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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 ICs.
These printhead ICs (integrated circuits) are formed
using lithographic etching and deposition techniques
typically used in semiconductor 



fabrication. The micro-scale nozzle structures in MEMS
printhead ICs 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: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 flooding 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.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 sump. 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 a 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;Figure 3B is an exploded perspective of the
pressure regulator; Figure 4 is an illustrative graph
of pressure pulses in a damped and undamped fiuidic
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 fiuidic 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. It 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 infrared 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. Each 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.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 easily varied to accommodate capacity changes.
UPSTREAM/DOWNSTREAM COUPLINGS It will be appreciated
that removing the cartridge 2 automatically closes
both inlet and outlets valves to 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 ofinactivity, 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
and ink will leak out of the printhead through the
nozzle. To address this, many ink cartridges 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 to 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 deprime the chambers (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 downstream
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
centralhub 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 pressure in the down stream ink
flow path. For most of the Assignee's printhead ICs,
the de-prime pressure threshold is in the range -100
mm H2O to -200mm H2O. Hence the pressure regulator
should be set at a pressure difference that will not
exceed the de-prime threshold of the nozzles (taking
into 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 ICs 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 occur 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 nozzlesfor
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 fiuidic 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 moulding 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 thenozzles. 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 ICs 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 equalizes. 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
anddiaphragm 88. The internal end of the plunger 86
has a valve stem 90 that seals against the outlet 92
of the purge reservoir 18. Depressing the plunger 86
simultaneously unseats the valve stem 90 from the
outlet 92 and ejects a set volume of purge ink by
compressing the purge reservoir with the diaphragm 88.
While the plunger 86 is depressed, the controller
closes the primary shutoff valve 82 and opens the
secondary shutoff valve 84. As the return spring 80
retracts the plunger, the diaphragm 88 expands the
purge reservoir 18 so that it refills with fresh ink.
After the purge, both valves 82 and 84 are opened for
printing or closed for transportation of the printer.
PERISTALTICPURGE The peristaltic purge mechanism shown
in Fig. 5B has the advantage that it not need any
shutoff 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. Then a peristaltic plunger 94 presses on a
resilient purge reservoir 18 to eject the purge ink.
With the 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
86 is 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 



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. 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 atthe
downstream end of the elastic ink line, it is also an
effective shutoff valve 22. Ideally the roller moves
to the very end of the elastic section of ink line as
any compliance or lack of rigidity in the ink line
downstream of the shutoff valve increases the risk of
deprime. FILTER All the components upstream of the
printhead IC 28 are potential sources of contaminants.
In light of this, the filter 24 should be installed as
close as possible upstream of the printhead IC.
Mounting the printhead IC to the filter would be ideal
but impractical. Therefore, in reality, the most
practical site for the filter is on the upstream face
of the LCP molding 26. The size of the filter is a
compromise between excluding particles big enough to
to be trapped in the structures of the printhead IC
28, and not adding excessive flow resistance. Testing
on the Assignee's printheads showed a 3 micron (pore
size) filter does not adversely affecting the fluid
flow and removes the vast majority of particles that
can lodge in the printhead IC 28. The filter 24 also
acts as an effective bubble trap. As discussed above,
bubbles can be introduced into the ink line when the
cartridge is changed or as the result of outgassing. A
3 micron filter will act as an effective bubble trap.
LCP MOLDING The molding 26 is made from a liquid
crystal polymer (LCP) which offers a number of
advantages. It can be molded so that its coefficient
of thermal expansion (CTE) is similar to that of
silicon. It will be appreciated that any significant
difference in the CTE' s of the printhead IC 28 and
the underlying moldings can cause the entire structure
to bow. However, as the CTE of LCP in the mold
direction is much less than that in the non- mold
direction (~5ppm/C compared to ~20ppm/C), care must be
take to ensure that the mold direction of the LCP
moldings is 



unidirectional and aligned with the longitudinal
extent of the printhead integrated circuit (IC) 28.
LCP also has a relatively high stiffness with a
modulus that is typically 5 times that of 'normal
plastics' such as polycarbonates, styrene, nylon, PET
and polypropylene. It is also important to minimize
the shedding of particulates from the LCP molding
after production. In this regard, it is necessary to
consider the compatibility of the ink with the LCP as
well and the molding process. PRINTHEAD IC The
printhead IC 74 is mounted to the underside of the LCP
molding 26 by a polymer sealing film (not shown). This
film may be a thermoplastic film such as a PET or
Polysulphone film, or it maybe in the form of a
thermoset film, such as those manufactured by AL
Technologies and Rogers Corporation. The polymer
sealing film is a laminate with adhesive layers on
both sides of a central film, and laminated onto the
underside of the LCP molding. A plurality of holes are
laser drilled through the adhesive film to coincide
with the centrally disposed ink delivery points for
fluid communication between the printhead IC 28 and
the channels in the LCP molding. The thickness of the
polymer sealing film is critical to the effectiveness
of the ink seal it provides. The polymer sealing film
seals the etched channels on the non-ejection side of
the printhead IC. It also seals the conduits on the
LCP molding. However, as the film seals across the
open end of the channels in the printhead IC, it can
also bulge or sag into opening in the LCP molding. The
sagging section of film runs across several of the
etched channels in the printhead IC and may cause a
gap that allows cross contamination of the ink colors.
On the ink ejection side of the printhead IC 28, the
surface is flat. With a flat surface, the maintenance
regime can incorporate wiping and blotting procedures.
While these procedures are effective maintenance
techniques, they require the printhead IC to have a
robust flat surface. However, the encapsulate covering
the wire bonds sits proud of the planar nozzle surface
and creates a ridge along which dust and dried ink can
collect. To address this, the printhead IC can have a
redundantly wide section alongside the wire bonds so
that any blotting or wiping around the nozzles is not
impeded. This is a compromise solution as the larger
printhead IC will lower the chip yield from each
silicon wafer, thereby increasing fabrication costs.
PRINTHEAD MAINTENANCE 



Printhead maintenance prevents and corrects a number
of non-printing printhead states that can give rise to
drying, fouling, flooding and depriming. The
maintenance facilities in the present fluidic system
includes perimeter seals, shut off valves, purges,
wiping and or blotting mechanisms and keep wet dots.
The perimeter seal retards drying when the printer is
idle for long periods. It also shields the nozzle
surface from dust when not in use. It should also be
noted that a perimeter seal does not use ink to
operate and so is not detrimental to ink usage
efficiency. However, it does not keep the printhead
hydrated indefinitely, particularly in hot weather.
While a seal can help prevent contamination, it can
not correct contamination once it occurs. Similarly,
it can not correct a dried printhead or a deprimed
printhead. As discussed in the 'Shutoff Valve'
subsection above, shutoff valves can suppress color
mixing through nozzles to ink lines at different
hydrostatic pressures. They also give the
printheadadditional resistance to de-priming because
of knocks or jolts during installation or handling.
However, they can also promote de-primiag as any
drying of the ink will significantly reduce its volume
and cause it to retreat back into the printhead IC. In
light of this, shut-off valves are best used in
conjunction with a perimeter seal (capper) and a
re-priming mechanism. Purging is one mechanism for
re-priming the printhead (or in other words,
recovering a printhead from de-prime). It can also be
used for removing particulate contaminants and
recovering a dried printhead. Unfortunately, ink
purges necessarily waste ink, and the waste ink needs
to be transported to a sump. Furthermore, ink purging
can lead to ink color crosstalk. In light of this, ink
purges should be used sparingly. Peristaltic pumps are
best suited to providing the flow of purge ink as they
accurately deliver a relatively precise volume to the
printhead IC. Accordingly, each purge uses only as
much ink as necessary and wastage is keep to a
minimum. Purged ink will remain on the nozzle face of
the printhead IC until it is cleared by a separate
mechanism. As the purge clears particulate
contaminants, the clearing mechanism needs to cope
with a particulate burden as well the ink. A wide
range of mechanisms have this ability, however a
rotating belt mechanism has been found to be
effective. However, it is relatively complex and uses
a consumable film (used for the belt). A double roller
mechanism has also been developed which can transport
large volumes of ink at 



high rates. This purge ink removal mechanism is
described in detail in co-pending application no. (Our
Docket FNEOlOUS) the contents of which are
incorporated herein by reference. This mechanism has
the advantage that it does not actually contact the
nozzle face of the printhead IC in order to remove the
purge ink, so there is no risk of nozzle damage or
nozzle contamination by the roller. It also removes a
particulate burden which can be disposed of with a
doctor blade to prevent build up. Keep wet dots are
also incorporated into the maintenance regime to keep
the printhead IC nozzles hydrated during printing or
when the printer is powered up but not currently
operating. Ordinary workers will readily understand
the use and implementation of keep wet dots having
regard to nozzle decap times and ambient conditions.
For brevity, a detailed discussion is not provided
here but refer to USSN 11/097,308 for additional
information. The coordinated operation of the
individual components in the maintenance regime will
require a controller. The controller needs to operate
the associated mechanical drives and the printhead IC
in the following modes: Long Term Storage - for
storage spanning days or years, and subsequent power
up of the printer, the controller needs to close the
perimeter seal, close the shutoff valves and then
initiate a wake-up cycle that opens the shutoff valves
and performs one or more purges before ejection of any
transient colour mixing.  Short Term Storage - for
storage spanning minutes to hours (e.g. between print
jobs), the controller needs to close the perimeter
seal, close the shutoff valves and then initiate a
wake-up cycle that opens the shutoff valves and
performs one or more purges before ejection of any
transient colour mixing.  During Printing - the
controller is to fire keep wet drops as required.
User Request - in response to a user initiated request
or initiated by de-priming or particulate fouling, the
controller closes the shutoff valves and commences a
cleaning cycle with one or more purges followed by
ejecting the transient colour mixing. INK TRANSPORT
Waste ink is generated by purging and ejection of
mixed colour ink. The waste ink must be actively
transported to the sump as the ink can not be
uncontrolled within the printer. Therefore, 



the ink transfer mechanism must have the capacity to
collect and transfer the volumes of ink generated
during 'worst case' operating conditions in terms of
waste ink production. The collection phase is the
removal of ink from the nozzle plate of the printhead
IC, while the transfer phase moves the collected ink
to the sump. Waste ink produced by purging or ejection
of colour mixed ink should be rapidly removed from the
printhead IC with a process that does not contaminate
the nozzles. To complicate matters, there is little
available adjacent the printhead. The vicinity is
generally crowded with media feed mechanisms and
capping structures and so on. Therefore the mechanism
that collects the ink will not usually be able to
accommodate the volume of waste ink produced over the
life of a cartridge. The porous or soft roller in the
dual roller design of FNEOlOUS is capable of a high
rate of ink removal while not actually contacting the
printhead IC. The soft roller is pressed against a
parallel hard roller that is partially enclosed by an
absorbent body. Ink removed from the printhead IC
adheres to the soft roller surface until it meets the
nip between the rollers. There it transfers to the
hard roller (polished stainless steel) and is drawn
over its surface and into the absorbent material in
the sump. SUMPThe sump is necessary for controlled
storage of the waste ink. However, as the sump has a
finite capacity, it is necessary to decide whether the
sump is to be replaceable or if it is to be sized such
that its capacity exceeds the expected operational
life of the printer. A relatively small replaceable
sump may only need to be replaced a few times during
the life of the printer because evaporation reduces
the volume of the ink. However, the ambient operating
conditions for SOHO printers can vary widely. It may
be the case that the absorbent material draws
additional moisture from the air. The sump could
simply be a container. However, for better ink
retention in all orientations, a foam filled structure
is to be preferred. Likewise a cellulose blotter or
absorbent polymer will readily draw ink away from the
transfer roller. The fluidic system from cartridge to
sump has been described herein by way of illustration
only. Workers in this field will recognize many
alterations and variations to the specific embodiments
discussed above.We Claim: 



1. An inkjet printer comprising: a printhead
integrated circuit (IC) with an array of nozzles for
ejecting ink on to 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.
2. An inkjet printer according to claim 1 wherein 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.
3. An inkjet printer according to claim 1 wherein the
pulse damper is proximate the printhead IC in the flow
path. 4. An inkjet printer according to claim 1
wherein the pulse damper is a chamber partially filled
with ink in fluid communication with the flow path and
partially filled with air. 5. An inkjet printer
according to claim 1 wherein the pulse damper is an
elastic section of the ink line. 6. An inkjet printer
according to claim 1 further comprising 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. 7. An inkjet printer
according to claim 1 wherein the pulse damper is part
of a peristaltic pump mechanism. 8. An inkjet printer
according to claim 7 wherein the peristaltic pump
mechanism has 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 deviceat
the downstream extent of the elastic ink conduit is
the valve that selectively closes the ink flow to the
ink distribution element. 



9. An inkjet printer according to claim 8 wherein the
ink distribution element is formed from a material
with a Young's Modulus greater than high density
polyethylene (HDPE). 10. An inkjet printer according
to claim 9 wherein the ink distribution element is
moulded liquid crystal polymer (LCP). 11. An inkjet
printer according to claim 1 wherein 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. 12. An inkjet printer according to
claim 11 further comprising 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. 13. An inkjet
printer according to claim 1 wherein the peristaltic
pump mechanism is a purge actuator for forcing ink
through the printhead IC and out of the array of
nozzles. 14. An inkjet printer according to claim 13
further comprising a printhead maintenance head for
collecting ink purged through the array nozzles in
response to the purge actuator. 15. An inkjet printer
according to claim 14 further comprising an ink sump
wherein the maintenance head has an ink transfer
arrangement to transfer the collected purge ink to the
ink sump. 16. An inkjet printer according to claim 14
wherein the printhead maintenance head has a perimeter
seal to engage the printhead IC to seal the nozzle
array from atmosphere. 17. An inkjet printer according
to claim 6 further comprising a filter for removing
particulates and gas bubbles from the ink flowing to
the printhead IC. 18. An inkjet printer according to
claim 17 wherein the filter is immediately upstream of
the ink distribution member and the valve is
immediately upstream of the filter.19. An inkjet
printer according to claim 14 further including a
controller to coordinate the operation of the
printhead maintenance head and the peristaltic pump
mechanism. 20. An inkjet printer according to claim 1
wherein the printhead IC is a pagewidth printhead IC. 


