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FLUID EJECTION POLYMERIC RECIRCULATION CHANNEL

BACKGROUND

[0001] Fluid ejection devices selectively ejected droplets of fluid. The
fluid may sometimes contain pigments or other particles that may tend to
settle. Such settled particles may detrimentally impact the performance of the

fluid ejection devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figure 1 is a sectional view schematically illustrating portions of

an example fluid ejection assembly.

[0003] Figure 2 is a sectional view schematically illustrating portions of

an example fluid ejection assembly.

[0004] Figure 3 is a sectional view schematically illustrating portions of

an example fluid ejection assembly.

[0005] Figure 4 is a sectional view schematically illustrating portions of

an example fluid ejection assembly.

[0006] Figure 5 is a flow diagram of an example method for forming an

example fluid ejection assembly.

[0007] Figure 6 is a sectional view illustrating portions of an example

fluid ejection assembly.

[0008] Figure 7 is a sectional view illustrating portions of an example

fluid ejection assembly.

[0009] Figure 8A is a sectional view illustrating portions of an example

fluid ejection assembly.
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[00010] Figure 8B is an enlarged sectional view illustrating portions of

the fluid ejection assembly of Figure 8A.

[00011] Figure 9 is a sectional view illustrating portions of an example

fluid ejection assembly take along line 9-9 of Figure 8A.

[00012] Figure 10A is a bottom view of an example single unitary

polymeric body and example recirculation channels formed therein.

[00013] Figure 10B is a sectional view of the single unitary polymeric
body of 10a take along line 10B-10B.

[00014] Figure 10C is a sectional view of the single unitary polymeric
body of 10a take along line 10C-10C.
[00015] Figure 11A is a sectional view illustrating portions of an example

fluid ejection assembly.
[00016] Figure 11B is an enlarged sectional view of the example fluid

ejection assembly of Figure 11A take along line 11B-11B.

[00017] Throughout the drawings, identical reference numbers designate
similar, 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 OF EXAMPLES

[00018] Disclosed are example fluid ejection assemblies, fluid ejection
assembly components and methods that facilitate recirculation of the fluid to
agitate or mix the fluid and reduce settling. The disclosed fluid ejection

assembilies, fluid ejection assembly components and methods supply fluid to
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a fluid ejection die through fan-out fluid passages that converge towards a
back face of a smaller dimensioned fluid ejection die. A recirculation passage
connects different fan-out fluid passages to recirculate the fluid across a back
face of the die. The recirculation passage is formed within a polymeric
material. The formation of the recirculation passage in the polymeric material
provides for a lower cost recirculation passage and a lower cost fluid ejection
assembly. The use of the polymeric material further facilitates a dense
arrangement of multiple recirculation passages having reduced pitch while not
sacrificing channel depth. In addition to providing a low-cost recirculation
passage, the polymeric material in which the recirculation passages formed
provides more uniform heat distribution and greater chemical resistance to

various fluids as compared to silicon.

[00019] In some implementations, a fluid ejection assembly is formed
from a fluid ejection die and a single unitary polymeric body. For purposes of
this disclosure, a “single unitary polymeric body” refers to a single integral
unitary body formed from a single mass of polymeric material, lacking distinct
structures that are bonded, welded, fastened or otherwise joined together.
The single mass polymeric material may be homogenous or may have
different material compositions or mixtures in different portions of the single

mass of material.

[00020] The single unitary polymeric body is joined to the back face of
the fluid ejection die. The single unitary polymeric body includes both the fan-
out fluid passages as well as the recirculation passage. In one
implementation, the single unitary body comprises a molded polymer in which
the fan-out fluid passages and the recirculation passage are molded. In some
implementations, the single unitary body comprises a multitude of

recirculation passages.

[00021] In some implementations, a fluid ejection assembly is formed

from a fluid ejection die, a first unitary polymeric body in which the fan-out
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fluid passages are formed and a second unitary polymeric body sandwiched
between and joined to the fluid ejection die in the first unitary polymeric body.
The second or intermediate unitary polymeric body provides the recirculation
passage or the series of recirculation passages. Examples of polymeric
material in which the recirculation passage or passages may be formed
include, but are not limited to, epoxy mold compound, or thermoplastic such
as polyphenylene sulfide (PPS), polyethylene (PE), polyethylene
terephthalate (PET), polyether ether ketone (PEEK), polysulfone (PSU), liquid
crystal polymer (LCP), and the like.

[00022] Disclosed is an example fluid ejection assembly that may
include a fluid ejection die comprising a back face and a front face through
which fluid is ejected. The fluid ejection die may further include a fan-out fluid
passages converging towards the back face of the fluid ejection die, the fan-
out fluid passages comprising a first fan-out fluid passage and a second fan-
out fluid passage and a recirculation channel extending within a polymeric
material from the first fan-out fluid passage to the second fan-out fluid

passage adjacent the back face of the fluid ejection die.

[00023] Disclosed is an example fluid ejection assembly component for
forming part of a fluid ejection assembly. The component may comprise a
unitary polymeric body that comprises converging fan-out fluid passages and
recirculation channels. The fan-out fluid passages comprising a first fan-out
fluid passage and a second fan-out fluid passage. The recirculation channels

extend from the first fan-out fluid passage to the second fan-out fluid passage.

[00024] Disclosed is an example method for forming a fluid ejection
assembly. The method may comprise providing a fluid ejection die, molding a
unitary polymeric body and joining the molded unitary polymeric body
adjacent a back face of the fluid ejection die. The polymeric body that is
molded may include fan-out fluid passages that converge and a recirculation

channel. The fan-out fluid passages comprise a first fan-out fluid passage
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and a second fan-out fluid passage. The recirculation channel extends within
a polymeric material from the first fan-out fluid passage to the second fan-out

fluid passage.

[00025] Figure 1 is a sectional view schematically illustrating portions of
an example fluid ejection assembly 20. Fluid ejection assembly 20 facilitates
recirculation of the fluid to agitate or mix the fluid and reduce settling. Fluid
ejection assembly 20 recirculates the fluid through a recirculation passage
extending behind a fluid ejection die and formed in a polymeric material. Fluid
ejection assembly 20 comprises fluid ejection die 24, fan-out fluid passages
30-1, 30-2 (collectively referred to as passages 30) and recirculation channel
40.

[00026] Fluid ejection die (FED) 24 comprises a die having a front or
fluid ejection face 42 and a rear or back face 44. Die 24 comprises a body
formed from a material such as silicon that houses and supports fluid ejection
devices that receive fluid from fan-out fluid passage 30-1. Fluid ejection die
24 may include a series of fluid ejection chambers, each chamber having a
fluid ejection orifice or nozzle opening. Each fluid ejection device may further
include a fluid actuator that displaces fluid within the fluid ejection chamber

through the fluid ejection orifice.

[00027] In one implementation, the fluid actuator may comprise a
thermal resistor which, upon receiving electrical current, heats to a
temperature above the nucleation temperature of the solution so as to
vaporize a portion of the adjacent solution or fluid to create a bubble which
displaces fluid through the orifice. In other implementations, the fluid actuator
may comprise other forms of fluid actuators. In other implementations, the
fluid actuator may comprise a fluid actuator in the form of a piezo-membrane
based actuator, an electrostatic membrane actuator, mechanical/impact
driven membrane actuator, a magnetostrictive drive actuator, an

electrochemical actuator, and external laser actuators (that form a bubble
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through boiling with a laser beam), other such microdevices, or any

combination thereof.

[00028] Fan-out fluid passages 30 comprise fluid passages that
converge towards the back face 44 of fluid ejection die 24. Fan-out fluid
passages 30 converge towards one another to direct fluid to the generally
much smaller dimensioned fluid ejection die 24. As will be described
hereafter, in one implementation, fan-out fluid passages 30 are formed within
a body distinct from the body in which recirculation channel 40 extends. In
other implementations, fan-out fluid passages 30 are formed within a single
unitary polymeric body, the same single unitary polymeric body in which

recirculation channel 40 extends.

[00029] Recirculation channel 40 comprises a passage that extends
from fan-out fluid passage 30-1 to fan-out fluid passage 30-2 adjacent the
back face 44 of fluid ejection die 24. For purposes of this disclosure, two
structures may be considered as “adjacent” to one another despite the
provision of an intervening adhesive or other material applied in a viscous
state to join the two structures. Recirculation channel 40 facilitates the
circulation of fluid across the back face of fluid ejection die 24, between fan-
out fluid passages 30. Although not illustrated, in some implementations, fluid
ejection assembly 20 may comprise a multitude of recirculation channels that

interconnect passages 30 along the back face 44 of fluid ejection die 24.

[00030] Recirculation channel 40 extends within a polymeric material 50
(as schematically indicated by stippling). Because recirculation channel 40 is
formed within the polymeric material 50, recirculation channel 40 may be
provided with more closely controlled shapes and dimensions at a lower cost.
The more closely controlled dimensions may facilitate the formation of a larger
number or greater density of smaller individually sized recirculation channels

which may provide greater circulation velocity for enhanced agitation or
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mixing. For example, recirculation channel 40 may be molded into the

polymeric material 50.

[00031] The polymeric material in which recirculation channel 40
extends may define the interior side walls of recirculation channel 40 and may
contact or extend adjacent to fluid ejection die 24. As compared to other
materials, such as silicon, the polymeric material may have enhanced
chemical resistivity to the fluids being circulated. As a result, interior surfaces
of the fluid ejection channel 40 have a greater resistance to corrosion caused
by the fluid being circulated. Moreover, as compared to other materials such
as silicon, the polymeric material may enhance thermal insulative properties,
facilitating a more uniform temperature across fluid ejection die 24 and fluid
ejection apparatus 20. The more uniform temperature may enhance fluid

ejection performance.

[00032] In one implementation, the polymeric material 50 in which fluid
recirculation channel is formed comprises a molded polymeric material which
is shaped while the polymeric material is in a fluid or viscous state and
wherein the fluid or liquid polymer material is subsequently hardened or
solidified through evaporation or curing. In one implementation, the polymeric
material 50 comprises an epoxy mold compound. In another implementation,
the polymeric material 50 may be formed from a polymeric material selected
from a group of polymeric material such as thermoplastic such as PPS, PE,
PET, PEEK, PSU, LCP, and the like, or combinations thereof.

[00033] As shown by Figure 1, the region of the stippling representing
the polymeric material 50 has no solid boundaries. This is meant to indicate
that the polymeric material 50 may be part of a unitary polymeric body that
provides fluid circulation channel 40 independent of a separate body that may
form or provide fan-out fluid passages 30 or that the polymeric material 50

may be part of a larger unitary polymeric body that provides both recirculation
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channel 40 and fan-out fluid passages 30. Examples of each of these

variations are described below.

[00034] Figure 1 further illustrates the circulation of fluid in fluid ejection
assembly 20. As indicated by arrow 56, fan-out fluid passage 30-1 comprise
a passage through which the fluid to be ejected is supplied to the fluid ejection
device of fluid ejection die 24. A portion of the fluid supplied through fan-out
fluid passage 30-1 may be further directed through fluid supply passages
within fluid ejection die 24 to the fluid ejection chambers. Such fluid supply
passages may be in the form of fluid feed holes or slots. Thereafter, the fluid
received by the fluid ejection die 24 may be selectively ejected by the fluid

ejection device as indicated by arrow 58.

[00035] As indicated by arrow 60, a portion of the fluid supplied to fan-
out fluid passage 30-1 may be circulated through recirculation channel 40,
across the back face 44 of fluid ejection die 24. As indicated by arrow 60, the
fluid may be circulated through fan-out fluid passage 30-2 out of the
recirculation channel 40 and away from the fluid ejection die 24. Such
circulated fluid may flow back to a fluid supplier source from which the fluid
was provided. As a result, fluid may be recirculated to promote mixing and

agitation of the fluid and reduce settling.

[00036] Figure 2 is a sectional view illustrating portions of an example
fluid ejection assembly 120. Fluid ejection assembly 120 is similar to fluid
ejection assembly 20 described above except that fluid ejection 120
comprises fluid ejection die 124 in place of fluid ejection die 24. As
schematically illustrated by arrow 66, fluid ejection die 124 itself incorporates
or provides a die circulation passage that extends across portions of fluid
ejection die 124. The die circulation passage represented by arrow 66 may
facilitate the circulation of fluid from into and out of one fluid ejection chamber
to another fluid ejection chamber. As a result, the die circulation passage

represented by arrow 66 and circulation channel 40 provide recirculation
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routes that extending parallel planes for agitating the fluid and reducing

settling of particles out of the fluid.

[00037] Figure 3 is a sectional view schematically illustrating portions of
an example fluid ejection assembly 220. Fluid ejection assembly 220 is
similar to fluid ejection assembly 120 except that fluid ejection assembly 220
specifically comprises a first unitary polymeric body 228 in which fan-out fluid
passages 30 are formed and a second unitary polymeric body 238 in which
recirculation channel 40 extends or is formed. In the example illustrated, body
228 is joined to body 238 by an intermediate adhesive layer 229. Body 238 is
joined to fluid ejection die 124 by an intermediate adhesive layer 239. In other
implementations, body 228 may be joined body 238 and body 238 may be
joined to fluid ejection die 124 in other ways, such as through the use of
fasteners, fusing a welding, connectors and the like. In one implementation,
bodies 228 and 238 are formed from the same polymeric material 50. In other
implementations, bodies 228 and 238 are formed from different polymeric
materials. In some implementations, body 238 is formed from polymeric
material 50 while body 228 is formed from a non-polymeric material, such as

a ceramic, glass, silicon or other material.

[00038] Figure 4 is a sectional view schematically illustrating portions of
an example fluid ejection assembly 320. Fluid ejection assembly 320 is
similar to fluid ejection assembly 120 except that fluid ejection assembly 320
specifically comprises a single unitary polymeric body 338 in which both fan-
out fluid passages 30 and recirculation channel 40 extend. Body 338 is joined
or assembled to fluid ejection die 124 by an intermediate adhesive layer 339.
Because both fan-out fluid passages 30 and recirculation channel 40 are
formed in a single unitary polymeric body 338, assembly costs may be
reduced as the single unitary polymeric body 338 automatically provides
alignment between passages 30 and channel 40. Such automatic alignment
which may facilitate the design and use of smaller, more compact fluid

ejection assembly 320 at a lower cost.
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[00039] Figure 5 is a flow diagram of an example method 400 for
forming an example fluid ejection assembly, such as fluid ejection assembly
320. As indicated by block 404, a fluid ejection die, such as fluid ejection die
24 or die 124, is provided.

[00040] As indicated by block 408, a unitary polymeric body, such as
body 338 is molded. The molded unitary polymeric body comprises
converging fan-out fluid passages, such as fluid passages 30, and a
recirculation channel, such as recirculation channel 40, that connect the
converging fan-out fluid passages. As indicated by block 412, the molded
unitary polymeric body is joined adjacent a back face of the fluid ejection die.
Because method 400 molds the polymeric body and correspondingly molds
the fan-out fluid passages and the recirculation channel, the location, shape
and dimensions of the fan-out fluid passages and recirculation channel may
be more precisely controlled and may be fabricated at a lower cost and
complexity. In some implementations, the molding of the recirculation
channel may facilitate a more dense arrangement of recirculation channels to
provide enhanced fluid circulation and agitation. Because the fan-out fluid
passages and the circulation channel are concurrently molded in a single
unitary polymeric body, individual alignment of the fan-out fluid passages in
the circulation channels is automatically achieved as part of the molding
operation. Moreover, the use of adhesives may be reduced. As a result,
method 400 may facilitate the provision of smaller and more compact ejection

assemblies at a reduced cost.

[00041] Figure 6 is a sectional view illustrating portions of an example
fluid ejection assembly 520. Fluid ejection assembly 520 comprises fluid
supply 522, fluid ejection die 524, fan-out body 528, and recirculation body
538. Fluid supply 522 (schematically illustrated) supplies the fluid for ejection
by fluid ejection die 524. In one implementation, fluid supply 522 supplies

such fluid under a controlled pressure to facilitate movement of fluid through
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assembly 520. Fluid ejection die 524 is similar to fluid ejection die 24 or die
124 described above.

[00042] Fan-out body 528, sometimes referred to as a fan-out chiclet,
comprises a body extending between fluid supply 522 and recirculation body
538. Inthe example illustrated, fan-out body 528 is bonded to a larger fluid
manifold 523 which directs fluid from fluid supply 522 to body 528. In one
implementation, body 528 comprises a single unitary body. In one
implementation, body 528 is formed from a single unitary polymeric body. For
example, one implementation, body 528 may be formed from a polymer such
as PPS, PE, PET, PEEK, PSU, LCP, and so on. Body 528 is joined to

circulation body 538 by an intermediate adhesive 539.

[00043] Similar to body 228 described above, body 528 comprises fan-
out fluid passages 530-1 and 530-2 (collectively referred to as passages 530).
Passages 530 are similar to passages 30 described above. Passages 530
converge towards the back face 544 of fluid ejection die 524. Fan-out fluid
passages 530 converge towards one another to direct fluid to the generally

much smaller dimensioned fluid ejection die 524.

[00044] Recirculation body 538 is similar to body 238 described above.
Recirculation body 538 is sandwiched between fan-out body 528 and fluid
ejection die 524. Recirculation body 538 comprises a single unitary polymeric
body. In one implementation, the circulation body 538 may be formed from an
epoxy mold compound. In other implementations, recirculation body 53 may
be formed from other polymers such as PPS, PE, PET, PEEK, PSU, LCP,

and so on.

[00045] Body 538 is joined to fluid ejection die 524 by an intermediate
adhesive layer 539. In other implementations, body 528 may be joined to
body 538 and body 538 may be joined to fluid ejection die 524 in other ways,
such as through the use of fasteners, fusing a welding, connectors and the

like. In one implementation, bodies 528 and 538 are formed from the same
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polymeric material 50. In other implementations, bodies 528 and 538 are

formed from different polymeric materials.

[00046] Body 538 comprises a series of recirculation channels 540 that
are formed within and extend within the polymeric material forming body 538.
Each of the recirculation channels 540 is similar to recirculation channels 40
described above. Each of the recirculation channels 540 facilitates the
circulation of fluid across the back face of fluid ejection die 524, between fan-

out fluid passages 530.

[00047] Because recirculation channels 540 are formed within polymeric
material 50, each recirculation channel 540 may be provided with more
closely controlled shape and dimensions at a lower cost. The more closely
controlled dimensions may facilitate the formation of a larger number or
greater density of smaller individually sized recirculation channels 540 which
may provide greater circulation velocity for enhanced agitation or mixing. For
example, recirculation channel 540 may be molded into the polymeric material
50.

[00048] The polymeric material in which recirculation channel 540
extends may define the interior side walls of each recirculation channel 540
and may contact or extend adjacent to fluid ejection die 524. As compared to
other materials, such as silicon, the polymeric material may have enhanced
chemical resistivity to the fluids being circulated. As a result, interior surfaces
of each fluid ejection channel 540 have a greater resistance to corrosion
caused by the fluid being circulated. Moreover, as compared to other
materials such as silicon, the polymeric material may enhance thermal
insulative properties, facilitating a more uniform temperature across fluid
ejection die 524 and fluid ejection apparatus 520. The more uniform

temperature may enhance fluid ejection performance.

[00049] As further shown by Figure 6, fluid supply 522 supplies fluid in

the direction indicated by arrow 556 which is circulated through fan-out
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passage 530-1, through recirculation body 538 and fluid ejection die 524 for
ejection. A portion of the fluid flowing through fan-out passage 530-1 may
flow through one of the recirculation channels 540 across the back face of
fluid ejection die 524. The fluid may then return towards fluid supply 522,
through fan-out passage 530-2 as indicated by arrow 562.

[00050] Figure 7 is a sectional view illustrating portions of an example
fluid ejection assembly 620. Assembly 620 is similar to assembly 520
described above except that bodies 528 and 538 are replaced with a single
unitary polymeric body 638. Body 638 is similar to body 338 described above.
Body 638 comprises a single unitary polymeric body in which both fan-out
fluid passages 530 and recirculation channel 540 extend. Body 638 is joined
or assembled to fluid ejection die 524 by an intermediate adhesive layer 539.
Because both fan-out fluid passages 530 and recirculation channel 540 are
formed in a single unitary polymeric body 638, assembly costs may be
reduced as the single unitary polymeric body 638 automatically provides
alignment between passages 530 and channel 540. Such automatic
alignment which may facilitate the design and use of smaller, more compact
fluid ejection assembly 620 at a lower cost.

[00051] Figure 8A and 8B are sectional view illustrating portions of an
example fluid ejection assembly 720. Figure 8B is an enlarged view of a
portion of Figure 8A. Fluid ejection assembly 720 is similar to fluid ejection
assembly 620 except that fluid ejection assembly 720 is specifically illustrated
as comprising fluid ejection subsystems 721-1 and 721-2 (collectively referred
to as subsystems 721). Subsystems 721 are illustrated as having distinct fluid
supplies 722 but share an example unitary polymeric body 738 (sometimes
referred to as a chiclet or molded chiclet) and a fluid ejection die 724. Other
than the potentially different fluids that they may supply and eject, subsystems
721 are similar to one another. Thus, for sake of brevity, the description of
subsystems 721-2 is omitted. It should be appreciated that the description of

subsystems 721-1 equally applies to subsystems 721-2.
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[00052] Fluid supply 722 supplies fluid to fluid ejection die 724 for being
ejected. In some implementations, the fluid being supplied comprises an ink.
In some implementations, the fluid being supplied comprises a pigment-based
ink. In other implementations, fluid supply 722 may supply other types of fluid
having particles that may settle. In one implementation, the fluid supply 722
of subsystems 721 supply and eject different types of fluid, such as different
colors of ink. In other implementations, the fluid supplies 722 of subsystems
721 supply and eject the same fluids. In some implementations, subsystems

721 may share a single fluid supply 722.

[00053] As shown by Figure 8A, subsystem 721-1 comprises a portion of
fluid ejection die 724 and a portion of body 738. In other implementations,
subsystems 721 may have separate dedicated fluid ejection dies 724. Fluid
ejection die 724 is similar to fluid ejection die 124 and 524 described above
except that fluid ejection die 724 is specifically illustrated as comprising
substrate 770, chamber layer 772 and fluid actuators 774 (shown in Figure
8B).

[00054] Substrate 770 comprises a layer or multiple layers of material,
such as silicon, upon which chamber layer 772 and fluid actuators 774 are
formed and supported. Substrate 770 comprises ink supply passages 776, in
the form of fluid feed holes or slots, that direct fluid through substrate 770 into

and out of fluid ejection chambers formed within chamber layer 772.

[00055] Chamber layer 772 comprises a layer or multiple layers of
material, such as SU8, that form firing chambers 778 having fluid ejection
orifices 780. In some implementations, chamber layer 772 may comprise
multiple layers such as a first layer forming firing chambers 778 and a second

layer, sometimes referred to as an orifice plate, forming orifices 780.

[00056] Fluid actuators 774 comprise electrically driven and controlled
structures supported by substrate 770 adjacent to the firing chambers 778.

Such fluid actuators 774 may be controlled by electrical control signals
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transmitted to electronic circuitry including transistors and the like, formed on
substrate 770, to selectively actuate the fluid actuators 774. Each of such
fluid actuators 774, upon being actuated, displaces fluid within the associated
ejection chambers 778 so as to displace and eject fluid through the

corresponding orifice 780.

[00057] In one implementation, each of fluid actuators 774 may
comprise a thermal resistor which, upon receiving electrical current, heats to a
temperature above the nucleation temperature of the solution so as to
vaporize a portion of the adjacent solution or fluid to create a bubble which
displaces fluid through the orifice. In other implementations, the fluid actuator
may comprise other forms of fluid actuators. In other implementations, each
of fluid actuators 774 may comprise a fluid actuator in the form of a piezo-
membrane based actuator, an electrostatic membrane actuator,
mechanical/impact driven membrane actuator, a magnetostrictive drive
actuator, an electrochemical actuator, and external laser actuators (that form
a bubble through boiling with a laser beam), other such microdevices, or any
combination thereof. It should be appreciated that the described fluid ejection
dies 24, 124 and 524 may be similar to fluid ejection die 724.

[00058] Body 738 comprises a single unitary polymeric body. In one
implementation, body 738 may be formed from an epoxy mold compound. In
other implementations, body 738 may be formed from other polymers such as
PPS, PE, PET, PEEK, PSU, LCP, and the like. In one implementation, body
738 is molded so as to form fan-out fluid passages 730-1 and 730-2
(collectively referred to as passages 730) and recirculation channels 740.
Fan-out fluid passages 730 are similar to fan-out fluid passages 530
described above. Fan-out fluid passages 730 converge towards one another

as they approach the back face 744 of fluid ejection die 724.

[00059] Recirculation channels 740 are similar to recirculation channels
540 described above. In the example illustrated, recirculation channels 740

are separated by dividers 782. In one implementation, dividers 782 comprise
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a row or series of pillars extending between channels 740. Such pillars
facilitate further crossflow and facilitate mixing. In another implementation,
dividers 782 comprise a single elongate rib, a series of end-to-end ribs or

staggered and overlapping ribs.

[00060] Figure 9 is a sectional view of portions of an example fluid
ejection assembly 820 taken along line 9-9 of Figure 8A. Fluid ejection
assembly 820 is similar to fluid ejection assembly 720 except that fluid
ejection assembly 820 is specifically illustrated as comprising recirculation
channels 840 interconnecting the fan-out fluid passages 730 of the
subsystems 721. In the example shown in Figure 9, the fluid recirculation
channels 840 diagonally extend between the respective pairs of fan-out fluid
passages 730. Inthe example illustrated, consecutive fluid recirculation
channels 840 are separated by a row or rows of intervening pillars 882.
Pillars 882 allow fluid flow transversely between consecutive channels 840.
Pillars 882 provide structural support for substrate 770 of fluid ejection die
724.

[00061] Figures 10A, 10B and 10C illustrate portions of an example fluid
ejection assembly 920. Figure 10A is a bottom view illustrating portions of an
example body 738 of fluid ejection assembly 920. Figures 10B and 10C are
sectional views of the portions of the fluid ejection assembly 920 shown in
Figure 10A. Fluid ejection assembly 920 is similar to fluid ejection assembly
720 described above except that fluid ejection assembly 920 comprises the
recirculation channels 940. Those remaining components of fluid ejection
assembly 920 which correspond to portions of fluid ejection assembly 720 are
numbered similarly or are shown in Figures 8A and 8B. It should be
appreciated that the recirculation channels 940 shown for subsystems 721-1

in body 738 may likewise be provided for subsystem 721-2.

[00062] Similar to recirculation channels 740, recirculation channels 940

extend along a length of fluid fan-out passages 730-1 and 730-2, between
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such passages, and below portion 741 of body 738, as shown in Figure 8A.
Recirculation channels 940 each have a chevron-shape. Each of recirculation
channels 940 has an inlet port 943 as shown in Figure 10C, facilitating the
inflow of fluid into the recirculation channel 940. As further shown by Figure
10A, such input ports 943 alternate on opposite ends of channels 940 such
that consecutive fluid input ports 943 on one side of channels 940 are
separated by an intervening channel 940 omitting a fluid input port 943 on the
same side of channels 940. In other words, input ports are provided in every
even recirculation channel 940 on one side of the row of channels 940 and
are provided in every odd recirculation channel 940 on the other side of the

row of channels 940.

[00063] In the example illustrated, consecutive recirculation channels
940 are separated by dividers in the form of projecting ribs 982. Ribs 982
each have lower surfaces 984 for contacting or supporting fluid ejection die
724 (shown in Figures 8A and 8B). In one implementation each of the ribs
982 has a thickness of less than 150 um. Each of the ribs 984, and the
corresponding recirculation channel 940 has a height from 150 micrometres to
greater than 150 micrometres. In one implementation, each of ribs 984 has a
thickness or with of approximately 94 micrometres. In one implementation,
each of the channels 940 has a width of less than or equal to 300
micrometres. In one implementation, channels 940 have a centerline to
centerline pitch of no greater than 300 micrometres. In the example
ilustrated, the channels 940 have a length L from 2 mm to a length no greater
than 4 mm. In the example illustrated, the legs of the individual chevrons

have an angle A of approximately 72°.

[00064] Figures 11A and 11B illustrate portions of an example fluid
ejection assembly 1020. As with the above described assemblies, assembly
1020 reduces particle settling by using recirculation channels extending within
a polymeric material. The recirculation channels are formed within a single

unitary polymeric body 1038 that also provides fan-out fluid passages 730-1,
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730-2. In one implementation, the single unitary polymeric body 1038 is
formed from an epoxy mold compound. In other implementations, body 1038
may be formed from other polymers. In one implementation, body 1038 is
molded to form fan-out fluid passages 730 and circulation channel 1040. In
addition to body 1038, assembly 1020 comprises microfluidic die 1024.
Microfluidic die 1024 provides a plurality of single orifice fluid ejectors 1140
which are supplied with a pressurized fluid from a pressurized fluid source
1022.

[00065] Microfluidic die 1024 comprises substrate 1128, chamber layer
1130 and orifice layer 1132. Substrate 1128 comprise a layer of material
extending between body 1038 and chamber layer 1130. Substrate 1128 forms
an inlet 1152 of fluid supply channel 1136 connected to fan-out fluid passage
730-1. Substrate 1128 further forms an outlet 1154 of fluid discharge channel
1142 connected to fan-out fluid passage 730-2. In one implementation,
substrate 1128 is formed from silicon. In other implementations, substrate
1128 may be formed from other materials such as polymers, ceramics, glass
and the like.

[00066] Chamber layer 1130 comprises a layer of material forming fluid
supply channel 1136, fluid discharge channel 1142 and a ceiling or top of
ejection chamber 1138 (when assembly 1020 is ejecting fluid in a downward
direction). Figure 11B is a sectional view through a portion of assembly 1020
ilustrating chamber layer 1130 and orifice layer 1132 in more detail. As
shown by Figure 11B, chamber layer 1130 cooperates with substrate 1128 to
form fluid supply channel 1136 and fluid discharge channel 1142. Chamber
layer 1130 comprises openings 1160 that extend through layer 1130 opposite
interposer substrate 1128. Each of openings 1160 is located so as to form an
inlet or feed hole of a partially overlying ejection chamber 1138. Likewise,
chamber layer 1130 comprises openings 1162 that extend through layer 1130
opposite substrate 1128. Each of openings 1162 is located to as to form an

outlet or discharge hole of a partially overlying ejection chamber 1138.
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[00067] As shown by Figures 11A and 11B, orifice layer 1132 comprises
a layer of material deposited or formed upon chamber layer 1130 and
patterned so as to form the sides and floor of each firing chamber 1138 and
the single nozzle or orifice 1166 of each firing chamber 1138. Orifice layer
1132 cooperates with chamber layer 1130 to form each ejection chamber
1138. In one implementation, orifice layer 1132 may comprise a photoresist
epoxy material such as SU8 (a Bisphenol A Novolac epoxy that is dissolved in
an organic solvent gamma-butyrolactone GBL or cyclopentanone), facilitating
patterning of layer 1132 to form the floor and sides of each ejection chamber
138 as well as the nozzle or orifice 1166 of each fluid ejector. In yet other

implementations, orifice layer 1132 may be formed from other materials.

[00068] As shown by Figure 11B, each ejector 1140 further comprises a
fluid actuator 1170 within each ejection chamber 1138, generally opposite to
orifice 1166. In the example illustrated, each fluid actuator 1170 comprises a
thermal resistor electrically connected to a source of electrical power and
associated switches or transistors by which electric current is selectively
supplied to the resistor to generate sufficient heat so as to vaporize adjacent
liquid in form and expanding bubble that displaces and expels non-vaporized
fluid through orifice 1166. In other implementations, each fluid actuator 1170
may comprise other forms of fluid actuators such as a piezoelectric
membrane based actuator, an electrostatic membrane actuator, a
mechanical/impact driven membrane actuator, a magneto-strictive drive
actuator, or other such elements that may cause displacement of fluid

responsive to electrical actuation.

[00069] As indicated by the arrows shown in Figures 11A and 11B,
pressurized fluid source 1022 supplies fluid through fan-out fluid passage
730-1. The fluid passes through inlet 1152 and travels along microfluidic
supply channel, reaching the dead end of channel 1136, pressurizing channel
1136. The pressurized fluid within supply channel 136 flows into the inlet 1160

of each of fluid ejectors 1140. The fluid flows or circulated across each drive
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chamber 1138, which is in the form of a thin elongate microfluidic passage or
channel. The fluid not ejected through orifice 1166 by the fluid actuator 1170
(shown in Figure 11B) is discharged through outlet 1162 into fluid discharge
channel 1142 and back to fan-out fluid passage 730-2.

[00070] As shown by Figure 11A, recirculation channel 1040 extends
between body 1038 and substrate 1128 which forms the floor of channel
1040. Recirculation channel 1040 provides a larger flow dimension by which
fluid may be circulated across and behind each of the fluid ejectors 1140 to
carry away excess heat. Large circulating flow rate of fluid may facilitate a
more uniform and constant temperature across the different fluid ejectors
1140 for more reliable and consistent fluid ejection or printing performance.
Such recirculation may further agitate the fluid to reduce settling of particles or

pigments out of the fluid.

[00071] Although the present disclosure has been described with
reference to example implementations, workers skilled in the art will recognize
that changes may be made in form and detail without departing from the
disclosed subject matter. For example, although different example
implementations may have been described as including features providing
benefits, it is contemplated that the described features may be interchanged
with one another or alternatively be combined with one another in the
described example implementations or in other alternative implementations.
Because the technology of the present disclosure is relatively complex, not all
changes in the technology are foreseeable. The present disclosure described
with reference to the example implementations and set forth in the following
claims is manifestly intended to be as broad as possible. For example, unless
specifically otherwise noted, the claims reciting a single particular element
also encompass a plurality of such particular elements. The terms “first”,
“second”’, “third” and so on in the claims merely distinguish different elements
and, unless otherwise stated, are not to be specifically associated with a

particular order or particular numbering of elements in the disclosure.
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WHAT IS CLAIMED IS:

1. A fluid ejection assembly comprising:
a fluid ejection die comprising a back face and a front
face through which fluid is ejected;
fan-out fluid passages converging towards the back
face of the fluid ejection die, the fan-out fluid passages
comprising a first fan-out fluid passage and a second fan-out
fluid passage; and
a recirculation channel extending within a polymeric
material from the first fan-out fluid passage to the second
fan-out fluid passage adjacent the back face of the fluid
ejection die.
2. The fluid ejection assembly of claim 1 further comprising a unitary
polymeric body through which the fan-out fluid passages and the recirculation
channel extend.

3. The fluid ejection assembly of claim 2, wherein the unitary

polymeric body comprises an epoxy mold compound.

4, The fluid ejection assembly of claim 2, wherein the unitary
polymeric body comprises a second recirculation channel extending from the first
fan-out fluid passage to the second fan-out fluid passage adjacent the back face

of the fluid ejection die.

5. The fluid ejection assembly of claim 4, wherein the recirculation

channel and the second recirculation channel are each chevron shaped.
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1 6. The fluid ejection assembly of claim 4, wherein the recirculation
2 channel and the second recirculation channel are separated by a divider having a
3 thickness of less than 150 micrometres.

1 7. The fluid ejection assembly of claim 4, wherein the recirculation

2 channel has a height from 150 micrometres to above 150 micrometres .

1 8. The fluid ejection assembly of claim 6 wherein the unitary polymeric
2 body comprises a third recirculation channel extending from the first fan-out fluid
3 passage to the second fan-out fluid passage adjacent the back face of the fluid

4  ejection die, wherein the recirculation channel and the second recirculation

5 channel are separated by a first divider, wherein the second recirculation channel
e and the third recirculation channel are separated by a second divider and

7 wherein the first divider and the second divider have a centerline to centerline

g  pitch of no greater than 300 micrometres.

1 9. The fluid ejection assembly of claim 8, wherein the divider is
2 selected from a group of dividers consisting a rib, a series of ribs; a pillar and a

3 series of pillars.

1 10.  The fluid ejection assembly of claim 2, wherein the fluid ejection die

2 comprises:

3 a row of fluid ejectors, each of the fluid ejectors comprising a fluid
4 actuator and an ejection chamber,

5 a first die circulation passage on a first side of the row of fluid

6 ejectors and connected to the ejection chamber of each of the fluid

7 ejectors, the first die circulation passage being connected to the first fan-

8 out fluid passage; and
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a second die circulation passage on a second side of the row of
fluid ejectors and connected to the ejection chamber of each of the fluid
ejectors, the second die circulation passage being connected to the

second fan-out fluid passage.
11. The fluid ejection assembly of claim 1 further comprising:

a first unitary polymeric body through which the fan-out fluid
passages extend; and

a second unitary polymeric body through which the
recirculation channel extends, the second unitary polymeric body

joined to the first unitary polymeric body.
12. A method comprising:
providing a fluid ejection die;
molding a unitary polymeric body comprising:
converging fan-out fluid passages; and

a recirculation channel connecting the

converging fan-out fluid passages; and

joining the molded unitary polymeric body adjacent a back
face of the fluid ejection die.

13.  The method of claim 12, wherein the unitary polymeric body
comprises a second recirculation connecting the converging fan-out fluid

passages.
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1 14.  Afluid ejection assembly component for being joined to a fluid

2 ejection die, the fluid ejection assembly component comprising:

3 a unitary polymeric body comprising:

4 fan-out fluid passages that converge, the fan-out fluid

5 passages comprising a first fan-out fluid passage and a second fan-
6 out fluid passage; and

7 recirculation channels extending from the first fan-out fluid

8 passage to the second fan-out fluid passage.

1 15.  The fluid ejection assembly component of claim 14 wherein

2 consecutive recirculation channels are separated by a divider selected from a

3 group of dividers consisting of a rib, a series of ribs, a pillar, and a series of

4  pillars, the divider having a thickness of less than 150 micrometres and a height
5 from 150 micrometres to greater than 150 micrometres, wherein the dividers

6 have a centerline to centerline pitch of no greater than 300 micrometres.



WO 2020/263235 PCT/US2019/039077

1/5

62
30-2

220




WO 2020/263235 PCT/US2019/039077

/5

320

400

404~ | PROVIDE A FLUID EJECTION DIE

Y

408 | MOLD A UNITARY POLYMERIC BODY COMPRISING CONVERGING FAN OUT
FLUID PASSAGES AND A RECIRCULATION CHANNEL CONNECTING THE
CONVERGING FAN OUT FLUID PASSAGES

A 4

12 JOIN THE MOLDED UNITARY POLYMERIC BODY ADJACENT A BACK FACE OF
THE FLUID EJECTION DIE

FIG. 5



WO 2020/263235 PCT/US2019/039077

529
FLUID SUPPLY
55,6 562
530 | 5 5302
523-L = N \ -~
N\
é ™ -
528-" RN ] 59
8\ N
NN RN : N
538 544 s 90 \s Ns39
620 FIG. 6
529
FLUDSUPPLY J

556

}\/ “// -530-2

638~

-539




WO 2020/263235 PCT/US2019/039077

7211 4/5 mi
720 Y
N T2~ FLUID SUPPLY FUDSuPRY 722
730-1
738—1
724"
720 18
()

738 Y
R e
=l ' AN

770’} }3%* LE]JL
R VAR PRI
FIG. 8B
943

7711 943

940 940, 940 940 943 9?3 A 930
2 AV INNNVAR ST e g ) T T |
R T

738- é’]ﬁj 57[/ 741 j—qu/kim

% ’%%:
940
M b6 100




WO 2020/263235 PCT/US2019/039077

1020 5/5
~ 730-2
PRESSURLZED FLUID SOURCE
| (1022
10381 T 730-1
7
1040 <

1128-
1130+
1132
FIG. 11A
1040
1136
1142
1130
1162 1/170‘ 1160 ‘
} 1ZaEaN] / PN
S A | — | —_-1170
170 (4 A Y AR

I \ 7 I 3
”66 ”38 ”38( ]]32 ”38 \”40
1166 1166
1140

40 FG. 11B



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2019/039077

A CLASSIFICATION OF SUBJECT MATTER

B41] 2/14 (2006.01)
B417J 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, 2/01, 2/02, 2/305, 27/00, 2/14, 2/18, 2/165

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, Espacenet, Information Retrieval System of FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2010/0271445 A1 (ALOK SHARAN et al.) 28.10.2010 1-15
A US 2009/0096838 A1 (CANON KABUSHIKI KAISHA) 16.04.2009 1-15
A US 2015/0085018 A1 (CAMOM KABUSHIKI KAISHA) 26.03.2015 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

“pP” 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

22 January 2020 (22.01.2020)

Date of mailing of the international search report

06 February 2020 (06.02.2020)

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. Shmakova

Telephone No. 8(495) 531-64-81

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




	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report

