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(57) Abstract: A die may, in an example, include at least one cross-die recirculation channel formed into the die to recirculate an
amount of printing fluid therethrough, the cross-die recirculation channel including a first-sized inlet port and a first-sized outlet port
formed on a first side of the die, at least one chamber recirculation channel formed into the die and fluidically coupled to the cross-die
recirculation channel to recirculate an amount of printing fluid therethrough, the chamber recirculation channel including a second-sized
inlet port and a second-sized outlet port, at least one pump formed within the chamber recirculation channel to recirculate the amount
of printing fluid therethrough.
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CROSS-DIE RECIRCULATION CHANNELS
AND CHAMBER RECIRCULATION CHANNELS

BACKGROUND

(G001} Printing devices implement dies {o gject printing fluid onto the
surface of a print media. The printing fluid, in some examples, may include
pigments that provide color {o the printing fluids. Other solids may also be

present in the printing fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

iG002] The accompanying drawings ilustrate various examples of the
principles described herein and are part of the specification. The illusirated
axamples are given merely for illusiration, and do not limit the scope of the
claims.

[G003] Fig. 1 is a block diagram of a die according to an example of the
principles described herein.

[6004] Fig. 2 is a cross-sectional view of a die (100) coupled to a housing
according to an example of the principles described herein.

[G0O5] Fig. 3 is a block diagram of a device according to an example of
the principles described herein.

FG006] Fig. 4 is a block diagram of a fluid gjection system according to an
example of the principles described herain.

[GO0T] Fig. 5 is a boitom view of a die (Fig. 1, 100) according to an

example of the principies described herein.



WO 2019/103752 PCT/US2017/063275

[6008] Figs. 8A-60 show a number of examples of layouts of the cross-
die recirculation channels shown in Fig. 5 according to an example of the
principles described herein.

iG009] Figs. 7A-7E show a number of exampies of layouts of the cross-
die recirculation channels shown in Fig. S according to an example of the
principles described herein.

F6010) Fig. 8 is a block diagram of a device (800) according to an
example of the principles described herain.

[6011] Throughout the drawings, identical reference numbers designate
sirnilar, but not necessarily identical, elements. The figures are not necessarily
to scale, and the size of some parts may be exaggerated to more clearly
illustrate the example shown. Moreover, the drawings provide examples and/or
implementations consistent with the description; however, the description is not

limited to the examples and/or implementations provided in the drawings.

DETAILED DESCRIPTION

[0012] Some fluids used in fluid ejection devices may include a number of
solids maintained in a liguid carrier. These solids may include, for exampie,
pigments, cells, conglomerations of solids within the fluid, water based ulitra-
violet fluids, among others. During operation of the fluid ejection device, the
solids may setile within the fluid chambers and/or channels formed within a dis
of the fluid ejection device. This setlling of the solids may cause fluid ejection
defects as a result a higher concentration of liquid carrier being ejected out of
the die than the solids.

[6013] In some exampiles the fluid ejection device is a printing fluid
ejection device. These types of devices may include cartridges, page-wide
arrays of fluidic dies, among other printing fluid ejection devices. in these
examples, printing fluid may be dirculated from a printing fluid reservoir, through
the printing fluid ejection device, out of an orifice, and onto a prini media. The

printing fiuid may include inks, toners, vamishes, powders, colorants, finishes,
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gloas enhancers, binders, and/or other such materials that may be ulilized in a
printing process.

[G014] The present specification describes a die that includes at least one
cross-die recirculation channel formed inte the die to recirculate an amount of
printing fluid therethrough, the cross-die recirculation channel including a first-
sized inlet port and a first-sized outlet port formed on a first side of the die, at
least one chamber recirculation channel formed into the die and fluidically
coupled to the cross-die recirculation channel to recirculate an amount of
printing fluid therethrough, the chamber recirculation channel including a
second-sized inlet port and a second-sized cutlet port, and at least one pump
formed within the chamber recirculation channel to recirculate the amount of
printing fluid therethrough.

[6015] The present specification also describes a device that includes at
least one cross-die recirculation channel formed into a silicon die fluidically
coupled to an inlet port and an output port of at least one chamber recirculation
channel formed into the silicon die, a firing chamber formed along the at least
one chamber recirculation channel, and at least one device formed along a
portion of the at least one chamber recirculation channel to drawn an amount of
printing fiuid from the cross-die recircuiation channel and through the firing
chamber.

[6016] The present specification further describes a fluid gjection system
that includes a fluid reservoir to maintain an amount of printing fluid therain, at
least one cross-die recirculation channel formed into a silicon die o recirculate
an amount of the printing fluid therethrough, the cross-die recirculation channel
including a first-sized inlet port and a first-sized outlet port formed on a first side
of the silicon die, at [east one chamber recirculation channel formed into the
silicon die and fluidically coupled to the cross-die recirculation channel to
recirculate an amount of the printing fiuid therethrough, the chamber
recirculation channel including a second-sized inlet port and a second-sized
cutiet port, and at least one pump formed within the chamber recirculation

channel to recirculate the amount of the printing fluid therethrough.
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[6017] Example fluid ejection devices described harain may be
implemented in printing devices, such as two-dimensional (2D) printing devices
and/or three- dimensional (3D) printing devices. In some examples, a fluid
gjection device may be implemented into a printing device and may be utilized
to print content onto a media, such as paper, a layer of powder-based build
material, reactive devices (such as lab-on-a-chip devices), among others.
Example fiuid gjection devices include ink- based gjection devices, digital
titration devices, and 3D printing devices, among others. For ease of
description, however, the present specification may use the example of 2 2D
printing device. This is not meant to be limiting and the present specification
contempiates the use of the systems, devices, and methods descrived hereinin
connection with the ink- based ejection devices, digital titration devices, and 3D
printing devices as well.

[6018] Turning now to the figures, Fig. 1 is a block diagram of a fluidic die
{100} according 1o an example of the principles described herein. The die (100)
may include a number of cross-die recirculation channels (105) and a number of
chamber recircuiation channels (120). In an example, a cross-sectional area of
gach of the cross-die recirculation channels (105) may be relalively larger than
the cross-sectional area of each of the chamber recirculation channels (120). In
this example, the cross-sectional area of the cross-die recirculation channels
(105) may be on the order of 10° mm? or larger while the cross-sectional area
of the chamber recirculation channels (120) may be on the order of 10°° mm? or
smaller. In an exampie, the cross-sectional areas of the both the cross-die
recirculation channels (105) and the chamber recirculation channels (120} are
the same.

[0019] In an example, the cross-die recirculation channels (105) may
each pass through, at least, a portion of the die (100). The cross-die
recirculation channels (185) may have a first-sized inlet port (110) sized similar
o the size of the cross-die recirculation channels (105). In this example, the
cross-die recirculation channels (105) may further include a first-sized outlet port
(115} sized similar to the cross-die recirculation channels (105). The first-sized

infet port {(110) and first-sized outlet port {115) allow for the intake and output of
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fluid into and out of the die (100). Additionally, the cross-die recirculation
channels (105) with iis firsi-sized outlet port (115) and first-sized inlet port {110)
form part of a total recirculation system within the die (100) to recirculate the
fluid within. Recirculation of the fluid within the die (100) prevenis the pigments
from settling within the fluid thereby increasing the quality of print during a
printing operation.

[6020] in an example, the cross-die recircuiation channels (105) may
create a lateral cross flow across the die {100} to connect the chamber
recirculation channels (120} {o the cross-die recirculation channels (105). The
lateral cross-flow may include cross-die recirculation channels (105) that run a
length of the die (100). In an example, the cross-die recirculation channels
{105} run longitudinally across the die to connect the chamber recirculation
channels {120) to the cross-die recirculation channels {(105). Accordingly, the
formation of the cross-die recirculation channeis (105) within the die (100)
provides for a number of layouts of the cross-die recirculation channels (105}
and chamber recirculation channels (120) within the die (100). Examples
include a number of cross-die recirculation channels (105) that form an
enclosed slot in the silicon die, a slanted enclosed slot in the silicon die, a
spaced rib pattern in the silicon die, a sianted spaced rib pattern in the silicon
die, a spaced post patiern in the silicon die, a slanted spaced post patiern in the
silicon die, a chevron siot pattern in the silicon die, a chevron rib pattern in the
silicon die, a chevron post pattem in the silicon die, a membrane pattemn in the
silicon die, a vertical rib pattern in the silicon die, a vertical rib patiern in the
silicon die, or combinations thereof.

(G021} The cross-die recirculation channels {105} may fluidically couple
any number of reservoirs (o the chamber recirculation channels {120). Each of
the number of reservoirs may include distinct fluids. In an example, the distinct
fluids may include different types of printing fluids and/or different colors of
printing fluids. In an example, first group of cross-die recirculation channels
(105} may be provided with a first type and/or color of printing fluid while a
second group of cross-die recirculation channels (105) may be provided with a

second type and/or color of printing fluid. Additional numbers of types and/or
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colors of printing fluid may be used in the connection with the die (100} and the
present specification contemplates such use.

(60221 The chamber recirculation channels (120) may include a second-
sized inlet port (125) and a second-sized outiet port (130) sized similar to the
size of the chamber recirculation channels (120}, In this example, the chamber
recirculation channels (120) may further include a second-sized outlef port (130}
sized similar to the chamber recirculation channels (120). The second-sized
inlet port (125) and second-sized outlet port (130) allow for the intake and
output of fluid into and out of the die (100). Additionally, chamber recirculation
channels (120} with iis second-sized inlet port (125) and second-sized outlet
port (130) form part of the {otal recirculation system within the die (100}
described herein in order {o recirculate the fluid within the die (100).

[6023] The chamber recirculation channels (120) may include a number
of pump (135). The pumps (135) may be microfiuidic pumps that pull an
amount of fluid from the cross-die recirculation channels (105) via the second-
sized inlet port {125). The pumps (135) may then cause the fluid to pass
through a firing chamber formed within the die (100) and along at least one of
the chamber recirculation channeis (120). The pumps (135) may further cause
the printing fluid to pass into a fluidically coupled cross-die recircuiation
channels {105) via a second-sized outlet port (130).

[6024] Each of the firing chambers formed along a number of the
chamber recirculation channels (120} may include a fluid ejection device such
as a thermal resistor or a piezoelectric device. The fluid ejection device may
gject a metered amount of fluid from the die (100) via an orifice. During
operation, sach individual fluid ejection device may independently gject fluid
onto the surface of a print media forming an image thereon. In an example, the
fluid ejection devices may be actuated to coordinate with the actuation of the
pumps (135) such that an amount of fluid may be present in each of the firing
chambers during firing of the fluid ejection devices. Additionally, the
recirculation of the fluid through the cross-die recirculation channels {(105) and

chamber recirculation channels (120) prevents any pigmenis from separating
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from a liquid carrier within the fluid. This maintains the print quality of the
printed media through, at least, a print job.

[G025] Fig. 2 is a cross-sectional view of a fluid ejection system (200)
according to an example of the principles described herein. The fluid gjection
system (200) may include a die (100) that may have a number of layers.

Among these layers may be an orifice layer (201), a silicon layer (202}, and an
interposer layer (203). The orifice layer (201) may be made of, for exampie,
phosphosilicate glass (P5G), undoped silicate glass (USG), borophosphosilicate
glass (BPSG), stainless steel sheet, polymer, or combinations thereof. Other
types of material may be used to form the orifice laver (201) and the present
specification contempiates the use of those other materials. In an example, the
total thickness across the orifice layer (201), silicon layer (202), and interposer
layer (203) may be between 700 and 720 micrometers. In an example, the total
thickness across the orifice laver (201), silicon layer (202), and interposer layer
{203} may be 710 micrometers.

[G026] The orifice layer (201) may have, formed therethrough, at least
one orifice (213). The orifice {(213) may have any dimensions and is used as a
conduit through which a fluid gjection device (210) ejects fluid from the die
(100). The silicon laver (202) may be made of silicon and may form the portion
of the die (100) into which the chamber recirculation channels (120) are formed.
Additionally, as can be seen in the cul-away view presented in Fig. 2, the silicon
layer (202) forms a fluid ejection chamber (214) with the orifice layer (201).
Positioned inside the fluid ejection chamber {214) and below the orifice (213)is
the fluid ejection device (210). Additionally, any of the chamber recirculation
channels {120) may include therain a pump (135} to recirculate the fluid from the
cross-die recirculation channels (105), through the second-sized inlet port (125},
through the fiuid ejection chamber (214), across the fiuid ejection device (210),
and out of the second-sized outiet port (130), and back into the cross-die
recirculation channels (105}

[6027] The interposer laver (203) of the die (100) may, in an example, be
made of silicon. Fig. 2 shows an example of a cross-die recirculation channel
{105} formed, at least partially, through the die (100} and specifically the

7
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interposer layer (203) and the silicon layer (202}, The cross-die recirculation
channels (105) may be supplied with fluid via a number of slots (208, 208). The
slots (208, 209) may be defined by a die carrier (208) made of, for example
polyphenylene sulfide (PPS) and liquid crystal polymers (LCP} mixture, and a
reverb insert (207} made of, for example, a plastic. In an example, fluid may be
provided into the slots (208, 209) via, for example, a pump. During operation,
the fluid within the siots (208, 209) may be forced through the cross-die
recirculation channels (105) as indicated by the fluid flow path (212}, The
pumps (135) within the chamber recirculation channels (120} may then draw an
amount of fluid through the chamber recirculation channels (120) as described
herein. Unused fluid is pushed back into the cross-die recirculation channels
(105} and may be sent back cut of the die (100} and into the slots (208, 209).
This recirculation prevents the settling of, for example, pigments within the fluid
thereby increasing the print quality during a print job.

[6028] i an example, the die (100) may be embedded inio a substrate
(204). The subsirate (204) may be made of, for exampie, epoxy mold
compound (EMC). Although Fig. 2 shows the die (100) being embedded into
the substrate (204), the present specification contemplates other configurations
where the die (100) is coupled io the surface of another substrate material. The
present specification contemplates these other arrangements of the die (100).
[602%8) in an example, the substrate (204) and die (100) may be coupled
o the die carrier (206) and reverb inserts (207) via an adhesive. In an exampls,
the adhesive is an epoxy.

(60301 Fig. 2 shows a cross-die recirculation channel (105} that appears
to run the length of the die (100). However, at least a portion of the cross-die
recirculation channels (105) may be defined by a number of posts and/or ribs
formed laterally (i.e., behind and in front of the chamber recirculation channel
{120} shown) along the length of the die (100). A number of example layouis of
the cross-die recirculation channels (105) formed within the die (100} are
described herein.

(60311 Fig. 3 is a block diagram of a device (300) according to an

example of the principies described herein. The device (300} may include a
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silicon die (305} having at least one chamber recirculation channel (310) formed
therein that is fluidically coupied o a cross-die recirculation channel (325). The
chamber recirculation channel (310} may be fluidically coupled to the cross-die
recirculation channel (325) via an inlet port (315) and an outlet port (320).
[6032] The chamber recirculation channel (310} may pass through a firing
chamber (330). The firing chamber (330) may include a fluid gjection device
such as a thermal resistor or a pigzoelectric device. Additionally, the chamber
recirculation channel (310) may include a pump (335) to pull an amount of fluid
from the cross-die recirculation channel (325) and into the flow of the chamber
recirculation channel {(310) as described herein.

(G033} Fig. 4 is a block diagram of a fluid gjection system (400) according
to an exampile of the principles described herein. The fluid ejection system
{400} may include a fluid reservoir (405) fluidically coupled to, at least, a silicon
die (410). The fluid reservoir (405) provides the printing fluid (455) to the silicon
die (410} via the cross-die recirculation channels (415}, In an example,
additional channels, siols or tubes may be coupled between the cross-die
recirculation channels (415) and the fluid reservoir (405) and the present
specification contemplates the use of these other fluidic conneclions.

[6034] The cross-die recirculation channels {(415) includes a firsi-sized
infet port (420) and a first-sized outlet port (425) to pass an amount of printing
fluid (455) into and out of, respectively, the silicon die {(410). The cross-die
recirculation channels (415) may have any number of firsi-sized inlet ports (420)
and first-sized outlet ports (425). In an example, the cross-die recirculation
channels {(415) may be formed longitudinally along a length of the silicon die
(410} In an example, the cross-die recirculation channels (415) may be formed
laterally along the length of the silicon die (410). The cross-sectional area of the
cross-die recirculation channels (415) may be relatively larger than the cross-
sectional area of the chamber recirculation channels (430). In this example, the
cross-die recirculation channels (415) may provide an amount of printing fluid
{455} to a plurality of chamber recirculation channels (430).

[G035] The cross-die recirculation channels (415) and the chamber

recirculation channels (430} may be fluidically coupled to each other via a

9



WO 2019/103752 PCT/US2017/063275

second-sized inlet port (435) and a second-sized outlet port (440). The cross-
sectional area of the chamber recirculation channels (430) may be on the order
to 10 meters. The chamber recirculation channels (430) may further include at
least one pump (450). The pump (450) within each of the chamber recirculation
channels (430) pulls an amount of printing fluid {(455) from the cross-die
recirculation channels (415) and into a chamber formed within the chamber
recirculation channels (430). This recirculation of printing fluid (455) through the
cross-die recirculation channels (415) and chamber recirculation channels (430)
prevent pigments or other solids within the printing fluid (455) from separating
from the liquid carrier fluid within the printing fluid (455). Because the pump
{450} pumps the printing fluid (455) out of and into the cross-die recirculation
channels {415}, the printing fluid (455} is continually mixed preventing the
separation. Additionally, some of the printing fluid (455) recirculating through
the cross-die recirculation channels (415) may not be pulled into the chamber
recirculation channels (430). In this example, the silicon die (410) includes, at
least, two recirculation paths for the printing fluid (455) {0 move further assuring
that recirculation is occurring: through die recirculation with the cross-die
recirculation channels (415} and through chamber recirculation through the
chamber recircuiation channels (430).

[6038] Each of the chamber recirculation channels (430) may further
include at least one fluid gjection device within the fluid ejection chambers to
gject an amount of fluid through an orifice formed on a surface of the silicon die
(410} opposite the first sized input port (420} and first sized outlet port (425) of
the cross-die recirculation channels (415). In an example, each of the cross-die
recirculation channels (415} may have a plurality of fluid gjection chambers
formed therein with each of the fluid gjection chambers including a fluid ejection
device and orifice.

FB037) Fig. 5 is a boltom view of a die (500) according to an example of
the principles described herein. Fig. 5 shows an interposer layer (805) in front
of a silicon layer (510). In this example, orifice layer (Fig. 2, 201) is not viewable
but, instead, is layered behind the silicon layer (510} as viewed in Fig. 5.

Additionally, the iayout of the cross-die recirculation channels (515) presented in

10
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Fig. 5 are merely an example and the present spedcification contemplates other
layouis as described herein.

[6038] The cross-die recirculation channels (515) cross-die recirculation
channels (515} in the present example are presented in a slanied configuration
such that the cross-die recirculation channels (515) enter through the interposer
layer (505) and into the silicon layer (510}, across the silicon layer (510) at a
slant, and back out of the silicon laver (510) and interposer laver (805) at a
relatively lower location along the surface of the interposer layer {(505). Each of
the cross-die recirculation channels (515) include an inlet port (520) and an
outiet port (525) as described herein. As a result of the view of Fig. 5, a bottom
surface of the silicon layer (510) is seen through the inlet ports (520) and outlet
poris {525). A cross-die section of the cross-die recirculation channels (515}
may be formed through the silicon layer (510) and blocked from view by the
interposer layer (505) as indicated by the dashed lines.

[6038] in the example of Fig. 5, the formation of the cross-die
recirculation channels (515) creates ribs (530) between each of the cross-die
recirculation channels (515). The ribs (530) may provide suppori between the
stlicon layer (510} and interposer layer (605}, The formation of the cross-die
recirculation channels (515) in Fig. 5 may be referred {0 as a cross-flow
configuration because the flow of fluid through the cross-die recircuiation
channels {515) crosses the die (500) laterally.

(60401 in an example, the formation of the cross-die recirculation
channels (515) may form ribs (530) that are between a 70 and 160 dpi pitch. In
an example, the ribs (530) are at a 150 dpi pitch. In an example, the ribs (530}
are at a 75 dpi pitch.

(00417 Figs. 6A-6G show a number of examples of layouts of the cross-
die recirculation channels shown in Fig. 5 according {0 an example of the
principles described herein. Each of the examples shown in Figs. 8A-8G are
examples of a cross-flow configuration because the flow of fluid through the
cross-die recirculation channels (515) crosses the die (500) laterally. Fig. 6A
shows a slanted enclosed slot configuration with each of the cross-die

recirculation channels (515} crossing through the silicon layer (510) at an angle.
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In this example, the angle may be between 25 to 35 degrees relative to the
edge of the silicon die (Fig. 4, 410). In an example, the angle may be 30
degrees relative to the edge of the silicon die (Fig. 4, 410). In an example, the
width of the rib (530) may be between 70 and 90 micrometers. in an exampie,
the width of the rib (530) may be 80 micrometers. In an example, the width of
the cross-die recirculation channels (515) may be between 300 and 500
ricrometers. In an example, the width of the cross-die recirculation channels
{515} may be 400 micrometers. In the example shown in fig. 84, the ribs (830)
may extend across each of the inlet ports (520) and outlet ports (525). in
another example, the ribs (530) do not extend across the inlet ports (520) and
outiet poris (525) and would, therefore, not be viewable through the inlet poris
(520} and outlet ports (525} when viewed at the angle seen in Fig. 8A.

[6042] Fig. 6B is an example of the cross-die recirculation channels (515)
that are also slanted. However, the inlef ports (520) and outlet ports (525) may
be staggered along the ends of the cross-die recirculation channels {(515) such
that fiuid flow (as shown by the arrows) flows from one inlet port (520) through a
number of fluid ejection chambers and into a neighboring cross-die recirculation
channel {515) before exiting through an outlet port (825).

[0043] Fig. 6C may be a variant of Fig. 6A but instead of slanied ribs
(530} and cross-die recirculation channels (515), the ribs (530) and cross-die
recirculation channels (515) are perpendicular to an edge surface of the silicon
die (Fig. 4, 410}, In this example, the fluid may enter the inlet ports (520) pass
through the cross-die recirculation channels (515) and exit out of the outlet ports
(525). The width of the ribs (530) may be 50 micrometers with a cross-die
recirculation channels (§15) width of 290 micrometers.

[0044] Fig. 6D may be a variant of Fig 68 but instead of slanted ribs (530)
and cross-die recirculation channels (515}, the ribs (530) and cross-die
recirculation channels (515) are perpendicular to an edge surface of the silicon
die (Fig. 4, 410}, In this example, the fluid may pass into an inlet port (520}
pass, at least partially through the cross-die recircuiation channel (515) across a
fluid ejection chamber, through the cross-die recirculation channels (515) again,

and out of an outlet port (525).
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[6045] Fig. 6E may be a variant of fig. 6C except that the cross-die
recirculation channels (515) are formed into chevrons. The angle formed by the
chevron-shaped cross-die recirculation channels (515), in an example, may be
30 degrees. in this example, the fluid may enter the inlet ports (520) pass
through the cross-die recirculation channels (515} and exit out of the outlet ports
(525). In an example, the chevron ribs (530) formed by the chevron shaped
cross-die recirculation channels (515) may have a width of 80 micrometers with
the cross-die recirculation channels (§15) having a width of 400 micrometers.
[G0486] Fig. 6F shows a number of posts (535) formed within a cross-die
recirculation channel (515). The posts (535) may be of any size and may vary
by pattern including a slanted patter, a chevron pattern, or any other patltem. In
an example, the posts may have a diameter of 100 micrometers. In an
example, the posts may be formed info lines either that are straight, slanted, or
chevron shaped.

160477 Fig. 60 includes a single cross-die recirculation channel (515) that
spans across the silicon die {Fig. 4, 410) under the orifices of the silicon die
(Figq. 4, 410) without any ribs (530) or posts (535). In this example, the inlet
ports (520) and cutlet ports (525) may be the same port with the cross-die
recirculation channel (515) being formed into a single channel. The width of the
cross-die recirculation channels (515) may be 2.151 millimeters.

[6048] Figs. 7A-7E show a number of exampies of layouts of the cross-
die recirculation channels shown in Fig. 5 according to an example of the
principles described herein. Each of the examples shown in Figs. 7A-7E are
examples of a longitudinal-flow configuration because the flow of fluid through
the cross-die recirculation channels (515) crosses the die (500) longitudinally.
[0049] Fig. 7A shows two cross-die recirculation channels (515) that span
the length of the silicon die (Fig. 4, 410) longitudinally. in this example, the inlet
poris {520) may be on one end of the silicon die (Fig. 4, 410} at the beginning of
the cross-die recirculation channels (§15). In this example, the cutlet ports
(525} may be located at the other end of the silicon die (Fig. 4, 410). In another

example, an inlef port (520) and an outlet port (525) for each of the individual
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cross-die recirculation channels (515) may be on the same end of the silicon die
{(Fig. 4, 410).

[G050] Fig. 7B is a variant of Fig. 7A except that there are multiple cross-
die recirculation channels (515) with their inlel ports (520) and cutlet poris {525).
In this example, the inlet ports (520) may be on one end of the silicon die (Fig.
4, 410} at the beginning of the cross-die recirculation channels (515). In this
example, the outlet ports (525) may be located at the other end of the silicon die
(Fig. 4, 410}, In ancther example, an inlet port (520) and an outlet port (525) for
each of the individual cross-die recirculation channels (515) may be on the
same end of the silicon die (Fig. 4, 410).

(005817 Fig. 7C is a variant of Fig. 7A, except in this example the cross-die
recirculation channels (§15) may include a number of posts (535} within, at
least, a portion of the cross-die recirculation channeis (515). In this example,
the inlet ports (520) may be on one end of the silicon die (Fig. 4, 410) at the
beginning of the cross-die recirculation channels (515}, In this example, the
cutiet ports (525) may be located at the other end of the silicon die (Fig. 4, 410).
In another example, an inlet port (520} and an outlet port (525) for each of the
individual cross-die recirculation channels (515) may be on the same end of the
silicon die (Fig. 4, 410).

[G052] Fig. 7D shows a variant of Fig. 7A, except in this example the
cross-die recirculation channels (515) may include either an inlet port (520}
and/or and outlet port (525) along the length of the cross-die recirculation
channels (515). Fig. 7E shows a variant of Fig. 7A excepi in this exampie, the
cross-die recirculation channels (515) span the length of the silicon die (Fig. 4,
410) with sither an inlet port (520) or cutlet port (525) formed along the cross-
die recirculation channels (515). In an example, the square shape of the inlet
ports (520} and/or outlet ports (525) may be 1 millimeter by 1.09 millimeters with
a distance between any inlet ports (520} and/or outlet ports (5§25} being 4.91
millimeters. In an example, the square shape of the inlet ports (520) and/or
cutiet ports (525) may be 1 millimeter by 0.61 miliimeters with a distance

between any inlet ports (520} and/or outlet ports (525) being 4.91 millimeters.
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[G053] Fig, 8 is a block diagram of a device (800) according to an
example of the principles described herein. Similar to Fig. 3, the device (800)
may include a silicon die (805) having at least one chamber recirculation
channel {(810) formed therein that is fluidically coupled 10 a cross-die
recirculation channel (825). The chamber recirculation channel (810) may be
fiuidically coupled to the cross-die recirculation channel {(825) via an inlet port
{815} and an outlet port {820).

[G054] The chamber recirculation channel (810} may pass through a firing
chamber (830). The firing chamber {(830) may include a fluid ejection device
such as a thermal resistor or a piezoelectric device. Additionally, the chamber
recirculation channel (810) may inciude a pump {835} to pull an amount of fluid
from the cross-die recirculation channel (825) and into the flow of the chamber
recirculation channel (810) as described herein.

[G055] The device (800) may further include a housing (840) and a
reservoir (845). The housing (840) may be coupled to one or more elements of
the device (800). In an example, the silicon die (805) may be directly coupled to
the housing (840} thereby supporting the silicon die (805) during operation. In
an example, the housing (840) is made of a plastic.

[6058] The reservoir (845) may be any type of reservoir that can hold a
fiuid therein. In an exampie, fluid is a printing fluid such as inks, toners,
varnishes, powders, colorants, finishes, gloss enhancers, binders, and/or other
such materials that may be ulilized in a printing process. The reservoir (845) is
fluidically coupled to, at least, the cross-die recirculation channel (825). During
operation, the reservoir (845) may provide an amount of fluid to the cross-die
recirculation channel (825) such that the fluid is recirculated through the
chamber recirculation channel (810}, the cross-die recirculation channel (825},
and/or the firing chamber (830) as described herein. Various other devices may
be used to provide the fluid to at least a number of input ports of the cross-die
recirculation channel (825) as described herein.

[GO5T] The specification and figures describe a cross-die recirculation
channel that is fluidically coupled to a chamber recirculation channel used to

recirculate fluid through the die. Recirculation of the fluid through the die as weli
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as through the firing chambers prevents, in some examples, pigments from
separating from the carrier fluids within the fluid. The by-pass fluidic flow from
the cross-die recirculation channel further prevents decapping due o insufficient
fluid being provided to the firing chambers. The chamber recirculation channesl
may further include a pump to pump fluid from the cross-die recirculation
channel and through the chamber recircuiation channel. In some exampies,
backside silicon micro channels may be strategically located adjacent to the
inkjet architecture region and the fluid velocity through the chamber recirculation
channel can transfer heat effectively from silicon die to the fluid to cool off the
die. Some of the example die formations may be used for single colors of fluid
while others may be used for multiple colors.

[00E8] The preceding description has been presented to illustrate and
describe examples of the principles described. This description is not intended
to be exhaustive or {o limit these principles {0 any precise form disclosed. Many

modifications and variations are possible in light of the above teaching.
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CLAIMS

WHAT 1S5 CLAIMED 1S:

1. A fluidic die, comprising:

at ieast one cross-die recirculation channel formed into the die, the cross-
die recirculation channe! including a first-sized inlet port and a first-sized outlet
port formed on a first side of the dig;

at ieast one chamber recirculation channel formed into the die and
fluidically coupled to the cross-die recirculation channel, the chamber
recirculation channel including a second-sized inlet port and a second-sized
outlet port; and

at least one pump formed within the chamber recirculation channel

2. The die of claim 1, wherein a plurality of colors of printing fluid are
fluidically coupled to at least one of a plurality of chamber recirculation channels

formed into the die.

3. The die of claim 1, wherein the second-sized inlet port and the second-
sized outlet port are fluidically coupled 10 a portion of the cross-die recirculation

chamnel.

4, The die of claim 1, wherein the at least one chamber recirculation

channel is routed through at least one firing chamber defined in the die.
5. The die of claim 1, wherein the at least one pump pulls the printing fluid
from the cross-die recirculation channel and through a firing chamber formed in

the die.

8. The die of claim 1, wherein the at least ong cross-die recirculation

channel creates a lateral cross flow across the die {o connect the at least one
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chamber recirculation channel to the at least one cross-die recirculation
channel.

7. The die of claim 1, wherein the at least one cross-die recirculation
channel runs longitudinally across the die 1o connect the at least one chamber

racirculation channel to the at least one cross-die recirculation channal.

8. A device, comprising:

at ieast one chamber recirculation channel formed into a silicon die
fluidically coupled via an inlet port and an output port o at least one cross-die
recirculation channel formed into the silicon die;

a firing chamber formed along the at least one chamber recirculation
channel: and

at least one pump formed along a portion of the at least one chamber
recirculation channel to drawn an amount of printing fluid from the cross-die

recirculation channel and through the firing chamber.

9. The device of claim 8, wherein the at least one cross-die recirculation
channel creates a lateral cross flow across the silicon dig to connect the at least
one chamber racirculation channel o the cross-die recirculation channal.

10. The device of claim 8, wherein the at least one cross-die recirculation
channel runs longitudinally across the silicon die to connect the at least one
chamber recirculation channel to the at least one cross-die recirculation

channeal.

11.  The device of claim 8, wherein the device is incorporated into 3 cartridge.

12.  Afluid ejection system, comprising:
a fluid reservoir to maintain an amount of printing fluid therein;
at least one cross-die recirculation channel formed into a silicon die to

recirculate an amount of the printing fluid therethrough, the cross-die

18



WO 2019/103752 PCT/US2017/063275

recirculation channel including a first-sized inlet port and a first-sized outlet port
formed on & first side of the silicon die;

at ieast one chamber recirculation channel formed into the silicon die and
fluidically coupled {0 the cross-die recirculation channel to recirculate an amount
of the printing fluid therethrough, the chamber recirculation channe! including a
second-sized inlet port and a second-sized outlet port; and

at least one pump formed within the chamber recirculation channel to

recirculate the amount of the printing fluid therethrough.

13. The fluid ejection system of claim 12, wherein the at least one chamber
recirculation channel is routed through at least one firing chamber defined in the

silicon die.

14, The fluid ejection system of claim 12, wherein the at least one cross-die
recirculation channel craates a lateral cross flow across the silicon dis o
connect the at least one chamber recirculation channel to the at least one cross-

die recirculation channel.

15, The fluid gjection sysiem of claim 12, wherein the at least one cross-die
recirculation channel runs longitudinally across the silicon die o connect the at
least one chamber recircuiation channel to the at least one cross-die

recirculation channal.

19



WO 2019/103752

1/10

PCT/US2017/063275

Fluidic Die
100

Cross-die Recirculation Channsl
185

iniset Port Cutlet Port
110 115

Chamber Recirculation Channel
126

iniet Port Cutlet Port
123 130

Pump
132




WO 2019/103752 PCT/US2017/063275
2/10

105
201\ 2{12\\203\\ \ Zk\v_'( -
7

WP W

110

)
»..v;»i\‘-.i‘.vc»i:»

'a‘}v’;ﬂbﬁ'a‘z'a“m‘m‘w’
e R




WO 2019/103752

3{)0\

3/10

PCT/US2017/063275

Silicon Die

305

Chamber Recirculation Channel

210

Firing Chamber
330

Fump

335

Inlet Port
318

Outlet Port
320

Cross-Die Recirculation Channel

345




WO 2019/103752 PCT/US2017/063275
4/10

400 \

Fluid Reservoir
402

Printing
Fluid
455

Silicon Die
410

iniet Port Cutist Port
420 425

Cross-Die Recirculation Channel
415

inlet Port Outlet Port
433 440

Chamber Recirculation Channel
430

Pump
450




PCT/US2017/063275

&

s,
"«
5,
5,
9,
“s,
&
%
“s,
&
s,
“,
D,
"«
5,
“,
D,
"«

s,
s,
K
o,
P
*,
o,
*,
*,
o,
s,
s,
s,
,

%,
s
&

%,
5,
o,
%,
%,
9,
0
5,
Y, S
s,
%,
9,
ey
%,
", %
5, 7%,
%,
5,
',
s,
", %
e,
5,

ey
%,

B Y

5,

Oy
.

2

o,

K

s,

e,

P

%,

,

,

K>

K>

s,

K

P

2

o,

s,
5,

%,

%,

s,
%,
N
s,
',
%,
&
s,
&
N

5/10

5,

s, %,
K
%, %,
e, e,
%, %
P

505

&

£
g

e

&

g g o
F L F LS
Pttt

FEFESF

o

S
P

0¢r g 0¢r g 0¢r

&

510

WO 2019/103752
500

F S
S

T
e,




WO 2019/103752 PCT/US2017/063275
6/10

505\ 510

505\ 510\

530

505\ 510\

520

525

8515

530~




WO 2019/103752 PCT/US2017/063275
7/10

505
N\ 510y 505\\ 510

520

515

530




WO 2019/103752 PCT/US2017/063275
8/10

5154




WO 2019/103752 PCT/US2017/063275
9/10

505 505

o205

=\ =

515

510




WO 2019/103752 PCT/US2017/063275
10/10

800 \

Housing
840

Silicon Die
805

Chamber Recirculation Channel
810

Firing Chamber

830
Pump
835
Iniet Port Cutlet Port
815 820

Cross-Die Recirculation Channel
823

Reservoir
845




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2017/063275

A CLASSIFICATION OF SUBJECT MATTER

B41] 2/14 (2006.01)
B41] 2/18 (2006.01)

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B41J 2/00, 2/14, 2/18

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, DWPIL, EAPATIS, PATENTSCOPE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 2015/0091989 A1 (HEWLETT-PACKARD DEVELOPMENT COMPANY,
L. P.) 02.04.2015, abstract, Fig.5, i.206, para.0021, 0024-0026,0044-0046
X 1-7
Y 9-11, 13-15
US 2017/0157945 A1 (HEWLETT-PACKARD DEV COMPANY L P) 08.06.2017,
para.0004, 0015, para.0024, 0032, claims 2,18, Fig.1,1.116, para.0027, 0031
X 8,12
Y 9-11, 13-15
A US 2010/0321444 A1 (XIE YONGLIN) 23.12.2010 1-15
A US 2010/0328402 A1 (EASTMAN KODAK COMPANY) 30.12.2010 1-15
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

27 July 2018 (27.07.2018)

Date of mailing of the international search report

09 August 2018 (09.08.2018)

Name and mailing address of the ISA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
S. Zhuravlev

Telephone No. 8 499 240 25 91

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report

