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(57) Abrégée/Abstract:

An inkjet printhead has been developed that includes an ink reservoir vent, which prevents ink from exiting the ink reservoir through
the vent. The inkjet printhead Includes a reservolir, an ink inlet, a vent opening, and a vent member. The reservoir contains a supply
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(57) Abrege(suite)/Abstract(continued):
of Ink and an air space above the supply of ink. The vent member extends from the vent opening and includes a first vent member

opening positioned In an air space outside of the reservolr, a second vent member opening positioned In the air space above the
supply of ink, and a vent channel configured to couple fluidly the first vent member opening to the second vent member opening.
The second vent member opening Is positioned within the reservoir to enable the second vent member opening to remain within

the air space above the supply of ink regardless of a printhead orientation.
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Abstract

An 1nkjet printhead has been developed that includes an ink reservoir vent, which
prevents ink from exiting the ink reservoir through the vent. The inkjet printhead includes a
reservoir, an ink inlet, a vent opening, and a vent member. The reservoir contains a supply of
ink and an air space above the supply of ink. The vent member extends from the vent
opening and includes a first vent member opening positioned in an air space outside of the
reservoir, a second vent member opening positioned in the air space above the supply of ink,
and a vent channel configured to couple fluidly the first vent member opening to the second
vent member opening. The second vent member opening is positioned within the reservoir to

enable the second vent member opening to remain within the air space above the supply of

ink regardless of a printhead orientation.
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VENT FOR AN INKJET PRINTHEAD

Technical Field
[0001] The device and method described below relate to inkjet imaging devices and,

more particularly, to printheads in inkjet imaging devices.

Background

[0002] Inkjet printers form a printed image by ejecting or “jetting” small droplets of
liquid ink onto an image receiving surface, such as an intermediate transfer surface or a
media substrate. The benefits of inkjet printing include low printing noise, low cost per
printed page, and the ability to print “full color” images. Inkjet printers include, among other
components, a printhead and a printhead controller. The printhead controller selectively
sends ejection signals to the printhead that cause ejectors within the printhead to eject
droplets of liquid ink upon an image receiving surface to form at least a portion of a printed
image.

{0003] In general, inkjet printheads include a plurality of ink ejectors and at least one
reservolr for storing a quantity of ink. Monochromatic inkjet printheads may include a single
reservolr for containing a single color of ink. Full color inkjet printheads may include a
plurality of reservoirs, with each reservoir configured to contain a different color of ink. For
Iinstance, a full color inkjet printhead may include four reservoirs with each reservoir
containing one of the four colors of ink typically used to generate full color images; namely,
cyan, magenta, yellow, and black. The ink ejectors eject very small droplets of the ink onto
an image receiving surface. Often, a group of one hundred to six hundred individual ink
ejectors are coupled by a manifold to a single ink reservoir. Specifically, a monochromatic

printhead may include a single group of ink ejectors fluidly coupled to the single reservoir,

while a full color printhead may include a separate group of ink ejectors for each of the
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reservoirs. Thus, a full color printhead having four reservoirs may have four groups of ink
ejectors, each of which is fluidly coupled to a different ink reservoir.

[0004] An 1nk reservoir of an inkjet printhead may include a reservoir vent that permits
air to enter and exit the reservoir. The vent allows air to be expelled from the reservoir in
response to the reservoir being filled with ink. Additionally, the vent enables air to enter the
reservolr as Ink 1s ejected by the ink ejectors. Therefore, ink reservoir vents operate to
equalize air pressure within the ink reservoir.

10005} Typically, reservoir vents include a vent opening positioned in a region of the ink
reservoir located above a maximum ink level. At times, however, a printer may be moved or
repositioned. These movements may allow ink within the reservoir to migrate to the vent
opening and be spilled from the reservoir. The spilled ink, as a consequence, is lost for

printing and may contact parts of the printer not designed for ink contact. Therefore, more

inkjet reservoir venting solutions are desirable.

Summary

[0006} An 1nkjet printhead has been developed that includes an ink reservoir vent, which
prevents ink from exiting the ink reservoir through the vent. The inkjet printhead includes a
reservoir, an ink inlet, a vent opening, and a vent member. The reservoir contains a supply of
Ink and an air space above the supply of ink. A plurality of sidewalls, an upper wall, and a
lower wall define the reservoir. The ink inlet and vent opening are formed in one of the
plurality of sidewalls, the upper wall, and the lower wall. The vent member extends from the
vent opening and includes a first vent member opening positioned in an air space outside of
the reservoir, a second vent member opening positioned in the air space above the supply of

ink, and a vent channel configured to couple fluidly the first vent member opening to the

second vent member opening. The second vent member opening is positioned within the
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reservoir to enable the second vent member opening to remain within the air space above the

supply of ink regardless of a printhead onentation.

[0007] A printer has been developed that includes a printhead having an ink reservoir
vent that prevents ink from exiting the ink reservoir through the vent. The printer includes a
printhead and a printhead controller. The printhead selectively ejects ink onto an image
receiving surface. The printhead includes a reservoir, an ink inlet, a vent opening, and a vent
member. The reservoir contains a supply of ink and ap air space above the supply of ink. A
plurality of sidewalls, an upper wall, and a lower wall define the reservoir. The ink inlet and
vent opening are formed in one of the plurality of sidewalls, the upper wall, and the lower
wall. The vent member extends from the vent opening and includes a first vent member
opening, a second vent member opening, and vent channel. The first vent member opening is
positioned in an air space outside of the reservoir. The second vent member opening is
positioned in the air space above the supply of ink. The vent channel is configured to couple
tluidly the first vent member opening to the second vent member opening. The second vent
member opening is positioned within the reservoir to enable the secopd vent member opening
to remain within the air space above the supply of ink regardless of a printhead orncntation.
The printhead controller 15 coupled to the printhead for controlling the ejection of ink trom

the pninthead.

{0008] A method has also been developed of venting a printhead in a printer that prevents
ink from exiting an ink reservoir through the vent. The method includes inserting a vent
member having a first vent member opening and a second vent member opening fluidly
coupled by a vent member channel into a vent opening in an ink reservoir. The method also
includes positioning the vent member to locate the first vent member opening in an air space

outside of the reservoir. Additionally, the method includes positioning the vent member to

locate the second vent member opening at a position that enables the second vent member
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opening to remain in an air space above a supply of ink contained by the reservoir regardless

of a printhead orientation.

[0082a] In accordance with an aspect there is provided an inkjet printhead for selectively
ejecting ink onto an image receiving surface, the 1kjet printhead comprising;

a reservolr for containing a supply of ink and an air space above the supply of ink,
the reservoir defined by a plurality of sidewalls, an upper wall, and a lower wall;

an ink inlet formed in one of the plurality of sidewalls, the upper wall, and the

lower wall;

a vent opening formed in one of the plurality of sidewalls, the upper wall, and the

lower wall; and

a vent member extending from the vent opening, the vent member having a first
vent member operung positioned in an air space outside of the reservoir, a second vent

membet opening positioned in the air space above the supply of ink, and a vent channel
configured to couple fluidly the first vent member opening to the second vent member
opening, the second vent member opening being positioned within the reservoir to enable the
second vent member opening to remain within the air space above the supply of ink
regardless of an orentation of the reservoir.

[008D] In accordance with a further aspect there is provided a printer for forming and
tixing an image upon an image receiving surface, the printer comprising:

a pnnthead for selectively €jecting ink onto an imagc receiving surface, the
printhead including (i) a reservoir for containing a supply of ink and an air space above the
supply ot ink, the reservoir defined by a plurality of sidewalls, an uppcr wall, and a lower
wall, (i1) an ink inlet formed 1n one of the plurality of sidewalls, the upper wall, and the lower
wall, (i11) a vent opening formed in one of the plurality of sidewalls, the upper wall, and the

lower wall, and (iv) a vent member extending from the vent opening, the vent member having
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a first vent member opening positioned in an air space outside of the reservolr, a second vent
member opening positioned in the air space above the supply of ink, and a vent channel
configured to couple fluidly the first vent member opening to the second vent member

opening, the second vent member opening being positioned within the reservoir to enable the
second vent member opening to remain within the air space above the supply of ink

regardless of an orientation of the printhead; and

a printhead controller coupled to the printhead for controlling the ejection of ink

from the printhead.
[008c] In accordance with a still further aspect there is provided a method of venting an
ink reservoir in a printhead of an inkjet printer, the method comprising:

inserting a vent member having a first vent member opening and a second vent

member opening fluidly coupled by a vent member channel into a vent opening in an ink

reservoilr; and
positioning the vent member to locate the first vent member opening in an air
space outside of the ink reservoir and to locate the second vent member opening at a position

within the reservoir that enables the second vent member opening to remain in an air space
above a supply of ink contained by the ink reservoir regardless of an onentation of the ink
reservolr.

|008d] In accordance with a still further aspect there 1s provided an inkjet printhead for
selectively ejecting ink onto an 1image receiving surface, the inkjet printhead comprnsing;:

a reservolr for containing a supply of ink and an air space above the supply of ink,
the reservorr defined by a plurality of reservoir walls, the reservoir being filled to a
predetenmined maximum ink level such that the plurality of reservoir walls and an upper
surface of the supply of ink define an air space;

an mk inlet tormed 1n one of the plurality of reservoir walls;

3b
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a vent opening formed in one of the plurality of reservoir walls; and a vent

above the supply of ink, and a channel configured to couple tluidly the upper opening to the
lower opening, the lower opening being positioned within the reservoir approximately at the
volumetric center of the reservoir, and the maximum ink level being less than half of the
volume of the reservoir so as to enable the lower opening to remain within the air space
above the supply of ink regardless of an orientation of the reservoir.
[008e] In accordance with another aspect there is provided a method of venting an ink
reservolr in a printhead of an inkjet printer comprising:

inserting a vent member having an upper opening and a lower opening fluidly
coupled by a channel into a vent opening in an ink reservoir, the ink reservoir being defined
by a plurality of reservoir wells and being filled to a predetermined maximum ink level for
containing a supply ot ink such that the reservoir walls and an upper surface of the supply of
ink dctine an air space, wherein the ink reservoir defines a volumetric center such that a plane
extending through the volumetnic center divides the ink reservoir into two regions having
approximately the same volume, wherein the maximum ink level is less than half the volume
of the ink reservoir; and

positioning the vent member to locate the upper opening outside of the nk
reservolr so as to expose the upper opening to the atmosphere and to locate the tower opening
approximately at the volumeiric center of the ink reservoir within the airspace cnabling the

lower opening to remain in the air space above a supply of ink contained by the ink reservoir

regardless of an orientation of the ink reservoir.

3c
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Brief Description Of The Drawings

[0009] The foregoing aspects and other features of the present disclosure are explained in

the tollowing description, taken in connection with the accompanying drawings.

[0010]) F1G. 1 is a cross sectional view of an inkjet printhead having a vent as described

herein.

[0011) FIG. 2 1s a perspective cross sectional view of an ink reservoir in an inkjet

printhead having a vent as described herein.

[0012] FIG. 3 1s a cross sectional view of the inkjet printhead of FIG. 1 having a vent as

descnbed herein.

[0013] FIG. 4 is a cross sectional view of the inkjet printhead and vent of FIG. 1 shown
n an inverted position.
[0014] FIG. 5 15 a block diagram depicting a side view of a phase change ink printing

system having the printhead of FIG. 1.

Detailed Description

|0015] The vent described herein 1s suitable for use with a printer. The term “printer”
reters, for example, to reproduction devices in general, such as printers, facsimile machines,
copiers, and related multi-function products. While the specification focuses on an inkjet
printer, the vent described herein may be used with any printer that contains a supply of ink.
Furthermore, the vent described herein may be used with printers that form printed images

with either aqueous ink or phase chanpe ink.
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[0016] Referring to FIG. 1, a printhead 100 of an inkjet printer is shown. The printhead
100 forms a printed image by ejecting droplets of liquid ink onto an image receiving surface.
As used herein, the term “liquid ink™ includes, but is not limited to, aqueous inks, liquid ink
emulsions, pigmented inks, and phase change inks in a liquid phase. The printhead 100
includes, among other components, a reservoir 104, an ink inlet 108, numerous 1nk ejectors
112, a vent opening 116, and a vent member provided herein as a vent tube 120. The
reservoir 104 contains a supply of ink 124 for ejection onto the image receiving surface by
the ink ejectors 112, which may be provided as thermal ink ejectors and/or piezoelectric ink
gjectors, as 1s known in the art. When the ink ejectors 112 reduce the supply of ink 124 to a
minimum ink level, the reservoir 104 may be filled with additional ink via the ink inlet 108,
which is fluidly coupled to a main reservoir 262 (FIG. 5). As the ink level in the reservoir
104 fluctuates, the vent tube 120, which extends into the reservoir 104 through the vent
opening 116, permits air to enter and exit the reservoir 104. Below, each component of the
atorementioned inkjet printhead 100 is described in detail.

[0017] The ink reservoir 104 may include a first pair of opposed sidewalls 128, 130, a
second pair of opposed sidewalls 132 (only one of which is shown in FIG. 2), an upper wall
136, and a lower wall 140 that define a volume for containing the supply of ink 124. As
shown by length A of FIG. 2, a reservoir height may be defined by a distance between the
upper wall 136 and the lower wall 140. Additionally, as shown by length B of FIG. 2, a
reservoir width may be defined by a distance between sidewall 128 and sidewall 130.
Although the reservoir 104 illustrated in FIGS. 1-3 has a rectangular cross section, the
reservoir 104 may have a cross section of any shape suitable for containing the supply of ink
124, including, but not limited to, square, circular, and elliptical. Therefore, in some
embodiments the upper wall 136, lower wall 140, and sidewalls 128, 130, 132 may not be

sharply delineated. Additionally, as shown in FIG. 1, the ink reservoir 104 may define a
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volumetric center 142. A plane extending through the volumetric center 142 divides the
reservoir 104 into two regions having approximately the same volume.

[0018] The ink inlet 108 is formed in one or more of the reservoir walls. As mentioned
above, the ink inlet 108 is fluidly coupled to the main reservoir 262. When the supply of ink
124 1n the reservoir 104 has dropped to or below a minimum value, the reservoir 104 receives
ink from the main reservoir 262 through the ink inlet 108 until the reservoir 104 has been
filled to a predetermined maximum ink level, represented by Line C of FIG. 1. The ink inlet
108 may include a filter or screen 144 to prevent impurities from entering the ink reservoir
104,

[0019] The reservoir walls 128, 130, 132, 136, 140 and the upper surface of the supply of
ink 124 define an air space 148 above the supply of ink 124. As mentioned above, the
reservoir 104 may be filled to a predetermined maximum ink level. When the reservoir 104
18 filled to the maximum ink level, a volume of air is present above the upper surface of the
supply of ink 124. This volume of air is referred to as the air space 148. As shown in FIG. 1,
the lower boundary of the air space 148 is defined by the upper surface of the supply of ink
124, and the upper boundary of the air space 148 is defined by the upper wall 136.
Depending on the shape of the reservoir 104 and the orientation of the printhead 100,
however, the upper boundary of the air space 148 may be defined by any of the reservoir
walls 128, 130, 132, 136, 140. For instance, if the printhead 100 is positioned upon a sloped
surface the upper boundary of the air space 148 may be defined partially by sidewall 128 and
partially by the upper wall 136. Additionally, if the printhead is oriented in an extreme
position, the upper boundary of the air space 148 may be defined entirely, for instance, by

sidewall 128 or even lower wall 140. Therefore, the portion of the reservoir 104 defining the

upper boundary of the air space 148 depends upon the orientation of the printhead 100.
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[0020] The vent opening 116 in the ink reservoir 104 is an aperture formed in one or
more of the reservoir walls 128, 130, 132, 136, 140 that permits a portion of the vent tube 120
to extend into the ink reservoir 104. As shown in FIGS. 1 and 3, the vent opening 116 has
been formed in the upper wall 136; however, the opening 116 may be formed in any one or
more of the reservoir walls 128, 130, 132, 136, 140. The vent opening 116 engages the vent
tube 120 to form an air and liquid impervious seal, which prevents ink from seeping out of
the reservoir 104 through the junction between the vent tube 120 and the vent opening 116.
For instance, the vent opening 116 may define an approximately circular opening to engage a
vent tube 120 having an approximately circular periphery. Alternatively, the vent opening
116 may define a rectangular, square, or elliptical opening to engage a vent tube 120 having
an aptly shaped periphery.

[0021] The vent tube 120 permits air to enter and exit the reservoir 104, but prevents ink
from flowing out of the reservoir 104. As shown in FIGS. 1 and 3, the vent tube 120 extends
from the vent opening 116 into the reservoir 104. The vent tube 120 includes an upper
opening 152, a lower opening 156, and a channel 160, which fluidly couples the upper
opening 152 to the lower opening 156. Although the channel 160, as illustrated in FIGS. 1
and 3, 1s approximately cylindrical, the channel 160 may be any shape including a non-
uniform shape having a nonlinear cross section. The upper opening 152 is an aperture at the
top of the channel 160 that, as shown in FIGS. 1-3, is exposed to the atmosphere. In some
embodiments, the upper opening 152 may be remotely located by fluidly coupling a channel
extension (not illustrated) or other printer accessory to the upper opening 152.

[0022] T'he lower opening 156 is an aperture at the bottom of the channel 160. As shown

in FIG. 1, the lower opening 156 is positioned approximately at the volumetric center 142 of
the ink reservoir 104, within the air space 148. In particular, the lower opening 156 may be

positioned approximately one half of the reservoir height A from the lower wall 140 and one
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half of the reservoir width B from a sidewall 128, 130. In this position, the lower opening
156 remains in the air space 148 regardless of the orientation of the printhead 100.

[0023] The position of the lower opening 156 prevents the supply of ink 124 from exiting
the reservoir 104 through the channel 160. As shown in FIG. 1, the maximum ink level is
limited to an amount that enables the lower opening 156 to remain in the air space 148
regardless ot the position of the printhead 100. Specifically, the maximum ink level may be
slightly less than half of the volume of the reservoir 104, such that when the lower opening
156 1s positioned at or near the volumetric center 142 it does not contact the supply of ink
124 regardless of the orientation of the printhead 100. To illustrate, lines C, D, E, and F of
FIG. 1 identify the maximum ink level when the printhead 100 is oriented in various extreme
positions. In particular, line C identifies the upper surface of the supply of ink 124 when the
printhead 100 is in an upright position. Lines E and F identify the upper surface of the supply
of ink 124 when the printhead 100 is laterally oriented. Line D identifies the upper surface of
the supply of ink 124 when the printhead 100 is inverted, as shown in FIG. 4. In response to
the printhead 100 being in an inverted position the supply of ink 124 may surround a portion
of the vent tube 120; however, the upper surface of the supply of ink 124 remains below the
lower opening 156 to prevent the supply of ink 124 from flowing through the channel 160.
[0024] Consequently, regardless of the position of the printhead 100, a buffer of air is
present between the upper surface of the supply of ink 124 and the lower opening 156 to
prevent the supply of ink 124 from entering the channel 160 and exiting the reservoir 104
through the vent tube 120. Specifically, the lower opening 156 remains in the air space 148
In response to the printhead 100 being rotated about any axis of rotation. For Instance, the

lower opening 156 remains in the air space 148 as the printhead 100 is transitioned between

the upright position of FIG. 1 and the inverted position of FIG. 4.
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[0025] The vent tube 120 prevents ink from impeding an airflow through the channel 160
if the supply of ink 124 contacts the lower opening 156. As stated above, regardless of the
position of the printhead 100, the lower opening 156 remains in the air space 148; however, if
the printhead 100 is subject to a severe jostling or extreme vibrations, the supply of ink 124
may brietly contact the lower opening 156. To prevent ink from forming a meniscus across
the lower opening 156 that prevents air from flowing through the channel 160, the lower
opening 156 has a width or diameter in excess of a predetermined value. The predetermined
value 1s at least partially determined by the surface tension of the ink. In particular, ink
having a high surface tension results in a greater predetermined value as compared to an ink
having a low surface tension.

[0026] As shown in FIG. 1, the vent tube 120 may include an upper extension 168, which
extends from the vent opening 116 above the upper wall 136. The upper extension 168 may
be coupled to a second tube (not illustrated) in order to locate the upper opening 152
remotely.

{0027] The vent tube 120 may be incorporated within a sensor probe 172 removably
connected to the vent opening 116. As shown in FIG. 2, a sensor probe 172 having a vent
tube 120 may position at least one sensor 176 within the volume of the reservoir 104. The
sensor 176 may generate one or more signals indicative of the level of ink in the reservoir
104. For instance, the sensor probe 172 may position a sensor 176 to detect when the supply
of ink 124 has reached a minimum or a maximum level. Additionally, the sensor probe 172
may position a sensor 176 to detect the level of ink in the reservoir 104 over a continuous

range. Alternatively, the sensor probe 172 may position a sensor 176 above the maximum

level of ink to detect a temperature of the air space 148.

[0028] The sensor probe 172 may also position a component of a multipart sensor,

referred to as a sensing element, within the reservoir 104. The sensing element or elements
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may generate one or more signals indicative of the level of ink in the reservoir 104. For
instance, a pair of sensing elements may be positioned within the reservoir 104 to generate a
“full” signal when one or more sensing elements are in contact with the supply of ink 124 and
to generate a “low” signal when one or more of the sensing elements are not in contact with
the supply of ink 124. Additionally, the sensing element or elements may be positioned to
detect the level of ink in the reservoir 104 over a continuous range.

[0029] The sensor probe 172 includes at least one channel 180 (as shown in FIG. 3), an
upper portion 184, a lower portion 188, and in some embodiments a cross channel 192 (as
shown in FIG. 3). The at least one channel 180 enables the one or more sensing elements or
sensors 176 to be positioned within the sensor probe 172. As shown in FIG. 3, the channels
180 may originate in the upper portion 184 and terminate at or near a peripheral portion of
the sensor probe 172. The channels 180 permit wires or leads 194 electrically coupled to a
sensing element or a sensor 176 to extend from the ink reservoir 104 without contacting the

supply of ink 124 or the air space 148. The channels 180 are isolated from channel 160 and

the cross channel 192.

0030} The cross channel 192 is formed at the interface of the upper portion 184 and the
lower portion 188 of the sensor probe 172. The cross channel 192 fluidly couples the lower
opening 156 to the air space 148. As shown in FIG. 3, the cross channel 192 is
approximately perpendicular to channel 160. Embodiments of the sensor probe 172 havihg a
cross channel 192 include effective lower openings 196, 200 at the ends of the cross channel
192 near the periphery of the vent tube 120. One or more of these effective lower openings
196, 200 and the lower opening 156 remain in the air space 148 regardless of the orientation

of the printhead 100. For instance, even though the printhead 100 may be oriented to position

etfective lower opening 196 in contact with the supply of ink 124, effective lower opening

10
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200 and lower opening 156 remain above the upper surface of the supply of ink 124 1n the air
space 148, to prevent ink from spilling from the reservoir 104 through the channel 160.

[0031] In some embodiments, the vent tube 120 may fluidly couple the reservoir 104 to
the atmosphere. In other embodiments, the vent tube 120 may fluidly couple the reservoir
104 to an air pressure device (not illustrated) that selectively couples the air space 148 to one
of the atmosphere, a source of air pressure greater than atmospheric pressure, and a source of
air pressure lower than atmospheric pressure. The printhead 100 may include a coupling tube
(not illustrated) for connecting the air pressure device to the upper opening 152. The air
pressure device may maintain either a positive or negative pressure within the reservoir 104.
Even when the air pressure device is coupled to the reservoir 104, the vent tube 120 permits
air pressure levels within the reservoir 104 to fluctuate as ink is filled and ejected from the
reservorr 104.

[0032] The vent tube 120 may be coupled to a printhead 100 configured to form printed
images with phase change ink. As shown in FIG. 5, a phase change ink printer 250 may
include an 1nk loader 254, a melting device 258, a main reservoir 262, and a media path 270.
The printer 250 ejects phase change ink upon an image receiving surface or a substrate 266
transported on a media path 270. The term “phase change ink” encompasses inks that are
installed in the printer 250 in a first phase or state and that are ejected upon a substrate 266
after changing to a second phase or state. The change to a second phase or state may include,
but 1s not limited to, changing from a solid to a liquid, changing from a gel to a liquid, and
changing from a high viscosity to a low viscosity. As used herein, the term “solid” phase
change ink refers to inks that remain in a solid phase at an ambient temperature and that melt
into a liquid phase when heated above a melt temperature. The ambient temperature is the

temperature of the air surrounding the printer 250. Therefore, the ambient temperature may

be a room temperature when the printer 250 is positioned in a defined space; however, the

11
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ambient temperature may be above a room temperature when portions of the printer 250,
such as the media path 270, are enclosed by, for example, a cover. An exemplary range of
melt temperatures is approximately seventy to one hundred forty degrees Celsius; however,
the melt temperature of some types of solid phase change inks may be above or below the
exemplary temperature range. Similarly, as used herein, the term “gel based” phase change
ink or “gel ink™” refers to inks that remain in a gelatinous phase or state at an ambient
temperature and that melt into a liquid phase when heated above a gelation or melt
temperature. An exemplary range of gelation temperatures is approximately thirty to fifty
degrees Celsius; however, the gelation temperature of some types of gel-based phase change
inks may be above or below the exemplary temperature range.

[0033] Some inks, including gel inks, may be cured during the printing process.
Radiation curable ink becomes cured after being exposed to a source of radiation. Suitable
radiation includes, but is not limited to, infrared, visible, and ultraviolet. In particular,
ultraviolet-curable gel based phase change ink, referred to herein as UV gel ink, becomes
cured after being exposed to ultraviolet radiation.

[0034] The ink loader 254 contains a quantity of phase change ink in the solid or
gelatinous phase. Phase change ink is supplied to the ink loader 254 as solid ink pellets, solid
ink sticks, or a quantity of gel-based ink, among other forms. The ink loader 254 moves the
phase change ink toward the melting device 258, which melts a portion of the ink into the
hiquid phase. The liquid ink is delivered to the main reservoir 262, which is thermally
coupled to a heater 274 configured to heat the main reservoir 262 to a temperature that
maintains the ink in the liquid phase. Liquid ink from the main reservoir 262 is delivered to
the printhead 100. In particular, the ink is delivered to the ink reservoir 104 through ink inlet

108, as shown in FIGS. 1, 3, and 4. The printhead 100 may include a heater 278 for

maintaining the ink contained by the ink reservoir 104 in the liquid phase.

12
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[0035] The main reservoir 262 and the ink reservoir 104 may be configured to remain
coupled to the printer 250 during normal usage and servicing of the printer 250. Specifically,
when the ink level in the ink reservoir 104 falls below a predetermined level, the printer 250
refills the ink reservoir 104 with liquid ink from the main reservoir 262. Similarly, when the
ink level in the main reservoir 262 falls below a predetermined level, the printer 250 is
configured to fill the main reservoir 262 with additional ink from the ink loader 254.
Accordingly, in one embodiment, neither the main reservoir 262 nor the ink reservoir 104 are
disposable units configured to be replaced when the printer 250 exhausts an ink supply.
[0036] The printer 250 may be configured to form printed images with UV gel ink. UV
gel ink remains in a gelatinous state or phase having a comparatively high viscosity at the
ambient temperature. When heated to or above the melt temperature, however, the viscosity
of UV gel ink 1s reduced, and the ink enters a liquid phase that is suitable for ejection by the
printhead 112. As illustrated in FIG. 5, a printer 250 configured to eject UV gel ink may
include a leveling device 282 and a source of ultraviolet radiation 286. The leveling device
282 1s configured to blend droplets of UV gel ink, and other types of ink, into a substantially
continuous area. In particular, the leveling device 282 may be a thermal reflow device
configured to heat the ink ejected upon the substrate 114 to a temperature, which blends
together ink droplets of the ink. Additionally or alternatively, the UV gel ink ejected upon
the substrate 266 may be exposed to the source of ultraviolet radiation 286, which is
configured to cure the ink.

[06037] The vent tube 120, when coupled to a phase change ink printer 250 enables air, or
other gases, to enter and exit the air space 148 in response to temperature changes of the ink

124. In particular, the vent tube 120 permits air to escape the air space 148 as ink in the

reservoir 104 is heated. Additionally, the vent tube 120 permits air to enter the air space 148

in response to the ink in the reservoir 104 cooling.
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[0038] Those skilled in the art will recognize that numerous modifications may be made
to the specific implementations described above. Therefore, the following claims are not to
be limited to the specific embodiments 1llustrated and described above. The claims as
originally presented encompass variations, alternatives, modifications, improvements,

equivalents and substantial equivalents of the embodiments and teachings disclosed herein.
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Claims

What 1s claamed is:

1. An inkjet printhead for selectively ejecting ink onto an image receiving surface, the
inkjet printhead comprising:

a reservolr tor containing a supply ot ink and an air space above the supply of ink, the
reservolr defined by a plurality of sidewalls, an upper wall, and a lower wall;

an 1k inlet formed 1n one of the plurality of sidewalls, the upper wall, and the lower
wall;

a vent opening formed in one of the plurality of sidewalls, the upper wall, and the
Jower wall; and

a vent member extending from the vent opening, the vent member having a first vent
member opening positioned in an air space outside of the reservoir, a second vent member
opening positioned in the air space above the supply of ink, and a vent channel configured to
couple fluidly the first vent member opening to the second vent member opening, the second
vent member opening being positioned within the reservoir to enable the second vent member
opening to remain within the air space above the supply of ink regardless of an orientation of

the reservotr.

2. The 1nkjet printhead ot claim 1, the vent member being a tube removably connected

to the vent opening.

3. The 1nkjet printhead of claim 1, the vent member being located within a sensor probe,
the sensor probe being removably connected to the vent opening, and the sensor probe having

at least one channel for positioning at least one sensing element within the reservoir.
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4. The inkjet printhead of claim 3, the sensor probe further comprising:
a first ink sensing element extending through a first channel; and
a second 1nk sensing element extending through a second channel, the first and second

ink sensing elements configured to generate at least one signal indicative of a level of ink

contained by the reservorr.

5. The 1nkjet printhead of claim 3, the sensor probe further comprising:

a first sensor probe portion;

a second sensor probe portion; and

a cross channel formed at an interface of the first sensor probe portion and the second
sensor probe portion, the cross channel configured to couple fluidly the second vent member

opening to the air space above the supply of ink.

6. The inkjet printhead of any one of claims 1 to 5, the second vent member opening
having a width configured to prevent a meniscus of ink from forming across the second vent
member opening, the width ot the second vent member opening at least partially determined

by a surface tension of the supply of ink.
7. The inkjet printhead of any one of claims 1 to 6, further comprising:
a posttive air pressure source fluidly coupled to the first vent member opening, the

positive air pressure source configured to apply a purge pressure to the reservoir.

8. The inkjet printhead of any one of claims 1 to 7, the second vent member opening

located at a volumetric center of the reservoir.
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9. The inkjet printhead of any one of claims 1 to &, further comprising:

a reservoir height defined by a distance between the upper wall and the lower wall,
the second vent member opening posttioned at least one half of the reservoir height from the
lower wall; and

a reservoir width defined by a distance between a first sidewall and a second sidewall,
the second vent member opening positioned approximately one half of the reservoir width

from the first sidewall.

10. A printer for forming and fixing an image upon an image receiving surface, the
printer compnising:

a printhead for selectively ejecting ink onto an image receiving surface, the printhead
including (1) a reservoir for containing a supply of ink and an air space above the supply of
ink, the reservoir defined by a plurality of sidewalls, an upper wall, and a lower wall, (ii) an
ink 1nlet formed in one of the plurality of sidewalls, the upper wall, and the lower wall, (iii) a
vent opening formed in one of the plurality of sidewalls, the upper wall, and the lower wall,
and (1v) a vent member extending from the vent opening, the vent member having a first vent
member opening positioned in an air space outside of the reservoir, a second vent member
opening positioned in the air space above the supply of ink, and a vent channel configured to
couple fluidly the first vent member opening to the second vent member opening, the second
vent member opening being positioned within the reservoir to enable the second vent member
opening to remain within the air space above the supply of ink regardless of an orientation of
the printhead; and

a printhead controller coupled to the printhead for controlling the ejection of ink from

the printhead.
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11.  The printer of claim 10, the vent member being a tube removably connected to the

vent opening.

12.  The printer of claim 10, the vent member being located within a sensor probe, the
sensor probe being removably connected to the vent opening, and the sensor probe having at

least one channel for positioning at least one sensing element within the reservoir.

13.  The printer of claim 12, the sensor probe comprising:
a first sensor probe portion;
a second sensor probe portion; and

a cross channel formed at an interface of the first sensor probe portion and the second
sensor probe portion, the cross channel configured to couple fluidly the second vent member
opening to the air space above the supply of ink, the cross channel being approximately

perpendicular to the vent channel.

14.  The pninter of claim 10, the second vent member opening having a width configured
to prevent a meniscus of ink from forming across the second vent member opening, the width
of the second vent member opening at least partially determined by a surface tension of the

supply of 1nk.

15. The printer of any one of claims 10 to 14 further comprising:

a positive air pressure source tluidly coupled to the first vent member opening, the

positive air pressure source configured to apply a purge pressure to the reservoir.
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16. A method of venting an ink reservoir in a printhead of an inkjet printer, the method
comprising:

inserting a vent member having a first vent member opening and a second vent
member opening fluidly coupled by a vent member channel into a vent opening in an ink
reservoir; and

positioning the vent member to locate the first vent member opening in an air space
outside of the ink reservoir and to locate the second vent member opening at a position within
the reservoir that enables the second vent member opening to remain in an air space above a

supply of ink contained by the ink reservoir regardless of an orientation of the ink reservoir.

17.  The method of venting an ink reservoir in a printhead of an inkjet printer of claim 16,

the vent member being a tube removably connected to the vent opening.

18.  The method of venting an ink reservoir in a printhead of an inkjet printer of claim 16,
the vent member being located within a sensor probe removably connected to the vent
opening, the sensor probe having at least one channel for positioning at least one sensor

within the ink reservorr.

19. The method of venting an ink reservoir in a printhead of an inkjet printer of any one
of claims 16 to 18, the second vent member opening having a width configured to prevent a
meniscus of ink from forming across the second vent member opening, the width at least

partially determined by a surface tension of the supply of ink.

20.  The method of venting an ink reservoir in a printhead of an inkjet printer of any one

of claims 16 to 19, further comprising:
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flmdly coupling a source of positive air pressure to the first vent member opening, the

source of positive air pressure configured to apply a purge pressure to the ink reservorr.

21.  Aninkjet printhead for selectively ejecting ink onto an tmage receiving surface, the
inkjet printhead compnsing:

a reservoir for containing a supply of ink and an air space above the supply of ink, the
reservoir defined by a plurality of reservoir walls, the reservoir being filled to a
predetermined maximum ink level such that the plurality of reservoir walls and an upper
surface of the supply of ink define an air space;

an ink inlet formed in one of the plurality of reservoir walls;

a vent opening formed in one of the plurality of reservoir walls; and

a vent member extending from the vent opening, the vent member having an upper
opening positioned 1n an air space outside ot the reservoir, a lower opening positioned in the
air space above the supply of ink, and a channel configured to couple fluidly the upper
opening to the lower opening, the lower opening being positioned within the reservoir
approximately at the volumetric center of the reservoir, and the maximum ink level being less
than half of the volume of the reservoir so as to enable the lower opening to remain within the

air space above the supply of ink regardless of an orientation of the reservoir.

22.  The inkjet printhead ot claim 21, the vent member being a tube removably connected

to the vent opening.

23.  Thenkjet printhead of claim 21, the vent member being located within a sensor
probe, the sensor probe being removably connected to the vent opening, and the sensor probe

having at least one channel for positioning at least one sensing element within the reservoir.
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24.  The inkjet printhead of claim 23, the sensor probe further comprising:

a first ink sensing element extending through a first channel; and

a second 1nk sensing element extending through a second channel, the first and second
ink sensing elements configured to generate at least one signal indicative of a level of ink

contained by the reservoir.

25.  The inkjet printhead of claim 23, the sensor probe further comprising:

a first sensor probe portion;

a second sensor probe portion; and

a cross channel formed at an interface of the first sensor probe portion and the second
sensor probe portion, the cross channel configured to couple fluidly the lower opening to the

air space above the supply of ink.

26.  The inkjet printhead any one of claims 21 to 25, the second vent member opening
having a width configured to prevent a meniscus of ink from forming across the lower
opening, the width ot the lower opening at least partially determined by a surface tension of

the supply of ink.

27.  The inkjet printhead of claim any one of claims 21 to 26, further comprising:
a positive air pressure source fluidly coupled to the upper opening, the positive air

pressure source configured to apply a purge pressure to the reservoir.

28.  The inkjet printhead of any one of claims 21 to 27, the lower opening located at a

volumetric center of the reservotr.
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29.  The inkjet printhead of any one of claims 21 to 28, further comprising:

a reservoir height defined by a distance between a first pair of opposing reservoir
walls, the lower opening positioned at least at one halt of the reservoir height from a lower
reservoir wall of the first pair of opposing reservoir walls; and

a reservolir width defined by a distance between a second pair of opposing reservoir
walls, the lower opening positioned approximately at one half of the reservoir width from one

of the second pair of opposing reservoir walls.

30. A prnnter for forming and fixing an 1mage upon an image receiving surface, the
printer comprising:

a printhead for selectively ejecting ink onto an image recetving surface according to
any one of claims 21 to 23, 25 and 26; and

a printhead controller coupled to the printhead for controlling the ejection of ink from

the printhead.

31.  The printer of claim 30, further comprising:
a posttive air pressure source fluidly coupled to the upper opening, the positive air

pressure source configured to apply a purge pressure to the reservorr.

32. A method of venting an ink reservoir in a printhead of an inkjet printer comprising:
inserting a vent member having an upper opening and a lower opening fluidly coupled

by a channel into a vent opening in an ink reservoir, the ink reservoir being defined by a

plurality of reservoir wells and being filled to a predetermined maximum ink level for

containing a supply of ink such that the reservoir walls and an upper surface of the supply of
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ink define an air space, wherein the ink reservoir defines a volumetric center such that a plane
extending through the volumetric center divides the ink reservoir into two. regions having
approximately the same volume, wherein the maximum 1nk level 1s less than halt the volume
of the ink reservoir; and

positioning the vent member to locate the upper opening outside of the ink reservoir
SO as to expose the upper opening to the atmosphere and to locate the lower opening
approximately at the volumetric center of the ink reservoir within the airspace enabling the
lower opening to remain in the air space above a supply of ink contained by the ink reservoir

regardless of an orientation of the ink reservorr.

33.  The method ot venting the ink reservoir in the printhead of the inkjet printer of claim

32, the vent member being a tube removably connected to the vent opening.

34.  The method of venting the ink reservoir in the printhead of the inkjet printer of claim
32, the vent member being located within a sensor probe removably connected to the vent
opening, the sensor probe having at least one channel for positioning at least one sensor

within the ink reservoir.

35.  The method of venting the ink reservoir in the printhead of the inkjet printer of claim
32, the lower opening having a width configured to prevent a meniscus of ink from forming
across the lower opening, the width at least partially determined by a surface tension of the

supply of ink.

36.  The method of venting the ink reservoir in the printhead of the inkjet printer of any

one of claims 32 to 35, further comprising:
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fluidly coupling a source of positive air pressure to the upper opening, the source of

positive air pressure configured to apply a purge pressure to the ink reservoir.
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