1 INK JET PRI NTHEAD W TH | NK | SOLATED NOZZLE ACTUATOR FI ELD OF THE

| NVENTI ON This invention relates to ink jet printheads. Mdre particularly,
the invention relates to an ink jet printhead having a nozzle array
wherein each nozzle has a noving nozzle with an externally arranged
actuator. CO PENDI NG APPLI CATI ONS Vari ous net hods, systens and apparat us
relating to the present invention are _disclosed in the follow ng
co-pendi ng applications filed by the abpllcant or assignee of the present
i nvention sinmultaneously with the present application: PCT/AU00/ 00518,
PCT/ AUOO/ 00519.  PCT/ AUO0/ 00520, PCT/ AUOO/ 00521 PCT/ AUOCQ 00522,

PCT/ AUCQY oo5é§!‘ RINGEHoAD VI BEANIOEPbATID NQEFLR ACT bdsbRR

PCT/ AUCO' 00527, PCT/ AUOO 00528, PCT/ AUOO 00529, PCT/ AU0O0/ 00530,

PCT/ AU00O/ 00531, PCT/ AUOQ 00532, PCT/ AU00/ 00533, PCT/ AUOO/ 00534,

PCT/ AU0O/ FIEA5 OFPTHEAIXVESQE8N PCT/ AU00/ 00537,  PCT/ AUDO/ 00538,
PCT/ AUOO/ 00539. . PCT/ AUCD/ 00540, PCT/ AU00/ 00541 PCT/ AUOQY 00542,
PCT/ AUOQ 00543 hiseyentionaelatss 4o inkpetpnthsers oless partiaary e ippsuipn

o AR A B8 S AR

PCT/ AU00/fa22ke 2yitHPAmléxAdsaid i tnged RETt4)O0 00564,  PCT/ AUOO' 00565,
PCT/ AUOCQ 00566, PCT/ AUOCQ 00567, PCT/ AUOO 00568, PCT/ AUOQ 00569,
PCT/ AUOCQ 00570, PCT/ AUO0O/ 00571, PCT/ AU0O0/ 00572, PCT/ AUOQ 00573,

PCT/ AUOO PCT/ AUOQ 00576, PCT/ AU00/ 00577,
PCT/ Auocy%%@ﬁm‘g‘gﬁgﬁspm AUCD/ 00581, PCT/ AUOQ 00580,
PCT/ AUQD/ 0058 2 arfeG3 /midtds) 6fioins RET AphRah 08 8@ng tPHE ekt Q0kBen are

PCT/ AUOQ 00583, / AUOQ 00593, PCT/ AUCQY 00590, PCT/ AU00/ 00591,
PCT/ Auoo‘bﬁgwd Hpg;/ talleyyngrosendmerpplistions 555 by therpplisany gussignee of

PCT/ AUOUtHQB%éent ?&%Wn%ﬂgg&uslg%ﬁmg%eggﬁ%gphcatlon.
PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521,
PCT/AU00/00522, PCT/AU00/00523, PCT/AU00/00524, PCT/AU0O0/00525,
PCT/AU00/00526, PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529,
PCT/AU00/00530, PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533,
PCT/AUQ0/00534, PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537,
PCT/AU00/00538, PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541,
PCT/AU00/00542, PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545,
PCT/AU00/00547, PCT/AU00/00546, PCT/AU00/00554, PCT/AU00/00556,
PCT/AU00/00557, PCT/AUQ00/00558, PCT/AU00/00559, PCT/AU00/00560,
PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564,
PCT/AU00/00565, PCT/AU00/00566, PCT/AU00/00567, PCT/AU00/00568,
PCT/AU00/00569, PCT/AU0G0/00570, PCT/AU00/00571, PCT/AU00/00572,
PCT/AU00/00573, PCT/AU00/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00581,
PCT/AU00/00580, PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588,
PCT/AU00/00589, PCT/AU00/00583, PCT/AU00/00593, PCT/AUG0/00590,
PCT/AU00/00591, PCT/AUQ0/00592, PCT/AU00/00584, PCT/AU00/00585,

PCT/AUG0/00586, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,
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1 J60- SG 2 PCT/ AUCO 00597, PCT/ AU0O/ 00598, PCT/ AUO0/ 00516, PCT/ AU0O0O/ 00517,
PCT/ AU00O/ 00511, PCT/ AUCO 00501, PCT/ AUOQO 00502, PCT/ AU0O0/ 00503,

PCT/ AUCO' 00504, PCT/ AUCO 00505, PCT/ AUOQO 00506, PCT/ AUOO 00507,

PCT/ AUCO' 00508, PCT/ AUCO 00509, PCT/ AU00/ 00510, PCT/ AU0O0/ 00512,

PCT/ AU0O/ 00513, PCT/ AU0OO/ 00514, PCT/ AU00/ 00515 The di scl osures of these
co- pendi ng applications are incorporahgd herein by cross-reference.
BACKGROUND TO THE | NVENTI ON Qur co-pendi ng US patent application serial no.
09/ 112,821 discloses a noving nozzle generally. Such a noving nozzle

ef fect i ng i sl LAV OBR 7 RETdoREIRS. CY Ao G Re BB T 08 7ot Tect 1 nik
ejection. A predheruodediiibEeTAURNORTRIPCTAUORb0LD, bET/AG /ARt hat parts

of the device be hydrophobically treated to in e 1 ngress of ink
into the regi MCHATMHEOGOHUREBIAUNW/0HI5 NBCTIRAZ000306 P AEIATCE/E 01 oposed
where the nee ophobi treatnent is obviated. SUMVARY OF THE

| NVENTI ON Accggtgf@(%'ogéqsﬁg, %%ﬁ@g‘?%ﬁ)ﬂm%%@yﬁ@%ﬁ’wpd%‘é]T/aﬁU@inQOSj18t

bri nthead whi bt aabouess 13 @ PR GPs@143bCTRAN0/ATY SN0zl e, defining a
nozzl e opening, arranged oh the substrate, the nozzl e opening being in
communi cat i on Thet Hiselomoes lo€ thésandvepending smplidatidns| #ashc@peratedzzbia Bei ng

di spl aceabl e r?I ative to the substrate for effecting ink ejection fromthe
nozzl e chaMHEF I Gugh the nozzl e opening, on demand; and an actuator
arranged externally of the nozzle and connected to the nozzle for

controlling displacenent of the nozzle. In this specification, the term
"nozzl " BACKGROUNDAIG THHE INVENTIEN nent

Our co-pending US patent application serial no. 09/112,821 discloses a moving
nozzle generally. Such a moving nozzle device is actuated by means of a magnetically
responsive element for effecting displacement of £he moving nozzle and, in so doing, to
effect ink ejection.

A problem with this arrangement is that it is required that parts of the device be
hydrophobically treated to inhibit the ingress of ink into the region of the actuator.

A moving nozzle-type device is proposed where the need for hydrophobic

treatment is obviated.

SUMMARY OF THE INVENTION

According to the invention, there is provided an ink jet printhead which includes

a substrate;

at least one nozzle, defining a nozzle opening, arranged on the substrate, the
nozzle opening being in communication with a nozzle chamber and said at least one
nozzle being displaceable relative to the substrate for effecting ink ejection from the
nozzle chamber through the nozzle opening, on demand; and

an actuator arranged externally of the nozzle and connected to the nozzle for
controlling displacement of the nozzle.

In this specification, the term "nozzle" is to be understood as an element

defining an opening and not the opening itself.
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defining an opening and not the opening itself. 1J60-SG 3 The nozzle may
conprise a crown portion, defining the opening, and a skirt portion
depending fromthe crown portion, the skirt portion forming a first part of
a peripheral wall of the nozzle chanber. The printhead may include an ink
inlet aperture defined in a floor of the nozzle chanber, a bounding wall
surroundi ng the aperture and defi ni ng i second part of the peripheral wal
of the nozzle chanber. It will be appreciated that said skirt portion is

di spl aceable relative to the substrate and, nore particularly, towards and

away fromthe _substrate to effect ink ejection and nozzle chanber refill,
res%ecti vel y. S59ZHS Y RGPIia R Cravd Parien dstiripg theonspingnida thiig neans for
i nhi biti ; 1 f.r . ) ferabl y, e _baundi ng wal |
nas. an | o gt A HocRi Beiviofl 19k poli R SRR AR LB CC "
seal i ng pparipher] wallef the roele chanksi ty of the ink and the spacing be&neen
said lip portign and the skirt portion, for inhibiting ink ejection en
T%&i a%fé‘éalabfév@v%ﬁsanﬂﬁb defipertarcalclipedimey Basir of therozalet uat or i s

the nozzle is

a thermal c}faﬁf%gr, %%Hﬁﬁiﬂ% waﬁ%ﬁrr&ﬂﬁﬁrﬁag %ﬁ&ﬁ.ﬁ%%fﬁ%ﬁﬁ%g@éogf pz(fr{) OF ¢ ic—:t uted by

two beanms, one’being an active be 0 g a PpassiVe beam By

"active bemipherabwaiafithetnoaile ahanbiere Mtwillbetppieiitddandt son kit partibn ihe  active
beam upon_acti Vlgltgi on.of the actuator whereas there is no current flow

t hrough t$ieplagsallsirelativedg the substrpte pndhaners prricrlarldowneds and away GomHbe

constructy [ f thro t he..active beam
it is cauﬁlgLl ggjét%%tog’(f%acﬁﬁkﬁ%% % %gékg%eﬁc&éﬂﬁgg{%?igg%egﬂ%gga%g%ﬂg of g%lf’gt hat the
passi ve beamiag tteansiveas ae thhibitibe Adhmgforhihiliting Rakdgar igdida thde

connectin nber for effecting displacenent of the nozzle. The beans may

be anchor@®gmaer deteeably: thy bayndingreil hns an dwwardly, diceatgd éi?ﬂ@ﬁéﬂmg wippar dIt y
; ! ot
from thgqtlshhithSedbda §ér%gg§ S&@gsﬁtg}% ek v%@gs?t?eocfﬂ?er‘igﬁ an(é’1 t isf)%{ir?%?ﬂgc 'ng

menber . e connect| ng ne rise an arm havi ng
connect edetweentshie 1gcpardtw andihe Bkirhriiery, fbeinhibitigdhk dietvrarhappesed end of

the arm inré)zz e?sa gitsrl)llage\{letg\?vgrds the substrate.

Preferably, the actuator is a thermal bend actuator. The thermal bend actuator
may be constituted by two beams, one being an active beam and the other being a
passive beam. By "active beam" is meant that a current is caused to flow through the
active beam upon activation of the actuator whereas there is no current flow through the
passive beam. It will be appreciated that, due to the construction of the actuator, when
a current flows through the active beam it is caused to expand due to resistive heating.
Due to the fact that the passive beam is constrained, a bending motion is imparted to the
connecting member for effecting displacement of the nozzle.

The beams may be anchored at one end to an anchor mounted on, and extending
upwardly from, the substrate and connected at their opposed ends to the connecting
member. The connecting member may comprise an arm having a first end connected to
the actuator with the nozzle connected to an opposed end of the arm in a cantilevered

manner. Thus, a bending moment at said first end of the arm is exaggerated at said

opposed end to effect the required displacement of the nozzle.
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manner. Thus, a bending nonent at said first end of the armis exaggerated
at said opposed end to effect the required displacenent of the nozzle.
1J60-5G 4 The printhead nmay include a plurality of nozzles each with their
associ ated actuators and connecting nenbers, arranged on the substrate.
Each nozzle, with its associated actuator and connecting nenber, may
constitute a nozzle assenbly. The prinfhead may be fornmed by pl anar
nonol it hi ¢ deposition, |ithographic an etching processes and, nore
particularly, the nozzle assenblies nay be formed on the printhead by

t hese processes. The suybstrate may include an integrated drive circuit

| ayer. The i n?@tj’rpﬁ“&fag WWéHCIE‘?er%éPfalll%?/ngZﬁ@? eah With thelt associsteda ovos

fabri cati Qi 5Q9ES Sornnebl Qﬁﬁ&ﬁlﬂi’ W [ nrion is now
descri bed by way o()exaﬁgﬁg wih re g%%%EEQFEBt e'I%§§8§%§%Qﬁﬁgﬂg

di agr ammessacigtediadtager aml cohhading Fegplreg, Maysdvowtituee 4 vk adsemigi onal |
schematic view,of a n0é2| e assenbly for an jnk jet printhead in accordance

with the i nventic@rntiendmaydejompedbyeipr monglite dapesinen.drbegrarinantht i ¢
iIlustrat ét&ﬁn@%ro@@ssgﬂaﬁ{da o?é]%egv{i%l*lé.@g Hgbg@%f% RAaagmd }ﬁla?fbeg'fglg&gdeon]the Figure 5

shows a three”di nensi onal Vi e array constituting an 1nk jet
pri nt headyiffEhapd by these lpowsssean an enl arged scale, part of the array of
Figure 5; Fi gﬁ&; 7. shows a, trree di mensional view of an ink jet printhead

i ncludi ng a Pestitpmay ineludg ae dntegrated dgve siglit lapgre d haiiniesiated daive vi ews of

o s L1 SRR TRBHIAGHY 3l B NORER ARIGRIRIlagh 1k 1ot 1 e
Figures | Ca to 10k show | ayouts of masks used in various steps in the

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described by way of example with reference to the
accompanying diagrammatic drawings in which:-

Figure 1 shows a three dimensional, schematic view of a nozzle assembly for an
ink jet printhead in accordance with the invention;

Figures 2 to 4 show a three dimensional, schematic illustration of an operation of
the nozzle assembly of Figure 1;

Figure 5 shows a three dimensional view of a nozzle array constituting an ink jet
printhead;

Figure 6 shows, on an enlarged scale, part of the array of Figure 5;

Figure 7 shows a three dimensional view of an ink jet printhead including a
nozzle guard,

Figures 8a to 8r show three-dimensional views of steps in the manufacture of a
nozzle assembly of an ink jet printhead;

Figures 9a to 9r show sectional side views of the manufacturing steps;

Figures 10a to 10k show layouts of masks used in various steps in the
manufacturing process;

Figures 11a to 11c show three dimensional views of an operation of the nozzle

assembly manufactured according to the method of Figures § and 9; and
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manuf acturi ng process; Figures 11 a to 11 ¢ show three di nensional views of
an operation of the nozzle assenbly manufactured according to the nethod
of Figures 8 and 9; and 1J60-SG 5 Figures 12a to 12c show sectional side
views of an operation of the nozzle assenbly manufactured according to the
met hod of Figures 8 and 9. DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring
initially to Figure 1 of the drawi ngs,_a nozzle assenbly, in accordance
with the invention is designated gener%lly by the reference nuneral 10. An
ink jet printhead has a plurallty of nozzle assenblies 10 arranged in an
array 14 (Fig on a silicon substrate 16. The array 14 will be

es 5.4
described in 3%@5?%} ﬂ&FFmH@P%%Wnﬁﬁ LS V“I@“FWEP@§€§Wﬁﬂ§|I|con
subst r at & Qm¥Ghenutnfl WMibfdh sy 8%@{11% hi ch éé‘@é/rl% & is deposited. A CMOS

passivation layer 20 1s dep05|t on t ayer 18. Each nozzle
assenbly 10 includes a nozzle 22 defining a nozzl e opening 24, a
nthe formof a |ever _ann 26 and an actuator 28. The

connect i
| ever ﬂﬁﬁﬁq@mgkl%mﬁéﬂ%{%%mw{% Shozzle 22. As shown in
greater det al g R ARy © Fifaé 19 i\ R L0 ARAlIRE B Bedofan MDY | 30D

a crown portion t portion I'ng € Crown portion
30. The skith thepnvdntion iSRsignated gpaerallyoby the petichbefaherwal 0. Af ik jorozz] e
chanber 34, (Fiqures_ 2 to t he dr.aw ngs The nozzle opening 24 is in
f1uid corﬁﬁﬂ’t‘é 4t Dy 0?%@4?0%%@@‘?@%&9@5@%@41 injap arrgy {6 (HeugpPeadt hat t he

nozzl e o i a meni scus
38 (Figur %?;}ig%gc %zral %gﬁ%éféj nﬁﬁgﬂg&&%‘?’h@f\%g%fﬂemg% %k Sagzll%lﬁn i nk inlet
aperture 42 (§ﬂnewssemh$y 1@ irehrdey a Blﬂlcdﬁl glbrs&atﬁ opivafdia 6 dhawiiclgy dietectritef i ned in
a floor iﬁ of, the nozz] e chanber aperture 42 is in fluid

communi cdfYsd 8\ qpoaﬁeq n‘kql\ili@&l’aish‘ﬁ'ﬁﬁ%ﬂaY&B Qsrdepesited iop dhadicleptsicdamss t r at e
16.

Each nozzle assembly 10 includes a nozzle 22 defining a nozzle opening 24, a
connecting member in the form of a lever arm 26 and an actuator 28, The lever arm 26
connects the actuator 28 to the nozzle 22.

As shown in greater detail in Figures 2 to 4 of the drawings, the nozzle 22
comprises a crown portion 30 with a skirt portion 32 depending from the crown portion
30. The skirt portion 32 forms part of a peripheral wall of a nozzle chamber 34
(Figures 2 to 4 of the drawings). The nozzle opening 24 is in fluid communication with
the nozzle chamber 34. It is to be noted that the nozzle opening 24 is surrounded by a
raised rim 36 which "pins" a meniscus 38 (Figure 2) of a body of ink 40 in the nozzle
chamber 34.

An ink inlet aperture 42 (shown most clearly in Figure 6 of the drawing) is
defined in a floor 46 of the nozzle chamber 34. The aperture 42 is in fluid
communication with an ink inlet channel 48 defined through the substrate 16.

A wall portion 50 bounds the aperture 42 and extends upwardly from the floor
portion 46, The skirt portion 32, as indicated above, of the nozzle 22 defines a first part
of a peripheral wall of the nozzle chamber 34 and the wall portion 50 defines a second

part of the peripheral wall of the nozzle chamber 34,
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A wall portion 50 bounds the aperture 42 and extends upwardly fromthe
floor portion 46. The skirt portion 32, as indicated above, of the nozzle
22 defines a first part of a peripheral wall of the nozzle chanber 34 and
the wall portion 50 defines a second part of the peripheral wall of the
nozzl e chanber 34. 1J60-SG 6 The wall 50 has an inwardly directed |ip 52 at
its free end which serves as a fluidic seal which inhibits the escape of

i nk when the nozzle 22 is displaced, as will be described in greater

detail below. It will be appreciated that, due to the viscosity of the ink

40 and the s | di ions of the spacing between the lip 52 and the skirt
portion 32, %_Wﬂﬁ&ﬁqwdwﬂyeﬁrq% lgi‘%afﬁdtsﬁfﬁfeaé@@“é‘n?}"@ﬁ a$@nction as a
seal for fnhichihivigch 'bi%stﬁé‘&%a of'ifﬂgwffl&gmetrﬁ%zl@%é%% &aﬁl?@éﬁ)% wilfhe The
actuator 28 is a therm end actuator and 1's connecte 0 an anchor 54

ext endi ngdaspriteaddh grdaten etat dekowbslt wall Be dfprediatedtiiag daatd ihewisabsity offthem t he
i chor, 54 is nounted on conductive pads 56

CMOS si | 20. Th ,
ahi ch  or AR 08 e AT meE SRR RO A et ST ARR W HInOBE SRt o7 28

conpri ses3A fd ihjbrd PEdN& | mlgg - s iave beam
60. In a pret elr reéi %n%ocdﬁ’rgﬁt , ogflﬁfagg{a%%%gg@'g%\égngﬁgg%gpogfl?mg{?ﬁ%r%ﬁ ude, a
conduct i vescaercdiimlcfromtthe nadzlesechambas34.i t anium nitride (Ti N). Both beans 58
and 60 have their first ends anchored to the anchor 54 and their opposed

ends connecte GROT 2B A5 D ?mé’ﬁn%a‘?fﬁ%timéﬁﬂ ip gornggied do emanchens4 hr ough t he
active bea@eréﬁ{%lﬁﬂvﬁ@g@ﬁa@%h%a@1é&en8§§£9rrﬁ&1£r%$ Yol PimeR8ybRe passive

beam 60, thro ere is no cufren ow, does not eXpand at the
sane rat epassivitiomdayey 20fihe abchos 54 israbeded anl somigctivepadt 56 3hidnfdrmhance, the
nozzl e 22 to,‘%i di spl.aced downwardly towards the substrate 16 as shown in

Figure 3 %"r’c_nil CRAKHHOTY th i aSWatidSs  an ej ection of ink through the
nozzl e openi ngi24cRsgtop Q@g@?ﬁgseg% firkt §étﬂzlérb%%rgi as‘rérfagéﬁgﬁd a@%@% E&%Pdw‘en the

source of heat 1s renove mthe active oppi ng
current fgassiye béum 6@zl epréred embodinicat,iboth e Seent 6pasd éf, Gninakidshown in
Figure a conductive ceramic material such as titanium nitride (TiN).

Both beams 58 and 60 have their first ends anchored to the anchor 54 and their
opposed ends connected to the arm 26. When a current is caused to flow through the
active beam 58 thermal expansion of the beam 58 results. As the passive beam 60,
through which there is no current flow, does not expand at the same rate, a bending
moment is created causing the arm 26 and, hence, the nozzle 22 to be displaced
downwardly towards the substrate 16 as shown in Figure 3 of the drawings. This causes
an gjection of ink through the nozzle opening 24 as shown at 62 in Figure 3 of the
drawings. When the source of heat is removed from the active beam 58, i.e. by
stopping current flow, the nozzle 22 returns to its quiescent position as shown in Figure
4 of the drawings. When the nozzle 22 returns to its quiescent position, an ink droplet
64 is formed as a result of the breaking of an ink droplet neck as illustrated at 66 in
Figure 4 of the drawings. The ink droplet 64 then travels on to the print media such as
a sheet of paper. As a result of the formation of the ink droplet 64, a "negative”

meniscus is formed as shown at 68 in Figure 4 of the drawings. This "negative"

meniscus 68 results in an inflow of ink 40 into the nozzle chamber 34 such that a new

J60-SG




4 of the drawi ngs. When the nozzle 22 returns to its quiescent position, an
ink droplet 64 is forned as a result of the breaking of an ink droplet
neck as illustrated at 66 in Figure 4 of the drawings. The ink droplet 64
then travels on to the print nedia such as a sheet of paper. As a result
of the formation of the ink droplet 64, a "negative" neniscus is forned as
shown at 68 in Figure 4 of the drawings. This "negative" neniscus 68
results in an inflow of ink 40 into thé nozzle chanber 34 such that a new
| J60- SG 7 meni scus 38 (Figure 2) is forned in readiness for the next ink
drop ejection fr the nozzle assenbly 10. Referring now to Figures 5 and
6 019 tjhe ‘&P’%ﬁ?%&%%f%ﬁ‘ée@dﬁ rgeg ip gradimgss fgr thgaest ink dion gieqgioadioam fhget ai | . The
array 14 | col or printhead. Accordingly, the array 14 incl udes
f our grodg%zgosg%mﬂggg]e assenblies, one for each color. Each group 70 has
its nozzl e asRufatingsnoktoFiguegeshd Gof tho dfawiBgs( theaidelzlé4rrapng iof the groups
reater, detail in Figure 6 of the draw To facilitate

70 is shown.i 9 ¢ : ngs. 1
cl ose pac Sﬁ‘@beglfl et Jsiatle The saani 4 bsonpfqus coles priptgads 2g%m~édlrrgiy, the he

I |41 5 { - t ith ect to
e nozan S BSd ofh irB6nd ROriba RS RptEl, Rf &' AMOEIEE Mch IR Ts |1

the row 7% msetsaparedsseaplics 16 atdngedl antwo/rohar72fandme @ oftieiodp nabl e the
| ever arns 26 of the nozzle assenblies 10 in the row 74 to pass between
adj acent 1829V groatgy detybinfigwgif qf dhe drawings. t he row 72. It is to be noted

t hat h 5 1 i I h d t hat the
no?zl :2022”iof]thoﬁfg&?%a\?v@gg¥en%ag¥fn§g?mﬂ%§§§?%g%ﬁg%ﬁéﬁgg@%‘;&gﬁ%@% ﬂ%gnda?:{:uators 28

of adj acetht nowviz hsembkantol inelse thd Thark befsetastadgerbd with @spettQo HRGIdZ At e
cl ose packing of the nozzles 22 in the rows 72 and 74, each nozzle 22 is
subst ant | a&ﬁ?@“ﬁ‘é%&g@%rw T dHee the rozglq gssesablios P e thetrew 73yare snssed ski | | ed

|0 the  ardpah ottt 6, BAPUES S iclapbagesh aughdm e substrate

16, in us ue to the nozzle opening erng angle with
respect taysdnitdiend@ih eheabaridan pash Hebitedndpicesttred s 261 thy a@kbliBe10 in

per pendi Ctll'{tla ?Jw 72. It is to be noted that each nozzle assembly 10 is substantially dumbbell
shaped so that the nozzles 22 in the row 72 nest between the nozzles 22 and the
actuators 28 of adjacent nozzle assemblies 10 in the row 74.

Further, to facilitate close packing of the nozzles 22 in the rows 72 and 74, each
nozzle 22 is substantially hexagonally shaped.

It will be appreciated by those skilled in the art that, when the nozzles 22 are
displaced towards the substrate 16, in use, due to the nozzle opening 24 being at a slight
angle with respect to the nozzle chamber 34 ink is ejected slightly off the perpendicular.
It is an advantage of the arrangement shown in Figures 5 and 6 of the drawings that the
actuators 28 of the nozzle assemblies 10 in the rows 72 and 74 extend in the same
direction to one side of the rows 72 and 74. Hence, the ink droplets ¢jected from the
nozzles 22 in the row 72 and the ink droplets ejected from the nozzles 22 in the row 74
are parallel to one another resulting in an improved print quality.

Also, as shown in Figure 5 of the drawings, the substrate 16 has bond pads 76
arranged thereon which provide the electrical connections, via the pads 56, to the
actuators 28 of the nozzle assemblies 10. These electrical connections are formed via

the CMOS layer (not shown).
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It is an advantage of the arrangenment shown in Figures 5 and 6 of the

drawi ngs that the actuators 28 of the nozzle assenblies 10 in the rows 72
and 74 extend in the sanme direction to one side of the rows 72 and 74.
Hence, the ink droplets ejected fromthe nozzles 22 in the row 72 and the
ink droplets ejected fromthe nozzles 22 in the row 74 are parallel to one
another resulting in an inproved print_quality. Al so, as shown in Figure 5
of the drawi ngs, the substrate 16 has $ond pads 76 arranged thereon which
provi de the el ectrical connections, via the pads 56, to the actuators 28

of the nozzle enblies 10 ese el ectrical connections are formed via
the CMOS | aye %sﬂwgé%gwm‘? 7 PJfgeﬂ@@lagaqéﬂEYfﬁ?%e&t S?ﬂqegwe@tl?n@rshpwa-

dr awi ngs, wahderalRPFPL ppévada%ré‘mgé}ﬁék@ ?Tf&%nééﬁmmemlsyﬂf&mlﬁ& Lffce to the
k I'ke parts,

previ ous drawi ngs, like reference nunerals refer to p unl ess
ot her wi seudgmottdrete spevifidii s devel opnent, a nozzle guard 80 is nounted on
the substrate 16 .of teﬁ}f array 14. The nozzl e&guard 80 includes a body
menber 82 havilAEMS IpVElRRRSn{.2 topzle gyand R0ds mopntedrondbesubsispted Aodthsh. The

passages féqiue 1 L I; j e nozzle
assenbl i es ig ofﬁ{aﬁlgggr %%nyléﬂ%#g? ht%tﬁ ?H\/ﬁébr?i)?%gh‘lqgg %j%fehé@g[&to?f romany one
of the nozstagenpedefpd tRetethtdughi ke passgs Sthroingbgishewah sieciazrd passage

84 before strikin he pr.int ia, The body menber 82 is mpunted in spaced
rel ati onsHePMER ?%gf%hé nogzle H@eﬁggﬁﬁl 10 ofthg amgy { & suchdhahy whenvink ippiedded ut s 86.
One of t 1L th40 Q‘-ﬂ']plgag ' t ' Ln use,
when thehtg?tﬁtaa{;y%lze ?@h?gé%zg%@?ﬁnﬁﬂég ,24%;'8? I'S cﬁegtr%}érggglg t#’gdgsg Cﬁ?{]dgéﬁgsrﬁggt

openi ngs Bdbdiarelailing thegrinhmedigh t he passages 84 together with ink

travelling through, the passages 84. The ink i.s not entrained in the air as
the air is ché‘rgfkﬁgiadi’ﬁ’ﬁmkﬁh 1 hangydedigspacsd relationship ekafive i thoapere ty from

that of thgnBiesd0BIRIE B4ruk®6. SHRTPUR stlublBd 14 2fi0RY Glefirdd 83

defined therein.

In use, when the array 14 is in operation, air is charged through the inlet
openings 88 to be forced through the passages 84 together with ink travelling through
the passages 84.

The ink is not entrained in the air as the air is charged through the passages 84 at
a different velocity from that of the ink droplets 64. For example, the ink droplets 64
are ejected from the nozzles 22 at a velocity of approximately 3m/s. The air is charged
through the passages 84 at a velocity of approximately 1m/s.

The purpose of the air is to maintain the passages 84 clear of foreign particles.

A danger exists that these foreign particles, such as dust particles, could fall onto the
nozzle assemblies 10 adversely affecting their operation. With the provision of the air
inlet openings 88 in the nozzle guard 80 this problem is, to a large extent, obviated.

Referring now to Figures 8 to 10 of the drawings, a process for manufacturing
the nozzle assemblies 10 is described.

Starting with the silicon substrate or wafer 16, the dielectric layer 18 is deposited
on a surface of the wafer 16. The dielectric layer 18 is in the form of approximately 1.5
microns of CVD oxide. Resist is spun on to the layer 18 and the layer 18 is exposed to

mask 100 and is subsequently developed.
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are ejected fromthe nozzles 22 at a velocity of approximately 3m's. The
air is charged through the passages 84 at a velocity of approximately

| Ms. The purpose of the air is to naintain the passages 84 clear of
foreign particles. A danger exists that these foreign particles, such as
dust particles, could fall onto the nozzle assenblies 10 adversely
affecting their operation. Wth the prQV|sion of the air inlet openings 88
in the nozzle guard 80 this problemis, to a |large extent, obvi ated.
Referring now to Flgures 8 to 10 of the dramﬁngs a process for

f i | d d. S th th
ST con subst rade bsieiky Sp0ah el ey elabmd gichi Gonts the ol 'e%%@%red on a
surface ofg tg WGEEE k- striliﬁ')gd Qh@{}facqé(y':e'r(ﬁ? b 8YEned 8 ThR s&% cfelﬂﬁeg t‘ﬁE

approxi mately 1.5 m crons Resi st is spun on e | ayer 18
and t he |ialgérpaBiré¢ 42.exposed to mask 100 and is subsequently devel oped.

1 J60-SG 9 After _being deyel ope t he Iayer 18 is plasna etched down to the
silicon | ayer(i n fggur g‘é %@d Wlflgs’taﬂ%rﬁméiﬁt? 1y Bomigrepsiob alumiper 19815 s ¢l eaned.

Thi s st epgddslitdagsn thBybnls. Réb s@ﬁs HBELH ggthdezalmﬁﬁuﬁf 38 egﬁbg totlfasskdf aw ngs.

approximately 0.8 mcrons of alumnum 1 eposi ted ayer
Resi st i slGipnd demclapal. tThe aimimmui021i0 plasmia etched éolwih @ theskide 19/4r a8d
devel oped, The al um n pl.asma etched down to the oxide |ayer 18,

the resi SPCFSIE{Sy IEJQR?H a&iiglet‘t?ém&éﬁﬁ lewnetls Thissignaovides e dppprasgntides t he
bond padsi,@Rthnntdd & HE rﬁﬂﬁ@tt sordafor3e Thﬂgﬁrﬁe‘?éonﬂﬁét‘fﬂo% Mros iy | nt erconnect

is to an NMOS drive sistor and ‘a power ane W t'h connections made in
t he CMOS trapgistor @ndt psWelv\pi)me Witk coicntidresl iyade. 15 thd CM@Bslapdr (REGHDWR).t ri de is

deposited as the CVOS sivation | 20, Resist is spun on and the
|l ayer 20 is efﬂ@ggﬂmﬁﬁ’lmg Rigegs OW@&{(Q@I@@H? d?@sﬂ‘*é‘vfé;lt%@&’[ Rf t er

Lot ST ATR B TOIRAR LR BAAIE L Rl AE BRI ORT | e 20
resi st i swistredfippéds dewetldped. ddtei deveblpamnedhe nitride is plasma etched down to the
aluminum layer 102 and the silicon layer 16 in the region of the inlet aperture 42. The
resist 1s stripped and the device cleaned. '
A layer 108 of a sacrificial material is spun on to the layer 20. The layer 108 is 6
microns of photo-sensitive polyimide or approximately 4 um of high temperature resist.
The layer 108 is softbaked and is then exposed to mask 110 whereafter it is developed.
The layer 108 is then hardbaked at 400°C for one hour where the layer 108 is comprised
of polyimide or at greater than 300°C where the layer 108 is high temperature resist. It
is to be noted in the drawings that the pattern-dependent distortion of the polyimide
layer 108 caused by shrinkage is taken into account in the design of the mask 110.
In the next step, shown in Figure 8e of the drawings, a second sacrificial layer
112 is applied. The layer 112 is either 2 pum of photo-sensitive polyimide which is spun
on or approximately 1.3 um of high temperature resist. The layer 112 is softbaked and
exposed to mask 114. After exposure to the mask 114, the layer 112 is developed. In
the case of the layer 112 being polyimide, the layer 112 is hardbaked at 400°C for
approximately one hour. Where the layer 112 is resist, it is hardbaked at greater than

300°C for approximately one hour.
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A layer 108 of a sacrificial material is spun on to the layer 20. The | ayer
108 is 6 mcrons of photo-sensitive polyimde or approxinmately 4 pm of

hi gh tenperature resist. The layer 108 is softbaked and is then exposed to
mask 110 whereafter it is developed. The |layer 108 is then hardbaked at
400C for one hour where the layer 108 is conprised of polyimde or at
greater than 300C where the | ayer 1081is hi gh tenperature resist. It 1is to
be noted in the draw ngs that the pattgrn-dependent di stortion of the
polyim de [|ayer 108 caused by shrinkage is taken into account in the

design of the k 110. In. the next st .sho in Fjgure 8e of the

drawi ngs, a s %cfnlé’é%’rl?]f‘ﬁléfaa?r gt f‘y‘fri% 13 @e%g@qswi-g?ﬂ%omav Ye12 is
either 2 16 @mplRiAsIMdahi dFofAL xiTi@eaghi ch |s spun  on or approximatel y
1.3 pmof high tenmperature resist. The layer 112 is softbaked and exposed

to mask 114. Aftiedayeex pdisubenedby spattamsk 1,000A of hianhay sitridd (TiNpatdemeidoped. | n
| yimde, the layer 112 is hardbaked at

h | 112 bei _ .
400C Tor S0l de iy gpegran ook F whishen iveoe Gref. Fupriher | BP0l T i s

har dbake . rOxi ot our. 1J60-SG 10 A
0.2 m crgﬁ%%t}%@;?gpmngp g%ﬁ&;&%&%@%@b@h&iﬁgﬁﬁéd. Part of this
|l ayer 116 f orOthertthatepas sihih daadeub@l iakteshef D AratioB,, RESiTheThayign. 116 is

formed by sputtering. 1l,0001 of titaniumnitride (Ti at around 300C
fol l owed by spdedarer Alp §dlé\erb¢xpp§ﬁ¢ttalr%ﬁ@krlil&rdeer@lomrbm)@plasmwtshﬂdrdoyzm00A of

i i : f TiN
R S g LR A R R S e Sy
Al)N.  Thetkaxatovt Hite tised lagers ¢8poser.t o mask 118, devel oped and pl asnma

etched down to the layer 112 whereafter resist, applied for the |ayer 116,
is wet strippetthisicaeificdaldayer 439 isappHediby epinning endeun phplatesasdiver 112. A

bhot o- sl ABYRim ARt 4 & RBE RenntlarirR st th v P08 sottoaked
resi st. Tagrtaelt ideossd ©hidraked Thake (%\;3\% gﬁgryﬁstthénscie%leﬁéﬁféuwe&rﬁﬁk 122.

The exposed | ayer is then developed follo
hardbaking. In the case of polyimide, the layer 120 is hardbaked at 400°C for

approximately one hour or at greater than 300°C where the layer 120 comprises resist.

A second multi-layer metal layer 124 is applied to the layer 120, The
constituents of the layer 124 are the same as the layer 116 and are applied in the same
mannet. It will be appreciated that both layers 116 and 124 are clectrically conductive
layers.

The layer 124 is exposed to mask 126 and is then developed. The layer 124 is
plasma etched down to the polyimide or resist layer 120 whereafter resist applied for
the layer 124 is wet stripped taking care not to remove the cured layers 108, 112 or 120.
It will be noted that the remaining part of the layer 124 defines the active beam 58 of
the actuator 28.

A fourth sacrificial layer 128 is applied by spinning on 4 um of photo-sensitive
polyimide or approximately 2.6um of high temperature resist. The layer 128 is
softbaked, exposed to the mask 130 and is then developed to leave the island portions

as shown in Figure 9k of the drawings. The remaining portions of the layer 128 are
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har dbaki ng. In the case of polyimde, the |ayer 120 is hardbaked at 400C
for approximtely one hour or at greater than 300C where the |ayer 120
conprises resist. A second nulti-layer nmetal |ayer 124 is applied to the

| ayer 120. The constituents of the |layer 124 are the sane as the |ayer 116
and are applied in the sane manner. It wll be appreciated that both

| ayers 116 and 124 are electrically cgnductive | ayers. The | ayer 124 is
exposed to mask 126 and is then devel 6ed. The |l ayer 124 is plasm etched
down to the polyimde or resist |ayer 120 whereafter resist applied for

the |l ayer, 124 i t stripped. taking care not to renpve the cured |ayers
108, 112 l%ﬂfgti%‘? at §00°Gifpr Ampeoimpisly ensciout fethe epsgiod pRlyipideor gt ereder | ayer 124
defines t i 58 of the actuator 28. A fourth sacrificial |ayer
128 is aﬁ%@%%@ﬁg¥%§%%%g:ng on 4 pm of photo-sensitive polyimnde or

appr oxi nat el y A fhpwimieFidurgBl dfanpéading £higk Yoshg's fedulgeleck?Slal &

sof t baked, exposed to the mask 130 and is then devel oped to |eave the
i sl and poY3isdeposied. sHagnayérm 3Riigennstigikeddsy appeoxdmatalynigen off$iiconemitridei ng

portions of .the | aye 8 ,are 60 SG. har dbaked at . 40QC fo

appr oxi _rra(frtfll S ‘?V{‘é@ﬁ' lﬁﬁ’ TPy légésedegf’ Slt%ll YR er%tpre;{ekfﬂ gﬁt}@FJba%“ﬁdan 300C
for resi St%mPé!&uﬁé]@Melsﬁbrﬁ(ﬁl 18l 08f 110820128 Nhe PriftlaBPchiPHRGisicdodul us
dielectric [ayer 132 is deposited. The layer 132°is constituted by

appr oxi neeayiyedifogthindiclsctricdayer h32 atedidhigloelasticumpdidum, oléngieal iftrenesager 132 i s
deposi ted_ at t enperature bel ow the hardbaked tenperature of the
sacrifi(ﬂ%ﬁOdﬁgvg(gH?&g&‘llz, 120, 128. The primary characteristics

required for tﬁbﬁﬁh@ﬁ&iﬁ’c@ﬂﬂéﬁrlﬁyﬁraﬁﬁl%;dl?{s?irﬁﬁ@&hzﬁ??g{m&o@gﬁﬂiw’ chem cal

i nertness and good adhesion to Ti th sacri llayer 134 is
appl i ed pelgmidmomppruxirdftelydt.3 joh of bigheenpératues repist. Yitiiiger 084 &ppr oxi mat el y
sk 136 SRRk ETORGHE TG 10618 AFVRPSer dPeRBnREEoTspaN txlayer 4
is then hardbaked at 400°C for one hour in the case of the polyimide or at greater than
300°C for the resist.
The dielectric layer 132 is plasma etched down to the sacrificial layer 128 taking
care not to remove any of the sacrificial layer 134.
This step defines the nozzle opening 24, the lever arm 26 and the anchér 54 of
the nozzle assembly 10.
A high Young's modulus dielectric layer 138 is deposited. This layer 138 is
formed by depositing 0.2pm of silicon nitride or aluminum nitride at a temperature
below the hardbaked temperature of the sacrificial layers 108, 112, 120 and 128.
Then, as shown in Figure 8p of the drawings, the layer 138 is anisotropically
plasma etched to a depth of 0.35 microns. This etch is intended to clear the dielectric
from all of the surface except the side walls of the dielectric layer 132 and the sacrificial
layer 134. This step creates the nozzle rim 36 around the nozzle opening 24 which
"pins" the meniscus of ink, as described above.

An ultraviolet (UV) release tape 140 is applied. 4pum of resist is spun on to a

rear of the silicon wafer 16. The wafer 16 is exposed to mask 142 to back etch the
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i s then hardbaked at 400C for one hour in the case of the polyimde or at
greater than 300C for the resist. The dielectric layer 132 is plasm
etched down to the sacrificial layer 128 taking care not to renove any of
the sacrificial layer 134. This step defines the nozzle opening 24, the

| ever arm 26 and the anchor 54 of the nozzle assenbly 10. A high Young's
nmodul us dielectric layer 138 is deposited. This layer 138 is fornmed by
depositing 0.2mof silicon nitride or *4lum numnitride at a tenperature
bel ow t he hardbaked tenperature of the sacrificial |ayers 108, 112, 120 and

128. Then S 0 in Figure 8p of the drawi ngs, the layer 138 is

ani sot ropW%%f ﬂépo %4%%2]&6 @g&ﬂﬁb‘g‘%"‘e&‘* ep iR TEst B‘.%S‘l HriEpGhsom thg walgt ch s
intended {@® clear the dielectric fromall of the surface except the side
wal ls of the dielectric layer 132 and the sacrificial |I|ayer 134. This step
creat es t he ndkairther UM Bhase apathot Heowi)ig hgpliep enh rgr 3fthelvadd 16'qpdns” t he

meni scus of ink, as described ahqQve. An ultraviolet rel ease tape 140
is applié€ ?@ﬁhé?lsr@&oé’?é-i Eh%f&ﬁﬁﬁﬁlﬁf lagers 108,d4 2. b?foaﬂ%é%gl%%ﬁsmp@d 16. The

vafer 16 jhxexROnsdnd ﬁgﬁﬁg? %?igiﬂa%@&%sg&ﬁﬂ?’tlht%ﬁ gl‘%o% ﬁ%l%%g&@{ §lq o6 to

define the 1hK inlet c e resist 7s Strip omthe wafer
16. A f uraftibe didwings| Faseast afeeférande, trawfdjencs napplalsdtudtarta in €laskse 6fo t he waf er

16 and the tape 140 is regove_d. .The sacrificial layers 108, 112, 120, 128
and 134 ATBVIES pisdhgsameasiRgssdn Figuse hef the dsrwipesito indicateithraclavantrags assenbl v
10 as shqymnd RoAOHESSHIS 0@ t | P el f reference,
the reference nlfmeral sb?IIP'ug?%ug‘{selc]%ﬁ l?ﬁggéqwmg&%%}ogﬁfﬁlg@%?% the sane as
t hose i n dssgublg 1¢, mdmifieudd dwicrgslahee wihhl klegirecdshéescabaVanie patht s of the

nozzl e assgrrbnlr% 1?.. Figures 11 and 12 show the operation of the nozzle
assenbl y TPETONGE HRFIgeTE Aetd iOn @W"é GRRCEPOnE O BryesSstodeafdhe bed above
with refgrgpee to Figures 8 and 9, and these figures correspond to Figures
2 to 4 of the

It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as

tllustrative and not restrictive.
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drawings. It wll be appreciated by persons skilled in the art that
numerous variations and/or nodifications nay be made to the invention as
shown in the specific enbodinments w thout departing fromthe spirit or
scope of the invention as broadly described. The present enbodi nents are,
therefore, to be considered in all respects as illustrative and not
restrictive. 1J60-SG 13 CLAIMS 1. An ink jet printhead conprising: at

| east one nozzl e chanber for hol ding ﬂﬁk; at | east one nozzle defining an
opening in fluid communication with the nozzle chanber; and at |east one
act uat or Qﬂgﬁﬁf ed to the nozzle and isolated fromthe ink held in the
nozzl e ch ,>the actuator, in use, actuating the nozzle to eject ink

fromthe pozzlg,; @ﬂﬂﬁﬁh Rr8kgRst,he opening. 2. A printhead according to
claim1, mhereinnﬁﬂe nozf%ecco%pg%gés a crown portion which defines the

openi ng, and at$dastrdneportle chamdiegdmdialding ik t he crown portion, the skirt
portion formng,a first part_of a peripheral wall of the nozzle chanber. 3.
A print head a@g&aaﬁ%qoazleﬁaﬁwa?npmm%m Rudpemaiuntsation withdhe mrelei nk i nl et
aperture dghifapdyhn a floor of the nozzle chanber, and a bounding wal
arranged to surround the ink inlet aperture and define a second part of

t he peri pher alat leabtl orefactubter covorzled te themoerie add isblapsd fadh eacinRGeldrigditng t o

claim 3, vvhe%e' n. thei’1 skirt portion is displaceable relative to the floor
of the nd¥# %‘ﬁ‘é‘i‘?ﬁref © FRPIGGR YasagelisnthsporHe tagieddrlo fromgfhenearte boundi ng

val | servgsnisr foddithdbid nmeans for inhibiting | eakage of ink fromthe
nozzl e chanber. o gAhOb fdnfi,

2, A printhead according to claim 1, wherein the nozzle comprises a crown portion
which defines the opening, and a skirt portion depending from the crown portion, the

skirt portion forming a first part of a peripheral wall of the nozzle chamber.

3. A printhead according to claim 2, further comprising at least one ink inlet
aperture defined in a floor of the nozzle chamber, and a bounding wall arranged to
surround the ink inlet aperture and define a second part of the peripheral wall of the

nozzle chamber.

4. A printhead according to claim 3, wherein:

the skirt portion is displaceable relative to the floor of the nozzle chamber
through actuation by the actuator; and

the bounding wall serves as an inhibiting means for inhibiting leakage of ink

from the nozzle chamber.

5. A printhead according to claim 1, wherein the actuator is a thermal bend

actuator.
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5. A printhead according to claim11, wherein the actuator is a thermal bend
actuator. 1J60-SG 14 6. A printhead according to claim5, wherein the
thermal bend actuator is constituted by two beans, one being an active
beam and the other being a passive beam 7. A printhead according to claim
6, wherein the actuator is connected to the nozzle by a connecting nmenber.
8. A printhead according to claim?7, erein: the actuator and the nozzle
are arranged on a substrate and the nozzle chanber is arranged in the
substrate; and each of the beans is anchored at one end to an anchor

nmounted on the, substrate nd is.connected at their other end to the
connect i n@ merfb 8PN ?Qcﬁ‘i‘ﬁ?ﬁ tﬁéi?dmagb] Bgﬁeﬁﬁl%g‘ett@raaéb?ﬂds%cmﬁﬁ%rl%i n the
connect i NG HIRIRRILYGREYhRE ond Dein rag]al?ﬁs\/é nfard tﬁ? Bthgtnﬁlelﬁgg ﬁ?s%{'v%d to the
actuator and a second end connecfed to the nozzle 1n a tantilevered
manner . 1fkamA print head according to claim1, conprising a plurality of
associ ated nozzle chanbers, nozzles and actuators.

7. A printhead according to claim 6, wherein the actuator is connected to the nozzle

by a connecting member.

8. A printhead according to claim 7, wherein:

the actuator and the nozzle are arranged on a substrate and the nozzle chamber is
arranged in the substrate; and

each of the beams is anchored at one end to an anchor mounted on the substrate

and is connected at their other end to the connecting member.
9. A printhead according to claim 8, wherein the connecting member comprises an
arm having a first end connected to the actuator and a second end connected to the

nozzle in a cantilevered manner.

10. A printhead according to claim 1, comprising a plurality of associated nozzle

chambers, nozzles and actuators.
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