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An application has been listed by its docket number. This will be replaced when application
pumber is known. The disclosures of these applications and patents are incorporated herein by

reference.

Background of the Invention

Inkjet printing is a popular and versatile form of print imaging. The Assignee has developed
printers that eject ink through MEMS printhead IC’s. These printhead IC’s (integrated circuits) are
formed using lithographic etching and deposition techniques typically used in semiconductor

fabrication.

The micro-scale nozzle structures in MEMS printhead IC’s allow a high nozzle density (nozzles
per unit of IC surface area), high print resolutions, low power consumption, self cooling operation
and therefore high print speeds. Such printheads are described in detail in US 6,746,105 and USSN
11/097,308 to the present Assignee. The disclosures of these documents are incorporated herein by

reference.

The small nozzle structures and high nozzle densities can create difficulties with nozzle clogging,
depriming, ink feed and so on. Ideally, the printer components are designed so that they inherently
avoid or prevent conditions that can have detrimental effects on the print quality. However, in
practice no printers are completely immune to the problems of depriming, clogging, flooding,
outgassing and so on. This is especially so given the range of conditions that printers are expected
to operate in, and the atypical conditions in which users operate or transport printers.
Manufacturers can not predict the user treatment every printer will be subjected to during its
operational life, so designing printer components to accommodate every eventuality is impossible

not to mention impractical from a cost perspective.

Summary of the Invention
Accordingly, the present invention provides an inkjet printer comprising:
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a printhead integrated circuit (IC) with an array of nozzles for ejecting ink onto print
media;

an ink supply reservoir for storing ink;

an ink supply line defining a flow path from the ink supply reservoir to the printhead IC;
and,

a pulse damper positioned along the flow path; wherein during use,

the pulse damper decreases the amplitude of pressure pulses in the ink.

The invention is predicated on the realization that printers designed to minimize the risk of typical
problems occurring, as well as have inbuilt measures to take restorative action if and when a
problem does arise, are far more practical in the real world. This rationale accepts that problems
will occur in some printers, and a printer that can facilitate user correction of common printing

problems will ultimately be more appealing to users.

Adding a pulse damper to the fluidic architecture accepts that sharp pressure pulses in the ink may
occur but by damping them, the pressure amplitude is less capable of floeding or depriming the
MEMS printhead. Furthermore, most pulse damping mechanisms can also serve as a purge

mechanism for dealing with colour mixing or depriming.

Preferably, the pulse damper has a moveable interface with one side that, during use, contacts ink
in the flow path, and an opposite side that contacts a compressible fluid. In a further preferred
form, the pulse damper is proximate the printhead IC in the flow path. In a particularly preferred
form, the pulse damper is a chamber partially filled with ink in fluid communication with the flow
path and partially filled with air.

In some embodiments, the pulse damper is an elastic section of the ink line. Optionally, the printer
further comprises an ink distribution element for supporting and distributing ink to the printhead
IC, and a valve in the flow path for selectively allowing or preventing ink flow to the ink

distribution element, wherein, the pulse damper is positioned upstream of the valve.

Optionally the pulse damper is part of a peristaltic pump mechanism. In these embodiments the
peristaltic pump mechanism can have a length of elastically deformable ink conduit and a pinch
device that can pinch shut the elastically deformable ink conduit and move to the downstream
extent of the elastically deformable ink conduit, such that the elastically deformable ink conduit is
the pulse damper, and the pinch device at the downstream extent of the elastic ink conduit is the
valve that selectively closes the ink flow to the ink distribution element.
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11/ 246668 11/246697
5

Preferably the ink distribution element is formed from a material with a Young’s Modulus greater
than high density polyethylene (HDPE).

Preferably the ink distribution element is moulded liquid crystal polymer (LCP).

Preferably the ink supply reservoir is an ink cartridge with an air inlet valve, an ink outlet valve and
a valve actuator that opens the air inlet valve in response to the ink outlet valve opening. In these
embodiments, the printer may further comprise a pressure regulator in the ink flow line

downstream from the ink cartridge, wherein during use the pressure regulator is biased shut and

opens upon a threshold pressure difference between the upstream and downstream ink.

Preferably the peristaltic pump mechanism is a purge actuator for forcing ink through the printhead
IC and out of the array of nozzles.

The printer may further comprise a printhead maintenance head for collecting ink purged through
the array nozzles in response to the purge actuator. It may also have an ink sump wherein the
maintenance head has an ink transfer arrangement to transfer the collected purge ink to the ink

sumap.

Optionally the printhead maintenance head has a perimeter seal to engage the printhead IC to seal
the nozzle array from atmosphere.

The printer may also have a filter for removing particulates and gas bubbles from the ink flowing to
the printhead IC. Preferably the filter is immediately upstream of the ink distribution member and

the valve is immediately upstream of the filter.

The printer may also have a controller to coordinate the operation of the printhead maintenance

head and the peristaltic pump mechanism.
Preferably the printhead IC is & pagewidth printhead IC.

Brief Description of the Drawings

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

Figure 1 is schematic overview of a fluidic system for a printer according to the invention;
Figure 2 is a schematic section view of the ink cartridge;

Figure 3A is a section view of the pressure regulator;
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Figure 3B is an exploded perspective of the pressure regulator;

Figure 4 is an iltustrative graph of pressure pulses in a damped and undamped fluidic system;
Figure 5A.is a diagram of a first type of purge actuator; and,

Figure 5B is a diagram of a second type of purge actuator.

Detailed Description of Preferred Embodiments

The fluidic system of an inkjet printer using pagewidth inkjet printheads of the type developed by
the Assignee, should satisfy several requirements. In particular, most printing applications will
require some regulation of ink pressure at the printhead, provision for long term ink storage,

printhead IC maintenance and the volumetric control of ink supply.

Tt is important to note that references to ‘ink’ throughout this specification should be interpreted as
a functional fluid encompassing all types of printable fluid regardless of whether it is colored and
intended to form visible images or indicia on a media substrate. The printhead may also eject infra-
red ink, adhesive or a component thereof, medicament, volatile aromatic or any other
functionalized fluid.

FLUIDIC SYSTEM OVERVIEW
Figure 1 is a schematic overview of the fluidic system 1 in an inkjet printer. The system 1 has been
divided into four sections; the ink tank 2, ink line and conditioning 3, printhead 4 and maintenance

system 5. Bach section is discussed in detail below.

INK TANKS

The ink tanks 6 store a supply of ink for the printhead. The tanks are usually in the form of
cartridges that detachably couple to the ink conditioning section 3. Ideally, the upstream coupling
10 and downstream coupling 12 form a connection that is free of leaks, bubbles and dust. In
practice, this is difficult to achieve and some contaminants may need to be dealt with in the ink

conditioning section 3.

RIGID WALLED CARTRIDGE

There are compelling reasons to store the ink in a flexible walled container or bag. The inks
exposure to air is much less (it is not zero because of air permeation through polymer ink bags) and
the bag can be mechanically biased to expand and thereby induce a ‘negative’ pressure (or less than
atmospheric) in the printhead. A flexible ink bag type of cartridge and the benefits of a negatively
pressurized printhead are described in USSN 11/293,820 to the Assignee, the disclosure of which is
incorporated herein by reference.
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Unfortunately, the flexible bag type cartridge also has drawbacks. The amount of ink remaining in
the bag when it requires replacement can be substantial. This ink is wasted and means that the
cartridge is bigger than it “needs’ to be. This is because the negative pressure can drop below a
deprime threshold as the cartridge bag becomes empty. The deprime threshold is the pressure at
which the ink is sucked back out of the nozzle chambers and back into the cartridge.

The cartridge used in the present system is a ‘dumb’ ink tank — it performs no function other than
ink storage. The negative pressurization of the ink occurs in the ink conditioning section 3. Figure
2 is a schematic representation of the ink cartridge 2. The ink tank 6 is a rigid walled container for
storing the ink 42. When the cartridge 2 is installed in the printer, the downstream coupling 12
(Fig. 1) presses on the ink outlet ball 50 to unseat it from the ink outlet 56. In turn, the ink outlet
ball 50 pushes the actuator shaft 52 upwards against the action of the outlet spring 54. The actuator
shaft unseats the air inlet ball 44 from the internal air inlet 48 against the bias of the return spring
58. As ink 42 is used by the printhead, air is drawn through the external inlet 46, around the air
inlet ball 44 and through the internal inlet 48.

The air inlet valve 8 needs to be large enough to allow sufficient air inflow so as to prevent any
resistance to ink flow through the fluidic system 1. However, it should also be small enough to
avoid ink leakage should the printer be inverted while the cartridge is installed. Ink leakage can be
largely prevented by making the air inlet smaller than the capillary length of the ink as the ink flow
closed by the shut off valve 22 described below. For water based inks, the capillary is typically

about 2 mm.

Configuring the ink cartridge 2 to be a simple storage tank, instead of complicating its-design with
a pressure regulating function, reduces the manufacturing costs and allows the design to be casily

varied to accommodate capacity changes.

UPSTREAM/DOWNSTREAM COUPLINGS

It will be appreciated that removing the cariridge 2 automatically closes both inlet and outlets
valves fo prevent leakage. The figures show simple sketches of the upstream and downstream
couplings 10 and 12 for purposes of illustration. However, both couplings are arranged to
minimize any contaminants or air bubbles becoming entrained in the ink flow to the printhead.

Suitable coupling designs are shown in USSN 11/293,820 referenced above.

PRESSURE REGULATOR
The pressure regulator 14 ensures the pressure at the printhead IC 28 is less than atmospheric. A

negative pressure at the printhead nozzles is necessary to prevent ink leakage. During periods of
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inactivity, the ink is retained in the chambers by the surface tension of the ink meniscus that forms
across the nozzle. If the meniscus bulges outwardly, it can ‘pin’ itself to the nozzle rim to hold the
ink in the chamber. However, if it contacts paper dust or other contaminants on the nozzle rim, the

meniscus can be unpinned from the rim aﬁ‘d ink will leak out of the printhead through the nozzle.

To address this, many ink cariridges are designed so that the hydrostatic pressure of the ink in the
chambers is less than atmospheric pressure. This causes the meniscus at the nozzles tc; be concave
or drawn inwards. This stops the meniscus from touching paper dust on the nozzle rim and
removes the slightly positive pressure in the chamber that would drive the ink to leak out.

The negative pressure in the chambers is limited by two factors. It can not be strong enough to de-
prime the chambets (i.e. suck the ink out of the chambers) and it must be less than the ejection
pressure generated by the ejection drop ejection actuators. However, if the negative pressure is too
weak, the nozzles can leak ink if the printhead is jolted or shaken. While this can happen during
use, it is more likely to occur during the shipping and handling of printheads primed with ink,

The present system generates the negative pressure using the pressure regulator 14 instead of
complicating the design of the ink cartridge 2 as discussed above. Figure 3 shows the pressure
regulator 14 and down stream coupling 12 used in the printer described in USSN 11/293,820
referenced above. Figure 3B is an exploded perspective for clarity. The pressure regulator 14 has
a diaphragm 64 with a central inlet opening 72 that is biased closed by the spring 66. The
hydrostatic pressure of the ink in the cartridge acts on the upper or upstream side of the diaphragm.
The head of ink acting on the upstream side of the diaphragm will vary as the ink in the cartridge is
consumed by the printhead. To keep the variation in the head of ink relatively constant, the ink
tank 6 should have a relatively wide and flat form factor. '

Acting on the lower or downstream surface of the diaphragm 64, are the combined pressures of the
static ink pressure at the regulator outlet 70 and the regulator spring 66. As long as the downsiream
pressure and the spring bias exceeds the upstream pressure, the regulator inlet 72 remains sealed
against the central hub 74 of the spacer 62.

During operation, the printhead IC 28 acts as a pump. The ejection actuators forcing ink through
the nozzle array lowers the hydrostatic pressure of the ink on the downstream side of the diaphragm
64. As soon as the downstream pressure and the spring bias is less than the upstream pressure, the
inlet 72 unseats from the central hub 74 and ink flows to the regulator outlet 70. The inflow
through the inlet 72 immediately starts to equalize the fluid pressure on both sides of the diaphragm
64 and the force of the spring 66 again becomes enough to re-seal the inlet 72 against the central
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hub 74. As the printhead IC 28 continues to operate, the inlet 72 of the pressure regulator
successively opens and shuts as the pressure difference across the diaphragm oscillates by minute
amounts about the threshold pressure difference required to balance the force of the spring 66. As
the diaphragm opens and shuts in rapid succession, and is only ever displaced by a minute amount,
the annular diaphragm support 68 need only be very shallow. The rapid opening and closing of the
valve lets the pressure regulator 14 maintain a relatively constant negative hydrostatic preséure in
the down stream ink flow path.

For most of the Assignee’s printhead IC’s, the de-prime pressure threshold is in the range -100 mm
H,0 to -200mm H,0. Hence the pressure regulator should be set at a pressure difference that will
not exceed the de-prime threshold of the nozzles (taking info account the head of ink from the
regulator to the nozzles, and bearing in mind that the head of ink above the regulator 14 varies).

Needle valves can also be used for pressure regulation, but they are typically not configured for the
ink flow rate required by the high speed pagewidth printheads developed by the Assignee. The
diaphragm inlet 72 can easily accommodate the necessary flow rate and the rapid opening and

closing of the valve during use.

Using a diaphragm valve for the pressure regulator 14 also presents a good opportunity to
incorporate a filter 60. As the diaphragm 64 is necessarily wider than the rest of the ink flow path,
the filter can be relative fine but not overly restrict the ink flow because it has a wide diameter.

PULSE DAMPER

The pulse damper 16 removes spikes in the ink pressure caused by shock waves or resonant pulses
through the ink line. The shock waves occur when the ink flowing to the printhead is stopped
suddenly, such as at the end of a print job or a page. The Assignee’s high speed, pagewidth
printhead IC’s need a high flow rate of supply ink during operation. Therefore, the mass of ink in
the ink line from the cartridge to the nozzles is relatively large and moving at an appreciable rate.
Suddenly arresting this flow gives rise to a shock wave as the ink line is a rigid structure. The LCP
moulding 26 (see Fig. 1) is particularly stiff and provides almost no flex as the column of ink in the
line is brought to rest. Without any compliance in the ink line, the shock wave 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 chambers) and flood the front surface of the printhead IC 28. If the nozzles
flood, ink may not eject and artifacts appear in the printing.

Resonant pulses in the ink ocour when the nozzle firing rate matches a resonant frequency of the
ink line. Again, because of the stiff structure that define the ink line, a large proportion of nozzles
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for one color, firing simultaneously, can create a standing wave or resonant pulse in the ink line.
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.

To address this, the present fluidic system incorporates a pulse damper 16 to remove pressure
spikes from the ink line. As shown in Figure 4, the pressure spike 76 has a finite duration. The
damped pulse 78 has a lower peak pressure but a longer duration. However, the energy dissipated
in both systems (represented by areas A and B) is equal.

The damper 16 may be an enclosed volume that can be compressed by the ink. Alternatively, the
damper may be a compliant section of the ink line that can elastically flex and absorb pressure
pulses. In other forms, the damper 16 can be an apertured plate or internal baffles that create
turbulent flow and dissipate the energy using eddy viscosity.

Ideally, the pulse damper 16 is physically located near the LCP moulding 26 so that it can slowly
arrest the majority of the column of ink in the ink line. For an A4 pagewidth printhead, the damper
should be within about 50 mm of the LCP mouldiﬁg 26.

By damping the ink line and thereby removing large oscillations about a nominal negative pressure
at the nozzles, the nominal negative pressure at the printhead can be lower than an undamped
system. A lower negative pressure is advantageous as there is less chance of the ink leakage from

the nozzles if the printhead is knocked or jarred during installation or handling.

SHUTOFF VALVE

The shutoff valve 22 protects against deprime and color crosstalk. It is also used during printhead
purging operations. The valve can take many different forms as long as it fluidically isolates the
printhead from the rest of the ink line. The valves role in depriming, color crosstalk and purging is

discussed below.

As discussed above, pagewidth printhead must be robust enough to not leak or be damaged during
handling and installation. It should stay primed with ink regardless of its orientation and even
modest shocks. If the ink line is open to the downstream coupling 12, pagewidth printheads
deprime relatively easily. Small mechanical shocks, and even holding them vertically can provide

enough hydrostatic head to overcome the Laplace threshold pressure and cause depriming.

A shutoff valve 22 immediately upstream isolates the ink in the printhead IC 28 and the LCP
moulding 26. This substantially lowers the mass and therefore the momentum of ink acting at the
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nozzles. This guards against leakage from jolting and jarring while the printhead is handled prior

to installation.

Color crosstalk occurs when one ink color flows into the ink line from another via the nozzles.
This happens while the printhead is idle for a short time (less than an hour). If the nozzle face of
the printhead IC 28 is wet from beaded ink or other fluid, there can be a fluid path between nozzles
of different colors. Should the ink lines leading to the different colored nozzles have a pressure
difference, the ink from the high pressure line will flow to the low pressure line until the pressure

equalizes. If the crosstalk continues for several hours, the color mixing can be beyond recovery.

Printhead IC’s with high nozzle densities (such as the Assignee’s) are very prone to color mixing
unless appropriate measures are taken. A single dust particle on the nozzle face can anchor beads
of ink from different colored nozzles and effectively become a fluid bridge between the two.
Similarly, perfectly equal pressure in all the ink lines is also practically impossible.

Shutoff valves for each of the ink lines effectively arrests color mixing. The volume of ink in each
line from the shutoff valve to the nozzles is low and a very small amount of color mixing occurs

before the pressure equélizes.

INK PURGE

The present system uses an ink purge as part of the maintenance cycle. Purging ink clears dried ink
from nozzles, and any color contaminated ink as well as other foreign particles. Ink purging is also
an effective way of dealing with outgassing. Outgassing refers to the formation of bubbles in the
ink line from dissolved gas (usually nitrogen) coming out of solution. Outgassing in the ink occurs
when the printer stands idle for a day or so. Bubbles in the LCP molding can be particularly
detrimental move to the printhead IC and prevent nozzles from firing. However, purging a
relatively small volume of ink removes the bubbles. A purge involves flooding the printhead IC
with ink and subsequently cleaning away the ejected ink. In the case of the Assignee’s A4
pagewidth printhead, a purge volume of about 0.017 mm is sufficient (per color). The purging ink
can be stored in a separate purge volume 18 connected to the ink line. The purge actuator 20 forces
the ink into the line to flood the printhead IC. To do this, the ink line needs to be closed upstream
of the purge actuator 20. A second shutoff valve (not shown) is a convenient way of achieving this.

Figures 5A and 5B show two options for the purge mechanism. In Fig. 5A, the purge mechanism
uses two shutoff valves 82 and 84. To initiate a purge, the controller closes the primary shutoff
valve 82 and then opens the secondary shutoff valve 84. A solenoid or cam (not shown) drive the
purge actuator 20 which comprises the diaphragm plunger 86, plunger return spring 80 and
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10  After the purge, both valves 82 and 84 are opened for printing or closed for transportation of the

printer.

PERISTALTIC PURGE
The peristaltic purge mechanism shown in Fig. 5B has the advantage that it not need any shutoff
15  valves which reduces the number of components in the ink line which in turn is simpler for the

controller.

To initiate the purge, the diaphragm plunger 86 is pushed to close the pressure regulator 14. Thena
peristaltic plunger 94 presses on a resilient purge reservoir 18 to ject the purge ink. With the

20  pressure regulator preventing any reverse flow, the purge ink is directed into the LCP molding and
through the printhead IC. Then the pressure regulator is re-opened and the peristaltic plunger B is
slowly retracted to refill the resilient purge reservoir. Following this, the system is again ready for
printing. As discussed above the pressure regulator opens only when there is a sufficient pressure
difference across the diaphragm 64 (see Fig. 3B). To transport the printer, the diaphragm plunger

25  86is actuated to shut the pressure regulator.

‘While this alternative dispenses with shutoff valves in favor of other components (in particular, the
shutoff valve 22 is replaced with the pressure regulator 14), the ink line has significant compliance
in it when being transported. As previously discussed, the printhead IC is least prone to any

30 leakage if the fluidic system is completely rigid and still down stream of the shutoff valve 22, and
the shutoff valve is immediately upstream of the LCP molding.

These concerns are addressed by providing the shutoff valve 22 and a purge mechanism using a
peristaltic pump. A section of elastically deformable ink line is compressed by a roller or cam.

35  The elastic ink line is pinched shut by the roller which then moves a small distance downstream to
force a small volume of ink into the printhead. The section of elastic ink line along which the roller

moves is the purge reservoir 18 and the roller is the purge actuator 20. If the roller then remains at
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ink pressure at the regulator outlet 70 and the
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pressure, the regulator inlet 72 renains sealed 30
agai nst the central hub 74 of the spacer 62. During
operation, the printhead IC 28 acts as a punp. The
ej ection actuators forcing ink through the nozzle
array lowers the hydrostatic pressure of the ink on
t he downstream si de of the diaphragm 64. As soon as
the downstream pressure and the spring bias is |ess




10 The danper 16 may be an encl osed vol une that can be
conpressed by the ink. Alternatively, the danper nmay

be a conpliant section of the ink line that can

el astically flex and absorb pressure pul ses. In other
fornms, the danper 16 can be an apertured plate or
internal baffles that create turbulent flow and

di ssi pate the energy using eddy VISCOSIty 15 I deal ly,
the pul se danper 16 is physically®°located near the LCP
moul ding 26 so that it can sl y arrest the w% ority

of the deraFem SpragenidonsioraehBaming davs ofarearsrepd subppayeat power up of the
pagew dtphntaf thé1tdaediel, neddh® ctbaentererindtasdal] cloe thei stbaffvamiseod then
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role in deprinthg, color crosstalk and purging is
di scussed bel ow. 30 As di scussed above, pagew dth

pri BVHERYSARREt be robust enough to not |eak or be
1damaged during handling and installation. It should
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have a pressure difference, the ink fromthe high
Pr e gedifofout briies ildrlin the @I biter Bd3ign bIORMEPTOTS Sdidapble ioNEhigh vtk lof ink
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( SUuadheresto th eoftAGiRt Wit eiusi) it atess theaipybetpratte réllorsc Blewmrit transfers to the
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dust particle on the nozzle face can anchor beads of

i nk e di fferent col ored nozzles and effectively
3econe a fluid bridge between the two. Simlarly,
perkggd |y equal pressure in all the ink lines is also
practically inpossible. 15 Shutoff valves for each of

the ink Iines effectively arrests color m xing. The
volunme of ink in each line fromthe shutoff valve to

the nozzles is low and a very small anount of col or

m xi ng occurs before the pressure equalizes. 20 INK
PURCGE The present system uses an ink purge as part of

t he mai nt enance cycle. Purging ink clears dried ink
fromnozzles, and any col or contam nated ink as well

as other foreign particles. Ink purging is also an
effective way of dealing with outgassing. Qutgassing




35 The elastic ink line is pinched shut by the roller

whi ch then noves a small distance downstreamto force

a small volune of ink into the printhead. The section

of elastic ink line along which the roller noves is

the purge reservoir 18 and the roller is the purge
actuator 20. If the roller then remains at 13 the
downstream end of the elastic ink line, it is also an

ef fective shutoff valve 22. IdealPly the roller noves

to the very end of the elastil/ section of ink line as._ .
anyTheewmpl it sepreryder cpnivelied gipragejofjbe pastp inky Haygver axthg {upp bas  finite
d OVaSdoiiye @ Mnedessir® dsdiistwhéther tha bu id th be Iepleeble bt isitste sipfd such
depgl; P capBinf ko TR Aloboteh BRrSQERANERE SinpSt r €am of the
print hea 28 are potential sources of contam nants.
In light of this, the filter 24 should be Stalled as

8| oselaelyposibiepiicerblspeipmaa prloteed th be nplicert 4 fevpidmes @uring the life of the

g/bulmn.{ep Seclbie o!raﬂghﬂ"@@%esl the {dunleh® tllfei ihit. eHoWWé—ih ] fe Bxebidnt etating
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of drhwes afld@PnfpbighmforBeain0 The size of the filter is a
conprom se between excluding particles big enough to
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a ] ng excessive f OM/reS|staQ§e. Testhq it
on filfé syvsieiedyia de Brefsvadn Likenitre iRt % 2hirRpih ROlsh P Toadily
Si z@hw fuk hviag Frorfl the gansfatroledver sel y affecting the fluid
fl ow and renoves the vast majority of particles that
can | odge in the printhead |IC 28. 1! he. filter..24 .

I s Bhecliiti syiem fFpmprides ﬁ°x7‘§”%‘tiﬁ>%"1°’éa“f‘i"§%1.1;‘eﬁ§fbﬂ .’”%Yc‘tf_é]ﬁ‘é%mf only.
1aboWerkerb isbilé edd witlredomize menyoieratisos dnf vasiafionetojtelspqcifip gmbodiments
whegsdh& 686t ri dge is changed or as the result of
outgassing. A 3 mcron filter wll act as an effective
bubbl e trap. 20 LCP MOLDI NG The nol ding 26 is nmade
froma liquid crystal polyner (LCP) which offers a
nunber of advantages. It can be nolded so that its
coefficient of thermal expansion (CTE) is simlar to
that of silicon. It will be appreciated that any
significant difference in the CTE s of the printhead

I C 28 and the underlying nol dings can cause the entire
structure to bow Flowerier, as the CTE of LCP in the
25 nold direction is nmuch less than that in the non-
nol d direction (--5ppm C conpared to --20ppnPC), care
must be take to ensure that the nold direction of the
LCP noldings is unidirectional and aligned with the

| ongi tudi nal extent of the printhead integrated
circuit (1C 28. LCP also has a relatively high
stiffness with a nodulus that is typically 5 tines
that of 'normal plastics' such as pol ycarbonates,
styrene, nylon, PET and pol ypropylene. 30 It is also

i mportant to mnimze the shedding of particul ates
fromthe LCP nolding after production. In this regard,
it is necessary to consider the conpatibility of the
ink wwth the LCP as well and the nolding process. 35
PRI M HEAD | C The printhead 1C 74 is nounted to the
underside of the LCP nolding 26 by a pol ynmer sealing
film(not shown). This filmmy be a thernoplastic
filmsuch as a PET or Pol ysul phone film or it may 14
be in the formof a thernoset film such as those
manuf actured by AL Technol ogi es and Rogers
Corporation. The polyner sealing filmis a |amnate

wi th adhesive | ayers on both sides of a central film
and | am nated onto the underside of the LCP nolding. A
plurality of holes are |laser drilled through the
adhesive filmto coincide with the centrally disposed
ink delivery points for fluid 5 comruni cati on between
the printhead IC 28 and the channels in the LCP
nol di ng. The thickness of the polynmer sealing filmis




10

15

20

25

30

35

20 A double roller nmechnni sm has al so been devel oped
whi ch can transport |arge volunes of ink at high
rates. This purge ink renoval mechanismis described
in detail in co-pending application no. (Qur Docket
FNEO10US) the contents of which awe incorporated
herein by reference. This mech&ni sm has the advant age
t Rl clhitn: does not actually contact the nozzle face of
the printhead ICin order to renove the purge ink, so
there is no risk of nozzle danmage or nozzle

cant anmAnaikjeoprinky cdnipaisiagy roller. It al so renoves a
particy e

Goct or * s HESERA LK BT Al PRBRRE IRk BBy o prin
almsdiaj ncor porated into the nalntenance reginme to keep

t he prhpﬁpgﬁg hg&ag;@}§§mgﬁﬁrated during printing or
when t he r|n¥ is powered up but not currently

oper at Phigk sUepiy Wﬁnw sy Ragh Sompfhe fink senpty; TPV ipcbesrrgfhged
tIm&gMﬁacaﬁa |nplenentat|on of keep wet dots having
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' GSMSH&H &Qnt of the Iﬁ&m&l%eﬁ&hﬁ‘a%ie% &Q@ﬁtastublptﬂat%e eia@tﬁally deformable
individ nents'in the malntenance regi me W)

r eréf&wdéﬁ i aS’S”?:E%WF‘(fP‘I proasis dhe SORUME 5 GRS BHlEcs e nk, and the
Op&saltR pﬁﬂ@m&ﬁl&ﬁﬁﬁ AttdpbRONhE A a plifgk ‘d@&atcﬁl s fdréifg ink through the
rlngagad IC.in the fo Long Term

W n des
e tieeps Bt P ST o S B vear o, Jand
subs e qaipithepbmgntenapceditad fouecopiecting ipk purgdd ehraugh the@hinerozzles in
n perimeter seal, close the shutoff
?@ e?tgﬁgbgﬁgﬁhﬁﬁltlate a wake-up cycle that opens
the shutof f val ves and perforns one or nore purges

bef or esgi® ﬁtsdrﬁfér &Eoﬁﬁ%’ tol dlaBA $ B BYein Gl pRId dalip¥d ii@roximate the printhead
Short Term or storage spanning minutes to

h et é“ﬂm‘%gfageﬂm%rlnt jobs), the controller needs
to close the perlneter seal, close the shutoff val ves

S t to]t] n{/ a{e‘ Vprm e% aecac‘?rdm% ‘l( & a#g 1 %%%Lr%o&ﬁ%ﬁng%g ?I&%lsmgtl%n element for
e p@gornmné flistaibyting nrétnethe prtintlepad mtegrated Rirqut. and wﬂ‘mg the ﬂow path for
Pgél&h{féi]}gall'owﬁg 6r &%ﬁtfng Ldk&Tow tS thte %kfdlsﬁrﬁ)u&ﬁ%ﬁn%ﬁt wﬁerré?ﬁ) $hePalse
required. 10 User Request - in response to a user
i ﬁewneae aepitioagsegican of havalveat ed by de- prining or
particul ate fouling, the controller cl oses the shutoff

3o RS M AR Sk B 1 B RSE v

nbfthigfasti¢ M(cdﬁmNSFP@Ralvdﬁat\Msmeely cikses the gk flew &t thelink gistribution
PULdiRg and ejection of mxed colour ink. The waste

i nk must be actively transported to the sunp as the

i nk can not be uncontrolled within the printer.

Tb er ef itQﬁ Bikjel ﬂ?ﬁtef &Korﬁﬁ@{db%}aﬁﬁ 3 W};ﬁ@x@ﬁ{ﬂiﬁﬁx& dﬁﬁ%ﬁﬁﬁe\l&h&hﬁ formed from
acl n r S e e v
o Rates by P Mos e dien v iRty st FIoBEE | o

terns of waste ink production The 20 coll ection phase
ig the,r | 0

0 r Nt h ea%ﬂi?@%ntc acr:orgltn%1 Io c?armégs e 619 %lﬁ é%eﬁén%&g% Jleﬁllienﬁs moulded
c bauieaysaipélyher (CHhe sunp. Vﬂste |nk produced by
purgi ng or ejection of colour mxed ink should be
rapidly renmoved fromthe printhead 1C with a process
that does not contam nate the nozzles. To conplicate
matters, there is 25 little avail abl e adjacent the
printhead. The vicinity is generally crowded with
medi a feed nechani snms and cappi ng structures and so
on. Therefore the nechanismthat collects the ink wll
not usually be able to accommobdate the vol une of waste
i nk produced over the |ife of a caibidge. The porous
or soft roller in the dual roller design of ENE | QUS
is capable of a high rate of ink 30 renoval while not
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integrated circuit in the flow path. 3. An

inkjet printer according to claim1 further conprising
an ink distribution elenent for supporting and
distributing ink to the printhead integrated circuit,
and a valve in the flow path for %electively allow ng
or preventing ink flow to theignk distribution
ebemenin nmdae;rrﬁiren acc&rhﬁg Ma&ﬁ 1 siaareﬁ fhelik sp@y fede@NdRGh an ink cartridge
ups ream nt er .accordi ng.

¢ SR PSP vlvErm ik s v gt ey SR AE PlLil
exdspabe tofhe idkeoutdt aaltd apenitgk conduit is the val ve that
selectively closes the ink flow to the ink

di stribution element. 305.An inkjet printer according
t 8 cl appingictiniatceiogording tojclaim d ifusther cowprising a@resyvestesylator in the ink

I ﬁrramﬁe éohmmeﬁn rrtaﬁ]errel iR ca%a vale)éwmgn M)Q yreggﬁregégeeroe s biased
an hig ensity yet hy
privhEngdePes graﬂna,ﬂﬁgfhglg prepsure it gc WENC fguﬁléps}remg | k& nstream ink.

di stribution elenent is moul ded liquid crystal polyner
CP). printer . accor di

Wi o A I irRRr SRl o) Bl BGRBAAIA IR STl R e

wingintepancahead hay Ialetnk VariSfﬁearraagﬁmenMO gepsfeethe alleeied pured 111% to the ink

val actuator that opens the air inlet valve in

response to the ink outlet valve opening. 58.An inkjet

printer according to claim7 further conprising a

PIEss UAﬁe 1nkﬁQiﬂnﬁ¥ af;or'u]ﬂg folv@uirh 0 hérki@ VielphintBead @iaMShinealtad has a

from nk car i.n duri se the

PRt el B b bt i IRl A s R bR

t hreshol d pressure di ff erence between the upstream and

?WSt Aﬁ“ ter acgord@to cﬁlﬁh ?'furﬁlglj c&%&r‘imr@%%ggbﬂgm&\%g particulates

arnrl er co sing an 1 nk sunp wherein the
mahb\@hla%@énﬁea& ﬂﬁ‘d@‘lgﬁh‘ ¢ pilathesdlfsf er arrangenment to

transfer the coIIected purge ink to the ink sunmp. 10.

An_ i nkj ter a cord cl.aj m.] wherei.n

0%t WA RIS AOES Rl KhShGei P Pl et resm of the
ey dgeibbiva e]:&mbmtahtﬁtadvall\@ it imngdialelytupercnn afzthefilar.r ay from
atmosphere. 15 11. An inkjet printer according to
claim3 further conprising a filter for renoving

p&¥-ti civh mkietprintstiacgadindoishire § furtherrindludingja gratiollesg W@rdtnete the

t DRerdnibh SHRERS thbdd: mamlf%ancéﬂea'd Rid BE pdRikealB mpﬁﬁé‘cﬁd’n@hn gto
cl'aim 11 wherein the filter is inmediately upstream of

t he 20i nk drstrrbutron el ement and the valve is

I mredi ah kgt piact dce@iih®fo clabie 1 ivhidrti@ the pridtBead ADisiaphge@idth printhead
p(%nter according to claim1l further including a
cofitroller to coordinate the operation of the

print head mai nt enance head and the peristaltic punp
mechani sm 2514. An inkjet printer according to claiml
wherein the printhead 1Cis a pagewidth printhead |IC




