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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 used

for semiconductor fabrication.
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in US Patent 6746105 (Docket No. MJ40US), filed June 4, 2002 and US Patent
Application No. 10/728804 (Docket No. MTB01US), filed 8 December 2003 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, de-priming, nozzle drying (decap), color mixing, nozzle flooding, bubble
contamination in the ink stream and so on. Each of these issues can produce artifacts that
are detrimental to the print quality. The component parts of the printer are designed to
minimize the risk that these problems will occur. The optimum situation would be printer
components whose inherent function is able to preclude these problem issues from arising,
In reality, the many different types of operating conditions, mishaps, unduly rough
handling during transport or day to day operation, make it impossible to 'address the above

problems via the ‘passive’ control of component design, material selection and so on.

Summary of the Invention
According to a first aspect, the present invention provides an inkjet printer comprising:

an ink supply;

an ink manifold in fluid communication with the ink supply;

a printhead IC with and array of ink ejection nozzles mounted to the ink manifold;

a pump in fluid communication with the ink manifold; and,

a gas inlet that can be opened to establish fluid communication between the ink
manifold aﬁd a supply of gas, and can be closed to form a gas tight seal; such that,

the ink manifold can be primed with ink when the gas inlet is closed, and de-primed

of ink when the gas inlet is open.

Actively priming and de-priming the ink manifold provides the user with the ability
to correct many of the problems associated with MEMS printheads after they occur. In
light of this, it is not as crucial that the printer components themselves safeguard against
issues such as de-prime, color mixing and outgassing. An active control system for the ink
flow through the printer means that the user can prime, deprime, or purge the printhead IC.

Also, the upstream line can be deprimed and/or the downstream line can be deprimed (and
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Preferably, the ink supply is connected to the ink manifold via an upstream ink line,
and the pump is a downstream pump connected to the ink manifold via a downstream ink
line. In a further preferred form, the printer further comprises an upstream pump in the
upstream ink line. In a preferred embodiment, the gas inlet is an air inlet which can open
to atmosphere. In preferred embodiments, the manifold has an inlet connected to the
upstream ink line and an outlet connected to the downstream ink line such that when
priming the ink manifold, the hydrostatic pressure in the ink at the ink ejection nozzle is

less than atmospheric.

Preferably, the upstream and downstream pumps are independently operable. Ina
further preferred form, the upstream and downstream pumps are reversible for pumping
ink in a reverse direction. Preferably, the downstream ink line connects the ink manifold
to the ink supply via the downstream pump and the outlet of the ink manifold is in fluid
communication with a gas vent for gas drawn into the ink manifold during depriming.

Optionally, the gas vent is in the ink supply.

Preferably, the upstream and the downstream pumps are peristaltic pumps. Optionally, the

upstream pump and the downstream pumps are provided by a six-way peristaltic pump

* head driven by a single motor. Optionally, the upstream pump and the downstream pump

are driven by separate motors. If the printer only has a single pump, the pump may be a
three-way peristaltic pump head. Preferably, the upstream ink line has a pressure regulator
that allows ink to flow to the ink manifold at a predetermined threshold pressure difference
across the pressure regulator. Preferably, the printer further comprises a capping member

for sealing the array of nozzles on the printhead IC.

Preferably, the printer is a color printer with a separate ink supplies for each ink color, and

respective inlets and outlets for each ink color in the ink manifold.

Preferably, the printhead IC is a pagewidth printhead and the ink manifold is an elongate
structure with the inlet at one end and the outlet at the opposite end. In one preferred form,

the upstream pump and the downstream pump can operate at different flow rates.
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flowing to the manifold.

It will be appreciated that the term “ink’, when used throughout this specification,
refers to all types of printable fluid and is not limited to liquid colorants. Infrared inks and
other types of functionalized fluids are encompassed by the term ‘ink’ as well as the cyan,

magenta, yellow and possibly black inks that are typically used by inkjet printers.

According to a second aspect, the present invention provides an inkjet printer comprising:
a printhead IC with and array of ink ejection nozzles;
an ink manifold for distributing ink to the printhead IC, the ink manifold having an
ink inlet and an ink outlet;
an upstream pump in fluid communication with the ink inlet; and,
a downstream pump in fluid communication with the ink outlet; wherein,

the upstream pump and the downstream pump are independently operable.

With a pump at the inlet and the outlet of the manifold the user can actively control
the ink flows though the printer and use this control for ink purges, de-priming, re-priming
and ink pressure regulation. Actively priming and de-priming the ink manifold provides
the user with the ability to correct many of the problems associated with MEMS printheads
after they occur. In light of this, it is not as crucial that the printer components themselves
safeguard against issues such as de-prime, color mixing and outgassing. An active control
system for the ink flow through the printer means that the user can prime, deprime, or
purge the printhead IC. Also, the upstream line can be deprimed and/or the downstream
line can be deprimed (and of course subsequently re-primed). This control system allows

the user to correct and print artifact causing conditions as and when they occur.

Preferably, the printer further comprises a gas inlet that can be opened to establish
fluid communication between the ink manifold and a supply of gas, and can be closed to

form a gas tight seal; such that,
the ink manifold can be primed with ink when the gas inlet is closed, and de-primed

of ink when the gas inlet is open.
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However, a gas inlet upstream of the manifold will allow ink to be retained in the printhead
IC. This is useful for creating an ink foam on the face of the printhead IC to clean
particulates from the nozzles (this is discussed further in the Detailed Description below).
De-priming by drawing air in through an inlet rather than the ejection nozzles leaves more

residual ink in the printhead IC for forming the ink foam.

Preferably, the printer further comprises an ink supply is connected to the inlet of
the ink manifold via an upstream ink line, and the downstream pump connected to the ink
manifold via a downstream ink line. In a preferred embodiment, the gas inlet is an air inlet
which can open to atmosphere. In preferred embodiments, the hydrostatic pressure in the
ink at the ink ejection nozzle is less than atmospheric. In a further preferred form, the
upstream and downstream pumps are reversible for pumping ink in a reverse direction.
Preferably, the downstream ink line connects the ink manifold to the ink supply via the
downstream pump and the outlet of the ink manifold is in fluid communication with a gas
vent for gas drawn into the ink manifold during depriming. Optionally, the gas vent is in

the ink supply.

Preferably, the upstream and the downstream pumps are peristaltic pumps. Optionally, the
upstream pump and the downstream pumps are provided by a six-way peristaltic pump

head driven by a single motor. Optionally, the upstream pump and the downstream pump

.are driven by separate motors. If the printer only has a single pump, the pump maybea -

three-way peristaltic pump head. Preferably, the upstream ink line has a pressure regulator
that allows ink to flow to the ink manifold at a predetermined threshold pressure difference
across the pressure regulator. Preferably, the printer further comprises a capping member

for sealing the array of nozzles on the printhead IC.

Preferably, the printer is a color printer with a separate ink supplies for each ink color, and

respective inlets and outlets for each ink color in the ink manifold.

Preferably, the printhead IC is a pagewidth printhead and the ink manifold is an elongate
structure with the inlet at one end and the outlet at the opposite end. In one preferred form,
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upstream and down stream lines respectively. Preferably, the printer further comprises an
ink filter upstream of the ink manifold for removing bubbles and contaminants from ink

flowing to the manifold.

It will be appreciated that the term ‘ink’, when used throughout this specification,
refers to all types of printable fluid and is not limited to liquid colorants. Infrared inks and
other types of functionalized fluids are encompassed by the term ‘ink’ as well as the cyan,

magenta, yellow and possibly black inks that are typically used by inkjet printers.

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 a top and side perspective of a printhead assembly using a LCP ink manifold

according to the prior art;

Figure 2 is an exploded perspective of the printhead assembly shown in Fig. 1;
Figure 3 is the exploded perspective of Fig. 2 shown from below;

Figure 4 is transverse section through the printhead assembly of Fig. 1;

Figure 5 shows a magnified partial perspective view of the bottom of the drop triangle end

of a printhead integrated circuit module;

Figure 6 shows a magnified perspective view of the join between two printhead integrated

circuit modules;

Figure 7 shows a magnified partial perspective view of the top of the drop triangle end of a

printhead integrated circuit module;

Figure 8 is a partial bottom view of the LCP manifold and the printhead IC;
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Figure 10 shows the fine conduits in the underside of the LCP manifold;

Figure 11 shows the typical artifacts from outgassing bubbles forming in the LCP manifold
and the printhead IC;

Figure 12 is a sketch of the fluidic system for a prior art printer;

Figure 13 is a sketch of a dual pump embodiment of the active fluidic system of the present

invention; and,

Figure 14 is a sketch of a single pump embodiment of the active fluidic system of the

present invention.
Detailed Description of Preferred Embodiments

The printers using prior art types of fluid architecture are exemplified by the disclosure in
the Assignee’s co-pending USSN 11/014769 (Docket No. RRC001US), filed December
20, 2004, 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.

PRINTHEAD ASSEMBLY

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 cross referenced above).

The printhead assembly 22 generally comprises an ink manifold that receives ink
from the ink cartridges, or ink storage modules 45 as they are referred to in USSN
11/014769, and distributes it to the printhead integrated circuits (IC’s). The ink manifold
is made up of an elongate upper member 62 fixed to an elongate lower member 65. The
upper member 62 is configured to extend beneath the main body 20, between the posts 26.
A plurality of U-shaped clips 63 project from the upper member 62. These pass through
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outlets in the outlet molding 27 when the printhead assembly 22 secures to thé main body
20. The feed tubes 64 may be provided with an outer coating to guard against ink leakage.

The upper member 62 is made from a liquid crystal polymer (I.CP) 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 integrated circuit 74 (discussed below) 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 with the longitudinal extent of the printhead integrated circuit (IC) 74. LCP
also has a relatively high stiffness with a modulus that is typically S times that of ‘normal
plastics’ such as polycarbonates, styrene, nylon, PET and polypropylene.

As best shown in Fig. 2, upper member 62 has an open channel configuration for
receiving a lower member 65, which is bonded thereto, via an adhesive film 66. The lower
member 65 is also made from an LCP and has a plurality of ink channels 67 formed along
its length. Each of the ink channels 67 receive ink from one of the feed tubes 64, and
distribute the ink along the length of the printhead assembly 22. The channels are 1 mm
wide and separated by 0.75 mm thick walls. '

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 cross referenced above). 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.

In the bottom of each channel 67 are a series of equi-spaced holes 69 (best seen in
Fig. 3) to give five rows of holes 69 in the bottom surface 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. '
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PEY J)H’%ﬁgulﬁﬂéﬂezﬁﬂéﬁmlﬁ/ rﬁ%ﬂﬂg% e fo#th168a thermoset film, such as those
manufactured by AL technologies and Rogers Corporation. The polymer sealing film 71 is
a laminate with adhesive layers on both sides of a central film, and laminated onto the
underside of the lower member 65. As shown in Figs. 3, 8 and 9, a plurality of holes 72
are laser drilled through the adhesive film 71 to coincide with the centrally disposed ink
delivery points (the middle row of holes 69 and the ends of the conduits 70) for fluid
communication between the printhead IC 74 and the channels 67.

The thickness of the polymer sealing film 71 is critical to the effectiveness of the
ink seal it provides. As best seen in Figs. 7 and 8, the polymer sealing film seals the etched
channels 77 on the reverse side of the printhead IC 74, as well as the conduits 70 on the
other side of the film. However, as the film 71 seals across the open end of the conduits
70, it can also bulge or sag into the conduit. The section of film that sags into a conduit 70
runs across several of the etched channels 77 in the printhead IC 74. The sagging may
cause a gap between the walls separating each of the etched channels 77. Obviously, this
breaches the seal and allows ink to leak out of the printhead IC 74 and or between etched
channels 77.

To guard against this, the polymer sealing film 71 should be thick enough to
account for any sagging into the conduits 70 while maintaining the seal over the etched
channels 77. The minimum thickness of the polymer sealing film 71 will depend on:

1. the width of the conduit into which it sags;

2.  the thickness of the adhesive layers in the film’s laminate structure;

3.  the ‘stiffness’ of the adhesive layer as the printhead IC 74 is being pushed into

it; and,

4,  the modulus of the central film material of the laminate.

A polymer sealing film 71 thickness of 25 microns is adequate for the printhead
assembly 22 shown. However, increasing the thickness to 50, 100 or even 200 microns
will correspondingly increase the reliability of the seal provided.

Ink delivery inlets 73 are formed in the ‘front’ surface of a printhead IC 74. The
inlets 73 supply ink to respective nozzles (described in Figs. 23 to 36 of USSN 11/014769
cross referenced above) positioned on the inlets. The ink must be delivered to the IC’s so
as to supply ink to each and every individual inlet 73. Accordingly, the inlets 73 within an
individual printhead IC 74 are physically grouped to reduce ink supply complexity and
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(C, M, Y, K and IR) and contains 1280 ink inlets per colour, with these nozzles being
divided into ever and odd nozzles (640 each). Even and odd nozzles for each colour are
provided on different rows on the printhead IC 74 and are aligned vertically to perform
true 1600 dpi printing, meaning that nozzles 801 are arranged in 10 rows, as clearly shown
in Fig. 5. The horizontal distance between two adjacent nozzles 801 on a single row is
31.75 microns, whilst the vertical distance between rows of nozzles is based on the firing
order of the nozzles, but rows are typically separated by an exact number of dot lines, plus
a fraction of a dot line corresponding to the distance the paper will move between row
firing times. Also, the spacing of even and odd rows of nozzles for a given colour must be
such that they can share an ink channel, as will be described below.

As alluded to previously, the present invention is related to page-width printing and
as such the printhead ICs 74 are arranged to extend horizontally across the width of the
printhead assembly 22. To achieve this, individual printhead ICs 74 are linked together in
abutting arrangement across the surface of the adhesive layer 71, as shown in Figs. 2 and 3.
The printhead IC’s 74 may be attached to the polymer sealing film 71 by heating the IC’s
above the melting point of the adhesive layer and then pressing them into the sealing film
71, or melting the adhesive layer under the IC with a laser before pressing them into the
film. Another option is to both heat the IC (not above the adhesive melting point) and the
adhesive layer, before pressing it into the film 71.

The length of an individual printhead IC 74 is around 20 — 22 mm. To print an
A4/US letter sized page, 11 — 12 individual printhead ICs 74 are contiguously linked
together. The number of individual printhead ICs 74 may be varied to accommodate
sheets of other widths.

The printhead ICs 74 may be linked together in a variety of ways. One particular
manner for linking the ICs 74 is shown in Fig. 6. In this arrangement, the ICs 74 are
shaped at their ends to link together to form a horizontal line of ICs, with no vertical offset
between neighboring ICs. A sloping join is provided between the ICs having substantially
a 45° angle. The joining edge is not straight and has a sawtooth profile to 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.
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the IC 74 to ensure sufficient linkage. Whilst control of the operation of the nozzles is
performed by the SoPEC device (discussed later in of USSN 11/014769 cross referenced
above), compensation for the nozzles may be performed in the printhead, or may also be
performed by the SOPEC device, depending on the storage requirements. In this regard it
will be appreciated that the dropped triangle arrangement of nozzles disposed at one end of
the IC 74 provides the minimum on-printhead storage requirements. However where
storage requirements are less critical, shapes other than a triangle can be used, for example,
the dropped rows may take the form of a trapezoid.

The upper surface of the printhead ICs have a number of bond pads 75 provided
along an edge thereof which provide a means for receiving data and or power to control the
operation of the nozzles 73 from the SoPEC device. To aid in positioning the ICs 74
correctly on the surface of the adhesive layer 71 and aligning the ICs 74 such that they
correctly align with the holes 72 formed in the adhesive layer 71, fiducials 76 are also
provided on the surface of the ICs 74. The fiducials 76 are in the form of markers that are
readily identifiable by appropriate positioning equipment 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, and along the length of the adhesive
layer 71.

In order to receive the ink from the holes 72 formed in the polymer sealing film 71
and to distribute the ink to the ink inlets 73, the underside of each printhead IC 74 is
configured as shown in Fig 7. A number of etched channels 77 are provided, with each
channel 77 in fluid communication with a pair of rows of inlets 73 dedicated to delivering
one particular colour or type of ink. The channels 77 are about 80 microns wide, which is
equivalent to the width of the holes 72 in the polymer sealing film 71, and extend the
length of the IC 74. The channels 77 are divided into sections by silicon walls 78. Each
section is directly supplied with ink, to reduce the flow path to the inlets 73 and the
likelihood of ink starvation to the individual nozzles. In this regard, each section feeds
approximately 128 nozzles 801 via their respective inlets 73.

Fig. 9 shows more clearly how the ink is fed to the etched channels 77 formed in
the underside of the ICs 74 for supply to the nozzles 73. As shown, holes 72 formed
through the polymer sealing film 71 are aligned with one of the channels 77 at the point
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halves the density of holes 72 required in the polymer sealing film 71.

" Following attachment and alignment of each of the printhead ICs 74 to the surface
of the polymer sealing film 71, a flex PCB 79 (see Fig. 4) is attached along an edge of the
ICs 74 so that control signals and power can be supplied to the bond pads 75 to control and
operate the nozzles. As shown more clearly in Fig. 1, the flex PCB 79 extends from the
printhead assembly 22 and folds around the printhead assembly 22.

The flex PCB 79 may also have a plurality of decoupling capacitors 81 arranged
along its length for controlling the power and data signals received. As best shown in Fig.
2, the flex PCB 79 has a plurality of electrical contacts 180 formed along its length for
receiving power and or data signals from the control circuitry of the cradle unit 12. A
plurality of holes 80 are also formed along the distal edge of the flex PCB 79 which
provide a means for attaching the flex PCB to the flange portion 40 of the rigid plate 34 of
the main body 20. The manner in which the electrical contacts of the flex PCB 79 contact
the power and data contacts of the cradle unit 12 will be described later.

As shown in Fig. 4, a media shield 82 protects the printhead ICs 74 from damage
which may occur due to contact with the passing media. The media shield 82 is attached to
the upper member 62 upstream of the printhead ICs 74 via an appropriate clip-lock
arrangement or via an adhesive. When attached in this manner, the printhead ICs 74 sit
below the surface of the media shield 82, out of the path of the passing media.

A space 83 is provided between the media shield 82 and the upper 62 and lower 65
members which can receive pressurized air from an air compressor or the like. As this
space 83 extends along the length of the printhead assembly 22, compressed air can be
supplied to the space 56 from either end of the printhead assembly 22 and be evenly
distributed along the assembly. The inner surface of the media shield 82 is provided with a
series of fins 84 which define a plurality of air outlets evenly distributed along the length
of the media shield 82 through which the compressed air travels and is directed across the
printhead ICs 74 in the direction of the media delivery. This arrangement 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.

ACTIVE INK FLOW CONTROL SYSTEM
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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.

Printhead Maintenance Requirements

The printer’s maintenance system should meet several requirements:

e sealing for hydration

e sealing to exclude particulates

e drop ejection for hydration

e drop ejection for ink purge

¢ correction of dried nozzles

e correction of flooding

e correction of particulate fouling
e correction of outgassing

e correction of color mixing and

e correction of deprime

Various mechanisms and components within the printer assembly are designed with
a view to minimizing any problems that the printhead maintenance 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.

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

The particulate fouling can be dealt with using filters positioned upstream of the

printhead. However, care must be taken that small sized filters do not become too much of
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Figure 7 shows a magnified partial perspective view of
the top of the drop triangle end of a printhead
integrated circuit nodule; Figure 8 is a partial
bottom view of the LCP manifold and the printhead IC

9 Fi 9 d parti%l. bott f th

| ﬁérﬁqwléf@%‘%u?ﬂ SyrR chAEY orapitisd dowaghembinb I dhat can

§dlé&:ﬁv619'i€€éﬂ th% duth tpt&%eéi%ﬂt ét%t@fthéiﬁﬁt%r@jl 1@”@1&&@%@ is useful if
rom ou

Figure 11 shows the typical artifacts
ﬂbsldbwe@reram mkrflpw is likiely to®e matanﬁndteﬂmtﬂoﬂhaemksl Thb daﬁ}nstream

4 71 S T it i el o LEb S o Hudhd, ana

@mcaaﬂuasédm@melﬁkténkq minbé/ggaiﬁ UiTHe Gy §ﬂ‘e°ah?ﬂﬂk‘1fnethg§ pump 168
(g{esent i nvent i on; ure 14 is a sketch ?

by RafAR1 'é(}m%mlhﬁlm thsfdownstrm mkdmhas apmylgﬁ elmveti by

@%ﬁ’f‘%?hr"g‘ngﬁg &Jtﬂ%glwg 't%l%ps%g%rﬁ &go PRSI g]t?quggs arg pot two separate
pwn;fssbmfra&lbxuﬂvtb parate 10k tiihing m@@ra& dglb Stiml y mﬁe:an be

i osu n 20 the Assignee's co-pen
i f f‘&%g SRewaxperistaiticpymp)head driven \Dégéﬁmle rao)tor However,

e T e

ad@shogm agi separbie eliments wﬂmhf/ﬁud drhes eTbaed rent s of the

pres nvention. 25 PRI NTHEAD ASSEMBLY

print ed(ﬁ’ E ik Bog teppipates At 35 19k ou 6&60@1@%%2 -
Returbgahd A&hS thd akttaﬁc @otg ro?f‘c%ﬁsgffaf &g,}é@ﬁ leﬁlpﬁxn El%&h& ittoa

receive ink fromthe outlets nolding
vm*stemgsm ﬂmﬂﬁ@%&m sutgassing bulires cahcoripletdp bypass the printhead

CoATh R A0 RERSMRme e k30 AmRPbls Ses@l?c%g'p?tp figjal line when

ﬂ@&mkl@KrhSdgHs%ﬁ@re bd & A% BSpiBey. Pikewise! ﬁte l%‘@ﬁl the
USSN 11/ 014769, and distributeS it to the p | nt
upsfreany pHreR 168 ean e wsed tarespvertinisdiand onslogged nbzzkes nimifact, all the

o B LBRBE Bl T 5y SRS or e

mﬁitedlwhﬁieheﬁth/etcbﬁtrﬂﬁd ySteROghywA0, between the posts 26.
A pl ural ity of U—shaped clips 63 project fromthe
SEheTS!ZAS MEBHQ hrough 10 the recesses

oy, gk TEARR & 81N 174 o e AR P BB b Seprimed of

irddf desiretth Depnnm@ﬁﬁdtaﬁé@&jﬁshippﬂ% guards ainith iR P&kage or color
el, ensnt 62 luralit of feed tubes 64 that are
tiiag poreelinle ines deng peried of inactiviey (@isenssed AV nkj afsp allows the

I
u%@g gre?f]ﬁie%é Eﬁfi‘tfxee 1 élg té 23&0\?& g&i?gcf g{,/a?e dBe r@h Or p after an
1rxadvment¢amm@ Eeprgnmgcthabé‘,P mmfmlslaesmhagﬁﬂ for cleamTigq)amculates

| | |
fxplR; o a7 PEIE BIARILE SR bt SNSRIk fearh aBY Gepriming the
LOP heteffoiP1 44) dsidulab irkQehbins | fu? tHe s?r{allté?)‘ﬁfi\rﬁ'@ 7(?%3’%% bffkthead IC’s 74.

(CTE) is simlar to that of silicon
Pupping eiraviduthevpstreany peing 168 iand situtting bﬁ‘ltlemdmvvnsll'eam&low by

= s of i nt head j t ed
st pdiin 76 46 esmacs WEo B e Soseles r frgsnsclprosidual ink.
TlEi8 uRanih B GecBitiquE B EdsbrbddUih Yetafl iRMWY A £k oo ggm %?g?[ﬁams

of LCP In the nmold direction is nuch |ess t
(terpporprdly referred tajhere byitbmDpckes b{m"l ENE2HIS, BNE28US and FNE29US) the

hat the ol d
ot o Hhorpaled B RS roRreBE U ¥ ot s onal i (h
t he Tlﬁi"tgistrbkdh RAd dewh&RdanPhurh Bl 121 dnat lrl%% b8 ?ﬁ%@édqﬁr peristaltic

circuit (1C 74. LCP also has a relatively

puggnst mmrmt% ofithesues showinraithe ebove pdbmmcgd HSSaneléO14769 (our
that of 'normal 15 plastics' such as pol ycarbonat es,
styrene, nylon, PET and pol ypropyl ene. As best
shown in Fig. 2, upper nenber 62 has an open channel
configuration for receiving a | ower nenber 65, which
IS bonded thereto, via an adhesive film 66. The | ower
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4. the nodulus of the central filmmterial of the

| am nat e. A polyner sealing film71 thickness of

25 microns is adequate for the printhead assenbly 22

shown. However, i ncreasing the}é hi ckness to 50, 100 or
di

FARRLRR LT O mitistely By R Splbenensfeso tign of 10 microliers.

This@YyatdsYoabutl HRRA tialelld¥ean 4
EI‘I %?head | C 74. The |anleec{h§an7 ?l%pl%ylan moﬁgll?enstaltlctube

Speciicatinny give themos dlovbrate ¢ﬁab§u§%mlmubmpélﬁnmﬁte and very low
{Hﬁl ss referenced above) positioned on
ft’iﬁe |rjﬂ}é aﬁ%ﬂ%&gk must be delivered to the IC s so
as t oFiguerlidyshows atsthgbepilin meﬁwubmefmb%?d k
73, Accordingly, the |nI ets 3 within an mdffu%hﬁ{lsyﬂem The

URSHRR DHwD hes ‘?aenatieﬁlaﬁ%whan imp@sogenstateninithelform dfrak accumulator

I t
RS TSNS blodH 0 Mot L ST Bl BB
(amﬂtaﬂs I70)/\Diéthe &IGPelhg!mﬁﬂd |an<il tHei priptifpe 8054. In this elﬁB&ﬁment, the
r|n head IC%l 3@@@ Lgedto recei ve and print
ke Pama &BE therlCR manifpldyl 64 Tarpsever) ainbeing drawn
m@l&b@g}ﬂ&e héBHed ¥hé Pififhead R s GOl ﬁﬂﬁlﬁ éf(\éx%%b tl%;ﬁ s a(%elgneter seal

nozzles being 5 divided into eve noz
Qvgt Hie nogzle nrrayx d Quitd thegamhye $76 has filkdhhenlabichagfids 67 of the LCP

S B R e I e o it 1
T iThic umgulsma@ if68dd dhetfadé%ﬁlheeﬁnﬁﬂéadqm fAD gﬂfé Adddd®ink may be

rows, as clearly shown in . The hori zontal

repeyeshvigh meelanisms dﬁscquauéhn ahwz z¢fa:ene@nmﬁzws,u FNgEZ8US and
i Lst the ver di st anc,
B8, sl Brod sl et b s Mgty pint ut any
supatfcialahixe énlnozz| es, but rows are typically separated

by a exac nunber_ of dot lines, plus a fraction of a
dot W@gb@ﬁm@@eﬂ‘@wﬁﬁ@r@ﬁ eleasper ccbierpapempwawe 186, an

th
ng&\?t‘éﬁc gﬂdw?;m?% a(b) noz z &3 Wlﬁl ligagﬂ ?e’P %gqaglﬂsg% ddeally, the
videesthohldiieaterd displacanershareloak, fastland kasyelactate. \@ﬂdinapfworkers

. des bel | | uded ly, th
i ST B FECTEIPED ¢ Ega gbsuioblavabra medtigismsdOb Bomsy, the
aé‘ddﬁﬁlétmrﬂo@ bBsad dlﬁac%ﬁxegf ﬁutﬁé’ @%&%ge ﬁﬁ%\.ﬁ%etdg O8ten required

hori zontal I'y across
H@QQ@nﬂglyypribz to ilts) roie h$ e slkeuttofif wlve siﬁtS/dlﬁblﬁéeant fxtrioe @endralsy
ng arr an ement acr oss

detpg%é%‘,lf ora gglhglg,lntpg %pglg/%q;ysyeln mé[g VER Bi¢ vialyes, three pumps
arfd 816 ﬁerﬁnétaﬂse'él OJ EH% d%f)béi't hRade fie c%n%@l (%F?Yovl? ?ﬁﬁfﬂ%@%%ﬂun the

to t pol ymer sealing film /1 b
pribead aﬁmlhiﬁ isprovided using odlativedy mhasm eoinpyﬁdsntﬁn d t h e n
pre em.in n ilm20, 71, or nelti
Phe S e ag bfer chatistfe biway of exaibefe asty oelied workers
mnmsﬁﬂdnmmﬂ%ﬂﬂ e
heat the IC (n}t)t @%%%/fm%’#e%éldaﬁgg% %?%g&ﬁc%ﬁbﬂs ﬁ18} HQB& depart
ﬁ’?’ﬁéheaﬂ’ﬁ*etsﬁndéwmtheb@ﬁdﬂ@ephmmmgpnt into the fil m
71. The |l ength of an individual printhead I1C 74
is around 20 - 22 nmm To print an A4/ US letter sized
page, 11 - 12 individual printhead 1Cs 74 are
contiguously |inked 25 together. The nunber of
i ndi vidual printhead I1Cs 74 may be varied to
accommodat e sheets of other widths. The printhead ICs
74 may be linked together in a variety of ways. One
particular manner for linking the ICs 74 is shown in
Fig. 6. In this arrangenent, the ICs 74 are shaped at
their ends to link together to forma horizontal |ine
of 1Cs, with no vertical offset 30 between nei ghboring
ICs. Asloping join is provided between the |1 Cs having
substantially a 45 angle. The joining edge is not
straight and has a sawmooth profile to facilitate
positioning, and the 1Cs 74 are intended to be spaced




10

15

20

25

30

25 space 83 extends along the length of the printhead
assenbly 22, conpressed air can be supplied to the
space 56 fromeither end of the printhead assenbly 22
and be evenly distributed along the assenbly. The
i nner surface of the nedia shield 82 is provided with
a series of fins 84 which @&fine a plurality of air
I .evenly distributed along the | ength of the
Vvﬁg%fgﬂéhielq 82 through which the conpressed air
1. t r aviel inkpeh grinter eQMPRYIBE across the 30 printhead | Cs 74

in the direction.o i a.delivery. This
arré‘ﬂd@lﬁ%ﬂgg r&%(grlx%%a %&%\%ﬁ?ﬁghst and other particul ate

_ mat ]Eagring ﬁ%afﬂfﬁld iiflubd ﬁmﬁﬂmﬁm\fﬂh wﬁhthlxeank lrtaollﬂfg on the
surface of the printhead |Cs, [ cou :
bl ockatetheadd G avidyand g Lol S estion e BB 1g ghe ink
ch;ﬁ{o_ SYSTEM 15 The present invention gives the

m; ’a versatile control systemfor correcting many of
t he Hgihp meMiialcorandii¢dtionsvitthtie ink mapigdldi #1de dur i ng

th tive life of th ' et s o
S L e B, e o
ﬁcfitg %gsgﬁggﬁ@gﬂﬁ ﬁl’c@ﬁfe!iﬂﬁ‘gﬂaﬂﬁol&, tind B0 fthfg alghotghtheal sderein

a desired negative pressure at th

pri nghbaak magifohy i pémed ettt inkowhemw thesgas wigtis (f@?%asand de-

easily incorporated npdifications to the prior art
pripnecdhokink gehen dhsgasdulef ISR above. Printhead Mai nt enance

Requi rements The printer's mai ntenance system shoul d

meet several requirements: 10 sealin ﬁgg h drationtdt
2.seal Andnkijet printeriaeeopding ite glaimels wherespths;i t‘?%%lsf%?i’n“ ed to

hydrati qn ) drop_ej ectj f | BK o RHVER um
the dpk apanitpld gfe gp iuaa*f??&iﬂaéiﬁ‘e’ A the 1ig'ﬁm%:ggr(?lect i ogé%? prmp

ods88 Mthe ink manifold ViR dBRhieepinknime! | cul ate foul ing
correction of outgassing correction of

color m xing and 20 correction of deprine Various
nmechani sps_and conponents it big 4 IS aR§ ump
3are BRI ﬁ&pr Pg&? {;igmrlnﬁm i %?cr?gﬁﬂgny Tblens T
: BenPikNtigead mai ntenance systemw || need to
HQ@%P@ES_ However, it is unrealistic to expect that the
design of the printer assenbly 25 conponents can dea
with all| the probl ens.that | Se il 8 Pkiinldpeadn air inlet
4rai ndhiked <§éﬁ§3$%m;§1g@%%§ ESEg% |ﬁ§&the nozzl e
cgﬁ&EEQQFaﬂMgﬁﬁ&kpn and sealing the nozzles to exclude
particul ates the mai ntenance system can incorporate a
cappi ng nenber with a perineter seal that will achieve

t hese, twQ.requirenen 0] i gn: f Faldi 18R an inlet
S¢or k@é%t&m’tgpg °°%°§8g3§ fabga“g’} g’gﬁl%gmf g{e IF’%% pur ge aélom
caﬁzii’el&é' Jtol thE upkte&im Gulgiine andmhrovtlbeconhPEE) to shepflanynsiream ink

0

r In the overall printhea i Nt enance system-. '
liflbesupla fat odien peinting the gﬂ%@mgéggf@aﬁ’v&fas?ﬁc ‘Fsr?&‘ng in the ink at
filJters positi.on .1 he printhead. However,
theyink gyepdion Bgz%lgksglgsstulﬁg‘{l E@?%E}pﬁ&g zed filters do not

becone too nuch of 16 a flow constriction. By
i ncreasing the surface arﬁié e filter

of _t t he
ot o imkgcs pimier SappTing (a3 PEept ik iRekii apd dgvmstream
mai nt ai ned. cting a flooded printhead wl |
RIS AP F@ePWSP%Og%%@%typegof bl ot t i ngpor Wi pi ng

mechanismto renove beads of ink on the nozzle face of
the printhead. Methods 5 and systens for renoving ink
fl ooded across an ink ejection face of a printhead are
described in our earlier filed US application nos.

11/ 246, 707 ("Printhead Maintenance Assenbly with Film
Transport of Ink™), 11/246,706 ("Method of Maintaining
a Printhead using Film Transport of Ink"), 11/246, 705
("Method of Renoving Ink froma Printhead using Film
Transfer"), and 11/246, 708 ("Method of Renovi ng
Particulates froma 10 Printhead using Film
Transfer"), all filed on Cctober 11, 2005. The
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10 densities require only a single piece of paper dust
or thin surface filmto create significant color
m xing while the printer is left idle for hours or
over ni ght . Instead of placing a heavy reliance on
the design of the printhead assenbly conponents to
deal with factors that givélrise to printhead
7. mai %ﬁmy&egﬁ&smmm@m plaizs 8nvherein dre wpsiregmand gdgwnstream
active control systemfor the printhead mai ntenance
pumpg aregevessidlsy fos prmpiiedak 2 é?efsﬁéve%ﬁnse. Fi gur e
12 is a schematic representation of the fluid
architecture for the printhead shown in Figures 1 @r§< n
8.11. Ahhenldéd pententcéardingotooelsinarle wherein terdp@apieean Jx Hne

ink tanks 112 to the L l.di.ng. 1 | | f
conpretythe éuk manifeld ip gl%eo\“‘gp .Vl?l’ilé"g‘il%"i'q{eg%‘@é’%%’{&i Jthﬁlet eL%JE% to
nol, di [ Sehiat ligdtRont WEL ands vert for sxyedllimgygasedrawn
th?g’é“#o&ﬁgﬂ%s (iR RhiTReRiBdon Wih 126 v y 20 fill the
infodR@idk Minifdié dotimpdepriGing( see Fig. 10). Fromthe
channels 67, the ink is fed through holes to the
small er conduits 70 (see Fig. 10) that lead to the i th
five - o fo 1o 6laitd. 3, TWherear diw tupstreane and the
9‘ter rﬁﬁlgpg%??ﬁg@%rngédlaﬁﬁegat the printhead 1C 74. Hence
donigtredrh @oqips atecperistaligepunes-i nk f 1 ow condi tions within
the printhead 1C 74 need to occur by intervention
upstream 25 Actively Controlled Flow Conditions
1! 9UAR idef Sridfef hitioddiag 6B e 5iwhefein i stich purmp and the
printhead 1C 74 is not the end of the ink l"ﬁ?'dThgenb a
deirsasehspuBTps aret providew byot aixnyay eeristalticrRignR,hesd dpyen by
fromthe ink tank 112 via a filter and pressure
sipglg #1o®%r 162. The inlet 166 to the LCP ink manifold
164 is at one end instead a point internediate the

ends. As with the prior art fluid syst the j '
161 | ndokiebrintst ST ety aeran 7ot Peutbin Hlimhnd the

and finally th ri £L4. However, the
d?w%mwﬁaﬁsn@&ggﬁ%%&‘?&' 172 at the opposite

end of the LCP manifold 164 so that the ink line

conti nues downstream to connect thﬁ LCP,mani § Iigl abﬁl‘f ~way

120 t e inkjettprimeriaceording je iy | Whergn HSWPERY 5,8 1R
Ii.rgaj.could Iecgd to an ink sunmp (not shown) but it wll
PErSAllt PR AL that this is an inefficient use of ink.
18 Optionally, the fluidic systemcan have a
branched downstreamink |ine that, can sel Lvelw f
180 aAsuimkied rprmegiace@ﬂda%s’et%glew ORIy tﬁ‘% ‘&’%{?"Y@ 1%‘? 1 fas =
This opthon i | ink 1ot G 46 WS irlkeAlnifold 4tl ®prddetermined
pr‘?sﬁlérf’)fg@gatﬁét%%@@%nlg!tket ﬁvﬁh ot her inks. The
tieYMbId {n%é\iﬁré Hiffereme dorosk Hiet pregsise rdguletored to the sunp
until the LCP manifold has been flushed, and 5 then
recirculated to the ink tank 112 once again. The
pstreamink 4 117 BWHRmL P Burklick ¢EMpHYingDE @ppitigGnember
1g'rrri I‘Ig}}’%a?ﬁ%}kég%ﬁn&@?} amink [ine has ap punmp 176
f8F éciRhe e aangtdienzzes on tetinti@adiiGnal |y, the upstream
and downstream punps are not two separate punps, but
rather two separate lines running through a single
unp. , ThiSC ' '@é‘%'%ﬁﬁnw #her@insihe-piiter is a color printer
1%eri s%f@%t%uﬂﬁ%e%ecggh iven with a single notor. lets f
\iee searatt Qnit eupylivs foreqpbsiel cofor, dndursspestive gnletsgnd outlets for

conceptual, basjs of , system the punps 168 and 176
%@bH$HEWﬂ”8§m%6%éP§PéH§Ienents wi th individual drives
170 and 174. The downstreamink |ine term nates
at an ink outlet 180 in the ink tank 112. Returning
the ink to the ink tank 112 is, of course, far nore
efficient than purging it to a waste sunp. Using this
system out gassi ng bubbl es can conpl etely bypass the
printhead 15 IC 74 in favour of the downstream ink
line. Any bubble introduced into the ink |line when the
ink cartridges are replaced can al so be purged.

[
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a gas inlet, defined in the ink tank, for establishing

fluid communi cation froma supply of gas into the ink

mani fold, and for formng a gas tight seal, wherein

10the ink manifold is prinmed with ink when the gas

inlet is closed, and de- prinmed of ink when the gas 0

inlet is open. 2. An inkjé? printer according to

claiml wherein the ink tank is connected to the ink

mani fol d via an upstregam ink |ing, t ' is a
16downAn rigkjet ml%erlsc%’é‘ﬁﬂ%ctpe D h\gl%?%’ Hrr%n p‘flgﬁg&\%ilg a

AoUNSH L SR Tl Pinkimariid B blcRIghD!sucrane wi thg et
PagFEIa TP U her conpri sing an upstream punp in the
orléRntiraga hd dutlet ainthe ofposite And.i nkj et printer according to

claiml wherein the gas inlet is an air inlet

connected to atnosphere. 5. An inkjet printer ith

ccopdi ififefll i IRl § Rderoim teotpstieam pmp and the
lrnle%gégﬁﬁ%g?g%ﬁ?gkgﬁgéﬁgstrean1ink line and an outl et
dépivaeaingrinipopenate dbdifrant 8awitales25 | i ne such that when

primng the ink manifold, the hydrostatic pressure in

the ink at the ink ejection nozzle is |less than
1§t ”Dimﬁ’ge@ rinfor 2ABorlifki t6tcll Hiveiterein the dpsitpatopunpiang the

wher el Re upstream and domnstrean1gunpsd%fe stream lines

dbwalepandamip yaroped asshat off valves in the upstrcam and down

21 7. inkjet printer according to claim3 wherein
reSARCLYESt r eam and downstream punps are reversible for

punping ink in a reverse direction. 8. An inkjet

printer according to claim?2 wherejn. the downstr
1bnk. Ui éskgetoprineatasceming i s  UEnED COBLRE b ik filte

ugi%t?ﬁailg Sg (%ﬁ%wl]ﬁ%% rn?eﬁﬁ%dgél gy ?é?lgmég? babble§ tanaf cdnfeninadts from ink

contruni ion wth a gas vent for

ﬂ@%ﬁﬁ%{dtﬁgn&ﬁﬁbﬂiamﬂ into the ink manifold during

epri m ng. 9. An inkjet printer according to
claim 3, wherein the upstream and the 10 downstream
punps are peristaltic punps. 10. An inkjet printer
according to claim9 wherein the upstream punp and the
downst ream punps are provided by a six-way peristaltic
punp head driven by a single notor. 15 11. An inkjet
printer according to claim9 wherein the upstream punp
and the downstream punp are driven by separate notors.
12. An inkjet printer according to claim1l wherein the
punp is a three-way 20 peristaltic punp head. 13. An
inkjet printer according to claim1 wherein the
upstreamink |line has a pressure regul ator that allows
ink to flowto the ink manifold at a predeterm ned
threshol d pressure difference across the pressure
regulator. 25 14. An inkjet printer according to
claim1 further conprising a cappi ng nenber for
sealing the array of nozzles on the printhead IC
15. An inkjet printer according to claim1 wherein the
printer is a color printer 30 with a separate ink
supplies for each ink color, and respective inlets and
outlets for each ink color in the ink manifold. 22
16. An inkjet printer according to claim5 wherein the
printhead 1Cis a pagewi dth printhead and the ink
mani fold is an elongate structure with the inlet at
one end and the outlet at the opposite end. 17. An
inkjet printer according to claim5 wherein the
upstream punp and the downstream punp operate at
different flow rates. 18. An inkjet printer
according to claim5 wherein the upstream punp and the
10 downstream punp can act as shout off valves in the
upstream and down stream|lines respectively. 19. An
inkjet printer according to claim1 further conprising
an ink filter upstreamof the ink manifold for
renovi ng bubbl es and contam nants fromink 15 fl ow ng
to the manifold.



