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MOLDED FLUID FLOW STRUCTURE WITH SAW CUT CHANNEL

BACKGROUND

[0001] A printhead die in an inkjet pen or print bar includes a plurality of
fluid ejection elements on a surface of a silicon substrate. Fluid flows to the
ejection elements through a fluid delivery slot formed in the substrate between
opposing substrate surfaces. While fluid delivery slots adequately deliver fluid to
fluid ejection elements, there are some disadvantages with such slots. From a
cost perspective, for example, ink delivery slots occupy valuable silicon real
estate and add significant slot processing cost. In addition, lower printhead die
cost is achieved in part through die shrink, which is associated with tighter slot
pitch and/or slot width in the silicon substrate. However, shrinking the slot pitch
adds excessive assembly costs associated with integrating a small die into the
inkjet pen. Structurally, removing material from the substrate to form an ink
delivery slot weakens the printhead die. Thus, when a single printhead die has
multiple slots (e.g., to improve print quality and speed in a single color printhead
die, or to provide different colors in a multicolor printhead die), the printhead die

becomes increasingly fragile with the addition of each slot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The present embodiments will now be described, by way of
example, with reference to the accompanying drawings, in which:
[0003] FIG. 1 is an elevation section view illustrating one example of a

molded fluid flow structure implemented as a printhead structure;
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[0004] FIG. 2 is a block diagram illustrating an example system
implementing a molded fluid flow structure such as the printhead structure of FIG.
1;

[0005] FIG. 3 is a block diagram illustrating an inkjet printer implementing
one example of a fluid flow structure in a substrate wide print bar;

[0006] FIGs. 4-6 illustrate an inkjet print bar implementing one example of
a molded fluid flow structure as a printhead structure suitable for use in printer;
[0007] FIGs. 7-9 illustrate an example process for defining a fluid channel
within a molded body of a fluid flow structure using a rotary cutting saw;

[0008] FIG. 10 illustrates an example of a molded fluid flow structure prior
to the formation of a saw defined fluid channel;

[0009] FIGs. 11-15 illustrate examples of differently shaped, saw defined
fluid channels that can be cut into a molded body of a fluid flow structure;

[0010] FIG. 16 illustrates an example process for making a printhead fluid
flow structure having a saw defined fluid channel;

[0011] Fig. 17 is a flow diagram of the example process for defining a fluid
channel within a molded body of a fluid flow structure using a rotary cutting saw
as illustrated in FIGs. 7-9;

[0012] FIG. 18 is a flow diagram of the example process for making a
printhead fluid flow structure having a saw defined fluid channel as illustrated in
FIG. 16.

[0013] Throughout the drawings, identical reference numbers designate

similar, but not necessarily identical, elements.
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DETAILED DESCRIPTION

Overview

[0014] Reducing the cost of conventional inkjet printhead dies has been
achieved in the past through shrinking the die size and reducing wafer costs.
The die size depends significantly on the pitch of fluid delivery slots that deliver
ink from a reservoir on one side of the die to fluid ejection elements on another
side of the die. Therefore, prior methods used to shrink the die size have mostly
involved reducing the slot pitch and size through a silicon slotting process that
can include, for example, laser machining, anisotropic wet etching, dry etching,
combinations thereof, and so on. Unfortunately, the silicon slotting process itself
adds considerable cost to the printhead die. In addition, successful reductions in
slot pitch are increasingly met with diminishing returns, as the costs associated
with integrating the shrinking die (resulting from the tighter slot pitch) with an
inkjet pen have become excessive.

[0015] A fluid flow structure enables the use of smaller printhead dies and
a simplified method of forming fluid delivery channels to deliver ink from a
reservoir on one side of a printhead die to fluid ejection elements on another side
of the die. The fluid flow structure includes one or more printhead dies molded
into a monolithic body of plastic, epoxy mold compound, or other moldable
material. For example, a print bar implementing the new structure includes
multiple printhead dies molded into an elongated, singular molded body. The
molding enables the use of smaller dies by offloading the fluid delivery channels
(i.e., the ink delivery slots) from the die to the molded body of the structure.

Thus, the molded body effectively grows the size of each die for making external
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fluid connections and for attaching the dies to other structures. Fluid delivery
channels are formed in the fluid flow structure using a cutting saw to plunge cut
through the molded body.

[0016] The described fluid flow structure is not limited to print bars or other
types of printhead structures for inkjet printing, but may be implemented in other
devices and for other fluid flow applications. Thus, in one example, the new
structure includes a micro device embedded in a molding having a channel or
other path for fluid to flow directly into or onto the device. The micro device, for
example, could be an electronic device, a mechanical device, or a
microelectromechanical system (MEMS) device. The fluid flow, for example,
could be a cooling fluid flow into or onto the micro device or fluid flow into a
printhead die or other fluid dispensing micro device. These and other examples
shown in the figures and described below illustrate but do not limit the invention,
which is defined in the Claims following this Description.

[0017] As used in this document, a "micro device" means a device having
one or more exterior dimensions less than or equal to 30mm; "thin" means a
thickness less than or equal to 650um; a "sliver" means a thin micro device
having a ratio of length to width (L/W) of at least three; a "printhead structure" and
a "printhead die" mean that part of an inkjet printer or other inkjet type dispenser
that dispenses fluid from one or more openings. A printhead structure includes
one or more printhead dies. "Printhead structure" and "printhead die" are not
limited to printing with ink and other printing fluids but also include inkjet type

dispensing of other fluids for uses other than or in addition to printing.
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lllustrative Embodiments

[0018] FIG. 1 is an elevation section view illustrating one example of a
molded fluid flow structure 100 implemented as a printhead structure 100 that is
suitable for use in a print bar of an inkjet printer. The printhead structure 100
includes a micro device 102 molded into a monolithic body 104 of plastic or other
moldable material. A molded body 104 may also be referred to herein as a
molding 104. In general, a micro device 102 could be, for example, an electronic
device, a mechanical device, or a microelectromechanical system (MEMS)
device. In the present printhead structure 100 of FIG. 1, micro device 102 is
implemented as a printhead die 102. Printhead die 102 includes a silicon die
substrate 106 comprising a silicon sliver on the order of 100 microns in thickness.
The silicon substrate 106 includes fluid feed holes 108 dry etched or otherwise
formed therein to enable fluid flow through the substrate 106 from a first exterior
surface 110 to a second exterior surface 112. The silicon substrate 106 further
includes a thin silicon cap 114 (i.e., a cap over the silicon substrate 106) adjacent
to and covering the first exterior surface 110. The silicon cap 114 is on the order
of 30 microns in thickness and can be formed of silicon or some other suitable
material.

[0019] Formed on the second exterior surface 112 of substrate 106 are
one or more layers 116 that define a fluidic architecture that facilitates the
ejection of fluid drops from the printhead structure 100. The fluidic architecture
defined by layers 116 generally includes ejection chambers 118 having
corresponding orifices 120, a manifold (not shown), and other fluidic channels

and structures. The layer(s) 116 can include, for example, a chamber layer
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formed on the substrate 106 with a separately formed orifice layer over the
chamber layer, or they can include a monolithic layer that combines the chamber
and orifice layers. Layer(s) 116 are typically formed of an SU8 epoxy or some
other polyimide material.

[0020] In addition to the fluidic architecture defined by layer(s) 116 on
silicon substrate 106, the printhead die 102 includes integrated circuitry formed
on the substrate 106 using thin film layers and elements not shown in FIG. 1. For
example, corresponding with each ejection chamber 118 is a thermal ejector
element or a piezoelectric ejector element formed on substrate 106. The ejection
elements are actuated to eject drops or streams of ink or other printing fluid from
chambers 118 through orifices 120.

[0021] The printhead structure 100 also includes signal traces or other
conductors 122 connected to printhead die 102 at electrical terminals 124 formed
on substrate 106. Conductors 122 can be formed on structure 100 in various
ways. For example, conductors 122 can be formed in an insulating layer 126 as
shown in FIG. 1, by a lamination or deposition process. Insulating layer 126 is
typically a polymer material that provides physical support and insulation for
conductors 122. In other examples, conductors 122 can be molded into molded
body 104.

[0022] A saw defined fluid channel 128 is formed through the molded body
104 and the thin silicon cap 114, and connects with the printhead die substrate
106 at the exterior surface 110. The fluid channel 128 opens a pathway through
the molded body and thin silicon cap 114 that enables fluid to flow directly into

the silicon substrate 106 through the fluid feed holes 108, and onto the silicon
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substrate 106 at exterior surface 110. As discussed in further detail below, the
fluid channel 128 is formed through the molded body 104 using a cutting saw
such as a rotary cutting saw.

[0023] FIG. 2 is a block diagram illustrating a system 200 implementing a
molded fluid flow structure 100 such as the printhead structure 100 shown in FIG.
1. System 200 includes a fluid source 202 operatively connected to a fluid mover
204 configured to move fluid to a channel 128 in fluid flow structure 100, such as
a saw defined fluid channel 128 in a printhead structure 100. A fluid source 202
might include, for example, the atmosphere as a source of air to cool an
electronic micro device 102 or a printing fluid supply for a printhead die 102.
Fluid mover 204 represents a pump, a fan, gravity or any other suitable
mechanism for moving fluid from source 202 to flow structure 100.

[0024] FIG. 3 is a block diagram illustrating an inkjet printer 300
implementing one example of a fluid flow structure 100 in a substrate wide print
bar 302. Printer 300 includes print bar 302 spanning the width of a print
substrate 304, flow regulators 306 associated with print bar 302, a substrate
transport mechanism 308, ink or other printing fluid supplies 310, and a printer
controller 312. Controller 312 represents the programming, processor(s) and
associated memories, and the electronic circuitry and components needed to
control the operative elements of a printer 300. Print bar 302 includes an
arrangement of printhead dies 102 for dispensing printing fluid on to a sheet or
continuous web of paper or other print substrate 304. Each printhead die 102
receives printing fluid through a flow path from supplies 310 into and through flow

regulators 306 and fluid channels 128 in print bar 302.
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[0025] FIGs. 4-6 illustrate an inkjet print bar 302 implementing one
example of a molded fluid flow structure 100 as a printhead structure 100 suitable
for use in printer 300 of FIG. 3. Referring to the plan view of FIG. 4, printhead
dies 102 are embedded in an elongated, monolithic molding 104 and arranged
generally end to end in rows 400 in a staggered configuration in which the
printhead dies 102 in each row overlap another printhead die in that same row.
In this configuration, each row 400 of printhead dies 102 receives printing fluid
from a different saw defined fluid channel 128 (illustrated with dashed lines in
FIG. 4). Although four fluid channels 128 feeding four rows 400 of staggered
printhead dies 102 is shown (e.g., for printing four different colors), other suitable
configurations are possible. FIG. 5 illustrates a perspective section view of the
inkjet print bar 302 taken along line 5-5 in FIG. 4, and FIG. 6 illustrates a section
view of the inkjet print bar 302 taken along line 5-5 in FIG. 4. The section view of
FIG. 6 shows various details of a printhead structure 100 as discussed above
regarding FIG. 1.

[0026] While a particular shape or configuration of a saw defined fluid
channel 128 has been generally illustrated and discussed with reference to FIGs.
1-6, a variety of differently configured fluid channels 128 are achievable using a
cutting saw. As discussed below, FIGs. 11-15 illustrate examples of differently
shaped, saw defined fluid channels 128 that can be readily cut into a molded
body 104 of a fluid flow structure 100 using cutting saws having differently
shaped peripheral saw blade edges such as those shown in FIGs. 7-9.

[0027] FIGs. 7-9 illustrate an example process for defining a fluid channel

128 within a molded body 104 of a fluid flow structure 100 using a rotary cutting
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saw 700. Fig. 17 is a flow diagram 1700 of the process illustrated in FIGs. 7-9.
FIG. 7 shows a side elevation view illustrating an example method of forming a
saw defined fluid channel 128 in a molded fluid flow structure 100. The side
elevation view of FIG. 7 is taken along line 7-7 in both FIGs. 8 and 9. FIG. 8
shows an elevation section view illustrating an example method of forming a saw
defined fluid channel 128 in a molded fluid flow structure 100 using a rotary
cutting saw 700 having a generally squared peripheral saw blade edge 800. The
generally squared peripheral saw blade edge 800 is characterized by the sides of
the rotary saw 700 remaining parallel to one another all the way to the peripheral
edge of the saw. FIG. 9 shows an elevation section view illustrating an example
method of forming a saw defined fluid channel 128 in a molded fluid flow
structure 100 using a rotary cutting saw 700 having a generally tapered
peripheral saw blade edge 900. The generally tapered peripheral saw blade
edge 900 is characterized by the sides of the rotary saw 700 diverging inward
toward one another near the peripheral edge of the saw. The section views of
FIGs. 8 and 9 are taken along lines 8-8 and 9-9 in FIG. 7.

[0028] Referring now primarily to FIG. 700 and FIG. 17, while the molded
fluid flow structure 100 is held in a fixed position, the rotary cutting saw 700 is
activated to rotate, for example, in a clockwise direction 702 to begin cutting a
fluid channel 128 in the structure 100 (step 1702 in FIG. 17). The peripheral
cutting edge (e.g., 800, 900) of rotary cutting saw 700 can be jagged and/or have
an abrasive material formed thereon in order to perform the cutting operation as
the saw rotates. For example, the saw 700 can have a diamond encrusted

cutting edge. The rotary cutting saw 700 is lowered in a vertical direction to
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engage and plunge cut the molded body 104 (see dashed line representation 704
of the saw 700) (step 1704 in FIG. 17). In particular, the rotary cutting saw 700 is
moved in a first direction 706 perpendicular to the exterior surface 110 of silicon
substrate 106 to partially form the fluid channel 128 in the molded body 104 and
the silicon cap 114. That is, the saw 700 is lowered through both the molded
body 104 and the silicon cap 114 (see dashed line representation 708 of the saw
700) which partially forms the fluid channel 128. The rotary cutting saw 700 is
then moved horizontally to drag cut the molded body 104 and silicon cap 114
(see dashed line representation 710 of the saw 700) (step 1706 in FIG. 17). In
particular, the rotary cutting saw 700 is moved in a second direction 712 parallel
to the exterior surface 110 of silicon substrate 106 to complete formation of the
fluid channel 128. The rotary cutting saw 700 can then be moved along
horizontal direction 714 and vertical direction 716 back to its initial position (step
1708 in FIG. 17).

[0029] The variously shaped, saw defined fluid channels 128 shown in
FIGs. 11-15 are formed in the same general manner as just discussed above
regarding FIG. 7. However, in forming different shaped channels 128, rotary saw
blades having differently shaped peripheral cutting edges (e.g., FIG. 8, 800; FIG.
9, 900) can be used separately or in combination, and in varying orders of
application to the molded fluid flow structure 100. Furthermore, while the fluid
channels 128 are formed such that they run generally parallel to the length of an
elongated, monolithic molded body (see FIGs. 4-6), and in correspondence with
the lengths of the printhead dies 102, channels can also be saw cut in different

orientations, such as orientations that are perpendicular to those illustrated.
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Channels cut in such a manner can route fluid through the fluid flow structure 100
in different directions and for varying purposes. For example, channels cut
perpendicular to those shown in FIGs. 4-6, can serve to join two parallel channels
with a perpendicular channel link.

[0030] Referring now to FIG. 10, a molded fluid flow structure 100 is shown
prior to the formation of a saw defined fluid channel 128. The fluid flow structure
100 is configured in the same general manner as discussed above with regard to
FIG. 1, except that the conductors 22 are shown embedded within the molded
body 104 rather than within a separate insulating layer 126. This configuration is
used throughout FIGs. 10-15 for the general purpose of simplifying the
illustrations.

[0031] Referring now to FIG. 11, a saw defined fluid channel 128 has been
formed with first and second side walls, S1 and Sy, that are substantially parallel
to one another. The parallel side walls S1 and S, can be formed, for example,
using a rotary cutting saw 700 as shown in FIG. 8. The rotary cutting saw 700 of
FIG. 8 has a generally squared peripheral saw blade edge 800 characterized by
parallel blade sides, which when plunged into the molded body 104 of fluid flow
structure 100 removes molding material and silicon from the thin silicon cap 114,
leaving substantially parallel saw cut side walls, S and S».

[0032] FIG. 12 illustrates a saw defined fluid channel 128 formed with first
and second side walls, St and S,, that are tapered with respect to one another.
The tapered side walls taper toward one another as they get closer to the fluid
feed holes 108 in substrate 106, and away from one another as they recede from

substrate 106. The tapered side walls S1 and Sy, can be formed, for example,
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using a rotary cutting saw 700 as shown in FIG. 9. The rotary cutting saw 700 of
FIG. 9 has a generally tapered peripheral saw blade edge 900 characterized by
the sides of the rotary saw 700 diverging inward toward one another near the
peripheral edge of the saw. When plunged into the molded body 104 of fluid flow
structure 100 the saw with saw blade edge 900 removes molding material and
silicon from the thin silicon cap 114, leaving tapered, saw cut side walls, S and
So.

[0033] FIGs. 13, 14, and 15, each illustrates a saw defined fluid channel
128 formed with first and second side walls, S and S», that are both substantially
parallel and tapered with respect to one another. The parallel sections of side
walls S1 and S, can be formed using a rotary cutting saw 700 as shown in FIG.
8, and the tapered sections of side walls S and Sy, can be formed using a rotary
cutting saw 700 as shown in FIG. 9. Sidewall sections having different tapering
angles are formed using cutting saws 700 as shown in FIG. 9 whose sides have
varying angles of divergence inward toward one another as they near the
peripheral edge of the saw.

[0034] In FIG. 13, the parallel sections of side walls S| and S, are adjacent
to the sliver substrate 106, and the tapered sections taper inward toward one
another to meet the parallel sections. In FIG. 14, the tapered sections of side
walls St and Sy are adjacent to the sliver substrate 106. The tapered sections
taper toward one another to meet the sliver substrate 106 and taper away from
one another to meet the parallel side wall sections. In FIG. 15, parallel sections
of side walls S4 and S, are adjacent to the sliver substrate 106, and a first set of

tapered sections taper inward toward one another to meet the parallel sections.
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A second set of tapered sections taper inward to meet the first set of tapered
sections.

[0035] In general, the saw cut fluid channels 128 shown in FIGs. 11-15
have channel side walls, S1 and S,, formed in various parallel and or tapered
configurations. Channel side walls that diverge or taper away from one another
as they recede from the printhead sliver substrate 106 provide the benefit of
helping air bubbles move away from the orifices 120, ejection chambers 118, and
fluid feed holes 108, where they may otherwise hinder or prevent the flow of fluid.
Accordingly, the fluid channels 128 shown in FIGs. 11-15 comprise side walls
that are parallel and/or divergent as they recede from the sliver substrate 106.
However, the illustrated channel side wall configurations are not intended to be a
limitation as to other shapes and configurations of side walls within saw defined
fluid channels 128. Rather, this disclosure contemplates that other saw defined
fluid channels are possible that have side walls shaped in various other
configurations not specifically illustrated or discussed.

[0036] FIG. 16 illustrates an example process for making a printhead fluid
flow structure 100 having a saw defined fluid channel 128. FIG. 18 is a flow
diagram 1800 of the process illustrated in FIG. 16. As shown in FIG. 16 at part
“A”, a printhead die 102 is attached to a carrier 160 using a thermal release tape
162 (step 1802 in FIG. 18). The printhead die 102 is placed with the orifice side
down onto the carrier 160. The printhead die 102 is in a pre-processed state
such that it already includes layer(s) 116 defining fluidic architectures (e.g.,

ejection chambers 118, orifices 120), and electrical terminals 124 and ejection
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elements (not shown) formed on sliver substrate 106. Fluid feed holes 108 have
also already been dry etched or otherwise formed in sliver substrate 106.

[0037] As shown at part “B” of FIG. 16, the printhead die 102 is molded
into a molded body 104 (step 1804 in FIG. 18). In one example, the die 102 is
compression molded using a mold top 164. As shown at part “C” of FIG. 16, the
carrier 160 is released from the thermal tape 162 and the tape is removed (step
1806 in FIG. 18). At part “D” of FIG. 16, a polymer insulating layer 126 is
laminate onto the orifice side of the printhead die 102, and then patterned and
cured (step 1808 in FIG. 18). An SUS8 firing chamber protection layer 166 is
deposited over the fluidic architecture layer(s) 116, as shown in FIG. 16 at part
“‘E” (step 1810 in FIG. 18). At part “F” as shown in FIG. 16, a metal layer (Cu/Au)
is deposited onto the polymer insulating layer 126 and patterned into conductor
traces 122 (step 1812 in FIG. 18). A top polymer insulating layer 126 is then spin
coated over the conductor traces 122, and then patterned and cured as shown at
part “G” of FIG. 16 (step 1814 in FIG. 18). At part “H” of FIG. 16, the firing
chamber protect layer 166 is stripped off and a final cure of the polymer insulating
layer 126 is performed (step 1816 in FIG. 18). As shown at part “I” of FIG. 16, a
saw cut fluid channel 128 is then formed into the backside of the printhead fluid
flow structure 100. The fluid channel 128 is formed as described above
regarding the fluid channel forming process shown in FIGs. 7 and 17. The fluid
channel 128 can be configured in various shapes such as those discussed above

with reference to FIGs. 11-15.
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CLAIMS

What is claimed is:

1. A fluid flow structure, comprising:

a micro device embedded in a molding;

a fluid feed hole formed through the micro device; and

a saw defined fluid channel cut through the molding that fluidically couples

the fluid feed hole with the channel.

2. A structure as in claim 1, wherein the channel comprises first and

second substantially parallel side walls.

3. A structure as in claim 1, wherein the channel comprises first and

second tapered side walls.

4. A structure as in claim 3, wherein the tapered side walls taper

toward one another as they get closer to the fluid feed holes.

5. A structure as in claim 1, wherein the channel comprises first and
second side walls that include both tapered side wall sections and substantially

parallel side wall sections.

6. A structure as in claim 5, wherein the tapered side wall sections are

adjacent the micro device such that they taper toward one another to meet the

15
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micro device and taper away from one another to meet the parallel side wall

sections.

7. A structure as in claim 5, wherein the parallel side wall sections are
adjacent the micro device and the tapered side wall sections taper toward one

another to meet the parallel side wall sections.

8. A structure as in claim 1, further comprising a silicon cap over the
micro device, wherein the saw defined fluid channel comprises a saw defined
fluid channel cut through both the molding and the silicon cap to fluidically couple

the fluid feed hole with the channel.

9. A structure as in claim 1, wherein the side walls are molded side

walls.

10. A method of making a fluid channel in a printhead fluid flow
structure, comprising:

activating a rotary cutting saw; and

plunge cutting the saw into a molded body of the printhead fluid flow

structure to form a fluid channel.

11. A method as in claim 10, wherein plunge cutting the saw comprises
plunge cutting the saw through the molded body and through a silicon cap that

covers fluid feed holes in a sliver silicon substrate.
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12. A method of making a printhead structure, comprising:
molding a printhead die within a molded body; and

sawing a fluid channel into the molded body with a cutting saw.

13. A method as in claim 12, wherein sawing a fluid channel comprises
sawing a fluid channel through the molded body and through a silicon cap that

covers fluid feed holes in a sliver silicon substrate of the printhead die.

14. A method as in claim 13, wherein sawing through the silicon cap
fluidically couples the fluid channel to the feed holes, enabling fluid flow from the

fluid channel through the sliver silicon substrate.

15. A method as in claim 13, wherein sawing a fluid channel comprises

sawing a fluid channel having side walls that taper toward one another as they

get closer to the sliver silicon substrate.
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