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I nvention This invention relates to an ink jet
printhead. More particularly, the invention rel ates
toa Drop Flight Correction for Moving Nozzle Ink |et.
{ Background to the Invention Mst ink jet printheads
of the type manufactured using mccro-electro

" mechani cal systenms (MEMB) technology have been
proposed in a construction using nozzle chanbers
formed in MEMS | ayers on the top of a substrate with
nozzl e chanbers fornmed in the er nber is
provi ded with &LHDHO SE EQRA@K&@MES form
of actuator to force |nk in a drop through the nozzle
- associated wth the chanber upon receipt of an
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can be achi eved by causing the actuator to nove the
nomgirbgﬁu&odﬁ@mwmwni n the chanber thereby
avoidi ng the need for a paddle, sinplifying
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density of nozzles on the printhead, and thereby
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' O%vasp reg'nal bend actuators. During operation, these slightly rotate the paddles in the

chambers in the first mentioned construction type or the nozzle openings in the second
mentioned construction type. Because of the angular displacement of the paddle in the first
typé of niozzle, the drop may be ejected at a slight angle to the normal of the plane of the
opening. Because of the angular displacement of the nozzle opening in the second type of
nozzle, the drop may be ejected normal to the plane of the opening, but the normal has
angularly aiSplaced along with the opening during the ejection of the drop. This slight
angular deviation of the drop is not a potential problem if all the nozzles on the printhead »
have the same orientation. However, to maximise the packing density of no;zles on the
printhead, and thereby reduce manufacturing costs, the nozzles in adjacent rows are
oriented such that their actuators extend in opposite directions. Accordingly, the angular



oriented such that their actuators extend in opposite
di rections. Accordingly, the angular -z- c deviations

in the flight of drops from successive rows are al so

in opposite directions. This can ultimtely have

adverse effects on print quality. Summary of the

I nvention According to one aspect ,of the invention

there is provided an ink jet ﬁ?fnthead conprising a
plurality of nozzles, each adapted to eject drops of

i nk through an opening towards a surface to be
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Accordlng t o .anot her aspect of e invention, there is
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opening toward a surface to printed; wherein the
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Preferably, each nozzle has an associ ated nozzl e
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tel escopic manner; said roof portion having said

ODRoRhg 6 ATRKb: bipREE the ke ﬁdﬁem@a 8o QlePdn ihibjét SHARRE
from salg];l nozzl e chan‘ogr E 5 ' }&
including a plurality of nozzles each adapted to eject drops of ink through an opening

toward a surface to be pnnted, wherein

the opening is asymmetrical to provide a flight direction of ejected drops that differs
from the flight direction provided if the opening were symmetrical.

Preferably, each nozzle has an associated nozzle chamber adapted to be supplied with
ink via at least one conduit in an underlying substrate, the nozzle chamber being defined by
a floor portion having peripheral sidewall and a roof portion having depending peripheral
sidewall, the sidewalls.of the floor and roof portion arranged to overlap in a telescopic

manner;

said roof portion having said opening formed therein for the ejection of ink drops

‘ from said nozzle chamber; and



O an actuator arranged to nove said roof portion
upwardly and downwardly relative to said fl oor

portion, wherein said roof portion tilts relative to
said floor portion when noved downwardly by said
actuator, and said opening is asymmetrically shaped so

as to eject ink drops in a dlreqilon ot her than
perpendi cul ar to said roof portlon Preferably, the
nozzle is. configured to-eject ink in a direction
substantially perpendicular to said floor portion.
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causing a drop of ink to protrude from the nozzle.

Fig. 3 is a similar view to Fig. 1 showing the nozzle retumned 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, 5 is a similar view to Fig, 1 showing the use of an optional nozzle poker.

Fig. 6 is a similar view to Fig. 5 showing the bend actuator bent and a drop of ink
protruding from the nozzle. |

Fig. 7 is a similar view to Fig. 5 showing the bend actuator straightened and the drop
of ink being ejected from the nozzle, |

" Fig. 8 is a similar view to Fig. 1 without the portions cut away.

Fig. 9 is a similar view to Fig. 8 with the nozzle and bend actuator removed and

showing an optional constriction in the nozzle chamber.

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



Fig. 10 is a simlar viewto Fig. 9 with the upper

| ayers renoved, and .4 0 Fig. 11 is a simlar viewto
Fig. 1 showing the bend actuator cut away, and the

act uat or -anchor detached for clarity. It will be
appreci ated that a |large nunber of simlar nozzles are
si mul taneously manufactured usi ng MEM5S and CMOS
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cally made up o ayers formng a Joul € héate
ﬁ@%/ﬁrg{yeﬁomog pottien 6, are sized to be able to move upwardly and downwardly
within sidewalls 8 which depend upwardly from floor portion 5.

The ejection nozzle is formed by rim 9 located in the roof portion 6 so as to define an
opening ‘for the gjection of ink from the nozzle chamber as will be described further below.

The roof portion 6 and downwardly depending sidewalls 7 are supported by a bend
actuator 10 typically made up of layers forming a Joule heated cantilever which is
constrained by a non-heated cantilever, so that heating of the Joule heated cantilever causes
a differential expansion between the Joule heated cantilever and the non-heated cantilever
causing the bend actuator 10 to bend.



constrai ned by a non-heated cantil ever, so that

heating of the Joule heated cantil ever causes a
differential expansion between the  Joul e heated

cantil ever and the non-heated cantil ever causing the

bend actuator 10 to bend. 5_ o The proximal end | 1 of
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of ink jet nozzles where the “back pressure” in the nozzle chamber which causes the ink to

be ejected through the nozzle rim upon actuation, is caused by one or more baffles in the
immediate location of the nozzle chamber. This type of construction can be used witha -
moving nozzle ink jet of the type described above, and will be further described below with
specific reference to figures 9 and 10, but in the form of invention shown in figures 1 to 3,
the back pressure is formed primarily by viscous drag and ink inertia in the supply conduit.

In order to prevent ink leaking from the nozzle chamber during actuation ie. during
bending of the bend actuator 10, a fluidic seal is formed between sidewalls 7 and 8 as will
now be further deseribed with specific reference to figures 3 and 4.



novi ng nozzle ink jet of the type descri bed above, and
Wi ll be further described below with specific
reference to figures 9 and 10, but in the form of
invention shown in figures 1 to 3, the back pressure
is formed primarily by viscous drag and ink inertia in
the supply conduit. In order to prevent ink |eaking
fromthe nozzl e chanber durintf-actuation lc. during
bendi ng of the bend actuator 10, a fluidic seal is
formed between sidewalls 7 and 8 as will now be

e e ESEERESwthd o R lf ol SO TRES hap R
d mompg 6med Aodrpertion 'S dytrigeomettib Gafuf@fof the eidévw 48 78n@8 Which

C et G0k 8 Borin i AT ik 5 Syt oot gnd,thre
\Nhstﬁﬂd)ﬁdddfh&ef}l)liﬂé gp s&ﬁe@ﬁfowwaﬁiw ée@&ﬁu{g%ﬁﬁ{vﬂp7 ankthé Rbally

there |s prOV|ded a very fine gap between

o 10 ebbn upwrIdly iderspding sidewrl. tAscanbe dedrlyyeen in Fig. 4

s ol R BB e

aderanverdy defsuding sidewally and suwand fae& Woiof thie mptfhﬂly&marhdmg s1dewall

b BB T By R e SRR R e e e

bypeting 1 bpxirfiice ;enﬁén, tihetotth\é)clsde@ﬁi&ﬁiubsof\ﬁﬁﬁ mu@nbs ur es

that (the, i sel ross free opening 17 by

Sur 1 40 8t dae royisi s oo St Bt sapA e gice fion resrin

» Sdlﬂ@d\:ﬁhﬂuﬁltled dt ofHeflBbtotsOvHIB«RayPbreak thd QfadeqbnsPRYthl %‘wardl{
q&g'egﬁape the surface tension restraint 0

8 gt meyidedde therfermpd aspyrerglytfaciegchenns! having not only
Stﬂé AGRuiBRI6B a sth&d ?éﬁ“?é]aﬁ’énél oﬂ%@ﬁr@#b Rg fo%hgﬁ% Llraged channel

prow ded in the formo acl ng anne
hi\Betitpem Bie tee pyrfacesh dny mtﬁ@immnscaam fivé tbmsurﬁwsqemrbetwcen the

%Bﬁwes 9%@16 Sberﬂb%ﬁﬁto% ?%ﬁfpe& r%l%angél Wi ;¢ alS %é' 3 eg

channel bet ween WO ‘SUrTaces. ?than
ewickipien gcrf)$s<§hn aurfecesxﬁ ﬂfearoezltt grati. dn tlinserhamerna tiinae waIl fluidic seal is

erf .0t he U-sh hannel
\/\#1HII %?c |1§é?ee P& RE mﬁ% k}g\nﬁf Wgéf’" “%ﬁn“&%"i&d“’ gélgmf
sur f A basdfeen b:ewnust;zcﬂ@crﬁie{! at amelaﬁommeeﬁmmipxmaaoﬂhmhs
f|UIdICS rrued [ is effective . in
\égét isi .’%sg"“%eﬁé“‘?%ﬁrzs (Rn H‘@Zﬁgmiﬁ'a thel5% PRy FRtes vehich may
bmldupswiﬂae membem apming aﬁea@ﬁﬂe Q&dxa bdd o'ﬁesaﬂsjbl eclibn 8P4 droplet from the
is esirable in sone

Wﬁ licati.ons,
2% r‘%?ﬂ“gg"%“"“rﬂfilﬂ ResgEiRventiqnysmga pokeriy
mnmmationeam\afmmhgrmyzle b Jétds éHBwW'u‘i fik Rochi mﬁﬁgﬁgﬁm 5,6 and 7.

ope @% and ensure cl ean and cl ear e ectio
dr o&lf o PALTRHIA0 figere 1 et heredditignofiabides 20 across the opening 3 in

€@ flbbO{1tiRd noRRle Qﬂaxﬁﬂ&e 09 WhRh mb&ﬂ%'uﬁaﬁ\l&@' é}gmalng ﬁ&?e? 21 sized

in conbination with novi ng nozzl e

forpretrpde inte anderiirovsh tfl¢ g}amee@f 8z nogzle daing. acmitlcglur e5is
Si MA&dan be séeh %‘ﬁ%ﬂ’é‘%‘%ﬁeﬁ tﬁer}gofap%gﬁotn%o pmgvede}io%{vgr%% by%ending
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of the bend actuator 10 the poker 21 is caused to poke up through the opening of the nozzle

rim 9 and part way into the bulging ink drop 14.
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As the roof portion 6 returns to its original pesition upon straightening of the bend
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 any dried ink which may form across
the nozzle rim and which would otherwise block the nozzle.



the floor of the nozzle chanber, on which is nounted

an upwardly extendi ng poker 21 sized to protrude into
and/ or through the plane of the nozzle during

actuation. As can be seen in figure 6, when the roof
portion 6 is noved downwardly by bending of the bend
actuator 10, the poker 21 is cauwksed to poke up through

t he opening of the nozzle rimo and part way into the

bul ging ink drop 14. As the roof portion 6 returns to

its original position upon straightening of the bend

act uat i ' ' Y i ' .
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clearly seen in figures 9 and 10. Figure 9 shows the sidewall 8 from which depend
inwardly one or more baffle members 24 resulting in an opening 25 of restricted cross-
section immediately below the nozzle chamber. The formation of this opening can be seen
in figure 10 which has the upper layer_s (shown in Fig. 9) removed for clarity. This form of
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



the ink drop fromthe nozzle in a direction

per pendi cular to the floor portion 5. Although, as
descri bed above, the back pressure to the ink held
within the nozzle chanber may be provided by viscous
drag in the supply conduits, it is also possible to
provide a nmoving nozzle ink jet wth back pressure by
way of a significant constriction close to the
nozzle. This constriction is typically provided in the
substrate layers as can be clearly seen in figures 9
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end mvgg&gjy one or nore baffle menbers 24 '
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actuat or which tl| %p% %Pﬁe%eak H%Im a Jou wﬁieigtsg%%&gmg any bending
c M eefounation oftheend willbiladlativeto Wi substrate 26 emtnesement of the bend
caplhever 29 joined at the distal end 13 needs to be
securely anchored to prevent rel ative novenent

- bet wedhe nanehedted caauheatzeds pavitled willeout@fdigretichding tabs 32 which are
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of the e‘ﬁ 30 rel'ative to the substrate 2

nBge °d‘f"=rt°ﬂ Bearp ofike mariag nozzlydnkien- heat ed
cantilever 29 is provided with outwardly extending
tabs 32 which are located wthin recesses 33 in the
sidewal | 31, giving further rigidity, and preventing
rel ati ve novenent between the non-heated cantil ever 29
and the Joul e heated cantilever 28 in the vicinity of
the anchor 27. In this manner, the proximal end of the
bend actuator is securely and firnmy anchored




and any rel ative novenment between the Joul e heated
cantil ever and the non-heated 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. O .g dains 1. Anink jet '
printhead including a pluralijy ef nozzles, each:
adapted to eject drops of ink through an opening
towards a surface to be printed, each nozzle
conprising: a nozzle chanber adapted for receiving ink
by way of a conduit, the nozzle chanber being defined
byChifsoor portion, an upwardly extendi ng peri pheral
floor sidewall and a roof portion having a depending
pet.i pHeriak jet privfthend theltdling a plutatity bf e@4les, Sick eplell td§édh8rops of
arrang&tht og}} el esaogl camlg;ﬁy receive at | east a portion
of thé roors® ¥ WEHaE [owamis4 suriace b Reprigted.fashnogele cqmaprising:

nove the r onfozplechinthier aiAPRY Br YecBiNthe ARV VY conduit, the nozzle
rel atiyve tq)&the floor portion so as to"ejéct ink
r

dr ops Papbexbeing defired by giflenrrortiney, openvardie extending poripherat flgor
over | dpdwaNandh dRBdtiSn havi ide
is inuse and ink is |%%ﬁ%%*?’#ﬁ@éﬁcﬁgfﬁs%eﬂmgﬁw
sur f ati¢ewall heing arranged fodelescopically seraive atjeast a pdnorsyf sieeroof
bet vveﬁ&“;aﬂemﬁi dewal | s so as to at |east reduce |eakage

[ t hrough the space. 2. An ink jet printhead as
COMDT LR85, 8 g ehannel. Sur T oundt ot | eact. partialy
t he f#egdg%@ith SR POTHpRS0 aéﬁ%ﬂﬁcéf PRIgVREEHE i gured to

col | etbe diataterbetoaimthe melestapical i aterlBying Gddwatlits Qut®indt \ehen the
space et printhead as clajmed in claim 2,
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wher eiPATPTd> LG ink & Qqaiedh Wiy the fhamber, sugfagedensipn pepvides for
pai r seflingpathREpRP Bétvech (BASAWBL sSaid #AESe le%%%% ;
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An i HEOPEthesmatg head as claimed in any one of the
precedi ng cl ains, wherein each nozzle'is constructed

o$ a substrate. 5. An ink jet printhead as clained in
cfai ik ifhennghesd enelpmed inyglaim; Is wheminterehatoade fythevepmpoises a
VEMS ch86Bne:O@Ming at 1cast partially the floor sidewall, the channel being configured

to collect and retain any ink that may leak through the space.

3. Anink jet printhead as claimed in claim 2, wherein the channel is U-shaped and is
formed by a pair of spaced apart parallel surfaces, at least one of which is

incorporated in the floor side wall.

4. Anink jet printhead as claimed in any one of the preceding claims, wherein each
nozzle is constructed on a substrate.

5. Anink jet printhead as claimed in claim 4, wherein each nozzle is constructed by way
of MEMS technology. -



