Descripti on PRINTER W TH ACTI VE FLU DI C ARCH TECTURE
[1] Field of the Invention [2] The present invention
relates to the field of printing and in particul ar
inkjet printing. [3] Background of the Invention [4]
Inkjet printing is a popular and versatile form of
print imaging. The Assi gnee has devel oped printers
that eject ink through MEMS printhead I1C s. These
printhead 1C s (integrated circuits) are fornmed using
| i thographic etching and deposition t echni ques used
for sem conduct or fabr{%g% tilofl The mcro-scale
nozzl e structures in ri thead IC s allow a high
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upstream ink line, the printhead IC having an array of nozzles each with respective
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actuators for ejecting drops of ink onto print media;

[11] a waste ink outlet in fluid communication with the printhead IC via a downstream
ink line;

[12] an upstream shut off valve in the upstream ink line; and,

[13] a downstream pump mechanism in the downstream ink line.

[14] The invention gives the uscr active control of the ink flows from the ink rescrvoir to



2 the nozzles of the printhead IC with the addition of
a sinple punp and valve. In the event that problens
such as ink flooding, color mxing or printhead
deprim ng occur, the user can follow sinple

t roubl eshooting protocols to rectify the situation.
[15] Optionally, the punp nmechanismis reversible for
punping ink toward the waste ink outlet or toward the
i nk mani fold. Preferably, the punp nechanismis a
peristaltic punp. [16] Optionally, the printer further
conpr ths egzzlgs pfrtmmeadrlég\um dteaddiigpsf & daplehimp imd valve. In the
pri nt Bradhd frobieks §Bh &t Moliflg, icBKr thiRink Bleprﬁglégdl Rfrindthg Gcur,

oY 0f OBk Rl CnBRESAUGS, dEBRabIAR AR RACH I ERRYT ©

Ak s h u?pt@f’?ny ViBF RuEp magg ntsﬁlés 15Y &L We fop PYRRiAg 1%}1 tgyari the waste ink
posi t puiaewt taward thesink minifoldnRrefetahly ath¢ puntphpeschapismfies pegsialtic
form pdofe pressure regulator is a bubble poi nt

[[1@]9 ul at @ﬁuo Ctne %l’@l%er i Q"cBm@'BQM ;ﬁ"esg'wg Je?\f latGd gﬁhé L

he i nk et Vv
at msﬁfﬁlélreéd ere?rrarm%\ﬂ{} i tpeapepipghs ’E?Fj“ﬁ%cr%%sf‘ﬁ‘f s than at-
pr essupwphirig prepure; Preferably thkink gupRly liserg dnkdankarpstieqi of the shut off
COoNS Uygle] ad i ipfessireartdulatdn ispagtioredia tid inik thilK. Bita fluthef @éfbired

bubbl £gm afe frdiirUORIG 1soiﬂubﬁg pé}ﬁ}%glﬁﬁ%pwﬁl@l?hag L FStHb8e billet

the in ub

t he prurgnf’rée Y P B Rk B v ok i,
print %é@urten Pﬂwdroétﬁ%ﬂr%@mpra rftelle%rr ik &gk pecgiir plek Gopgumption
Pr ef edrad ajr, thrbigh thernir itletnd folabubies giittel bebblé outistead kedp thk ui d
COMUkksedt InQkt i fakl dubk@anBAlcotahe. val ve and the filter

A pos'édt%ﬁ‘aﬁ? thdbr Ffu!rd? §xﬁ‘;§}i§es a‘%ﬁ%ﬁfpk%g? ng Fﬁﬁtﬁe% Ic

a ‘particul ar erre

e e T e D e
engagemahaicalios witk tasliuh kff Valypeand fhe §lter@utositionsil nythe inkiank,

shut @@kdriny &le\o6tiek. 3n HpanEoRLr] preferréd ¥ork, €He ikt SnkliOa fetnSvablb itk
poSi téaﬁpdgéﬁaﬁdlhé HBeRbd Jék%fabry §ngQ§kVVﬁJ ﬁ@creqﬁ’r"*ﬁk ffeW t ched

G101t o rdrtgtaty She 18 o2 BeE S biagPt shE YR G 16 S pobtighfffen he
posi tArigter §B@Wf‘t41’@t”n (iréphed gl osmpwefsrvc\star%/sm@ﬁé Resferally,
fi ni tiee shold afvelve Hisplaks ink whsnawavingwalys shu@mitdasudhnial thenkthe

to dreg obhaIvEBNRERSE Bl ColRESIM i€ ddhn S RN Bk @rM b elop
t owartﬁle ﬁy?%st?tﬁc é) és%rcpa(e !thrf]:tbul%'ie o%ﬁéjt%ewar({ %%A%bg@ébl?fg’%slb t h €

B"ét wee r?p’a‘ﬁ“aﬂh é*t—f?é’l”é‘ﬂf fﬂ’é*éﬁf ’E‘inéﬂﬁls? ;35%9@8‘ thet 5oV ile ‘??8?‘2‘? Es
of t hwesegled pashien shated framdhenogdes| of the prirghead Khand a scaterd pepition
air tdregmg aeeahgm&r oveNfBle 27184, BfferdBlyehefradyloy nozkibas RFdhied)in

of nazg ?lrtéand%rrg of 8 cGheiBRErh Fonlth @ o Wk CRARRL: on

IS coge 27 5 O rerove In a parti cul ates deposited

on t & WE2REpl ate. [20] Optionally, the printer

[30Ur t heOptionaiy. ihe@sinter furalies eAMPEERHA SIIEE AP rstreanhel therpripthend 46
| C f dbr seliug ktiv@rdsdec @TaBRRROE inRIPreftatycie safsor istkpstream of the

Pr ef %Eﬁs@h% ubnD Sn § PREQNarll Prefipd roeermeogmrereds REhutafily AL tht Gk

punp. artl ul.arl ref rint
DUTP o B L L3 o ROELEL P gl Al dowﬁeamm
col orhees ferrracheo Prrﬁsaquwy,drhe@eélrer@aﬁrmwnrplmu tylepn
d own taisedtiv pumis that dae purfipogacteiak bplminmlmnemss/pbetemdedn;bpdnnems

wher el rlriner cgﬁfn'rs%ta Rbdidofer BRFRiVEIS hﬁseﬁw tﬁé &ﬁ:ﬁﬁﬂﬁ@ﬂe peristaltic
peri stal tulclg glritl'ﬂ;g)(ﬁ Ziler op d\tep ﬁgg epai(r:l RS gonse % %th&t om the sensor.

si muPt 2hect

conprise a controller operatlvely Ilnked to the sensor
and the peristaltic punp such that the controller
operates the punp in response to output fromthe
sensor. 3 Optionally, the waste ink outlet |eads to a
sunp. [21] According to a second aspect, the present

i nvention provides a printhead assenbly for
installation in an inkjet printer, the printhead
assenbly conprising: [22] a printhead integrated
circuit (1C having an array of nozzles each with




[24] a downstreamink line in fluid comunication wth
the printhead IC, [25] a waste ink outlet in fluid
comuni cation with the printhead 1C via the downstream
ink line: [26] an upstream shut off valve in the
upstreamink line; and, [27] a downstream punp
mechani smin the downstreamink line. [28] Optionally,
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toward the waste ink outlet; or toward the printhead
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protects the ink in the ink supply from contam nants
that can mgrate up the ink |ine during shut down
peri ods. The val ve nmenber is constantly biased to a
cl osed position and so seals the ink supply fromthe
printhead 1C as a default condition even in the event
of a power failure. The bias is strong enough to
provide the fluid seal so that the seal is not



[40] Preferably, the valve nenber has a di aphragm and
the ink outlet and the ink inlet are both in fluid
comuni cation with one side of the diaphragm such

that unsealing the val ve nmenber draws the di aphragm
away fromthe valve seat to |lower the fluid pressure
inthe ink inlet and the ink outlet. In a further
preferred form the diaphragmis under residua

tensi on when biasing the val ve nenber into scaling
engagenent with the valve seat. Optionally, the
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[53] Preferably, the user controls can selectively
open and shut the upstream and downstream shut of f
val ves. [54] Preferably, the upstream and downstream
punp nechani sns are reversible so that they can punp
ink in either direction in the upstream and downstream
ink lines respectively. [55] Preferably, the upstream
ink line term nates at an LCP noul ding to which the
printhead 1C is nounted, amg the downstreamink |ine
starts at the LCP noulding. [56] Preferably, the
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[52] Preferably, the waste ink outlet feeds a sump for storing waste ink in the printer.

53] Preferably, the user controls can selectively open and shut the upstream and
downstream shutoff valves.

[54] Prcferably, the upstrcam and downstrcam pump mechanisms arc reversible so that
they can pump ink in either direction in the upstream and downstream ink lines re-

spectively.

[55] Preferably, the upstream ink line terminates at an LCP moulding to which the
printhead IC is mounted, and the downstream ink line starts at the LCP moulding.

[56] Preferably, the upstream pump mechanism and the downstream pump mechanism
are provided by separate fluid lines running through a single fluid pump.

[57] Preferably the fluid pump is a peristaltic pump.

[58] Preferably the upstream ink line and the downstream ink line have an additional
shutoff valve upstream of the fluid pump.

[59] " Altcrnatively, the upstream bypass valve and the downstrcam bypass valve are cach

substituted for a 3-way valve at the 3-way junctions upstream of the {luid pump in both
the upstream and downstream ink lines.

[60] According to a fifth aspect, the present invention provides an ink distribution
member for providing ink from an ink supply to a printhead IC and a waste ink outlet,
the distribution member comprising:

[61] a series of ink conduits, each ink conduit having an aperture for fluid commu-



extendi ng across one if the ink conduits is urged from
the upstream section towards the downstream secti on.
[63] Qutgassing fromthe ink into the small conduits
of the LCP noulding can create readily visible
artifacts in the print. Using an ink distribution
menber that has profiled conduits that use capillarity
or other neans to draw bubble into the downstreamink
line, will help to m nim ze bubbl e contam nati on of
the printhead IC. It can also be used to pronote the
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[(?8] a Preferably ink distribution member is an LCP moulding.

[691] Brief Description of the Drawings

[70] Preferred embodiments of the invention will now be described by way of example
only with reference to the accompanying drawings, in which:

[71] Fig. 1 shows a top perspective view of a prior art printhead assembly;

[72] Fig. 2 shows an exploded view of the printhead assembly shown in Fig. 1;

[73] Fig. 3 shows an inverted exploded view of the printhead assembly shown in Fig. 1;

[74] Fig. 4 shows a cross-sectional end view of the printhead assembly of Fig. 1;

[75] Fig. 5 shows a magnified partial perspective view of the drop triangle end of a
printhead integrated circuit module as shown in Figs. 2 to 4;

[76] Fig. 6 shows a magnified perspective view of the join between two printhead in-
tegrated circuit modules shown in Figs. 2 to 5;

[77] Fig. 7 shows an underside view of the printhead integrated circuit shown in Fig. 5;

[78] Fig. 8 shows & transparent top view of a printhead assembly of Fig.15 showing in
particular, the ink conduits for supplying ink to the printhead integrated circuits;

[79] Fig. 9 is a partial enlargement of Fig. 8;

180} Fig. 10 is an enlarged view of gas bubbles in the conduits of the LCP moulding;

[81] Fig. 11 is a sketch of the artifacts that can result from bubble contamination of the



[75] Fig. 5 shows a magnified partial perspective view
of the drop triangle end of a printhead integrated
circuit nmodule as shown in Figs. 2 to 4; [76] Fig. 6
shows a magnified perspective view of the join between
two printhead in- tegrated circuit nodul es shown in
Figs. 2 to 5; [77] Fig. 7 shows an undersi de view of
the printhead integrated circuit shown in Fig. 5; [78]
Fig. 8 shows a transparent top view of a printhead
assenbly of Fig.15 showing in particular, the ink
conduirkgindspr supplying ink to the printhead integrated
ESQ]' C U| t ﬁié DAY a dkktbh ofhd ICPAnRRirdg afd thE RS EIBAY aAfiic Fisdm
; |% ¢ a0 is an enl arged view of gas bubbles 1n
con s, 0f the LCP noulding; [81] Fig. 11 is a
f§|?det ch B-135is 2 gretchbeuting the gl livedyfuicgsions ip thepenap fiyisicsystem;
[BéInt ami Fiat 3ok acifetdhlvg the ZCP mkulling esl; thd Bidfheddil in dlfRAi¢ §stem of
sket che plesehifvebdd; moul ding and the printhead 1Cin a
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art fPﬁFﬂﬂ@w% §ten1 [84] Fig. 13A is a sketch of the
B@P noufigilfhé aseh¢matiecress saqtidrerd the LCPimoulding hnd th mrinthpasitI€iin 2
of t hBuifie st the pREhi 1ﬁmu<{n85] Fi g 138 is a sketch
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[89] Fig. 22 shows a single pump/four valve implementation of the fluidic system;

[90] Fig. 23 shows a single pump/two valve implementation of the fluidic system;

[91] Fig. 24 is a sketch of another single pump fluidic system;

[92] Figs. 25A and 25B schematically show the fluidic system Fig. 24 and the initial
priming of the printhead IC;

[93] Figs. 26A to 26E schematically show the operational stages of the fluidic system
Fig. 24 moving from standby to print ready mode;

[94] Figs. 27A and 27B schematically show the fluidic system Fig. 24 moving to a long
term power down mode/move printer modc;

[95] Figs. 28A and 28C schematically show the fluidic system Fig. 24 recovéring {rom
long term power down/deprime/gross color mixing;

[96] Fig. 29 is a perspective view of a shut off valve; and,

[971 Fig. 30 is a partial section view of the shut off valve.

[98] Detailed Description of Preferred Embodiments

[99] The printers using prior art types of fluid architecture are exemplified by the

disclosure in the Assignee's co-pending USSN 11/014769 (our docket RRC001US)
which is incorporated herein by cross reference. For context, the printhead assembly
from this printer design will be described before the embodiments of the present
invention.

[100] PRINTHEAD ASSEMBLY

[101] The printhead assembly 22 shown in Figs. 1 to 4 is adapted to be attached to the
underside of the main body 20 to receive ink from the outlets molding 27 (see Fig. 10
of USSN 11/014769, our docket RRCOO1US, cross referenced above).

[102] The printhead assembly 22 generally comprises an elongate upper member 62
which is configured to extend beneath the main body 20 between the posts 26. U-



fluidic systemof the present invention; [87] Figs.

15A to 15C show the LCP conduit profiling for passive
bubbl e control; [88] Figs. 16 to 21 show the vari ous
unit operations that are possible with the active
control provided by the present invention; [89] Fig.

22 shows a single punp/four valve inplenentation of

the fluidic system [90] Fig. 23 shows a single
punp/two val ve i npl enentatison of the fluidic system
[91] Fig. 24 is a sketch of another single punp
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channels are 1 mm wide and separated by 0.75 mm thick walls.

[106] In the embodiment shown, the lower member 65 has five channels 67 extending
along its length. Each channel 67 receives ink from only one of the five feed tubes 64,
which in turn receives ink from one of the ink storage modules 45 (see Fig. 10 of
USSN 11/014769, our docket RRCO01US, cross referenced above) to reduce the risk
of mixing different colored inks. In this regard, adhesive film 66 also acts to seal the
individual ink channels 67 to prevent cross channel mixing of the ink when the lower
member 65 is assembled to the upper member 62.

[107] In the bottom of cach channcl 67 arc a scrics of cqui-spaced holes 69 (best scen in
Fig. 3) to give five rows of holes 69 in the bottom surlace of the lower member 65. The
middle row of holes 69 extends along the centre-line of the lower member 65, directly
above the printhead IC 74. As best seen in Fig. 8, other rows of holes 69 on either side
of the middle row need conduits 70 from each hole 69 to the centre so that ink can be
fed to the printhead IC 74,

[108] Referring to Fig. 4, the printhead IC 74 is mounted to the underside of the lower



S shaped clips 63 project fromthe upper nenber 62.
These pass through the recesses 37 provided in the
rigid plate 34 and becone captured by |ugs (not shown)
formed in the main body 20 to secure the printhead
assenbly 22. 11031The upper elenent 62 has a plurality
of feed tubes 64 that are received wwthin the outlets
in the outlet nolding 27 when the printhead assenbly
22 secures to the main bodw 20. The feed tubes 64 may
be provided with an outer coating to guard agai nst ink
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65. As shown in Figs. 3, 8 and 9, a plurality of holes
72 are laser drilled through the adhesive film71 to




[110] To guard against this, the polyner sealing film
71 shoul d be thick enough to account for any saggi ng
into the conduits 70 while maintaining the seal over
t he etched channels 77. The m ni mum t hi ckness of the
polymer sealing film71 will depend on: 1.1.thc width
of the conduit into which it sags; 1.2.the thickness
of the adhesive layers in the filns |amnate
structure; 1.3.the 'stiffness’' of the adhesive |ayer
as the printhead I1C 74 is being pushed into it; and,
[ 114] grodped loghalynoohitirige pdwet dvesueptidnr aall allawl awariay effpriafingof
t he I@g&gate [115] A polyner sealing film71
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facilitate positioning, and the ICs 74 are intended to be spaced about 11 microns apart,
measured perpendicular to the joining edge. In this arrangement, the left most ink
delivery nozzles 73 on each row are dropped by 10 line pitches and arranged in a
triangle configuration. This arrangement provides a degree of overlap of nozzles at the
join and maintains the pitch of the nozzles to ensure that the drops of ink are delivered
consistently along the printing zone. This arrangement also ensures that more silicon is



as such the printhead ICs 74 are arranged to extend
hori zontally across the width of the printhead
assenbly 22. To achieve this, individual printhead ICs
74 are linked together in abutting arrangenent across
the surface of the adhesive layer 71, as shown in
Figs. 2 and 3. The printhead 1C s 74 may be attached
to the polyner sealing film71 by heating the IC s
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adhesive layer 71 and aligning the 1Cs 74 such that
they correctly align with the holes 72 forned in the
adhesive layer 71, fiducials 76 are also provided on
the surface of the ICs 74. The fiducials 76 are in the
formof markers that are readily identifiable by
appropriate positioning equipnent to indicate the true
position of the IC 74 with respect to a neighboring IC
and the surface of the adhesive |layer 71, and are
strategically positioned at the edges of the ICs 74,
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[126] As shown in Fig. 4, a nedia shield 82 protects
the printhead 1 Cs 74 from damage whi ch may occur due
to contact with the passing nedia. The nedia shield 82
is attached to the upper nenber 62 upstream of the
printhead 1Cs 74 via an appropriate clip-1ock
arrangenent or via an adhesive. Wen attached in this
manner, the printhead 1Cs 74 sit bel ow the surface of
the nmedia shield 82, out ofzthe path of the passing
medi a. [127] A space 83 is provided between the nedi a
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directed across the prmthead ICs 74 in the dlrecnon of the medla dehvery This ar-

rangement acts to prevent dust and other particulate matter carried with the media from
settling on the surface of the printhead ICs, which could cause blockage and damage to
the nozzles.

[128] ACTIVE INK FLOW CONTROL SYSTEM

[129] The present invention gives the user a versatile control system for correcting many
of the detrimental conditions that arc possible during the operative lifc of the printer. It
is also capable of preparing the printhead for transport, long term storage and re-
activation. It can also allow the user to establish a desired negative pressure at the
printhead IC nozzles. The control system requires easily incorporated modifications to
the prior art printer designs described above.

[130] Printhead Maintenance Requirements

[131] The printer's maintenance system should meet several requirements:



l.correction of dried nozzles [137] 1.correction of
flooding [138] 1.correction of particulate fouling
[139] 1.correction of outgassing [140] 1.correction
of color mxing and [141] 1.correction of deprine
[ 142] Various nechani snms conponents wthin the printer
assenbly are designed with a view to mnimzing any
probl ens that the printhcad mai ntenance systemw | |
need to address. However, @i is unrealistic to expect
that the design of the printer assenbly conponents can
degal with all the problens that arise for the
printhead ngjpi RPARGRE.sYStem In relation to sealing
@E nozzl e tace for hydration and sealing the nozzles
excl ude particul ates the mai ntenance system can
i ncor por at eeRngWEFIYG PHEFHYSES with a perineter sea
gt will achieve these two requirenents. [143] Drop

ej ection fQrophyeddtiddndat@n keep wet drops) and drop

@' ction for 'ink purgé require the print engine
ontroller (PEC) to play a roll in the overal

print head FEPFEEiPRiFdRI&em [ 144] The particul ate

f&ill i ng can be dealt with using filters positioned

upst r eam ofcotrdRBonVridnddiRagks However, care nust be taken
¢ t small sized filters do not become too nuch of a
W constriction. .increasing the surface area of

B

the fhlter PFHEIRAABMMEat e i nk supply rate to the
[B?4Int head can be nmintai ned. [145] Correcting a
fl ooded pr icokdagamcbs partidulateypildal | y i nvol ve some type of
@ tting or wi ping mechanismto renove beads of ink on

€ npzzle face of the printhead. Methods and systens
for renovi ﬁ&r"’icﬁci?qff"b[%aé%‘gg across an ink ejection face
[640la printhead are described in our earlier filed US
appl i cat i oromesan of dd&@4GixidPahd( ' Pri nt head

[141]

1. -correction of deprime

[142] Various mechanisms components within the printer assembly are designed with a
vicw to minimizing any problems that the printhcad maintcnance system will need to
address. However, it is unrealistic to expect that the design of the printer assembly
components can deal with all the problems that arise for the printhead maintenance
system. In relation to sealing the nozzle face for hydration and sealing the nozzles to
exclude particulates the maintenance system can incorporate a capping member with a
perimeter seal that will achieve these two requirements.

[143] Drop ejection for hydration (or keep wet drops) and drop ejection for ink purge
require the print engine controller (PEC) to play aroll in the overall printhead
maintenance system.

[144] The particulate fouling can be dealt with using filters positioned upstream of the
printhcad. Howcver, carc must be taken that small sized filters do not become too
much of a flow constriction. By increasing the surface area of the filter the appropriate
ink supply rate to the printhead can be maintained.

[145] Correcting a flooded printhead will typically involve some type of blotting or
wiping mechanism to remove beads of ink on the nozzle face of the printhead.
Methods and systems for removing ink flooded across an ink ejection face of a
printhead are described in our earlier filed US application nos. 11/246,707 (‘Printhead



14 Mai ntenance Assenbly with Film Transport of Ink),
11/ 246,706 (' Method of Maintaining a Printhead using
Film Transport of Ink'), 11/246,705 (' Method of
Rermoving Ink froma Printhead using Film Transfer')
and 11/246, 708 (Method of Renoving Particulates froma
Printhead using Film Transfer'), all filed on Cctober
11, 2005. The contents of each of these US
applications are incorporated herein by reference.
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printhead 1Cs wth hlgh 15 nozzle densities require
only a single piece of paper dust or thin surface film
to create significant color mxing while the printer
is left idle for hours or overnight. [152] Instead of
pl aci ng a heavy reliance on the design of the

pri nthead assenbly conponents to deal with factors
that give rise to printhead nmai ntenance issues, the
present invention uses an active control systemfor
the prlnthead nalntenance reglne to correct I ssues as

a p— g~ A P~ P~



[156] The downstream punp 116 feeds to sunp 118 and
this highlights that the fluid architecture of the
present systemcreates nore waste ink than the
architecture sketched in Figures 12A and 12B. [157]
Figure 14 is a schematic section view through the LCP
nmoul di ng, the polyner sealing film21 and the
printhead 1C 74. It illustrates. the ink flow fromthe
LCP channel 67 to the upstngam conduit 70 past the
inlet 72 (see Figure 9) to the printhead IC 74 to the
downs twzela densinks requivel oly a i08e picde of @patsludt hethitl Guntst ﬁle'amreate
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upstream punp 114 pushes ink through t he upstream LCP
channel 67 and down the upstream end of the conduits
120. The downstream punp 116 is driven at a slightly
hi gher rate. Typically it operates at about 20% nore
capacity than the upstream punp 114. As the upstream
punp has a | ower capacity than the downstream punp the
difference in the flowrate is nade up by air drawn in
through the printhead I1C 74. This ensures that the
fluidic architecture is primed with ink up to the back




[167] Figure 21 shows the configuration needed to
purge the printhead 1C 74. In this configuration the
downst ream punp 116 and downstream shut off valve 132
are deactivated and closed. This essentially creates a
fl ow obstructi on downstream of the printhead |IC 74.
Upstream of the printhead I C the upstream punp 114 is
activated but the upstream shut off valve 130 is
closed. This forces ink ougs of the nozzles in the
printhead 1C until it beads and collects on the
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field wil readlly identify a range of valve

mechani snms that satisfy these requirenents. [176]
Single Punp Inplenmentations [177] Figure 22 shows a
first single punp inplenmentation of the fluidic
control system This inplenentation uses four shut off
val ves 134, 135, 136 and 137 in order to direct ink

fl ows past the printhead 1C 74 and eventually to the
sunp 118. Set out in Table 1 below are the operationa
statuses for each of the valves and the punp in order




[178] Table 1: Single Punp/Four Valve |nplenentation

[179]

Fl ow Condi ti on Punp 114 Val ve 134 Val ve 135

Val ve 136 Valve 137 prinme down open C osed closed open
print up open QOpen

[163]

[164]

[165]

[166]

[167]
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downstream of the printhead IC 74.

Figure 18 shows the system configuration for depriming the fluid architecture
upstream of the printhead IC 74. With this configuration the upstream shut off valve
130 is closed and the upstream pump is operating in reverse. Meanwhile the
downstream shut off valve 132 is open and the downstream pump 116 is deactivated.
The upstream pump 114 draws any ink through the upstream lines 70 and 67 back
towards the cartridge (not shown). The open shut off valve 132 will allow some of the
ink in the downstream end of the ink lines 106 and 108. However, eventually the
upstream pump 114 draws air only through the upstream conduits 70 and 67 from the
printhead IC 74.

Figure 19 shows the system configuration for creating a desired negative pressure
that the printhead IC 74. The advantages of having a negative hydrostatic pressure at
the nozzles of the printhead IC are discussed in details in the above referenced USSN
11/014769 (Docket No. RRC001US) filed December 20, 2004. Both the upstream and
downstream shut off valves 113 and 132 are open. However, the upstream pump 114 is
deactivated and acts as a closed shut off valve. Downstream of the printhead IC 74 the
downstream pump 116 is activated but operates relatively slowly. As the shut off valve
132 is open the downstream valve 116 creates a flow circulating from the pump
through the downstream shut off valve 132 and the returning back through the pump
116. As the upstream shut off valve 130 is open a small amount of ink from the
downstream conduits 108 and 106 are drawn into the circulating loop of ink by Venturi
cffects. For conscrvation of flow, a small amount of ink blceds off to the sump.

‘As the Venturi effect from the circulating ink drops the hydrostalic pressure in the
downstream conduits 108 and 106 the hydrostatic pressure at the printhead IC 74 also
drops.

Referring to Figure 20 the configuration for ink flow through or 'purge’ is shown.
The upstream shut off valve 130 is closed however the upstream pump 114 is activated
and supplying the upstream conduit 67 and 70 with ink. The downstream shut off valve
132 is open while the downstream pump 116 is deactivated and therefore closing that
branch of the fluid system. This configuration draws ink directly from the supply and
feeds it to the sump. This involves some degree of ink wastage however it purges the
cntire architecturc of bubblcs causced by outgassing.

Figure 21 shows the configuration needed to purge the printhead IC 74. In this con-
figuration the downstream pump 116 and downstream shut off valve 132 are de-
activated and closed. This essentially creates a flow obstruction downstream of the
printhead IC 74. Upstream of the printhead IC the upstream plimp 114 is activated but
the upstream shut off valve 130 is closed. This forces ink out of the nozzles in the
printhead IC until it beads and collects on the surface of the nozzle face. From there,



cl osed cl osed flush down open C osed cl osed open fl ood
down open C osed cl osed cl osed deprine downstream down
cl osed C osed

[168]

{169]

[170]

[171]

[172]

[173]

[174]
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[176]
[177]
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the purged ink can be collected and transported to the sump using a mechanism such as
those described in the above referenced co-pending applications filed in the US (USSN
11/246707, our docket no. FNEOO1US) filed on October 11, 2005.

The active control system in by the present fluidic architecture offers a versatile
range of operations that allow the user to recover the printhead whenever artifacts are
noticed. It also allows the manufacturer to ship the printhead IC's deprimed so that the
user primes them on initial start up. For example after final print testing of the
printhead assemblies are shipped dry. The control system is used to deprime upstream
and then deprime downstream of the printhead IC 74.

During start up, the configuration shown in Figure 16 is used to prime upstream
then the configuration of Figure 20 creates a flow through condition after which the
configuration of Figure 19 establishes a negative pressure at the printhead IC. During
printing the configuration of Figure 19 can maintain a desired negative pressure
condition at the printhead nozzles.

To correct dry nozzles or osmotic color mixing the user can deprime downstream
then prime upstream followed by establishing a negative pressure.

In order to address outgassing in the ink line, the user can perform a flow through
purge as illustrated in Figure 20.

In order to remove some external contamination of the printhead IC or ink con-
tamination within the ink lines, the control system can flood the printhead as shown in
Figure 21 before re-establishing a negative pressure as shown in Figure 19.

At the end of the print job, the control system can be sct to automatically deprime
downstream of the printhead IC before the capper places a perimeter seal around the
printhead IC.

The upstream and downstream pumps 114 and 116 can be provided by peristaitic
pumps. In the printers of the type shown in the above referenced USSN 11/014769
(our docket RRC001US) the peristaltic pumps have a displacement resolution of 10
microliters. This equates to about 5mm of travel on an appropriately dimensional
peristaltic tube. These specifications give the most flow rate of about 3 millilitres per
minute and very low pulse in the resulting flow.

The valves should preferably be zero displacement, zero leak, fast and easy to
actuate. Ordinary workers in this ficld will rcadily identify a range of valve
mechanisms that satis(y these requirements.

Figure 22 shows a first single pump implementation of the fluidic control system.
This implementation uses four shut off valves 134, 135, 136 and 137 in order to direct
ink flows past the printhead IC 74 and eventually to the sump 118. Set out in Table 1
below are the operational statuses for each of the valves and the pump in order to
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[178] Table 1: Single Pump/Four Valve Implementation
[179]
Flow Pump 114 {Valve 134 {Valve 135 |Valve 136 |Valve 137
Condition
prime down open Closed closed open
print up open Open closed closed
flush down open Closed closed open
flood down open Closed closed closed
deprime down closed Closed open closed
downstream
deprime up opcn Closcd closcd closed
upstream
standby deactivated |closed Closed closed Closed
[180] Figure 23 shows a second single pump implementation that uses only two valves to

[181]

[182]
[183]

status for

[181] Table 2
each of the

achieve all the control states possible in the above described implementations.
However in this implementation, the valves 138 and 140 are 3-way valves and

therefore slightly more expensive components.

Table 2 below sets out the operational status for each of the systern components in

order to achicve the flow conditions achicved by the two pump implementation.
Table 2 Single Pump to Valve Implementation

Function Pump 114 Valve 138 Valve 140
Prime Down Inline Inline
Print Up Inline Recirculate
Flush Down Inline Bypass
Flood Down Inline Recirculate
Deprime Down Recirculate Inline
Downstream

Deprime upstream  |Up Inline Recirculate




[183] Function Punp 114 Val ve 138 Val ve 140 Pri ne
Down Inline Inline Print Up Inline Recirculate Flush
Down | nline Bypass Fl ood
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Standby Up Recirculate Recirculate

[184] Figure 24 shows a third single pump implementation that further simplifies the
fluidic architecture. It will be appreciated that only a single ink line is shown and a
color printer would have separate lines (and of course separate ink tanks 112) for each
ink color. As shown in Figure 24, this architecture has a single pump 114 downstream
of the LCP moulding 164, and a shut off valve 138 upstream of the LCP moulding.
The LCP moulding supports the printhead IC's 74 via the adhesive polymer film 71
(see Fig. 2). The shut off valve 138 isolates the ink in the ink tank 112 from the
printhcad IC's 74 whencever the printer is powcered down. This prevents any color
mixing at the printhead IC's 74 from reaching the ink tank 112 during periods of in-
activity. These issues are discussed in more detail below with reference to the shut off
valve shown in Figures 29 and 30.

[185] The ink tank 112 has a venting bubble point pressure regulator 200 for maintaining
a relatively constant negative hydrostatic pressure in the ink at the nozzles. Bubble
point pressure regulators within ink reservoirs are comprehensively described in co-
pending application no. 11/640355 (Our Docket RMC007US) filed 18 December 2006
incorporated herein by reference. However, for the purposes of this description the
regulator 202 is shown as a bubble outlet 204 submerged in the ink of the tank 112 and
vented to atmosphere via scaled conduit 204 cxtending to an air inlet 206. As the
printhead IC's 74 consume ink, the pressure in the tank 112 drops until the pressure
difference at the bubble outlet 202 sucks air into the tank. This air forms a forms a
bubble in the ink which rises to the tank's headspace. This pressure difference is the
bubble point pressure and will depend on the diameter (or smallest dimension) of the
bubble outlet 202 and the Laplace pressure of the ink meniscus at the outlet which is
resisting the ingress of the air.

[186] The bubble point regulator uses the bubble point pressure needed to generate a
bubble at the submerged bubble outlet 202 to keep the hydrostatic pressure at the outlet
substantially constant (there are slight fluctuations when the bulging meniscus of air
forms a bubble and rises to the headspace in the ink tank). If the hydrostatic pressure at
the outlet is at the bubble point, then the hydrostatic pressure profile in the ink tank is
also known regardless of how much ink has been consumed from the tank. The
pressure at the surface of the ink in the tank will decrease towards the bubble point
pressure as the ink level drops to the outlet. Of course, once the outlet 202 is exposed,
the head space vents to atmosphere and negative pressure is lost. The ink tank should
be refilled, or replaced (if it is a cartridge) before the ink level reaches the bubble
outlet 202.

[187] The ink tank 112 can be a fixed reservoir that can be refilled, a replaceable cartridge
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shut off valve 138 is opened and the punp 114 is aned
to a closed position (no fluid communication between
the printhead 1Cs 74 and the sunp 184). Then the
printhead 1Cs 74 need to print a burst of dots with
the capper 150 remaining in place to blot the purged

i nk. The volune of ink to be purged will depend on the
printer, but as an indication the printhead shown in
Figs 1 and 2 needs to print the equival ent of about
10%to 30% of a page in process black. [204] If the



[ 206] Power Down/ Move Printer [207] Figs 27A and 27B
show the procedure for a controlled power down (i.e.
the user switching off the main power switch). This
woul d be used when the user is noving the printer,
placing it in storage or simlar. To avoid col or

m xi ng and fl oodi ng (because of jarring while being
shifted) the printhead I1Cs 74 are deprined. As shown
in Fig 27A, the shut off vakve 138 is closed, while
the capper 150 unseals the printhead ICs 74 and the
punp ifepéatedungiall fhe mvetesirehpirdthe sunp. [208] Referring to
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[218] If the printed inmage reveal s gross col or m xing
(cross contam nation of the col ors downstream of the
shut of f valve) the user should i mediately foll ow the
Power Up procedure shown in Figs 28A to 28C. The
printhead |1 C deprine and subsequent reprinme recovers
the printer fromnost failure states (albeit not in
the nost ink econom cal way) and so may be the nost
frequently used renmedy by the user. [219] Shut Of
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interior volume of the ink |line when the vaIve opens.
The relatively large surface area of the di aphragm 214
creates suction in the ink line as it lifts up to
unseat the valve menber 216. As discussed above,
creating sone suction in the upstreamink line wll
assist the ink tank to drop to the pressure where the
bubbl e point regul ator (see Fig 24) controls the
negati ve pressure at the printhead I1Cs. [226] Wile
lifting the di aphragm drops the hydrostatic pressure



27 Caims [1] An inkjet printer conprising: an ink
supply; a printhead integrated circuit (1C in fluid
comuni cation with the ink supply via an upstream ink
line, the printhead I C having an array of nozzles each
with respective actuators for ejecting drops of ink
onto print nedia; a waste ink outlet in fluid

comuni cation with the printhead I C via a downstream
ink line; an upstream shut 2off valve in the upstream
ink Iine; and, a downstream punp nechanismin the
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[11] An inkjet printer according to claim®6 wherein
the shut off val ve displaces ink when noving to its
shut position such that when the shut off val ves
opens, a 28 finite volunme of ink is drawn away from
the ink tank to drop the hydrostatic pressure at the
bubbl e outl et toward the bubble point pressure. [12]
An inkjet printer according to claim11 further
conprising a capper that ig7novabl e between an
unseal ed position spaced fromthe nozzles of the
printhead |IC and a seal e isi on creating an air
tight seal over the nozzles. [1I3] An inkjet printer
[Btcor di ndintigkiet pritence2pigiver ei n the array of nozzles is
formed i anakR@prt e pl ate and the capper is configured
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’?]n d depr! An mﬁlﬂt prmter Eccor mg fo anlmg ‘further comprising a filter upstream of the

printhead IC for removing particulates from the ink.

[8] An inkjet printcr according to claim 7 wherein the ink tank has an outlct in scaled
fluid communication with the shut of[ valve and the filter is positioned in the ink
tank, covering the outlet.

[9] An inkjet printer according to claim 5 wherein the ink tank is a removable ink
cartridge and the outlet can releasably engage the upstream ink line.

[10] An inkjct printcr according to claim 1 whercin the shut off valve is biascd shut
and returns (o its shut position when the printer is powered down.

[11] An inkjet printer according to claim 6 wherein the shut off valve displaces ink

when moving to its shut position such that when the shut off valves opens, a
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{inite volume of ink is drawn away {rom the ink tank to drop the hydrostatic
pressure at the bubble outlet toward the bubble point pressure.

An inkjet printer according to claim 1 further comprising a capper that is
movable between an unsealed position spaced from the nozzles of the printhead
IC and a sealed position creating an air tight seal over the nozzles.

An inkjet printer according to claim 12 wherein the array of nozzles is formed in
anozzle plate and the capper is configured to remove ink and particulates
deposited on the nozzle plate.

An inkjet printer according to claim 1 further comprising a sensor downstream of
the printhead IC for sensing the presence or absence of ink.

An inkjet printer according to claim 14 wherein the sensor is upstream of the
peristaltic pump.

An inkjet printer according to claim 2 comprising a plurality of the ink tanks for
separate ink colors, and a plurality of upstream ink lines and downstream ink
lines for each colour respectively, wherein the peristaltic pump is a multi-channel
peristaltic pump that can pump each ink color simultaneously.

An inkjet printer according to claim 14 further comprising a controller op-
eratively linked to the sensor and the peristaltic pump such that the controller
operates the pump in response to output from the sensor.

An inkjet printer according to claim 1 further comprising an electronic controiler
operatively connected to the shut off valve and the pump for selectively priming
and depriming the printhead IC.

An inkjet printer according to claim 14 further comprising an electronic
controller operatively connected to the shut off valve, the sensor and the pump
for selectively priming and depriming the printhead IC.

An inkjet printer according to claim 12 further comprising an electronic
controller operatively connected to the shut off valve, the capper and the pump
for selectively priming and depriming the printhead IC.



