-1 NOZZLE FOR AN I NK JET PRINTHEAD Field of the

I nvention This invention relates to an ink jet
printhead. More particularly, the invention rel ates

to a noving nozzle ink jet. s Background to The

I nvention Most ink jet printheads of the type

manuf actured using mcro-electro nmechanical systens
(MEMS) technol ogy have been proposed in a construction
usi ng nozzl e chanbers fornmed in MEMS | ayers on the
top of a substrate with nozzle chanbers fornmed in the
| ayers. Each chanber is provided with a novabl e paddl e
actuated by some formof actuator 10 to force ink in a
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dispensing with the paddle, simplifying construction and providing an environment which

is less prohe to the leakage of ink from the nozzle chamber.

Summary of the Invention

20 According to one aspect of the invention there is provided a nozzle for an ink jet
printhead, the nozzle being configured to eject drops of ink toward a surface to be printed
on, the nozzle comprising an apertured roof portion arranged to engage with a chamber
defined by at least ohe wall and an apertured roof portion; the roof portion having an inner
roof section for contacting and conté.ining’ the ink and an outer roof section opgratively

25 connected to an .exterﬁal actuator such that, in use, bending the actuator moves the roof
portion away from the surface to be printed to facilitate formation of an ink droplet that is

ejected towards the surface upon subsequent straightening of the actuator.



2_ According to another aspect of the invention
there is provided an ink jet printhead including: a
plurality of nozzles each adapted to eject drops of
ink toward a surface to be printed; wherein, 5 each
of the nozzles has an external actuator and an
apertured roof portion; the roof portion defining an
i nner surface for contacting the ink and an opposi ng
outer surface operatively connected to the externa
actuator such that the actuator noves the roof portion
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ejects ink through the apertured roof portion by moving it toward the floor portion.

Preferably, the conduit in the underlying substrate communicates with the nozzle
chamber through an opening in the floor portion, the opening being sufficiently large so as

20 not to significantly impede the flow of ink therethrough.

Preférably, ink in the nozzle chamber in use is inhibited from flowing back through
the conduit upon downward movement of the roof portion, primarily by viscous drag on the

walls of the conduit.

Brief Description of the Drawings

25 Notwithstaﬁding any other forms that may fall within its scope, one preferred form of
the invention will now be described by way of example only with reference to the

accompanying drawings in which:



-3- Fig. 1 is a partially cutaway perspective view of

a noving nozzle ink jet assenbly, Fig. 2 is a simlar
viewto Fig. 1 showing the bend actuator of the noving
nozzl e bent causing a drop of ink to protrude fromthe
nozzle. Fig. 3is asimlar viewto Fig. 1 showi ng the
nozzle returned to the original position 5 and a drop

of ink ejected fromthe nozzles3-Fig. 4 is

cross-sectional view through the md line of the
apparatus as shovvnin Fig. 2. Fig. 5is asimlar

view to Fiqg. showi ng the use of a optlonal zzl e
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simlar viewto Fig. 1 without the portions cut away
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cong'frl c of?}ﬁkler he nozzl e chanber. 15 Fig. 10 is a
simlar V|ewto Fi 9. wi er ers
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bend actuator cut away, and the actuator anchor
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INVENTION It will be appreciated that a | arge nunber
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co-p& APZZappl i cations referred to at the

begi nni ng of this specification. For the purposes of
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" 1'S showing an optional constriction in the nozzle chamber.

15 Fig. 10 is a similar view to Fig. 9 with the upper layers removed, and

Fig. 11 is a similar view to Fig. 1 showing the bend actuator cut away, and the

actuator anchor detached for clarity.

DETAILED DESCRIPTION OF THE INVENTION

It will be appreciated that a large number of similar nozzles are simultaneously
20 manufactured using MEMS and CMOS technology as described in our co-pending patent
applications referred to at the beginning of this specification.

For the purposes of claﬁty, the construction of an individual ink jet nozzle alone will

now be described.

“Whereas in conventional ink jet construction of the type described in our above

25 referenced co-pending patent épplications, ink is ejected from a nozzle chamber by the



di spensed wth and ink is ejected through an opening
(nozzle) in the upper surface of the chanber which is
noved downwardly by a bend actuator, decreasing the
chanmber volume and causing ink to be ejected through
the nozzle. 5 Throughout this specification, the term
"nozzle" is to be understood as an el enent defining
an opening and not the openingitself. Furthernore,
the relative ternms "upper” and "lower"” and simlar
terns are used. with reference to the acconpanying
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causing the bend actuator 10 to bend.

The proximal end 11 of the bend actuator is fastened to the substrate 1, and prevented
from moving backwards by an anchor member 12 which will be described further below,
25 and the distal end 13 is secured to, and supports, the roof portion 6 and sidewalls 7 of the

ink jet nozzle.

In use, ink is supplied into the nozzle chamber through passage 2 and opening 3in
any suitableé manner, but typically as described in our previously referenced co-pending
patent applications. When it is desired to eject a drop of ink from ﬂje nozzle chamber, an

30 electric current is supplied to the bend actuator 10 causing the actuator t9 bend to the



30 electric current is supplied to the bend actuator
10 causing the actuator to bend to the 5- position
shown in figure 2 and nove the roof portion 6
downwardly toward the floor portion 5. This relative
nmovement decreases the volune of the nozzle chanber;
causing ink to bulge upwardly through the nozzle rim
9 as shown at 14 (Fig: 2) wher-&-it is formed to a
droplet by the surface tension in the ink. 5 As the

el ectric current is withdrawn fromthe bend actuator
10, the actuator reverts to the str
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bending of the bend actuator 10, a fluidic seal is formed between sidewalls 7 and 8 as will

now be further described with specific reference to figures 3 and 4.

25 " The ink is retained in the nozzle chamber during relative movement of the roof
portion 6 and floor portion 5 by the geometric features of the sidewalls 7 and 8 which
ensure that ink is retained within tha nozzle chamber by surface tensionb. ‘To this end, there
is provided a very fine gap between downwardly depending sidewall 7 and the mutually
facing surface 16 of the upwardly depending sidewall 8. As can be clearly seen in Fig.4

30 theink (shownasa dark shaded area) is restrained within the small aperture between the
downwardly depending sidewall 7 and inward faces 16 of the upwardly extending sidewall



ensure that ink is retained within the nozzle chanber
by surface tension. To this end, there 1is provided a
very fine gap between downwardly dependi ng sidewal |l 7
and the nutually facing surface 16 of the upwardly
dependi ng sidewall 8. As can be clearly seen in Fig. 4
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actuator 10 as shown in Fig. 7 the ink droplet is formed and ejected as prewously described
and the poker 21 is effective in dislodging or breaking dried ink which may form across the

25 nozzle rim and which would otherwise block the nozzle.

It will be appreciated, that as the bend actuator 10 is bent causing the roof portion to
move downWardly to the position shown in Fig. 2, the roof portion tilts relative to the floor
portion 5 causing the nozzle to move into an orientation which is not parallel to the surface
to be printed, at the point of formation of the ink droplet. This orientation, if not corrected,

30 would cause the ink droplet 15 to be gjected from the nozzle in a direction which is not



actuator 10 as shown in Fig. 7 the ink droplet is
formed and ejected as previously described and the
poker 21 is effective in dislodging or breaking dried
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m gure 10 which has the upper layers (shown in Fig. 9) removed for clarity. This form of
25 the invention can permit the adjacent location of ancillary components such as power
traces and signal traces which is desirable in some configurations and intended use of the
moving nozzle ink jet. Although the use of a restricted baffle in this manner has these ‘
advantages, it also results in a longer refill time for the nozzle chamber which may unduly

restrict the speed of operation of the printer in some uses.

30 The bend actuator which is formed from a Joule heated cantilever 28 positioned

above a non-heated cantilever 29 joined at the distal end 13 needs to be securely anchored



20 close to the nozzle. This constriction is typically
provided in the substrate |l ayers as can be clearly
seen in figures 9 and 10. Figure 9 shows the sidewall
8 from which depend inwardly one or nore baffle
menbers 24 resulting in an opening 25 of restricted
cross- section i medi ately bel of-t he nozzl e chanber.
The formation of this opening can be seen in figure
10 whi ch has the upper Iayers (shown in Fig. 9)
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can©F fefomatiogofilpnd |W(9H é@r relagiye iodthesuh#ate 6 on arpvement of the bend
cantid.gyer 29 joined at the distal end 13 needs to be
securely anchored -8- to prevent relative novenent

bet ween, .t ated canti] eve 8 dth : .
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S e RSt ook e e ot e pisy P ol bgaé%eaever 28
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substrate 26 on novenent end actuator. The
nonmnmeeuofé@rmﬁpem@p 62 the snowingwpzrdsdnlpiet-h out war dl y

. extending tabs 32 which are 10 |l ocated within
recesses 33 in the sidewall 31, giving further
rigidity, and preventing relative novenent between
the non-heated cantilever 29 and the Joul e heated
cantilever 28 in the vicinity of the anchor'27. In
this manner, the proximl end of the bend actuator is
securely and firmy anchored and any relative
nmovenent between the Joul e heated cantil ever and the
non- heated 15 cantilever prevented in the vicinity of
the anchor. This results in enhanced efficiency of




novenent of the roof portion 6 of the noving nozzle
ink jet. -9- Cainms: 1. A nozzle for an ink jet
printhead, the nozzle being configured to eject drops
of ink toward a surface to be printed on, the nozzle
conprising an apertured roof portion arranged to
engage with a chanber- defined by at | east one wall and
an apertured roof portion; the 5 roof portion having
an inner roof section for contagting and cont ai ni ng
the ink and an outer roof section operatively
connected to an external actuator such that, in use,
bendi ng the actuator noves the roof portion away from
the surface to be printed to facilitate formation of
an Glaimsiopl et that is ejected towards the surface
upon subsequent straightening of the actuator, 10 2.
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chanmber. 4. A nozzZle as c alne In c ereln
act efandrk drepigs that issjestedomdrds the gerfage umwnbseqilentcshalgln@ng of the
subgh.pe at a proxinal end as a cantilever beam and

is arranged to support t he roof portion of the nozzl e

nd. of the such
B oo Saedin el Shorti Each 32 bie e o B8 bt an
t hr @sgiutdd MOz hahber @dhpted & bedpplied With hkrvinvdt Rgstiohe doAdviYifl an
t he gﬂfloE gortion. 5. A nozzle as clained in claim
4 WW@? Wa®onduit in the under | yi ng substrate
conmuni cates with the nozzle chanber through an
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the flow of ink rouglt 6. A nozzle as clained

15 n floorpastion tadefingithe nogale shambese nozzl e chamber in use is
- inhibited 25 fromflow ng back through the conduit
updn 4 oosriceas dlampd éndain Jowherdirethe edfaterepmprines a bepd ereatdrinyounted

by o\ﬂiﬂ%cs‘ab's%rag raﬁagprg{lmtape%d @@z zlzaﬁtilgi'er Lgﬁn, gl?({]ig Hliféﬁged to éupport the roof

portion of the nozzle chamber at a distal end of the cantilever beam, such that in use,

actuation of the nozzle ejects ink through the apertured roof portion by moving it toward the
20 floor portion. ..

5. A nozzle as claimed in claim 4 wherein the conduit in the underlying substrate
communicates with the nozzle chamber through an opening in the floor portion; the opening

being sufficiently large so as not to significantly impede the flow of ink therethrough.

6. A nozzle as claimed in claim 5 wherein ink in the nozzle chamber in use is inhibited
25  from flowing back through the conduit upon downward movement of the roof portion,

primarily by viscous drag on the walls of the conduit.



