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BACKGROUND TO THE INVENTION
In ink jet printheads, the more closely packed the nozzles of an array are, the better the print quality.
Further, where a nozzle is stationery and an actuator is used to eject ink from the nozzle, such ink is ejected
substantially normal to the substrate. However, where the nozzle is displaceable, ink is ejected from the nozzle at a slight
35 angle. If nozzles in the array are directed to be displaced in opposite directions, i.e. as mirror images of one another, the
ink droplets ejected from such nozzles are offset with respect to the perpendicular to a greater extent. This may result in a
degradation of the print quality.
SUMMARY OF THE INVENTION
According to the invention, there is provided an ink jet printhead nozzle array which includes a plurality of
40 nozzle assemblies, each nozzle assembly comprising an ink ejection nozzle, an actuator and a connecting member
interconnecting the nozzle with its actuator, the nozzle assemblies being arranged in rows with the nozzles of the
assemblies of one row nesting between connecting members of adjacent nozzle assemblies of the other row and the

actuators of the assemblies of both rows being arranged on the same side of the rows.
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PCT/ AU00/ 00592 - la In this specification the term"nozzle" is to be
understood as an el enent defining an opening and not the opening itself.
The nozzl e of each assenbly may be noveabl e and may be di spl aced by neans
of its associated actuator for effecting ink ejecti.on. 5 The actuator of
each assenbly may be a thermal bend actuator, the connecting nenber being
in the formof an arm having one end connected to, and extending from the
actuator and having the noveabl e nozzle fast wth an opposed end. The
actuators of said other row may be received between the connecting nenber
of said one row RECI ZFI ED SHEET WD 01/ 89844 PCT/ AU00/ 00592 -3 due to the
viscosity of the ink 40 and the small dinmensions of the spacing between the
lip 52 and the skirt portion 32, the inwardly directed |lip 52 and surface
tension function as an effective seal for inhibiting the escape of ink from
the nozzle chanber 34. The actuator 28 is a thermal bend actuator and is
connected to an anchor 54 extending upwardly fromthe 5 substrate 16 or,
nore particularly fromthe CMOS passivation |ayer 20. The anchor 54 is
nmount ed on conductive pads 56 which forman electrical connection with the
actuator 28.
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16, in use, due to the nozzle opening 24 being at a slight angle with respect to the nozzle chamber 34 ink is ejected

35 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 ejected from the nozzles 22 in the row 72 and the ink ejected from the nozzles 22 in the row 74
are offset with respect to each other by the same angle 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
40 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).



Al so, as shown in Figure 5 of the drawi ngs, the substrate 16 has bond pads
76 arranged thereon which provide 40 the electrical connections, via the
pads 56, woot/gm4act uators 28 of the nozzle assenblies 10. pdvaveo/aisertri cal
connections are formed via the CMOS | ayer (not shown). WD 01/89844

PCT/ AU00O/ 00592 -4 Referring to Figure -A#-of the drawi ngs, a devel opnent of
the invention is shown. Wth reference to the previous draw ngs, |ike

ref erence numeRettrig fo@&fge 7 bf@he Miakifgs PaEvelSpment f tRS Bveribi©dhnS &ith peeehd: todid previsus t hi S

devel oprreﬁﬁwmg@hi@eq%fern@eramaglgmérqomépg;@unsseﬁ,e%egageﬁaubstrate 16 of the ar ray
14. The nozzle i ncl udes a havi n% pl urali ti{
h

p
passages 84 deh PHAHEHEN CoTEeis a0 TREm L IR GRS a0 o e T Qb ot
t he nozzl eclolesrbpdygemiRds2dfving h plunldy o bassagesSalpfinkd teegethid@gho Thetphrenga B4 @yin Mlstsumn

that, shege ho%h% obeﬁmgsjzesftaeqozm gmnanyloenﬁe aeﬁy 1 aehmaénm EdYebh adfbne d € 1 NK
passes thr on%ﬁemnésg“at\hs “ﬁkéégt ] passa late({oe aoggg:f %LF%N ved‘F” nt nmedia. The

body menb & ace Ati1oNs N |p r o the nozzle
assenbl i es 10 Thybddy pemder§? is pynigd 1§ spag@ relatiyqghipgflatiyq e thenoppragsengfesi @y ligiby or ptpyls et
openi ngs &3 cded ihnedls Bdras £iiilet ofefiingd SBrefinehBdieit he array 14 is in operation, air
i s charged throygh,the ahé}'lﬂsm e%{%d“&%s &ﬁgeh‘audi]& tﬁe%éiﬁ‘pgm&gb&qy&f}or&mm 1%6 K

passages 84 together with raveél |'ing t hrough the passages
i s not” enP¥E§H &’gfﬂﬁ’r‘f"ﬁ’é‘ﬂ‘é'iaYe“‘&%m‘P%th&?afsaﬁessmcharged t hrough t he passages 84
at a di f f er ent Thy @k poet enpraihqddrthe dyag the agfis changed thnqigh the pashget & abGliffefeg vel@ioelivplttet t he

i nk dropl mu@&oﬁmem%ﬂ& fnk pRudne 65‘9@%40@(5&0%\2}16@15221@5 ¥ &l aQ8bcleyof Aoroximately
appr oxi ma!; 'Vm M S %m{ou e mpa'lsssagé% 4aate9veoc1 apprc%miatﬁlé?nﬂpassages 84 at a

veIOC|tyo ToXi R air is to maintain the
passages 84 cI & PUrRSfe of tyy Adrjimmadiain tﬁ%ﬂa-“e@es Sﬂcl'aaﬁ €pesien eagiclst: & degpgfiexipthat lese 15
forei i phfeigh mtelss, sushibe hus@srtiddd SbuldXsll difo Ce BBzle Bdibliek 10 advbrselynaticotin kheir spaztivh.e
assenbl i eg;ulfle ;ﬁéi}éfo{ G )(u iﬂlfet oﬁéﬁin% '%thﬂlé‘ﬁézﬂe é&@r@&ﬁiﬁ Bﬁ?&lem iVt ﬂrgta Q&n@&b%{t!eds' on of

the air inlet openin e nozzle uar mis, a
| arge extent, é’ﬂ"g’d"h%f%'f’r]??ﬁﬁ‘ ° fiewre-a ﬁeﬁﬁ‘}rg‘g““’gmt"ﬁg ?)“°81Feaisﬂ‘eﬂ‘?ir‘%’\7\n ngs, a
process fénscﬁhﬁnuf acturing the nozzle assenblies 10 is described. Starting
with the sili cofingWasthd Bk shtraddf Wifer Othe didhetricliay@d 18 Gslabogited ﬁmﬁfa&&mesvafer 16.

depos 6edTIferJ1e1%cmclI| yer%ltsm%]:e fopgfaﬁjm%;telépS Fcrwﬁp-% dl el ec l’ Is(lzmonqé/tﬁel er818 ansd I n

the form oxl eS| I's sp
the | ayerthi’BYe%ﬂt‘ieF exItOf?émlﬂéi}‘é?O apQis pubsequentyydesippedo mask 100 and is subsequent I y
devel oped. Af t&fter thisg eg:lofielypd l9pad s phit@ ckiay@kn b e sifcoplaswaTetreixedhdaped 0 t he

silicon | A%@L 1akbis ishdhGneki eﬁls%ttpdeﬁlesttﬁ@&nﬁ&(;ﬂemf.eﬁ and the | ayer 18 is cl eaned.
This step defines he Ink inlet aperture 42 t he draw ngs,

of
appr oxi nat el y BF ‘8‘“’?‘3 CHEEEES FPOHFHINA ST ‘galHE‘fB‘B‘s]I%% ‘é&epﬁﬁedfﬁ'ee gy Kot
Resi s25 25 siusongyy the ayminam d02tisvapogell tommias P afDiRvejoged e R elgmiplunt 162 ivpladma 8tdd dapto
devel opedihe Jdy1apt 180hdVNR il AeppbdandtheSvicd 1sefe£1t1ﬁ ahislapBroti@s tht md X aftBntbra)Rés 3.8,

the resi SEh m]? etse;([:ul;a op&eq}ug‘ mtgrconne% is EVI ve%ansm Qreandap-(l)-vbelr COBlléc%V Is gae € I it e
bond pads and i nterconnect s e i nk | et actuator I nt er connect

is to an RREXOHRE/ R the¥hs st or and a power plane with connect i ons made in
Approximately 0.5 microns of PECVD nitride is deposited as the CMOS passivation layer 20. Resist is spun

30 on and the layer 20 is exposed to mask 106 whereafter it is developed. After development, the 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 is 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 pm of high temperature resist. The layer 108 is softbaked and is then exposed to mask

35 110 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

40 either 2 um of photo-sensitive polyimide which is spun on or approximately 1.3 pmn 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
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2.6 m hi ghatregperature resist. The layer 120 is softbaked whereafter it is
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baking. In the case of
appr oxi nat-84mPt BHdemPrEtE fe%b%‘ %“E layst BétSé‘?ﬂbikF%ﬁp%@(&t‘}*Wé‘rléo PhHE ﬂF*é%f&PP@er}ea"e
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i‘gg 2:113 i‘ggl :’:ll‘e s SflOWIl mll}lgure ?InFmerE?énmr}lgg high \Ioungs modulus dle?e [ aech:rI 1?2t erosn The ?ayer 132 ayers

1s constituted by approximately 1um of silicon nitride or aluminum oxide. The layer 132 is deposited at a temperature
below the hardbaked temperature of the sacrificial layers 108, 112, 120, 128. The primary characteristics required for
this dielectric layer 132 are a high elastic modulus, chemical inertness and good adhesion to TiN.

30 A fifth sacrificial layer 134 is applied by spinning on 2pm of photo-sensitive polyimide or approximately
1.3pm of high temperature resist. The layer 134 is softbaked, exposed to mask 136 and developed. The remaining
portion of the layer 134 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

35  sacrificial layer 134.

This step defines the nozzle opening 24, the lever arm 26 and the anchor 54 of the nozzle assembly 10.

A high Young's modulus dielectric layer 138 is deposited. This layer 138 is formed by depositing 0.2um of
silicon nitride or aluminum nitride at a temperature below the hardbaked temperature of the sacrificial layers 108, 112,
120 and 128. _

40 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



el ectrically conductive layers. The |ayer 124 is exposed to nmask 126 and is
t hen devel oped. The | ayer 124 is plasma etched down to the polyimde or
resi st | ayen1/d®@® whereafter resist applied for the | ayer RCWAUS)/NEH2
stripped taking care not to renove the 20 cured layers 108, 112 or 120. It
will be noted that the remaining part oféthe |ayer 124 defines the active
beam 58 of the actuator 28. A fourth sacrificial layer 128 is applied by
Spi Nni ng  ox adl tiAs@fificpl16/e:0346 GRS btépl che@esfiR nyrb10i6l 8 aimdalppsax operadaeh YhichZpiGnhof hi gh
t enper at uglglsguggﬂlﬁ(tasdggggeda@yeer 128 is softbaked, exposed to the nmask 130 and
is then devel oped to | eave the island Portlons as shown in Figure 9k of
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300C f®r g&shStafer S Shown |n Fi gure 81 of the drawi ng a hi gh Young's

nodul us di el ec 0S|l const | ted by
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1. 3m of habgle viterfoercat HigeesiSesi 93id thefdhfguearyrespodd3dFiguss B bihigldedingsexposed t o

mask 136 and dl?%ﬁ i)é)agﬁalatea- lt}%er&%ll@'nﬂtge artAF Ju]nQ&xs %athﬂ%.ndl’o?—x\i&ﬁﬁc&l&é nfaysbetngcfén
har dbaked t 400 iin.the t he | m e r. at ar eat er

t han 300C°F6M" en%‘%lassgoewéllms esPeT’ e PR ’tm(ra‘l(’m%?p fro'_“Lg'g T STORR RS BEEREE down
to the sabreadlydesirihgd P&y@?emm@dl{nmaﬁgth%eé%toﬁmonsederedrleﬁ’deseecfawlh@tfahtew no35
sacri1s ci slridieyer 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 nodul us
dielectric layer 138 is deposited. This layer 138 is forned by depositing
0.2mof silicon nitride or alumnumnitride at a tenperature bel ow t he
har dbaked tenperature of the sacrificial |layers 108, 112, 120 and 128. 40
Then, as shown in Figure 8p of the drawings, the layer 138 is

ani sotropically plasma etched to a depth of 0.35 mcrons. This etch is
intended to clear the dielectric fromall of the surface except the side
wal I's of the dielectric |ayer WO 01/89844 PCT/ AUOCO 00592 -6 132 and the
sacrificial layer 134. This step creates the nozzle rim 36 around the
nozzl e openi ng 24 which "pins" the neniscus of ink, as described above. An
ultraviolet (UV) release tape 140 is applied. 4mof resist is spun on to a
rear of the silicon wafer 16. The wafer 16 is exposed to mask 142 to back
etch the wafer 16 to define the ink inlet channel 48. The resist is then
stripped 5 fromthe wafer 16.



A further UW rel ease tape (not shown) is applied to a rear of the wafer 16
and the tape 140 is renoved. The sacrificial layers 108, 112, 120, 128 and
134 are svoopgmad i n oxygen plasma to provide the final noeet/avesesnbly 10
as shown in Figures 8r and 9r of the drawi ngs. For ease of reference, the
reference nunerals illustrated in these7w draw ngs are the sane as those
in Figure 1 of the drawings to indicate the relevant parts of the nozzle
assenbly 10. 10 Figures 11 and 12 shpae thamsperation of the nozzle assenbly
10, manufactured in accordance with the process descri bed above with
reference to Figures 8 and 9 and these figures correspond to Figures to 4
of the drawings. 14"t Prindeadapspr ey ‘é‘&‘%ﬂ‘dﬂ‘g’ s Rl QEnogeRfsrRles; eFFhf“ﬁ@e ”é?e{“bl?( hat
NUMer ous wapisap onkSsegtivaiozte, axpdiafor 0d4 doorGingreeynbdy éterverd@tingttte nézkiewithrity enttbrothe as

shown § n thg amksfb'elgg a@rmgéadd IRWiR m%&mmmqummslofwe bW Qeraﬂng be%vegnhercb,&m@lrg

scope of th ntion.as escr i i ments are,
S hope o et (S St sar ) dheT SRR ip SR T BRDIRT pyah B HE
restricti odhe syy®s@q9fgo 8% PCT/ AUOO/ 00592 -7 THE CLAIMS 1. An ink jet
printhead nozzle array which includes a plurality of nozzle assenblies,

k | n -, d
each nozzie a e ot eg&"éﬁﬂd th Qﬂch%{é &ﬂkof%ic{?a%&ehﬁ?hﬁ%ﬂe%ml Qc%li M‘LB‘ @9 a

connecting ne connect 1 ng Its act
nozzl ¥ asE¥ApY étga“’b@f“ﬁ@‘“’éﬁ”i‘kﬁﬁﬁ’élﬂ |n rows Wi th the nozzles of the assenbl i es
of one row nesting between the connecting nenbers of adjacent nozzle

assenblies of §he gt EH%{, orCOM ARehidhhg a@lﬁ&mga@fraﬁmqﬁly it D@erdis seamnw&stha]gm%e&g |
gl‘vla (0] al m

rows being_arranged same side o
in which %%ée}’err??)m ef°‘fm °é3‘caﬁn hRRe hT °°’|m§“er‘#t)°vaeng1 ){Pe%"érgr i1 33""3 acé’ﬂg%y neans
of its mova@lsemla@%w&%mmd@ﬁdfor effectl ng ink ej ectl on. 3. The array of

Claim® in which the actuator of each assenbly is a thernmal bend actuat or,
the connecting, “Bﬁpﬂayé}%hﬂ& mwm&*&l%ainﬁ{og‘o%&d&ﬁh%%m@ewemw She GO NNECT ed
to, and extending froni the actuator aving the noveable nozzle fast
with an oppYEefs&h@c™Y5 4. The array of Claiml in which the actuators of
said other row are recei ved between the connecting nenbers of said one
row. 5. The argay B afe @cHimh ih Mhidke 68218 RANNIEANiESre Qfapdd A ABERIR phcRiS RIhE
shapeﬂ%to f<?C| litate cl ose packing of the 20 nozzles. 6. The array of
Claim Whi ch t he nozzl es are substantially hexagonally shaped. 7. The
array of Claiml in which the printhead is a nulti-color printhead, each
col or havi ng tewo rIwWarapéf Cladts ineHalie n@asarlbit@Gallg ESQaiadtsegedM t h |t and t he
actuators of all of the rows extending in the same direction.

7. The array of Claim 1 in which the printhead is a multi-color printhead, each color having two rows of

25 nozzle assemblies associated with it and the actuators of all of the rows extending in the same direction.



