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PRI NTHEAD W TH MATCHED RESONANT DAMPI NG STRUCTURE
FI ELD OF THE | NVENTI ON The present invention rel ates

W@ 20094089563 el d of inkjet printing and in parti CRCEAD2008/000041

inkjet printers with pagew dth printheads. BACKGROUND
OF THE | NVENTI ON The Applicant has devel oped a w de
range of printers that enploy pagew dth printheads

i nstead of traditional reciprocating printhead

desi gns. Pagew dt h designs increase print speeds as

t he PRINTHBADMWMETHTIA TICREDRESONANTEDAMPING STRIASBURE
the page to deposit a line of an inmage. The pagew dth

printhead sinply deposits the ink on the nedia as it
ﬁ?ﬁﬁ%ﬁ%@ﬁlﬁvgﬁﬁ@g@peeds. Such printheads have made
[ e to perfo i it

0Ssi rmfull col our 1600dpi printing at
s pee%elpmséﬂt&nmﬁbmteﬂ@tesaﬁ tEdigpageiskpepriminguhe in speads, inkjet
previously unattai nabl e with conventional inkjet
IpinfaaE Wit pagspyigl |Pﬁ1§h§? %t hese speeds consunes ink
quickly and this gives rise to problens with supplying
the printhead with enough ink. Not only are the flow
BACESROGNRODTHEINSENTHON ng the ink along the entire

teoding 1 MR PRREAE I, ROLRYAEAI IR iR o o Rers gt ibioy pagewiatn

milhihﬁztdb eidctad Dheaditigphl mblpfmbatﬁ@@edﬁeardaﬂ:kigﬁse Raghwikithedebipls increase print
Thi

PR UL TS o e T ostiRT Rl et s TR dgngnit ¢ e of an image.

Bha g gegyicah pnint];ithd piaiply daposﬁdla gi?:mk aatthd ifledleglglt g]bn; A g?sl’t Iatr:lili(lgdspeeds Such

PR EEET gl po B mylPlabr B e e M e viemis o o0

ragesipameiditatspeedy p}p\nolislymmarn,ab Is wettdl ecmlvyntmﬁarl @tdet printdrhe i nk
nmomentum gi ves rise to a pressure pulse in the ink
line. The conponents neking up the printhead are
t ypi @ainting a thiedefspaeticeopsumes thé qaickip sid thie givbserise asproti@ns with supplying

ol u f.ink int li.ne i.s brought. to rest. Wthaut
Sy bt ot (s ohR e Rl Rl R brou B pons e
caic dandthtoli @ pdgaplddgeinfheelsis b complex fhueksdiigeniptoavelsiedlylsyall

the surfac nsion of the ink at the nozzl es openings
rf‘cépr?c? %ﬁi’(del n the nozzl e chanmbersand flood the

front surface of the pr| nt head nozzles. If the nozzl es

Llr Ioﬁ ?[I'hﬁ blgh pm)épeegs req 1re a argaenl saug)lt_)lly fﬂ%v(&:ltra e. senafa{ss ofnmk 18 ?novm0
relatively quickly through the supply line. Abruptly ending a print job, or simply at the end of a
printed page, means that this relatively high volume of ink that is flowing relatively quickly must also
come to an immediate stop. However, suddenly arresting the ink momentum gives rise to a pressure
pulse in the ink line. The components making up the printhead are typically stiff and provide almost
no flex as the column of ink in the line is brought to rest. Without any compliance in the ink line, the
pressure spike can exceed the Laplace pressure (the pressure provided by the surface tension of the ink

at the nozzles openings to retain ink in the nozzle chambersand flood the front surface of the printhead

nozzles. If the nozzles flood, ink may not eject and artifacts appear in the printing.

Resonant standing waves in the ink occur when the nozzle firing pattern matches a resonant
frequency of the ink supply line. Again, because of the stiff structures that define the ink line, a large
proportion of nozzles for one color, firing simultaneously, can create a standing wave in the ink line.

For example, printing spaced black lines for, say, a table of data, will fire many, if not most, of the
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Resonant standi ng waves in the ink occur when the
nozzle firing pattern matches a resonant frequency of
wo b@ojosgsezupply |ine. Again, because of the stPEF/AU2008/000041
structures that define the ink line, a large
proportion of nozzles for one color, firing
sinultaneously can create a s&anding wave in the i nk
la{cE nozz e?artt exl%c g’te & rnh}(rl]\llt #ﬁ%fpaglg&%gﬁh gue%%%( m!ottc}%negg res?naht ffequency of
thehlﬁb bupoky smmdt estapdingwparcan st acillftme avkod/ forth.f Tltlhq:ag result in nozzle

tf a(rhtnf;g %ﬁ(lzo%(/erge] §n %%q %)Fﬁlr gclglgsse o?thg g.ls na%ss&rg gr%ﬁ ai@e;?}/he spike, if the

I@gbﬁhﬁ@&ﬂﬂgeb&@kdand forth. Thi s can result in nozzle
fl oodi ng, or conversely nozzle deprinme because of the
sudden pressure drop after the spike, if the Laplace

Pr es St &\ gpSic ¥ GeLdidebssclitbe sARRLEsIAThcdipsratbHaRSHBling cavities into

t hese issues by incorporating non-primng cavities
thevpranthene. g daiiled dgscrintione plihe Ben-gesiEns Gvitiehisgroviged in the

B e R RS b BT o R S PR R oeenes of

wikieh E,Oﬁttoepdrsted)flemﬂm b@rhefeﬁenbeﬂ cRiri by, etead firanetures lhyat define the ink line
r ef erence. |ef stlff truc ures that define

e
Rapgair prRekefs tlﬂ'%ﬂt%cY lapgt deneth ?gtm Pk eAdpli%W@e pulgs from a resonant
slta%ﬁ %Nw% 1ﬁ € ihd '!Vﬂf Jb eSS ‘ﬁleoe{neiﬁsth'é' @avﬁ?r‘ |a§ﬁ é'sgmhét %Oént in the ink

resonant standing wave In the ink ress
laier Gomprdseing éhei auymatlse davitp daspsandiatsipptes tite presstutegoulsak The reduced

| ine. r.essi a in the cavity danps and
Qﬁ%@?ﬁﬁ?ﬁ@lﬁﬁﬁlﬂg SPQd B179371he "t educed pul se
anplitude is less likely to flood the nozzl es.

Unfortunatel y, the |owest resonant frequencies of the

i nk |Unertynatady, theclopicg iesonans ﬁ@smp@s aﬁthle |11tliﬂ¢t@shaverﬁled@gmst pressure
ressure. waves, the no .cayities nee

%mé)?%%? £ ﬁ hesef parreSsgre \xave%,?hg Iéono?l‘l gC%VI 1€ neggg 0% 1§npractlcally

IP@si Al s!éﬂ@&ﬁof&in@él gir 'phﬁ(etsrﬁ@sﬂtlbﬁl&i dlengCtae ﬁﬂ(elfnetlﬁcdi@f@ &Ctompact design.
design. Furthernore, diurnal_ heating and cooling of

Hyrrgemnqre. chiwmeli l@gtnt&ﬂm@@lmtghﬁrblwﬁﬁavaﬂqsaﬁ@@ GHreyREMRA large volume
T o A e
rmHEngNVENTICN Accordi ngly, the present invention

provides a printhead for an inkjet printer, the

print head conpri si ng:

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a printhead for an inkjet printer, the printhead
comprising:

at least one printhead integrated circuit (IC) with an array of nozzles for ejecting ink;

a support structure for supporting the printhead IC, the support structure having an ink conduit
for supplying the array of nozzles with ink, the conduit having a set of resonant frequencies at which
ink in the conduit generates a standing wave in response to certain operating modes of the array of
nozzles; and,

a fluidic damper having a selected resonant frequency that damps the standing waves

associated with each of the set of resonant frequencies such that they have an amplitude less than a

maximum threshold.
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at least one printhead integrated circuit (I1C) with an
array of nozzles for ejecting ink; a support structure

wo 200908895pdrting the printhead 1 C, the support BCT/ATLWBE00041

having an ink conduit for supplying the array of

nozzles wth ink, the conduit having a set of resonant
frequencies at which ink in the conduit generates a

2% atn ﬁlélg glly\é\r’g on re]p(r)]%,r]lgz%ss Ecl)tg)% 10151% rgs%ﬁa;tl?ﬁgq&%g:?eé grte m% 1%& emaélc than others.
Tpeeledt @dvestés:qmm hafm@npmnxey art ¢yeit latohg mplse Winleths highadi amgplitude.
#\(%%:Sr ArRdht I 1?1 C M I'r]peealg:e 0 the Aje uesngt ﬁqfl It es arrl%m hanges the

uencl es. sucli fnﬂ%et {ﬁ ave T ess 't han
aalpmmﬂa: ofitm stdndies vaved aﬂfheothem\ﬁequen@ﬂ andstho gext mstthbmtom_c can then be a
p?ﬁ)éerr]n gft“{ﬁgl[lg g}ree near E[](; ﬁefongtg ?thani%lquenc%a%e%?/errg & t‘ego %wes rrreasgrllna?ltc frequencies
el sgigendn dampcuhb blaisulm gmphth@ atulltthe redvearty frgquemes The fluid damper uses a
s%nge é[fné e%g 0{ 11'1\9 %(ﬁl\r{ge %%alentstﬂagclorrr]l han¥I S {uﬁtuluel sgclhcas ?ﬁa %p Elity. The tube of ink and
theh'«alrrgelsf ztrh@r mn@lcompadethm‘ a lilkef btganul r:nglewalvwhatength ef the printhead.
r | e t t.h

ﬁl{}%@zﬁfybéexpgnq}élﬁ 3@4 (é)ﬁ%ra%ﬁlgn gfhl?e Stﬂ%i% samﬁ%t?avgt% ﬁl%egg Hfrl]lgntalctgrg]ger%ture changes
drq 1@ pebleyatiset ween t he t vvo | owest resonant frequencies

can sufficiently danp the pressure anplitudes at all

the resonant frequencies. The fluid danper uses a

Si nglPecferhly theusblectaf resonknt requemy Oéglaiﬂnisltc damp@ metva:ﬁn the two lowest

?toﬂé%l? hyqugnc‘?elé ?n th& §¢’et &qes%lnarnt ﬁgquergcyes efFJ]%]hep Sref%fred fr(]) ?he selected

Esange frequlenc& awthet noet_sn@h scmgretolﬁ the Itxem@tzvhst oforatigreguanpithie dd.set of resonant
ﬁseﬂg%nf;%a %at 15 )ﬁ{%%gﬁc’a:gﬁgrgot%? 918 ﬁloolauct ?Pt epowesq ]; (; @equéc' 01e9| €

ir cavit ur na erature c anges
are not problematic. Preferably, the sel ected resonant

fr qu’?cq XbIOfthet u?qg(f Jia%lgglj Kas 9@4 egﬁ%)ﬁlpggsﬁbvl\eﬁlﬂd 54%%@%‘9{% the ink conduit

| owe resona enci es
iz egoevoiigsed td ot lastfpamahseprhm ‘elfttamk wtierfthy wnntltehdeprs@sehtae‘?drthel

qr%r?eﬁ%ﬁn Ihrs %&}ri]lqergsg%lelfﬁndtlpgr {ra%gédw e%nhezjﬁ;%%%a%rié) I’gl?]eg,ﬁ%lﬁl%( In

résona
pfarteqlaueand)loéslents ttlhatnnthsa,d if hmgs‘qﬂﬁnrpemﬁlwltfoufrintimnp*‘bsimtmedia the ink

It e h;. rg ahrgéAﬁ a‘l:anﬁe\f\@iténdﬁlg 'ljo%gﬁud?nally If%ftﬁ% l?rp lt%of éd](i) H)%nthe &)%tv&een the inlet

as a cavi ressi cte
anﬂ] Ghe jontlet, ¢lendlulitte alsp aa\ang a,sbeesco@ncﬁn [gunn@alt @vigits fosigigited along its length.
partially prime with ink when the printhead prines. In
a further preferred form the conpressible fluid is
ai r tln gepédemreimdhbethpsupperhemcuicdagmi imtetdoniotupctingithe ihkaline to an ink

supply, and an outlet for connecting the ink line to a waste ink reservoir, the fluidic damper being

connected to the ink line adjacent the outlet. Preferably, the fluidic damper has less than 0.4 ml of air.

Optionally, the maximum threshold pressure is less than 4 kPa. Optionally, the ink pressure at
the array of nozzles is maintained above -3 kPa to avoid deprime and keep ejected drop volumes above

a minimum volume.

In a particularly preferred form, the printhead is configured to print different colored inks, each
ink color having a respective fluidic damper, the fluidic damper for one color having a resonant

frequency that differs from at least one of the other colors.
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particul ar enbodi ments, the printhead is a pagew dth

printhead for printing on A4-sized nedia, the ink line
whawpmgpses mai n channel extendi ng | ongit udi nal | PCEHAG2IYS/000041

the length of the printhead between the inlet and the

outlet, the ink Iine also having a series of

non-primng air cavities positjoned along its |ength.

In specific enbodi ments, the support structure has an

inlet for connecting the ink line to an ink supply,

BRIEFIDESURIPTIONQF THEMRAWINGSE ink [ine to a waste

ink reservoir, the fluidic danper being connected to

t he iRigferrpdhembadimenthef thpivepiiqneyill momebegeserited by ety of example

gt il AR o RE e fdmilEfaRidbe Th il T o | e

than 4 kPa. Optionally, the ink pressure at the array
of nozzles is maintai ned above -3 kPa to avoid deprine
and KeBpc bjisscchanags sprevaationed appenast panter milwdisssémine.

I'n a mpakd h&WIREIdYL RG] G SR QNALs ol Rivef t&AEs ohsht modes of the
configured to print different colored inks, each ink

reintherd ke y liee shespdtigwel:f | ui di ¢ danper, the fluidic

danpesig fo7a H6s S bk pRaVikIth Be I SONRALioh LEAYEAELY fdr BRtink line
differs from at Ieasp one of the other col ors. BRI EF

piser frriamer: THE DRAW NGS Pref erred enbodi nments of

the igy&MH QBwWhE heal PHsdIRs SERCHK ReHruRYioWBY frdlienBy BN §nk line with a
only, With reference to the acconpany|2%>dramnngs, in
a

Ruidic ¢pmpp; typd do rpsqnate gt theetraonnt Freqyenss ehthatnkdineof a

prio rFi@Eet 3APhLRY @E 'pélk fp{eyé.u{%% ¢ BY Sk &9 fuhdtGH Bf'l%que%cy FB R line with a
2C show t he standing waves for the | owest three

fhedodranmer thisd dstegmate Rigogsmean saiag of thk e pesirepanpi fisgiustgies of the ink
in@: Figure 1, Figure 3A shows the peak pressures in the

ink as a function of frequency for the ink line )
Wi t hdigure isp mhémtwdm@?t?ﬂorm@{rﬁ erirgippad pogirbly wh Peigik damper according

PR PRYERvédtod;ne i nk as a function of frequency for
the ink line with a fluidic danper tuned to resonate

at t Heégurg & hewy e piabead arideret{ e pemert FuentieR st the print engine of a
griin@kr e 3C shows the peak pressures in the ink as a
function of frequency for the ink ine with a fluidic )
danpéiguahdavs be padkimdtatidge o dhstoroven mvenigareoyed fgpethe print engine
Jrwerik@vest resonant frequencies of the ink Iine;
Figure 7 is a perspective of the complete printhead cartridge according to the present
invention;
Figure 8 shows the printhead cartridge of Fig. 7 with the protective cover removed;
Figure 9 is an exploded is a partial perspective of the printhead assembly within the printhead
cartridge of Fig. 7;
Figure 10 is an exploded perspective of the LCP moldings within the printhead cartridge of
Fig. 7; and,
Figure 11A, 11B and 11C show the outlet manifold of the printhead cartridge.

DETAILED DESCRPITION OF THE PREFERRED EMBODIMENTS

Figure 1 is a schematic view of a prior art fluidic system of the type used in the above

referenced USSN 11/688863 (Our Docket No. RREO01US). The operation of the system and
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Figure 4 is a schematic representation of the
printhead assenbly with fluidic danper according to

W@ b@opssssent i nvention; Figure 5 shows the priPCTaEenos/000041
cartridge of the present invention installed the print
engine of a printer; Figure 6 shows the printhead
cartridge of the present |nven ion renoved fromthe

Bt RSopPak SrP e Ral nkk %ﬁg@ﬁl&%‘? JRFE Ee o

IBEBHOUE), itiv@ntdnBHf whi dhbr€ indopbeite Hehen BY tdféﬂaﬁe@d
cartridge of Fig. 7 with the protective cover renoved;

Figure 9 is an exploded is a partial perspective of
the Vi i ' -
%rie%%ﬁ?nﬁt%? ﬁ% C: nge{I]lmag % ﬁ)ggtélgldp%%%g@g t2 ﬁ%&%p thgﬁl elnk from an
1hl€t%nkfﬂ|vﬁh ng@simbetﬂﬂ ik linees amﬂlwﬁs’{eaﬂldlsaﬁzﬁhdfd tdlgteiu@lﬁ) llgiv;ga Ell downstream
an gure 1IB ow the outlet manifo
19%6 pélswg éﬁ]a 1&%&&8 %0 isfty £fy o PF’F@RP?@WS multiple ink
lilfl'é'Ede R&AFES Fﬁﬁ? §ea{:rh gdkrlﬁle]S a8 ah SO @ b} ?é%ctlvely

a prior a dIC systemof the type used in the
1&6&1‘1@ th@plelﬁh%wl@dsetﬂ%f\lz 11om68886G:8p (Dand Potbk etk thick 4. The pump 12 is

RR (I] Th i f th dit )
Rty PEBE g REnT e aPa R S5y 2 e afimp i 21 tgsed to
e@%ﬁﬁﬁ?&@e%aﬁ@{fre@g@iﬁ%el\l@k taniBBO PRHRY Prlhth@g %Hegﬂk% p%ssure is

whi ch are incorporated herein by reference. Brief
miietamed hy dre tubbicgomt ssgutaganthas a pri nt head assenbl y 2
supplied wth ink froman ink tank 4 via an upstream
ink line 8 and waste ink is drained to a sunp 18 via a

d OVVn Slthk @@ifthicikadsériely 26s af\LEP M ed tiyktal 1?1 dIEmérs niolding 26 prportlng a
mplicity. In realit t he printhead mul tiple ink

Il?ﬁe%f prigticad I Gs &9036@11’?3/ pithan @@hlg%swvldee 43*;9@1% ﬁh% (ot ﬁh@wni)n dhe printhead
It%ﬁ 2@%?96 a?1h %fggnsk\e/eﬁ%cl\ﬁgn ég%zfrl‘%:%o t eﬁéec%%g 'd}{o%iﬁf IR ﬂh? gaéssmg media
siubd(ratealﬁk "Fhe n'BhﬂemaMHMSi(Budﬂs eldcttcﬁnﬂchamwal))str@crtUﬂaprﬁ]ﬁting at true

@gglt rtsglo ut10n ( tal‘g %ag ng‘zsifeepq‘:%L of %600 I‘Igb? op glgjre terl ZTHeSfabrkc%gon and
structure of suitable printhead IC’s 30 are described in detail in USSN 11/246687 (Our Docket
No. MNNOO1US) the contents of which are incorporated by reference. The LCP molding 20
has a main channel 24 extending between the inlet 36 and the outlet 38. The main channel 24
feeds a series of fine channels 28 extending to the underside of the LCP molding 20. The fine
channels 28 supply ink to the printhead ICs 30 through laser ablated holes in the die attach

film.

Above the main channel 24 is a series of non-priming air cavities 26. These cavities
26 are designed to trap a pocket of air during printhead priming. The air pockets give the
system some compliance to absorb and damp pressure spikes or hydraulic shocks in the ink.
The printers are high speed pagewidth printers with a large number of nozzles firing rapidly.
This consumes ink at a fast rate and suddenly ending a print job, or even just the end of a page,
means that a column of ink moving towards (and through) the printhead assembly 2 must be

brought to rest almost instantaneously. Without the compliance provided by the air cavities
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establish a negative pressure in the ink tank 4 .

During printing, the negative pressure is naintained
Wh00vlg9skiibbl e poi nt regul ator 6. The pri nt heallCT/AU2008/000041

assenbly 2 is an LCP (liquid crystal polyner) nolding

20 supporting a series of printhead I1Cs 30 secured

with an adhesive die attach fifm (not shown). The

ol ar e SPg IR ef ﬁ}a%w%’%%s DS R Rar R 6 Femore

thel AbbEARt ‘Poflecttl &vaR@Zah @8nc2dte a MEMBVE BHeGdue strong enough to deprime the
electro mechani cal) structures printing at true 1600

@tley.esol ution (that is, a nozzle pitch of 1600 npi),

or greater. The fabrication and structure of suitable
printhead 1Cs 30 are described in detail in USSN

11/ 246 @t ind;j6ity dboadestthd\ar cAVINNOCH OHkr SLffﬁClelﬁI’daﬂllpt@ ®fowever, the
whi ch are incorporated by reference. The

rethead cap epsrae LHARATS thad gxcdiedlmiak fRyonse o%f‘ewsq%t 4@%@%8 of the ink

3R, @ije)@aﬁﬁ‘ole{o ghhﬁﬁ B8k [HAE alFBigh e&g? ﬁﬂﬁl[) ﬁﬁir%gnde for a table bar

series of annels 28 ext
wfle bihthe Ih@t:) rmplld:IS al tlRMhlackmezilente fuh mnnﬁlameonays”mmwie\ﬁ per_mds. This

SRE G HER Ry Fama bl SRR PR SR SR £ fefoman

BRuERS. The ROk BHLAR ssﬁfe% of At dtARlirBvavE 8 FoveAVAd@Re damping
26 aré designed to pocket of Tair during
me‘rlmdwleatdie prr |cm1hgs 26Tahné fbppd op é@k@mesthg ngzzlashdhe y@hlemof the air

%Q%E%ﬁ’%ﬁ@ ng?]cp t@ %r?]a bﬁrgcr%)aﬁg 1n.ﬂ,]§erp? egl?ﬁs'lordgtre‘;ﬂ?%)e Epressures of the
@@@Q@wm@§W(ﬂh printers with a | arge nunber of

nozzles firing rapidly. This consunmes ink at a fast

rate and suddenly ending a print job or even just the

end

t O\A/a(rijé%ﬁé(‘ and tqw %)Sﬁ%{eheg?@gi as é@% f&)\ﬁg easdt as%eembly
shownghFigte Ir dsshoaldiestotddrbitaind mana@hsﬂml rer:ddS) ag ifitiea blind end

conpl i anc rOVI the air caV|t| 6, th )
%E@w S G R S oot Iowe bt e Gyepighresonetes with o
dﬁrﬁfé%ﬁm%aﬁ&ng’g thigH Elﬁe]}fe'f W%(f@haﬂnlaﬁlcsé' !P§§ G0 harmonic and so on. An

l'ected wave' can generate a negative pressure
aen ompwewldughnito adép miane fulheang 221 esic and so he. g micstyharmonics

T ST AR R TR
%Pﬁ%ﬂ?@ﬁ&&t%@uéﬂaféshﬂwﬁhﬂﬁ tHRfprinliRad eSRMAke, iBOMERCHRSntial for
pressure pulses above the flooding threshold and below the deprime threshold. Nozzle
flooding or deprime occurs when the ink pressure exceeds the Laplace pressure of the ink
meniscus across the nozzle aperture. Obviously, this will depend on nozzle geometry (as well

as other factors such as operating temperature).

Figure 2A is the lowest frequency harmonic; the quarter wave, in which the length L
of the LCP main channel is one quarter the wavelength. Testing on some of the Applicant’s
A4 printers has shown this to occur at about 12 Hz and has a peak amplitude of about 9 kPa.
The next harmonic is the 0.75 wave shown in Figure 2B. It has a lower amplitude (approx. 5

kPa) and occurs at 36 Hz. Finally, the 1.25 wave is shown in Figure 2C which has an
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line. For exanple, printing black |lines across a page
at a particular spacing (for a table, bar code or the

wo pioepssseqjui res all the bl ack nozzles to fire PCI/AU2008/000041

simul taneously for brief periods. This cyclic input to
the ink I'ine can quickly establish a standi ng wave
oscillating at a resonant fregyency. The peak to peak

BlaRRRG T BrBl 2ol 3B bAoA RRUFR B g BRI 105, he amplivce

SFelRy Wake rhpiglynezZlaes. HERee e hipher @équbhs Rimotiavhdve @Sak pressures
woul d need to be greatly increased in order to

ethemenpagunpribewyifiesdo 64Mp-he st andi ng waves.

Fi gures 2A, 2B and 2C, show the three | owest harnonics
for printhead assenbly shown in Figure 1. It should be

not edrigiraB Atshew sttt rbannrelcalses ponrtsn asfreduchdy. i18the deprime and

lind end even though_ it has the outlet 38. Because it
ogdéhre$lt9§1§dlr%wa at, paye~ fPhandhh esrreégm%tlte%an%etsﬁﬁnéﬁat the quarter
R Fard YRR BRI Moo V8 Bk B Bfcs WY illIBY M8 Blefatic
a 1?25 &av harnonig/a%dcso o?? opgﬁ englmouﬁg cmate ot
mmsweatretiat. Movsewen viecorfanitingveadagpetl that nesonetea atiths quarter wave

fget%gﬂlmg gt ({}gélgg | Cﬂ?ti)]‘tg?r\éfe gfggl?e g# glbo(ew%téh%agi%pl :gé llilldtﬁe frequency response
RERBWIRE ifRidid fark R 8fch RS QLGSR 92 s AAbed oIRUEIICI R main
at which the printhead can operate, there is the

qannsh4 eice Figr 1 prissentielly geisas chevoslenophissifandoali ifg were an open
%Prrm%? QI?A tﬂg ?15‘% gv%\??l, %Yl %vgxg%%g Ri reroﬁlic% ﬁéceolsmﬂe%e%}zanl}p I%é St more of these

oodi ng essure
RXAEEESMENEsd- AflcAtEcREBES ek pesduls. | Nk meni scus
across the nozzle aperture. viously, this wll

depend on nozzle geonetry (as well as other factors

such r.at i r [ [
ove e B eIk e ETRAL Fhtb ke wERctefl: WinbelS, pneg o o
fidy@enogrigtwech tiaf quatter dndRalfavance bivamnels. Thisatenuguwabbehrthe quarter and

t he wavel ength,_ Test|.n n so of the. Applicant's A4

lﬁrfi RiC CSs o6 PP sidt B Bl fhatghe B sopongn Hfguency for the
S B GE s AR B 1R B RS (R Lo IRRTROAS and the
labfpldve didgudnapphaxs, the dqRalk restdf dequodncaof BE qidzter wave resonant

inally, .th 25 wave i s shown in Figure 2C whi ch has
g el s o5 Byt Ro sl RSt g everat
Bdqubhteshasui@ihCrobNGEfARASe ficfferdPRd fikd@ahObptiin Y&¥fant frequency
rapidly attenuates. Hence the higher frequency

fhahadnidedanpes becgklaptiessigh asink filters, bends and elasticity in the ink supply

line and so on shift the actual pressure response curves from the theoretical curves.

Figure 4 is a schematic representation of the printhead assembly 2 according to the
present invention. The LCP molding 20 has a fluidic damper 40 that resonates at a frequency
selected to attenuate potentially problematic standing waves at any of the resonant frequencies
of the main channel 24. The fluidic damper 40 has a thin tube 32 filled with ink connecting
the main channel 24 to a small cavity of compressible fluid 34 — most typically air. The thin
tube of ink has an inertance proportional to its length, cross sectional area and density of the

ink. The air cavity is a compliance against which the ink in the thin tube 32 can oscillate.
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smal I enough for the non-primng air cavities to danp.
Fi gure 3A shows these pressure peaks as function of

wo e@gueasey. | f the deprinme and fl ood threshol dBCHAB28000041

at, say, - 3 kPa and 4 kPa respectively, it can be
seen that the quarter wave and three quarter wave
har noni cs have peak pressures ghat will be problematic
for printer operation. However, incorporating a danper
that resonates at the quarter wave frequency does not
sol vén tigriiehd ememblygto®n 3B ABiawsdahiper Bhargeo b fre§i@icy at or near
frequency response curves when a fluidic danper tuned
theroohegusgueerof g aiarter wangeaad thy halevais desonant figqwagicy of the main
) I
C%QI\?IVQ? g{é’ H%tﬁed é&%qn(ﬁ?ﬁg t26 As Iﬁ?s%ﬁﬁ%& @nolx%htgg ﬁnﬁ%%g%?ﬁg&]e% by the
daadpkr M/&Neﬁquaftlﬁﬁ dndviaifey &t cl:lamammm, agfibiestaoRedpeiodtyafithem less than the

i LS B T 2 T o S BT Sont the outet 38 of

tflé ﬁlgfﬁec'ﬁﬁﬂ(neﬁ §§ RAHG¢ eﬂ’gﬁf@e LR b hitl Re 91%_1@1 of the Etgﬁkﬁﬁig H8ve and the
frequency between the quarter and wave

lhﬂﬁmﬂhwwﬁjsﬁhﬂh attenuates both the quarter and half

wave harnoni cs. The Applicant has found that the

opti mum resonant frequency for the fluidic danper is

approximately the root nmean square of the quarter wave

frequency and the half wave frequency; that is, the

squar'@® rRyertiop il nps BsdgeiiRad vith refRencsiia e Appligatts printhead cartridge and

pPri|afoEdme Eho%@tﬂﬂ@ﬁ@éﬁ 404, Wlﬁ‘m{h@é(f caMi@IR rdcB8&RRAMEt individual 1nk ejection
fre quency. I n reali ty IS necessary to test sever al

IPF%‘&&‘@H&%%VCT&FWS eafql?@alﬂyc)%ile AfS SPeUgh e @oFzles tprae yrtifagts in the

p‘nlnfad ihdf@el hﬂovﬂﬂ% ThEUd 1083 MHe pliktBsid 8RGYaifsAKe fridEqublity iwgth&ut requiring
mper. lrregularities such as ink filters, bends

tbq f‘é‘élfel neiteytojbg rephged: ibe STipAnginei g theracchanien] heait ok a EIITiEef which
c%ﬁ'h'a'@é miN cﬁﬁ%‘rreﬁt dxfrigd %§§?1% ?&31&&% 159&10{1@% & éc(f 8, as well as

curves. Figure 4 1s a sc I C representation
dfferattreatla fesd embiotle@tiactcaysdi ng t o t he present

i nvention. The LCP nolding 20 has a fluidic danper 40
that resonates at a frequency selected to attenuate

pot erfigit b ¥hdw Obpreithdad Casti@Rrdl ngtaMaMe s, paint &ipynedf. TH¥printhead
resonant frequencies of the main channel 24. The

cfal'tﬂﬂgé £isIIRES arﬁpreﬁl%éil@bn)ﬁ ik Qsdr %%gaﬁqdflbv%rﬁ% e faben! 1@'6 The print

connecting the main c 24 to a small cavity of

e%gln %%sba{neelgctncaij connectlon w&h C%Pacgsal ltﬂe grllr{thea-lcm:aelrtrldgerb and fluid

couplings 120 are formed at the inlet and outlet manifolds, 48 and 50 respectively.

Figure 6 shows the print engine 3 with the printhead cartridge removed to reveal the
apertures 122 in the fluid couplings 120. The apertures 122 engage spouts on the inlet and
outlet manifolds (48 and 50 of Fig. 5). The fluid couplings 120 connect the inlet manifold to
an ink tank, and the outlet manifold to a sump. As discussed above, the ink tanks, media feed
and collection trays have an arbitrary position and configuration relative to the print engine 3

depending on the design of the printer’s outer casing.
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tube of ink has an inertance proportional to its
| ength, cross sectional area and density of the ink.

wab@oasssexavity is a conpliance agai nst whi ch PE¢EAUZI08/000041

in the thin tube 32 can oscillate.ln the printhead

assenbly shown, the fluidic danper is tuned to a

frequency at or near the root an square of the

guarter wave and the half wave resonant frequency of

the main channel 24 in the LCP nolding 20. As

di scusgge73hewethe bhﬁthbd&%ﬁ’@ﬁtﬂﬁ 21K @pflﬂ@eacbaarﬁlhge f20RL linsertion and
[

at the quarter and half wave harnonics is sufficient

regoka dignbibe Rriger b(?fbfr{ﬁereelﬁg ®hdhe priethpidegetidger hser top molding 44
|
a%g%zgllé{é bH}XerS%EJt?\}edcovg . I*ht% @@“%gdnﬂ%c{ﬁ s Q'c&bt%"f JRE rforA&Qructural

sﬁfﬁlmtan&ea @8vidt tdxaaed g ﬁnfab@ Jeefoomitipulafing the csmaigdldmgng
ected wave .is snmal]. The inventi

wav the ref

1we|rtfoq?6}a,rgg0%s daq l?)aéﬁ POIIER of @p@l‘r@%lge £ever §a protects t%e printhead ICs
[ |

(BARBD £ ARk ESBEAG(EAMHoK 1 030 oDl fin FIAK B ENCHR 56 ae

1nthg1tally atingid chuthl the bdse @pﬁmtuamh covez teesk migys drali dutlots €see 54 and 52 of

ﬁigg and eventually there are enough dead nozzles to

d&use artifacts in the printed image. Al low ng the

user to replace the printhead maintains the print

qual ity without requiring the entire printer to be
r epl dgue 8 Thewpthe mlntémgi gysengbly § WlthetSrm@th@tme@averHéacmoved to

exgge a Rl %rll]natge g%§ dn tl}e%ﬁk‘mlln Suf %Cieon gctihe f Rt 6gnta%xt% g% on ahse side surface.
IM%I ;Jrotaaw@lcf)t@ﬁemcalml ta tHeaedy cinglwaat bﬁﬁﬁtddotﬁ thd @itshead cartridge
igure 5 shows a printhead cartridge 2 installed in a

qﬂngﬁ?pléwg. t) éOIEamTWJEa% from resdpabiaks Figgeped B aipgrtiafy expleded
p%gkgeét% i I(ﬁ%ﬂfegc‘? aéﬁgﬁglyffoﬁf#gqun%gr hfﬁ\ﬁrﬂe renfiSed ?etvgeﬂ the inlet

endgl ne el'ectrical connéectio
mariifol Cehimaiahs owtiet ifasif@ldiS0t Maadthlaand vutitgsh@dudsub dnlduli7chave been

couplings 120 are f at, the inl et d | et
TRRAY P G LT E8aN i Verlggb@@tq%i Gpndyifyy S ¥ pimastivste. The inle

4l 'oﬁ{li:tqﬁlﬂﬁfaﬁis 33hd Bo ke @ﬂﬁlﬂ%ﬁ%?tl&%ett\% SAAG K §Frtﬁé’ ﬁféh\k&)ual inlets

reveal the apertures 122 in coupl 1 ngs 120.
afil eudge alld,ltlhesori@ﬁomh@glemsqb@mtet%b@et Ri. 1 h 1etthedr(EP Inoldlng 20. As

utle ni f ol ds . ~The flu

e ABE 58 iz St SOt Rt i Pbio§ PPty cavities 26.
tank, and the outlet manifold to a sunp. As discussed
above the ink tanks, nedia feed and collection trays

have Fighrad st Wylogeﬁbpetrmntlm thoprinithpad asscom y withaqut tl@ inlet or

ou?lett rpléenl olds tl?entgll) goeve:;’ molding. The main channels 24 for each ink color and their

associated air cavities 26 are formed in the channel molding 68 and the cavity molding 72.
Adhered to the bottom of the channel molding 68 is a die attach film 66. As discussed above
in relation to Fig. 1, the die attach film 66 mounts the printhead ICs 30 to the channel molding
such that the fine channels on the underside of the are in fluid communication with the

printhead ICs 30 via small laser ablated holes through the film.

Flex PCB 70 is adhered to the side of the air cavity molding 72 and wraps around to

the underside of the channel molding 68. The printer controller connects to the lines of
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dependi ng on the design of the printer's outer

casing. Figure 7 shows the printhead assenbly 2 as a
w@eionossserl cartridge for user insertion and reP@iyAl2008/000041

fromthe printer body (see Fig. 6). The printhead

cartridge 2 has a top nolding 44 and a renovabl e

protective cover 42. The top nmp ding 44 has a centra

g PRI P*#P&ﬁ?%ﬁ’%ﬂla IR L Rl Flicaty

doRBE¥ tHe@Bn@itebrs RITBY fbx 70 oeablasethp pFihthed 10k 3D N&he wire bonds 64 are
protective cover 42 grotects the printhead | Cs (not

C@ﬁ@f\%}n ensapsiu|aneoowhicn it rrefiksd tnbrve awedomipntly flat guter surface. On the

qﬂi]e%ts oﬂ}{e (,Jﬁl()lt%ﬁlgld? péoﬁ% £h r?agé%ﬁld%s/é?S ?ﬁééd% n%{sac!f In)[edla substrate

ase
rmascthopitinteésl ICs eea prddaathitsd phcilg.g. 9). Figure 8 shovvs
the printhead assenbly 2 with its protective cover 42
renoved to expose the printhead I1Cs on the bottom

[ii%l[ I{J@PﬁA ang atnaq lt'sﬂgw ofe KPRt ﬁ&ﬁl%l@% BQadiag fr%hptﬁ% rest of the printhead

ace e protective cover di scarded to
qagoygd. |In@rfaasplae do hhs outked snoutstﬁlziefopcrqnntch@ado tentk $1mrg3ehoused in the

be n aced to onta n a fromre

Pl a8 P PG U OGBS it R B ntficnannel
ﬂ%lﬂfﬁ% heagkcass qm)l Xs ;alow-ﬁl'lﬁ Fi®PesCaBeind44 Chag ilRe Side of the interface
renoved reveal the inlet manifold 48 and the outl et

m@tn i76 empposs)them@ inksltehes 3Adnd dtela@tcasmlp@%ﬁ)rﬂl@ ramcmwe main

bette ive
BT T8 TR el ARG o TEL RS i fF b RS e v
dabllttlle§34 Ry ?flﬂ&é&d’ﬁleﬂ 84 andltha @hih awbes 32 hileWedle L ABMEGEN Sther w1th the heat
bet ween each of the individual inlets and outlets an

seHable il Esproiad gtherhack amiglet panifadéa0.Filee foll {78 is heat ﬁ@led around
th%’en db hﬂ&eﬁcﬁ t]%nﬁﬁ ﬁdgh?@a‘%zﬁ §9 ARRYBbes LOR 1§‘@s'séhtﬁh@:9€;t§éfare

eneat I ne o non-primng alr cavil

tpldidlg weadedlfBorn Saczhrbtleap Todedirptr specd not eomdprobtieed during use, the heat
pri nt head aﬁsenbl ut the inlet or outlet

%ﬂﬁ?$$$@§3 Pﬁﬁ@“?&b(@$ mol di ng. The mai n channel s

24 for each ink col or and their associated air

cavities 26 are fornmed in the channel nolding 68 and

t he Odben tiae pohtticaugsioblAgheee thatiok flhes buvughrthothit tube 32 as far the

cha eI di n diie attach.fil m#66.. As

e e A s sebing bt B8 Bin b fRigBespf g e and the
ﬁrbﬁd%le@@f HRMHI: Getb@n®id MEASRE fdChe BR ih MelthiR. CMRARGlance is equates to
nmol di ng such that the fine channels on the underside

th¢ dashepoaiineth¢ eufivalgng meohaninel dampes andviheindugior in an electrical damper.

The volume of the air cavity is relatively small; less than 0.4ml, and typically between 0.15ml
and 0.3ml. This provides to the spring in a mechanical damper or the capacitor in the

corresponding electrical circuit.

As the main channels 24 of the channel molding 68 have slightly different
configurations, the resonant frequencies are likewise different. Accordingly, the fluidic
dampers for each main channel 24 are tuned to resonate at different frequencies for optimum

damping of each ink line.



printhead 1Cs 30 via small |aser ablated hol es through
the film Flex PCB 70 is adhered to the side of the
W@R009/089563y nol di ng 72 and wraps around t o thePCT/AU2008/000041
under si de of the channel nolding 68. The printer
controller connects to the lines ofcontacts 33. At the
other side of the flex PCB 70]hs a line of wire bonds

64 to.el.ectrically connect, .the conductors in the.f.|e .
20 t EAERHp BT RPRE for g BGRRY S frl Lot atyli workers in
tBis EickOVEI e tilytc &pa B SHn A RhrifdnWihChodiSicRloal tHaBo h& depart from the
have a predom nantly flat outer surface. On the other
spir @ngpcopp ef i broadvitoptinptlicety: 72 is a paper gui de 74
to direct sheets of nedia substrate past the printhead
I Cs at a predeterm ned spacing. Figures 11 A 1IB and
11C show the outlet manifold 50 detached fromthe rest
of the printhead cartridge. Interface plate 76 has
outl et spouts 54 for connection to the ink sunp housed
in the printer body. The coupling 60 connects to each
of the main channels 24 in the channel nolding 68 (see
Fig. 10). As shown in Figures 1IB and 11C, the inner
side of the interface plate 76 supports the thin inks
tubes 32 and the air cavities 34 for the respective
mai n channels. The ink line outlets 38 connect to the
thin tubes 32 inmediately before the air cavities 34.
The air cavities 34 and the thin tubes 32 are seal ed
fromeach other wwth the heat sealable foil 78 applied
to the back of the outlet manifold 50. The foil 78 is
heat seal ed around the entire perinmeter of the five
air cavities and ink tubes as it is essential that
they are conpletely sealed fromeach other. To ensure
the seal is not conprom sed during use, the heat sea
resists internal pressure to 10CkPa. Wen the

print head assenbly prinmes, the ink flows through the
thin tube 32 as far the outlet 38 only. The length of
the ink colum in the thin tube, the dianmeter of the
tube and the properties of the ink determ ne an
inertance for the ink in the tube. The inertance is
equates to the dash-pot in the equival ent nmechani ca
danper and the inductor in an electrical danper. The
volune of the air cavity is relatively small; |ess
than 0.4m, and typically between 0.15m and 0.3nm .
This provides to the spring in a nechani cal danper or
the capacitor in the
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corresponding electrical circuit. As the main channels
24 of the channel nolding 68 have slightly different

W@ ovbogpssat i ons, the resonant frequenci es are PCRAUREE000041

different. Accordingly, the fluidic danpers for each
mai n channel 24 are tuned to resonate at different
frequencies for optimm danpi ng of each ink |ine.The
j %ﬁﬁglon has been described herein by way of exanple
ozﬁy Skilled workers in this field will readily
recogni ze many varlatlons and nodifications that do
ot de om t cope.of the broad
|nve Evéwgéﬁég”Pp ﬂTpH £“%C0 hiead for an i nkj et
pr i ntaelegst bﬂwnpﬂmaaltlmeade(t@mpm (I§) wih anamaj' eias)tzlwrfe ¢j ectmg ink;
g(r)lz gfagsgpapfog rs@uec%%e f ; gug)p(g:rlﬂ tHe 1gr1nghegal G hse ts? C t S %¥e havmg an ink conduit
feusopdying thy aIMY@f p«mzm islnhk t@ cohthet lsuippokdt oSeyouott fn:q;uenmes at which
avin for n h
112% in Zt egzé)l?c\%lttgﬁnera%% aﬁém% aurll %Pq?és\?it%(éetrtgﬁs %ratﬁ% Ir}og%soorf]‘ the farray of
ordguendci es at which ink in the conduit generates a
S]tc atn %Igfl]lgirl(%{\%}{l%elj hralw § g Fe?e@?ég Ies &aﬁtq{e]tgﬁéncyafﬁgtedal%h‘p H@st%%%g waves
aasosielcd gtk dach eﬁubnwnbf regoen Eequyncids adch dlanthsy hidve arsdnghiclida @ss than a
waves §§sgqaated wi th each of the set of resonant
aximum
rrequenci es 'such that they have an anplitude | ess than
a nHX|nun1threshoId 2. A prlnthead accordlng to claim
| Ui (:IIA[ §r1n egicp accg’rﬁmg oect Zbl\lélrl Wﬁ]{gﬁ%ntﬁe sefef(?tg(&J reegl(f Xnt(f)re%uen(m of the fluidic damper
ﬁb@qunmwnwskmethemmeﬁamﬁwmemGMHﬁtdf%e@uehmm@sws3. A
printhead according to claim2 wherein the sel ected
resonant frequency is the square root of the product
f t Heprinigad awading foadain drthefemebprelrct@ssondnt fidquenéyns the aqhare root of
e he fluidic danper has a
t%WQ@EhH etwog?@ég%é?%pf%m&lw%onnected to the ink
condU|t V|a_a tube configured to at least partially
ri e Pl pri . . . .
48 fin tﬁ']é% Ejlﬂg(%: %0 rrﬁi{ﬂgﬂ) ctl%rgé lwglle{r%ngﬁe\?ﬁueu?lge Id%?pt%wéag a CﬁVlty of compressible fluid
cowrrpicé ®shdihlecdntiui da # sba¢anfiguraip edcashgitiaflp prime with ink when the

printhead primes.

5. A printhead according to claim 4 wherein the compressible fluid is air trapped when the

printhead is primed with ink.

6. A printhead according to claim 1 wherein the printhead is a pagewidth printhead for printing
on A4-sized media, the ink line having a main channel extending longitudinally along the length of the
printhead between the inlet and the outlet, the ink line also having a series of non-priming air cavities

positioned along its length.

7. A printhead according to claim 1 wherein the support structure has an inlet for connecting the
ink line to an ink supply, and an outlet for connecting the ink line to a waste ink reservoir, the fluidic

damper being connected to the ink line adjacent the outlet.
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printhead is prinmed with ink. 6. A printhead according
to claiml wherein the printhead is a pagew dth

w@eionossserl for printing on Ad-sized nedia, thePCTKURI0RE00041

having a mai n channel extending |ongitudinally al ong
the length of the printhead between the inlet and the
outl et, the ink line also havipg a series of

é{;on 93[ pggrmt X d é?(l:l rrdl(r:layo ctl In%% wﬁl(e)rsé{nlt eocrell% v oqj g eslﬁtb?eht{eu?(p igtttpe'ﬂuidic damper

lssljppchdn Os4tmmftamr e has an i nl et f or connect ing the ink
line to an ink supply, and an outlet for connecting
the ink ine to a waste ink reservoir, the fluidic
danpex progicadaccaring 6t ddadim tl ovheteen thewkaximne thagh@d pragsuteheless than 4 kPa.
outlet.8. A printhead according to claim4 wherein the
cavity of conpressible fluid in the fluidic danper has
]lOess A pranthe@d dbcortlingfo cddim 9 vEherei the ink plagsad attbe aradiofi goztz]@s is maintained
‘%I %I;akt[s avou%éepn%h gndq}%fztheé dtdpor & g%re]g ab?)(éee ai %}ilun? n|§§0h|1
mhereln the ink pressure at the array of nozzles is
lqalecr:]:zég%%%%a(?gzgo ﬁm ?’osclfan% 1 w%e%}ﬁothe *%U‘f:h%{l(i/ n%ntgreéi{%%gt different colored
qﬂfs; emtlhmh doleldiawlngi (] r@etmed]ualucmampmmm diidic tdepap fdr b @b having a
reso an u l‘(I:r ?hat 31%61@ rfrlorrﬁtat lgtasE I)neero t orl c% oed I nks, each
HKC Fb Ravi ng-a res 8 dhnper
f|UIdIC danper for one color haV|ng a resonant
frequency that differs fromat |east one of the other
col ors.

t he



