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(57) Abstract: A printhead includes a jetting module, deflection mechanism, and catcher. The jetting module includes a linear array
of nozzles having a pitch and extending along a length of the jetting module. The jetting module is configured to form drops travel -
ling along a first path from liquid jets emitted from the nozzles. The deflection mechanism is configured to cause selected drops to
deviate from the first path and begin travelling along a second path. The catcher, positioned to intercept drops travelling along one of
the first and second paths, includes a drop contact surface and a liquid removal conduit connected in fluid communication by a
Coanda surtace including a radial surface having an array of grooves extending in the same direction as that of the nozzles. The array
of grooves has a pitch that is greater than the pitch of the nozzle array.
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PRINTHEAD INCLUDING COANDA CATCHER WITH GROOVED
RADIUS

FIELD OF THE INVENTION

This invention relates generally to the field of digitally controlled

printing devices, and in particular to catchers of continuous liquid jetting systems.
BACKGROUND OF THE INVENTION

Traditionally, inkjet printing is accomplished by one of two
technologies referred to as “drop-on-demand” and “continuous” printing. In both,
liquid, such as ink, is fed through channels formed in a print head. Each
channel includes a nozzle from which droplets are selectively extruded and
deposited upon a recording surface.

Continuous liquid printing uses a pressurized liquid source that
produces a stream of drops some of which are selected to contact a print media
while other are selected to be collected and either recycled or discarded. For
example, when no print is desired, the drops (commonly referred to as non-print
drops) are deflected into a capturing mechanism (commonly referred to as a
catcher, interceptor, or gutter) and either recycled or discarded. When printing is
desired, the drops (commonly referred to as print drops) are not deflected and
allowed to strike a print media. Alternatively, deflected drops can be allowed to
strike the print media, while non-deflected drops are collected in the capturing
mechanism.

After the non-print liquid drop contacts the catcher, it flows down
the catcher face. Drag causes the liquid to slow down which can cause the liquid
layer (also referred to as a liquid film) to become thicker. Increasing the thickness
of the liquid film reduces the clearance between the liquid film and the print
drops. If there is insufficient clearance between the liquid film and the print
drops, the ink film can contact the print drops resulting in print defects.

As such, there is an ongoing effort to improve catcher performance

in continuous printing systems.
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SUMMARY OF THE INVENTION

According to an aspect of the present invention, a printhead
includes a jetting module, a deflection mechanism, and a catcher. The jetting
module includes a linear array of nozzles extending in a direction along a length
of the jetting module with the linear array of nozzles having a pitch. The jetting
module is configured to form liquid drops travelling along a first path from a
plurality of liquid jets emitted from the nozzles. The deflection mechanism is
configured to cause selected liquid drops formed by the jetting module to deviate
from the first path and begin travelling along a second path. The catcher is
positioned to intercept liquid drops travelling along one of the first path and the
second path. The catcher includes a drop contact surface and a liquid removal
conduit connected in fluid communication with each other by a Coanda surface
including a radial surface having an array of grooves. The array of grooves
extends in the same direction as that of the linear array of nozzles. The array of
grooves has a pitch with the pitch of the grooves being greater than the pitch of

the linear array of nozzles.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the example embodiments of the
invention presented below, reference is made to the accompanying drawings, in
which:

FIG. 1 shows a simplified block schematic diagram of an example
embodiment of a printer system made in accordance with the present invention;

FIG. 2 is a schematic view of an example embodiment of a
continuous printhead made in accordance with the present invention;

FIG. 3 is a schematic view of an example embodiment of a
continuous printhead made in accordance with the present invention;

FIG. 4 is a schematic cross sectional view of a prior art catcher;

FIG. 5 is a partial schematic isometric view of an example
embodiment of a catcher made in accordance with the present invention;

FIG. 6 is a schematic cross sectional side view of another example

embodiment of a catcher made in accordance with the present invention;

PCT/US2014/020963
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FIG. 7 is a partial schematic front view of another example
embodiment of a catcher made in accordance with the present invention;

FIG. 8 is a partial schematic front view of another example
embodiment of a catcher made in accordance with the present invention;

FIG. 9 is a schematic cross sectional side view of another example
embodiment of a catcher made in accordance with the present invention; and

FIG. 10 is a partial schematic front view of another example
embodiment of the catcher near an end of the jet array.

DETAILED DESCRIPTION OF THE INVENTION

The present description will be directed in particular to elements
forming part of, or cooperating more directly with, apparatus in accordance with
the present invention. It is to be understood that elements not specifically shown
or described may take various forms well known to those skilled in the art. In the
following description and drawings, identical reference numerals have been used,
where possible, to designate identical elements.

The example embodiments of the present invention are illustrated
schematically and not to scale for the sake of clarity. One of the ordinary skills in
the art will be able to readily determine the specific size and interconnections of
the elements of the example embodiments of the present invention.

As described herein, the example embodiments of the present
invention provide a printhead or printhead components typically used inkjet
printing systems. However, many other applications are emerging which use
inkjet printheads to emit liquids (other than inks) that need to be finely metered
and deposited with high spatial precision. As such, as described herein, the terms
“liquid” and “ink” refer to any material that can be ¢jected by the printhead or
printhead components described below.

Referring to FIG. 1, a continuous ink jet printer system 20 includes
an image source 22 such as a scanner or computer which provides raster image
data, outline image data in the form of a page description language, or other forms
of digital image data. This image data is converted to half-toned bitmap image
data by an image processing unit 24 which also stores the image data in memory.

A plurality of drop forming mechanism control circuits 26 reads data from the
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image memory and apply time-varying electrical pulses to a drop forming
mechanism(s) 28 that are associated with one or more nozzles of a printhead 30.
These pulses are applied at an appropriate time, and to the appropriate nozzle, so
that drops formed from a continuous ink jet stream will form spots on a recording
medium 32 in the appropriate position designated by the data in the image
memory.

Recording medium 32 is moved relative to printhead 30 by a
recording medium transport system 34, which is electronically controlled by a
recording medium transport control system 36, and which in turn is controlled by
a micro-controller 38. The recording medium transport system shown in FIG. 1 is
a schematic only, and many different mechanical configurations are possible. For
example, a transfer roller could be used as recording medium transport system 34
to facilitate transfer of the ink drops to recording medium 32. Such transfer roller
technology is well known in the art. In the case of page width printheads, it is
most convenient to move recording medium 32 past a stationary printhead.
However, in the case of scanning print systems, it is usually most convenient to
move the printhead along one axis (the sub-scanning direction) and the recording
medium along an orthogonal axis (the main scanning direction) in a relative raster
motion.

Ink is contained in an ink reservoir 40 under pressure. In the non-
printing state, continuous ink jet drop streams are unable to reach recording
medium 32 due to an ink catcher 42 that blocks the stream and which may allow a
portion of the ink to be recycled by an ink recycling unit 44. The ink recycling
unit reconditions the ink and feeds it back to reservoir 40. Such ink recycling units
are well known in the art. The ink pressure suitable for optimal operation will
depend on a number of factors, including geometry and thermal properties of the
nozzles and thermal properties of the ink. A constant ink pressure can be achieved
by applying pressure to ink reservoir 40 under the control of ink pressure regulator
46.

The ink is distributed to printhead 30 through an ink channel 47.
The ink preferably flows through slots or holes etched through a silicon substrate

of printhead 30 to its front surface, where a plurality of nozzles and drop forming
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mechanisms, for example, heaters, are situated. When printhead 30 is fabricated
from silicon, drop forming mechanism control circuits 26 can be integrated with
the printhead. Printhead 30 also includes a deflection mechanism (not shown in
FIG. 1) which is described in more detail below with reference to FIGS. 2 and 3.

Referring to FIG. 2, a schematic view of continuous liquid
printhead 30 is shown. A jetting module 48 of printhead 30 includes an array or a
plurality of nozzles 50 formed in a nozzle plate 49. In FIG. 2, nozzle plate 49 is
affixed to jetting module 48. However, as shown in FIG. 3, nozzle plate 49 can
be integrally formed with jetting module 48.

Liquid, for example, ink, is emitted under pressure through each
nozzle 50 of the array to form filaments of liquid 52. In FIG. 2, the array or
plurality of nozzles extends into and out of the figure.

Jetting module 48 is operable to form liquid drops having a first
size and liquid drops having a second size through each nozzle. To accomplish
this, jetting module 48 includes a drop stimulation or drop forming device 28, for
example, a heater or a piczoelectric actuator, that, when selectively activated,
perturbs each filament of liquid 52, for example, ink, to induce portions of each
filament to breakoff from the filament and coalesce to form drops 54, 56.

In FIG. 2, drop forming device 28 is a heater 51 located in a nozzle
plate 49 on one or both sides of nozzle 50. This type of drop formation is known
and has been described in, for example, one or more of US Patent No. 6,457,807
B1, issued to Hawkins et al., on October 1, 2002; US Patent No. 6,491,362 B1,
issued to Jeanmaire, on December 10, 2002; US Patent No. 6,505,921 B2, issued
to Chwalek et al., on January 14, 2003; US Patent No. 6,554,410 B2, issued to
Jeanmaire et al., on April 29, 2003; US Patent No. 6,575,566 B1, issued to
Jeanmaire et al., on June 10, 2003; US Patent No. 6,588,888 B2, issued to
Jeanmaire et al., on July 8, 2003; US Patent No. 6,793,328 B2, issued to
Jeanmaire, on September 21, 2004; US Patent No. 6,827,429 B2, issued to
Jeanmaire et al., on December 7, 2004; and US Patent No. 6,851,796 B2, issued to

Jeanmaire et al., on February &, 2005.
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Typically, one drop forming device 28 is associated with each
nozzle 50 of the nozzle array. However, a drop forming device 28 can be
associated with groups of nozzles 50 or all of nozzles 50 of the nozzle array.

When printhead 30 is in operation, drops 54, 56 are typically
created in a plurality of sizes, for example, in the form of large drops 56, a first
size, and small drops 54, a second size. The ratio of the mass of the large drops
56 to the mass of the small drops 54 is typically approximately an integer between
2 and 10. A drop stream 58 including drops 54, 56 follows a drop path or
trajectory 57.

Printhead 30 also includes a gas flow deflection mechanism 60 that
directs a flow of gas 62, for example, air, past a portion of the drop trajectory 57.
This portion of the drop trajectory is called the deflection zone 64. As the flow of
gas 62 interacts with drops 54, 56 in deflection zone 64 it alters the drop
trajectories. As the drop trajectories pass out of the deflection zone 64 they are
traveling at an angle, called a deflection angle, relative to the undeflected drop
trajectory 57.

Small drops 54 are more affected by the flow of gas than are large
drops 56 so that the small drop trajectory 66 diverges from the large drop
trajectory 68. That is, the deflection angle for small drops 54 is larger than for
large drops 56. The flow of gas 62 provides sufficient drop deflection and
therefore sufficient divergence of the small and large drop trajectories so that
catcher 42 (shown in FIGS. 1 and 3) can be positioned to intercept one of the
small drop trajectory 66 and the large drop trajectory 68 so that drops following
the trajectory are collected by catcher 42 while drops following the other
trajectory bypass the catcher and impinge a recording medium 32 (shown in
FIGS. 1 and 3).

When catcher 42 is positioned to intercept large drop trajectory 68,
small drops 54 are deflected sufficiently to avoid contact with catcher 42 and
strike the print media. As the small drops are printed, this is called small drop
print mode. When catcher 42 is positioned to intercept small drop trajectory 66,
large drops 56 are the drops that print. This is referred to as large drop print

mode.
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Referring to FIG. 3, jetting module 48 includes an array or a
plurality of nozzles 50. Liquid, for example, ink, supplied through channel 47, is
emitted under pressure through each nozzle 50 of the array to form filaments of
liquid 52. In FIG. 3, the array or plurality of nozzles 50 extends into and out of
the figure.

Drop stimulation or drop forming device 28 (shown in FIGS. 1 and
2) associated with jetting module 48 is selectively actuated to perturb the filament
of liquid 52 to induce portions of the filament to break off from the filament to
form drops. In this way, drops are selectively created in the form of large drops
and small drops that travel toward a recording medium 32.

Positive pressure gas flow structure 61 of gas flow deflection
mechanism 60 is located on a first side of drop trajectory 57. Positive pressure
gas flow structure 61 includes first gas flow duct 72 that includes a lower wall 74
and an upper wall 76. Gas flow duct 72 directs gas supplied from a positive
pressure source 92 at downward angle 6 of approximately a 45° toward drop
deflection zone 64. An optional seal(s) 84 provides an air seal between jetting
module 48 and upper wall 76 of gas flow duct 72.

Upper wall 76 of gas flow duct 72 does not need to extend to drop
deflection zone 64 (as shown in FIG. 2). In FIG. 3, upper wall 76 ends at a wall
96 of jetting module 48. Wall 96 of jetting module 48 serves as a portion of upper
wall 76 ending at drop deflection zone 64.

Negative pressure gas flow structure 63 of gas flow deflection
mechanism 60 is located on a second side of drop trajectory 57. Negative
pressure gas flow structure includes a second gas flow duct 78 located between
catcher 42 and an upper wall 82 that exhausts gas flow from deflection zone 64.
Second duct 78 is connected to a negative pressure source 94 that is used to help
remove gas flowing through second duct 78. An optional seal(s) 84 provides an
air seal between jetting module 48 and upper wall §2.

As shown in FIG. 3, gas flow deflection mechanism 60 includes
positive pressure source 92 and negative pressure source 94. However, depending
on the specific application contemplated, gas flow deflection mechanism 60 can

include only one of positive pressure source 92 and negative pressure source 94.
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Gas supplied by first gas flow duct 72 is directed into the drop
deflection zone 64, where it causes large drops 56 to follow large drop trajectory
68 and small drops 54 to follow small drop trajectory 66. As shown in FIG. 3,
small drop trajectory 66 is intercepted by a front face 90 of catcher 42. The front
face of the catcher is commonly called the drop contact surface of the catcher as
this is the surface against which the drops make contact with the catcher. Small
drops 54 contact face 90 and flow down face 90 and into a liquid return duct 86
located or formed between catcher 42 and a plate 88. Collected liquid is either
recycled and returned to ink reservoir 40 (shown in FIG. 1) for reuse or discarded.
Large drops 56 bypass catcher 42 and travel on to recording medium 32.
Alternatively, catcher 42 can be positioned to intercept large drop trajectory 68.
Large drops 56 contact catcher 42 and flow into a liquid return duct located or
formed in catcher 42. Collected liquid is either recycled for reuse or discarded.
As shown in FIG. 3, catcher 42 is a type of catcher commonly referred to as a
“Coanda” catcher.

The present invention is not limited to use with the specific drop
deflection mechanism or drop forming mechanism described above. For example,
an electrostatic deflection mechanism can be used in place of a gas flow deflection
mechanism, and a piezoelectric drop forming device can be used in place of a
thermal drop forming device. The particular drop deflection or drop forming
mechanisms selected depend on the specific application contemplated.

Referring to FIG. 4, the non-print drops 54 impinge on the front
face 90 of the catcher 42. The liquid from these drops, still retaining the
downward momentum of the drops, flows down the face toward the ink removal
duct 86 cither as individual rivulets of ink for drops from each jet or as a
continuous film or sheet of ink spanning the array of jets. For simplicity, the ink
layer, whether in the form of individual rivulets or as a continuous film, will be
referred to as an ink film 98. The phrase flow down the face of the catcher, as
used in this application, is the liquid flow along the catcher face from the position
at which the drops impinge the catcher face and move toward the liquid return
duct 86 independent of the orientation of the printhead. The Coanda effect causes

the liquid to stay attached to the surface of the catcher as it flows down the catcher
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face and around the radial surface 100 to flow into a liquid return duct 86 located
or formed between catcher 42 and a plate 88. As the Coanda effect causes liquid
to stay attached to the surface, this surface of the catcher is called a Coanda
surface. The radial surface of the catcher, which typically has a constant radius of
curvature, is called the radial portion of the Coanda surface. Ink entering the
liquid return duct 86 is evacuated from there by means of a negative pressure
source 97 and may be returned to the ink reservoir (shown in FIG. 1) for reuse or
the ink can be disposed of.

As the ink flows down the catcher face 90, drag causes the liquid to
slow down, which causes the layer of ink to become thicker. Increasing the
thickness 102 of the ink film 98 reduces the clearance between the ink film 98 and
the print drops 56. If there is insufficient clearance between the ink film 98 and
the print drops 56, the ink film can contact the print drops causing these print
drops to be either captured by the ink film on the catcher or deflected sufficiently
that they fail to strike the recording media 32 at the desired location. This print
defect is commonly referred to as a pickout print defect.

It has been found that the ink film thickness can be reduced by
lowering the impact height 114 of the non-print drops 54 on the front face 90 of
the catcher. This is due to the reduced distance that the ink film travels on the
front face of the catcher, and over which drag can slow down the ink film, before
the liquid travels around the radial surface of the Coanda surface of the catcher to
enter the liquid return duct. As a result, there is typically an upper impact height
threshold 142 above which pickout print defects are seen as a result of the
insufficient clearance between the ink film 98 and the print drops 56. Below the
upper impact height threshold 142, the reduced ink film thickness 102 provides
sufficient clearance between the print drops 56 and the ink film 98 so that the
pickout print defect is eliminated.

Conventional techniques, see, for example, EP 1 013 425, have
reduced the fluid drag by heating the ink to lower its viscosity. Polishing or
buffing the catcher face also reduces the fluid drag on the catcher face. While

these methods reduce the fluid drag, the reduction in fluid drag is not sufficient for
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some printing applications, especially those involving high viscosity inks or
smaller drop sizes.

It has also been found that too low of an impact height of the non-
print drops on the front face 90 also leads to a print defect, commonly referred to
as dark defect. This defect is the result of the non-print drops striking the front
face of the catcher. It is thought that the ink film still has sufficient momentum at
least locally such that the ink doesn’t stay attached to the catcher face as it rounds
the radial surface 100 of the catcher. Some of the ink then slings off the radial
surface of the catcher and strikes the recording media 32. Since extra ink strikes
the recording media in this situation, this print defect is known as dark defect.
The impact height below which dark defect occurs is the lower impact height
threshold 140.

Good quality print requires the drop impact height 114 to be lower
than the upper impact height threshold 142 and above the lower impact height
threshold 140. Ideally, there is a large operating window between the upper
impact height threshold and the lower impact height threshold. Typically, the
operating window between the onsets of the two types of print defects described
above is measured in terms of a control parameter of the drop deflection system.
For example, the print window can be measured in terms of the difference in gas
flow rates for the drop deflection gas flow between the flow rate below which
dark defect occurs and the flow rate above which the pickout defect.
Unfortunately, the print or operating window tends to shrink when higher the
viscosity inks are used.

The present invention helps increase the print window. It does this
by altering the geometry of the catcher 42 in the vicinity of the radial surface of
the catcher. FIG. S shows an isometric view of a catcher 42, showing the front
face 90 and the radial surface 100. The bottom plate of the catcher has been
removed in FIG. 5 to provide a better view of the grooves. Rather than have a
uniform radial surface 100 along the entire width of the catcher face, a linear array
of grooves 108 has been formed in the radial surface 100. The walls of these
grooves are hydrophilic so that the liquid readily wets the walls of the grooves and

the liquid can flow freely through the grooves from the front face 90 of the catcher
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to the lower face 144 of the catcher into the liquid return channel. The grooves
108 provide a chamfered transition between the front face 90 of the catcher and
the lower face 144 of the catcher body that is distinct from the radial surface 100
between the front face 90 and the lower face 144 that remains in the land area 116
between the grooves 108. A portion of the ink striking the front face 90 of the
catcher 42 flows through the grooves 108 to the lower face 144 of the catcher and
the liquid return duct 86. The remainder of the ink flows down the front face and
around the radial surface 100 of the Coanda surface to the lower face 144 of the
catcher and the liquid return channel 86.

FIG. 7 shows a front view of a portion of the catcher 42. The pitch
or spacing 122 of the grooves 108 is larger than the pitch or spacing 120 of the
nozzles, the lines 118 in FIG. 7 correspond to the trajectories of drops from each
of the nozzles or the linear array of nozzles. In a preferred embodiment, the pitch
of the array of grooves is greater than three times the pitch of the linear array of
nozzles. In a more preferred embodiment, the pitch of the array of grooves is
greater than five times the pitch of the linear array of nozzles. In an even more
preferred embodiment, the pitch of the array of grooves is greater than or equal to
ten times the pitch of the linear array of nozzles. This is in contrast to prior art
catchers with grooves that have the same pitch as the pitch of the nozzle array. In
such prior art catchers, the grooves served to separate the liquid film on the
catcher face into individual rivulets for each jet stream. As the grooves associated
with each jet were similar, each stream of drops encountered essentially the same
catcher profile as each of the other jets. While such a system can be useful, the
pitch of the grooves must be well matched to the pitch of the jets and the grooves
of the catcher need to be properly aligned with the nozzle array for proper
operation. As the pitch of the jet arrays increases and the array lengths increases,
such a matching of the pitch of the grooves to the pitch of the nozzles becomes
extremely difficult to achieve. The catcher 42 of the present invention with the
pitch of the grooves being relatively much larger than the pitch of the nozzles
doesn’t require a precise match of the nozzle pitch to the groove pitch.

The design of prior art catchers was such that the ink flowed as

individual rivulets in each of the grooves, with the land area between the grooves
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separating the ink rivulets. With the catcher of the present invention, the land area
128 between the grooves no longer separates the flow of ink into the liquid return
channel into individual rivulets. With the groove structure of the present catcher,
a portion of the ink striking the front face 90 of the catcher 42 flows through the
grooves 108 to the lower face 144 of the catcher and the liquid return duct 86,
while the remainder of the ink flows down the front face, around the radial surface
100 of the Coanda surface to the lower face 144 of the catcher and the liquid
return channel 86. The ink from the group of nozzles 152, which align with the
groove 108, will flow through the groove to the lower face of the catcher, while
the ink from the group of nozzles 154, which align with the land area 116 between
the grooves, will flow along the radial surface 100 to the lower face 144 of the
catcher.

In prior art catchers where the grooves served to separate the liquid
flow into separate rivulets, the grooves were cut with a uniform depths as they
wrapped from the front face of the catcher around the radial surface of the Coanda
surface and into the liquid return channel, so that the grooves followed the contour
of the outer surface of the catcher. In contrast to the prior art, the grooves of the
invention don’t follow the contour of the outer face of the catcher, but rather vary
in depth 112 along the length of the groove. The depth 112 of a groove varies
along the radial surface as viewed relative to the drop contact surface and the
surface of the liquid removal conduit that is adjacent to the Coanda surface. As
seen in FIG. 6, the depth 112 of a groove is larger near the midpoint of the
groove, at a position along the groove that is remote from the ends 130 of the
grooves than the depth of the groove near either end 130 of the groove.

In the embodiment shown in FIG. 6, the upper portion or top of
cach groove 110, that is the portion of the groove with the greatest amount of
recess relative to the radial surface of the Coanda surface, is a line as the groove
spans from the front face 90 of the catcher to the lower face 144 of the catcher
body 42. The angle 132 of this line, measured relative to the face of the catcher as
shown in FIG. 6 is less than or equal to 90 degrees. Preferably the angle 132 of
the upper portion of the groove is in the range of 50 to 70 degrees relative to the

face of the catcher. FIG. 9 shows another embodiment in which a first portion
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156 of the top 110 of the groove 108 is positioned at the first angle 158 relative to
the drop contact surface 90 of the catcher and a second portion 160 of the top 110
of the groove 108 is positioned at a second angle 162 relative to the drop contact
surface 90 of the catcher. The embodiment shown in FIG. 9 reduces the angle
between the drop contact face and the first portion of the top of the groove when
compared to the embodiment of FIG. 6, so that the fluid flow transition from the
drop contact face to the groove is smaller.

Preferably, the front of each groove intersects the Coanda surface
of the catcher approximately at the tangent point 150 of the radial surface, where
the radial surface meets the straight portion of the Coanda surface on the front of
the catcher. Alternatively, the front of each groove intersects the radial surface
100 of the Coanda surface slightly below the tangent point. FIG. 5, for example,
shows the front of each groove 108 intersecting the radial face of the Coanda
surface below the tangent point 150. This is in contrast to prior art grooved
catchers where the grooves extend all the way up the front face of the catcher to
the drop impact point on the catcher or higher. By not extending the grooves up
past the tangent point 150 of the radial surface of the catcher, the catcher of the
present invention provides a consistent profile across the width of the jet array so
that the impact height of the drops on the front face of the catcher is unaffected by
the grooves.

Referring back to FIG. 7, in a preferred embodiment, the width
124 of the grooves is much wider than the spacing between nozzles and preferably
is greater than %4 of the radius of curvature 104 of the radial surface of the Coanda
surface of the catcher. It is also preferred that the width of the grooves is less than
% the radius of curvature of the radial surface of the Coanda surface of the
catcher. When the grooves are narrower than % of the radius of curvature 104 of
the radial surface, the drag of the liquid flow through the grooves is excessive,
impeding the flow of ink the groove. As the width of the grooves increases, the
relative amount of drag against the walls of the grooves decreases. When the
grooves become too wide, the stability of the fluid flowing through the groove
becomes decreased, allowing ink to detach as the fluid makes the transition from

the front face 90 of the catcher to the lower face 144 of the catcher. While not
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being limited to a particular understanding of the fluid flow on the catcher, it is
thought that the surface tension of the liquid flowing over the land areas between
the grooves helps to stabilize the flow of the liquid in the grooves. On the other
hand, it also is thought that the flow of the liquid in the grooves causes the liquid
film to be recessed relative to the flow of the liquid film over the land areas. The
recessed liquid surface on each side of the land area produces an inward curvature
to the surface of the liquid on the land area. The surface tension of the liquid
combined with the curvature of the liquid surface causes liquid to flow laterally
from the land areas into the grooves so that the ink film thickness in the land areas
is reduced relative to the ink film thickness in a conventional Coanda catcher that
doesn’t have grooves.

While the profile of the top 110 of the grooves shown in FIGS. 5
and 7 have an approximately semi-circular profile, other profiles can also be
employed, such as the rectangular profile of the top 110 of the grooves 108 shown
in FIG. 8.

The liquid flow down the front face and the radial surface of the
catcher at each end of the jet array can differ slightly from the liquid flow away
from the ends of the array. To accommodate such variations in flow near the ends
of the jet array, the pitch or spacing of the grooves can vary along the length of the
array. As shown in FIG. 10, the grooves can have a first spacing 164 in the
central portion of the catcher and a second spacing 166 near each end of the jet
array. Line 168 denotes the right end of the jet array. To further accommodate
flow variations near the ends of the jet array one or more grooves 170 can differ in
height or width when compared to grooves 108 that are away from the ends of the
jet array. In some embodiments, the spacing of the nozzles at the ends of the
nozzle array is also varied relative to the nozzle spacing of nozzles away from the
ends of the nozzle array. Typically such a variation in nozzle spacing would be
limited to non-printing nozzles off each end of the array of printing nozzles. The
presence of these non-printing nozzles, which produce guard drops, helps to
maintain the uniformity of drop deflection all the way to the ends of the array of

printing nozzles.
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While not being limited to a particular understanding of the fluid
flow on the catcher, it is thought that the grooves in the radial surface of the
catcher enhance the print window by providing a significant increase in the depth
of the liquid film which can more readily accommodate the slowing ink film. The
liquid flow over the land area between the grooves seems to provide an anchor
point for the liquid in the grooves which inhibits the detachment of the ink film
that would otherwise occur at an abrupt transition between the front face of the
catcher and a transition surface to the liquid return channel, such as the abrupt
transition from the front face of the catcher to the top surface of the grooves.

The catcher with the array of grooves intersecting the radial surface
of the Coanda surface of the catcher with the spacing and the width of the grooves
being larger than the nozzle spacing has been found to enhance the operating
window of the printhead. Relative to a conventional Coanda catcher that lacks the
grooves, the present grooved catcher provides enhanced print windows for inks
have viscosities greater than 2¢P, and more enhanced print windows yet for inks

having viscosities of greater than 4cP.
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CLAIMS:

1. A printhead comprising:

a jetting module including a linear array of nozzles extending in a
direction along a length of the jetting module, the linear array of nozzles having a
pitch, the jetting module being configured to form liquid drops travelling along a
first path from a plurality of liquid jets emitted from the nozzles;

a deflection mechanism configured to cause selected liquid drops
formed by the jetting module to deviate from the first path and begin travelling
along a second path; and

a catcher positioned to intercept liquid drops travelling along one
of the first path and the second path, the catcher including a drop contact surface
and a liquid removal conduit connected in fluid communication with each other by
a catcher surface including a radial surface having an array of grooves, the array
of grooves extending in the same direction as that of the linear array of nozzles,
the array of grooves having a pitch, the pitch of the grooves being greater than the

pitch of the linear array of nozzles.

2. The printhead of claim 1, wherein the pitch of the grooves

is greater than 3 times the pitch of the linear array of nozzles.

3. The printhead of claim 1, wherein the pitch of the array of

grooves is greater than 5 times the pitch of the linear array of nozzles.

4. The printhead of claim 1, wherein the pitch of the array of

grooves is greater than or equal to 10 times the pitch of the array of nozzles.
5. The printhead of claim 1, wherein the pitch of the array of
grooves varies along the catcher in the same direction as that of the linear array of

nozzles.

6. The printhead of claim 1, the radial surface of the catcher

surface including a radius of curvature, a groove of the array of grooves including
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a width, wherein the width of the groove is less than ' of the radius of curvature

of the radial surface of the catcher surface.

7. The printhead of claim 1, the radial surface of the catcher
5  surface including a radius of curvature, a groove of the array of grooves including
a width, wherein the width of the groove is greater than %4 of the radius of

curvature of the radial surface of the catcher surface.

8. The printhead of claim 1, a groove of the array of grooves

10  including side walls, wherein the side walls of the groove are hydrophilic.
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