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of the Invention This invention relates to an ink jet
printhead. More particularly, the invention relates to-

a fluidic seal for noving nozzle inkjet Background to
the Invention Mist inkjet printheads of the type
manuf act ured using mcro-electro nmechani cal systens

(MEMS) technol ogy have been proposed in a construction
using nozzle chanbers fornmed in oMEMS | ayers on the

top of a substrate with nozzle chanbers fornmed in the
l.ayers. Each chanber is provided with a novable
paddl e actuated by sonme form of actuator to force ink

in a drop tMINISCUS SEAL ININIIET NOZZL B CHAMBER -
chanber upon receipt of an electrical signa 0 €
actuator. Such a construction is typified by the -

di sdfielduoftherinventiont er nati onal Patent Application |

PCT/ AU9Q/ 00894. The present invention stens fromthe

real i satdigventan mkﬁéﬁ’é“é@“é“@ﬁ?@?@ﬁay@@ nagichlerlyy sicrimntion relates to a

di smwﬁgfw$M,%g&zgngaes and causing ink drops to
be forced fromthe nozzl'e by decreasing the size of

theguozzle ¢ er. |t _has been realised that this can

be g&?f‘%‘é‘ﬂ"ﬂg’%ﬁ’?’ﬁ&"?ﬂe actuator to nove the :
nozzl e y f; ' r t.hus .
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of the Invention According to the invention ere’l

pr ofHARERT IproYidad Witk morveble prddlg atvated by isprae form ofactnatet fotfgree ink in a
of drogtikdugh 28 8ERUABLEE With B BfhbSuBRSreipt bPihn &&ﬁ?&@igﬁal to the
surf ace tﬁ{ﬁge (glr-l nted, wherein, each of the nozzles
.ha\ﬁcﬁ‘amé 3 Pestiion s typilied pthe disclasure;in my\nteraptiona datest

an Applicdtion PAT/ATR9H089aL t i on operatively connected to an
actuator such that the actuator noves the roof portion
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, _dlispgns'ing with the paddles and causing ink drops to be forced from the nozzle by decreasing
the size of the nozzle chamber. It has been realised that this can be achieved by causing the
actuator to move the nozzle itself downwardly in the chamber thus dispensing with the paddle,
simplifying construction a:ind providing an environment which is less prone to the leakage of
ink from the nozzle chamber.

Summary of the Invention
According to 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 pnnted,
wherein, :

each of the nozzles having a nozzle chamber at least partially defined by an apertured
roof portion operatively connected to an actuator such that the actuator moves the roof portion
. away from the surface to be printed to eject the ink; wherein, '



O -2 the roof portion and-the remai nder of the nozzte - oo

chanber define-a gap that provides the clearance

all owi ng the rooportion to nove.relative to the

remai nder of the nozzle chanber, the gap being sized
such that the surface tension of the ink fornms an
effective fluidic seal during nornmal operation of the
printhead. Preferably, the nozzle chanber is adapted
to be supplied with ink via at,least one conduit in
an underlying substrate; and fhe roof portion has a
sidewal | depending fromits periphery to _
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Brief Description of the Drawings

Notw'it_hstandmg any other forms that may fall within its scope, oné preferred form of the

_ invention will now be described by way of example only with reference to the accompanying
drawings in which;

Fig. 1 is a partially cutaway perSpective view of a moving nozzle ink jet assembly,

Fig. 2 is a similar view to Fig, 1 showing the bend actuator of the moving nozzle bent
causing a drop of ink to protrude from the nozzle.

Fig. 3 is a similar view to Fig, 1 showmg the nozzle returned to the original position and
a-drop of ink ejected from the nozzle.

Fig. 4 is cross-sectional view through the mid line of the apparatus as shown in Fig, 2.



Fig. 4 is cross-sectional view through the md |ine of
the apparatus as shown in Fig. 2. -3 0 Fig. 5is a
simlar viewto Fig. | showi ng the use of an optional
nozzl e poker. Fig. 6 is a simlar viewto Fig. 5

showi ng the bend actuator bent and a drop of ink
protruding fromthe nozzle. Fig.-7 is a simlar view
to Fig. 5 showi ng the bend actuator straightened and
the dr.op of ink being ejectedgfromthe nozzle. Fig. 8
is asimlar viewto Fig. 1 without the portions cut
away. Fig. 9is asimlar viewto Fig. 8 with the
nozzl e and bend actuator renoved and showing an
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with reference to the acconpanying drawi ngs and are to
pe For the purposes of clarity, the construction of an individual ink jet nozzle alone will now

be described.

Whereas in conventional ink jet construction of the type déscribed in our above
referenced co-pending patent applications, ink is ejected from a nozzle chamber by ibe
movement of a paddle within the chamber, according to the present invention the paddle is
'dispcnsed with and ink is ejected through an opening (nozzle) in the upper surface of the '
chamber which is moved downwardly by a bend actuator, decreasing the chamber volume and '
causing ink to be ejected through the nozzle. '

Throughout this specification, the term “nozzle” is to be understood as an element
defining an opening and not the opening itself. Furthermore, the relative terms “upper” and
“lower” and similar terms are used with reference to the accompanying drawings and are to be

understood to be not in any way restrictive on the orientation of the ink jet nozzle in use.



understood to be not in any way restrictive on the
orientation of the ink jet nozzle in use. -4 0
Referring nowto figures 1 to 3 of the acconpanying
drawi ngs, the nozzle is constructed on a substrate 1
by way of MEMS technol ogy defining an ink supply
aperture 2 opening through a hexagonal opening 3
(which could be of any other suitable configuration)
into a chanber 4 defined by_§loer portion 5, roof -
portion 6 and peripheral sidewalls 7 and 8 which
overlap in a telescopic manner. The sidewalls. 7,

depqukwq downwar dl y fromroof portion 6, are sized
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Ftlon 6 downwardly toward the floor portion
re ative novenent decreases the vol une of the nozzle

causi.ng j nk to bul ge upwardly through the
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applications. When it is desired to gjecta drop of ink from the nozzle chamber, an electric
current is supplled to the bend actuator 10 causing the actuator to bend to the position shown in
figure 2 and move the roof portion 6 downwardly toward the floor portion 5. This relative
movement decreases the volume of the nozzle chamber, causing ink to bulge upwardly through

the nozzle rim 9 as shown at 14 (Fig. 2) where it is formed to a droplet by the surface tension
in the ink.

As the electric current is Mthdrawn from the bend actuator 10, the actuator reverts to the
straight configuration as shown in figure 3 moving the roof portion 6 of the nozzle chamber



in the ink. -As the electric current is withdrawn from
the bend actuator 10, the actuator reverts to the
strai ght configuration as shown in figure 3 noving the
roof portion 6 of the nozzle chanber 5-0 upwardly to
the original l|ocation. The nonentum of the partially
formed ink droplet 14 causes the droplet to continue
to nmove upwardly form ng an ink drop 15 as shown in
Fig. 3 which is projected on gq,the adj acent paper
surface or other article to be"printed. In one form of
the invention, the opening 3 in floor portion 5 is
relatively large conpared wth th e cross-section of
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upwgr%Py ciepglding sidewall 8. As can be clearly seen in Fig. 4 the ink (shown as a dark
shaded area) is restrained within the small aperture between the downwardly depending
sidewall 7 and inward faces 16 of the upwardly extending sidewall by the proximity of the two
sidewalls which ensures that the ink “self seals” across free opening 17 by surfacé tension, due
to the close proximity of the sidewalls.

st

In order to make provision for ény ink which may escape the surface tension restraint due
to impurities or other factors which may break the surface tension, the upwardly depending
sidewall 8 is provided in the form of an upwardly facing channel having not only the inner.



sidewal | 7 and inward faces 16 of the upwardly

extending sidewall by the proximty of the two

sidewal I s which ensures that the ink "self seals"

across free opening 17 by surface tension, due to the

~close proximty of the sidewalls. In order to nmake

provi sion for any ink which my escape the surface

tension restraint due to inmpurities or other factors

which may break the surface tensigon,.the upwardly

depending sidewall.8 is provitted in the formof an

upwardly facing channel having not only the inner s

surface 16 but a spaced apart parallel outer surface
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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 reIauve to the floor
portion 5 causing the nozzle to move into an orientation which is not parallel fo the surface to
be printed, at the point of formation of the ink droplet. This orientation, if not corrected, would
cause the ink droplet 15 to be ejected from the nozzle in a direction which is not quite -
perpendicular to the plane of the floor portion 5 and to the strata of no;zzles in gme@. This

would result in inaccuracies in printing, particularly as some nozzles may be oriented in one
direction and other nozzles in a different, typically opposite, direction.



It will be appreciated, that as the bend actuator 10
I's bent causing the roof portion to nove downwardly
to the position shown in Fig. 2, the roof portion
tilts relative to the floor portion 5 causing the
nozzle to nove 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, would cause thg ink droplet 15 to be

ej ect ed fromthe nozzle in a direction which is not
quite perpendicular to the plane of the floor portion
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The bend actuator which is formed from a Joule heated cqntilever 28 positioned above a
non-heated cantilever 29 joined at the distal end 13 needs to be securely anchored to prevent
relative movement between the Joule heated cantilever 28 and the non-heated cantilever 29 at
the proximal end 11, while making provision for the supply of electric current into the Joule



nozzl e chanber. The formation of this opening can be
seen in figure 10 which has the upper |ayers (shown
in Fig. 9) renoved for clarity. This formof the

i nvention can pernit the adjacent |ocation of

"~ ancillary conponents such as power traces and signa
traces which is desirable in sone configurations and
i nt ended use of the noving nozzle(;nk jet. Although
the use of a restricted-baffleé®-in this manner has
these advantages, it also results in a longer refil
time for the nozzle chanber which may unduly restrict

t he heupiahtildverBe Fidluteqn sm{wskﬂaean@w 12t veHfich 18 pro®iéEin H $Eshaped
The bend actuator which is fornmed froma Joul e heat ed

canfq npaving,a base prion 39 ped sideportiqas 1 ragh haying their lower ends

canfirhediat, &%mb&ide&ﬁ tied subsitite 96, ST forRaebnlo? tHR®eSaciuttoldf a U-shape,
securek%?ancaore event relativ

nove
Dot BB 1P BBV OPRIEInE bR T fefopeacon of the end wall
non3(ehtivdo G2 Bibstrity 26 on’flovainent biBe Wn@¥étimér. end 11, '
whi |l e maki ng provision for the supply of electric

cur r entrpé Mrthehddg ca;lﬁléb& 20is pﬁﬁﬁfe@%tﬁ%&?{eﬂ% talfs'38 Whith are

.11 shows 't he anchor 12 wh
U- slaearlvithingpaessge s hinitisridewall ﬂgglamg;ﬁ%téerm@%wdwvsmm relative
Si dao&%ﬁtlb@t%mﬁ&e ROt PMhOvel Deind tleOVRE RS antQETBGn the
intq,. g?ed in the substrate 26. The formation
of’?ﬂ@bﬁg ¥ or in a U shape, gives great
rigidity to the end wall 30 preventing any bendi ng or
def or main this mganer. ke peprimaland of tighenddctiaion s stauralyhand firmly anchored -
SURSY bR rBlafife niveiBY B8R dfroltd ﬁeatéﬁ %tl%L%H g{e non- E%ted cantilever

non- heated cantilever 29 is provid out war

ex tPETERteyD theryicinty offie apchag dtus If‘?§lél§t1@ alhmlqeﬁ eficierqyef @esement of the
33 rodfRortibies f HeMBlihg Rokzle HicydtNg further rigidity, and
preventing relative novenent between the non-heated
cantil ever 29 and the Joule heated cantilever 28 in_
the wvicinity of the anchor 27. In this manner, the
proxi mal end of the bend actuator is securely and
firmy anchored and any relative novenent between the
Joul e heated cantilever and the non-heated cantil ever
prevented in the vicinity of the anchor. This results
i n enhanced efficiency of novenent of the roof
portion 6 of the nmoving nozzle ink jet. .9. 0 CLAI NS



1. Aprinter including at |east one printhead
including: a plurality of nozzles each adapted to

ej ect drops of ink toward a surface to be printed;
wherei n, each of the nozzles having a nozzle chanber
at |l east partially defined by an apertured roof
‘portion operatively connected to an actuator such that
t he actuator noves the roof portion away fromthe
surface to be printed to eject he ink; wherein, the
roof portion and the remai nder of the nozzle chanber
define a gap that provides the clearance allow ng the
roof _partion to nove relative to the remai nder of the
noz&X&MSinher, the gap being sized such that the
surface tension of the ink forms an effective fluidic
seall-  dhPiYG inslding pt leasteqng piimtheadinclutiisg:pr i nt head. 2. A

printer FHndBabs | | ; XY zl e —
chamber. p;ﬂ.galﬁ% ag ted 'te% f %Jé@g"g})%?%%% s\;ed\ﬁfihﬁ %a@%%%tla%etto be printed;

| ea¥t"Bre conduit in an underlying substrate; and the

nof por ehdhRf ha BoleShaI@Ma nb Jeriptel |

periphery to tel escoplﬁ%al ?ﬂ;qgngag%tq%sgp%aﬁﬂ%%erﬁg?dbymmed

- si d‘é’&g*?"fa"&?i’%?ﬂﬂﬂﬂgf’%?ﬁ ta 4 acHision sich ghat the astuatps moves thetraof portion
def dwag foehdwarfade & W8 o fodile kabnddie f!ui di c seal -

is forped _between the oqverl apping sidewalls of the
f1 oor SNEOfBEEONIG the semainder of he 5pz2la chpmbgs defingiaigemithtiprovides the

c| alearahce ailbweing the radf Borién th RS R1a8CH RieGahdiYder of the nozzle chamber
has a U-shape ’

in | ng .Sl L ls haped ) )

cr SELPRYAR, S 3L e St enon o6 kg em et i sl

wa ldpringroghad spergsioo f the printhiead. t he ot her sidewall, and a -

di stal wall substantially parallel to and spaced from

the proximal wall, formng a channel between the

plr éxi wﬁpm\:jtgds efpisrted In qbaa’t!nllswhelﬂein tge pﬁzizfjt_tcﬁimt?ﬁ ith@heHWbd' spplied
Cl At o} vi : e -.dependl n romtne, )
per.i phe rv;/a o%as?h% Jo?(glg?ﬁ %no r ?Aa?ln Uk ﬁ“%géaig's e fpafRptHon s a sidewall
si HRRANE o isrRariphgnfte tnlasecnisallyl cogagep@rtiphonl sidiwah ehteming from an
S abppodihg HddRRRorE Afind HeAbl A bhahiOh A%, n channel
a@gg;ed to rfceive andecontaln ?%Ekﬁggggfﬁgﬁmse “Hg“wd

_ een the overlapping sidewalls of the floor and roof portions. -

3. Aprinter as claimed in claim 1, wherein one of the telescopically interengaging sidewalls
has a U-shaped cross-sectional configuration, comprising a proximal wall in close proximity to
the other sidewall, and a distal wall substantially parallel to and spaced from the proximal wall,
forming a channel between the proximal and distal walls. |

4. A printer as claimed m claim 3, wherein the sidewall depending from the periphery of the
roof portion is located within the sidewall extending from the floor portion which has said U-'
shaped configuration, forming an open channel adapted to receive and contain ink therein.



