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(57) Abstract: In one example, a printhead die includes a structure having a thickness 100um or less and a ratio of length to width
of at least 50 and containing, within its thickness, multiple fluid ejectors and multiple fluid chambers each near an ejector and each
having an inlet through which printing fluid may enter the chamber and an outlet through which printing fluid may be ejected from
the chamber.
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PRINTHEAD DIE

BACKGROUND
[0001] Each printhead die in an inkjet pen or print bar includes tiny channels
that carry ink to the ejection chambers. Ink is distributed from the ink supply to
the die channels through passages in a structure that supports the printhead
die(s) on the pen or print bar. It may be desirable to shrink the size of each
printhead die, for example to reduce the cost of the die and, accordingly, to
reduce the cost of the pen or print bar. The use of smaller dies, however, can
require changes to the larger structures that support the dies, including the
passages that distribute ink to the dies.

DRAWINGS
[0002] Fig. 1 is a block diagram illustrating an inkjet printer with a media wide
print bar implementing one example of a new printhead.
[0003] Figs. 2 and 3 are perspective views of one example of a print bar
such as might be used in the printer shown in Fig. 1.
[0004] Fig. 4 is a block diagram illustrating an inkjet printer with a media wide
print bar implementing another example of a new printhead.
[0005] Figs. 5 and 6 are perspective views of one example of a print bar
such as might be used in the printer shown in Fig. 4.
[0006] Fig. 7 is a close-up view of one example of a printhead in the print bar
shown in Figs. 1-3 or Figs. 4-6.
[0007] Fig. 8 is a section view taken along the line 8-8 in Fig. 7.
[0008] Figs. 9 and 10 are detail views from Fig. 8.
[0009] Fig. 11 is a plan view diagram showing the layout of some of the
features of each printhead die from Figs. 7-8.



WO 2014/133575 PCT/US2013/046065

[0010] Fig. 12 is a section view showing the printhead die from Figs. 9-11 in
more detail.

[0011] The same part numbers designate the same or similar parts
throughout the figures. The figures are not necessarily to scale. The size of

some parts is exaggerated to more clearly illustrate the example shown.

DESCRIPTION
[0012] Inkjet printers that utilize a media wide print bar have been developed
to help increase printing speeds and reduce printing costs. Conventional media
wide print bar assemblies include multiple parts that carry printing fluid from the
printing fluid supplies to the small printhead dies from which the printing fluid is
ejected on to the paper or other print media. While reducing the size and
spacing of the printhead dies continues to be important for reducing cost,
channeling printing fluid from the larger supply components to ever smaller,
more tightly spaced dies requires complex flow structures and fabrication
processes that can actually increase overall cost.
[0013] A new fluid flow structure has been developed to enable the use of
smaller printhead dies to help reduce cost in printhead assemblies for media
wide and other inkjet printers. Examples of the new fluid flow structure and
processes for making such structures are disclosed in international patent
application PCT/US2013/028207 filed February 28, 2013 and
PCT/US2013/033046 filed March 20, 2013, each of which is incorporated herein
by reference in its entirety.
[0014] A printhead implementing one example of the new structure includes
multiple printhead dies molded into an elongated, monolithic body of moldable
material. Printing fluid channels molded into the body carry printing fluid directly
to flow passages in each die. The molding in effect grows the size of each die
for making external fluid connections and for attaching the dies to other
structures, thus enabling the use of smaller dies. The printhead dies and
printing fluid delivery channels can be molded at the wafer level to form a
composite printhead wafer with built-in printing fluid channels, eliminating the
need to form the printing fluid channels in a silicon substrate and enabling the

use of thinner, longer and narrower dies. Very thin long, narrow printhead die
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"slivers" are now possible. In one example, a new printhead die includes a
structure having a thickness of 100um or less containing multiple fluid ejectors
and multiple fluid ejection chambers with a ratio of length to width of 50 or more.
In one specific implementation of this example, the die structure is 25mm long
(or longer) and not more than 200um wide and is embedded in a molding with a
printing fluid delivery channel that is only about 90um wide.

[0015] 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.

[0016] As used in this document, a "printhead" 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 includes one or more printhead dies.
"Printhead" and "printhead die" are not limited to printing with ink and other
printing fluids but also include inkjet type dispensing of other fluids and/or for
uses other than printing.

[0017] Figs. 1 and 4 are block diagrams illustrating an inkjet printer 10 with a
page wide print bar 12 implementing a new printhead 14. In the printer 10
shown in Fig. 1, print bar 12 includes multiple printheads 14. In the printer 10
shown in Fig. 4, print bar 12 includes a single, page wide printhead 14. Figs. 2
and 3 are perspective views of a print bar 12 with multiple printheads 14 such as
might be used in printer 10 shown in Fig. 1 Figs. 5 and 6 are perspective views
of a print bar 12 with a single printhead 14 such as might be used in printer 10
shown in Fig. 4.

[0018] Referring first to Figs. 1 and 4, printer 10 includes a print bar 12
spanning the width of a print media 16, flow regulators 18 associated with print
bar 12, a media transport mechanism 20, ink or other printing fluid supplies 22,
and a printer controller 24. Controller 24 represents the programming,
processor(s) and associated memory(ies), and the electronic circuitry and
components needed to control the operative elements of a printer 10. Print bar
12 includes an arrangement of molded printhead(s) 14 for dispensing printing
fluid on to a sheet or continuous web of paper or other print media 16. Print bar

12 in Fig. 1 includes multiple molded printheads 14 spanning print media 16.
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Print bar 12 in Fig. 4 includes a single molded printhead 14 spanning print
media 16. As described in detail below, each printhead 14 includes multiple
printhead dies embedded in a molding with channels that feed printing fluid to
each die in a flow path from supplies 22 through flow regulators 18 to print bar
12.

[0019] In the example of print bar 12 shown in Figs. 2 and 3, multiple
printheads 14 are arranged in a row lengthwise across the print bar in a
staggered configuration in which each printhead overlaps an adjacent printhead.
(Although ten printheads 14 are shown in a staggered configuration, more or
fewer printheads 14 may be used and/or in a different configuration.) Each
printhead 14 is mounted to a platform or other suitable mounting structure 26 on
a print bar body 28 and partially surrounded by a shroud 30. In the example of
print bar 12 shown in Figs. 5 and 6, a single page wide printhead 14 is mounted
to structure 26. In addition to providing a mounting platform 26 for printhead(s)
14, print bar body 28 may also include or house pathways and flow regulators
for delivering printing fluids to printhead(s) 14. Also, while mounting platform 26
is shown as an integral part of body 28, platform 26 could also be formed as a
discrete part supported in or on body 28.

[0020] Fig. 7 is a close-up view of one of the printheads 14 in the print bar
12 shown in Figs. 2 and 3 or the single printhead 14 shown in Figs. 5 and 6.
Fig. 8 is a section view taken along the line 8-8 in Fig. 7. As noted above, one
of the advantages of the new molded printhead structure is that it enables the
use of very thin long, narrow printhead dies desirable for a single page wide
printhead such as that shown in Figs. 5 and 6 and for covering large format print
media with a multiple printhead print bar such as that shown in Figs. 2 and 3.
And, of course, the new smaller printhead dies are suitable for use in shorter
printheads as well.

[0021] Referring now to Figs. 7 and 8, printhead 14 includes printhead dies
36 embedded in a monolithic molding 38 and arranged parallel to one another
across the width of molding 38. Molding 38 is sometimes referred to herein as a
body 38 of moldable material. Although four parallel dies 36 are shown, for

printing four different ink colors for example, more or fewer printhead dies 36
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and/or in other configurations are possible. Bond pads 40 connect electronic
circuitry in each printhead die 36 to external components through bond wires 42
and printed circuit boards or flex circuits 32. Flex circuits 32 and epoxy or other
protective coverings 34 are depicted with dotted lines in Fig. 7 to more clearly
show the underlying structures. Printhead 14 also includes channels 44 molded
into monolithic body 38 to deliver printing fluid directly to respective printhead
dies 36.

[0022] Figs. 9 and 10 are detail views from Fig. 8. Fig. 11 is a plan view
diagram showing the layout of some of the features of each printhead die 36
from Figs. 7-10. Referring now also to Figs. 9-11, in the example shown, each
printhead die 36 includes two rows of ejection chambers 46 and corresponding
nozzles 48 through which printing fluid is ejected from chambers 46. Each
channel 44 in molding 38 supplies printing fluid to one printhead die 36. Other
suitable configurations for printhead dies 36 are possible. For example, more or
fewer ejection chambers 46 and channels 44 could be used. Printing fluid flows
into each ejection chamber 46 through an inlet 50 from a manifold 52 extending
lengthwise along each die 36 between the two rows of ejection chambers 46.
Printing fluid feeds into manifold 52 through multiple ports 54 that are connected
to a printing fluid supply channel 44 at die surface 56.

[0023] Printing fluid supply channel 44 is substantially wider than printing
fluid ports 54, as shown, to carry printing fluid from larger, loosely spaced
passages in the flow regulator or other parts that carry printing fluid into print bar
12 to the smaller, tightly spaced printing fluid ports 54 in printhead die 36. Thus,
printing fluid supply channels 44 can help reduce or even eliminate the need for
a discrete "fan-out” fluid routing structure necessary in some conventional
printheads. In addition, exposing a substantial area of printhead die surface 56
directly to channel 44, as shown, allows printing fluid in channel 44 to help cool
die 36 during printing.

[0024] The idealized representation of a printhead die 36 in Figs. 8-11
depicts three layers 58, 60, 62 for convenience only to clearly show ejection
chambers 46, nozzles 48, manifold 52, and ports 54. An actual inkjet printhead

die 36 is a typically complex integrated circuit (IC) structure formed on a silicon
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substrate 58 with layers and elements not shown in Figs. 8-11. For example,
and referring to the section view of Fig. 12, a printhead die 36 for thermal inkjet
printing utilizes a layered architecture that includes a silicon or other suitable
substrate 64, fluid ports 54 formed in substrate 64, resistive heating elements 66
that eject ink from chambers 46 through nozzles 48. (The section view line of
Fig. 12 is adjusted so that two opposing ejection chambers 46 are both visible.)
Fig. 12 also presents an idealized representation of a printhead die 36 that is
not to scale. The relative size of some parts is exaggerated for clarity. For
example, the overall thickness of die 36 relative to its width is much smaller than
that shown in Fig. 12, nozzles 48 are much smaller too, with hundreds or
thousands of nozzles 48 on each printhead die 36, and a particular layer in Fig.
12 may appear to be thicker than its actual thickness when compared to another
layer.

[0025] Printhead 36 shown in Fig. 12 includes a dielectric 68 formed on
substrate 64. In the example shown, dielectric 68 is a patterned thin film that
includes two layers formed on substrate 64 -- a TEOS (tetraethyl orthosilicate)
layer 70 and a BPSG (borophosphosilicate glass) layer 72 overlaying TEOS
layer 70. Other materials may also be suitable for dielectric 68. Resistors 66
are formed in a resistive layer 74 over dielectric 68. A typical resistive layer 74
is, for example, made of tungsten silicide nitride (WSIiN), tantalum silicide nitride
(TaSiN), tantalum aluminum (TaAl), tantalum nitride (Ta2N), or combinations of
these materials. A conductive layer 76 formed on (or under) resistive layer 74
can be used to supply current to resistors 66 and/or to couple resistors 66 to a
control circuit or other electronic circuits in printhead die 36. A typical
conductive layer 76 is, for example, made of platinum (Pt), aluminum (Al),
tungsten (W), titanium (Ti), molybdenum (Mo), palladium (Pd), tantalum (Ta),
nickel (Ni), copper (Cu) with an inserted diffusion barrier, and combinations of
these materials. A passivation layer 78 is formed over conductive layer 76 as a
dielectric and as a barrier against cavitation (in ejection chambers 46),
oxidation, corrosion, and other environmental conditions. A typical passivation
layer 78 is, for example, made of silicon carbide (SiC), silicide nitride (SiN),

TEOS, and combinations of these materials.
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[0026] Continuing to refer to Fig. 12, nozzles 48 are formed in a nozzle plate
80 formed on or affixed to the underlying structure described above. Nozzle
plate 80 helps define ejection chambers 46, inlets 50, and manifold 52. In the
example shown, nozzle plate 80 is formed in two layers -- a first layer 82 formed
on passivation layer 78 and a second layer 84 formed on first layer 82. While
both layers 82, 84 help define ejection chamber 46 in this example, nozzles 48
are formed in the outermost, second layer 84. Each nozzle plate layer 82, 84 is
made of an SU8 epoxy polymer or other suitable material. First layer 82 is
sometimes referred to as the "chamber” layer because it forms the sidewall of
ejection chamber 46. Second layer 84 is sometimes referred to as the "nozzle"
layer because nozzles 48 are formed in this layer. In operation, ink or other
printing fluid feeds into chambers 46 from channel 44 through ports 54 as
indicated by flow arrows 86. A resistor 66 is energized to heat the ink in the
corresponding chamber 46 to create a bubble that forces ink out of nozzle 48,
as indicated by flow arrow 88.

[0027] A molded printhead 14 enables the use of long, narrow and very thin
printhead dies 36. While a 100um thick printhead die 36 with an aspect ratio of
50 is believed to be new, it has been shown that a 100um thick printhead die 36
that is about 25mm long and 200um wide can be molded into a 500um thick
molding 38 with 90um wide channels 44 -- a die length to width ratio of 120,
which is almost 272 times that of even the smallest dies now available in
conventional printheads. The thickness of printhead die 36 is indicated by
dimension Tp in Fig. 12. The length and width of printhead die 36 is indicated
by dimensions L and W in Fig. 7. The thickness of molding 38 is indicated by
dimension Ty in Fig. 8. Not only is it cheaper and easier to mold channels 44
into molding 38 compared to forming the feed channels in a silicon substrate,
but it is also cheaper and easier to form printing fluid ports 54 in a thinner die
36. (Tapered ports 54 help move air bubbles away from manifold 52 and
ejection chambers 46.) For example, ports 54 in a 100um thick printhead die 36
may be formed by dry etching and other suitable micromachining techniques not
practical for thicker substrates. Micromachining a high density array of straight

or slightly tapered through-ports 54 in a thin silicon, glass or other structure 58,
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rather than forming conventional slots, leaves a stronger structure while still
providing adequate printing fluid flow. Thus, a molded printhead 14 enables the
use of very thin long, narrow dies 36 while still controlling the risk of "die-
fragility" damage -- damage that usually arises from the propagation of cracks
that form during silicon slotting.

[0028] It is expected that current die handling equipment and micro device
molding tools and techniques can adapted to mold dies 36 as thin as 50um, with
a length/width ratio up to 150, and to mold channels 44 as narrow as 30um.
Molding 38 provides an effective but inexpensive structure in which multiple
rows of such die "slivers” 36 can be supported in a single, monolithic body. The
die slivers can be spaced within the molding to eliminate the need for a discrete
ink channel fan-out structure used in conventional printheads.

[0029] As noted at the beginning of this Description, the examples shown in
the figures and described above illustrate but do not limit the invention. Other
examples are possible. Therefore, the foregoing description should not be
construed to limit the scope of the invention, which is defined in the following

claims.
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CLAIMS

What is claimed is:

1. A printhead die, comprising a structure having a thickness 100um or
less and a ratio of length to width of at least 50, the structure containing, within its
thickness, multiple fluid ejectors and multiple fluid chambers each near an ejector
and each having an inlet through which printing fluid may enter the chamber and an

outlet through which printing fluid may be ejected from the chamber.

2. The printhead die of Claim 1, wherein the structure is at least 25mm
long and less than or equal to 200um wide.

3. The printhead die of Claim 2, further comprising a molding, the structure
embedded in the molding and the molding having a channel therein through which

printing fluid may pass directly to the structure.

4, The printhead die of Claim 3, wherein the channel has a width of 90um

or less.

5. The printhead die of Claim 4, wherein the structure also contains within
its thickness:

multiple ports connected to the channel such that printing fluid can flow from
the channel directly into the ports; and

a manifold connected between the ports and the inlets such that printing fluid
can flow from the ports directly into the manifold to the inlets.

6. The printhead die of Claim 5, wherein each port is tapered from a
broader part at the channel to a narrower part at the manifold.

7. The printhead die of Claim 6, wherein the channel is tapered from a

broader part away from the ports to a narrower part at the ports.
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8. A printhead, comprising a printhead die having a thickness 100um or
less molded into a monolithic body with a channel therein through which printing fluid

may pass directly to the die.

9. The printhead of Claim 8, wherein the printhead die has a generally

rectangular perimeter characterized by a ratio of length to width of at least 50.

10.  The printhead of Claim 9, wherein the body has a thickness of 500um

or less.

11.  The printhead of Claim 10, wherein the printhead die comprises multiple
printhead dies each having a thickness100um or less and a generally rectangular
perimeter characterized by a ratio of length to width of at least 50, the printhead dies
arranged parallel to one another in the body and the channel comprises multiple

channels each through which printing fluid may pass to one of the dies.

12.  The printhead of Claim 11, wherein
each channel has a width of 90um or less; and
each printhead die contains, within its thickness:

multiple fluid ejectors;

multiple fluid chambers each near an ejector, each chamber having an
inlet through which printing fluid may enter the chamber and an outlet through
which printing fluid may be ejected from the chamber;

multiple ports connected to a channel such that printing fluid can flow
from the channel directly into the ports; and

a manifold connected between the ports and the inlets such that

printing fluid can flow from the ports directly into the manifold to the inlets.

13. A print bar, comprising:
a mounting structure; and
a printhead mounted to the mounting structure, the printhead including

multiple printhead dies molded into a monolithic body and arranged parallel to one
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another in the body and the body having multiple channels therein through which

printing fluid may pass directly to the dies.

14. The print bar of Claim 13, wherein the printhead comprises only one
printhead.

15.  The print bar of Claim 13, wherein the printhead comprises multiple
printheads arranged generally end to end in a staggered configuration in which each
printhead overlaps an adjacent printhead and each printhead includes multiple
printhead dies molded into a monolithic body and arranged parallel to one another in
the body and each body having multiple channels therein through which printing fluid
may pass directly to the dies

16. The print bar of Claim 13, wherein each printhead die has a thickness
less than or equal to 100pm and a generally rectangular perimeter characterized by
a ratio of length to width of at least 50.

17. The print bar of Claim 16, wherein:
each channel has a width of 90um or less; and
each printhead die contains, within its thickness:

multiple fluid ejectors;

multiple fluid chambers each near an ejector, each chamber having an
inlet through which printing fluid may enter the chamber and an outlet through
which printing fluid may be ejected from the chamber;

multiple ports connected to a channel such that printing fluid can flow
from the channel directly into the ports; and

a manifold connected between the ports and the inlets such that

printing fluid can flow from the ports directly into the manifold to the inlets.
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:;

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
Group L, claims 1-7, drawn to a printhead die.
Group II, claims 8-12, drawn to a printhead.
Group III, claims 13-17, drawn to a print bat.

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. }X{ As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
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Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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