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act uat t he nozzl e assenblies being arranged in rows with the nozzles of
t he assenbl i es of one row nestBASKGROUNREA THE IMENTION) nenbers of adj acent
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substantially normal to the substrate. Mowever, where the nozzle is displaceable, ink is ejected from the nozzle at a slight

35 angle. If nozzles in the array arc 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 actualor, 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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In this specification the term"nozzle" is to be understood as an el ement
defining an opening and not the opening itself: The nozzle of each assenbly
may be novwesbligsand nmay be di spl aced by means of its assocbétrgqm%(gggat or
for effecting ink ejection. 5 The actuator of each assenbly nay be

t hermal bend actuator, the connecting nenmber being in the form of an arm
havi ng one end connected to, and extending from the actuator and havi ng
the noveabl e nazai &edif@aion th ki "REx10P POS @ dersRidlas anldter@Gelibl Al bp2niRtfandSii 1AL o%\h/\\%r
row may be,geceived between the connecting nenber of said one row.

01/ 89844 -3 PCT/AUOO/00592 due to the viscosity of the ink 40 and the small
di mensi ons of t'AECHFIETRHGSHRIMBEL mPYsebleapdyna be displepod by aeagsaf fyasspinted pROTE  t he
i nwar dl y diffriegtitkdiettiop 52 and surface tension function as an effective sea
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upwardly fr 5 substrate nor e

passi vati ofi'| ayer 20. The anchor 54 is nDunted on conductlve pads 56 which
form an el ect r iTeetvaarpfiaigofhamwaiay b rictied beotcenalte@inn@@ig mitter diatduatror. 28
conprises a first, active beam 58 arranged above a second, passive beam 60.
In a preferred enbodi nent, both beans 58 and 60 are of, or include, a
conductive ceramic material such as titaniumnitride (Till. Both beans 58
and 60 have their first ends anchored to the anchor 54 and their opposed
ends connected to the 10 arm 26. Wen a current is caused to flow through
the active beam 58 thernmal expansion of the beam 58 results. As the passive
beam 60, through which there is no current flow, does not expand at the
sane rate, a bending nonent is created causing the arm 26 and, hence, the
nozzle 22 to be displaced dowmnwardly towards the substrate 16 as shown in
Figure 3 of the drawings. This causes an ejection of ink through the nozzle
opening 24 as shown at 62 in Figure 3 of the draw ngs. Wen the source of
heat is renoved fromthe active beam58, i.e, by stopping current flow, the

‘nozzle 22 15 returns to its quiescent position as shown in Figure 4 of the

drawi ngs. Wien 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 formed as shown
at 68 in Figure 4 of the drawings. This "negative" neniscus 68 results in
an inflow of ink 40 into the nozzle chanber 34 such that a new neni scus 38
(Figure 2) 20 is fornmed in readiness for the next ink drop ejection from
the nozzl e assenbly 10. Referring nowto Figures 5 and 6 of the draw ngs,
the nozzle array 14 is described in greater detail. The array 14 is for a
four color printhead. Accordingly, the array 14 includes four groups 70 of
nozzl e assenblies, one for each color. Each group 70 has its nozzle
assenblies 10 arranged in two rows 72 and 74. One of the groups 70 is shown
in greater detail in Figure 6 of the drawings. 25 To facilitate cl ose
packi ng of the nozzle assenblies 10 in the rows 72 and 74, the nozzle
assenblies 10 in the row 74 are offset or staggered with respect to the
nozzl e assenblies 10 in the row 72. Also, the nozzle assenblies 10 in the
row 72 are spaced apart sufficiently far fromeach other to enable the

| ever arnms 26 of the nozzle assenblies 10 in the row ?4 to pass between
adj acent nozzles 22 of the assenblies 10 in the row 72. It is to be noted
that each nozzle assenbly 10 is substantially dunbbell shaped so that the
nozzles 22 in the row 72 nest between the nozzles 22 and the 30 actuators
28 of adjacent nozzle assenblies 10 in the row 74. Further, to facilitate
cl ose 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 chanber 34 ink is ejected 35 slightly off the
perpendicular. It is an advantage of the arrangenent 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 Saﬁ?ﬂﬁfﬁﬁﬂﬂéﬂ one side of the rows 72 and
74. Hence, the ink ejected fro in the row 72 and the ink
ejected fromthe nozzles 22 in the row 74 are offset with respect to each
ot her by the sanme angle resulting in an inproved print quality. Al so, as
shown in Figure 5 of the drawi ngs, the substrate 16 has bond pads 76
arranged thereon mhlch provi de 40 t he electrlcal connecti ons, V|a t he pads




drawi ngs, like reference nunerals refer to |like parts, unless otherw se
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hour or at greater than 300C where the | ayer 120 conprises resist. 15 A
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same as the layer 116 and are applied in the same manner. It will be appreciated that both layers 116 and 124 are
electrically 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

20 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 pm of photo-sensitive polyimide or approximately
2.6pm 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 hardbaked at

25 400°C for approximately one hour in the case of polyimide or at greater than 300°C for resist.

As shown in Figure 81 of the drawing a high Young's modulus dielectric layer 132 is deposited. The layer 132
is 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 2um of photo-sensitive polyimide or approximately
1.3um 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 0.2uum 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
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shown in Figures 8r and 9r of the drawings. For ease of reference, the reference numerals illustrated in these two

drawings are the same as those in Figure 1 of the drawings to indicate the relevant parts of the nozzle assembly 10.
10 Figures 11 and 12 show the operation of the nozzle assembly 10, manufactured in accordance with the process described
above with reference to Figures 8 and 9 and these figures correspond to Figures 2 to 4 of the drawings.

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 illustrative and not

156  restrictive.
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3. The array of Claim 2 in which the actuator of each assembly is a thermal bend actuator, the connecting
member being in the form of an arm having one end connected to, and extending from, the actuator and having the
moveable nozzle fast with an opposed end.

15

4 The array of Claim 1 in which the actuators of said other row are received between the connecting
members of said one row.

5. The array of Claim 1 in which the nozzles of the assemblies are shaped to facilitate close packing of the
20  nozzles.

6. The array of Claim 5 in which the nozzles are substantially hexagonally shaped.

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.



