms across an ink ejection port 35 of the

chamber.

35  The actuator 14 is spaced between 6 microns and 10 microns above the wafer 12.
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fromthe chanber, the thernmal actuator 14 is activated by pa

current t{eorehod2hg actuator 14. The actuation causes t heragiMatdiedd to
rapidly bend upwards as indicated in Fig. 2. The novenent of the actuator
14 results in an increase in the ink pressure around an ejection port 35
(Figure 4) of the chanber, which in turr? causes, a 10 significant bul ging
of the meniscus 15 and a flow of ink out of the nozzle chanber. The
actuator 14 can be constructed so as to inpart sufficient nomentumto the
ink to_cause the direct ejection of a drop. As indicated in Fig. 3, the
activation of actuator 14 can be tinmed so as to turn the actuation 15

current oWhealt igdd@ired e §edtiaesh RGMe chiibér, R USSHal PRIARUYNacBlabdsy
actuator 14 to its original position thereby resulting in a consequenti al

backf | ow BtsSigR cprentiiarough e eptaroni4. dFheaeivatipmcausqsihoactutordiaatspidly peridody
o or 1 SubEiSaABRERAI AL P PG ARhIUSH: JANRG1S UfiOH TRl Re n U, 2°

paper, for printing. The aCtuator en returns to | ¢ent position
and sur f atnk preseurs iatoung ffi ejettsony pestd 5t (Figoread ) rof thiel chiamberpfvhich én oz zduesschanber

viat i nk .s.u channel 13 as 2 ons ence. of surface,tension
effec'?(g oﬁg&“ﬁ‘é mllé’ﬁl & OE%?CIP?’?“? ilﬁﬁf‘é)?ﬁ%w(?gﬁ%iol“f%ﬁfgﬁf’oﬁzkec er. urns to
that depi adtediorn 14 dah Ge cdnstrhreFb@ss todmpatisubiiciétt@icndnburh kd the trkab eshsk bR
structure_of a singlfmozzle arrangenment 10 in nore detail. Fig. 4 is a

part sect PEFFARICCHOPIHIR Fig. 5 shows a correspondi ng expl oded perspective
25 view. Many ink jet nozzle arrangenents are forned at a tinme, on a

sel ected wafer base 12 utilizing standard sem -conductor processing

t echni queds indicatediin Figa 3+ the pstivadomelakiugion &4 asbetimedso ds4 hire theiagmatiymocess

technei o I fthi [ ' t. N
furt hg% g%uéﬁéé%{’ﬁg?fa &Egrlﬁljgﬁn%rp olglﬁ ? R{sggﬁspﬁg%f%%gat I oné. f%ﬁ‘ a%%?%% (\Q/I%elgi%;’llr cuitry
| ayer 20 pesitiasrtherebyomgsulting ivaf consef@entifhieacKidG of mkén th2Qlireatinn dfran amcwdfdance

with standard techniqgyes,, i pc e | ti-1evel tal.layers sandw ched
between OXi %8 cﬁaéﬂl%r s ngr?gy 8?@‘335’5% aa{l Sefpéré’gets aﬁgfwwug%gwq@pgqpuwgﬁgss is
utili zed. such appater, forpringitlg CEhé Rtuater 1ALREIGESTS t0 &6 §aiSSeNt JUsRIOR Sfd Bfast EPS,
t he masks utilized include areas_that Pr ovide for a build
tension effects result in a refilling of the nozzle chamber via the ink supply channel 13 as a
20  consequence of surface tension effects on the mt_:niséus 15. In time, the condition of the ink

returns to that depicted in Fig. 1.

In Figs. 4 and 3, there is illustrated the structure of a single nozzle arrangement 10 in more

detail. Fig, 4 is a part sectional view while Fig. 5 shows a corresponding exploded perspective

25 view.

Many ink jet nozzle arrangements are formed at a time, on a selected wafer base 12 utilizing
standard semi-conductor processing techniques in addition to micro-machining and micro-
fabrication process technology further details of this form of fabrication are set out in further

30  detail further on in this specification.

A CMOS drive circuitry layer 20 is formed on the wafer 12. The CMOS layer 20 can, in
accordance with standard techniques, include multi-level metal layers sandwiched between
oxide layers and preferably at least a two level metal process is utilized. In order to reduce the

35 number of necessary processing steps, the masks utilized include areas that provide for a build
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barrier 21 which can be constructed froma first |evel 22 of 3?3?@8??&'?”@5
second | ewad 2@@0@f743al um num Addi tional |y, al um num por tecangyddz/én &3

provi ded which define electrical contacts to a subsequent heater |ayer.

The alum num barrier 21 is inportant for  providing an effective barrier to
the possible subsequent etching of the dRide within the CMOS | ayer 20 when
a sacrificial etchant is utilized in the construction of the nozzle
arrangenment 10 10 vvith the etchable material preferably being glass |ayers.

A nitride r n 0,ta rot ct
the | oéver ugl\/%%ll MFH er s glrn% lszxg}(':l?]? Jlngtf zr}l% Fétﬁ'cﬁzgﬁ{oén ﬁ(‘ft ,eﬁéle%r%satugﬁn TABBYe the
nitride | agend Mreltili!emfeﬂmmnﬁmr anﬂgamuﬁﬁnMprﬁmzﬂd&e@fdv:dbubml@ de€ihas
during ope at i The 28 ca ons ucted by 15 | aying down a
sacrifici & %F’ﬁéé:f’"‘&ﬁta t‘gﬁg'g’é‘éﬂl’éﬂ eﬁ“”é Y #&‘ f"h’é’“ QWGE%YWWPOIE@‘@EM ai ned
her ei naf t @fovidifarbéfFeclhPbatfer 6 tRGI0MBIR s@:s@ﬁtféh?él@hlﬂg dr dh ofindg G thdl

top of the air gap 28 is construct ed a polytetrafltroet hy ene (PTF ayer

29 whi ch layenf} Whena seegbicigl %‘é\ﬁp@ﬁvhh@dh@ﬁl@@ﬁ’nﬂ@ye@n oohe nordie afangtnivst ien
two PRGE l»ﬁﬂﬁﬁéetcﬂgﬂfe aéﬁalp?é% “b%"n Onﬁﬁyée?g Is constructed in a

serpentine formto al OWI pan ating. The heater [|ayer 30 and
PTFE | ayer 29 toget her corrprl se the thermal actuator 14 of Fig. 1. The

outer PTF an nel ffiglLent of r mal ansi on
(appr oxi ma%]L ﬁYd% %%fgg“ laP“m’arou ‘éé E}I%&gsﬁﬁtﬂ t%l?rf’teﬁﬁh E’WFF\Q E | ayer
ﬁg i s ?| sdny% ﬁmmsrmhﬁqialtut@iahm ahiy thk@pdhiudl. ABLRE 6 rigre dysr 26'thad idfoFmépb! e
eing for

nd [ t he .act the gap 28 due to out-gassing etc. The
top PTFE §t}’r¥§ erm?t; ‘t%ff‘e@f%ﬁ uringoperptionygkhe gap 28cpribepmmsiracted by additi on
to these wya@%%%a@hﬁm My@kampéetiu&m@&%ingtﬁe g&,hzssas%n b@%xﬁﬁﬁ%c?ve‘j with

a plasma etch in an ammonj a at nosphere. "The heater |ayer I's also forned
wi t hi n t hBeremalias Theaix gap28ds betiyeerrrmicrongyaad 1030 crphethickat er | ayer 30 is
connected at ends e.g. 31 to the |lower CMOS drive |ayer 20 that contains
the drive circuitry (not shown). For operation of the actuator 14, a
current i Onpempefgte eingaifis comtrugiod d phlyetrefiurekthyiend (FAFE) hatr 19esliish t he bott om
surface Of:o&lﬁ}%e g tg&gtsgrgen IAr'le h-tla-gtgr ]9)%[1'58 san l\fvrlgheg%etween two PTFE layers. The gold

20 heater layer 30 is constructed in a serpentine form to allow it to expand on heating. The heater

layer 30 and PTFE layer 29 together comprise the thermal actuator 14 of Fig, 1.

The outer PTFE layer 29 has an extremely high coefficient of thermal expansion
(approximately 770x10%, or around 380 times that of silicon). The PTEE layer 29 is also

25  normally highly hydrophobic which results in an air bubble being formed under the actuator in
the gap 28 due to out-gassing etc. The top PTFE surface layer is treated so as to make it
hydrophilic in addition to those areas around the ink supply channel 13. This can be achieved
with a plasma etch in an ammonia atmosphere. The heater layer 30 is also formed within the
lower portion of the PTFE layer.

30
The heater layer 30 is connected at ends e.g. 31 to the lower CMOS drive layer 20 that contains
the drive circuitry (not shown). For operation of the actuator 14, a current is passed through
the gold heater element 30 that heats the bottom surface of the actuator 14. The bottom surface
of actuator 14, in contact with the air bubble remains heated while any top surface heating is

35  carried away by the exposure of the top surface of actuator 14 to the ink within a chamber 32.




of actuator 14, in contact with the air bubble remains heated Ll.e. an p
surface heati ng is 35 carried away by the exposure of the tong{p?tgbgrépbg
actuat or b 4084603945t Nk Wi thin a chanber 32. 26 Cctober %@Qgsm%m%%é‘/ 002745
PCT/AU2002/001163 11 5 Hence, the bottom PTFE | ayer expands nore rapidly
resulting in a general rapid upward bending of actuator 14 (as illustrated
in Fig. 2) that consequentially causes tlhe ejection of ink fromthe ink

ej ection port 35. Turning off the current to the heater |ayer 30 can
deactivate the actuator 14. This will result in 10 a return of the
actuator 14 to its res osition. On top of the actuator 14 are fornmed
nitridé sHeecentheb OB@Ptmggéamsewd@n%psamﬁlw|re%§lsmg|1@n geapral rapid upidrd porti ons
33 and th

utilizi ngsea CI‘I @g@gg f’%ayl/lggﬂat?' "Iﬁ pn§3 \%‘é lc@ns@ %“gén)g%ﬁ?é {gﬁcgi(rgﬂt oﬁ%efi ne
the ink eﬁeumh@h&pﬁmu0$ﬁxtﬁiln addltlon to a series of etchant holes 36
which are of a relatively small dianmeter and allow for effective etching
of |ower sacrificial |layers when utilizing a sacrificial etchant. The

et chant  femas dbthakcerremetethe rrfadtér 1eytp B0 barsdabtitaiathe ethdtaC BY. UEHIS Wil CT S
restrict the possibiliti ink being ejected fromthe chanber 32 via

t he et@®haftet I°Z§‘e§6“ﬁaﬁ‘fﬁzl" O 3755 PORIEORj ecti on port 35. 20 The various steps
involved in the construction of an array of ink jet nozzle arrangenents are
expl ained in Fug 6 to 15. 1. Turning initially to Fig. 6, the starting
posi ti on ©8rer ei3beactuaier Wasnfommednitride sidecyaltporions 33@\7@3 tomyell potionBdch has
nitride p gpg i 5
chem cal ?ﬁék@gﬁ{ﬁgﬁ?y gggeﬁogilt fﬁg{%k %lrﬂgézri%e?dh&. édﬁ%lt% ngsc%é é&o@e I's masked
and et cheuhlazsngdiausﬁnaltle@rl hé~jog.wall atians34tie edbdd toalefine ﬂmmﬂseja:ftlonpb:e 360zzl e

ayer Fonan agrgnss € Sxientf e EhaE I s e A o JGRNY il SRR BF

deposi t edeffavtisk echiagef Btvehﬁidnﬁ&al lagbre ah@tutilizing egsacﬁimw e'tdhaﬁth qhe &tcﬂﬁxt | ayer

being etched jn those areas where a subsequent heater |ayer el ectronicall
cont gct s holes }?q)%mafi%l%?lgenough such that surfacect]ensmn effects restrict the possibilities of ink Y

being ejected from the chamber 32 via the etchant holes 36 rather than the ejection port 35.

20  The various steps involved in the construction of an array of ink jet nozzle arrangements are

explained in Figs. 6 to 15.

i. Turning initially to Fig, 6, the starting position comprises a silicon wafer 12 including a
CMOS layer 20 which has nitride passivation layer 26 and which is surface finished with a

25  chemical - mechanical planarization process.

2. The nitride layer is masked and etched as illustrated in Fig. 7 so as to define portions of
the nozzle arrangement and areas for interconnection between any subsequent heater layer and
a lower CMOS layer.

30
3. Next, a sacrificial oxide layer is deposited, masked and etched as indicated in Fig. 8
with the oxide layer being etched in those areas where a subsequent heater layer electronically

contacts the lower layers.
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in Fig. 9, a 1 mcron |ayer of PTFE is deposited and first ma.g,‘ G
etched f oy eyhip@ser contacts to the lower CMOS |ayer pq4t6idiRsked and
etched for the heater shape. 5. Next, as illustrated in Fig. 10, the gold
heater | ayer 30, 31 is deposited. Due to the fact 10 that it is difficult
to etch gold, the layer can be confornmall?fy deposited and subsequently
portions renoved utilizing chem cal nechanical planarization so as to | eave
those portions associated with the heater elenent. The processing steps 4

and 5 basi cal I% (_:ongri se a dual ~damascene process . Next, a top PTFE
layer 1s trepositd ?’FadWa@&e"dadﬁﬂc’éfé’dﬁéﬁoﬁ%ﬁﬁﬁFé‘eP%&e‘%Mﬁﬂ@PS&P‘i peder as
i |lustrat genddroFing hez;tér Rl td ﬁﬁeq@\Léerbqgg?%;cﬁBm?ﬁ%%d a%%m%%ley’ the
surface of the PTFE |ayer Is asnma proce SO as

hydr ophi | heaterShapeabl e processi ng can excl ude pl asnma damage in an amoni a
at nosphere. Alternatively, the surface could be coated with a hydrophilic
material. 20 7. A further sacrificial layer is then deposited and etched
as illustpgat edNext, d%ilgusu'hﬂ;‘dSﬁ)FigS 10,Ghe fold hedtdrdayet B Gl 4 Geposited! Mirend el fact
chanber . e. sa cial e s then masked and etched in order to
definé®a g‘@b‘éési ‘ﬁfﬁﬁité‘? gich 3‘% tE‘?]l?Y?chfﬁ Pe cxamidly dapgsited andssubsequently) | st r at ed

in Fig. 1§mbmeﬂ@zgd ﬁlﬁh@@&hchﬁné&%ﬂi@ﬂ pRhaR AR S6R JoMefﬂr‘éQl%%b pbiignd hr ee
mcrons of nitride and etching a mask nozzle rimto a depth of one mcron

for the nesogiated with the heatepelemert. ddpprrcasingistpnd and & bpsicallyreempriserd dual ) .
Subsequenglaseéh ;H?&‘éds utilized to etch the ink ejection port 35 in
addition to %Sﬁ © acrificial layer etchant holes 36. 30 9. As illustrated in
Fig. 14, the backside of the wafer is masked for the ink channels and

| hed {;h bl | h
P a5 g LB MR SRR L o B RS BRI 8 RS B o
from SDS Syiflharsedin Fid ¢ils¢ Hew)defineMiv acaadhipel. iSubseqlntly] the shiSice of e PTFE

Density P| asnas . hard H. Ashr af 224 of Vol unme 2639 of
the SPIE BYgde ]&FTH%EIOF?-FSWF %?‘Y@O%FHHC \StiaRlepasersing Gap gxciude plasma

damage in an ammonia atmosphere. Alternatively, the surface could be coated with a

hydrophilic material.

20 _
7. A further sacrificial layer is then' deposited and etched as illustrated in Fig. 12 so as to
form the structure for the nozzle chamber. The sacrificial layer is then masked and etched in

order to define a deposition area for the nozzle chamber walls.

25 8. As illustrated in Fig. 13, the nozzle chamber is formed by conformally depositing three
microns of nitride and etching a mask nozzle rim to a depth of one micron for the nozzle rim
(the etched depth not being overly time critical). Subsequently, a mask is utilized to etch the
ink ejection port 35 in addition to the sacrificial layer etchant holes 36.

30 9. As illustrated in Fig. 14, the backside of the wafer is masked for the ink channels and
plasma etched through the wafer. A suitable plasma etching process can include a deep
anisotropic trench etching system such as that available from SDS Systems Limited (See)
“Advanced Silicon Etching Using High Density Plasmas” by J.K. Bhardwaj, H. Ashraf, page
224 of Volume 2639 of the SPIE Proceedings in Micro Machining and Micro Fabrication

35  Process Technology).

;
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13 5 10. As illustrated in Fig. 15, the sacrificial layers agé%g‘?zt@ggﬁigaﬁ
utilizi ngwdy fagdahdsci al  etchant such as hydrochloric agj#4

the portion underneath the actuator that is around the |n{< channe
pl asma processed through the backside of the wafer to make the panel end
hydrophilic. 10 Subsequently, the waferltan be separated into separate
pri nt heads and each printhead is bonded into an injection noulded ink
supply channel and the electrical signals to the chip can be tape

aut omat ed bonded (TAB) to the printhead for subsequent testing. Fig. 16
illusttates a top view of nozzle arrangenent constructed on a vvafer SO0 as
to providgfor i :

manUT 2ot Ut ng. oy SRSeE (I (5 b st Rk abacill Sb 8 Mg Pl A

print head@clmwtah iag gydrnclﬂmramtdh rinbsaguerilyt the pprtionaindéraeath &mgzbtuaﬂoy tltahﬁ

t ephodi d utilizing,t 1 Usi
2 Goubl o SpHPEN Al ReFRe besfiret uOThA D becfaPLPR el fopate e = 10

di stri butp#mel endridiophiliyg circuits using a 0.5 micron, one poly, 2 netal
CMOS process. This step is shown in Fig. 18. For clarity, t hese di agrans
may n be to scale, and may not represent a cross section though any
single pl S’tﬂﬁec{ﬁfentl)h%e'\oﬁéﬂ &n bElsgpa:étJd info & Kﬁte ﬂ{e@@sr ﬁﬁ%@&@%ﬂﬁ%% bl OUS
materials in these manufacturing diag ra#s t hose o

cr oss- r efi@tent Bipctionk mosided ks Jugply a;hmnls andDie zlecmsgiwgnalSlto rthecehip coof bé tape
stress ni @CA?’ r i sion throu t he
silicon d%"{)m Ca JcF‘Idg% tgﬁ]e glg‘réd E’gsgb%%%e& ?S%%g plér gdnliluo ategaaécr’lf & c?’gl

mat eri al Hazzlg .arrp.rcge;nemedﬂs)uucteaﬁn 4 wafet edhast th eraviderfof pagewidth raglécolorsduqmt.Vask 1.
Thi s @sk defines the actuator anchor point. This step is

ntIy,

One form of detailed manufacturing process that can be used to fabricate monolithic ink jet
printheads operating in accordance with the principles taught by the present embodiment can

proceed utilizing the following steps:

20 1. Using a double sided polished wafer, Complete drive transistors, data distribution, and timing
circuits using a 0.5 micron, one poly, 2 metal CMOS process. This step is shown in ng. 18. For
clarity, these diagrams may not be to scale, and may not represent a cross section though any
single plane of the nozzle. Fig. 17 is a key to representations of various materials in these

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

25
2. Deposit 1 micron of low stress nitride. This acts as a barrier to prevent ink diffusion through the
silicon dioxide of the chip surface.
3. Deposit 3 microns of sacrificial material (e.g. polyimide).

30

4. Etch the sacrificial layer using Mask 1. This mask defines the actuator anchor point. This step is
shown in Fig. 19,

5. Deposit 0.5 microns of PTFE.
35




shown in.Fig. 19. 5. Deposit 0.5 mcrons of PTFE. 35} 26 Cc r. 200 ?
2004/ 002745 PCT/ AU2002/ 001163 14 5 6. Etch the PTFE, nitri de?ggﬁqoéﬁbgoog\o ;
passi vat i P »4& second level netal using Mask 2. Thi defines the
heat er vﬁgﬂQ %ﬁ?g step is shown in Fig. 20. 7. Deposit gﬁamggﬁﬁgfﬁﬁresist

using Mask 3. This mask defines the heater. 10 8. Deposit 0.5 m crons of
gold (or other heater material with a | &v Young's nodulus) and strip the
resist. Steps 7 and 8 forma lift-off process. This step is shown in Fig.
21. 9. Deposit 1.5 mcrons of PTFE. 15 10. Etch the PTFE down to the
sacrificial_layer_using Mask 4. This mask defines the actuator and the

bond padsS. Bteh $e SHER. nifidsradrCNIAS ppggivation down toyspgead leyebivetal ying Mask: Thigal
connecti o, egnzaésoaﬂp?hﬁie‘?vﬁa&.fhﬁgs%epﬁgkﬂmn ififfk bfie chips are not yet

separ at ed. asma process 'the PTFE t™0 make the top and side surfaces
of the actuator hydrophilic. This allows the nozzle chanber to fill by

capillari 13 sit 10 m cl,0 .sacri.ficiagl material. 25 14. Etch
the sacri ?'ﬁ%eipgflt ﬂ@[e@ﬁflglmslfgﬂﬂ“%a%a %Héﬂeﬁ% P#&%ﬁ?&%@ Thi s mask defines
the nozzle <chanber. This step is shown in Fig. 23. 15. Deposit 3 mcrons
of PECVD gl ass. This step is shown in Fi%.,24= 30 16. Etch to a depth of 1
ni cr of? usP-AgFPREItR:> suicreps of spld(Rr otbgrihpater materalwith adey Youags mediulys) and stripibe
step i's sheWNsieRs Thith 8 #Pm alif-ofFbolesd A & ik BRwiBRHd bei al | ayer using Mask
7. This mask defines the ink ejection port and

9. Deposit 1.5 microns of PTFE.

15 10. Eich the PTFE down to the sacrificial layer using Mask 4. This mask defines the actuator and
the bond pads. This step is shown in Fig. 22.

11. Wafer probe. All electrical connections are complete at this point, and the chips are not yet
separated.

20 .
12. Plasma process the PTFE to make the top and side surfaces of the actuator hydrophilic. This

allows the nozzle chamber to fill by capillarity.

13. Deposit 10 microns of sacrificial material.

25
14. Etch the sacrificial material down to nitride using Mask 5. This mask defines the nozzle
chamber. This step is shown in Fig. 23.

15. Deposit 3 microns of PECVD glass. This step is shown in Fig. 24.
30 '
16. Etch to a depth of 1 micron using Mask 6. This mask defines a rim of the ejection port. This

step is shown in Fig. 25.

17. Etch down to the sacrificial layer using Mask 7. This mask defines the ink ejection port and

35  the sacrificial etch access holes. This step is shown in Fig, 26.



35 the sacrificial etch access holes. This step is shown in th (ﬁ b 2686
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conpl et el wg hogoakyst he silicon wafer (with, for exanpl e,PquL}“ﬁglE(ﬁi%gnced
Silicon Etcher from Surface Technol ogy Systens) using Mas +h| s mask
defines the ink inlets that are etched through the wafer. The wafer is

al so diced by this etch. This step is shdwn in Fig. 27. 10 19. Back-etch
the CMOS oxide | ayers and subsequently deposited nitride |ayers and
sacrificial layer through to PTFE using the back-etched silicon as a mask.
20. Pl asma process the PTFE through the back-etched holes to nmake the top
surfac® of the actuator hydrophilic. This allows the nozzle chanber to

fill by C@@'Hal:@-&ﬂcﬁ )zfomﬁ@felyrfﬁfoﬂg@{h@%lh@on J«ﬁfem(ﬂﬁpﬁ@@?m%é Whf e&k{aggegpfﬁgéoh t he

actuator. _This hydrophobi'c seCtion causes an air bbi'e to under
- the act uaE@hervmmSwﬁ@eFfeczlnmbgwymms)@amg\Maak§ This meskdefives thefok mlﬁmaba:bbl e
serves RELERS e £ eat er o
decr easi ng t%girmng w(t'i&ctlﬁl%n awgsil&lg dlgehfbb’ (ﬁlﬂg{E}gp({lt’l‘e?l Stté})de oq‘w“tlﬁ E, and
to reduce the negatlve pressure on the back of the actuator. 20 21. Etch

the sacrificla teri The nozzl e .arra are cleared, the

actua rsi#'%a@{ﬁ',eggﬁﬁﬂ F%OS 871%%5%33’855@“9&51%? "?eé‘gea “c;cgmg{d@ﬁayeqanng seerififiqls
shown in fayg-.thrdgh tBZ’!TFE’QHiﬂgtﬁeflﬁc]@éttHHdhﬂﬁdﬁaddlmﬁikﬁ” packagi ng, which may be
a nol ded plastic forner incorporating ink channels that supply the
appropriate color ink to the ink inlets at the back of the wafer. 25 23.

Connect t i MMt figads e PIrPE throh g ﬁfe%ep@&fleﬂa&emsmaﬁmeat p SREOLE tn

connection with ‘mninumdisruption of airflow, TAB nmay be u
bondi ng négjuakrsydsphilise dhisf allaws the inoede changbar gfobll dq:vervaatlledtyvmbuhmuﬁaﬁns:aent

or 1 nt RbaqosbBie BAREE undkmeatt o WALAR" 1Rl BBt RPlor e Bl bysniie b
filled nouaiped nsdes tevartiator Fvhgn tiRROnoz2k6 iOftlabwith 200Ger-BARIARATIHORLBE serves

PCT/ AU2001‘.2 / O(i)l%ploessgs to increase the efficiency of the heater by decreasing thermal conduction away from

the heated side of the PTFE, and to reduce the negative pressure on the back of the actuator.

20  21. Etch the sacrificial material. The nozzle arrangements are cleared, the actuators freed, and the

chips are separated by this etch. This step is shown in Fig. 28.

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

25
23, Connect the printheads to their interconnect systems. For a low profile connection with
minimum disruption of airflow, TAB may be used. Wire bonding may also be used if the printer

is to be operated with sufficient clearance to the paper.
30 24, Hydrophobize the front surface of the printheads.

25. Fill the completed printheads with ink and test them. A filled nozzle is shown in Fig. 29.



16 5 In. Fig. 30 of the drawi ngs, a nozzle arrangenent, in ac
a further enbodinent of the invention, is designated general ?@ Cga f’ﬁé%bg

referencewmgjﬁ{zrglo An ink jet printhead chip of the. Ir;i\\ligﬁg(zéiggglglayf

plurality of nozzle arrangenents 110 arranged in an array

and 35) on a silicon substrate 116. The array 114 will be described in
greater detail below. 10 The arrangenentl6é 110 i ncludes a silicon substrate
or wafer 116 on which a dielectric layer 118 is deposited. A CMOS
passivation |layer 120 is deposited on the dielectric |ayer 118. Each nozzle
arrangenment 110 includes a nozzle 122 defining a nozzle opening 124, a 15
connecting nenber in the formof a lever arm 126 and an act uat or 128 The

| ever ar rqn]ﬁ?]30%%@{56&5@1“%}%1@09?%%%?{%3%@& ﬁ%cﬁ:&ﬁaﬁl% e a fafthy ffg‘iofg corrprl ses

greater deta in Figs e draw ngs,
a crown thanmveomorﬁmdamwbtedxg&k'raihy bpmhetnefcmnteﬁmdepbhm nfen ik genptintheart chim

portion 13 The ski.rt rtlon of .a peri of a
nozzl e ch%ﬁﬁ%fmi%ﬁfm(}fgfﬁg rgityf)gn%zgle&rrapg?gxegfsa@n ﬁﬂ??ged'ﬁﬁ %hﬁé%hlﬁvﬁ‘lng 124
is in fluisd 3)orunilicah bbRirik!16! The 404218 wilaslesribarin grdatdr Yefal bBIBw, NOt ed

that the nozzle opening 124 is surrounded by a raised rim 136 that "pins" a

meni sélis 138 (Fig. 31) of a body of ink 140 in the nozzle chanber 134. 25

The ski I t TROLdn@dmd?4 10 ﬁmmaag 5 LiRBG BRI MES W el 16 RNPhiaNS défécﬁicqa{y%fl%l@bove
the CMOS passivation |ayer 120. An ink inlet aperture 142 owl nost

clearly iisdepesitedsASIMORA@ashi waomipyed K0deddpoesitedion the dielsotric 13}&61}:& t he nozzle
chanber 134. The aperture 142 is in fluid communication with an ink inlet
30 channel 148 defined through the substrate 116. A wall portion 150 bounds
t he aper t Bach nbdde annah@mbetnﬁ@ inq}u@sdlnyzzie 12 ddfimine] aoeezlpopérionlZW46. The

skirt portion, 132

part & a°PUFSHRR é'?eé??%er iﬁat?'? ﬁ gv%\fl)gfz"? g%%f@?fwga%z“ﬁ?g 1%% ST lgaﬁg‘l""r}%/%sr? ?%é)lr '[ ?E)n
150 def i n@snéctseacapal2s ofthd hezrarppheral 35 wall of the nozzl e chanber
134. 26 October 2006 WD 2004/002745 PCT/ AU2002/ 001163

As shown in greater detail in Figs. 31 to 33 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

20 132 forms part of a peripheral wall of a nozzle charﬁber 134 (Figs. 31 to 33 of the drawings).

The nozzle opening 124 is in fluid communication with the nozzle chamber 134, It ié to be

noted that the nozzle opening 124 is surrounded by a raised rim 136 that "pins” a meniscus 138

(Fig. 31) of a body of ink 140 in the nozzle chamber 134.

25  The skirt portion 132 is positioned between 6 microns and 10 microns above the CMOS

passivation layer 120.

An ink inlet aperture 142 (shown most clearly in Fig. 35 of the drawing) is defined in a floor
146 of the nozzle chamber 134. The aperture 142 is in fluid communication with an ink inlet

30 channel 148 defined through the substrate 116.

A wall portion 150 bounds the aperture 142 and extends upwardly from the floor portion 146.

The skirt portion 132, as indicated above, of the nozzle 122 defines a first part of a peripheral

wall of the nozzle chamber 134 and the wall portion 150 defines a second part of the peripheral
35  wall of the nozzle chamber 134.



17 5 The wall 150 has an inwardly directed lip 152 at its frﬁg d thgb
serves as a fluidic seal that inhibits the escape of ink wheff"t OHSE e
122 is di so 2002745 W || be described in greater detaipchalaysoohiszw || be
appreciated that, due to the viscosity of the ink 140 and the snal

di rensi ons of the spacing between the Iig 152 and the skirt portion 132,
the inwardly directed 10 |ip 152 and surlface tension function as a seal for
inhibiting the escape of ink fromthe nozzle chanber 134. The actuator 128
is a thermal bend actuator and is connected to an anchor 154 extendi ng
upmardgy fromthe substrate 116 or, nore particularly, fromthe CMOS

passi vation | ayer 120. 15 The anchor 154 is nounted on conductive pads 156

whi ch f or fhawatl160 had adhwe@nn@fdcie@MipWis At itd Ree adlha ke esladS: flullie saf tHagt or
128 conpriges a first, active beam 158 arranged above a second, passive

beam 160nhbtsthecsseneqf ik whenghs pesrle 12343 displacadsasiwidl bervdescribed iy greaser, or

i nclude, @eta@BEIYG! TVRIll 1R QA Ied | hen hiGhae (TIN).
Bot h boanes SoE i eh eapERAREUIEE e yeEtn S RO IME bhEF | 0 e

t hei r opp&uesnsiophefsthe speaing betiveen thedip B2rand 28 skinfiportion ¢32, tlerinwardlyoditested t 0

fl ' 3 h | . f th 158
roout 00 AR 17 B AR EnE Rt oo EAIRN RIS B S8 Bl

fl ow, doeshamtter é¥pand at the sane rate, a bending nonent is created causing
the arm 126 and, hence, the nozzle 122 to be displaced downwardly towards
the substrate 116 as showmn in Fig. 32 of the drawi ngs. This causes an

ej ecti on Whe hawsatbrI2BUGH thefiRal BOAE ARu AR RcohRdetdBto af RAWMAr 354 dlndidy Fi 9. 32
of the draw ngfy When the source of heat is renoved fromthe active beam

158, i.e. "By ifms?mj_saleﬁﬂ;a@rﬁlﬁfommrem@cwa&g’|f@n1@ GMOS passivagon fagergiZ0escent
posi ti19n The FRhSNPMNs tddufited on 3&1&&3&@6&%@ WRRE fo lc%cgﬁ Qﬁg&éé%éthr csul t

returns to its quiescent position, an ink droplet 1b4 or ne

of the brH®glécwaopi2&n i nk droplet neck as illustrated at 166 in Fig. 33 of
the drawi ngs. The ink droplet 164 then travels on to the print media such
as a sheet of paper. As a result of the 35 formation of the ink droplet
164, a "n&batdtvadr 1P8rbmptises iadirftpacive basn $580aranadd dB8e h Becbhd. paskBreteab

Cct ober 29(965 In a preferred embodiment, both beams 158 and 160 are of, or include, a conductive

20  ceramic material such as titanium nitride (TiN).

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 resuits. As the passive beam 160, through which there is
25 no current flow, does not expand at the same rate, a bending moment is created causing the arm
126 and, hence, the nozzle 122 to be displaced downwardly towards the substrate 116 as shown
in Fig. 32 of the drawings. This causes an ejection of ink through the nozzle opening 124 .as
shown at 162 in Fig. 32 of the drawings. When the source of heat is removed from the active
beam 158, i.e. by stopping current flow, the nozzle 122 returns to its quiescent position as

30  shown in Fig. 33 of the drawings.

When the nozzle 122 returns to its quiescent position, an ink droplet 164 is formed as a result
of the breaking of an ink droplet neck as ilustrated at 166 in Fig. 33 of the drawings. The ink
droplet 164 then travels on to the print media such as a sheet of paper. As a result of the

35  formation of the ink droplet 164, a "negative" meniscus is formed as shown at 168 in Fig. 33 of
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meni scus 168 results in an inflow of ink 140 into the nozzle %rﬁﬁ*&é’ﬁf@ﬁﬁ
such t hat wo p@woeems scus 138 (Fig. 31) is forned in readid@g6obHbo1idie next
ink drop ejection fromthe nozzle arrangenent 110. Referring now to Figs.
34 and 35 of the drawi ngs, the nozzle array 114 is described in greater 10
detail. The array 114 is for a four-colo¥® printhead. Accordingly, the array
114 includes four groups 170 of nozzle arrangenents, one for each color.
Each group 170 has its nozzle arrangenents 110 arranged in two rows 172

and 174. .t hegrqups.170 i s sh in .greater detail in Fig. 35 of
t he dr§vm' %egc.lr%@gﬁ‘ nglgc?quf’tt“éﬁ @@fSSE%P%EWtﬁQ‘Q Gji m%lﬁ'é{ 148 lapﬁ'éﬁfgf@ﬁ%nt s 110

in the rowharhti 13Aduchifat atd® MEHELE 13FEABILRT R b RaliedsHEr hONext Ik ar e
of fset or stpre:%ge,re with respect to the nozzle arrangenents 110 in the row

172. Al so,rRaedtion Jrom the negrlearengement 10.n the row 172 are spaced apart
sufficiently far fromeach other to enable the |lever arns 126 of the nozzle
arrangenments 110 in the row 174 to pass between adjacent nozzles 122 of the
ar r angemeMeering novta Figs. Bé andds ofide diawings, the nbezleatayd 14 hedesasted in peatee

arranggmne 11641 t.apti al | dunbpel hapgd.so that the nozzles 122
M T hatr oartity Tt B HUERY sPiro el ARRRmE ety did e b oy

adj acent igoaph ¢7Gof rmagle araigemtA®, dne folwach ovlorl Bhch Brubh 60 had it doagk! i tat e
cl ose packi n'% of tiﬁ nozzl‘ﬁs 122 in tgge rows 172 and 174, each nozzle 122
25 is sub&FAREMSESy R agangsd o Mo rows b &ejand 17dynGne of thegsonns d 7@ isshony in hose
ski |l ed i preateedeni id at3s o drhw@gnozzl es 122 are di splaced towards the
substrate 116, in use, due to the nozzle opening 124 being at a slight

angle with respect to the nozzle chanber 134 ink is ejected slightly off

the paspenditsdilitdfe cldsk phckidfd b AOYR @fr@r@n@ﬁtstl?g 'g?lrhé ?&?ﬁigﬁza%lgj?tg%e Liafe! 98-

34 and 35 of the drawi ngs that the actuators
ar r ange e Arangements A 19 fncthe voms 174742e affskt o7 dagpetednwdth nespebiao slanmozdier ecti on to

one side . n 74, nce,, the ink droplets ej ed fromthe
nozzl es ﬁuqulgEh}ﬁ? ]ﬁtéqﬁwjtz%tfgv g7nzé éﬁ%lzgenrkozaﬁc(?ﬁrﬁ'é&e?eafségpé‘ﬂ&*F%%?ﬁn%‘enozzI es
122 i n t hepacedaphitdufiicienig faifion edch othieetoasnable e leved Sithd 128G fitkk @Rzl MPr oved
print qua

lity. 35 .

arrar}:gements 110 in the row 174 to pass between adjacent nozzles 122 of the arrangements
20 110intherow 172. Itis to be noted that each nozzle arrangement 110 is substantially
dumbbell shaped so that the nozzles 122 in the row 172 nest between the nozzles 122 and the

actuators 128 of adjacent nozzle arrangements 110 in the row 174.

Further, to facilitate close packing of the nozzles 122 in the rows 172 and 174, each nozzle 122

25  is substantially hexagonally shaped.

1t will be appreciated by those skilled in the art that, when the nozzles 122 are displaced
towards the substrate 116, in use, due to the nozzle opening 124 being at a slight angle with
respect to the nozzle chamber 134 ink is ejected slightly off the perpendicular. It is an

30 advantage of the arrangement shown in Figs. 34 and 35 of the drawings that the actuators 128
of the nozzle arrangements 110 in the rows 172 and 174 extend in the same direction to one
side of the rows 172 and 174. Hence, the ink droplets ejected from the nozzles 122 in the row
172 and the ink droplets ejected from the nozzles 122 in the row 174 are parallel to one another
resulting in an improved print quality.

35
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Fig. 34 of the drawings, the substrate 116 has bond pads 176 &3@%&8’8’2086
t her eon whichopomyigde the el ectrical connections, via themRastslhafest 0 the
actuators 128 of the nozzle arrangenents 110. These el ectri ca? connecti ons
are formed via the CMOS | ayer (not shown). 10 Referring to Fig. 36 of the
drawi ngs, a devel opnent of the inventiod%is shown. Wth reference to the
previ ous drawi ngs, like reference nunerals refer to like parts, unless

ot herwi se specified. 1In this developnent, a nozzle guard 180 is nounted on

t he substr te 116 of the array 114. The _nozzle guard 180 includes a body
menber> 182'%ai Y1g%A hFigr 3 Pﬁ@?e #Rwingssthgabstrae 146 #srhoad padst igraeengedugh.  The

passages @dfkof Rﬁudlfbrﬁﬁgé ﬁfe%[ecmcglrboﬁhé:nﬂﬁsz %i aetht,Q 213118850 ﬁ%ﬂacﬂlato%@%Sn&Ztﬁé €

arrangenents 110 of the array such , enink iI's €] ec from any
one of t heozzieAriapgerpgnesl 19y h&wblecmw@l ¢qmneq§ms ars fornredwvighthe h‘)M@S tayer (abed
passage 184 Zfore striking the print nedia. 20 The body nenber 182 is
mounted i n spaced relationship relative to the nozzle arrangenents 110 by
| imbs or struts 186. One of the struts 186 has air inlet openings 188

14 |s in operation,_air is

defi nzd tﬁ %EI n.. n ﬁsg en the ar ;
charg&l thf tp 2. PR PE(he PFigR dave P 1ef the ipventiondnshowgh Wilerefaencages
184 toget i&ﬁhe Plelidus BlawingaVigte! rbfentd gl Hfé‘f tQ?iﬁéﬁﬂ‘?ssuﬁlgé otterwikd gpe'cﬂﬁtd' S

not entrained in the air as the air is charged through the passages 184 at
a different velocity fromthat of the ink dropl ets 164. For exanple, the

ink droplgt lskgﬁflgﬁlﬁerﬁJ%% gﬁ&ﬁfﬂsoﬁé}g ?rounetﬁ %ﬁ%tr@t&li’ﬁ&ﬂh@ﬁﬁ@?%{. The

appr oxi mat e e air char assages
velocity nﬁZZlﬁmymdeSﬂamét@es Iarbbéy msmbéﬁki&;hawpgsqahmﬂlty hﬁpaasages B4t defined nt ai n

t he pass cl ar e st.s, that, these
forer B pREREN 8RR eck A€ Rl 51 e B Ing 0 ot R o

arr angenpm‘tamgd:ﬁéhtadi;mdsfshé gmgrf fléctdhpat hﬁerr inR pedjedtédDfiom Y bnd dFehdkda¥lesi on of
e ot Sarfingg D0 Th R pactes rougls i Fasoctated Passage 184 betors stoking e print’  ©

media.

20 The body member 182 is mounted in spaced relationship relative to the nozzle arrangements

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.

25
The ink is not entrained in the air as the air is charged through the passages 184 at a different
velocity from that of the ink droplets 164. For example, the ink droplets 164 are ejected from
the nozzles 122 at a velocity of approximately 3m/s. The air is charged through the passages
184 at a velocity of approximately 1m/s.

30

The purpose of the air is to maintain the passages 184 clear of foreign particles. A danger
exists that these foreign particles, such as dust particles, could fall onto the nozzle
arrangements 110 adversely affecting their operation. With the provision of the air inlet
openings 38 in the nozzle guard 180 this problem is, to a large extent, obviated.

35
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- arrangenents 110 are configured to define a relatively flat topography Por

the prinwoeads/eiigs. This i s enphasized by the fact thatpcirhaneddigoiigRorti on
132 of each nozzle arrangenent is between 6 mcrons and 10 mcrons from

the ink passivation |layer 120. The problens associated with having deep
t opography are set out in the Background®to the |Invention above. It
follows that a particular advantage of the configuration of the nozzle 10
arrangenents 110 is that these problens are addressed. Referring now to

Figs. 37 39 of the draw ngs, a_procgess for nufacturing the nozzle

arr ang%meigesn%f .qr@n%eé%e&ﬂdﬁg;e %ﬁ@ﬁﬁ&fﬁ a3 atiyely flatitonogrepBY RS theat e or
vaf er 116pridtheaddng. Taisiié Smptayiesd hylBe it SAPAE skifGPoftibnd 329¥ eARGRzAE t he vaf er
116. The dielectric layer 118 is’in the formof approximately 1.5 m crons

of CVD oxfF@gementjisbetpeenshmisrens apd 10 acrpps/kspm thegink pessivaéon layesr! 26.78hej s

exposed t . s | ng

devel oped?fotgﬁzlﬁlag%glra&?cll‘gtﬂl @v%@?@%&é@?@h@ﬁﬁ%ﬁf@?gg egé) asclﬁ\%[itog%dngﬁgger 116.
The resi shhventontdbeve. $it follppettiateanghriidubar [adyamtagd b8 thie sonfiguaniac .of THeimmzaE ep
defin the ink inlet. rture 142. In . Fig. .37b of the draw ngs,
approﬁna?réweﬂggs kﬁ:‘rsgl%gtf}?felgf) ﬁfnﬁﬁ?ﬁafefgﬁeg' deposited on the |ayer 118.
Resi st is spun on and the alum num 202 is exposed to nask 204 and

devel oped.gZ_S_The al ymi num 202 is plasma etched down to the oxide |ayer
118, the ReErig now odigspible %ﬁﬁﬂquawﬂé%iad’é"‘ieés for mapndacturing the 804 provi des
the bond pagsendds ild BaeQRP&Ets to the ink jet actuator 128. This
interconnect is to an NMOS drive transistor and a power plane with
connections nade in the CMOS | ayer (not shown). 30 Approximately 0.5

i i 1 Cohe i i i LOR 120.
Reai ot | R AT S B BEPARLAEA RO 0k WM REIES SR Bad BN o 77 1
devel opedsurfate ef the dafee |l dp MEhetdicledige hiyer §186s insthefoamrod apfrokiatitedio Wi nﬁi&o’nfle

| um I 20 d t.he sili I 116 in the.reqi ft i nl et
aport ur e STDTe Beretis Fuman s JBdekais eEbalptlRar Sthes s kaeb gt

2006 is subsequently developed.

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

In Fig. 37b 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.

25 The aluminum 202 is plasma etched down to the oxide layer 118, the resist is stripped and the
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).

30  Approximately 0.5 microns of PECVD nitride is deposited as the CMOS passivation layer 120.
Resist 1s spun on and the layer 120 is exposed to mask 206 whereafter it is developed. After
development, the nitride is plasma etched down to the aluminum layer 202 and the silicon layer

116 in the region of the inlet aperture 142. The resist is stripped and the device cleaned.
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is spun on to the layer 120. The layer 208 is 6 mcrons of photosensit{rv

pol yi m deway20appros mately 4 m of high tenperature resi $icmaAiged@yrs 208 is
sof t baked and is then exposed to mask 210 whereafter it is devel oped. The

| ayer 208 is then hardbaked at 400C for one hour where the |ayer 208 is
conprised of polyimde or at greater tBhn 300C where the |ayer 208 is high
tenperature resist. It is to be noted in the drawi ngs that 10 the
pattern-dependent distortion of the polyimde |ayer 208 caused by shrinkage

is taken into %c unt ..L.n the design of the mask 210. In the next step,
shown 7 n figyer 3930k sapricigh materia] ds span 9 toyhg 1ayst 130  Thedaver A0%is 6migrong o

appl i ed. ;20 i it BYilRe o (=2 ichis
PP on AR pohidid orpbiiRinato s iy SIRLPRERSIIY fesRE MelhiPaodll O
212 i s sosafthakedand githex pxpeeet] toanaskh 2k0 Fhereaffdriigs devepupsdir Thd Iayéri208 isthén 214,

t he | 212.is d d..In th t.he | 12 bei | yi m de,
the | ayer M5kEa 0% BEEHe hotkaisee T8 AR FArBEIeY OB ROYRIHS O REFET ( he
layer  21gah 300°€Skdre tHetIaQJSF '26\6881% g@ﬁﬁﬁp&&uﬁrﬁ;ﬁh? e i RAGE &Q%ﬁpftﬁg dra\%ifés that

approxi mately one hour. 20 A mcron nulti-layer metal [ayer I's then
deposil¢ edthe pattarn-depandent dissgrien ofitbe polyimide lager 298 saused b elarinkagis tken rgo

act uat or LT . t at at this stage, there is between 5.3
aélnr%glglt it th%%eélgn ?ﬁhg o 21td1

m crons m crons~of sacritrTcral material form ng a deposit area for
t he passive beam 160 of the actuator 128. 25 The layer 216 is fornmed by

tteri 000A of ,titanj, itrid Ti t d. 300C followed b
SPut t ori i B RePhbh i FakifEs, & SPOoPANGEind (09t P SRS
sput t er edTRYYaydr Q) VERey uﬁ%pﬁ&toﬁ&iﬁ@ﬁ@gf’ig& ;I_tu@ﬁcrh it ﬁ%ﬂ%, gapﬁ#ﬂim%@?a her

| |

materi al s that can be used in.stead of i B2, Si2 or , N. The
| ayer 12161.B st ¢fdngheteppsratire tesint Skhed4i@y 2 Heis ebithpbed amtexpbsediramasiclidd Afeenn t 0

t he | I St lied f he | 216,,.1s .wet
stri pped PRErRsUORS B Ela BRIt 017 BRe' Siason e B Bsatief 2148786 oo ober
2006 VO )i i) #héAhyePOT7 BHaRIBRKQA G A6 C for approximately one hour. Where the layer

212 is resist, it is hardbaked at greater than 300°C for approximately one hour.

20 A 0.2 micron multi-layer metal layer 216 is fhcn'deposited. Part of this layer 216 forms the

passive beam 160 of the actuator 128.

It is to be noted that at this stage, there is between 5.3 microns and 8 microns of sacrificial
material forming a deposit area for the passive beam 160 of the actuator 128.

25 .
The layer 216 is formed by sputtering 1,000A of titanium nitride (TiN) at around 300°C
followed by sputtering 50A of tantalum nitride (TaN). A further 1,0004 of TiN is sputtered on
followed by 50A of TaN and a further 1,000A of TiN.

30 Other materials that can be used instead of TiN are TiB3, MoSi; or (Ti, AI)N.
The layer 216 is then exposed to mask 218, developed and plasma etched down to the layer

212 whereafter resist, applied for the layer 216, is wet stripped taking care not to remove the
cured layers 208 or 212.




22 5 Athird sacrificial layer 220 is applied by spinning on
phot osensitive polyimde or approximately 2.6 m high tenpera?é#ghgbg{gppa
8fx001163€

The | ayer wglfdod/so268f t baked whereafter it is exposed to pgBsl
exposed | ayer is then devel oped foll owed by hardbaking. I'n the case of

pol yi m de, the layer 220 is hardbaked at 400C for approximtely one hour or
at 10 greater than 300C where the | ayer 2220 conpri ses resist. A second

mul ti-layer nmetal |layer 224 is applied to the |ayer 220. The constituents
of the layer 224 are the sane as the layer 216 and are applied in the sanme
manner. It will be appreciated that both |ayers 216 and 224 are
electr?cally conductive |layers. 15 The | ayer 224 is exposed to nmask 226 and

is then d : 4 i . e . i mde or
osi ot 1 b GRRATCEN 08l Shficd By BhHAToRA RIS prORUAsh pREL !
stripped bppkoxigatedy 26 pot higlo tetrperange tehizt. CDieddydr 22@ isssoRBiked dhereofterdi@. |t

will be noted fhat emai ning part of the | ayer 224 defines the active
beam 158 &POF Oé’?ﬁsfigg%r{‘llez%‘l’o?éqwef Buhendeygloped follpwed bylasdoaling. Tathgpp| i ed

by spi nni e 8RpdlyiMidd, tRNA RIS R Hakdb iUt bHFCIR ' . 6m of

hi gh tenperatu?ey?esist. #he ayer gggﬂis sof tb é%?9%§§é§g§%@g¥i%e mask
230 an@ i gregthethan 834G Copleale the 14yen228 doneprised rasist. porti ons as shown in Fig. 9k
of the draw ngs. The remaining portions of the |ayer 228 are hardbaked at

400C for approximately 25 one hour in the case of polyimde or at greater

t han 300CAfse¢ondenil6layef etNRYET 220 iSippliedolhOfayéd 1200 RV Atifichts P th¥RayRE" S
nodul us dielectric layer 232 is deposited, The |layer 232 is constituted by

appr oxi mat#h e e same & fhedeisr 216 sndgee apliad ivthe samessepunsr. Hrmall be appaecipad | s

deposi t edial hdth 15801 &bl 224064 QvcdiBmyRahdRasedylsmperature of the
sacrificial 30 layers 208, 212, 220, "228. The grlnary characteristics

requi #&d for this dielectric layer 232 are a high elastic nodul us,
chem cal ipner. . g QF ' . i A fi hw§a pticial | r 234
cher el g6l 958,00 abhen 40 el Rl St L 254
1. 3m of hdg¥n toahppslgimideonresstdiyer TX0ewhayafter 231t agplisd fdr akiaghs 28K p0osRd to
mask 26 Oct.ober .2006 .

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

A fourth sacrificial layer 228 is applied by spinning on 4 um of photosensitive polyimide or

approximately 2.61tm 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

25  one hour in the case of polyimide or at greater than 300°C for resist.

As shown in Fig. 371 of the drawing a high Young's modulus dielectric layer 232 is deposited.
The layer 232 is constituted by approximately 1pm of silicon nitride or aluminum oxide. The
_layer 232 is deposited at a temperature below the hardbaked temperature of the sacrificial
30 layers 208, 212, 220, 228. The primary characteristics required for this dielectri¢ layer 232 are -

a high elastic modulus, chemical inertness and good adhesion to TiN.

A fifth sacrificial layer 234 is applied by spinning on 2pum of photosensitive polyimide or

approximately 1.3um of high temperature resist. The layer 234 is softbaked, exposed to mask
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portion of the layer 234 is then hardbaked at 400C for one hgﬁr |nﬂkﬁgoos
case of t ,m<de or at greater than 300C for the resi.st
dielectrigﬁﬁgﬁggh%§2 is plasma etched down to the sacri??g?520%%y£¥3228
taking care not to renove any of the sacrificial |ayer 234. 10 This step
defines the nozzle opening 124, the leves arm 126 and the anchor 154 of the
nozzle arrangenent 110. A high Young's nodulus dielectric |ayer 238 is
deposited. This layer 238 is forned by 15 depositing 0.21limof silicon
nitride or alumnumnitride at a tenperature bel ow the hardbaked

t enper at u2#o afd developesle riheirgnaihing gywion of 48 layzt 234 B 28endmdltaRa! at #6@%¢; fonens hown

in Fig. 3/7p of ,the draw ngs, .the |ayer 238 I i sotropically plasma etched
to a depP‘ﬁ“rd?thﬁ.C%?%%&erQﬂ%Em rat F%tﬁ”ﬁ@nﬁﬁ%gﬂrnﬂre e{SStl ear the dielectric
fromthe entire surface 20 except the side walls of the dielectric |ayer
232 and the sacrificial |layer 234. This step creates the nozzle rim 136

around t h&héislectEc dpyen?iiys plrama gisheddov tadhe sapaficrallayes 428 takingielre ngsto
descri bed ahQye, &qhy&kﬁﬁ&EHE%QZ%MV)_release tape 240 is applied. 4m of
t

resist is spun on to a rear o e silicon 25 wafer 116. The wafer 116 is
exposéel to nmask 242 to back etch the wafer 116 to define the ink inlet

h | 148. Th st is th ' d f f 11 furt w
"ol oace 1 48 SPROOER WingRe e L. PRt A S et Pt AR ¢ ape
240 is rahmgedentThe sacrificial |ayers 208, 212, 220, 228 and 234 are

stripped in oxygen plasma to 30 provide the final nozzle arrangenent 110
as shown in Figs. 37r and 38r of the draw ngs. For ease of reference, the

ref er enc APy sl siddibis R stid Avde8 & dopbsidnathildReRoss Kiignpaly as  those

in Fig. 30 of the drawings to indicate the relevant parts of the nozzle
ar r ang®enedapositiog 0.2ping sili¢on aitadeddr abivainum mitride et ademperatyfe balew thehatdbaked

arr angerep LhQ.. SN LARKHLPHyd 206 595930450 35, 00t ober 2006 WO 2004/ 002745

Then, as shown in Fig. 37p 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

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

described above.

An ultraviolet (UV) release tape 240 is applied. 4um of resist is spun on to a rear of the silicon
25  wafer 116. The wafer 116 is exposed to mask 242 to back etch the wafer 116 to define 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
30  provide the final nozzle arrangement 110 as shown in Figs. 37r and 38r of the drawings. For
ease of reference, the reference numerals illustrated in these two drawings are the same as
those in Fig. 30 of the drawings to indicate the relevant parts of the nozzle arrangement 110.

Figs. 40 and 41 show the operation of the nozzle arrangement 110, manufactured in accordance




5 with the process described above with reference to Figs. 37
these figures correspond to Figs. 31 to 33 of the draw ngs. ??%ﬁﬁﬁrgg%
appr eci at e fp4/002p€r son skilled in the art that numerouciatiaédgiisand/ or
nodi fications may be made to the present invention as shown in the specific
enbodi mrents 10 without departing fromthe spirit or scope of the invention
as broadly described. The present enbodiffents are, therefore, to be
considered in all respects to be illustrative and not restrictive. The
presently disclosed ink jet printing technology is potentially suited to a
w de range_ﬁf r;:)ri nti.ng.system i ncl ydi ng: i_,ol our and monochrone office
printers, “EAHSPIPEHSS 'a‘?sg?‘? abgys yiith referends 19 Fies. L\ and P8aangh these fighsent er s,

of f set pre&&sﬁmbﬁ@mladogrdf@ﬁee&rgwmggw cost scanning printers high speed
pagewi dt h printers, notebook conputers with inbuilt pagewi dth printers,
portabl e col our and nonochrone printers, colour and nonochrone copiers,

col our an i, ] i I rinter. facsimle and
copyi ng ng[gﬁ? LHQ%%P {éﬁg{eagﬁfﬁéﬁfﬁﬁg%gg%rﬁagﬁp ﬂm%‘ﬁgstfag? is?%nsﬁﬂ%l?rograph
copi ers, pwodifitaiss fray belingd¢ @lthgyredecagnemtion as'skowh iraths ‘Specificdadogdientser s, 20

PHOTO P CD.is. a registered trade mark of th ast mgn_Kodak Conpany)
or it &, Sital dspineTedh R0 G sSons e eny o pc i Gibed: AERRFEt on
printers, elbddilens ste thérefosd; fo befdRdideed iRl dspécts to® MffsRatVeiafd RotSestitdive aul t
tolerant comrercial printer arrays. 1 Recei ved 26 February 2004 25 5 W
claim 1. An ink jet printhead chip that conprises a wafer substrate, a
CMOS dr i ven&hresenity ibclosdGihk RO phikttEdinBld g} Bepo%f:iﬁl'iy #03 td 2l erﬂ%@ of 0 @
plurality of nozzle arrangenments positioned on the wafer substrate and the
CMOS  dr i pentigigrsgsigm includings rcolana end monrgohroreg offipeypuimsens, shortpun digita priotery, e

chanb | . t I le ¢ er .and.an in
ej ect ?%nmgléiﬁ t§ peggg f%‘eafdi e rpﬁdg%s?tc#g&vﬁ]#ﬂ%ﬁ% pggé}zsé ?08‘5 ec]%g%ta?'gﬂ%%%'é 'rf'béﬁlﬁ
act uat or smedpagewitith pribthes, EMSOR computerds math inbuilt pagesvidth printers, portable colour

and monochrome printers, colour and monochrome copiers, colour and monochrome facsimile
machines, combined printer, facsimile and copying machines, label printers, large format
plotters, photograph copiers, printers for digital photographic “minilabs”, video printers,

20 PHOTO CD (PHOTO CD is a registered trade mark of the Eastman Kodak Company) printers,
portable printers for PDAs, wallpaper printers, indoor sign printers, billboard printers, fabric

printers, camera printers and fault tolerant commercial printer arrays.



15 and_.that has at | east one thermal bend actuator that is p05ﬁ2§¢‘ g 5806
act "on ink in the nozzle chanber to eject the ink fromthe in 503@1153
port on receipt of a signal fromthe drive circuitry |ayeRecdiveal 28 Bibalary 2004
directly causing thermal bending of the actuator, the, or each, thernma

bend actuator being spaced between 2 mcrons and 15 m crons fron1the CMOS
drive circuitry layer. 20 2. An ink jet2printhead chip as clainmed in claim
1, in which the at | east one novable nenber of each nozzle arrangenent is
spaced between 5 microns and 12. microns fromthe CMOS drive circuitry

| ayer. %5 Sg % ink jet printhead chip as clained in claim2, in which the
at | eas ibl e nenber of each nozzle arrangenent is spaced bet ween 6
m crons and 10 mcrons fromthe CMOS drive circuitry layer. 4. An ink jet
printhead hlpogggﬁﬂalne§§+n ¢claim1l1, in which the nozzle chanber walls and
30 roof wal thatcgBRES® are configured so that the nozzle
chanbers are gemﬁmafhmgnmgctangular I n.plan and transverse cross section,

each novabl e ne elng pl.anar and rectangular to extend across a Iength
of its respecti¥ Vé%%@?ermma&ome&a@nwmt@md novabl e nenmber
posi ti qged bet veg £ EDR difahdbehis hoitidnbd od ¥ S@ER@ lon port
and an oppqsed end o?ﬁ’t he rmvab%éEEJ Rb bel ng g;ﬁ'%f %ir%e aﬂcﬂ:ﬁe@% drive
circuitry PEVRSircuiyy Yﬁ’é%\ﬁaﬂmfwmﬂﬁ%rau ng heating circuitry that
is electri cal 1y conpgelhieshanBed viils Q@" g,?tggﬁ W aygﬁg REAMAY 26
Oct ober 2006 PCT/ AU02/ 01163 Receive February ﬂirlve
circuitry | ayere,lecflﬂ’ép%mp‘é configured so that, when the

he. myabl e menber ??“ﬁ‘%ﬁz‘@%?f"m 5“%?2 RN EROl08 & por%#*'ﬁ@”aﬁ?éifji t
of diffi&rent i aland fishhasiableast noe thopmahbant ecteatorithat HEE’SﬂlOﬂed to act on ink in the
nozzle chamber to eject the ink from the ink ejection port on receipt of a signal from the
dnvc circuitry layer, the signal du'ectly causing thermal bending of the actuator, the, or
each, thermal bend actuator being spaced between 2 microns and 15 microns from the
CMOS drive circuitry layer.
20
2. An ink jet printhead chip as claimed in claim 1, in which the at least one movable
member of each nozzle arrangement is spaced between 5 microns and 12 microns from the
CMOS drive circuitry layer.

25 3. An ink jet printhead chip as claimed in claim 2, in which the at Ieast one movable
, member of each nozzle an'angement is spaced between 6 microns and 10 microns from the
CMOS drive circuitry layer

4, An ink jet printhead chip as claimed it claim 1, in which the nozzle chamber walls and
30 roof walls of each nozzle arrangement are configured so that the nozzle chambers are generally
rectangularm plan and transverse cross section, each movable member being planar and
rectangular to extend across a length of its respective nozzle chamber, with a free end of the
movable member positioned between the CMOS drive circuitry layer and the ink ejection port
and an opposed end of the movable member being anchored to the CMOS drive circuitry layer,
35  the movable member incorporating heating circuitry that is electrically connected to the CMOS
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term nated, the novable menber is displaced away from the ink2gj@étober 2006t

as aresult of differential contraction. 10 5. An ink jet print A@p%féll
as clained in claim1, in which the novable nember conpriggs AR & g) 63
armof a conductive material that is configured to define a heating crenteos
that is connected to the CMOS drive circuitry layer and is configured to
deflect towards the "wafer substrate as2a result of differential expansion
when an electrical signal is received from15 the CMOS drive circuitry

| ayer, and the roof wall of the nozzle chanber .and at |east part of the

nozzl e shaghed ,-[\eaju#r ed to the actuator arm so that, when the
act uat or aéﬁg% i]i:s de ??ﬁ%g%%évgg;ﬁﬁf?%%%@mﬂ&tmmithelhehtﬁng&jraﬁﬁ—jad from
the ink ej it Sigvelk frete tlierGOB dritd Grciiae | hk et printhead
that incl ugQard i il Eééo}{?;f print ea}_d?mﬁiggﬁgﬂse%%g?@eﬁﬁm%ﬁr%&ﬁ% . 20 7. A
met hod of f@g%rlit&gtté ng aaglp' ﬁ%af%f“‘;]?? rﬁfﬁﬁiﬁﬂmbﬁpﬁﬂsm&gvl&nmk@haﬁybstrate, a
CMOS driv fiedsitiermpoviableeentbesis displaed ' r..substrate and
plurality &ﬁh@ﬁfa}% tl%%t(rlﬂangenent ssms[p)osi tﬁ%%ﬁowg%%#n%ﬁﬁﬁﬁ?é and the
ry

CMOS drive circul %r, each nozzl e arrangenent having nozzl e chamnber
wal | s 4hd a roof wall that define a nozzle chanber and an ink ejection 25

port in the roqf, : ar I cro-el ectronechani cal actuator connected to

t he CMOS ggrai vqgnc%‘?jc&u?ql}@e&aﬁ%ﬁsflﬁ‘@eé&@m,im“ﬁbhﬂle&lovhlﬁaﬁkmeé}e t her nal

bend act uFPepriseh at actat@@@sh of 8 BedudtR: Is 0 t zzl e chanber to

ej ect thetﬁa‘.?i%cfoﬁf&}ehhe I%‘é# Qtign@%?e{lgfc}%atrlgé’ghﬁ?mg?’% ‘?ﬁhﬁ&#ﬂ&%mt t he

drive ci I’Cliifél’y ayeltc,‘thF g‘ﬁ%‘mﬁw byenand innfignredwideBéct Reagispig of the

act uat or , Wafes substrite ds a feedPss G tfail&? : deposi ti ng between 2

m crong ar,}#éﬁogi rons of a,fa?fglsac %ﬁ’?ﬁ‘é ﬁggpgftflﬁfﬁs’gﬂalﬂﬁﬁcm@ﬂ’@mrive

circuitry layer 10 uefy l%@ﬁ@)#ﬁ*&f%ﬂﬁéﬁ:ﬂzﬂ&l@cﬂaﬁhéﬁm&ﬁtl@ﬁﬁﬁtd}rthe

mat er i al , nodlgwhambérvwgills ddredtay Sk terial on said deposition
thende 4 % off Wity R achnerzn idebeotet  each

of actuator

. etchj he [
O B S R hetOte, s aipotoddron W ARG (e AR SHEER: roof wall,

L @)

y 6. An ink jet printhead that inchides a plurality of printhead chips as claimed in claim 1.
7. - A method of fal_:ricating an ink jet{printhead chip having a wafer substrate, 2 CMOS
dm-re cimuihy Iayq positioned on the wafer substrate and plurality of nozzle arrangements
pc.isﬁioned on the wafer substrate and the CMOS drive circuitry layer, eaéh nozzle arrangement
' having nozzle chamber walls and a roof wall that define a nozzle chamber and an ink ejection |
25 pjart in the roof wall and a micro-electromechanical actuator connected to the CMOS drive l
clrcmt:y layer the actuator having at least one thermal bend actuator that is positioned to act on ) ]
ink in the nozzle chamber to eject the ink from the ink ejection port on receipt of a signal from ]
the drive cirouitry layer, the signal directly causing thermal bending of the actuator, the method
comprising the steps of: ' -
30 depositing between 2 microns and 15 microns of a first sacrificial material an the |
CMOS drive circuitry layer to define a deposition area for a layer of actuator material, I
depositing said layer of actuator material on said deposition area, ' l
etching the layer of actuator material to form at least part of each micro-
electromechanical actuator, and |
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nozzl e chanber walls and roof wall by at |east one of a depositiO%Efiﬁijz(?%}ibll63

etching process. 8. A nethod as clained in claim7, which iHReeiyeé26 Freruatys}po4
of depositing between 5 microns and 12 mcrons of the first sacrificial
material on the CMOS drive circuitry layer. 10 9. A nethod as clained in
claim8, which includes the step of depogiting between 6 and 10 m crons of
the first sacrificial material on the CMOS drive circuitry layer. 10. A
method as clained in claim7, in which the step of form ng the nozzle
chanber g/val S %5 and roof wall of each nozzl e arrangenent includes the
steps of deposi t9HPEMhe Bslesharnber mplisand irogfavaliby at leshonstuf aldepwsition indet uat or
materi al t eidéfgippétess, deposit area for at |least part of the nozzle chanber
wal I's and the roof wall, depositing a structural material on the deposit
area, and etching the structural material to formthe at |east part of the

nozzl e charer wahtfoll@laink&i ihRfiirh 9N hilPhb B N BmbiasT 3Fe4Tnt ]
microns and 12 microns of the first sacrificial material on the CMOS drive circuitry layer,
10 ' |
9. A method as claimed in claim 8, which includes the step of depositing between 6 and
10 microns of the first sacrificial material on the CMOS drive circuitry layer.

10. A method as claimed in claim 7, in which the step of forming the nozzle chamber walls
15 and roof wall of each nozzle arrangement includes the steps of
depositing a second sacrificial material on the layer of actuator material to define a
deposit area for at least part of the nozzle chamber walls and the roof wall,
depositing a structural material on the deposit area, and
. etching the structural material to form the at least part of the nozzle chamber walls and
20 the roof wall.
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