WD 2004/ 002745 PCT/ AU2002/ 001163 5 | NK JET PRI NTHEAD CH P W TH
PREDETERM NED M CRO- ELECTROMECHANI CAL SYSTEMS HElI GHT FI ELD OF THE

| NVENTI , 2sent invention relates to ink jet printing. In particular,
t he invgﬁbggﬁmﬁgﬁ%tes to an inkjet 10 printhead chip ﬁ?ﬁﬁgﬁmﬁw%mﬁﬁnined

m cro- el ectronechani cal systens hei ght. 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 type inpact printers, thermal paper printers, film

recorders, thernal INWPRMHE%@@W%H%W@W%@Q i nk jet

printers both of the drop on denmand and conti nuous Each type of
printer has its own advEEﬁQﬁB@ME@HN\BG%r&YWS HEBGHTder i ng cost, speed,
quality, reliability, sinplicity of construction and operation etc. 20 In
recent years, the field of ink jet printing, wherein each individual pixel
of ink i FIH&D OFITHEANVENEHON nore i nk nozzles, has becone increasingly
popul ar imarily due to,its i ej)éfensj ve and versatile nature. 2-5 Many

di f f er ent - ¥ ELERNROTER relaies tp ritingdnpatksulge dhe invansing eddateorandnigetr vey

of the fiminthead Eih Wi PeRletePmiTRE §1il:0- ' ore. "Non-|npact
Printing: Int roduféti oﬁnd Hi stor ircgﬁgu%grﬁés}%lé@%l%gg@%gﬁm Hard Copy

Devices. Editors R Dubeck and S Sherr, pages 207 - 220 (1988). Ink Jet

printers et gw i hfferent fornms. The utilization of a
conti nuo%‘tgtrea% 0 ommﬂﬁr{é et printing appears to date back to at
| east 19Manytdifferem tyges dirmting hove bbQrihGtedDy larddaiade! ofdigGH EQéLgé &ﬂziimke

f or m of nti”&uous fstrean?eel ectro-static ink ict printing. ff’at nt
3596275 LY O8RSO RTNETSRAVE Sevarigty o srethods der markisg therpring seiliakwigtea rgdevant i ng
i ncl usli Ngnarking ndRD CRRMBHID dsBe FrK JrShi ' ted by a high
frequency el_e%t ro-static _flpel d sd(’)rﬂlgsdf%mgﬁé %@3@5‘?@3’%‘@%33&#8???&%@

t echni qu&OPXNg;dgviges, (fof matrixdy s/ inepavienrintersyahannalcapereprintérs) Allmdbagddrs, hedal

SUBSTI T%%Fs,(ﬁyl'sgbl%ﬁaﬁon printers and 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. -

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

versaltle nature.

25 Many different techniques of ink jet printing have been invented.  For survey of the field.
refercnce is made to an article by | Moore. “Non-Impact Printing: Introduction and Historical

Perspective”. Qutput Hard Copy Devices. Editors R Dubeck and S Sherr. pages 207 - 220 (1988).

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
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WD 2004/ 002745 2 5 and Scitex (see also US Patent No. 3373437 by Sweet et
al ) PCT/ AU2002/ 001163 Pi ezoelectric ink jet printers are al so one form of
commonly utilized ink jet printing device. Piezoelectric systens are

di sclosé%PB‘g}“’R%é? et. al. in US Patent No. 3946398 (19’%&*%%%116&““2%
a di aphragm node of operation, by Zolten in US Patent 3683212 (1970) which
di scl oses a 10 squeeze node of operatign of a piezoelectric crystal, Steme
in US Patent No. 3747120 (1972) discloses a bend node of piezoelectric
operation, Howkins in US Patent No. 4459601 di scl oses a piezoelectric push
node actuation of the ink jet stream and Fi schbeck in US 4584590 which

di schosafid ScifeR s alBRAES P& N 391382 DBy SWkdtlefal) r ansducer el enent. 15
Recently, thermal ink jet printing has become an extrenely popul ar form of

ink jet printing. The ink jet printing techniques include those disclosed

by Endo L0 B, 9 ] > P 728.
Both 1 hgﬁté?%‘lﬁcéﬁng Fmrtﬁl?)%"%n g;gﬁgegs]? "e’%ﬁscz;’egs“egfbg'& %&a\f%%‘&‘ﬁ}t’ é‘f}i‘%éflﬁﬁﬁﬁg‘?&'{%gé hd%?i%g'es
rely up®iezbdiectdc sysiahs are diéclaed bl dyseotthal. ialUhPuteat No. 396898 (1950) tidhn t he

creation of a ., bubble i constricted s, su zz] e, whi ch

S e ey brfies 3 iapebae s & obemaem by Zolen BB Spe iz delff b athesine
confip nee?ﬁe@cﬁow&po@rmh%wﬁezgaw&ic BEShaR StdRih@id U PARNI NES3MYido @by the
el ectro-thernmal actuator are manufactured by nmanufacturers such as Canon

and Hewdisglosespcherd mepde af picegelasicaperatipn. dfawkies ind/eBaem flo. AATRPOH diselosast
t 2ol Dbl BuitChiBRE wAER ot/ e Bilel S0 and FishEAL o' s adBasdl Wiy

I nexpendisvlesessarshtarmedde oypeai gieagedacaid tomsduredlersgeed operati on, safe and

continuous |long-term operation etc. Each technol ogy may have its own
advant ages and di sadvantages in the areas of cost, speed, quality,

rel ijgbi Rh&mzmwm WeigEprintih gAY Kecbite @ e LRSIy P6Pul R Ror@DEN ik jed Brintthyl el 1 LY
and consumables. 30 In the parent application, USSN 09/ 112 767, there is
di scl os#K 1§t printing feghrigess Hnrleds, thoseadisclased s Badapt #iarGB Q0REG2 AR I N amdc al

systemns V‘ah@h’@ GRS Pirent!4A0AR! B A afdIEh&ntlofedleRidEEHsdose ink jet printing

techniques rely upon the activation of an electrothermal actuator which results in the creation of a
bubble in a constricted space, such as a nozzle, 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



.printing nmechanismthat incorporates a MEMS device. There is al so

di scl osed a nethod of fabricating such a nmechanism 35 WD 2004/002745

PCT/ AlTﬁg)dz% %)%JHGS 3 5 The fabrication of MEMS devices is based on

i ntegra CHI%0fY fabrication techniques. Very generB¥TAHU200208H63 ¢ ci al
material is deposited on a wafer substrate. A functional layer is then
deposited on the sacrificial material.3The functional l|ayer is patterned to
forma MEMS conponent. The sacrificial layer 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 opogyr afhyfabriedtionef MEVS!dedicessis bhded ioft Mt gaRa LABEGL fabficath Q¥dhHRMed. MeryrOvenent
of the conglgnents Thji s nmeans that such features as nozzl e chanbers nust

be deepS@REIyH? Ya6Tifirial matsrialds dengsiiad W alepsbsiate. éffurmtioadtlwt isithgosi t i oned
inthe g zéd%nqh@eazﬁ&- i mhatth S ed with
deep topé(;jgaflaphy hi s 1E):lraoﬁmemgllr gh?f"ﬁ'ﬁgt r at é’g{mrﬁ’g&%?%cﬁﬁzfs cﬁ of the

dr awi ngsompaneRt @tn sacrificiablaperiis theh cammovad sifred thatMEMSvuohfpoﬁedt ayer of
sacrificial material 2 positioned on the substrate 1. 20 One problemis

i medi ately apparent. It is extrenely difficult to achieve a uniform

deposi t Applicanthas ifekndwht! tépcraphdl ofia ME’MS cﬁpo§ véry Smpadrit YT co@@néﬂtéjérg

dynam cs of the deposition process is primary reason for this a
resul t , TUIES PRy ek f?“fé”%‘h%‘r‘h‘f ¥°BP@'PPWWPQP“% thasisufficient elaatiance ig tends to
taper 1 prolfded ﬁﬁrﬁh@ﬁleﬁ%fltﬁego g}%’é lﬁg.cﬂﬁ@'ltﬂgalﬁttﬁ? siéh f%tt&e{g%s ﬁgﬂé ékbaﬁlb%rs
material relies on a Focus on 1t ayer

appr eci m#dedhen enogh th moursle Ganfimttional Inpsvenient offem acamidrpodtionbddn the t he dept h
of the gayjty berThIS results in poor etching within the cavity 4. Etching
is carried out USing a device that etches in steps. These are usually |
mceon in depth. 30 It follows that each stepping process renpves 1 mcron
of sacrificial material at a tinme, As _can be seen_in Flbgcure B, once a

requi r etNSaHE: IvevRE Proflams assogiated,with desprigpegraphy. Fhis problem isrillussessdrin

Figures A and B of the drawings. In Figure A there is shown a substrate 1 with a layer of

sacrificial material 2 positioned on the substrate 1.

20 Ome problem is immediately apparent. It is extremély difficult to achieve a uniform déposition
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 ih 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 S is difficult to

remove and is therefore an undesirable result.



in the cavity 4. This is called a stringer 5. It wll be appreciated that
the stringer 5 is difficult to renove and is therefore an undesirable
result.‘yg)&ﬁgﬂ 002745 PCT/ AU2002/ 001163 4 5 The Applicant has concei ved
the preseRtiNYEAti on to provide a printhead chip that PCRASPAMIE  VEMVS
conponents that are spaced a predeterm ned distance froma wafer substrate
so that sufficient ink ejection can bg achi eved. The predeterm ned

di stance is such that the chip topography avoids the probl ens described
above. 10 SUMVARY OF THE | NVENTI ON According to a first aspect of the

I nvention, there is provided an ink jet printhead chip that conprises a

vaf es s ifhstApplieant hadBdueidléd the peéseRtiniention fYRHvide s ipHh@BRALCHIN tHahRcHBbifes
subst raﬁ\@@]ﬂ%ﬂd 15 a fl urality of nozzle arrangenents positioned on the
waf er s SPBPRRENT that 2k praced a predetsrmmined distanceffam a veaferrsubsitay so that

ar 1 angeRticidPMRIGISHBR oI5 Achich B TAE brobeh inl dictnkO R len otk chOfip 0T e 2

nozzl e chanber and an ink ejection port I'n the roof wall, and a
m cr o- elteRographe avrids ha lproblernsdescritedrahect ed to. the CMOS drive circuitry

| ayer 20 and that has at |east one novable nenber that is positioned to
act on ink in the nozzle chanber to eject the ink fromthe ink ejection

por tioon SUMMBMARY @F THE INMENTION t he drive circuitry layer, the, or each,
novabl e menber bei sgace‘%hbetween 2 mcrons and 15 mcrons fromthe CMOS
drive ci‘éf‘:&ﬂ'idf“rgﬁolaé{}]’gr"’.s SsEOfRE Inyentien, thereis @rovidedandninies panthesd chicthatnoz z|l e
arrangeBpprig®y be spaced between 5 mcrons and 12 microns fromthe CMOS
drive circuitry layer. Mre particularly, the at | east one novabl e nenber
of each nozzRavafgrspbgieeteent nmy be spaced between 6 microns and 10 microns

LT e SRl L kARl ondlo B MR SLGAEIREL, Y215 206, o
chanber s ar eaghralitgbof yozzkcireangerhents pasitionad o e Wwafa XabQfabCardtRSSMRRSL | ON.
Each drive circuitry layer, each nozzle arrangement comprising
nozzle chamber walls and a roof wall that define a nozzle chamber and an ink
ejection 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 the 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 CMOS drive circuitry layer. The movable member may incorporate heatin g



novabl e menber may be planar and rectangul ar to extend across a | ength of
Its respective nozzle chanber. A free end of the novabl e nenber may be
positio the CMOS drive circuitry layer and_the ink ejection
port . A&ﬁgaggsﬁgﬁgnd of the novable nenber may be 35 aféHEYEEYYILGde CMOS
drive circuitry layer. The novabl e nenber may incorporate heating WO

2004/ 002745 PCT/ AU2002/ 001163 5 5 circuitry that is electrically connected
to the CMOS drive circuitry |layer. The novabl e nmenber my be configured so
that, when the heating circuitry receives a signal fromthe CMOS drive
circuitry layer, the novable nenber is displaced towards the ink ejection

port 5as circtiag uhdt inflectidailly @bfritkciedlto ﬂiéﬂM@BQﬁivé@ﬁcuiH’?ﬁ?elt N®e $AHBHE meSnber
term nated, the bl e nenber is displaced away fromthe ink e ectl on

port as "AyResgnfi TERF 37 e MR el heaie GEsB I RCoIVED 2istapaLirom the@

merber  RYuitr) tyvde ehedld B

confi guredul'!rg cYg fine g%?aé;’?%lﬁgm?lg Eﬂg |St:e%1tt Q’%Fsﬁ}cé}éﬁﬁ@é&{oﬁc?{ aﬁ%% drive
ci rcui t dffarential exnatsios and; ovhien ther sighal s terefihaed, teanavatite méabwas éisplacdast r at e
as are Lfherential ans electrical signal is
receive% F& L}ﬁen&ﬁ@§n8?P9§aﬁ P?HtPF9&gﬁ?8%‘w?ﬁ@“Fﬁof wal | of the nozzle
15 abanber and at |east part of the nozzle chanber walls nmay be connected
to the %ag‘g? arm so .that, when the actuator armis deflected towards
the waf epsteadpbe mavat lem?@heémé}’éﬂ?ﬂ‘&?aﬂﬁéﬁﬂﬁ@h@ﬂ%ﬁ@c@fl@@memﬁm@wtha@l@f| ned in
t he roof vred R d

I ncl udesoyﬁéplir{agl | ?9@%ﬁ%lplgggagg§‘gﬁﬁf %@eg@d ltcgéé escr |dthé@§€umghay% grl Ui ng
to as e@mﬁgua@o@cbﬂ@ft tavrzds the evaférenbstiatearsea resiltmf dﬁfeiad]aaexmhhoﬁl whén an

o i ve crredi Bl el ETVOS R Bieabt Rt ahe ol valia? teincirsl 0y of

nozabe aha:ﬂmgandamtmasppm bﬂtﬁéﬂdzﬂélcﬁahfbeﬂ\ﬁﬁlﬁrm@iﬁbsédnﬂé&emg&:tﬁﬁ@r MO drive
circuitry | er each nozzl%@rrangemant havi ng nozzl e chanber walls and a

roof waf1att jotyptor A s, 9qtlected Aomards tg avabier sibrirats, ink:is eigctod from the itke 1 oof
wal | andeamjﬂlg‘d}pdcfﬁ,h@ﬁ{ﬂ@mml cal actuator connected to the CMOS drive
circuitry layer the actuator having at |east one novable nenber that is
positioned to act on ink in the nozzle chamber to eject the

The invention extends to an ink jet printhead chip that includes 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 fayer 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 actnator, and



ink fromthe ink ejection port on receipt of a signal fromthe drive
circuitry layer, the nethod 30 conprising the steps of, depositing between
2 mcro microns of a first sacrificial material _on the CMOS drive
circuitﬁgoﬁggg%§?8 define a deposition area for a | aye®CHALROPRMYY
material, depositing said |ayer of actuator nmaterial on said deposition
area, etching the layer of actuator material to format |east part of each
m cro- 35 el ectromechani cal actuator, and WD 2004/ 002745 6

PCT/ AU2002/ 001163 5 form ng the nozzle chanber walls and roof wall by at

| east one of a deposition and an etching process. The nethod may incl ude
the step of demaiagthen@zileteater Walls 6Adiosf Rl by 3t 18ast 6AOSE Ddepblifiod Arddn
sacrificial material on the CMOS drive circuitry layer. In particular, the
met hod MERTPEFFE 10 the step 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 nozzle

ar r angenidhetmethgd manskclude therseepsif dppositing Hetwiep Gsinicrong and 32 aderdnsafahé fitsci al

mat eri al the | r_qf waror mat.erial to define a deppsit, a for at
| east pas‘?%lb Qt’%aé&}/nag%ﬁg@ﬁ M Ve\f/ﬁf‘f'ﬁ”hﬁ“&’h@“q‘%?"’ Wgwt’;thtgiglﬁggﬁn?{ug a

st r uot unid stefbddpasitifnbdtiCen® RS0 mAK QR of SRSl GRvifGalihRersd bH Sl ROS
material,  to formthe at |east part of the nozzle chanber walls and the
roof waldtive SECHRY YSHESCRI PTI ON OF THE DRAW NGS Not wi t hst andi ng any ot her
fornms, which may fall within the scope of the present invention, preferred
forms of the invention will now be described, by way of exanple only, wth
r ef er endiéhe step of fiermang bapezeld chpmbenwellgmdiroofialbof each nozzle arrangement may

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 accomnpanying 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.



25 Fig. Ais a schematic diagramindicating problens associated with deep
topography in a printhead chip, as set out in the background of the
i nventi 0!3!‘ 02 ‘E' is a schematic diagramindicating probl ens associ ated
with de€p %orfggr7 tbhy in a 30 printhead chip, as set oBETAVIPROOEEEKgr ound
of the invention. Figs. 1-3 illustrate basic operation of the preferred
enbodi nents of nozzle arrangenents of a printhead chip of the invention.
WO 2004/ 002745 PCT/ AU2002/ 001163 7 5 Fig. 4 is a sectional view of one
enbodi nent of a nozzle arrangenment of a printhead chip of the invention:
Fig. 5 is an expl oded perspective view of the nozzle arrangenent of Figure
4. t9 FFigs4 ista &btiquad viemostons efbbdifieht of aav&zrefmtah%nwn't ot Dpdsth&dal dpipPée thbe
inventipon illustrating successive steps in the Tabrication of the
print hey*¥% according 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 nmethod of the invention described wth reference
to Fi gbig 1% anexplpdedperspertve viewiaf thex®zelelamshgenicat siifuredal vi ews of t he
manuf acturing steps in one formof construction of an ink jet printhead
havi ng nozzl e arrangenents of the invention. 20 Fig. 30 shows a three
di mensi Bigal6-15abenmbisactiohfWidis of thopdntReadl chiy RS Iedt iRDstalikg] et
printhead in _accordapnce with another enbodjment of the invention. Figs. 31
to 33 sHGFsavE HECB%“HS seasten of theprinthgad chip aceerdingite a meshodf tgpieventioon 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 showlEig- Bhillyptrates atogeitvsofghepripthead dhip ofthe invenfi@t. pri nt head chip of Fig.
34. Fig. 36 shows a three dinmensional view of the ink jet printhead chip
with a nozzle guard.

15 Fig. 17 is a legend of the materials used in a method of the invention described with reference to

Figs. 18 t0 29.

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-dimensional views of steps in the fabrication of a nozzle

35  arrangement of the ink jet printhead chip.



Figs. 37a to 37r show three-dinensional views of steps in the fabrication
of a nozzle 35 arrangenent of the ink jet printhead chip. WO 200, 41002745 8
5 PCT/ A\J@Q%&ﬁ?}g}ﬁ% Figs. 38a to 38r show sectional side_views of the
fabricatlof steps-of Figs. 37a to 37r. Figs. 39a to 3FETAHENYN Wt s of
masks used in various steps in the fabrication process. 10 Figs. 40a to 40c
show t hr ee-di nensi onal views of an opergtion of the nozzle arrangenent
fabricated according to the nethod of Figs. 37 and 38. Figs. 41 a to 41 ¢
show sectional side views of an operation of the nozzle arrangenent
fabricated according to the nmethod of Figs. 37 and 38. 15 DESCRI PTI ON OF
PREFERRED AND OTHER EMBCDI MENTS I n the preferred enbodi nents of the

i nventi %n S drop on demand ink jet nozz|e . arrangement is_ provided which
al | ows Fo8S- PPtociSE shavp secyena! side yipwstdhrdtabrication s&poef Ky 22 teed7ract uat or
which operates to eject the ink froma nozzle chanber. The nozzl e chanber
is fornmed directly over 20 an ink supply channel thereby allow ng for an
ext r enelFygse d¥ptecikisbownlayouts of masksarsed myemens stepsTin ¢heefabrieatioh pracesspact f or m
of nozzle arrangenent allows for mninmal area to be taken up by a printing
mechani smthereby resulting in inproved econom cs of fabrication. Turning

i ni tival [Fygst 904 tog®c showd thréd1@inRRSIHAL] iviswsalt ah Reetfie @nh@ﬂom&ﬁgﬂngaﬁem of the
nozzl e 25 arrangenent is now described. In Fig. 1, there is illustrated a
sect i ondfbriraiss apording o the method gfdses 7 ad 3hgenent s 10, 11 which are forned
on a silicon wafer 12 which includes a series of through-wafer ink supply
channel s 13. Located over a portion of the wafer 12 and over the ink supply
channel Figs. #12 @ 41nehowm bectional aidervievaof b opethatiemof the acizleadreat gernem Sattrioated ect

i nk frogagqr{i@trgrme&g??n%'Orggofr}‘?zs_zg.?fi&pﬁber. The actuator 14 is placed

subst ant’i over e |1 nk supply annel 13. In the quiescent position,
theisnk fills the nozzle chanber and an i nk neni scus 15 forns across an

kel e QOrMPHON O PREFERRED AND 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 1o cject the ink from a nozzle chamber. The nozzle chamber is formed directly over
20  an ink supply channel thereby allowing for an extremely compact form of nozzle arrangement.
The extremely compact form of nozzle arrangement aflows for minimal area to be taken 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 eject 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.



chanber. 35 The actuator 14 is spaced between 6 mcrons and 10 m crons
above the wafer 12. WD 2004/ 002745 PCT/ AU2002/ 001163 9 5 Wien it is desired
to ejec&gﬁ(ﬁnﬁg fromthe chanber, the thermal actuator 14 is activated by
passi ng 2 FIPEAR ¢ hrough the actuator 14. The act uat i BRTAX3612001163
actuator 14 to rapidly bend upwards as indicated in Fig. 2. The novenent
of the actuator 14 results in an incregse in the ink pressure around an
ej ection port 35 (Figure 4) of the chanber, which in turn causes, a 10
significant bul ging of the neniscus 15 and a flow of ink out of the nozzle
chanber. The actuator 14 can be constructed so as to inpart sufficient
nmomesitumto the ink to cause the direct ejection of a drop. As indicated
t he .activatjion of actuator 14 can be timed so as to turn the

in Fig. 3,

act uat i B‘ﬁ‘eﬂiﬁss desited Ae eigetia dipp fropy teeiehagpber. e ithponal metugter &4 isagtiested e et urn
of the

consequine et ibOuph bl dloR 2y, BRShctdMon cRREE B s BILE 1A Rrablihond, o
chamber Upwarﬂb@ymdﬂcaued kn Hig. hefk@mmins@pﬁuhaaetsataﬂm msults inwesndress@iddheout put

nmedi a, . rinting. The then returns to its
qui esceh %%Sg'li}? ﬁﬁgﬁ'& e%eﬁ{‘?‘gﬁc@%# @ﬁ%‘f”& )%ﬁﬁ‘ééﬁf?‘ és i¢h {njun Gagsesy 4 j ng of
t he imozsipeifieard bking/dfahd Menikdils 15WAR . YloG GFMMEbutl? tIRSnBzKR ChaabgeqHence of
surface tension effects on the nmeniscus 15. In tinme, the condition of the

ink refGiRae Yrapbscopstried sa as o impart sufficient mpgentum to ke ik to prusethies

|IIustraitr&QeJ{e&§ms(;fraqﬁg¢lre of a single nozzle arrangenent 10 in nore
detail. Fig.” 4 1s a part sectional viewwhile Fig. 5 shows a correspondi ng

expl oded perspective 25 view. Many ink jet nozzl e arrangenents are forned

or ocessimir PR HES 75 alffbr 87 Rarki dom bR sR o b bRy | cat | on

pr oc®es scuremhof hogyreﬁttéﬁllﬂﬁéd pth@iThis @sdsthesretudh BY ik af:l@@t'bi' tatd i brigalset out
in further further on in this speC|f|cat|on A CMOS drive

et ai |
“circui tP‘if“F"&'}E ebyyresultipg fgepngauential Ragkdlowiof inkringheslingstion pé an amow 4%, i n

into the chamber. A body of ink 18 necks and separates and continues towards output media,

such as paper, for printing. The actuator 14 then returns to its quiescent position and surface

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 meniscus 15. In time, the condition of ihe ink

returns to that depicted in Fig. 1.

In Figs. 4 and 5, 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 serni-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



accordance wth standard techni ques, include nulti-level netal |ayers
sandwi ched between oxide |layers and preferably at |least a two | evel netal
processvk tilized. In order to reduce the 35 nunber of necessar§$
processi éz'yg'§”°the masks utilized include areas thafChr30ROME3 a build
WO 2004/ 002745 PCTI AU2002/ 001163 10 5 up of an alum num barrier 21 which
can be constructed froma first level 22 of alum numand second |evel 23
of alum num Additionally, alum num portions 24 are provided which define
el ectrical contacts to a subsequent heater |ayer. The al um num barrier 21
Is inmportant for providing an effective barrier to the possible subsequent

et chisng wfoftahalumincie baiidd 20 whith daYBScolstrered B3mdaRt RvaaRrdrhiveliflm ahghant
is utilized jin he onstructlon of the nozzle arrangenment 10 10 with the

et chabl eFRGdFYELP %‘f‘%‘l"&ﬁ'l‘ yA%Flﬁ'@aﬂgi dluminugy pargonsR4are proyisled adighdefine n
| 2 t 0 y |
ayer Qléc%léapédm&tsote aldd6se %ﬁ ﬁé(r%l e% TBQa{EDO\/e : ?{t:@re'z 19\{@ Olﬁ}i{)%r ayers

fromsacrificial etchants er'osi on nit 26 there
i s for naovidingap eﬁsctivn batriec ko the passrblbmmcmeﬁmmngluﬁthmgxld@emtbim theexCMID® gap

= ubsoquaieF g0 e c%f%féég% ﬁﬂ'zaﬁmthsgmgira' Sanalihe REFEARETEN Wie i v
gap 128 nsmbe.ewamsnme@fa %rglagsq Ayerd.hi ck. On top of the air gap 28

is constructed a pol yt etrafl uroeth ene (PTFE) | ayer 29 which conprises a
gol d serpentine heater |ayer 30 sandvm ched between two PTFE | ayers. The

gold 20 {108 wit to
expand oﬁnﬁﬁgggdﬁgyﬁmq%é% gérjfa%‘%g&rﬁgg 1@%&%@%&%} ‘z‘@éw tcﬁjI 6§corrpr| se
t he t herlayers &@n@mmal#td:ﬂntFmgi ink erc¥ive. dllvbw thehirEde hayarZﬁZlﬁex‘aasfo&necbxt remely
hi gh coeffi, ex si on apprxi mat.el y 770x10 around 380
tines t FFaP I!FWL CIRCO r%"gﬁlg fﬁ?gléia%%g?er%ﬁp’fsﬂ]ﬁlg%tzg@x'hm ROt et ‘ﬁ{lﬁhl y
hydrldphdb,uﬁg Mw:ch sdcﬂﬁuia! Biyérind BulssedquentlP BleRing @hd ghpf 23 RN BB dﬁﬁslaﬁéw actuator
in thel_g]azp fo ouég ass etc The top PTFE surface |ayer is

treat ed EH te{.g(hﬁggegap ‘%%?ﬁ?]‘?’??ﬁ‘ ‘Pm“’&"‘isﬁ"‘édaiﬂll?fé‘ﬁs thirki hose areas around the
i nk supply channel 13. This can be achieved wth a plasm etch in an

ammoni a at nosphere. The heater layer 30 is also formed within the |ower
portion Q5 top@éﬂp‘ﬁngapé&ﬁeq; corgucted a polytetrafluroethylene (PTFE) layer 29 which

comprises a gold serpentine heater layer 30 sandwiched between 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 PTFE 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 PYFE 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.



The heater layer 30 is connected at ends e.g. 31 to the | ower CMOS drive
| ayer 20 that contains the drive circuitry (not shown). For operation of
t he act ) current is passed through the gold heater el enent 30
t hat heﬁﬁ%@ﬁ@g&?tom surface of the actuator 14. The B&T{AIRMMH3e of
actuator 14, in contact wth the air bubble remains heated while any top
surface heatl ng is 35 carried away by {he exposure of the top surface of
actuator 14 to the ink within a chanber 32. WD 2004/ 002745

PCT/ AU2002/ 001163 11 5 Hence, the bottom FI FE | ayer expands nore rapidly

resulting in a general rapid upward bending of actuator 14 (as illustrated
in Fsg. Hinc,hied botoRsPTRERYédxhinds 3458 faph 1€ reRL Bk i PR the ink
ej ecti o rt 35. Turni ngyoffbt he currgntﬁfo thgnﬁ g‘?{ee}-é]q i is‘g%]dcan

deact i vRedipg el actuatpril4(asjiflustyigdsinig.12) that eansequentially causestthe e]ecnifontdﬁ énk

act uat orfm;,ﬂthte%ugécﬂroﬁ brt@Qsi tion. On top of the actuator 14 are forned
nitride side wall portions 33 and a top wall portion 34, The wall portions
33 and the top portlons 34 can be formed via a dual damascene process

utilizi Lifici I portion 34 is etched to define
Phe. 1 ni 1aring S e s e iiter g 16 6 EepaRieubs aguaer 14 chrimpilssdtings
whi ab ameetdin of theedonbdtoralsyto #edst pakiget er and al low for  effective etching
of |ower sacrificial |ayers vvhen utilizing a sacrificial etchant. The

etchant holes 36 are nmade smal | enough such that surface tension effects

n O 4 :
restri clontiBp oPMe Skl 14 %grf%égn ST A TR g?té %att ﬂgoryg{,p Usv;?eps

the etchant” holes 36 rat e ejectron p
i nvol vedh¢ watlipertions 8% autthi dop pdrtions Mdaﬁ)beﬁnneﬁkna vl ddmheid probgenent s are

| Fi B fer! S T T t to_Fi , tart
povi t1 ol FEBEC lfs e op Pl Prdn 4T} g e olensle inksacion panBen has

ni t 05 deimpaktitionab aGeridsay efchaf hord 38MH5dh drs oﬁ#feﬁa&%lyf M]Sdiﬁﬂetwl 4 aPosFor
chem cal - nEChﬁqngQ? pl anari zation process. 2. nitri ayer 1 s nmasked

and et cRHerLye efc foxtes gaqrificial Jpyers when gtlizing ééﬂcmfb:lqbotr:bamn Fhettchartte nozzl e
arr angepgeg 3@&@ n?d&l@%alfl Qﬁod ﬂtsﬁélptgm&otgnﬁﬁ AP Bllice tﬂg f)g Cll‘})elqles 0?%;ker

| ayer and a | ower
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 2

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 Fi g8

with the oxide layer being etched in those areas where a subsequent heater layer electronically

_contacts the lower layers.



3. Next, a sacrificial oxide |layer is deposited, nasked and etched as
indicated in Fig. 8 wth the oxide |ayer being etched in those areas where
a subseggﬁntl eater |layer electronically contacts the |ower I%yers. WO
2004/ 002284 7A02002/ 001163 12 5 4. As illustrated i RCEAJ20G004163 i cron
| ayer of PTFE is deposited and first masked and etched for the heater
contacts to the |lower CMOS | ayer and then nmasked and etched for the heater
shape. 5. Next, as illustrated in Fig. 10, the gold heater layer 30, 31 is
deposited. Due to the fact 10 that it is difficult to etch gold, the |ayer
can be conformally deposited and subsequently portions renoved utilizing

chemiscal4, mechgyiliggtatgd iﬁwg.rb,zan infi€rof PayBSof FTHEER \IBpdsited Bnd st m@dked aRgsoCi at ed
with the heater element. The processing steps 4 and 5 basi cal conprise a

ua : . , Thipasked gneg e Etean

dual d ééfﬁéh?)hmféﬁnta%tcstﬁemCl\é § dnyeparrdthenpaskel andetshed fortheand
masked qﬁgbfgﬁggd down to the sacrificial layer as illustrated in Fig. |
so as to de the heater shape. Subsequently, the surface of the PTFE

| ayer is plasnma processed so as to nake it hydrophilic. Suitable processing

can exclude asna.. damage Ln a j a_at nos re. Alter ively, the
surface é[:loul E\Heﬁ‘ aﬁ&&isgﬁteaﬂh’ga@%mhaﬁﬁﬂﬁfg&%&l‘?d S“?"'.dr']iﬁqet}ﬂt ct
sacriof i Ghatlit ibd&fﬁ&uft@e&d]ﬁébld!&ﬁﬂ%%ér%ﬁn B@beﬁélﬁﬂ?g d@gosiitbd Wi ket Fi 9. 12 so
as to formthe structure for the nozzle chanber. The sacrificial |ayer is
t hen madieEipns femeed pgilizing chespigd mecharies] iplasarizatiop 66 s todervartbeseportionie nozzl e
chanber i r | i , I IS
f or med ba\égdgéja?ﬁdo‘re%aﬁeyc gllp%é#%t'ngh?ﬁrr&g%sg%ggep %%sm %? %ﬁlgl ?‘?‘5’ gmgﬁgme)?%}lui ng a
mask nozlahmseeneptogsess. dept h of one micron for the nozzle rim (the etched
depth not being overly tine critical). Subsequently, a mask is utilized to
etch the ink ejection port 35 in addition to the sacrificial |ayer etchant

hol s 36. 30 Mbxt,ASop PTHE ldyei ﬁ@gﬂ)d&it&ﬂ gnd rhdsked BRI adaSdiA t8fthe dagrif@highydrS
masked for_the ink_channels an | asma et ched through the wafer. A

sui t abl &S BusEA%Rd & Bigi hgsqasde defénecthp heatprishane- Subeapently, the surface of the PTFE

layer is plasma processed so as to make it hydrophilic. Suitable processing can exclude plasma

damage in an ammonia atinosphere. 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).



ani sotropic trench etching systemsuch as that avail able from SDS Systens
Limted (See) "Advanced Silicon Etching Using H gh Density Plasmas" by
J.K Bhardwaj, H Ashraf, page 224 of Volune 2639 of the SPIE Proceedi ngs
in Mecr %‘@f‘fp%-’i’@ and Mcro Fabrication 35 Process Te®ERGLZ082/001160
2004/ 002745 PCT/ A112002/ 001163 13 5 10. As illustrated in Fig. 15, the
sacrificial layers are etched away uti|4zing a sacrificial etchant such as
hydrochl ori ¢ acid. Subsequently, the portion underneath the actuator that
is around the ink channel is plasm processed through the backside of the
wafer to make the panel end hydrophilic. 10 Subsequently, the wafer can be
sepagated into separate printheads and each printhead is bonded into an
i njection nmoul ded ink supph% channel and the electrical signals to the chip
n

can be i&pe Aaillushetedin Bgntie the(sapiiicialdayenearp eichehawal dtilizim haedficalt

testing i i aclop view of nozzle arrangenent constructed

on a wa tgl:!:dng%ucilga St“@%?‘@éﬁ%??‘o?“‘b%&“e% &.’ttﬁe ROIHPR 88$ ea{)‘h{g‘gﬁf’?“a@% f orm of

det ai | eatoumchihi ardt chanmg ipplaaesprotdsatd mmgbm&eﬂsia@oﬁta@%fm@mﬂi&ﬁﬁé i thic ink
aug

jet printheads ,operating in accordance with the principles t t by the
presentP %ﬁqw\@ﬁ@ﬁe proceed utilizing the follow ng steps: 20 1. Using

a dgubl e sided polished wafer, Conplete drive transistors, data
distribution, and timng circuits using a 0.5 mcron, one poly, 2 netal
OMOS prdhsegientinithe walepcansbessepamteilrintpisgpardte priftheadscind ehdhypriridad ¢s Bomiga ans

may not: he . . n repres cr.0ss.section though any
single p aar{é&ééﬁgi?oﬁgdggllgéy?ﬂ’ é; C}T?R‘?lsangqﬁeeae‘ftﬂcqiélﬁ”%‘ééﬁ’nﬂ?{‘f}'%ﬁmb?e {PBEi ous
mat er i adworated bureled (TB)Lbad piiritiRgd doragbadBent &@ﬁl%% @8 A6Q1 S top view of
cross-referenced |nk0§et (t:egnfl urations. 25 2. posit 1 micron of |ow

st ress M FPHaNecRplLonRtucted on g waler sods tq pyopide fas prgavitth anyltiepdoremtruhr ough t he
silixxon di oxide of the chip surface. ‘ :

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 Fig. 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 confi gurations.

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



3. Deposit 3 mcrons of sacrificial material (e.g. polyimde). 30 4. Etch
the sacrificial |ayer using Mask 1. This mask defines the actuator anchor
point. This step is shown in Fig. 19. 5. Deposit 0.5 mcrons of PTFE. 35
WO 2004829480865/ AU2002/ 001163 14 5 6. Etch the PTFEPCH/ATA0M01EAd CVOS
passi vation down to second | evel netal -using Mask 2. This mask defines the
heater vias. This step is shown in Figy, 20. 7. Deposit and pattern resist
usi ng Mask 3. This mask defines the heater 10 8. Deposit 0.5 mcrons of
gold (or other heater material with a | ow Young's nodul us) and strip the
resist. Steps 7 and 8 forma lift-off process. This step.is shown in Fig.

21. Q. [Epwshithe BTEE, HiGiHS, 'h%d @Mﬁ’g %m vatléh ddvn e%tseébnhh@vei’fﬁﬁél AN Magk 3. s

sacrificial |ayer using s mask defines the actuator and the
bond pad%“kﬁhﬁ@séheé}ﬁaiewgha"mSlel?lﬁ*l@WIlzl?FlgﬂO Wafer probe. All electrical
connections are conplete at this point, and the chips are not yet
separated. 20 12. Plasnma process the PTFE to nmake the top and side surfaces
of the dacDepasitranti paltempiusist wsingMask 3. This awsk tdfmen dedlestec hanber to fill by
capillarity. 13. Deposit 10 mcrons of sacrificial material. 25 14. Etch
the sacrificial material down to nitride using Mask 5. This mask defines

the #90z% pe &hmmnwfgolat(&rbmé h&dAQ Wihtdrihl Emﬁ a13\3 Yo%ﬁ s MBBRAY) andstBp fHeONS
of PEC,\/DgIass his step is shown in Fig. %tchtoadephof 1

m cron Jgﬁlﬁigsmmgkanéswghﬁﬁﬁkpm@ﬁ s stepris shoafnmlﬁg lection port. This

9. Depeosit 1.5 microns of PTFE.

15 10. Etch 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. Erch to a depth of 1 micror 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.



step is shown in Fig. 25. 17. Etch down to the sacrificial |ayer using Msk
7. This mask defines the ink ejection port and 35 the sacrificial etch
access holes. This step is shown in Fig. 26. WD 2004/ 002745 15 5

PCT/ AU20B9 2003098745 18. Back-etch conpl etely through t he PiT/AGIO2ZvEIE (Wit h,
for exanple, an ASE Advanced Silicon Etcher from Surface Technol ogy
Systens) using Mask 8. This nmask defin the ink inlets that are etched

t hrough the wafer. The wafer is also dicted by this etch. This step is shown
in Fig. 27. 10 19. Back-etch the CMOS oxide | ayers and subsequently
deposited nitride layers and sacrificial |ayer through to PTFE using the
backsetched silicon as a nmask. 20. Plasma process the PTFE through the
back-etched holes to make the top surface of the actuator hydrophilic.

© This al léwBackifichremmlesely arotgh the silitén wafbry(withpidrleasrhply, anbASE Kavaitad Siiceh 15

hydr ophahl f [ neat he.act uat or hi s rophobi.c section
causes gér?#}%frﬁ u%gﬁ%é?%%ﬁgloq S%Fﬁ%'é% “ﬂﬂ%@#”ﬂf Rellig nGhWbs inkypletsdbatjage | s
filled wiched through die-vodfer Thé Wafer [6lso dideBBY eni§ BEN.Crhis $Pis BRGRPRSSs, 250
increase the efficiency of the heater by decreasing therm coﬁﬁuction away
from the heated side of the PTFE, and to reduce the negative pressure on

t he ipackooBadkhecratk Uatiors Lficial. material.. The_nozzle
arrangenments are fglltaear edS, O}taﬁee%g%rfg l%?g?ﬁg&fhﬁ ggg?égfﬁﬁécfﬁlgjr%c Y% 2ng secufigal ot e
by t hi slayegthroughosPEiEpsingthe backretéhed Biligon 25 m&k. Mount the print heads in

t heir packagi ng, which may be a nolded plastic forner incorporating ink
channel s that supply the appropriate color ink to the ink inlets at the

back of 20hBlaymad eroce5the PTRED ieuiph thd Safl-btBhdiERSISs 1 nlakEile 'to?t ﬁﬁﬁg‘@?
systens. F i ni fon of airtlow,

[ ow.profi.le connection with m ni num di srupt
TAB oy 265Eetr By SRl *Hhih ARG g nari cbimies da i Eoiesppleib, dvt maintios e
Openst efydobiidbshirh HREmENS HeARfick OTHD iy @BRRbic & lanlidh 00RARIZ S 1N
front su)r{fa%e of the prirr?t heads.ﬁ%%)l.i.ollg:ilFﬁyt cz)cn%?% ecéu%fiﬂﬁlﬁgg%gewt{eh i nk
and t estrapned wndes the petaefonwhen theinozalh filladnwith g.wd&@-based ink. This bubble serves

two purposes: 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. Exch 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.

23. Connect the printheads to their interconnect systems. For a low profile connection with
minimum dismption 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.



WO 2004/ 002745 16 5 PCT/ AU2002/ 001163 In Fig. 30 of the draw ngs, -a nozzle
arrangenent, in accordance with a further enbodi nent of the invention, is
desi gnat ed generally by the reference nunmeral 110. An ink jet printhead
chip oWQHW4P/ENti on has a plurality of nozzle arranB€hei28021000163r r anged
in an array 114 (Figs. 34 and 35) on a silicon substrate 116. The array
114 will be described in greater detail, below. 10 The arrangenent 110

i ncludes a .silicon substrate or wafer 116 on which a dielectric |layer 118
I s deposited. A CMOS passivation |ayer 120 is deposited on the dielectric
| ayer 118. Each nozzl e arrangenment 110 includes a nozzle 122 defining a
nozzLe opening 124, a 15 connecting nenber in the formof a lever arm 126
and an actuator 128. The lever arm 126 connects the actuator 128 to the
nozzl e IRFig. MOMQW&Wingsgaaezm ardmigemént] in aBeqydancd Withoa Rigtherf emiodindendnf ngs,

th le 12 130 wi t, i on 132
depend; T IPTOPEHS Sy SRSl oy 36 refemaes Remeral o Ao PRteal o oo
of a pelof peghvehtiv@his DluliROSAl0ez]6 haskpemend4 10 E{-rﬁﬁgcd?rﬂaﬁ arra%Slm(Flgaem

drawi ngs). _The nozzle opening 124 is in fluid conmunication with the
nozzl e @h@&ADegn agilicon substeate bi eTher%ltaéd 14 Wau be Aescribadinerentar e belw. i s
surrgunded by a raised rim 136 that "pins" a meniscus 138 (Fig. 31) of a
body of ink 140 in the nozzle chanber 134. 25 The skirt portion 132 is
posi t i offfd atraigesment BlOnnclndess slicbnk0bstiater ayveafabld 6eont wikiclCh/Aislecprizdsyerdd8 on

i i ngy fepoie GMGY mERRRUH Ry 20l EREeT D R B 1810 aper tur o

142 is in fluid comrunication W|th an ink inlet 30 channel 148 defi ned
t hrough _the substrate 116. A wa portion 150 bounds the aperture 142 and
ext ends E}ﬁ%@?&lﬁ;ﬁmna?ﬁl%él@lr@b}debbmz&nl%@zsbﬁnmgw«élowpperaesi?"oﬁ 132, as

I ndigat JYREA | zaeia t i1pler al
wal |1‘§ %El fe no Flgggllﬁg er 1:34321%% fgﬁ{eiwa F%BSF{U?%EQ%OT@& ?eﬁ.re%gh llaEecond
part of cpm@cpehe, gritieater] 128 to the nozzle 122.

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 chamber 134 (Figs. 31 to 33 of the drawings).
The nozzle opening 124 is in fluid communication with the nozzle chamber 134. Itis 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 nozzie 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.



35 wall of the nozzle chanber 134. WD 20041002745 PCT/ AU2002/ 001163 17 5
The wall 150 has an inwardly directed |lip 152 at its free end that serves
as a fluidic seal that inhibits the escape of ink when the nozzle 122 is
di spl acd¥Q 2R S pe described in greater detail bel RET/AT20024011¢3e
appreci ated that, due to the viscosity of the ink 140 and the small

di nensi ons of the spacing between the liLp 152 and the skirt portion 132,
the inwardly directed -10 lip 152 and surface 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
upwarsdly fromthe substrate 116 or, nore particularly, fromthe CMOS

passi vatjon |ayer 120. 15 The anchor 154 is nounted on conductive pads 156
whi ch f ofhe vl Bi0hes an énwardlyrlinected bip 162 atits fréreenddbatatves &28fuidleaedabatat or

128 comypi; ' . ' g .akranged above a secqnd, passive
beam 100 0o 08 epoapf bt R ek iRl 197 CRAE A fa el ittt - or

i ncl ude, detaildwivdu clt iwikk b2 Bpreciateil haBRiue kd ik videehityasT thd RO hdg (TIN) .
Bot h be 158 and 160 have their first ends_anchored to the anchor 154 and
thei r oppysEYDS E sPaTReketegen e dind 52 apd theakiryprtion 132 thesinwardly disertedd t 0

f 1 owot hnpUE 48 urisditMRi i e 5By | fofls eam 158, -
results. As the passi vemglggﬁngtﬂfg%? a%%rﬁgﬁgigh%ﬁﬁ%%g? cl)fsl&ggglﬁ%f{%ﬁ?zrz@nt
flow, d&Bampytl3dxpand at the sane rate, a bending nonent is created causing
the arm 126 and, hence, the nozzle 122 to be displaced downwardly -t owards
the substrate .116 as shown in Fig. 32 of the drawi ngs. This causes an

ej ect i offhefactuator 128 ugheritabbemdzichatcd A is@nAdAeds an SN 184 ekbraihd Fi 9. 32
of the draw gﬁ. vpent}he iﬁ rce of heat is renpved fromthe active beam
158, |. SPNRYTILEORIS Sibstaie 116 of Funts pathicularby fioen the VOB pesivacion laser 1Rl cscent
POsiibi OThdanchdP 1 SNRounteddrlcondictRe \ 3 L& 122
returns to its qui escent position, gﬁ@%ﬁﬁﬁgﬁ{n%&% Sémné 0elllsv'"ghresult
of the ﬂ#ﬁ%ﬁﬁﬁﬁ 88 an ink droplet neck as illustrated at 166 in Fig. 33 of
the drawi ngs. The ink

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

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 results. As the passive beam 160, through which there is
25  no current flow, does not expand at the same fate, 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 ag
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 nozzie 122 returns to its quiescent positién 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 illustrated 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 aresult of the

35  formation of the ink droplet 164, a "negative” meniscus is formed as shown at 168 in Fi g. 33 of



droplet 164 then travels on to the print nedia such as a sheet of paper. As
a result of the 35 fornmation of the ink droplet 164, a "negative" neniscus
is formed as shown at 168 in Fig. 33 of WD 2004/002745 18 PCTI AU2002/ 001163
5 the dVh¥480274hi s "negative" neniscus 168 results | BCEAAUZAYWRIGSE | nk

140 into the nozzle chanber 134 such that a new neniscus 138 (Fig. 31) is

formed in readi ness for the next ink op ejection fromthe nozzle
arrangenment 110. Referring nowto Figs. 34 and 35 of the draw ngs, the
nozzle array 114 is described in greater 10 detail. The array 114 is for a

four-col or printhead. Accordingly, the array 114 includes four groups 170
Of nGZZlifc ARG CTRR Reesl0E helisdi8 168 LAY in dhHflloWOLUR 146 S ¥ ddBlen0Z2! ©
arrangema?ltsa 1 arran%geag ?nﬁl%mv% rgovvs‘ 172 rgnag 174. Oinﬁglo Qr’%he groggs 170 is
shown i rehaggberal3dsuchethal 4 nawnmenigeusA38 dFigt B isifommid gereadibess forfthendxtink e cl ose
packi ng pf t.he. zl e arrangenents in the rows 172 and 174, the nozzle
arranger?g?ﬁglegtiogl%‘ﬁnﬁﬁéw@ﬁ/g’f e:i’tggtlltl)j%fset or staggered with respect to the
nozzle arrangenents 110 in the row 172. Al so, the nozzle arrangenents 110
in the row 172 are _spaced apart sufficiently far fromeach_other to enable
the | evdietering newdo Bzst Mandsp Af dhe diavinggdhenezlerrayildd isdeserifind 1ty grear pass
bet ween qein Rl PE 14 & Sor 2 foubolbl e S6TbRIy the'chhy114 ilifudeotoyt 72, 11
is to be noted tha eachonozgf)eogr angement 1011%}%9%” sgalgti%{‘? A%nbbell
shaped sgsoupsd(70ohaozztezantapgeméh®s, ione {dreachosoldr7 Eagle gtoupd 7Mbaritstivezlnozzl es 122
and the _actuator 28 of,.adj acent.ozzl.e ar{angenent s .in the row 174.
Fur t hor = PoestRal Piosfinga BIMAER HRGR s ChEDSEENGs 1ifis flevP e "172 and
174, eachiedi@raletasd] in B 320f ihe dedwdngsant i al | y hexagonal |y shaped. It will be

appreci ated by those skilled in the art that, when the nozzles 122 are
di spl aced towards the substrate 116, in use, due to the nozzle opening 124

bei g atTpaeitidtiofibRnbot the noPAPShngeichQa 10A7HE S B/IAH 13341k Rlfzds

ej ected slightly off the perpendicul ar. is an 30 advantage of the
ar r angereerangerennl i0rin thegow 134 aggeffgbonstaggareddritheiesngst toltha nazale act uat ors 128

of the nog -Le‘?%eﬁ]ag AR MR 1720 A1, Wi 2 SrrgenAf 116 8GN 72 0l NE S2MTE

direction to
spaced apart sufficiently far from each other to enable the lever arms 126 of the nozzle

arrangements 110 in the row 174 to pass between adjacent nozzles 122 of the arrangements
20 110inthe row 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. )

It 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 parailel to one another
resulting in an improved print quality.

35



side of the rows 172 and 174. Hence, the ink droplets ejected fromthe
nozzles 122 in the row 172 and the ink droplets ejected fromthe nozzles
122 in R}é}f row 174 are parallel to one another resulting in an inproved
print qual f1%/99%45 wo 2004/ 002745 PCT/ AU2002/ 001163 19 RCEAU2062/06hi6n i n
Fig. 34 of the draw ngs, the substrate 116 has bond pads 176 arranged

t hereon which provide the electrical canections, via the pads 156, to the
actuators 128 of the nozzle arrangenents 110. These el ectrical connections
are formed via the CMOS | ayer (not shown). 10 Referring to Fig. 36 of the
drawi ngs, a devel opnent of the invention is shown. Wth reference to the
pr evi oudlsd AhaGS: in [Fik 84 [BNG TipecTes | It nl ess

ot herw se speci.fieg.h;.l%?tlpﬁiﬁ% devggégpnentﬁ%ngaéé Egﬁﬁstgga'{ljgﬁ l?gﬁnlgﬂsgeﬁount ed on
t he subthereanavhidisprgvide itke eleatrigal ¢dnhectiing, viadreziads g5 teltht Q6tubmoed 12885 dee body

menber ' |ty ,0f .passages 184 defined 15 therethrough. The
passag eﬁ%#g%%tg (haiéq ZT'%CP é/%e?tﬂgﬁ ﬁgm%gﬁglpsear %%EWF& g téltezQNE?S laper (Refz 21 e
arrangestewnd. 110 of the array 114 such that, when ink is ejected from any

one of the nozzle openings 124, the ink passes through the associ ated
passage 184 before striking the print nedia. 20 The body nenber 182 is

noupd edréfRrriRas Fb. 136 |o§EﬂeQﬂ%§»bi;'[nEsé ra%%lb%ﬁﬂﬁrg %f Fﬂ%qn\ﬁe%5h ?ﬁ sﬁ{p{vﬁg gﬁﬁﬁrgge%ﬁ{g% 10 by

linbs or struts 186. One o strut as alr I1nle

def i nedtorthepisvieus Arawirngs, likhefererve namems 1éfes to Kke parspenlat biherwisé &petifieghar ged
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

ent r ai niscthisdetdiapment, Bfozzteezuaid 18055 £10aAGE On ik ALl IR FARSAAES1 148418t 2
different . vel CfBEgy f.rom tbp)gt of the ink droplets 164. For exanple, the ink
dr opl et%“i'é&“&‘i%e inclpdes arhodnimenber 1872baving aiplprality of paesagesi k8¢ defined 4
appIsOXi fBetiryughiThe pI&L%FéI 184iafe ﬁ*}%&%ﬁﬁ HRYDDZIE BEeRARI39F te 13381 2
velocity of approxinmately Inms. 3

arrangements 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.

20 The body member 182 is mounted in spacéd relationship relative to the nozzle arrangéxﬁcnts

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, éouid fall onto the nozzle
arrangements 110 adversely affecting their operation. With the provision of the air inlet

openings 88 in the nozzle guard 180 this problem is, to a large extent, obviated.
35



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 arrangenments 110 adversely affecting
their oP@WMBR™Wth the provision of the air inlet Bﬁ@ﬁ”ﬁ%@’“@él@n t he
nozzl e guard 180 this problemis, to a |arge extent, obviated. 35 WO

2004/ 002745 PCT/ AU2002/ 001163 20 5 Theygnhozzl e arrangenents 110 are
configured to define a relatively flat topography for the printhead chip.
This is enphasized by the fact that the skirt portion 132 of each nozzle
arrangenment is between 6 mcrons and 10 mcrons fromthe ink passivation

layes 13fe nd2R arRm@Sh&iT® 1 ABRE Chritlgarkbdb UBfiRAY el v STt tpRRAPRPIYY i © set out

in the Background fo the Invention above. It follows that a particular
advant apantbead chép. dduift is guphasized by the: figet thes zhe skirt poriond Ag efreash@ozde i s t hat
these PLobloenAl SoARdr 839 GHns BRY AT RIRMIM b ik SRsivalon Byl oBiTiIe
dr awi ngs, & Process tor manutact uring the nozzl e Fart angement s 110 is
descr i bprblehis aSiavidtedwgithvhiving deepsopageaphy arehret auttie therBaskgretndltbGhe t he

di el ectﬁic | ayer 1%(8 IS deposited On@f surfe’g&e of _the wafer 116. The

di el ect fiventiofighove-thfqllows Hiaf p pastigulay avantags elihegenfisyration offhemgzele of cvpD

oxi 4¢. Eesigehens liﬁﬁﬁae?lft%]éxﬁé/ﬁéa&&@ssé&d the layer 118 is exposed to
mask 200 and is subsequently devel oped. 20 After being devel oped, the

| ayer 118 is plasma etched down to the silicon layer 116. The resist is

th t G C { | i | i i nk inlet
Lhen, St RS A s S9N Sp tflc WiphBal e oM AR R R |1 111 €
al um nuar{}Pmestsd@Pisdesatbedn the [ayer 118. Resist is spun on and the

al um num 202 i s exposed to nmask 204 and devel oped. 25 . The alum num 202 is
pl asma etched down to the oxide |ayer 118, the resist is stripped and the

devige BSartidg@Riethe sfiitoh sfsBRte Pk WaFda36, the dRRBFicNARS 1 PO} depbsiic@@nRects to
the ink jet actuator 128. This interconnect is to an N drive transistor

T
and a péiéace of theevafen Hoc dhadislacticdayard 4@ is in thatormnbapprayimateln b6 migwa) . 30
Appr OXI H%%Wox(?dé %855 Mfiux?'fm R Bygf i1 A9 théla?&pﬁ?ié %0@&1 th r1‘?1‘?asg%§and '
passi vation | ayer :

is subsequently developed.

20  After being developed, the layer 118 is plasma etched 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 is 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.



Resist is spun on and the layer 120 is exposed to mask 206 whereafter it is
devel oped. After devel opnent, the nitride is plasma etched down to the

al um nuyégéw ﬁOZ and the silicon layer 116 in the region of the inlet
apertur MHd 1 esist is stri pped and t he devi ce cl @&R&d200MD02(084/ 002745
PCTI AU2002/ 001163 21 5 A layer 208 of a sacrificial material is spun on to
the layer 120. The layer 208 is 6 mcr ns of photosensitive polyimde or
approximately 4 pmof high tenperature™resist. The | ayer 208 is softbaked
and is then exposed to nmask 210 whereafter it is devel oped. The | ayer 208
is then hardbaked at 400C for one hour V\/nere the | ayer 208 is conprised of

pol y5ni delagér 288 oﬂagaérﬁffcmhﬁ%aﬁﬂféguﬂ\@ﬂo%é Tihﬁ?ayﬁﬁqgﬁﬁﬁh te”ﬁa ature

resist. It is to be noted in awm ngs t
di st or t Phetogsmsitive pplyinyideriod @ﬁrwmatcEOBumaﬂsh@; tbmpe‘;htrurd}léﬁgte The léﬁkm jsnt o

account n of t t he next step, shown in Fig. 37e
of the 843%"\/‘&5‘%‘82@%%% eeé‘Bﬂs& S‘??é ‘&‘i'ef?"’g&?é%t ipdevejopedyp e leyer 20§ frthemyer 212

i s eithasrdBakedaP400°0FLSE Wd :
appr oxi nat glﬁé" 15 1.3 pm of u}‘gﬁertegﬁrébpeé éﬂz(grgés (\f(ge?}&s‘ﬁg?a 8%‘@ @ee“r’”g%a%

sof t bak 8wn Céwb@sél@b laperr298 s Hight tenAfetature resignORUS © Hethotddn MRfawihds e

| ay 2 In.th cas of the |ayer 212 being polyimade, the
I aygar3 ﬁ%plaée éq\éa?)%%%dlﬁtf’% %ﬁfﬂedﬁyq‘?ﬁpéf’%“s%by shoimkageiptaken trite | ayer
212 is amhﬁtintﬂetdeg@lmmmg_t greater than 300C for approximately one
hour. 20 A 0.2 mcron nulti-layer netal |ayer 216 is then deposited. Part
of this layer 216 forns the passive beam 160 of the actuator. 128. It is

Lo be "ol oty ) 5 396 BRI PELIRERSR [LSLONS 00, one

of sacrificial teria rmnga
the act Tbe layerm8 is afheimm afy ot ditie ﬁogﬁm RMich R dpuf loh NG !
titani umnit rﬁ TiN) at around 300C foll ovvedlcby spE)Jutterla%gl%Q ﬁma?
t antal ufre A ¢4 hygh aturg r¢sigtt hhe layer@dd is softbaked and esposed &y maskdli4. fAfter oved
by 50A gfpodad O her eri t hat can be
used i nstead é?m'gl'ln?Nasgrgy '?F%lf}er%g%z&)%re{gf% 13%13 fgse ?ﬁ@aﬁaé’%ﬂ?;ie@’g s then
expos edpalyimides khedager 242 veliafimiledatd0Opt G oTapHiok iRl f BHEhdR. Wirtrd Y Hyer

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

)::l

20 A 0.2 micron mult-layer metal layer 216 is then 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 S0A of tantalum nitride (TaN). A further 1,000A 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 TiB,, MoSi, or (Ti, AI)N.

The layer 216 is then exposed to mask 218, developed and plasma etched down to the layer

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




212 whereafter resist, applied for the layer 216, is wet stripped taking
care not to renove the cured |layers 208 or 212. WD 20041002745 22 5

PCTI AU2002/ 001163 A third sacrificial layer 220 is applied by spinning on 4
m of phWMbAEHEAX#e pol yi mide or approximately 2.6 m BEGRURERH8H4E ur e
resist. The layer 220 is softbaked whereafter it is exposed to nmask 222.
The exposed | ayer is then devel oped foyt owed by hardbaking. In the case of
pol yi m de, the layer 220 is hardbaked 400C for approxi mately one hour or
at 10 greater than 300C where the | ayer 220 conprises resist. A second

mul ti-layer netal 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 sane
manner. It will be appreciated that both |ayers 216 and 224 are '
el ect ri cathird saaifibied layee22(ig appliedHy spinairigaonet pd2df phstosanpiﬁseﬂolyimidask 226 and

I's then deve] oped, The |ayer 224 is down to the polyi mde or
resi st [PBRFEX! Y&A‘?é#@%&"é@?‘é%‘i“ﬁfeﬁﬂp%aﬁbﬁgq Waoftagked wherafter itjst

strippe ' n

W11 Do ThPE Rome 22 The Rps ARG 5 en e TB DS harhn 1ERE ot v
beam 158asefof phlyimiiethe tayed 22, is Birdbaléed at 4@O°§efor apradimlatelyegretho2@ ats appl i ed
by spinning on 4 mof photosensitive polyimnde or approxinmately 2.6m of

hi gHClt e %5!‘1?1“@096%?” Te‘h%’éy?f%tc"??ﬁsqsge%ftbaked exposed to the nmask
230 and is then developed to | eave the island portions as shown in Fig. 9k
of the draw ngs. The remaining portions of the |ayer 228 are hardbaked at

400C f orA sspprdiltialagérymetal3ayen 824 suapplied toltke lapera220f The censtitugats of tlatlam eat er

th 30Q¢C, f t f the d ' hi '
rodul us 8% Bant P sy 83 hat et el i nd e Ragief 33 Pe SolfiidY e by
appr oxi niad Bbth iay&@m&aﬂdlzzmremlédmdmy%ncwcum nyersoxi de. The layer 232 is

deposited at a tenperature bel ow the hardbaked tenperature of the
sacr?fi ci al

The layer 224 is exposed to mask 226 and is then deve]oped 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 |
A fourth sacrificial layer 228 is applied by spinning on 4 pm of photosensitive polyimide or
approximately 2.6um 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‘é 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 dielectric layer 232 are -

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

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

approximately 1.3um of high temperature resist. The layer 234 is softbaked, exposed to mask



30 layers 208, 212, 220, 228. The primary characteristics required for this
dielectric layer 232 are a high elastic nodulus, chem cal inertness and
good ad i iN. Afifth sacrificial layer 234 is applied by spinning
on 2m o?ﬁphgt{llooﬁs)gﬁgi tive polyinmde or approximately 1. ZGIME0204163
tenperature resist. The layer 234 is softbaked, exposed to mask WO

2004/ 002745 PCTI AU2002/ 001163 23 5 236,@nd devel oped. The renmini ng portion
of the layer 234 is then hardbaked at 400C for one hour in the case of the
polyimi de or at greater than 300C for the resist. The dielectric |ayer 232
is plasma etched down to the sacrificial |layer 228 taking care not to
remoge @38 ad dévakopeadCThd feaiadli ' | l e
openi ng 124, the nger afﬁ#?ggégﬁgb?Egﬁg#%%B?ﬁaéﬁﬁ%@ﬂTﬁgiﬁggﬁng?ﬁP8%5

ar r angehenr inth@caspofithg polyimidg 'os angreaserubardBOOPEdorr the rdsiyer 238 is deposi t ed.
This layer 238 is formed by 15 depositing 0.2mof silicon nitride or
alumnumnitride at a tenperature bel ow t he hardbaked tenperature of the
sacri f i @haldidleyeslaysQ82 i.ﬁilasmq?&&e%%w%%theTﬁéﬁﬁciﬂqay%?zE@takc{hg%h&- o?‘{op of the
drawi ngs, the layer 238 is anisotropically plasnma etched to~a &%p h of
0.35 mi &BeNe anyRf thespcrHicial 1ayer 8%Hed to clear the dielectric fromthe entire
surfigce 20 except the side walls of the dielectric layer 232 and the
sacrificial |ayer 234. This step creates the nozzle rim 136 around the
nozzl e dperstepylefiges thehozzle Spenives'1 20 hihe haval o 60dndithkanchsr 14SFeKd RRdeabove.
An ultr VQQE?En rel ease tape 240 is applied. 4mof resist is spun on to
a rear of the 'siTtcon 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 eri%ped,fronlthQ wafer 116. A further UV rel ease tape (not shown)
i s appl Foeh Soungsmpdylps diglectiigrayer 338 isdgpasited.; Bie 12340238s formed bgd. ' The

sacnkfi gbHcitdndYe), . . 448 . 234 are stri d i.n. oxygen plasma
to 30 pro |Sﬁjg§t hgﬁ? ?ﬁ%lrcoﬁ%rﬁ%dé%g?lp angﬁ%%gﬁééqﬁ?p?ﬁ%%waeﬁ%% and
38r of tdmpeditaniofi . sadrificial daees 208, 2Ef, e2@anE228 he reference nuneral s
illustrated in these two drawi ngs are the sanme as

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 opening 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 charmel 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 itlustrated 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



those in Fig. 30 of the drawings to indicate the relevant parts of the
nozzl e arrangenent 110. Figs. 40 and 41 show the operation of the nozzle
arrange 0 nuf actured i n accordance WO 2004100
PCT/Anggg%W%éyggg324 5 wth the process described aboééééf?ﬂnmgpé?ence to
Figs. 37 and 38, and these figures correspond to Figs. 31 to 33 of the
drawings. It would be appreciated by agerson skilled in the art that
nunerous variations and/or nodifications my be made to the present
invention as shown in the specific enbodinments 10 wi thout departing from
the spirit or scope of the invention as broadly described. The present

enbogli Mgy Shprdcess Rescaibed Shove WilltFrefefihte CeFiged 37Anakt, maiRAs tigure9 be
illustrative and not restrictive. The presently disclosed ink jet printing

t echnol 6gyespendyiotiags: Bhte §3 efifhe depwingsa wi de range of printing system
i ncl udi ng: col our and nonochronme office printers, short run digital
printers, 15 high speed digital printers, offset press suppl enental

pri nt er & wdubdhbeaprectataltry aygryoniskiiled & the g thaspewsoyagaatiabs anddor nt er s,

not ebook uters with inbuilt pagewi dth printer ortable.col our and
nonochr ﬂ?é%nﬁg?msé?aé'\,%e dlﬁﬁﬁ’ Rﬁes%ﬁ YERT B sb%‘ﬁ'i' g‘rtgé 51%81 ﬁplbﬁqiﬂleﬁtﬁnochr one
facghm hfthokRRPArasS fro WdDiphaidr BEdpabethe ifvagGdn s tRoaANCdes@ NS TBhd BeRhnES,

| abel printers, large format plotters, photograph copiers, printers for

di gi t al ephedimgntsgre: Berefarp;tp hggor;snd?reéé%algrﬁspﬂc tg be Hinsieative and It restystive-CcD i s a
regi stered trade mark of the Eastman Kodak Conpany) printers, portable

printers for PDAs, wall paper printers, indoor sign printers, billboard
pri nt er She peeberitly disclostd ik jetgainting teghnology is patedtidldvited ol ®walatrangewier ci al

printer arrays. W) 2004/ 002745 5 cl ai PCT/ AU 0‘32/0 1.]5%3 1 _An ink
Pot "pr1 ROPGIRERTERAREL SHapT wimonp gt SRt PoR o BETe pries,
Ci rasli t hyghlspY&Y dipies ipkHh@ne e g}é@es feRientll PEhteR] Bw asadscﬁﬁma%pﬂimalmghv of
nozzl e arrangenents positioned on the wafer substrate and the CMOS
speed pagewidth printers, notebook computers with inbuilt pagewidth 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 printérs, indoor sign printers, billboard printers, fabric

printers, camera printers and fault tolerant commercial printer arrays.



drive circuitry layer, each nozzle arrangenment conprising nozzl e chanber
walls and a roof wall that define a nozzle chanber and an ink ejection
port defiged in the roof wall, and a micro-el ectronechani cal actuator
connect eCEEMWE4EMOS drive circuitry layer 15 and t h@CTheoed/o0iesst one
novabl e menber that is positioned to act on ink in the nozzle chanber to
eject the ink fromthe ink ejection poLt on recei pt of a signal fromthe
drive circuitry layer, the, or each, nbvabl e nmenber bei ng spaced between 2
mcrons and 15 mcrons fromthe CMOS drive circuitry layer. 20 2. An ink
jet printhead chip as claimed in claim1,. in which the at | east one
novalgl e weemaat Of each nozzle arrangenent is spaced between 5 m crons and
12 microns fromthe OCMOS drive circuitry layer. 3. An ink jet printhead
chip as clainmed in claim2, in which the at | east one novable 25 nenber of

each nozzl e i s .spaced between 6 mcrons and 10 mcrons fromthe
CMOS drizl\'/e c%iﬁ?ﬁ%ﬁ%ﬁ%&fmﬁa’aiﬁomwef et printhead chip as clained in

claim1l, in whwaflrsuberaegzzl e chanber walls and roof walls of each nozzle
arrangenent ar ﬁggﬂj%ured so that the nozzle chanbers are generally 30
rect angul ar iarIﬁIII R ey dayey resitiongd an deavafersubstzatds ambvabl e menber bei ng

I d I t Lt ' - I
Chanper - wi B ATy oRodgt S ple bR bR B sobbit BB SalTs e cvos

drive cidi¥erireujtry lyers eaghaordle aragesientoatompnisingr t and an opposed end of the
novabl e nmenber bej apchored to the ri circuitry | ayer t he
novabl e member i nI:lgr&E)eorént%ﬁﬁwﬁl aﬂdr‘I‘gwEI I”@IJISI’FI%F%PFIQP"F@" ehasber padian ipk
connect ed t oejeborGdrdctimedlin the rédfrwealll, bid/ | ayer, the novabl e nmenber bei ng

configured so that, when the heating circuitry WO 2004/ 002745 26
PCT/ AU2002/ 0011632 BristaElsciremeghagjcghantuatorsannasted anbe GMOSalrive ciraiitry Jayeny er |

t he igovabl e BRADGE hdsat RhstBheaRY E-I-I’Xﬁ{ | | Q) ;Ror . as a, result
of differenti al expgnsi on and, II\?Ién t bgﬁgl%gﬁglaﬁﬁ%ﬁh?é%%o% H‘,thf A%4fovabl e
menber is di Skamkestp eietyherink frorhige inkiejesition pbo on paeipt aba sighs $tom thefdrive

circuitry layer, the, or each, movable member 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 mow)able

member of each nozzle arrangement is spaced between 5 microns and 12 microns from the

CMOS drive circuitry layer.

3. An ink jet printhead chip as claimed in claim 2, in which the at least one movable

25  member of each nozzle arrangement is spaced between 6 microns and 10 microns from the

CMOS drive circuitry layer.

4. An ink jet printhead chip as claimed in claim 1, in which the nozzle chamber walls and
roof walls of each nozzle arrangement are configured so that the nozzle chambers 'are.generally
30 rectangular in 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 circunitry layer,
the movable member incorporating heating circuitry that is electrically connected to the CMOS

35  drive circuitry layer, the movable member being configured so that, when the heating circuitry



differential contraction. 10 5. An ink jet printhead chip as clainmed in
claim1, in which the novabl e nenber conprises an actuator armof a
conductive material that is configured to define a heating circuit that is
connect &P I WHPREITMOS drive circuitry layer and i s conPCHMBeN20811§3f | ect
towards the wafer substrate as a result of differential expansion when an
electrical signal is received from thg CMOS drive circuitry |ayer, and the
roof wall of the nozzle chanber and at 1east part of the 15 nozzle chanber
wal | s connected to the actuator arm so that, when the actuator armis

defl ected towards the wafer substrate, ink is ejected fromthe ink

e ec1 OReddiVil  HEhiliRAn 8 ANIBSIRAK ity Ifder, B théVabletherfibdr i digAtknat |
includes a plurality of printhead chips as claimed in claim1l. 20 7. A

rret hod ¢ewardbihe ireik djergionpoitrak ajresultmf dxffenemal exipapsi¢roandnyhen thefsignakis) bst rate, a

pI urali E%/%éqa?%%% : e@é]r)ireé% l?ﬁ%ﬁ é‘tsll’lgcnggp ?agﬁrégl m];kﬁerée ?3%&3%1%5%]9@?@ and the

CMOS dr idifécrentiabedrittaytidrayer, each nozzl e arrangenent havi ng nozzl e chanber
wal s and a roof wall that define a nozzle chanber and an ink ejection

port in the roof wall and a m cro-el ectronechani cal actuator connected to
the ,gMO§ dri v ige; e@PﬁmeMamLﬁya&n{ea%aﬁwﬁtlﬁrwmvmgﬁ. ?}Lﬁgﬁbepne movabpl e
menber that is poSitioned to act on ink in the nozz er to eject the
i nk f r ogpmpdsds Ak aefjator mnnofpﬁﬁqndeeewqﬂ that isgonfigymed tofdefine & heating cirvwit

Ci Ul { ik AYETecid 18 IEEDRIK SPGBl S S8 Shrea RABL LidaDBE veen 2

mcrons a m Crons I Cla drive
Ci rcui t myafdraybstrateas da-és.une)fahﬂﬂamaaﬂ éxpmsxam herd o1 elacthieyl eignalfis Bekived fom

mat eri al 30 depositing,.said ator material on said dep03| tion
ar ea, eﬁww&%%ewgwg&yea@e’ﬁ3%9%{@?# th npzgle b gt andezt lepstpaptof de each
M Chg- RbPAL ERIREDRENSImAtid @IRE sordich drfd! &3 ek, When Hzthisiof AATRYUAURL] S and
roof wall by at |east one of a deposition and an etching process. 35 WO

2004/ 00 278 dPtT walsr gabstee] inkds gipcted omaherinkieirgtion pert defmed in thequ wallz, whi ch
I ncl udes the step of depositing between 5

6. An ink jet printhead that includes a plurality of printhead chips as claimed in claim 1.

20 7. 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 pquality of nozzle arrangements
positioned on the wafer substrate and 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

25  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 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,
30 depositing said layer of actuator material on said deposition area,
etching the layer of actuator material to form at least part of each micro-
electromechanical actuator, and
forming the nozzle chamber walls and roof wall by at least one of a deposition and an
etching process.

35



mcrons and 12 microns of the first sacrificial material on the CMOS drive
circuitry layer. 9. A nethod as clained in claim8, which includes the step

of depogj ing} between '6 and 10 microns of the first sacrificial material
on the 8@%@00' M8 circuitry layer. 10 10. A method as ®CHATRG0Ze1XEaI M 7,

in which the step of form ng the nozzle chanber walls and roof wall of
each nozzl e arrangenent includes the sLeps of depositing a second
sacrificial material on the layer of aCtuator material to define a deposit
area for at |east part of the nozzle chanber walls and the roof wall, 15
depositing a structural material on the deposit area, and etching the
Strustusal Ml kgl af Qi bfin ' whEABHRRE theVlep' SHaef T RIGTRET vl IS

and the roof wall.
microns and 12 microns of the first sacrificial material on the CMOS drive circuitry layer.

0. A method as claimed in claim 8, which includes the step of depositing between 6 and

10 microns of the first sacrificial materia! on the CMOS drive circuitry layer.

10
10. A method as claimed in claim 7, in which the step of forming the nozzle chamber walls
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,
15 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.





