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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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substantially normal to the substrate. However, where the nozzle is

di spl aceable, ink is ejected fromthe nozzle at a slight angle. If nozzles
in the arweyoarmssidrected to be displaced in opposite diPCFEAL20006000392e. as
mrror images of one another, the ink droplets ejected from such nozzles
are offset wwth respect to the perpendicyl,ar to a greater extent. This may
result in a degradation of the print quality. SUMVARY OF THE | NVENTI ON
Accor di ng to thl@thlls Eb\{c@fﬂstfoﬁ)t@e terﬁl kh%{zg %t%bplfngeyltog@aQanaeQ %nméhrgrtg arpgple %Qﬁ%ﬁ thSQEEEILg
array which includes a plurality of nozzle asse I es, each nozzle assenbly
conpr|5|ndsﬂ ink ejection nozzle, an actuator and a connecti ng nenber
|nterconnectlndhvh@kmﬁzwhémemm*kU&%é@@mﬁ@m%ﬂﬁwﬁébmm%%$émasg@Wb¢@®8ﬁbeing
arranged i édfediWs cjabiibh) t he nozzl es of the assenblies of one row nesting

bet weery connecty, NG, 0B TRES SsRbiy ﬁglb@gstmal %%ﬁmm%%%m@&n'g ﬁénbgrfbelsgh@the% nl%ﬁer ow

and the actuators of the assenblies el ng arran samne
side of th&E" PR onf °°§“eftFF ® HF%’“E?:B@@‘”I’H“E&‘E“?%*‘“? g ez i Wit‘é"“t"b""ﬁ%
under st ood"ds an el enent defining an opening and not the opening itself.

The nozzl e of eaacdhiuasse lofer RYhaPR rdIBMERBIa RPNy mb@edr SRbReRMd by nmeans
of its associated actuator for effecting ink ejection. The actuator of each
assenbly may be a thernmal 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 with an opposed end. The
actuators of said other row may be received between the connecting nenber
of said one row. - 2 - The nozzles of the assenblies nmay be shaped further
to facilitate cl ose packing of the nozzles. Preferably, the nozzles are
substantially hexagonal | y shaped. The printhead may be a nulti-col or
printhead, each color having two rows of nozzle assenblies associated with
it and the actuators of all of the rows nmay extend in the sanme direction.
BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is now descri bed by way of
exanple with reference to the acconpanying di agrammati c draw ngs in which: -
Figure 1 shows a three dinensional, schematic view of a nozzle assenbly for
an ink jet printhead; Figures 2 to 4 show a three dinensional, schenmatic
illustration of an operation of the nozzle assenbly of Figure 1; Figure 5
shows a three di nensional view of a nozzle array, in accordance with the
invention, constituting an ink jet printhead; Figure 6 shows, on an

enl arged scale, part of the array of Figure 5;
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Figure 7 shows a three dinensional view of an ink jet printhead including a
nozzl e guard; Figures 8a to 8r show three dinensional views of steps in the
manuf act We 2001/@9838zz1 e assenbly of an ink jet printhea®CTRAWRME®IB2 to 9r
show sectional side views of the manufacturing steps; Figures 10a to 10k
show | ayouts of masks used in various stgps in the manufacturing process;
Figures 1la to 11c show three di rrensi onal views of an operation of the
nozzl e assenbl tured.accol to the. S

and Fi gar os 124 B ok REEMERERE Aaldnd b N MELAPH, B ofd SRS pRAPHID 03
nozzl e ass‘@%?ayesﬁlﬁﬁ%fﬁ%‘?’iﬁ@éﬂy%@)r di ng to the met hod of Figures 8 and 9.
DETAI LED DESCRITRjricihainay bHEmiDRAWY PheaRedck totor Mging b tolwadlhaypzld agseriligiassecialed ofth t he
draw ngs, igmglaﬁg&ugor?\é%@mle%wsﬁl@e%ggrﬂg%ggmwwgh the invention is designated
generally by the reterence nuneral nk j et printhead has a

plural ity of nozzle assenbl i BEH BESCRIBIGN QFTHEDRAWIRGS - r ay 14 (Figures 5
and 6) on a si |Thciornt®ul siwdatibed . waild example with refetenyd t the dyemphewe dipdyadhafiqrayingat er
detail belpw;nlhe assenbl y 10 includes a silicon substrate or wafer 16 on
which a dielectric |la pSI vati.gn.layer 20 is
deposited on t#@“ﬁﬂ&" catﬂ?'r elés“’ﬁe’? legﬁfanncc)’zzzzelasespngb:?zérﬁ%'f]k)}gf?m %(’:I udes a
nozzl e 22 def i Miswgs %o hdowd tbfﬁﬁ’g&ﬁﬁ?l%@‘ sphematiy llpsspivm efied PRerativ pAhS pozelepsterily ¢ Sigwe of
a |l everp arm 26 and an actuator 28. The |ever arm 26 connects the actuator
28 to the I’IOZZ| sho até'g%ns ogal qg\’?&g gorzzledag'gy%lacc!)r@am!: I\Agfrl{hceﬁvel%oﬁ Qonéhtu‘ajlgakhe
drawi ngs, the nc?"rz 22 conprises a crown portion a skirt portion
32 dependllﬁgetﬂ’?‘%‘rﬁ’dt he crown portion 30. The skirt port| on 32 fornms part of
a peripheral waligire6fhoas, moz llagzedddrbretrof tBetrrfyfef Gemwesds 2 to 4 of the drawi ngs).

ITP@_ nozzlg opeﬁgggg%%ﬁﬁhﬁaemehs%ﬂwwmjg £ Ml 4381 BR@z| e chamber 34,
| S e note a e Nnozzl & open IS SUrro r.ai.se rirm
36 whith "pi ns"™ & HRMH Sé%‘ FE Ry vew?‘?g%’fmtheﬁlgl 7S (%n%zqéfé%mtﬁy IISlkr]gzzl e

chanmber 34printadii nk i nl et aperture 42 (shown nost cIearIy in Figure 6 of the
drawi ng) is deffilgﬂle@baitdbramﬂeamalﬂ&vfa&sotdﬂandaﬂzc%@s@mnber 34. The aperture 42

(S in Thurd CommMl Rk BhoMd i isch lvfthus & tg;gmlﬁémaﬁﬁac Ehhed through the

substrate 16. ortion s the a ture 42 and extends upwardly
fromthe floor Fffﬁliest]il@) Tgghow s d%‘ﬁlisi"?alYﬁ?ﬁ‘isﬁﬁab??”S@n°%]§nPﬁ]ﬂf‘sf?ﬁ?lé’aa“&fb°8W of the
nozzl @2 defdingesheaethidositisuppas 4nd @fanda peri pheral wall of the nozzl e chanber
34 and the wal lFlngQ! ltZLQnZC%Wgé%&dnﬁg& v%ﬁ@%p@gatﬂl@-gfttheggzﬂ& Q@mﬂﬁrﬁdﬂlﬂnﬁfe@l&c&@lglm of
the nozzle chanber 34. The wall 50 has an inwardly directed lip 52 at its
free end whiHoLEFigwe 83w, £ UI dic seal which inhibits the escape of ink
when the nozzle 22 is di sp/MdadEDDRESGRIPIIONORBEEPRAEENGSn gr eat er det ai |

bel ow. It will }Qﬁuﬁ@:ﬂﬂlﬁl‘jioalgﬁgl sﬂa@mawmg% mﬂu@s&mlytuh@com@mmemv@ﬁmtme ink 40
and t% Sn}%m%nﬁced %ener jlf’b& %re rencen %PII%CI n:gl?lgtit ‘éﬁ?e?&a? a apC eah%ygih ng%lg ?}SEE bltl ﬁ)a%la?rlggdt

portlon 32 recte unc 1 on as an
effective @@HPK aﬁ@f”l(lhweb-‘i 3{‘1?1 ﬁ@n t Wé“\e%‘é‘éﬁ?em ofhe prpa 14 yilh b degqigbed in greater detail below.

The assembly 10 includes a silicon substrate or wafer 16 on which a dielectric layer 18 is deposited. A CMOS

' passivation layer 20 is deposited on the dielectric layer 18.
Each nozzle assembly 12 includes a nozzle 22 defining a nozzle opening 24, a connecting member in the form
30  ofalever 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)

35  of abody 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 fioor 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

40  portion 50 defines a second part of the peripheral wall of the nozzle chamber 34.

The wall 50 has an inwardly directed lip 52 at its free end which serves as a fluidic seal which inhibits the

escape of ink when the nozzle 22 is displaced, as will be described in greater detail below. It will be appreciated that,



nozzl e chanber 34. The actuator 28 is a thermal bend actuator and is
connected to an anchor 54 extending upwardly fromthe substrate 16 or, nore
parti cul awbyodwmspssthe CMOS passivation |ayer 20. The an®odrat@doovmoivount ed
on conductive pads 56 which forman electrical connection with the actuator
28. The actuator 28 conprises a first, agtive beam 58 arranged above a
second, passive beam 60. hi a preferred enbodi ment, both beam; 58 and 60
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fl ow t hr oughletidebaet i ve beam 58 thermal expansion of the beam 58 results.
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72. ltsds to b d .t hat S
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di s pI aced ¥ ]d)és lﬁt&nhglhblglfﬁgg{ gape so that the nozzles 22 in the row 75 nest between the nozz egﬂ an(? the

30  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.
Tt 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
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).



16, in use, due to the nozzle opening 24 being at a slight angle with
respect to the nozzle chanber 34 ink is ejected slightly off the
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This step defines the 1nk inlet a%ert
Approximately 0.5 nucrons of PECVD nitride is depos1ted as the CMOS passivation layer 20. Resist is spun

IS

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 pm of photo-sensitive polyimide which is spun on or approximately 1.3 pm 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



hi Figure 8b of the draw ngs, approximately 0.8 m crons of alum num 102 is
deposited on the layer 18. Resist is spun on and the alum num 102 is
exposed tworeaslksif4 and devel oped. The al um num 102 i s pCasseo@oim®d down
to the oxide layer 18, the resist is stripped and the device is cl eaned.
This step provides the bond pads and intgrconnects to the ink jet actuator
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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 0.2pum 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



hour or at greater than 300 OC where the | ayer 120 conprises resist. A
second nmulti-layer netal layer 124 is applied to the |layer 120. The
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develq% The renainihg portion ofthe layer 134 is then hardbaked at 400
0C for oné“ﬁﬂﬂ? in the case ofthe polyinide or at greater than 300 OC for
the resist. The dielectric layer 132 is plasma etched down to the
sacrificial |ayer 128 taking care not to renove any ofthe sacrificial |ayer
134. This step defines the nozzle opening 24, the |l ever arm 26 and the
anchor 54 ofthe nozzle assenbly 10. A high Young's nodulus dielectric |ayer
138 is deposited. This layer 138 is formed by depositing 0.2mm of silicon
nitride or alumnumnitride at a tenperature bel ow the hardbaked
tenperature ofthe sacrificial |ayers 108, 112, 120 and 128. Then, as shown
in Figure 8p ofthe drawings, the layer 138 is anisotropically plasma etched
to a depth of 0.35 microns. This etch i s intended to clear the dielectric
fromall ofthe surface except the side walls ofthe dielectric layer- 6 -
132 and the sacrificial layer 134. This step creates the nozzle rim 36
around the nozzl e opening 24 which "pins" the neniscus of ink, as described
above. An ultraviolet (UV) release tape 140 is applied. 4mmof 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 fromthe wafer 16. A further
WV rel easwotapiasfsiat shown) is applied to a rear of thepaafAaroddossvd t he
tape 140 is renmoved. The sacrificial |ayers 108, 112, 120, 128 and 134 are
stripped in oxygen plasma to provide the;final nozzle assenbly 10 as shown
in Figures 8r and 9r of the drawi ngs. For ease of reference, the reference
numerals illustrated in these two drgy.Rdspfl € the same as those in Figure
1 of the drawings to indicate the relevant parts of the nozzle assenbly 10.
Figures 11 and 12 show the operation of the nozzle assenbly 10,
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scope of t{h@e VRIS broadly described. The present enbodi nments are,
therefore, to be considered in all respects as illustrative and not
restrictive.- 7 - THE CLAIM5S 1. An ink jet printhead nozzle array which

i ncl udes a pl utal i ety ofdyn | & whiskbesrzjeakeach aseplyigneriable ad & disesd PEBIPT &5 ng
an i nkoej asécdadachazZirefectapinBgéctial or and a connecti ng nenber interconnecting
the nozzle with its actuator, the nozzle assenblies bei ng arranged in rows
with the nozzles of the assemblies of one row nesting between the
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act uat or s mehbet g asisdmp bizegm bdvink g ndrawstedie anigxtardng fige the otvatirle hewngghesi de of
the rows. pdveatldHozzRMs@¥ih M opfeledlbdd 1 i N wWhich the nozzle of each assenbly is
novea ée and is displaced by neans of its associated actuator for effecting
ink ejection. 3. The array of Cdaim2 in which the actuator of each
assenbly is a ther fdartyefdané inyhichibe actuties o Bidberrrasr preiftdrvaEh rgmpsing he
form of ame@temoh@Mioitgowone end connected to, and extending from the
actuator and having the noveabl e nozzle fast with an opposed end. 4. The
array of Caim1l1 in which the actuators of said other row are received
between the connectPgWETHR! & "Gih Sanopr o &e pamblies e Fred B EYe SrergEm ™ in
whi ch20he ntvadzsz| es of the assenblies are shaped to facilitate cl ose packing
of the nozzles. 6. The array of aim5 in V\/nich the nozzl es are

substantial ly bexa naII "g‘ﬁé 1|n whi ch the
printhead is agrrul e-af:r@(l ?F‘n Rt dnozzefa%%subsg%{ y}ﬁxa%‘)lnar%l RS rows of nozzle
assenbl i es associ at ed wrth it and the actuators of all of the rows
extending in the sam®mgio@6hi GRuhich 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.



