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STR.UCTU.RE}‘FOI%O&EG;F HE IN\_/ENTION_SThe_present invention relaigs; 1 hesfigid @f inkjet printing
and in particular, inkjet printers with pagewidih printheads. BACKGROUND OF THE INVENTION The

Applicant has developed a wide range of printers that employ pagewidth 10 printheads instead of
traditional reciprocating printhead designs. Pagewidth designs increase print speeds as the printhead
does not traverse back and forth across the page to deposit a line of an image. The pagewidth

printhead simply deposits the ink on the media as it moyes pas I printheads have
made it possible to pé’r?&ﬁff%ﬁl%%?‘fé\%&“&%‘%%%%%%é’%@%ﬁ;‘% E|oages per minute;
speeds previously unattainable with conventional inkjet printers. 15 Printing at these speeds

consumes ink qiigly and thig@i¥Rg{s¢ to problems with supplying the printhead with enough ink. Not
only are the flow rates higher but distributing the ink along the entire length of a pagewidth printhead is

more complex than feBHiAGSHk Y Brerii eia i s rd My Hrerrhad B Hieih print speeds
require a large ikistppiy fawwate phidsasass of ink is moving 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 arresthtfIRERASABAEYNEY S8 to a pressure 25 pulse in the ink line. The

components making up the-prnihsashanadypeal)stiffand prgyice piimestino depoaspigesagiumn of ink

in the line i, brogy g%at&?q s VHIOHL ALY ComRUANSE IR e dalne, e RIFSSUER SRika.camexceed the
ep e

Laplace pressu?e ressuréergrowde y the surface tension of the in at_the,nozlees openings to

retain ink in the P92 BREFABEISAIRE O B8 THE HEHPd (s 8F therBRithSEe ho I%iéd 11 HiE nozzles
flood, ink may itk eject dhdariifat srmpplarsit traiprintibrynaie as it Resoraneskmdiseiwayes in the ink
occur when the jaazlesfiing-pattesnmatehesad esnnant freoyenaiaf thodak supplyitinetAgain,
because of the stiff structiies hat da@?ﬁ@u%i}'&ﬁ,al{miﬂ?pewfﬁ; large.REepaRtign.afnozzles for one color, firing

. ages ) 1S, .
S|multaneously,pc%n 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
Printing at these speeds consumes ink quickly and this gives rise to problems with supplying

the printhead with enough ink. Not only arc the flow rates higher but distributing the ink along the
entire length of a pagewidth printhead is more complex than feeding ink 1o a relatively smail
reciprocating printhead.
20
The high print speeds require a large ink supply flow rate. This mass of ink is moving
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
25 pulse in the ink line. The compenents 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. Ifthe nozzles flood, ink may not eject and artifacts appear in the printing.
30
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



WO 2009/089563PCT/4U2008/000041 2 black nozzles at a particular frequency. If this particular

frequency ma%gg‘? %ﬁrs(gs&nant frequency of the ink supply structure, a Sﬁ@?@ﬁﬂ)&%ﬁ’o‘% gan start
oscillating back ang orth. This can result in nozzle flooding, or conversely nozzle deprime because of

the sudden pressure drop after the spike, if the Laplace pressure is exceeded. S The Applicant has
addressed these issues by incorporating non-priming,cavities into the printhead. A detailed description
%f F;';% 8533“%@&%%@%&%@%&}?%&&% ﬁlaﬂiiﬁﬁmhi '&_PQ;@%MB&&H&%N_s&#A@%@@&h _%(Qur DockethNo.

, the contents of which is incorporated herein by.reference. Briefly, the. stiff structures that
define the ink Iiﬁ%’ ]ﬁbsﬁ%\%sg?ﬁ %]S’C & g%%f\rrl VE%&%%OS%%T%{%%& agﬂ%e]p%i%ﬁ%ﬁ%%r_ ?”A‘,S‘“F’é’ézsqﬂre pulse
from a resonanfletdnehirig W erac iR MR REEE RELYE e PR Aty 4R i8S B¢ that point in
the ink line. Comptessingthé airdnldhe cavity damps and dissipates the pressure pulse. The reduced
pulse amplitude is less likely to flood the nozzles. 15Unfortunately, the lowest resonant frequencies of
the ink line have thenrﬁgest pressure amplitudes. To damp these pressure waves, the non-priming

cavities need to be imPICHRAIRP | Ap At SE AL Sr PP A B R BB G EIBAEtHE K line is
counter to compiagirteisigh. A dethierhdosejdiuroéitheatingraing codimgsoidigiaircévities would either

pump a large volye: -k LA e ResaieeLhAgRIRe REAATAPHRYtandag ink back into
the support 20 molding. SUMMARY OF THE INVENTION Accordingly, the present invention

provides a printhékh fopemPrirjet iviritery Fdepifth S56 o Mp ot Basicshe Brifthidd integrated
circuit (IC) with avadrapsafenoratandar ejeatingnk; of thepsnppart Stpusture fasshipparisgibe printhead
IC, the support strugture having an ipk conduit f%r su%péxénc%ft@,eaggaxssoefsra% glos ith.ink. the conduit

. 1HZ Wi will compress the. air Q1L §
havmg a set of resongr‘f’fafrequenmes at Wﬁc INK In the condu?'t ge erates agtan INng wave In

response to certidin SpeRathigEtesbihhedivayarsdAspaagthe pressure pulse. The reduced
pulse amplitude is less likely to flood the nozzles.

15 Unfortunately, the lowest resonant frequencies of the ink line have the highest pressure
amplitudes. To damp these pressure waves, the non-priming cavities need to be impractically
large. A series of large air pockets positioned along the ink line is counter to compact design.
Furthermore, diurnal heating and cooling of big air cavities would either pump a large volume
of ink out through the nozzles, or deprime the nozzles by drawing ink back into the support

20  molding.

SUMMARY OF THE INVENTION

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

25 at least one printhead iniegrated circuit {IC) with an array of nozzles for gjecting 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
nozzies; and,

30 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.



30a fluidic damper having a selected resonant frequency that damps the standing waves associated

with each of t%e S /%ere nant frequencies such that they have an amq,l' J?&%J&ﬂ? a maximum
threshold.” W 3(%}39 88563PCT/AU2008/000041 3 The invention recog(lfllilggé%é that particular resonant

frequencies are more problematic than others. Typically, the lowest frequency harmonic causes an
oscillating pulse with the highest amplitude. However; tuning the fluidic damper precisely to the

frequency of the lowesi NAMRNIGLRARI SR HRAMPHIEE . Hie SR NE YRS A IR QheL

frequencies andl_th_e Heﬁﬂl%vwveeq%parmo ic can then be a. robI%m. .;lini h(ta dam%gr to resonate at
m

ng.t
> ney harinonic causes an osciiafing pulsg wi hithest a 4
a frequency betw8en the two fowest resonant fcrequenmes caﬁpsuf;f|0|ent|:y a pntlﬂe pressure

amplitudes at affehevre sormgbrivirekerss previes b ifdba SrApar i Ledremams fimsstink acting
against a compliapiitsicuctn e:sidoh e @nt di ghwiticqildnadiine of ink wekthenainiceanteake far more
compact than ajing.of large. aik eayities-alang thedenatty efitheprinthaadsSimilad-gansion and
contraction of the single smal ay cavity due o dlunal lemperatire chanags arenaf proplematic
Preferably, the §B18¢ted resonant f?equenc of e ffuidic amper is’ e(fv'yeen the twgﬁov‘vest resonant
frequencies in tHeekchBf TRy ke A8 GERMETSS I A RITHHET preYarra aetrHy thesddieetét eSonant
frequency is thehootdareansuase aitfrettivo idinestiresenanitfteguencidsdn tficspintfendsonant

15frequencies-thakisythe.salateront-Rtithemmodrat afdhs. owsshwodreatensies bipierbly, the
fluidic damﬁ)er has a ca\élft%lof compressible fluid connected to the ink conduit via a tube configured to
[

at least par‘tlallyarﬁrlllr?ﬁgr?/v % when the printhead primes. In a further preferred form the compressible

fluid is air trapped when the prMthead is primed with ink. In 20 particular embodiments, the printhead
is a pagewidth printhemed<#eriprirtitig ot Adasizédumedid tih Guitk dnehabngniaiwcharnel extending
longitudinally algng the-lenathaf thandnhead: kefwgen the, inlakancdhe fulleh.thedak line also having
a series of non-Primin alr cav,iti%s ositioned alofn its Ifer‘)vgth. In sepecific mbogiment§, the

& I tEe % st i

; I 1 t &S
support structurd RES SRSy fo P R B e I [The 10 A R BE SR ARa an outat Tor

LR
line
connecting!fhe ifitatimeso- ahivishs ko vl treRtRtie iRt BEME E6hnected to the ink line
adjacent the outlet. Preferably, the fluidic damper has less than 0.4 ml of air.

Preferably, the fluidic damper has a cavity of compressible fluid connected to the ink conduit
via a tube configured to at least partially prime with ink when the printhead primes. In & further
preferred form, the compressible fluid is air trapped when the printhead is primed with ink. In

20 particular embodiments, the printhead is a pagewidth printhead for prinfing on A4-sized media, the ink
line having a main chanme! 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,

In specific embodiments, the support structure hias an jnlet for connecting the ink line fo an ink
25 supply, and an outlet for connecting the ink line to a waste ink reservoir, the fluidic damper being

connected 1o the ink line adjacent the outlet, Preferably, the fluidic damper has less than (.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

30 a minimum volume.

In a particularly preferred form, the printhead #s configured to print different colored inks, each
ink color having 2 respective fluidic damper, the fluidic damper for one color having a resonant

frequency that differs from at least one of the other colors,



Optionally, the maximum threshold pressure is less than 4 kPa. Optionally, the ink pressure at the

array of nozzl%i Gmﬁg@%@ned above -3 kPa to avoid deprime and keep gjected,

30 a minimum volume.

srapeyplumes above
n 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. WO

2009/089563PCT/AU2008/000041 4 BRIEF DESCRIPTION OF THE DRAWINGS

Preferred

embodiments of the invention will now be describe% y way of example only, with reference to the

accompanying BRI rB‘éS‘&%‘WH&N %PFT%Q AN

ematic representation of a prior art printer's

fluidic system; Figtredsr2d\er2id dmen20fshoinviing standmg \haves fordbe YoweStdémeks resonant

modes of the priphead, i@ﬁéﬂ?@ﬂé’tﬁ@%cé&ﬁﬂ!ﬂ%ﬂf&%ﬂﬂg& in which: Figure 3A shows the peak pressures

in the ink as a function of frequency for the in

line 10without a fluidic damper;

Figure 38 shows the

peak presséres in the ink as a function of frequency for the ink line with a fluidic damper tuned to
resonate at the first resgrantfeeguentyrghdhadinkline prior art frigerefBishemwns; the peak pressures in
the ink as a function of frequency, fan NG i, G with 2 JUIGIG damRekINEd IR EeR0ak,AL root mean
square of the two lowest resonant frequencies of the ink 15line; Figure 4 is a schematic
representation SEHEb KRG R ¥HIY WA fluidic damper according to die present invention; Figure
5 shows the printheadigartfidl g of tiepkesentdininaintiohastaliteh b pripce Ay iheigf e

10 without a fluidic damper;

Figure 3B shows the peak pressures in the ink as a function of frequency for the ink line with a

fluidic damper tuned to resonate at the first resonant frequency of the ink line;

Figure 3C shows the peak pressures in the ink as a function of frequency for the ink line with a

fluidic damper tuned to resonate at root mean square of the two lowest resonant frequencies of the ink

15 line;

Figure 4 is a schematic representation of the printhead assembly with fluidic damper according

to the present invention;

Figure 5 shows the printhead cartridge of the present invention installed the print engine of a

printer;

20 Figure 6 shows the printhead cartridge of the present invention removed from the print cngine

of a printer;

Figure 7 is a perspective of the complete printhead cartridge according 1o the present

mvention;

Figure 8§ shows the printhead cartridge of Fig, 7 with the protective cover removed,

25 Figure 9 is an exploded is a partial perspective of the printhead assembly within the printhead

cariridge 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.

30 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. RREQ01US). The operation of the system and



printer; 20Figure 6 shows the printhead cartridge of the present invention removed from the print

engine of a p(%qdﬂgjﬂsglg‘i,gure 7 is a perspective of the complete printhegd-cafkidgg.ageording to the
present invention; Figure 8 shows the printhead cartridge of Fig. 7 with the protective cover removed;

25Figure 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¢inangmiguisdibhs 1:81apehlde shawthsoutetsmanifo.abébepuinthead cartridge.
30 DETAILED DES 9EerON OF T)&%g EFERRED E(Ii\t/)LBO.D MENTS  Figure 1 is a schematic
L

view of a prior attiidic 4y StEATSHEE BBe dsel HRNE Shave T eterancad USSN 11/688863 (Our

_Do_cke_t _No. RREOO1US). The operqtion of the system and WO 2009/089563PCT/AU2008/000041 5
its individual componeptsarg, deserbedde detail iU SSd8%27L9 QupRacket NosSBRO0US),

the contents of which are incorporated herein by reference. Briefly, th i fluidi
printhead ass eﬁ%l‘@‘% éﬁﬁ)ﬁ%@%mf%%%ﬁ'ﬁéﬂg waste ink I8 drairlled X) a SSU%HPE;[%& au{ig!agngt¥ggr%m has a

ink line 16. A single ink line is shown for simplicity. In reality, the printhead has multiple ink
lines for full colour printing. The upstream ink line § has a shut off valve 10 for selectively
isolating the printhead assembly 2 from the pump 12 and or the ink tank 4. The pump 12 18
used to actively prime or flood the printhead assembly 2. The pump 12 15 also used to

10 establish a negative pressure in the ink tank 4. During printing, the negative pressure is

maintained by the bubble point regulator 6.

The printhead assembly 2 is an LCP (liquid crystal polymer) molding 20 supporting a
series of printhead ICs 30 secured with an adhesive die attach film (not shown). The printhead
15 ICs 30 have an array of ink ejection nozzles for ejecting drops of ink onto the passing media
substrate 22. The nozzles are MEMS (micro electro-mechanical) structures printing at true
1600 dpi resolution (that is, a nozzle pitch of 1600 npi), or greater. The fabrication and
structure of suitable printhead 1C"s 30 are described in detail in USSN 11/246687 (Our Docket
No. MNNQ01US) the contents of which are incorporated by reference. The LCP molding 20
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.

25 Above the main channel 24 is a series of non-priming air cavities 26. Thesc 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,
30  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



5 ink tank 4 via an upstream ink line 8 and waste ink is drained to a sump 18 via a downstream ink line
16. A single ink line is shown for simplicity. In reality, the printhcad has EQ’:’[I} Sk dings for fill colour
printing. The %{éég@%}?nggfn line 8 has a shut off valve 10 for selectively isolafklfrll}g'the printhead assembly
2 from the pump 12 and or the ink tank 4. The pump 12 is used to actively prime or flood the printhead
assembly 2. The pump 12 is also used to 10establishsa negative pressure in the ink tank 4. During

printing, the negatiye RIRSSHAE it Maltainad Rdhe: Aubale paintreailaterGo. Fukhedsiathead
assembly 2 is an LCP (liquid crystal polymer) molding 20 supporting a series OfP thead ICs 30

ri
secured with arntEdHRERRET S HRERh TG (O ESHOMM Y PR BB AT T8 O3B HAVE RS ey of ink

ejection nozzlesdaigjecting drops of ink onto the passing media substrate 22. The nozzles are MEMS
(micro electro-mechanical) structures printing at true 1600 dpi resolution (that is, a nozzle pitch of 1600
npi), or greater. The fabrication and structure of suitable printhead IC's 30 are described in detail in
USSN 11/236687 (Odk heERErNo i dio \ Sy ities cEmiSee SRt Caranssn EBEoTuER by reference.
The LCP moldipgrQ20-hasamainchisnnel d4inxdending hetweendhednlet3aand sherouttet 38. The
main channel 24 feeds Q{aser'tgs %%tﬁ-nebfab;? g(%lchSqextgnedApg to g@u ayrgd%lr[?igg rof t%?cLbch molding 20
The fine channels 28%SGpply MK 1o the printhead 1CS 30 %hroué)ﬁrfaser ablatéd holes iR the die attach
film. 25Above tiredaraithehem netousislthsdriesk apamtsn pimirigdirraviie il priedcalliifes 26 are

designed to trapyRRAKELOHRINHUKR R BINS AL PFINNNRG hBR @¥ RO cketR Gy e thessysiem some
compliance to absorb and damp pressure spikes. or hydraulic shocks in the inlk. ‘Lh% %rinters are high
AR oY TSI uRE

speed pagEWidtFrBHitErs RidF4 1987 o5 of these stangin

waves gan oyerwh Dl
ifRg Tapidly. This ConSUMESHNK at a fast rate
and suddenly epaivided tpriht jobsavitievahaubiithe @rdpoia thagez86 mMidansitmstad hokimn of ink moving

towards (and thigugh) fhe printhead assembie2.musihs Braughtisueshalmashinsianianeously.
Without the compliance provided by the air cavities WO 2009/089563PCT/AU2008/000041 6 26, the

momentum of tNBIRR&VEIRT-flood the nozzles in the printhead ICs 30. Furthermore, the subsequent
'reflected wave' can generate a negative pressure strong enough to deprime the nozzles. 5In the

majority of gases, the aif,cayliesi2f Pfer Rulisle At AAmRIg. HANEVRL fheiRiieag can operate in

modes that excite the ink to one of the resonant frequencies of the ink For example, printing black
lines across a plgeand isartéu ki sipithsg et hatdn s esad wrarmdiike feg gibhadanéne black
nozzles to fire sigeulieneeusiysfae biies peripes. disyatiscthgd thetheiinkdinel caonauickiyh astablish a
standing wave %ﬁ%ﬂ!a?%%e%%&ﬁ%%ﬂrtee quarter wave harmonic, a 1.25 wave harmonic and so on. An
open end would resonate at 0.5 wave, full wave, 1.5 wave and so on. The lowest harmonics
20 have the highest amplitude standing waves and therefore, are the most problematic. If these
harmonics occur at frequencies at which the printhead can operate, there is the potential for
pressure puises 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

25  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.
30  The next harmonic is the (.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



10 frequency. The peak to peak pressures of these standing waves can overwhelm the damping

provided by thOa%egﬁ%g%s 26 and flood or deprime the nozzles. The volumeefibs,aicavities would
need to be greatly increased in order to accommodate the peak pressures of the standing waves.

15Figures 2A, 2B and 2C, show the three lowest harmonics for printhead assembly shown in Figure I.
It should be noted that the main channel responds as;if it is a blind end even though it has the outlet

38. Because it ig,R61R5¢4 £06b 1h01ai0 GhanoalresaRAle Mt ha SuREecwave haHmghisiea three
guarter wave harmonic, a 1,25 wave harmonic %n. An oEl%n end would resonate at 0.5 wave,
€

. nd so
full wave, 1.5 wHVBSARYEEHY $HE8IR H 4T Srﬁ‘f(g%e SRS R SRR S ¥ ding waves
and therefore, anzliheangshptoblematioing tireseifrarimémios occur at frequencies at which the
printhead can operate, there is the potential 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 tgificmees e sartedithecposs 8 apnof & atstrsudhPeriPime 8%bend on
nozzle geometriiasielickbas:qther, fagtopkBuehl dakPpesatingdsniperdiure)n that thiguaae@A is the

lowest frequency, DTGNS IS HaLEIRNE L NIIE (S, Ghife bt majghannel s one
th. t c ir

guarter the wave?e%g esting on some of the Appiicant's A4 printers has shown this to occur at
about 12 Hz anbrits @ysetie ahpIRU- e BPESEHRS ki rso i ectaich ar v AleTE ti&'0.75 wave shown
in Figure 2B. It haguanlowes: amRbHIa-(BRPIEX. BikRa}RRdcayhalRanHE: fiaallyythepdndb wave is
shown in F}i ure 2C WfHCh san WO %00 %0%9565) CTalvAIU%QQ%]tO %Oe% 7f %@rﬁgﬁ?de of about 2
kPa at 60 Hz. ASTHE Weec?ﬁlenuéyl%?atﬁlgeﬁa]‘ir%or%c in urez%‘e”s, & arr?pll Udeof the wave rapidly
attenuates. Hervbentisb2Higghe FizeQu sy tirdbioricevhve goak pressdres i§maire fbtRen for the

non-priming air gayities.toampwaFioues34: shawsthesaRiesstiepaaksas fupctiomat frequency. If

the deprilne and flood thresholds are set at, say, - 3 kPa and 4 kPa respectivel , it can be seen that
y y
the quarter harmonics may also generate excessive peak pressures.

5 Figure 3C shows the frequency response when the fluidic damper is tuned to a
frequency between the quarter and half wave harmonics. This attenuates both the quarter and
half wave harmonics. The Applicant has found that the optimum resonant frequency for the
fluidic damper is approximately the root mean square of the quarter wave frequency and the
half wave frequency; that is, the square root of the product of the quarter wave resonant

20  frequency and the half wave resonant frequency. In reality, it is necessary to test several
frequencies around the root mean square frequency to find to the optimum resonant frequency
for the fluidic damper. Trregularitics such as ink filters, bends and elasticity in the ink supply

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

25 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
sclected fo 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

30 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.



wave and three quarter wave harmonics have peak pressures that will be problematic for printer
operation. Ho BYS igggé%@orating a damper that resonates at the quartgr\ave feedency does not
solve the problem. Figure 3B shows the change in the frequency response 10 curves when a fluidic
damper tuned to the quarter wave is added to the end of the main channel 24 (see Fig. 1). Essentially
the main channel now responds as if it were an opengchannel and the half wave, full wave etc
harmonics become relevant. One or more of these harmonics may also generate excessive peak
pressures. 15Figure 3C shows the frequency response when the fluidic damper is tuned to a
frequency between thd @ﬁﬁf?étp%ﬁQ&%gﬁWﬁg%%gﬁfég RELRAMRPA S HSIR §LPAAEY and half
wave harmonicsheThe Applicant héshéopadethvatvtrmdipt mliw res onemn fieguensyefdbamaifluidic damper
> approximately, g ioghmeancare. ahihedutataas UeurRcIANG e altiave equency;

that is, the square root of the product of the quarter wave resonant 20frequency and the half wave
resonant fréquelieiperitiBansi s del s SessvufirRude krrRibet P dE &58 H¥8t ean square
frequency to fingtde-theraptipassstasaniant fregupay for thelfluidiedampgacintebarities sfich as ink

fiters, bends and. Siastin 25 s supRly e ands@0nehilLiNg aetal RigRaVR LasRqnse curves

from the theoretical curves. Igure 4 is a schematic representation of the pririthead assembly 2
according to thesfreséntariientieth. 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
frequencieli 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 30tube of ink
has an inertance propGriByralied T rengieerdad sibrdugicarn Rap SR Bhearidet e air cavity is
a compliance againstgwhiabwthie Fain thedthin uring32 eandgseilgidres\W®individual ink cjection
2009/089563PGT/443200%0Q0041.84 cverliharpunibgaeassamblshouw, dhadyigdis.damper is tuned

to a frequency at.or pear thﬁi root mean square o then%uac[ter. Wav%land the qéalf. ave_resonant

: the 511 i 17 y
frequency of thé)r}rﬁtﬁlﬁna%nnéqvﬂ%mct Sérﬁ(ff:}” Mo cﬁﬂa e tlaélghsgggné YOV V\ﬂ'\e{) 1frrrlcqgn g%ce

provided byfSthethe entire printer to be replaced. The print engine 3 is the mechanical heart of a printer which
can have many different external casing shapes, ink tank locations and capacities, as well as

different media feed and collection trays.

Figure 5 shows a printhead cartridge 2 installed in a print engine 3. The pnnthead
20 cariridge 2 is inserted and removed by the user lifting and lowering the latch 126. The print
engine 3 forms an electrical connection with contacts on the printhead cartridge 2 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
25  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.



5 damper at the quarter and half wave hannonics is sufficient to keep both of them less than the

predetermined pr SHLe reshold. Positioning the fluidic damper 40 adj Eh& M)rd%t 38 of the main
channel 24 isqrvn%g@eﬁegg}%e as it transmits the majority of the standing vjlsgg’léa%r%d ﬁqe reflected wave is

small. 10 The invention will now be described with reference to the Applicant's printhead cartridge
and print engine shown in Figures 5 and 6. A printhead cartridge recognizes that individual ink ejection
nozzles may fail over time and eventually there are enough dead nozzles to cause artifacts in the
printed image. AIIowir{%é[Jhe user to replace the printhead maintains the print quality without requiring

15the entire printer to'Ba e pRREEH PrRETSHRAE AHGME Y3 ias thB B AT 13T 455FHR A Which can
have many differentvexierndlgasingbstafes Fipktlarihdpcatieas anddgapdetiespasoilel d4 different

media feed and ggllection tiaysyEdgre,o.shows,apUntiead £ARUd9s.¢nSRlieAsinaRtnt engine 3.
The printhead 20 cartridge 2 is inserted and removed gtéé;he user lifting and lowering the latch 126.

The print erigin&BMethiacHp BRyedr cesh AER fBieamtn TR R Yatie s irthss €ftldge 2 and fluid
couplings 120 argdarmed attbeintatanst outlRhroanifelds 4& and 50 reapastivelyinfigdnes shows the

print engine 3 with the printhead cartridge removed to.reveal the 25apertures 122 in the fluid couplings
120, The apert R0 T0 L S R P B T A L. '5) Th o
couplings 120 cormsedytirenipderithdmifsis roraaniardtesiier Bsdninaleated prapifotertd asuimpl As
discussed abovgethe 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. WO
2009/089563PCT/AU2008/000041 9 Figure 7 shows the printhead assembly 2 as a printhead

cartridge for user insefftimre &rborentio\aititoad thiepbiate Mobdy fseetFige@k PRacprintiéad cartridge 2
has a top molding,44 anpdaieRqvakleiR tesivaeavend 4 1he JpRmRdNg.d4baaasentral web for

structural
The protective cover is discarded to the recycling waste or fitted to the printhead cartridge

being replaced to contain leakage from residual ink. Figure 9 is a partially exploded

15 perspective of the printhead assembly 2. The top cover 44 has been removed reveal the inlet
manifold 48 and the outlet manifold 50. The inlet and outlet shrouds 46 and 47 have been
removed to better expose the five inlet and outlet conduits, 52 and 54 respectively. The inlet
and outlet manifolds 48 and 50 form a fluid connection between each of the individual mnlets
and outlets and the corresponding main channel 24 (see Fig. 11) in the LCP molding 20. As

20 discussed above, the main channels extend beneath the fine of non-priming air cavities 26.

Figure 10 is an exploded perspective of the printhead assembly without the inlet or
outlet manifolds or the fop cover molding. The main channeis 24 for each ink color and thetr
associated air cavities 26 are formed in the channel molding 68 and the cavity molding 72.

25 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 1Cs 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.

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

the underside of the channel molding 68. The printer controller connects to the lines of



5stiffness and to provide textured grip surfaces 58 for manipulating the cartridge during insertion and

removal. The bas ion of the protective cover 42 protects the printh %I% hown) and line of
contacts (not g@o@%ﬁé&%& to installation in the printer. Caps 56 are integ?a K} o{}%]glfg{’ﬁ\f\'/ﬁh the base

portion and cover the ink inlets and outlets (see 54 and 52 of Fig. 9). 10 Figure 8 shows the
printhead assembly 2 with its protective cover 42 remgved to expose the printhead ICs on the bottom

surface and the,ling f GONRALS 3. ARG SIJBIWERER LG BISGHVRAQVEY dSfiscriged to the

recycling waste or fitted to the printhead_cartridge beir}gﬁreplaced to contain leakage from residual ink.
Figure 9 is a paifiIRy X ORGP b EREVR BRIk P it RE AR AL SeiriBly Do 14 BSP'a8UAF44 has been
removed reveaktherddliat maniitid: 48 anchtheobtidttrtanifoloGDmThetinkdt androutiatesiiotids 46 and

47 have been reoy 5%995%%@@%%&5@& five InNlet 06 auilet canduits.Sg-andip4.tespectively. The

inlet and outlet manifolds 48 and 50 form a'fluid connection between each of the individual inlets and
outlets and the R¥5HESPHRERTY Yrafhadhadtiaraed$eeitgy. 11) in the LCP molding 20. As 20discussed
above, the main channels extend beneath the line of non-priming air cavities 26. Figure 10 is an

exploded persbeetive of e prineRd assamblywIlow s, L pLAMICLIANTBIRS of e pp cover
molding. The main channels 22 for each Ink color and their assoclated air cavities 26 are tormed in the
channel moldingaBgdgad itefeenmyieiolibinguriot PENe At feidctordrétionrdim ik tierhripeinislding 68 is a

die attach film 66;,As igcusseehaNRVE I SRI LR I figr hethgidigatiach4ilmmeeumaunts the printhead
ICs 30 to the channel moldin% such that the fine_channels ogt?(g nderside o#f}f a?%%n fluid
o Hhe!

communicaion PR SThEaic S SHMA S TS LB Hf gAY 3bFlex PCB 70
is adhered to thgasideé efpthetaihchuityimoleing? Zadthd avrapsier bdifd te theamderside of the channel

molding 68. Theyprinter epDiRllek saAnesisindhe dinesat WQ 2009/089RGRRET/AYZ008/000041 10

cavities 34. The air cavities 34 and the thin tubes 32 are sealed from each other with the heat

sealable foil 78 applied to the back of the outlet manifold 50. The foil 78 is heat sealed around
15 the entire perimeter of the five air cavities and ink tubes as it is cssential that they are

completely sealed from each other. To ensure the seal is not compromised during use, the heat

scal resists internal pressure to 100kPa.

When the printhead assembly primes, the ink flows through the thin tube 32 as far the
20 outlet 38 only. The length of the ink column in the thin tube, the diameter of the tube and the
properties of the ink determine an inertance for the ink in the tube. The inertance is equates to
the dash~pot in the equivalent mechanical damper and the inductor 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 capacifor int the

25  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

30 damping of each ink line.



contacts 33. At the other side of the flex PCB 70 is a line of wire bonds 64 to electrically connect the
conductors in the fl Q to each of the printhead ICs 30. The wire bond&@ﬂ‘e{&)&%\ﬁgigd in
encapsulant 6 Wzigli?c %%Q%Erofiled to have a predominantly flat outer surface. On the other side of the air
cavity molding 72 is a paper guide 74 to direct sheets of media substrate 5past the printhcad ICs at a
predetermined spacing. Figures 1 IA, 11B and 11C spyow the outlet manifold 50 detached from the rest
of the printhead cartrigige; \ntpiiase Rlate 8 ire RutlgtSROMs 4 (arIconpestinnRdo dagink SUmp

housed in the printer body. The coupling 60 connects to each.qf the main channels 24 in the channel
10molding 68 (é@%fﬁ]&.vﬂ}g)feﬁél%ﬁéﬁ\ﬁ?lﬁ‘? PG reE 0B ARG A HHISTH HEt G A8  SPRRT T fice plate 76
supports the thispirika:fubes: 32 tanbtdhiiaitcavitesad4 for the respective main channels. The ink line
outlets 38 connect to the thin tubes 32 immediately before the air cavities 34. The air cavities 34 and
the thin tubes 32 are sealed from each other with the heat sealable foil 78 applied to the back of the
outlet manifold 50. The foil 78 is heat sealed around 15the entire perimeter of the five air cavities and
ink tubes as it is essential that they are completely sealed from each other. To ensure the seal is not
compromised during use, the heat seal resists internal pressure to 100kPa. When the printhead
assembly primes, the ink flows through the thin tube 32 as far the 20outlet 38 only. The length of the
ink column in the thin tube, the diameter of the tube and the properties of the ink determine an
inertance for the ink in the tube. The inertance is equates to the dash-pot in the equivalent mechanical
damper and the inductor in an electrical damper. The volume of the air cavity is relatively small; less
than 0.4m1, and typically between 0.15m1 and 0.3m1. This provides to the spring in a mechanical
damper or the capacitor in the 25corresponding 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 30 damping of each ink line. 11



The invention has been described herein by way of example only. Skilled workers in this field will
readily recognize many variations and modifications that do not depart from the spirit and scope of the
broad inventive concept. 12 CLAIMS 1. 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 at least one printhead IC, the support structure having an ink conduit for
supplying the array of nozzles with ink, the conduit having a set of resonant frequencigs at which ink in
the conduit generates a standing wave in respofse to certain operating modes of the array of nozzles;
an ink supply line for supplying ink from an ink storage volume to the ink conduit, the ink supply line
connectedfa e Ink conduit at a first end thereof; and, a fluidic damper having a selected resonant
frequency for'damping the standing waves associated with each of the set of resonant frequencies to
an amplitude less than a maximum threshold, the fluidic damper connected to the ink conduit at a
second end oppogiigitiedirsiranthk:t Ariprinthe adhtieedrdingyisinglaim 1 wherein the selected resonant

frequency of the flyidig Q@H%%%%@ theveloweshrasgnanbiireg perpahdidhe set of resonant
ea

frequencies. 3. A printh according to claim 2 wherein the selected res q@g%gtgguency is the square
root of the product SFaE W@Hﬁ/@%ﬁ?@?&ﬁﬁg‘f%\gﬁgﬁ&% g%%ﬁﬁh featt according to claim 1 wherein

the fluidic dempeatissamaitfyroimiymgrbseitteforrdeoriatio 15 RadEERERIEVS a tube configured

to at least parfially AVimewith inkicw hRm:the Riitthgaskaiinasaiin wiistheadaseerding to claim 4
wherein the compressjble flyid i? ir trzp%egz\g@sen the printhead is primed with ink. 6. A printhead
according tSeERRAPFRIRS R b%r?fﬁa ad 19 Pagewidth printhead for rinting on Aﬁé—sized media, the
ink line having a maid@nawiméh@f&%ﬂh@%i@éif[?&?ﬁﬁli?lﬁf‘@ﬁ@‘i’tﬁ%hi@ﬁ@%EBF%% f)&‘i’htt fad between the
-inlet and the,puilely the Rkilisealsadayingdaisariesoémahepifing air cavities positioned along its

length. a fluidic damper having a selected resonant frequency for damping the standing waves

associated with each of the set of resonant frequencies to an amplituds less than & maximum

threshold, the fluidic damper connected to the ink conduit at e second end opposite the first end.

2. A printhead according to claim 1 wherein the selected resonant frequency of the fluidic

damper is between the two lowest resonant frequencies in the set of resonant frequencies.

3. A printhead according to claim 2 wherein the selected resonant frequency is the square

root of the product of the two lowest resonant frequencies.

4. A printhead according to claim 1 wherein the fiuidic damper has a cavity of
compressible fluid connected to the ink conduit via & tube configured to at least partially prime

with ink when the printhead primes.

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

srinthead is primed with ik,

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

nop-priming air cavities positioned along its length.



13 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. 8. A printhead according to claim 4
wherein the cavity of compressible fluid in the fluidic damper has less than 0.4 ml of air. 9. A printhead
according to claim | wherein the maximum threshold pressure is less than 4 kPa. 10. A printhead
according to claim 9 wherein the ink pressure at the array of nozzles is maintained abgve -3 kPa to
avoid deprime and keep ejected drop volumes at¥ove a minimum volume. 11. A printhead according to
claim 1 wherein the printhead is configured to print different colored inks, each ink color having a

respective fluidic damper, the fluidic damper for ong ¢ ying & [gsonant fequency that differs
from at least one Hﬂ%%?éé?cc% bn[%fol .lﬁ?pﬁﬁ? Yea eacglg?%%ng.to claim 1, wherein flyidic damper is an
enclosed cawityegtgdha et int star e ARG N BRIy BRIEFB S HRHEE BAVREREEm of the ink

conduit.  yagervoir, the Auidic damper being connected to the ink line adjacent the outlet.

8. A printhead according to claim 4 wherein the cavity of compressible fluid in the fluidic

damper has less than 0.4 ml of air.

9. A printhead according to claim 1 wherein the maximum threshold pressure is less than

4 kPa,

10. A printhead according to claim 9 wherein the ink pressure at the array of nozzles is

mainsained above -3 kPa to avoid deprime and keep ejected drop volumes above a minimum

volume,

11 A printhead according to claim 1 wherein 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.

12. A printhead according to claim 1, wherein fluidic damper is an enclosed cavity

of compressible fluid, the enclosed cavity being positioned downstream of the ink

gonduit.



