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FI ELD OF THE | NVENTION This invention relates to an inkjet printhead chip.
In part s invention relates to a configurat] nink jet
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| NVENTI ON Many different types of printing have been invented, a |arge
nunber of which are presently in wuse. The known fornms of printers have a
variety of methods for marking the print nedia with a relevant marking
medi a. Commonly used forns of printing include offset printing, |aser
printing and copyi ng devices, dot matrix type inpact printers, thernal
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For a survey of the field, reference is nade to an article by J Moore,
"Non- 1 npact Printing: Int roduction and Historical Per spective", Qutput

Har d OoBgACDéGRmﬂﬂDIBFII‘HEMMON and S Sherr, pages 207 - 220 (1988).
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I ncl udi fien ) 2049896 dRiRET4a Y00 02/ t?qgéL }rggac% printers, thermal paper printers, film

recorders, thermal wax printers, dye sublimation printers and ink 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 printing, wherein each individual pixel of ink is derived
from one or more ink nozzles has become increasingly popular primarily due to its inexpensive

and versatile nature.

Many different techniques of ink jet printing have been invented. For a survey of the field,
reference is made to an article by J Moore, “Non-Impact Printing: Introduction and Historical
Perspective”, Output Hard Copy Devices, Editors R Dubeck and S Sherr, pages 207 - 220
(1988).

Ink Jet printers themselves come in many different types. The utilization of a continuous
stream 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 a high frequency electrostatic field nodulates the ink jet
streamto cause drop separation. This technique is still utilized by

sever al ygers including Elnmjet and Scitex (se ent No.
3373437 \?;Q 4%2%-%& al) Piezoelectric ink jet printer s%?@%f'#@@%% f or m of
comonly utilized ink jet printing device. Piezoelectric systens are

di scl osed by Kyser et. al. in US Patentz No. 3946398 (1970) which wutilizes
a di aphragm node of operation, by Zolten in US Patent 3683212 (1970) which
di scl oses a squeeze node of operation of a piezoelectric crystal, Sternme
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oper at i dhs stefppwhénein 4 igh/Seqeneytlcétrnstatid fisliGHdduditecthe ikJetastpirs 20eduee ifopc  push
node actuati.on .the i.nk .jet, stre and Fi schpbeck in S 84590_ whi ch
o1 os SeA R, bis Gmidh b 5 Saf-65 B B g g ibelodioe Bleied ankocent |y,
t her mal Scitbx {se¢ alps UStPabeiit Nas33788918y SWed ¥t s1gNel y popul ar form of ink jet
printing. The ink jet printing techniques iInclude those disclosed by Endo
et al in GB 2007162 (1979) and Vaught et al in US Patent 4490728. Both the
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on ink wt ‘
printing techniques which 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
¢jection of ink from an aperture connected to the confined space onto a relevant print media.
Manufacturers such as Canon and Hewlett Packard manufacture printing devices utilizing the

electro-thermal actuator.

As can be seen from the foregoing, many different types of printing technologies are available.
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.

In Application number USSN 09/112,767 there is disclosed a printhead chip and a method of
fabricating the printhead chip. The nozzle arrangements of the printhead chip each include a

micro-¢lectromechanical actuator that displaces a movable member that acts on ink within a



WO 2004/ 002743 3 PCT/ AU2002/ 001162 nozzl e chanber to eject ink froman ink
ejection port in fluid communication with the nozzle chanber. In the

fol |l ow ts and patent applications, the Applicant has devel oped a

| ar ge n%@?}i’@&mdi fferently configured nozzl e arrangeBEh{Ad12002/001162

6, 227, 6526, 213, 5886, 213, 5896, 231, 1636, 247, 795

09/ 113, 0996, 244, 6916, 257, 70409/ 112, 778§, 220, 694

6, 257, 7056, 247, 7946, 234, 6106, 247, 7936, 264, 306

6, 241, 3426, 247, 7926, 264, 3076, 254, 2206, 234, 611

09/ 112, 8086, 283, 5826, 239, 82109/ 113, 0836, 247, 796

09/ 113, haz0S¢hhinber B30t LAR 634 @0 inklegeckidB i ication wi

6, 227, 6536, 234, 6096, b Oaaa e 22%%5431u1@z°mmum°at’°“ with the nozzle

6, 209, 98%ESN7 79109/ 112, 7646, 217, 15309/ 112, 767

6, 243, 1136, 283, 5816, 247, 7906, 260, 9536, 267, 469

09/ 425, 41909/ 425, 41809/ 425, 19409/ 425, 19309/ 422, 892

09; 422, sode @Mapglpaemf 40¢ pﬁ%@@flgcggoﬁggigg?ﬁ%ﬂoﬁs d%vclopgd a large nmnber/of

09/ 693, 3: 327909/ 693, 72709/ 693, 7 575, 141 The above patents/ pat ent
applica?&%%gﬁgaﬁﬁéﬁﬁ fﬁ%ﬁﬁ?@ﬂgﬁ?ﬂﬁﬁference. The nozzl e arrangenents of the
above patentglprésnt agpii,sg8 i o2 By sRoMENY Atigred ¥SiRGesi Nt egrat ed
circuit fabrjcation techniques. Those skilled in the art W ll appreciate

that such t&¥h-Afes ¢:26%e t HE2Yet0i ng 090 181778 f £I220684i on pl ant. This
i ncludes th f i N se ldqal S r ly costly to do
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this. It follows that pend’ nmany t of man-hours
devel opi ng s8.241,342 ons6,24%,7%ach 264308 cobilisgierat i oe3iG11 he above patents

nozzl o o arbRhAEE o PR opi RO e oBTpBeds, 837587V <1 e ot

09/113,122  09/112,793  09/112,794 09/113,128  09/113,127
6,227,653 6,234,609 6,238,040 6,188,415 6,227,654

6,209,989 6,247,791 09/112,764 6,217,153 09/112,767
6,243,113 6,283,581 6,247,790 6,260,953 6,267,469

09/425,419  09/425,418  09/425,194  09/425,193  (9/422,892
09/422,806  09/425,420  09/422,893  09/693,703  09/693,706
09/693,313  09/693,279  09/693,727  09/693,708 09/575,141

The above patents/patent applications are incorporated by reference.

The nozzle arrangements of the above patents/patent applications are manufactured using
integrated circuit fabrication techniques. Those skilled in the art will appreciate that such
techniques require the setting up of a fabrication plant. This includes the step of developing wafer
sets. It is extremely costly to do this. It follows that the Applicant has spend many thousands of
man-hours developing simulations for each of the configurations in the above patents and patent

applications.

The simulations are also necessary since each nozzle arrangement is microscopic in size. Physical
testing for millions of cycles of operation is thus generally not feasible for such a wide variety of

configurations.



testing for mllions of cycles of operation is thus generally not feasible
for such a wide variety of configurations. WO 2004/ 002743

PCT/ AUZS%@/ 00{1?162 4 As a result of these simulations, the Applicant has

est abl i BR824 nunber of common features to nost BETAIRORAMIIGGur ati ons
provi de the best performance of the nozzle arrangenents. Thus, the
Applicant has conceived this invention,o identify those common features.
SUMVARY OF THE | NVENTI ON According to the invention there is provided an
ink jet printhead chip that conprises a wafer substrate, drive circuitry
positioned on the wafer substrate, and a plurality of nozzle arrangenents

posi t i onggla edsul BEtheES Somiatds! matq@;ph&ﬂf:ﬁhsr&amhﬁed af @ﬁkﬂﬁﬁ@? B c Featundd
nozzl e chanmber walls and a roof wall positioned on the wafer substrate to

define fem%tzefl the eqnhigmiationspaovide thp bess pedermancepefithe nwzteraeranmiemnqs, the
m cr o- eI Qﬁﬂﬁﬁ%ﬁgﬁﬂ%ﬁ tBE‘c@h Q%%Eg{;re&togge the drive circuitry,
tor I nc 'SP

t he act nova %aceabl e on recei pt of
a signal from the dr|ve C|rCU|try, t he novabl e rrenber defining a

di spl ac ink in the nozzle chanber to eject the
I nk from(&cmo wherein the area of the displacenent
sur f ace Acgotdeighe et fnVehtid her@1} Proilst iRk Rk ﬁﬁnﬂaéaéé]ﬁfp tll'ap&)n%rﬁ:% lon port.

The novabl e nenber of each actuator may define at |east part of the nozzle
chamber wal | s %afgr substeai | so that novement of the novabl e nenber serves

to reduce a ygl E?C“%ﬁ’&ﬁfdﬁ%%{‘ﬁ“g Mﬁ“a@ qect the ink fromthe ink

ej ection port. n par er of each actuator nmay
define the raplureiy bf nalmracpernints positionbdoi terwaibr substidhg esstnmRzichat 1t may
i ncl udea%aheeat | {1%) Ci rcw t that is connected to the drive circuitry. The
act uat or n%ﬁl ed so that, upon heating, the

nozzle chamber walls and a roof wall positioned on the wafer substrate to define
a nozzle chamber and an ink ejection port in the roof wall,

a micro-electromechanical actuator that is connected to the drive circuitry, the
actuator including a movable member that is displaceable on receipt of a signal from
the drive circuitry, the movable member defining a displacement surface that acts on
ink in the nozzle chamber to ¢ject the ink from the ink ejection port, wherein

the area of the displacement surface is between two and ten times the area of the

ink gjection port.

The movable member of each actuator may define at least part of the nozzle chamber walls and
roof wall so that movement of the movable member serves to reduce a volume of the nozzle
chamber to gject the ink from the ink ejection port. In particular, the movable member of each

actuator may define the roof wall.

Each actuator may be thermal in the sense that it may include a heating circuit that is
connected to the drive circuitry. The actuator may be configured so that, upon heating, the
actuator deflects with respect to the wafer substrate as a result of differential expansion, the

deflection cansing the necessary movement of the movable member to eject ink from the ink

gjection port.



actuator deflects with respect to the wafer substrate as a result of
differential expansion, the deflection causing the necessary novenent of

t he m)v%e nenber to eject ink fromthe ink ejection port. W 20041002743
PCT/ AL0U2AYPYE33 5 The i nvention extends to an ink j ePCEATIRGd162Nhat
includes a plurality of inkjet printhead chips as described above. BRI EF
DESCRI PTI ON OF THE DRAW NGS Notvm'thstargdi ng any other forns that nay fall
wi thin the scope of the present invention, preferred forns of the
invention will now be described, by way of exanple only, with reference to
the acconpanying drawings in which: Fig. 1 to Fig. 3 are schematic

sect i ondthevhvnGon bttt kb Bt iEHRinBREA fHad IRRIR §8nRE & 024 8:
arrangemaat o,[) nink jet prijnpﬁ]élad ?:Eﬁ)ﬂlg%h% ebllml’:]d\lllglntl oﬂétﬁfggeaﬁgg’fﬁd Fig
4b i1l udf P& ?‘ﬁ@%ﬁer ational principles of a thermal actuator of the
nozzle arrangenment. Fig. 5 is a side perspective view of a single nozzle
arrangenent of the preferred enbodinent. Fig. 6 is a plan view of a
por t i on BRIEX DESGREEEHON O THE DRAWINGS'ti on. Fig. 7 is a legend of the

mat eri ahg indicated in. Figs. to 16 Fig. 8 to Fig. 17 illustrates

sect | ongﬂ% t‘{vllia]ég\&/(a/'sn 3’5‘5 ?%gmﬁ’hﬁﬂ?%\@f"i}??%g“ Sitbputhe sropp el ‘%@i’ﬁﬁ@ﬂ invemticsy, pigbiriedn of
the i nk foreis qfrthé) idveibnCRilPRow b8 -dedBibsd WSway bPESEL BRDS] SGNETRLI C
view of a nozzle arrangenent for another i?ﬁ( f]et Pgé Pﬁ?hgggq%:fﬁ%ceo rT&’ﬁe

i nvent i BYFOmPAREng drowings smwhiglsw a t hr ee di nensional, schematic illustration
of an operation of the nozzle arrangenent of Fig. 18. Fig. 22 shows a
three di mensional view of part of the printhead chip of Fig. 18. WO

2004/ 00Pie43 te Fig. 3 are schematic sectional views illustrating the operational principles of a nozzle

arrangement of an ink jet printhead chip of the invention.

Fig. 4a and Fig 4b illustrate the operational principles of a thermal actuator of the nozzle

arrangement,

Fig. 5 is a side perspective view of a single nozzle arrangement of the preferred embodiment.
Fig. 6 is a plan view of a portion of a printhead chip of the invention.

Fig. 7 is a legend of the materials indicated in Figs. 8 to 16.

Fig. 8 to Fig. 17 illustrates sectional views of the manufacturing steps in one form of
construction of the ink jet printhead chip.

Fig. 18 shows a three dimensional, schematic view of a nozzle arrangement for another. ink jet
printhead chip of the invention.

Figs. 19 to 21 show a three dimensional, schematic illustration of an operation of the nozzle
arrangement of Fig, 18.

Fig. 22 shows a three dimensional view of part of the printhead chip of Fig. 18.




Fig. 23 shows a detailed portion of the printhead chip of Fig. 18.

PCT/ AU2002/ 001162 Fig. 24 shows a three dinensional view sectioned view of
the ink_jet printhead chip of Fig. 18 wth a nozzle guard. Figs. 25a to
25r showqm"é@”&ﬂ%nm onal views of steps in the manuf BETMUBIGB00H6R0zZzZ| e
arrangenment of the ink jet printhead chip of Fig. 18. Figures 26a to 26r
show si de sectioned views of steps in the manufacture of a nozzle
arrangenent of the ink jet printhead chip of Fig. 18. Figs. 27a to 27k show
masks used in various steps in the nmanufacturing process. Figs. 28a to 28c
show t hree-di mensi onal views of an operation of the nozzle arrangenent

manuf actpig od sA6weS dédiiledtpertidhCof MRl Rafhaf chip Qﬁm%ﬁ gand 26. Figs. 29a to 29c
show sectional side views of an operatl on of "the nozzl e arrangement

manuf actured according to the method of Figs. 25 and 26. Fig. 30 shows a

henat igg, f I
or i nt neadf R gt ke SRR OTE b el orind RS Bl GFP Bhbians ) o
ar r angemwetita mizzEiggarde 30. DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS

The preferred enbodi nents of the present invention disclose an ink jet
printhead chip made up of a series of nozzle arrangenents. In one

enbodi NMFigs, 2576 25P 84 Bred diRBASIRMiekd 6f 448R5n th actuat or
devi ce whi ch includes an L- sh;i)ed c]?oss S t?orfrf‘ T%%FEF%% nair

br eat hi AFargsgentefdhe inkaet pristheed ¢hip obFigt M paddl e act uat or resul ts in a drop
being ejected froma nozzle utilizing a very |ow energy level. WO

2004/ 002743 PCT/ AU2002/ 001162 7 Turning initially to Fig. I to Fig. 3,
there V\nFigurﬂ(ﬁﬁam2@e$cwisﬂededthﬂed)ﬁeﬁzﬁbfﬂé1ﬁ|in KHel giufAcbse f a né2: preferred
enbodi msnt In there is illystrated schematically a sectional view
of a gcfmr?Btz‘}ﬂ@ %ﬂﬁﬁ&ﬁﬁ@?f‘@l’ﬁﬂﬁ&h&ncl udes an ink nozzle chanber 2
contalnlng an i nk supply

- Figs. 27a to 27k show masks used in various steps in the manufacturing process.

Figs. 28a to 28c show three-dimensional views of an operation of the nozzle arrangement
manufactured according to the method of Figs. 25 and 26.

Figs. 29a to 29¢ show sectional side views of an operation of the nozzle arrangement

manufactured according to the method of Figs. 25 and 26.

Fig. 30 shows a schematic, conceptual side sectioned view of a nozzle arrangement of a

printhead chip of the invention.
Fig. 31 shows a plan view of the nozzle arrangement of Figure 30.

DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

The preferred embodiments of the present invention disclose an ink jet printhead chip made up
of a series of nozzle arrangements. In one embodiment, each nozzle arrangement includes a
thermal surface actuator device which includes an L-shaped cross sectional profile and an air
breathing edge such that actuation of the paddle actuator results in a drop being ejected from a

nozzle utilizing a very low energy level.



which is resupplied by nmeans of an ink supply channel 3. A nozzle rim4 is
provided to define an ink ejection port. A neniscus 5 forns across the ink

ej ectio t ith a slight bulge when in the quiescent state. A bend
act uat o&@g@f‘@gﬂpi s formed on the top surface of the MEIAR0LEAN2er and

i ncludes a side arm 8 which runs generally parallel to the surface 9 of the
nozzle chanber wall so as to forman "7air breathing slot" 10 which assists
in the | ow energy actuation of the bend actuator 7. Ideally, the front
surface of the bend actuator 7 is hydrophobic such that a neniscus 12
forns between the bend actuator 7 and the surface 9 | eaving an air pocket
in sl offuifing Wit4llyi fo Fig. DesFieed ' ’ ' h zle rim4, the
bend actuatof 7 isy‘ actgat ed sg(e; hgﬁ}[-egxkrﬁfféov?g?f@ %gség@g%v\ﬁ eghgl%fl%ﬂlp&s?tc’rﬁs in
Fig 2. etersA emhodiment.d Iibig: e thero fis illwetrated sehicoratidallyr & sactibsal ivieva og@ner al

| NCr easginblR A8l i k. W t-hy e nqzz)l e chanber . 2. This results

in an ou'ggfl_ow gf ini&%rnggﬁvcyl%wﬁgggz eﬁlpi °§ '%Frgéi‘?@?a%m&)%ﬂ BEYPRIY t he

meni scu¥h&h iymsuppliedibyoneans of amidkrsypely charnel\. aATi4AS e Ofm TN/SEFALA to'diine

act uato‘rmg,&vé-%c?ioz1 i0§ éhen.turg d off to return slowy to its origina

position as PrIuafPhr SdOFHscu; 3“.’“@. acfess thesipk ereclien porb with v dlight bilge avhien s

ori gi nain thesjuidsoentrsese)| AShdnd Rtdafi Ukl ' Silh Gt i Bt he nozzle
S A Tk Pl Bh BRCHp T & e rpe

chanber 2 \&i ch results jn a general back f
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nozzl e ghanher. til t.h ui escent position of Fig. 1 is again achieved.
The act %at or g‘é‘éé}sgg f?"‘&Sal?F%ﬁ%“&ﬁ? ﬁ‘é‘ﬁ?&gmﬁﬁ t/pael ke suntace 9 deavingandirippckams  of
passi ngslat urrent through a conductive core. Preferably, the thernal

actuator is provided with a conductive core encased in a nmaterial such as
pol ytetrafl uoroet hyl ene that has a high coefficient of thermal expansion.

As il | ughegigs di tQ i 3 i or 3.1, preferably of a
serpentine ftor %bgﬁg tggjr?étaasgrgﬁ \?’\A&? #%loéﬁ%afré?’itﬁ? beid ‘F)Fé?ﬁt‘?f 1§ afugied 80 @6 19 ci ent
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results in a general increase in pressure of the ink within the nozzle chamber 2. This results in

an outflow of ink around the nozzle rim 4 and a general bulging of the meniscus 5. The

meniscus 12 undergoes a low amount of movement.

The actuator device 7 is then turned off to return slowly to its original position as illustrated in
Fig. 3. The return of the actuator 7 to its original position results in a reduction in the pressure
within the nozzle chamber 2 which results in 2 general back flow of ink into the nozzle
chamber 2. The forward momentum of the ink outside the nozzle chamber in addition to the
back flow of ink 15 results in a general necking émd breaking off of the drop 14. Surface
tension effects then draw further ink into the nozzle chamber via ink supply channel 3, Ink is

drawn into the nozzle chamber 3 until the quiescent position of Fig. 1 is again achieved.

The actuator device 7 can be a thermal actuator that is heated by means of passing a current
through a conductive core. Preferably, the thermal actuator is provided with a conductive core
encased in a material such as polytetrafluoroethylene that has a high coefficient of thermal
expansion. As illustrated in Fig. 4, a conductive core 23 is preferably of a serpentine form and

encased within a material 24 having a high coefficient of thermal expansion. Hence, as




illustrated in Fig. 4b, on heating of the conductive core 23, the materi al
24 expands to a greater extent and is therefore caused to bend down in
accordance with requirenents. In Fig. 5 there is illustrated a side

per specWUWNPEI3 part1y in section, of a single nozzl BETAURHRHEHERt when
in the state as described with reference to Fig. 2. The nozzl e arrangenent
1 can be fornmed in practice on a sem gonductor wafer 20 utilizing standard
MEMS t echni ques. The silicon wafer 20 preferably is processed so as to
include a CMOS | ayer 21 which can include the relevant electrical
circuitry required for full control of a series of nozzle arrangenents 1
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scoopi ng notion as previously described sScoopi ng
notion, the neniscus 5 generally bul ges and results in a consequentral
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substantial breathing effect which results in a e| ng
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act uat 023 1s hoatked dseis nlez PTEE ldyer 24. aP’rEFE(hﬁ:i h garyeli gl Qodfflaientt dfahé&rfab leﬁﬁﬁbzh onal
i.s.simlar to an area of the dis acenent
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on a vab@istaptislly Wi the expansion of the PTFE layer 24. The PTFE layer 24 includes a lip
portion & that, upon expansion, bends in a scooping motion as previously described. As a
result of the scooping motion, the meniscus 5 generally bulges and results in a consequential
ejection of a drop of ink. The nozzle chamber 4 is later replenished by means of surface
tension effects in drawing ink through an ink supply channel 3 which is etched through the
wafer through the utilization of a highly an isotropic silicon trench etcher. Hence, ink can be
supplied to the back surface of the wafer and ejected by means of actuation of the actuator 7.
The gap between the side arm 8 and chamber wall 9 allows for a substantial breathing effect

which results in a low level of energy being required for drop ejection.

It will be appreciated that the lip portion 8 and the actuator 7 together define a displacement
surface that acts on the ink to eject the ink from the ink ejection port. The lip portion 8, the
actuator 7 and the nozzle rim 4 are configured so that the cross sectional area of the ink

ejection port is similar to an area of the displacement surface.

A large number of arrangements 1 of Fig. 5 can be formed together on a wafer with the



WD 2004/ 002743 PCT/ AU20021001162 9 arrangenents being collected into
printheads that can be of various sizes in accordance with requirenents.
In Fig. 0&%@445 illustrated one formof an array 30 which is designed
so as t & provi hree color printing with each col or PETGVI28021911640 spaced
apart rows of nozzle arrangenents 34. The three groupings can conprise
groupings 31, 32 and 33 with each grouging supplied with a separate ink
color so as to provide for full color printing capability. Additionally, a
series of bond pads e.g. 36 are provided for TAB bondi ng control signals
to the printhead 30. Cbviously, the arrangenent 30 of Fig. 6 illustrates

only a penigenRnBibeingEdlRtRaaskot fiaihaad e caf bdof lvﬁ‘fkﬂfs@ézg§ n\!'j\g%cg;hﬂ;@ee%ﬁy

requirenents. One form of detail ed manufacturing proce can be used
to fabr FEFERAYfol ithic ink jet printheads operating in accordance wth
the principles taught by the present enbodi nent can proceed utilizing the
following steps: 1. Using a double sided polished wafer 20, conplete drive
t ransi stoFig; 6cters idiillustrated tane ornaofiart arrdyrd) whichdsl desgnedi s8Gs o ProRid¥i thedN.

one pol | rocess 2]1. Relevant features of the wafer at this

step ar éﬂgﬁg‘qmn&&?gnwgkggac@@&)lpr@il § (YO speredepart Agwanf neegle oengsaents Keal e,

and ey Thethres @pUSIRENéandofiphiss eRRGIEOB1, 110430, SAAG Sl ARFo Al | 182
teriars i n i hese

nozzl e. Fiﬂg. /.is a key to representations of variou
manuf acSPRIAFGINYi R SRS 1@ BEPYE fig celonprintingowpabibifyer Additichallpka feates of

configu ] . el ;YR OrXARe ers _down .to.silicon or. second
| evel rrg?{zgl Qﬁlgsi reié I\/%ts&glw)%hl S nﬁgEAﬁd% nl%%negs c?‘%éovimn go3ls, t%atgf t%ﬂnéh’?ﬂ‘?t:;r?e edge
of the ©hvipssly,Rb¢ evanpemintdUofdig.of illubteatssaindy a portiohioS a piffheT tBat RHOWBFAN
Fi g. 8'leEgthP| a1 ietgp the.silicon to a depth of 20 m crons using the oxide
as a naske Thrs ereps PETEHBERSISn Fig. 9. 4. Deposit 23 nicrons of
sacrificial material 50 and pl anarize down to oxide using CMP. This step
i's Sho"\&,i?':igf 1Q i )

e form of detailed manufacturing process, which 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:

1. Using a double sided polished wafer 20, complete drive transistors, data distribution, and timing
circuits using a 0.5 micron, one poly, 2 metal CMOS process 21. Relevant features of the wafer at
this step are shown in Fig. 8. For clarity, these diagrams may not be to scale, and may not
represent a cross section though any single plane of the nozzle. Fig. 7 is a key to representations of

various materials in these manufacturing diagrams, and those of other cross-referenced ink jet

configurations.

2. Etch the CMOS oxide Iaye_rs down to silicon or second level metal using Mask 1. This mask

defines the nozzle cavity and the edge of the chips. Relevant features of the wafer at this step are
shown in Fig. 8.

3. Plasma etch the silicon to a depth of 20 microns using the oxide as a mask. This step is shown

in Fig. 9.

4. Deposit 23 microns of sacrificial material 50 and planarize down to oxide using CMP. This step
is shown in Fig. 10.




WO 2004/ 002743 PCT/ AU2002/ 001162 10 5. Etch the sacrificial material to a
depth of 15 m crons using Mask 2. This mask defines the vertical paddle 8

at the f actuator. This step is shown in Fig. 11. 6. Deposit a

t hin Ia?gfm?ﬂgézqiﬁom) of a hydrophilic polyner, and t?@g’t‘wtzﬂ‘@“@EWace of
this polynmer for PTFE adherence. 7. Deposit 1.5 mcrons of

pol ytetrafluoroethylene (PTFE) 51. 8. g ch the PTFE and CMOS oxide |ayers
to second | evel nmetal using Mask 3. This nask defines the contact vias 52
for the heater electrodes. This step is shown in Fig. 12. 9. Deposit and
pattern 0.5 mcrons of gold 53 using a lift-off process using Mask 4. This
mask defines the heater pattern. This step is showmn in Fig. 13. 10.

Deposi t 1E5 %cro%ﬁg PTEE 54. 11. Etch 1 micron_of PTEE using Mask 5.
This mask Etbfthe & ma%sipkto 3 depth gR 45 mHerops psing Mask (% Thisggeskodefingsethaozz| e

chanber veTRkipaddEn af e SPYIhS Relikd: TS ster R th | ayers of PTFE and
the thin hlyd?gphi Mic Faye(\imgovm dtt‘g F%Seﬂ a%rs}lﬁng?lalﬁgllgyer using Mask 6.
This mask defines the gap 10 at the edges of the actuator and paddle. This

step i S.S i Fig., 15, 13 k-etch through.the silicon ywafer to the
sacrifidi g%%?é}?m (l?/?ﬁ%{ fho F‘cfh(??m&g%dé?pﬁlgﬁ PRYEICT MG figd e%F?aF‘&BﬂEEtPBH@Perf rom
Sur f ace fareRIFEGMdbe¥ndgy st ens) using Mask 7. This nask defines the ink inlets

which 3 are etched through the wafer. This step is shown in Fig. 16. 14.
Etch the sacrificial layers. The wafer is also diced by this etch. 15.

Former 1 nea ot oo BREFABRRHANBRETIGY, C01165 11 nk channel s t hat

supply the appropriate color ink to the ink inlets at the back of the

waf er . t LNt heads to their i,nterconnect stens.. For a | ow
profil ekt?%tﬁﬁgpﬁ% %‘Hwbﬁi"ﬁ}dﬁgﬁeﬁi@ PR Ievelgpeialivme ,Sk%}@“ﬁé%’bée Sd.
Wre boreicogtacrayas32Sor theheate @letfrodeh Thiy skdpli€Ehown in Fig, 12.

9. Deposit and patten 0.5 microns of gold 53 using a lift-off process using Mask 4. This mask
defines the heater pattern. This step is shown in Fig. 13.

10. Deposit 1.5 microns of PTFE 54,

11. Etch 1 micron of PTFE using Mask 5. This mask defines the nozzle rim 4 and the 1im 4 at the
edge of the nozzle chamber. This step is shown in Fig. 14.

12. Etch both layers of PTFE and the thin hydrophilic layer down to the sacrificial layer using
Mask 6. This mask defines the gap 10 at the edges of the actuator and paddle. This step is shown
in Fig. 15.

13. Back-etch through the silicon wafer to the sacrificial layer (with, for example, an ASE
Advanced Silicon Etcher from Surface Technolbgy Systems} using Mask 7. This mask defines the
ink inlets which 3 are etched through the wafer. This step is shown in Fig, 16.

14. Etch the sacrificial layers. The wafer is also diced by this etch.

15. Mount the printheads in their packaging, which may be a molded plastic former incorporating



IS to be operated with sufficient clearance to the paper. 17. Fill the
conpleted printheads with ink 55 and test them A filled nozzle is shown in
Fig. 17 n ﬂ .18 of the drawi ngs, a nozzle arrangenent of another

enbodi 2‘{91‘08%763 printhead chip of the invention is 86%iAgiza029itsaneral |y
by the reference nunmeral 110. The printhead chip has a plurality of the
nozzl e arrangenents 110 arranged in an;array 114 (Figs. 22 and 23) on a
silicon substrate 116. The array 114 wll be described in greater detai

bel ow. The nozzl e arrangenent 110 includes a silicon substrate or wafer 116
on which a dielectric layer 118 is deposited. A CMOS passivation |ayer 120
s deposil @xins hiaugtiptRGbbiopribiysibr ik the FRGACRAL £l S draNOGIED 110

i ncludes a nozzle 122 defining an ink ejection port a connecting
menber in the formof a |ever arm 126 and an actuator 128. The | ever arm

126 conge - 1 zzle 122. sho i n greater

det ai | Pﬁ g?’gls&h% ﬁ 0 E%Q%Folﬁﬁg @Fegév{)ﬁ%ﬂ%g SYSUHRS- %cZS’E fIAE’wlg?\gEeo chion with r oun
por t i onmi@umi disruptiekefidirfloas TABMABEe aed SWite rbgn&iﬁg)ﬂh;( BRo G QYA 1P Metprafr 130.
The SkiEJt Bortiqp %ﬁZi%orns art of a peripheral wall of a nozzle chanber
134 (Fi §30°9 gperged yitfpu ﬂ@“ﬁ?%ﬁ?ﬁﬁgvﬁepﬁﬁ% ink ejection port 124 is in
fluid conmmunication with the nozzle chanber 134. It is to be noted that
the ink ejection port 124 is surrounded by a raised rim 136 that "pins" a
meni scud’- Filbthecomgletedgrintheads withvipk 55 andiest Hen. iAnfillddenoariz 19 showh anbigr 17134, An
ink inlet aperture 142 (shown nost clearly in Fig. 23) is defined in a
floor 146 of the nozzle chanber 134. The aperture 142 is in fluid

communi beFigol$ of thedmwinigska hovzRtanahgeinei ofl dbthed efboEehehi s ilthédulpst rate
116. WO 2004/ 002743 12 PCT AU28H2LO&%162 A wal |l portion 150 bounds the
apert ur & ﬁ?vﬁﬁéone’ﬁfimt#ﬁﬁ& 3ty by theeierracs mupgralod0; The pinthead ahiphasi r t

por t i ona plaZalitAsf thodbadd Athn2Bavas 1 I ' irst part of
a peri p:ﬁﬂgr al 113avvall of the nozzlse g{l%&ndglgﬁm%agrﬁ%qﬁgﬁégapﬁ%ﬁ%rzﬁ é(;)nnatl 150

def i nesSictsubsimto b6 e armag 1 bé wilb hedescribeddin igreafer titteil helowl e chanmber 134.

The nozzle arrangement 110 includes a silicon substrate or wafer 116 on which a dielectric
layer 118 is deposited. A CMOS passivation layer 120 is deposited on the dielectric layer 118.
Each nozzle arrangement 110 includes a nozzle 122 defining an ink ejection port 124.,-;a |
connecting member in the form of a lever arm 126 and an actuator 128. The lever arm 126

connects the actuator 128 to the nozzle 122.

As shown in greater detail in Figs. 19 to 21 of the drawings, the nozzle 122 comprises a crown
portion 130 with a skirt portion 132 depending from the crown portion 130. The skirt portion
132 forms part of a peripheral wall of a nozzle chamber 134 (Figs. 19 to 21 of the drawings).
The ink ejection port 124 is in fluid communication with the nozzle chamber 134. It is to be
noted that the ink ejection port 124 is surrounded by a raised rim 136 that "pins" a meniscus
138 (Fig. 19) of a body of ink 140 in the nozzle chamber 134.

An ink iniet aperture 142 (shown most clearly in Fig. 23) is defined in a floor 146 of the nozzle
&  chamber 134. The aperture 142 is in fluid communication with an ink inlet channel 148
defined through the substrate 116.



The wall 150 has an inwardly directed lip 152 at its free end, which serves
as a fluidic seal that inhibits the escape of ink when the nozzle 122 is
di spl acggje a? W | ] be described in greater detail below It wll Dbe

appr eci X eWH P due to the viscosity of the ink 140 RAHAURRO29HI6R

di rensi ons of the spacing between the lip 152 and the skirt portion 132,
the inwardly directed |ip 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 extending
upwardly fromthe substrate 116 or, nore particularly, fromthe CMOS

passi vatd @all batioh 138 Bound? iR pRANRRI142 2Ad bfteRRUPWARIP RomARE HEdH pbstidiadfs, 156

which forman el ectrical. connection with the actuator 128. The actuator

128 conpiiP &kt noriion K32, agipdicqted pletin aiibe nprzimipddlelibenadfint prscefincheripheri ve
beam 16041 dfihnddzRcREMRS 1SR IR pdP@Sd™ %@f%aﬁ%ﬁ%@%ﬁeﬁﬁfr

I nclude, a conductive ceramc material suc

Bot h beavadl of 38 nozdle th@nbeanld4t heir first ends anchored to the anchor 154 and
t heir opposed ends connected to the arm 126. Wen a current is caused to
flow through the active beam 158 thermal expansion of the beam 158

resul t s ThdwallNSopass waligRaird &l lip 1520490 Hebefd) WHIG! Rries as HAufdit! de8that | OW,
does not expand at the sane rate, a bending nonment is created causing the

arm 12&nhibits theescaee ofiiple whery the @ozzio 132%is sléspliiceds [2a witll beidesaribeddn greatenar ds t he
subst r afyga; | | . ' - Thi e ej ection
of i nk CReA bEIoR2 ERANS, arpfhclldh na0o o bkt BEe 01D RESRAN P P

dr awi ngdimasms pfithe spasingsebiednabt lip $52 aminthe skiftiportion182 atht inveardlp eirgetdds,

i .e. by,stQppi urrent f.low, the npzzlLe.122 returns {0, .its qui escent
'positio#pégg ag‘ﬂ °F nﬁoﬁ.}‘mf?ﬂlb'bf‘s‘fﬂsépéf é’ﬁi‘l?‘lﬂgg.ﬂ\?\ﬁé%l’? Hé‘“hé‘?ﬂ e92ZI¢ ot ur ns
to its qhdmslsezdB4. position, an ink droplet 164 is formed as a result of the

breaki ng of an ink droplet neck as illustrated at 166 in WO 2004/ 002743
PCT/ AU2002/ 001162 13 Fig. 21 of the draw ngs. The ink droplet 164 then

Lravel s TRBalrRatbiF2e3s b ienfRticAq 3G ult of the
formation gf % he | nE 3& opl et %%4 g%r?gaa@?l\%wd %ﬁ%@ﬁé llsgsef(%PErlr%%

upwardly from the substrate 116 or, more particularly, from the CMOS passivation layer 120.

The anchor 154 is mounted on conductive pads 156 which form an electrical connection with

the actuator 128.

The actuator 128 comprises a first, active beam 158 arranged above a second, passive beam
160. In a preferred embodiment, both beams 158 and 160 are of, or include, a conductive

ceramic material such as titanium nitride (TiN).

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 1.60, through which there is
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. 20 of the drawings. This causes an ejection of ink through the nozzle opening 124 as
shown at 162 in Fig. 20 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
shown in Fig. 21 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



as shown at 168 in Fig. 21 of the drawings. This "negative" nmeni scus 168
results in an inflow of ink 140 into the nozzle chanber 134 such that a

new manhvscus 138,§Fig. 19) is formed in readiness for the next ink drop

ej ecti of 4 fUAYHE nozzl e arrangenent 110. It will be aBfTedi28024Witedat t he
crown portion 130 defines a displacenent surface which acts on the ink in
the nozzl e chanber 134. The crown portipon 130 is configured so that an area
of the displacenent surface is greater than half but |less than twi ce a
cross sectional area of the ink ejection port 124. Referring now to Figs.
22 and 23 of the drawings, the nozzle array 114 is described in greater

det ai | . FiEJelafﬂﬁwra&iﬁgé.sm@imcarérpwr164>&4e9"tra9£1§BﬁEbe&ggnéﬁﬁé’dif'%lr&ﬂ'aé’aﬁﬁ% array

114 incl ydes four grouEls9 170 of nozzl e arrangements, one eac | or.
Each gr StRAPER0ARaesult of ths fomeatign of thydnledioplet 164) adnegativednéniscusvis foaied 172

and 174 ' h 4n greater d il in Fig. 23 of

the draw %@%égg%ﬁ?ﬂ?gﬂ%ﬁ%@ a%nae%an’? h@e?fﬁ‘%’fﬁégﬁﬁs?lésn‘@éﬁéﬁﬂ%w 110 in

t he rowef k248 mto thetnozelkeehambar 184 saoh thargareahenidckd 139 (Rife 9? RVWornidl @' ©
respect to the nozzle arran?erren s 110 in the row

of fset gr.staggeped w.t

172. Algeg‘,imfﬁggﬁ@’fi‘ﬁglﬁﬁp’ﬁ’ﬁ S9THNR bomitae popzlemarangement 31¢r e spaced apart
sufficiently far fromeach other to enable the |lever arns 126 of the nozzle
arrangepents 110 in the row 174 to pass between adjacent nozzles 122 of the
arr angeﬂgﬁ‘ﬂl de apprgeipted that thegmowry portipn 13@ defineb e displacemért sfirfee sbhidhoictd ¢

arrangegenti i, '&ﬁﬁ@égj i al || aped .so that the nozzles 122
in the row 17]219?1gst et mgg}ni%hgﬂ%%rggﬁ%gwgﬁgc%%mﬁé?%ﬂ%“’ﬂ?@‘héf

adj acendisplecenicnt surfaan fegreatersthanllhlf but 136 tHad'tvibd 4 crdsd 5dchiBfial abed of Bfeishi t at e
close p ing of . the nozzles 122 in the rows 172 and 174, each nozzle 122

I S subs gcﬁﬂn Fylzﬁwagonal |y shaped. It will be appreciated by those
skilled in the art that, when the nozzles 122 are displaced towards the

substrsat(e 116, in use, due to the nozzle opening 124 being at a slight
angl e WREHRTiNG nov0\e/igR 74 and 23 pfthe Argpdugs/ B 10B4e array 114 is described in greater

detail. The array 114 is for a four-color printhead. Accordingly, the array 114 includes four
groups 170 of nozzle arrangements, one for each color. Each group 170 has its nozzle
arrangements 110 arranged in two rows 172 and 174. One of the groups 170 is shown in
greater detail in Fig. 23 of the drawings.

To facilitate close packing of the nozzle arrangements 110 in the rows 172 and 174, the nozzle
arrangements 110 in the row 174 are offset or staggered with respect to the nozzle
arrangements 110 in the row 172, Also, the nozzle arrangements 110 in the row 172 are

. 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
110 in the row 172. It is to be noted that each nozzle arrangement 110 is substantialljr
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
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 chanber 134 ink is ejected slightly off the
perpendicular. It is an advantage of the arrangenent shown in Figs. 22 and
23 of the drawings that the actuators 128 of the nozzle arrangenents 110
in the MAEIHPETA%d 174 extend in the sanme direction t@CAAT208/98163f t he
rows 172 and 174. Hence, the ink droplets ejected fromthe nozzles 122 in
the row 172 and the ink droplets ejec%gd fromthe nozzles 122 in the row
174 are parallel to one another resulting in an inproved print quality.

Al so, as shown in Fig. 22 of the drawi ngs, the substrate 116 has bond pads
176 arranged thereon which provide the-electrical connections, via the

pads 15Gespbét tb bR rekleahahBer 138 il is Lidted @g@ﬁ&&tﬁ%@@&ﬁﬁﬁl& iﬁ%mfhes °

el ectrical connections are forned via th

Ref er ri rigvantpeeiod theamangement shiovamintjgs. 23 20k 23 b thedriwings thitahé aonendrs 028 i s

shown. Y r t ' N l.i ke reference nunerals
ref er t\()e,fﬁélggﬁ%)lgﬁfr%? %‘Jrheltngslsl Bg? g%m‘bggﬁs%{éﬂ”ﬁ %idnd I e SRge g’é??é‘l"ﬂﬁ‘?r‘é‘i‘ﬁ, a

nozzl e gidgofthegowsd 72endi 20 Henct fthe imkkisdples ejedik fiofn thd Bodsay2 ildhe [JRE

nozzl e rd, 180 .i ncl pdes dy nenber 182 having a plurality of passages
184 def %RZand %‘ﬁé’ﬁ‘&&‘ﬁP%&@%‘%Mﬁéss i@l’ﬂéﬁ%m"‘hl TAcage parallel i oe atiothenozz| e
openi ngsestRihgQh ak RApldOedptnt qasligngement s 110 of the array 114 such that,

when ink is ejected fromany one of the nozzle openings 124, the ink
passes through the associ ated passage 184 before striking the print nedia.

The body, wiSh i ed. | C relationship relative tq the
nozzl e zﬁl%%g{ﬁentspléfg% ggﬁ ﬁ@%@g%@%ssﬁrgﬁage T%gas%‘?ﬂgmfﬁtﬁgagf‘? s 186 has
ai r i nl éhereppevhiciyprovBR thedlectrchl chaetiohs, Vil thesgads 16 o tHeQcRAhA 28k ties i N
operati%n air is chargﬁd_l. hrog{gh_ the inlet openings 188 to be forced
t hr ough "PHAS FrAngErens { éﬁi&? fricglicomnectipns arg fermed wip the CMQflayerdnptassages
184. Thehdwal. is not entrained in the air as the air is charged through the
passages 184 at a different velocity fromthat of the ink droplets 164.
For exanple, the ink droplets 164 are ejected from W 20041002743
PCT/ AU2 | | oci ty. of approyx.mtely 3ms.
The ai r%?%h%%%gﬁ%lzgh&rﬁgﬁegcﬁg‘t%ﬁlgg’;aaiesgéaééeﬁ ofthe}Rvention s sHoWn, With referénce

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

In this development, a nozzle guard 180 is mounted on the substrate 116 of the array 114. The
nozzle guard 180 includes a body member 182 having a plurality of passages 184 defined
therethrough. The passages 184 are in register with the nozzle openings 124 of the nozzle
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.

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.

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



184 at a velocity of approximately Im's. The purpose of the air is to
mai ntai n the passages 184 clear of foreign particles. A danger exists that
t hese fﬁéf#@ﬁ‘%%iticles, such as dust particles, could fall onto the nozzle
arr angelent e %9*5dversel y affecting their operation. PETHURHROBHEY si on of
the air inlet openings 88 in the nozzle guard 180 this problemis, to a
| arge extent, obviated. Referring now {o Figs. 25 to 27 of the draw ngs, a
process for manufacturing the nozzle arrangenents 110 is descri bed.
Starting with the silicon substrate or wafer 116, the dielectric |ayer 118
Is deposited on a surface of the wafer 116.. The dielectric layer 118 is
in the tlmrmozeks Bat@sichRite oy approxifatlPRs/s. e | ' un on
t¢ oy agp Yhe/s. The GYR %{& %lgeginngk phStafdl

to the Ig%/er 118.,and the Jayer 118 is exposed to mas
subsequdfi fia EFiQFé‘W(?ﬁéH?mmaé‘?IYBWﬁag devel oped, the layer 118 is plasna

etched down to the silicon |ayer 116. The resist is then stripped and the
| ayer 118 is cleaned. This step defines the ink inlet aperture 142. In Fig.
25b of Thepupasd afdhs ainjspo oaintainehypadsagest 8 dews of foreiigh Bhuivles. 28 Uahgerdeposi t ed
on the _l. 18. - Resi st .i.s spun on and.the al uginum 202 is exposed to
mask Zoﬁhg%?{a&é’\?g foragnp “ﬁ‘ﬁ‘%s’éﬁﬁms Wﬁ?ssc?ﬂlgg}rg‘"ﬁ? gxagzdewn to the

oxi de | aymigeditts 110 adveasiyiffdcting tHeirtpeRtian dwifhGhe SRVisif ditheShifangd- This
step provides the bond pads and interconnects to the. 1nk jet actuator

128. ThPREnnEsSS i hedopzle guard 180 thipprgblem isctotarlangs extent; obvigteds power pl ane

W th" connections made in the CMOS | ayer (not shown). Approximately 0.5

m crons_of PECVD nitride is deposited as the CMOS passivation |ayer 120.
Resi st Refemmgmowntodiigs. 2/ ¢o Rayhihe BR0vings, 2o dot ManEsdtupahaherpaf ter it is
devel op é%%ﬁé &ewflo nt, the nitride is plasma etched down to the

al um num gyer 65 o silicon layer 116 in the region of the inlet
aperture 142. The resist is stripped and the device cleaned. WO 2004/ 002743

PCT/ AU2Q02/ 0015}?‘% 1_?_ A | ayer 208 of a sacrificial material is spun on to
the | ayRRrifggvithing siigon substyate jox wateril 1, dhpsdielectrip fryen s Bhisidepossedat 31 ni de or

appr oxi §iBfasé ¥f the Waldr 105, 9Phd GRREERUME 1 TR the 1015 of gﬁfa%xix%gt%lyi L5 microns
of CVD oxide. Resist is spun on to the layer 118 and the layer 118 is exposed to mask 200 and
is subsequently developed.

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

In Fig. 25b of the drawings, approximately 0.8 microns of aluminum 202 is deposited on the
layer 118. Resist is spun on and the aluminum 202 is exposed to mask 204 and developed.
The aluminum 202 is plasma etched down to thé 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 shoﬁ). |

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 whereafier 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.



sof t baked and is then exposed to nmask 210 whereafter it is devel oped. The .
| ayer 208 is then hardbaked at 400C for one hour where the |ayer 208 is
conpri s m de or at greater than 300C where the |layer 208 is high
t enper a ﬁﬂ)r f@@%ﬁ It is to be noted in the draw ngs PREAUHRL01162

patt ern-dependent distortion of the polyimde |ayer 208 caused by shrinkage
is taken into account in the design ofgthe nask 210. In the next step,
shown in Fig. 25e of the drawi ngs, a second sacrificial layer 212 is
applied. The layer 212 is either 2 gm of photosensitive polyimde, which

i s spun on, or approximately 1.3 p.mof high tenperature resist. The |ayer

212 is %ﬁymmfamﬁbrﬁicmmmlsmﬁﬁxkoﬂﬂcﬂtheHyhﬁIZO el’HéQ%}é[‘QGﬁB@IHﬁrdf@%lf 214,
thelayg’il 212 js devel gped. In the case of .the layer 212 bein |'yi m de,

the | ay@rowicnsitve p SF 2RRroXipgtshy 6#%&%%8%@@@6 Bt h'BlPrlaYGNB@E & the
layer  ZdfbdksSd miSis ﬂen éxboéeg tgﬁ{agpf‘hﬁgh&% rt% géve r?gf:%l ﬁ(l) 0@@?’%& dsthen

approxi mately one hour mcron murt aye
deposi t bardbskedtat 400°Chios ohelyerr whitfe tholayer 2110!8&5 cqnpiided! of P6lgiidS6r Alardahte

act uat or i.s. formed by sputtering 1, 000A of tltanlum
1 o i e v GO iS g gseR iy TS Tidh ke ot o drm g thet
nitride ter follo 50A of
TaN andt%-li%%%dgp 3@ %g@ifoxét Q]%}ﬁl Qgﬁlﬁ}er&be 2 %%pgfé‘,’sgghféﬁ“&&ﬁ \gﬁi‘fgé‘é i nst ead
of Ti N, acnown(Tin @R deMeBiof therm4ski210Al ) N. The | ayer 216 is then exposed to nask

218, devel oped and plasma etched down to the layer 212 whereafter resist,
applied for the layer 216, is wet stripped taking care not to renpve the

cured | hyﬁué&eﬁ&&poého%fiﬁang Lo Bﬂth%%HMgsCh §écoh§¥§&1ﬁ%1%@l §r ﬂ@q ﬁg‘ @ym hi gh

spi nni n on ‘ég m of photosen3|t|ve polyi m de or appro I mat e
terrperat B¢ leypreli2gs eithen@ N pEphopggnsitivessil yimades whivhds spuintaay; of 4pproxi8eyPCT WO

2004/ 00 0116 dt 2. The exposed | ayer is
t hen de%gﬁgﬁgﬁ@%\eﬁ% S W éﬁ%ﬁ“?’ﬁfgﬁi lﬁs‘%flf’gﬁe‘igége@?segd? Waﬁfg AR | ayer
220 is baodine®the Miask Q04 thOTayaPPIDQX HERIPLY. BIVRe BAYof e 18Ver 212 being

polyimide, the layer 212 is hardbaked at 400°C for approximately one hour. Where the layer

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

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

The layer 216 is formed by sputteﬁng 1,000A of titanium nitride (TiN) at around 300°C
followed by sputtering 50A of tantalum nitride (TaN). A further 1,000A of TiN is sputtered on
followed by S0A of TaN and a further 1,000A of TiN.

Other materials, which can be used instead of TiN, are TiB,, MoSi, or (Ti, ADN.

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

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

A third sacrificial laygr 220 is applied by spinning on 4 um of photosensitive polyimide or
approximately 2.6 um high temperature resist. The layer 220 is softbaked whereafter it is

MISIFCT



greater than 300C where the |ayer 220 conprises resist. A second
multi-layer netal |ayer 224 is applied to the |layer 220. The constituents
of the are the sane as the layer 216 and are applied in the sane
manner . W%"“"ﬁ%é% appreciated that both |ayers 216 aR§T25200%/091162

el ectrically conductive layers. The |ayer 224 is exposed to mask 226 and is
then devel oped. The layer 224 is plasmg,etched down to the polyimde or
resi st |ayer 220 whereafter resist applied for the |ayer 224 is wet
stripped taking care not to renove the cured |ayers 208, 212 or 220. It
will be noted that the remaining part of the |ayer 224 defines the active
beam 15&xpbseti h@nﬁﬂtm %ekﬁﬁose&\lefy@ﬂfs&l’fhnﬁﬁ@élbﬁé@foﬂ&wé Xf’ﬁar&l?d%ﬂgi [@Bﬂel | ed by
Spi nni ng _on f4 E‘ﬁiﬂ sensitive yi m De or mat e m of hi gh
t enper at Are P ‘@Ede Meéwlsﬁﬁﬁbﬂ@d%ﬂ@%%dapmmw one l:toheomtask 230
and is téy@a%q% 2 .and rtions as shown in Fig. 9k of
the draw ngsr gargﬂvah{e%lth‘gﬁg %fbcomp esrsD% ayer 228 are hardbaked at 400C
for approxi rrately one hour in the case of polyimde or-at greater than
300C for, resist. Af shown i n Fig 251 of the drawing, a high Young's

modul us 2iFSPRETRIt-Tayeraetaldayer 234 isapplied tedhe layerg20a e c@ﬁﬁtuentscotﬁﬂfetlaytent ed by

appr oxi g hd i | er 2 21s
deposi t ed g{e%géfgéﬂé aesftg%% gla'i&élv'a%eagf}{] ﬂh%%@%&?a@ ﬂ'r‘Zb%

sacri f i dhaybothilagess 21608 222125 el@atcally 28nduttiee lagérrar y characteri st ics
required for this dielectric layer 232 are a high elastic nodul us,

chem cal inertness and good adhesion to TiN. _A fifth sacrificial I ayer 234
i s appl IThel ldygr 224 BRkRSedD RALI6RAQ QRGN Evbi ymately
1.3m of ,high &’G ralltﬂﬁre resist. The |ayer 2 o}ﬁd P@e}s’%ﬁ 294%0131&%%8%&5%8

mask 2§8“’§ &P @r reist layer220nwheeealier nesistrpplied foe tHedgyar 2284 we then

han 3000 oy L RE e molBerdPb s st 1655 0B P2 2800 Robiszrd wne’ ° '

di el ect Fomainigg part pBthe layep? Adefines thk ackividanmt 168 bfthexataiof i1 2g.al Iayer 228
taking care not to renove any of the sacrificial |ayer 234. This step
defines the ink ejection port 124, the lever arm 126 and the anchor 154 of

t he nozAlfeurth sacrificial layer 228 is applied by spinning on 4 pum 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

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

As shown in Fig. 251 of the drawing, a high Young’s modulus dielectric layer 232 is deposited.
The layer 232 is constituted by approximately 1um of silicon nitride or aluminum oxide. The
layer 232 is deposited at a temperature below the hardbaked temperature of the sacrificial
layers 208, 212, 220, 228. The primary characteristics required for this dielectric layer 232 are
a high elastic modulus, chemical inertness and good adhesion to TiN.

A fifth sacrificial layer 234 is applied by spinning on 2itm of photosensitive polyimide or
approximately 1.3um of high temperature resist. The layer 234 is softbaked, exposed to mask
236 and developed. The remaining portion of the layer 234 is then hardbaked at 400°C for one
hour in the case of the polyimide or at greater than 300°C for the resist,



arrangenment 110. A high Young's nodulus dielectric |ayer 238 is deposited.
This layer 238 is fornmed by depositing 0.2m of silicon nitride or al um num
nitride_at_a tenperature bel ow the hardbaked tenperature of

sacrifi N4PMAYEIY 208, 212, 220 and 228. Then, as shoRﬁTflAﬁn?—qujmuégp of the
drawi ngs, the layer 238 is an isotropically plasna etched to a depth of
0.35 mcrons. This etch is intended to;glear the dielectric fromthe entire
surface except the sidewalls of the dielectric layer 232 and the
sacrificial |ayer 234. This step creates the nozzle rim 136 around the
nozzl e opening 124 that "pins" the neniscus of ink, as described above. An

ul travi aihetdididdric lagéeroes plagiha dékkd dowanRp kheesacnﬂmlqéyet 238 takingTafe}odtdN to a
rear of the silicon wafer 116. The wafer 116 is exposed to mask 242 to

back et EFMPYRANK Gt dhe spomfiqia) laNer 23% the ink inlet channel 148. The resist is
then stripped fromthe wafer 116. A further UV rel ease tape (not shown) is

applied to a rear of the wafer 16 and the tape 240 is renoved. The

sacri f i dihe stérededings 21@81;11( @d2ionaf,122.38e lewer #6141 28rand sheranpiperd 54 of teygerle pl asma
to provide thetflwt nozzl e arrangenment 110 as shown in Figs. 25r and 26r

of the &Pﬁt}& Oor ease of reference, the reference nunerals illustrated
in these two dravm ngs are the sane as those in Fig. 18 of the drawi ngs to

indicate the_rel evant parts of the nozzle arrangenent 110. - %y 28 and 29

n

show t hé BighYoupgh medulup diclestric layes 238 ifleppsited 1 slmhaﬂa@tm

accorda 25 and
S ana st (ol o BIRGFRRidL R SR/t ARANE LY hlpRLRY (RS ylebaldeiRea [0

2004/ oozaﬁ&rﬂﬁfyoimmaﬁﬂﬂm@&mtms p1Zi296 andBR&,nd 31, reference nurreral 250
general ly indicates a nozzle arrangenent of a printhead chip of the
invention. Wth reference to the preceding Figs, |ike reference nunerals

refer tahkh,les sRewi i kB! %%fﬂié’lﬁﬁ%‘!n?? tﬁdoﬁ9érf23eds an[$dfropidaIRP 1§sﬂ2£ etEt'?&%o 30 and

31 is to indicate a di mensi onal ationship that is co

‘nozzl e &epthofB83Smisrons. This etch peintemdedig Cépanﬁw-udn@eqmﬁem ﬂpﬁogltm: gufadein t he
nozzl e GRANPRIe sidewalls of the dielectric layer 232 and the sacrificial layer 234. This step creates

the nozzle rim 136 around the nozzle opening 124 that "pins” the meniscus of ink, as described

above.

‘An ultraviolet (UV) release tape 240 is applied. 4m of resist is spun on to a rear of the silicon

wafer 116. The wafer 1 16 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
provide the final nozzle arrangement 110 as shown in Figs. 25r and 26r of the drawings. For
ease of reference, the reference numerals illustrated in these two drawings are the same as
those in Fig. 18 of the drawings to indicate the relevant parts of the nozzle arrangement 110.
Figs. 28 and 29 show the aperation of the nozzle arrangement 110, manufactured in accordance
with the process described above with reference to Figs. 25 and 26, and these figures

correspond to Figs. 19 to 21 of the drawings.



to eject tnk fromthe nozzle chanber. Specific details of such nozzle
arrangenents are set out in the referenced patents/patent applications. It
fol I ows wdhddos details will not be set out in this description. The
nozzl e arrangenent 250 includes a silicon wafer substrBEEAIB902/081%62i ve
circuitry layer 254 of silicon dioxide is positioned on the wafer
substrate 252. A passivation layer 256;4s positioned on the drive
circuitry layer 254 to protect the drive circuitry layer 254. The nozzle
arrangemnment 250 includes nozzle chanmber walls in the formof a pair of
opposed sidewalls 258, a distal end wall 260 and a proxinmal end wall 262.

A roof IsBigspihadHerefarbhe nuifefal 286 QeneRBR indibRed m&%mﬁ%@%ég{gbfé 258, 260
por

and 262 ine .a nozzl.e chamber 266. An ink ejection I's defined
in the ng{h“i‘g‘ihlp ﬂﬁﬁﬁeﬁ%vePH?gB’sﬁhéﬁ#%mcei@@eipsec@émg Higs, like refengnce hemeadser 252,
and theréfmﬂ&eg%uﬂéﬁ.otﬁ@p@isg%ciﬁegj et channel 290 opens into the nozzle
chanber 266 at a position that is generally aligned with the ink ejection

port 268. The nozzle arrangenent 250 includes a thermal actuator 270. The
t her mal TRELERLQY of -”“jﬁ‘% . novabl e nenber | he formof an actuator arm
272 t hat eg‘%&gndsoqﬂnggo the ﬁ?\c}ﬁgnlgalgﬁtﬁﬁ‘@glpm%@?‘f] re{ﬁH@%@a‘tléFOWNQHi s
di mensi Siegwzzlo aspagomentsad d t9he kd¥engn028ViRg SRATBRRSosRAd HOML L3S 1e BaBHi™

rm

end wal to 26c§.to th%ldi sz%ﬁl end wal | 260. The actuator a I'S p05|lfi oned
bet ween ' 97& Hkfrom the-pozzle charaberospecificictails of siich @pamie aroangpments 26Set dilie

act uat ofn thé feferédced Paltht i ' 4 Lned in.the proxinal
end wal | 262 to, beﬁﬁnuﬁ?ggﬁg%%nﬁghlg%ﬂ?{gg%ﬁ%%"5%1%%%'}% P%tib&esc“ﬁé Ihozzl e
chanber thisgdescriptiong) | ng arrangenent 278 is positioned in the opening 274 to
inhibit the egress of ink fromthe nozzle chanber 266. WO 2004/ 002743

PCTI AU2002/ 001162 20 The actuator arm 272 conpri'ses a body 280 of a

mat er i alhewazaleamangdohént R6Minchides H6lkeoH warerRBEHODSA RadriveSili S0
that expagpsion.of ,the nﬁt erial, when heated can be har r%gsggblg?ég}%grg?%r m
work. AN ex aﬁgjl' Xids is posifioned aoithe Waler substsaie 952 1A pessivationdayer266és ( PTFE) . The
body 28Ritibatd o thealtivd RREItS IAer 285 Q Lde £84 befveen the
passi vation | ayer 256 and Fﬁeﬂ%r o‘i‘xpdiecfi‘ﬂ{e e C%mg'y%ay“ Pﬂ

The nozzle arrangement 250 includes nozzle chamber walls in the form of a pair of opposed

sidewalls 258, a distal end wall 260 and a proximal end wall 262. A roof 264 spans the walls

258, 260, 262. The roof 264 and walls 258, 260 and 262 define é nozzle chamber 266. An ink
ejection port 268 is defined in the roof 264. |

An ink inlet channel 290 is defined through the wafer 252, and the layers 254, 256. The ink

inlet channel 290 opens into the nozzle chamber 266 at a position that is generally aligned with
the ink ejection port 268.

The nozzle arrangement 250 includes a thermal actuator 270, The thermal actuator includes a
movable member in the form of an actuator arm 272 that extends into the nozzle chamber 266. - -
The actuator arm 272 is dimensioned to span an area of the nozzle chamber 266 from the
proximal end wall 262 to the distal end wall 260. The actuator arm 272 is positioned between

the ink inlet channel 290 and the ink gjection port 268. The actuator arm 272 extends through

an opening 274 defined in the proximal end wall 262 to be mounted on an anchor formation

276 outside the nozzle chamber 266. A sealing arrangement 278 is positioned in the opening

274 to inhibit the egress of ink from the nozzle chamber 266.




upper side 282. A heating elenent 288 is positioned in the body 280

proxi mate the |lower side 284. The heating el enent 288 defines a heating
circuit_that is connected to drive circuitry (not shovvn% in the | ayer 254
with vi 390309845 nchor formation 276. In use, an el ech¢ fé&@"@{“&ﬂg% from
the drive circuitry heats the heating el enent 288. The position of the
heating el enent 288 results in that pgytion of the body 280 proxi mate the
| ower side 284 expanding to a greater extent than a renmai nder of the body
280. Thus, the actuator arm 272 is deflected towards the roof 264 to eject
ink fromthe ink ejection port 268. On term nation of the signal, the body
280 cools and a resulting differential-contraction causes the actuator arm .
272 to return to a ui escent conditign. It will be appreciated that the

upper sil8e astastorarm 32 comnsises edy 280 of o mutsrishwith g caeffistentefithermal ar ea 292
that ac ke | ]} e i [ 2CT 0 The
di spl ac%"réfpea%'%}i OBE% égﬂgéﬁzg?@lgg%g}tag%ﬁa%%& ﬁgﬁlf' h{a%é{ al;%lé%i of _-%gn P%ﬁéné]%gc I on
port 268 mexformewarkt Anrxamyple of such aamateriabis polytetrafiviorcethybanie GPTHE) Thekbsly

l'ica found thr ny tho of sjmulatians th
erat i vESUPAES A REPes A AR BB Jonr SR L PP H e PRSP AP Serment
250. Sugppdreidet2Be cA heAtiReknidns 288 Positisedia eie Body 280 Bioxitife ARNbWeANe t O
make the best use of chip real estate, _which is inportant since chip real

estate P&+ideyheaingrlapen 288 fefings mhgating sirowih 1t is comractediie drivosizquitry (not
arrange%g%éﬁleqﬁwgggaj&%s% ﬂie%%}'l(g%ﬁ\mﬁn u;qjuéelez g?ﬁ{ Lg&RCY  of

nozzl e arrangeme is optim ze icient Torce e ej ection
of a dr the driveicirkuilry heats thedetatinghalemperd 2881t The podsitioh of the heatlagjeldment 288 | ng

technol g I S tenti al i to.a wde ran rinLin system

ol wa g By B e i e 280 pr Bt g br S0e S Roading il

pri nt er sxtefiti tBéh SRARAnded bOibk 8bdyPZE0N TR theQkhaRl afth @33 isIe AN QI BRLREs iy | nters,
| ow cost scanning printers high speed %&g%ewi dth printers, notebook

conput eFPT@P¢ P sIFes il Frombeink Gisstion part nigripaion of diecrisngh the badhd8hr one
Printer geol€ M4 re%ﬂﬁn?ﬁﬂﬁ?éﬂ’tx nfradt o?lrcﬁusggﬁlecﬁﬁmg%gm%g’%&rrgﬂﬁ% csimle
nter, I nes, ape

I chi nes, conbi ned pr acsimle and copyl ng nac printers,
| ar ge f quisscenipdonditions, WO 20041002743 PCT/ AU2002/ 001162 21 phot ogr aph
copiers, printers for digital photographic =~ mnilabs", video printers,
PHOTO CD :

It will be appreciated that the upper side 282 of the actuating arm 272 defines a displacement
area 292 that acts on the ink to ¢ject the ink from the ink ejection port 268. The displacement

area 292 is greater than half the area of the ink ejection port 268 but less than twice the area of -
the ink ejection port 268. Applicant has found through many thousands of simulations that such
relative dimensions provide optimal performance of the nozzle arrangement 250, Such relative
dimensions have also been found by the Applicant to make the best use of chip real estate,
which is important since chip real estate is very expensive. The dimensions ensure that the
nozzle arrangement 250 provides for minimal thermal mass. Thus, the efficiency of nozzle

arrangement 250 is optimized and sufficient force for the ejection of a drop of ink is ensured.

The presently disclosed ink jet printing technology is potentially suited to a wide range of printing
system including: color and monochrome office printers, short run digital printers, high speed
digital printers, offset press supplemental printers, low cost scanning printers high speed
pagewidth printers, notebook computers with inbuilt pagewidth printers, portable color and
monochrome printers, color and monochrome copiers, color and monochrome facsimile

iwchines, combined printer, facsimile and copying machines, label printers, large format plotters,



(PHOTO CD is a registered trade mark of the Eastman Kodak Conpany)
printers, portable printers for PDAs, wall paper printers, indoor sign
printer i rd printers, fabric printers, canera printers and fault
toleranﬁk%%hhégg al printer arrays. It woul d be apprecPal/Ag2¢02/0811621 son
skilled in the art that nunmerous variations and/or nodifications may be
made to the present invention as shown,in the specific enbodiments without
departing fromthe spirit or scope of the invention as broadly descri bed.
The present enbodinents are, therefore, to be considered in all respects
to be illustrative and not restrictive. W 2004/ 002743 22 PCT/ AU2002/ 001162
Ve cl ai photdgraghncopidss,] printérs ifod bigasl shotdgriphal SRR Glco q,ﬁ%fs?rpl}fo*#@t Stegt e,
and a plurality o

drive cj itry positioned on the wafer substrate,
nozz! e FHARGSRIES fralieredofs Brrk ootoachasimany Retaka ompesy Iprntezs; lperisbic

o | s f wal | itioned
arrangeﬁaﬂ&SQEFPD%élQﬁn%@%fhgnﬁ§?§g§§ie Cﬁéﬁ%@?b?ﬁ%gghpﬁﬁpsbﬁﬁﬁémbﬁ%gbr?nin.

the wafer substrate to
t he roofamgst prnters pid faplt sdlerentrcompeihaalipdater adywat or that is connected to the

drive circuigr e t.yat or i ncl udi a vabl e menber that (is

di spl aceabl eI_tt ovynoulrdte%efl%‘ﬁ gccl#e‘gg%iagﬂcﬂonfﬁkgﬁfl IPEE" At ithat emeEqys agiationg angigy abl e
menber nefifinitivgs anayi b hade e the ?Hsélﬁqﬁvénﬁéﬁ 28GhSwR'in thd)Kpdeffict BfbRREHE
chanmber to ej ink fromthe ink ejection port, wherein the area of

ect,thg ¢ (

the di sPaRut departing, Fpmcthe jspinip of Geapn of ks WHentionrastireadly tésoribede aTlof preteat | nk
ej ect i OfmiAirthentare Alerkfoke, ks ' |.ai inclaiml, in which
the nmovabl e memper of - eat rﬁeaog"gl %Jlg%r%?ﬂlg%l? Péﬁgcstggjtbcellg%sﬁg‘ﬁeaﬂd%?mfmﬁ%zzl e
chanber walls and roof wall so that novenent of the novable nenber serves
to reduce a volume of the nozzle chanber to eject the ink fromthe ink




ejection port. 3. An ink jet printhead chip as clained in claim?2, in which
the novabl e nmenber of each actuator defines the roof wall. 4. An ink jet
printhead chip as clainmed in claim1, in which each actuator is thernmal in
the sent@2HP02%3 jncludes a heating circuit that is EERAIRPEPOIE2t he
drive circuitry, the actuator being configured so that, upon heating, the
actuator deflects with respect to the yafer substrate as a result of
differential expansion, the deflection causing the necessary novement of
the novabl e nenber to eject ink fromthe ink ejection port. 5. An ink jet
printhead that includes a plurality of inkjet printhead chips as clained in

cl ai m 1.We claim:
1. An ink jet printhead chip that comprises
a wafer substrate,
drive circuitry positioned on the wafer substrate, and
a plurality of nozzle arrangements positioned on the wafer substrate, each nozzle
arrangement comprising
nozzle chamber walls and a roof wall positioned on the wafer substrate to define
"anozzle chamber and an ink ejection port in the roof wall,

a micro-electromechanical actuator that is connected to the drive circuitry, the
actuator including a movable member that is displaceable on receipt of a si gnal from
the drive circuitry, the movable member defining a displacement surface that acts on
ink in the nozzle chamber to eject the ink from the ink ejection port, wherein

the area of the displacement surface is between two and ten times the area of the

ink ejection port.

2. An ink jet printhead chip as claimed in claim 1, in which the movable member of each
actuator defines at least part of the nozzle chamber walls and roof wall so that movement of the
movable member serves to reduce a volume of the nozzle chamber to eject the ink from the ink

ejection port.

3. An ink jet printhead chip as claimed in claim 2, in which the movable member of each

actuator defines the roof wall.

4. An ink jet printhead chip as claimed in claim 1, in which each actuator is thermal in the
sense that it includes a heating circuit that is connected to the drive circuitry, the actuator being
configured so that, upon heating, the actuator deflects with respect to the wafer substrate as a

result of differential expansion, the deflection causing the necessary movement of the movable

member to gject ink from the ink ejection port.

5. An ink jet printhead that includes a plurality of inkjet printhead chips as claimed in

claim 1.



