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Background of the Invention
It is well known that surfaces bond better using liquid adhesives if the surfaces are first

roughened. Surface roughening increases the surface area available for bonding to the liquid
adhesive, which significantly increases the adhesive bond strength.

Typically, surface roughening is achieved by abrading either or both of the surfaces to be
bonded. For example, simply abrading one of the surfaces with emery cloth can achieve significant
improvements in adhesive strength when compared with non-abraded surfaces.

However, when bonding microscale substrates, such as semiconductor integrated circuits
(“chips™), it is generally not desirable to abrade a surface of the substrate. Indeed, it is highly
desirable for semiconductor chips to have very smooth surfaces. Any defects on the surface of the
integrated circuit can result in crack propagation and significantly weaken the device. With a drive
towards thinner and thinner integrated circuits (e.g. less than 200 micron ICs), there is a
corresponding need to reduce surface roughness, in order to maintain acceptable mechanical
strength in devices.

With surface roughness being of primary importance, silicon wafers are typically thinned
using a two-step process. After front-end processing of the wafer, the wafer is usually first thinned
by backgrinding in a mechanical grinding tool. Examples of wafer grinding tools are the Strasbaugh
7AF and Disco DFG-841 tools. Mechanical grinding is a quick and inexpensive method of grinding
silicon. However, it also leaves a back surface having a relatively high surface roughness (e.2. Ruax
of about 150 nm). Moreover, mechanical grinding can result in defects (e.g. cracks or dislocations),
which extend up to about 20 um into the back surface of the wafer. 4

In terms of mechanical strength, surface roughness and surface defects are unacceptable in
integrated circuits. Accordingly, back-end thinning is typically completed by a technique, which
removes these defects and provides a low surface roughness. Plasma thinning is one method used
for completing wafer thinning. Typically, plasma thinning is used to remove a final 20 zm of silicon
to achieve a desired wafer thickness. Whilst plasma thinning is relatively slow, it results in an
extremely smooth back surface with virtually no surface defects. Typically, plasma thinning
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provides a maximum surface roughness (Ryy,,) of less than 1 nm. Hence, plasma thinning is a
method of choice for back-end processing in integrated circuit fabrication

Integrated circuits, such as MEMS devices, often need to be bonded to other substrates. In
the fabrication of the Applicant’s MEMS printheads, for example, printhead integrated circuits
bonded side-by-side onto a moulded ink manifold to form a printhead assembly. (For a detailed
description of the Applicant’s printhead fabrication process, see the Detailed Description below and
US Patent Application no. 10/728,970, the contents of which is incorporated herein by cross-
reference).

However, it will be appreciated that integrated circuits have contradictory requirements of
their backside surfaces. On the one hand, the backside surfaces of integrated circuits should have a
low surface roughness and be devoid of any cracks, in order to maximize their mechanical strength.
This is especially important for thin (e.g. less than 250 um integrated circuits). On the other hand,
the backside surfaces of integrated circuits often need to be suitable for bonding to other substrates
using adhesives or adhesive tape. As discussed above, adhesive strength is usually maximized by
increasing the surface roughness of a surface to be bonded, thereby maximizing contact with the
intermediate adhesive.

It would be desirable to provide an improved method of bonding substrates using adhesives,
which avoids increasing the surface roughness of the substrate. It would also be desirable to provide
a thin substrate (e.g. < 1000 micron thick substrate), which has a surface suitable for bonding using

adhesives, but maintains acceptable mechanical strength.

Summary of the Invention
In a first aspect, there is provided a method of bonding a first substrate to a second

substrate, the method comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.
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In a second aspect, there is provided a first substrate suitable for bonding to a second
substrate using an adhesive, said first substrate having a plurality of etched trenches defined in a
first bonding surface, the etched trenches being configured for receiving the adhesive during
bonding.

In a third aspect, there is provided a bonded assembly comprising:

(a) a first substrate having a plurality of etched trenches defined in a first bonding surface;

(b) a second substrate having a second bonding surface; and

(c) an adhesive bonding the first bonding surface and the second boﬁdjng surface together,
wherein the adhesive is sandwiched between the first and second substrates, and is received in the

plurality of etched trenches.

In a fourth aspect, there is provided a printhead assembly comprising:
(a) a plurality of printhead integrated circuits, each printhead integrated circuit
comprising:
a plurality of nozzles formed on a frontside of the printhead integrated circuit;
a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and
a plurality of etched trenches defined in the backside; and
(b) an ink manifold having a mounting surface, the backside of each printhead
integrated circuit being bonded to the mounting surface with an adhesive,

wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a fifth aspect, there is provided a printhead integrated circuit suitable for bonding to a
mounting surface of an ink manifold using an adhesive, said printhead integrated circuit
comprising:

a plurality of nozzles formed on a frontside of the printhead integrated circuit;

a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and

a plurality of etched trenches defined in the backside, the etched trenches being configured

for receiving the adhesive during bonding.

Hitherto, surface roughening was the only method used for improving the surface

characteristics of substrates to be bonded. However, as explained above, surface roughening is
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undesirable in very thin substrates, such as silicon chips, having a thickness of less than1000 zm,
optionally less than 500 m or optionally less than 250 zm. Hence, the present invention provides a
method of improving adhesive-bonding in a controlled manner, which is especially suitable for use
in bonding silicon chips (e.g. MEMS chips) to other substrates. However, the invention is not
limited for use with semiconductor chips and may be used for bonding any etchable substrate (e.g.
metal substrates, silicon oxide substrates, silicon nitride substrates ezc.) where surface roughening is
undesirable.

The invention is particularly advantageous for use in fabrication of printhead chips, because
printhead chips typically have ink supply channels etched into a backside bonding surface.
Therefore, the trenches of the present invention may be etched at the same time as the ink supply
channels, without requiring any additional steps in the fabrication process.

The nature of the second substrate is not particularly limited and may be comprised of, for
example, plastics, metal, silicon, glass etc. The second substrate may, optionally, comprise the
trenches described above in connection with the first substrate.

The trenches may be dimensioned to draw in adhesive by a capillary action. The exact
dimensions required will depend on the surface tension of the adhesive. The required trench
dimensions can be readily determined by the person skilled in the art using well known equations of
capillarity. Alternatively, the trenches may be dimensioned to simply receive adhesive when the
second substrate, and the adhesive, are pressed against the first bonding surface. Typically, the
trenches have a diameter (in the case of cylindrical trenches) or a width (in the case of non-
cylindrical trenches) of less than about 10 um, optionally less than about 5 gm or optionally less
than about 3 xm.

The trenches may have any depth suitable for improving adhesion without compromising
the overall robustness of the first substrate. Optionally, the trenches are etched to depth of at least
10 pm, optionally at least 20 tm, optionally at least 30 um, or optionally at least S0 um. Typically,
the trenches have an aspect ratio of at least 3:1, at least 5:1 or at least 10:1. High aspect ratio
trenches may be readily etched by any known anisotropic etching technique (e.g. the Bosch process
described in US 5,501,893). High aspect ratios are advantageous for maximizing the available
surface area for the adhesive, without compromising on overall mechanical strength.

Typically, the first bonding surface has a maximum surface roughness (Ruax) of less than 20
nm, optionally an Ry, of less than 5 nm, or optionally an R of less than
1 nm. The present invention is particularly advantageous when used with such surfaces, because

these surfaces are usually poorly bonded using adhesives due to their exceptional smoothness.
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Alternatively, the first bonding surface may have an average surface roughness (R,) of less than 20
nm, optionally an R, of less than 5 nm, or optionally an R, of less than 1 nm.

The adhesive is typically a liquid-based adhesive, or an adhesive which becomes liquid
when heated for bonding. Optionally, the adhesive is an adhesive tape comprising an adhesive on
one or both sides. Double-sided adhesive films or tapes are well known in the semiconductor art.

Optionally, the first substrate cools during the bonding process. This is usually achieved by
heating the first substrate (which may also melt the adhesive), and then allowing it to cool whilst
bonding to the second substrate. An advantage of this option is that a partial vacuum is created in
the trenches, above the adhesive, which helps to hold the substrates together during bonding.

In a further aspect there is provided method wherein the first is substrate suitable for bonding to a
second substrate using an adhesive, said first substrate having a plurality of etched trenches defined
in a first bonding surface, the etched trenches being configured for receiving the adhesive during
bonding.

In another aspect there is provided a bonded assembly comprising:

() a first substrate having a plurality of etched trenches defined in a first bonding
surface; and .
(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive, )
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In another aspect there is provided a printhead assembly comprising:
(a) a plurality of printhead integrated circuits, each printhead integrated circuit
comprising:
a plurality of nozzles formed on a frontside of the printhead integrated circuit;
a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and
a plurality of etched trenches defined in the backside; and
(b) an ink manifold having a mounting surface, the backside of each printhead
integrated circuit being bonded to the mounting surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a further aspect there is provided a printhead integrated circuit suitable for bonding to a mounting

surface of an ink manifold using an adhesive, said printhead integrated circuit comprising:
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a plurality of nozzles formed on a frontside of the printhead integrated circuit;

a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and

a plurality of etched trenches defined in the backside, the etched trenches being configured

for receiving the adhesive during bonding.

In another aspect there is provided a method of bonding a first substrate to a second substrate, the
method comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.

In another aspect there is provided a bonded assembly comprising:

(a) a first substrate having a plurality of etched trenches defined in a first bonding
surface; and ’

(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a further aspect there is provided a method of bonding a first substrate to a second substrate
comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface; :

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.
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In another aspect there is provided a first substrate suitable for bonding to a second substrate using
an adhesive, said first substrate having a plurality of etched trenches defined in a first bonding
surface, the etched trenches being configured for receiving the adhesive during bonding.

In a further aspect there is provided a method of bonding a first substrate to a second substrate, the
method comprising the steps of:

(a) providing a first substrate having a plurality of etched trenches defined in a first
bonding surface;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding. '

In a further aspect there is provided a first substrate suitable for bonding to a second substrate using
an adhesive, said first substrate having a plurality of etched trenches defined in a first bonding
surface, the etched trenches being configured for receiving the adhesive during bonding.

In another aspect there is provided a bonded assembly comprising:

(a) a first substrate having a plurality of etched trenches defined in a first bonding
surface; and

(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In a further aspect there is provided a printhead integrated circuit suitable for bonding to a mounting
surface of an ink manifold using an adhesive, said printhead integrated circuit comprising:

a plurality of nozzles formed on a frontside of the printhead integrated circuit;

a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and

a plurality of etched trenches defined in the backside, the etched trenches being configured
for receiving the adhesive during bonding.



10

15

20

25

30

35

10/ 922883 10/922878 JUMX23US 10/ 922876 10/ 922886

10/ 922877 10/ 815625 10/ 815624 10/ 815628 10/ 913375

10/ 913373 10/913374 10/913372 10/913377 10/ 913378
10/913380 10/913379 10/913376 10/913381 10/9

\ﬁg Fg}?@ﬁ?é%7 6727996 §g%/g%2005/000269

10

In further aspect there is provided a method of bonding a first substrate to a second substrate, the
method comprising the steps of:

(a) providing a printhead integrated circuit according to claim 1;

(b) providing a second substrate having a second bonding surface; and

(c) bonding the first bonding surface and the second bonding surface together using an
adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches during
bonding.

In another aspect there is provided a first substrate suitable for bonding to a second substrate using
an adhesive, said first substrate having a plurality of etched trenches defined in a first bonding
surface, the etched trenches being configured for receiving the adhesive during bonding; and

wherein the first substrate is a printhead integrated circuit according to claim 1.

In a further aspect there is provided a bonded assembly comprising:

(a) a printhead integrated circuit according to claim 1; and

(b) a second substrate having a second bonding surface, the second bonding surface
being bonded to the first bonding surface with an adhesive,
wherein the adhesive is received, at least partially, in the plurality of etched trenches.

In another aspect there is provided a printhead assembly comprising:
(a) a plurality of printhead integrated circuits, each printhead integrated circuit
comprising:
a plurality of nozzles formed on a frontside of the printhead integrated circuit;
a plurality of ink supply channels for supplying ink from a backside of the printhead
integrated circuit to the nozzles; and
a plurality of etched trenches defined in the backside and each printhead integrated circuit
being in accordance with claim 1; and )
(b) an ink manifold having a mounting surface, the backside of each printhead
integrated circuit being bonded to the mounting surface with an adhesive,

wherein the adhesive is received, at least partially, in the plurality of etched trenches.

Brief Description of the Drawings
Fig. 1 shows a front perspective view of a printer with paper in the input tray and the

collection tray extended;
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Fig. 2 shows the printer unit of Fig. 1 (without paper in the input tray and with the
collection tray retracted) with the casing open to expose the interior;

Fig. 3 shows a perspective view of a cradle unit with open cover assembly and cartridge
unit removed therefrom;

Fig. 4 shows the cradle unit of Fig. 3 with the cover assembly in its closed position;

Fig. 5 shows a front perspective view of the cartridge unit of Fig. 3;

Fig. 6 shows an exploded perspective view of the cartridge unit of Fig. 5;

Fig. 7 shows a top perspective view of the printhead assembly shown in Fig. 6;

Fig. 8 shows an exploded view of the printhead asserably shown in Fig. 7;

Fig. 9 shows an inverted exploded view of the printhead assembly shown in Fig. 7;

Fig. 10 shows a cross-sectional end view of the printhead assembly of Fig. 7;

Fig. 11 shows a magnified partial perspective view of the drop triangle end of a printhead
integrated circuit module as shown in Figs. 8 to 10;

Fig. 12 shows a magnified perspective view of the join between two printhead integrated
circuit modules shown in Figs. 8 to 11;

Fig. 13 shows an underside view of the printhead integrated circuit shown in Fig. 11;

Fig. 14 shows a perspective transverse sectional view of an ink supply channel shown in
Fig. 13;

Fig. 15A shows a transparent top view of a printhead assembly of Fig.7 showing in
particular, the ink conduits for supplying ink to the printhead integrated circuits;

Fig. 15B is a partial enlargement of Fig. 15A;

Fig. 16 shows a vertical sectional view of a single nozzle for ejecting ink, for use with the
invention, in a quiescent state;

Fig. 17 shows a vertical sectional view of the nozzle of Fig. 16 during an initial actuation
phase;

Fig. 18 shows a vertical sectional view of the nozzle of Fig. 17 later in the actuation phase;

Fig. 19 shows a perspective partial vertical sectional view of the nozzle of F1g 16, at the
actuation state shown in Fig, 18; ’

Fig. 20 shows a perspective vertical section of the nozzle of Fig. 16, with ink omitted;

Fig. 21 shows a vertical sectional view of the of the nozzle of Fig. 20;

Fig. 22 shows a perspective partial vertical sectional view of the nozzle of Fig. 16, at the
actuation state shown in Fig. 17;

Fig. 23 shows a plan view of the nozzle of Fig. 16;
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Fig. 24 shows a plan view of the nozzle of Fig. 16 with the lever arm and movable nozzle
removed for clarity;

Fig.25 shows a perspective vertical sectional view of a part of a printhead chip
incorporating a plurality of the nozzle arrangements of the type shown in Fig. 16;

Fig. 26 shows a schematic cross-sectional view through an ink chamber of a single nozzle
for injecting ink of a bubble forming heater element actuator type.

Figs. 27A to 27C show the basic operational principles of a thermal bend actuator;

Fig. 28 shows a three dimensional view of a single ink jet nozzle arrangement constructed
in accordance with Fig. 27; and

Fig. 29 shows an array of the nozzle arrangements shown in Fig. 28.

Detailed Description of a Specific Embodiment

A specific form of the invention is described below in the context of fabricating a printhead
assembly for an inkjet printer. However, it will be appreciated that the invention may be used in
connection with bonding any two substrates together and is not in any way limited to the specific
embodiment of printhead fabrication.

Inkjet Printer Unit

Fig. 1 shows a printer unit 2 comprising a media supply tray 3, which supports and supplies
media 8 to be printed by the print engine (concealed within the printer casing). Printed sheets of
media 8 are fed from the print engine to a media output tray 4 for collection. User interface 5 is an
LCD touch screen and enables a user to control the operation of the printer unit 2.

Fig. 2 shows the lid 7 of the printer unit 2 open to expose the print engine 1 positioned in
the internal cavity 6. Picker mechanism 9 engages the media in the input tray 3 (not shown for
clarity) and feeds individual streets to the print engine 1. The print engine 1 includes media
transport means that takes the individual sheets and feeds them past a printhead assembly (described
below) for printing and subsequent delivery to the media output tray 4 (shown retracted).

Print Engine

The print engine 1 is shown in detail in Figs. 3 and 4 and consists of two main parts: a
cartridge unit 10 and a cradle unit 12.

The cartridge unit 10 is shaped and sized to be received within the cradle unit 12 and
secured in position by a cover assembly 11 mounted to the cradle unit. The cradle unit 12 is in turn

configured to be fixed within the printer unit 2 to facilitate printing as discussed above.
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Fig. 4 shows the print engine 1 in its assembled form with cartridge unit 10 secured in the
cradle unit 12 and cover assembly 11 closed. The print engine 1 controls various aspects associated
with printing in response to user inputs from the user interface 5 of the printer unit 2. These aspects
include transporting the media past the printhead in a controlled manner and the controlled ejection

of ink onto the surface of the passing media.

Cartridge unit

The cartridge unit 10 is shown in detail in Figs. 5 and 6. With reference to the exploded
view of Fig. 6, the cartridge unit 10 generally consists of a main body 20, an ink storage module
assembly 21, a printhead assembly 22 and a maintenance assembly 23.

Each of these parts are assembled together to form an integral unit which combines ink
storage means together with the ink ejection means. Such an arrangement ensures that the ink is
directly supplied to the printhead assembly 22 for printing, as required, and should there be a need
to replace either or both of the ink storage or the printhead assembly, this can be readily done by
replacing the entire cartridge unit 10.

However, the operating life of the printhead is not limited by the supply of ink. The top
surface 42 of the cartridge unit 10 has interfaces 61 for docking with a refill supply of ink to
replenish the ink storage modules 45 when neceséary. To further extend the life of the printhead,
the cartridge unit carries an integral printhead maintenance assembly 23 that caps, wipes and

moistens the printhead.

Printhead Assembl
The printhead assembly 22 is shown in more detail in Figs. 7 to 10, and is adapted to be

attached to the underside of the main body 20 to receive ink from the outlets molding 27.

The printhead assembly 22 generally comprises an elongate upper member 62 which is
configured to extend beneath the main body 20, between the posts 26. A plurality of U-shaped clips
63 project from the upper member 62. These pass through the recesses 37 provided in the rigid
plate 34 and become captured by lugs (not shown) formed in the main body 20 to secure the
printhead assembly 22.

The upper element 62 has a plurality of feed tubes 64 that are received within the outlets in
the outlet molding 27 when the printhead assembly 22 secures to the main body 20. The feed tubes
64 may be provided with an outer coating to guard against ink leakage.

The upper member 62 is made from a liquid crystal polymer (LCP) which offers a number
of advantages. It can be molded so that its coefficient of thermal expansion (CTE) is similar to that
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of silicon. It will be appreciated that any significant difference in the CTE’s of the printhead
integrated circuit 74 (discussed below) and the underlying moldings can cause the entire structure to
bow. However, as the CTE of LCP in the mold direction is much less than that in the non- mold
direction (~5ppm/°C compared to ~20ppm/°C), care must be take to ensure that the mold direction
of the LCP moldings is unidirectional with the longitudinal extent of the printhead integrated circuit
(IC) 74. LCP also has a relatively high stiffness with a modulus that is typically 5 times that of
‘normal plastics’ such as polycarbonates, styrene, nylon, PET and polypropylene.

As best shown in Fig. 8, upper member 62 has an open channel configuration for receiving
a lower member 65, which is bonded thereto, via an adhesive film 66. The lower member 65 is also
made from an LCP and has a plurality of ink channels 67 formed along its length. Each of the ink
channels 67 receive ink from one of the feed tubes 64, and distribute the ink along the length of the
printhead assembly 22. The channels are 1 mm wide and separated by 0.75 mm thick walls.

In the embodiment shown, the lower member 65 has five channels 67 extending along its
length. Each channel 67 receives ink from only one of the five feed tubes 64, which in turn receives
ink from one of the ink storage modules 45 (see Fig. 9) to reduce the risk of mixing different
coloured inks. In this regard, adhesive film 66 also acts to seal the individual ink channels 67 to
prevent cross channel mixing of the ink when the lower member 65 is assembled to the upper
member 62.

In the bottom of each channel 67 are a series of equi-spaced holes 69 (best seen in Fig. 9) to
give five rows of holes 69 in the bottom surface of the lower member 65. The middle row of holes
69 extends along the centre-line of the lower member 65, directly above the printhead IC 74. As
best seen in Fig. 15, other rows of holes 69 on either side of the middle row need conduits 70 from
each hole 69 to the centre so that ink can be fed to the printhead IC 74.

Referring to Fig. 10, the printhead IC 74 is mounted to the underside of the lower member
65 by a polymer sealing film 71. This film may be a thermoplastic film such as a PET or
Polysulphone film, or it may be in the form of a thermoset film, such as those manufactured by AL
technologies and Rogers Corporation. The polymer sealing film 71 is a laminate with adhesive
layers on both sides of a central film, and laminated onto the underside of the lower member 65. As
shown in Figs. 9, 14 and 15, a plurality of holes 72 are laser drilled through the adhesive film 71 to
coincide with the centrally disposed ink delivery points (the middle row of holes 69 and the ends of
the conduits 70) for fluid communication between the printhead IC 74 and the channels 67.

The thickness of the polymer sealing film 71 is critical to the effectiveness of the ink seal it
provides. As best seen in Figs. 13 and 15, the polymer sealing film seals the etched channels 77 on
the reverse side of the printhead IC 74, as well as the conduits 70 on the other side of the film.
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However, as the film 71 seals across the open end of the conduits 70, it can also bulge or sag into
the conduit. The section of film that sags into a conduit 70 runs across several of the etched
channels 77 in the printhead IC 74. The sagging may cause a gap between the walls separating each
of the etched channels 77. Obviously, this breaches the seal and allows ink to leak out of the
printhead IC 74 and or between etched channels 77.

To guard against this, the polymer sealing film 71 should be thick enough to account for
any sagging into the conduits 70 while maintaining the seal over the etched channels 77. The
minimum thickness of the polymer sealing film 71 will depend on:

i. the width of the conduit into which it sags;

2 the thickness of the adhesive layers in the film’s laminate structure;

3. the ‘stiffness’ of the adhesive layer as the printhead IC 74 is being pushed into it; and,

4.  the modulus of the central film material of the laminate.

A polymer sealing film 71 thickness of 25 microns is adequate for the printhead assembly
22 shown. However, increasing the thickness to 50, 100 or even 200 microns will correspondingly
increase the reliability of the seal provided.

Ink delivery inlets 73 are formed in the ‘front’ surface of a printhead IC 74. The inlets 73
supply ink to respective nozzles 801 (described below with reference to Figs. 16 to 31) positioned
on the inlets. The ink must be delivered to the IC’s so as to supply ink to each and every individual
inlet 73. Accordingly, the inlets 73 within an individual printhead IC 74 are physically grouped to
reduce ink supply complexity and wiring complexity. They are also grouped logically to minimize
power consumption and allow a variety of printing speeds.

Each printhead IC 74 is configured to receive and print five different colours of ink (C, M,
Y, X and IR) and contains 1280 ink inlets per colour, with these nozzles being divided into even
and odd nozzles (640 each). Even and odd nozzles for each colour are provided on different rows
on the printhead IC 74 and are aligned vertically to perform true 1600 dpi printing, meaning that
nozzles 801 are arranged in 10 rows, as clearly shown in Fig. 11. The horizontal distance between
two adjacent nozzles 801 on a single row is 31.75 microns, whilst the vertical distaxice between
rows of nozzles is based on the firing order of the nozzles, but rows are typically separated by an
exact number of dot lines, plus a fraction of a dot line corresponding to the distance the paper will
move between row firing times. Also, the spacing of even and odd rows of nozzles for a given
colour must be such that they can share an ink channel, as will be described below.

The printhead ICs 74 are arranged to extend horizontally across the width of the printhead
assembly 22. To achieve this, individual printhead ICs 74 are linked together in abutting

arrangement across the surface of the adhesive layer 71, as shown in Figs. 8 and 9. The printhead
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IC’s 74 may be attached to the polymer sealing film 71 by heating the IC’s above the melting point
of the adhesive layer and then pressing them into the sealing film 71, or melting the adhesive layer
under the IC with a laser before pressing them into the film. Another option is to both heat the IC
(not above the adhesive melting point) and the adhesive layer, before pressing it into the film 71.

Referring to Figs. 13 and 14, a plurality of trenches 85 are etched into the backside of each
printhead IC 74. These trenches provide additional surface area for the adhesive to bond with the
printhead IC 74. Once the film 71 is heated above the adhesive melting point, the adhesive flows
into the trenches 85 when the printhead IC 74 is pressed against the film. The adhesive may be
drawn into the trenches by a capillary action or it may simply be pressed into the trenches during
bonding, depending on the surface tension of the adhesive and the dimensions of the trenches. The
trenches 85 are etched into the backside of the printhead IC 74 at the wafer stage, at the same time
as the channels 77 are etched.

If the printhead IC 74 is heated prior to bonding, then a partial vacuum is created in the
trenches 85, above the adhesive received in the trenches, when the printhead IC cools down. This
partial vacuum assists in holding the printhead IC 74 in position against the film 71 and maintains it
in proper alignment during bonding.

The length of an individual printhead IC 74 is around 20 — 22 mm. To print an A4/US
letter sized page, 11 — 12 individual printhead ICs 74 are contiguously linked together. The number
of individual printhead ICs 74 may be varied to accommodate sheets of other widths.

The printhead ICs 74 may be linked together in a variety of ways. One particular manner
for linking the ICs 74 is shown in Fig. 12. In this arrangement, the ICs 74 are shaped at their ends
to link together to form a horizontal line of ICs, with no vertical offset between neighboring ICs. A
sloping join is provided between the ICs having substantially a 45° angle. The joining edge is not
straight and has a sawtooth proﬁle.to facilitate positioning, and the ICs 74 are intended to be spaced
about 11 microns apart, measured perpendicular to the joining edge. In this arrangement, the left
most ink delivery nozzles 73 on each row are dropped by 10 line pitches and arranged in a triangle
configuration. This arrangement provides a degree of overlap of nozzles at the join an& maintains
the pitch of the nozzles to ensure that the drops of ink are delivered consistently along the printing
zone. This arrangement also ensures that more silicon is provided at the edge of the IC 74 to ensure
sufficient linkage. Whilst control of the operation of the nozzles is performed by the SoPEC device
(discussed later in the description), compensation for the nozzles may be performed in the
printhead, or may also be performed by the SOPEC device, depending on the storage requirements.
In this régard it will be appreciated that the dropped triangle arrangement of nozzles disposed at one

end of the IC 74 provides the minimum on-printhead storage requirements. However where storage
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requirements are less critical, shapes other than a friangle can be used, for example, the dropped
rows may take the form of a trapezoid.

The upper surface of the printhead ICs have a number of bond pads 75 provided along an
edge thereof which provide a means for receiving data and or power to control the operation of the
nozzles 73 from the SOPEC device. To aid in positioning the ICs 74 correctly on the surface of the
adhesive layer 71 and aligning the ICs 74 such that they correctly align with the holes 72 formed in
the adhesive layer 71, fiducials 76 are also provided on the surface of the ICs 74. The fiducials 76
are in the form of markers that are readily identifiable by appropriate positioning equipment to
indicate the true position of the IC 74 with respect to a neighbouring IC and the surface of the
adhesive layer 71, and are strategically positioned at the edges of the ICs 74, and along the length of
the adhesive layer 71.

In order to receive the ink from the holes 72 formed in the polymer sealing film 71 and to
distribute the ink to the ink inlets 73, the underside of each printhead IC 74 is configured as shown
in Fig 13. A number of eiched channels 77 are provided, with each channel 77 in fluid
communication with a pair of rows of inlets 73 dedicated to delivering one particular colour or type
of ink. The channels 77 are about 80 microns wide, which is equivalent to the width of the holes 72
in the polymer sealing film 71, and extend the length of the IC 74. The channels 77 are divided into
sections by silicon walls 78. Each sections is directly supplied with ink, to reduce the flow path to
the inlets 73 and the likelihood of ink starvation. to the individual nozzles 801. In this regard, each
section feeds approximately 128 nozzles 801 via their respective inlets 73.

Fig. 15B shows more clearly how the ink is fed to the etched channels 77 formed in the
underside of the ICs 74 for supply to the nozzles 73. As shown, holes 72 formed through the
polymer sealing film 71 are aligned with one of the channels 77 at the point where the silicon wall
78 separates the channel 77 into sections. The holes 72 are about 80 microns in width which is
substantially the same width of the channels 77 such that one hole 72 supplies ink to two sections of
the channel 77. It will be appreciated that this halves the density of holes 72 required in the polymer
sealing film 71.

Following attachment and alignment of each of the printhead ICs 74 to the surface of the
polymer sealing film 71, a flex PCB 79 (see Fig. 18) is attached along an edge of the ICs 74 so that
control signals and power can be supplied to the bond pads 75 to control and operate the nozzles
801. As shown more clearly in Fig. 15, the flex PCB 79 extends from the printhead assembly 22
and folds around the printhead assembly 22.

The flex PCB 79 may also have a plurality of decoupling capacitors 81 arranged along its
length for controlling the power and data signals received. As best shown in Fig. 8, the flex PCB 79
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has a plurality of electrical contacts 180 formed along its length for receiving power and or data
signals from the control circuitry of the cradle unit 12. A plurality of holes 80 are also formed
along the distal edge of the flex PCB 79 which provide a means for attaching the flex PCB to the
flange portion 40 of the rigid plate 34 of the main body 20. The manner in which the electrical
contacts of the flex PCB 79 contact the power and data contacts of the cradle unit 12 will be
described later.

As shown in Fig. 10, a media shield 82 protects the printhead ICs 74 from damage which
may occur due to contact with the passing media. The media shield 82 is attached to the upper
member 62 upstream of the printhead ICs 74 via an appropriate clip-lock arrangement or via an
adhesive. When attached in this manner, the printhead ICs 74 sit below the surface of the media
shield 82, out of the path of the passing media.

A space 83 is provided between the media shield 82 and the upper 62 and lower 65
members which can receive pressurized air from an air compressor or the like. As this space 83
extends along the length of the printhead assembly 22, compressed air can be supplied to the space
56 from either end of the printhead assembly 22 and be evenly distributed along the assembly. The
inner surface of the media shield 82 is provided with a series of fins 84 which define a plurality of
air outlets evenly distributed along the length of the media shield 82 through which the compressed
air travels and is directed across the printhead ICs 74 in the direction of the media delivery. This
arrangement acts to prevent dust and other particulate matter carried with the media from settling on

the surface of the printhead ICs, which could cause blockage and damage to the nozzles.

Ink Delivery Nozzles
Examples of a type of ink delivery nozzle arrangement suitable for printhead ICs 74 will

now be described with reference to Figures 16 to 25. Figure 25 shows an array of ink delivery
nozzle arrangements 801 formed on a silicon substrate 8015. Each of the nozzle arrangements 801
are identical, however groups of nozzle arrangements 801 are arranged to be fed with different
colored inks or fixative. In this regard, the nozzle arrangements are arranged in rows and are
staggered with respect to each other, allowing closer spacing of ink dots during printing than would
be possible with a single row of nozzles. Such an arrangement makes it possible to provide a high
density of nozzles, for example, more than 5000 nozzles arrayed in a plurality of staggered rows
each having an interspacing of about 32 microns between the nozzles in each row and about 80
microns between the adjacent rows. The multiple rows also allow for redundancy (if desired),

thereby allowing for a predetermined failure rate per nozzle.
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the silicon wafer substrate 8015 and the silicon dioxide layer 8017 are etched to define an ink inlet

channel 8014 having a generally circular cross section (in plan). An aluminium diffusion barrier
8028 of CMOS metal 1, CMOS metal 2/3 and CMOS top level metal is positioned in the silicon
dioxide layer 8017 about the ink inlet channel 8014. The diffusion barrier 8028 serves to inhibit the
diffusion of hydroxyl ions through CMOS oxide layers of the drive electronics layer 8017.

A passivation layer in the form of a layer of silicon nitride 8031 is positioned over the
aluminium contact layers 8030 and the silicon dioxide layer 8017. Each portion of the passivation
layer 8031 positioned over the contact layers 8030 has an opening 8032 defined therein to provide
access to the contacts 8030.

The nozzle arrangement 801 includes a nozzle chamber 8029 defined by an annular nozzle
wall 8033, which terminates at an upper end in a nozzle roof 8034 and a radially inner nozzle rim
804 that is circular in plan. The ink inlet channel 8014 is in fluid communication with the nozzle
chamber 8029. At a lower end of the nozzle wall, there is disposed a moving rim 8010, that
includes a moving seal lip 8040. An encircling wall 8038 surrounds the movable nozzle, and
includes a stationary seal lip 8039 that, when the nozzle is at rest as shown in Fig. 19, is adjacent the
moving rim 8010. A fluidic seal 8011 is formed due to the surface tension of ink trapped between
the stationary seal lip 8039 and the moving seal lip 8040. This prevents leakage of ink from the
chamber whilst providing a low resistance coupling between the encircling wall 8038 and the
nozzle wall 8033.

As best shown in Fig. 23, a plurality of radially extending recesses 8035 is defined in the
roof 8034 about the nozzle rim 804. The recesses 8035 serve to contain radial ink flow as a result of
ink escaping past the nozzle rim 804.

The nozzle wall 8033 forms part of a lever arrangement that is mounted to a carrier 8036
having a generally U-shaped profile with a base 8037 attached to the layer 8031 of silicon nitride.
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E&Is&hée%dusEhﬁ&lﬁdaﬁtté efpakic Imwa@:a@lsldﬂsalmeagﬁ of Aiciugiat beath 807 mean

10/ 728, 970, the conient C t
A 0F R o e Efan ARG RGP W SEp Fgg o0 [ The
apphdai iatoastraided to thelke® by tik ethar 808 Lo tis endwfdhe actuator beam 807 adjacent

t&éﬁﬁn%h%ﬁﬁ?#ﬁ%ﬁﬂﬂa Q%%gs of 10 the!r backsi de

sUrfaces. t he backside surfaces of . .
i nt eg b reldtivsihozsintat ingénihilitl ofithe passive bsams $6ipzryents them from allowing

LRGSRl %qenlﬂ';%t ﬁi@ }é%r%ﬁ’ go18n X{&Jea& k’bﬁ@ relaf"veQﬁs‘ig%exﬁéﬁt of the

maxl m ze their mechani cal stren eci al

jpitgebmens pRints pfrthe pAssive(heargs qnéé@ﬂ%%ﬁﬂ%@%bﬁ? tbg fexpragm cduses a

Gy ikirlg ntovdmenfati BB eHhO RVerRANEh 18 ttcf'lﬁohag’ékéidllgi ﬁo&ﬁbt’rafrdﬁ: The dbvement is
|nte rated circuits offten_n ge sui.t ab

eed
i B AEHOEOSY A BEVOE HG “EOF t G yo! Pint means tat e
a&hmus\aeom apiot régoﬂdeﬁﬁmadnmmfme pasiive béame 866.1r engt h

IS us imzed 5 |nc C

r ough #g OX%\W% ovel?cg% Qa}{(ti gh Et 0 2%%&19 ﬁelp grmbébrlg & a%xphﬁed by the
distener of the gozzierwtall G033k dnthe h@swmbeemsr&ftﬁ aﬂnedmmsi mpevement of the
It would be desirable to provide an inproved nethod of
bondi ng substrates using adhesives, which avoids

i ncreasing the surface roughness of the substrate. It
woul d al so be desirable to provide a thin substrate

(e.g. <1000 mcron thick substrate), which has a

surface suitable for bonding using 20 adhesives, but
mai nt ai ns accept abl e nmechani cal strength. Sunmary of
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bondi ng surface; (b) providing a second
substrate having a second bondi ng surface; and
(c) bondi ng the first bonding surface and the second

ndln%?surface t oget her using an adhesi ve, %8%g%(ﬁ5&m%w

VRSUEFRET ve is received, at least partially,
plurality of etched trenches duri ng bondi ng.
20061089337PCT/ AU20051000269 1 In a second

aspect, there is provided a fitst substrate suitable
for bonding to a second substrate using an adhe3|ve
said first substrate having a plur I|ty of etche

t RZRlE el e FIoReAYSSS A PSSP ncteats GrHhHge Dambes 8229, ?ar%%ng the meniscus to
ebulied sﬁommchgswb i vﬁm bErA itigtithe eurfaos tedsi>a of the ﬁ:g nieh® the fluid seal

"G5 5 A0y bl pgodoroct - (e 1S
first Aubhevrnthie. h$\at thgaparoptiale Gine, the doife @treitéchtdppetrali &s actuator
Jgﬁx‘%ﬁ’g o];)is raﬁc{ cogQaﬁgl g’gqb H{r cﬁ&?cau!e?éle @v&%ﬁx‘?{bdcommence its return

tra e aving a secon I Ng surrace,
( @)thmeevdﬁ@s&w whinkiintegn @fmcsfa mdy@twmrmsmge By ikef hambeg RQR9. The

t ﬂ%r;ﬁa%&?ﬁg nﬁ&@ﬁi’hﬁ 9 é&‘ bl et %ﬁferent]sgﬁé@ ﬁ:ﬁﬁbﬂ‘ a&f’cﬁe negative

hesi've is sandwi ched between the first and second
stB%?FF saeed by ghegpr ard moveneperf theropzhechambeyr 8020 grse thispigm se

t yienabe Snaplhﬁg, af thebulfifly BEnReEto défHe bR ink Grop BOXthat@EntAues upwards until
pﬂ%y$a senply.conmprising: (a) a plurality of

ptf FIRERE A m?ﬁﬁ@ﬁ?ﬁ %4 circuits, each printhead

I nt egriminediatelyrafen the dkgreaPRPetaches) greniscup B3 fertnss the codicave shape shown in

le e§\%rf gé %s%nocg%s@s tﬁé &&‘s&k gxleché) (t,hrfngnpg 8@.{9' t@FeESﬁq'elatrvely low until ink

egra
v b Puskécpwtd S the ek 801 owhich sk $ic dezzlsfarmhgsment and the ink

%mtq]ng@gmlsﬁhggg@g‘egm%g gslit to the nozzles; and a

pl ura et ched trenches defined in the backside;
and 20eiheriipe of printhsad posrly arangement suikle ior the grinthsad Kesy/4 will now be
t RecriBelkit ieRreaEe 16 BIZMEPOhdR laleiid dor clarity and ease of description, the construction

and operation of a single nozzle arrangement 1001 will be described.

The nozzle arrangement 1001 is of a bubble forming heater element actuator type which
comprises a nozzle plate 1002 with a nozzle 1003 therein, the nozzle having a nozzle rim 1004, and
aperture 1005 extending through the nozzle plate. The nozzle plate 1002 is plasma etched from a
silicon nitride structure which is deposited, by way of chemical vapour deposition (CVD), over a
sacrificial material which is subsequently etched.

The nozzle arrangement includes, with respect to each nozzle 1003, side walls 1006 on
which the nozzle plate is supported, a chamber 1007 defined by the walls and the nozzle plate 1002,
a multi-layer substrate 1008 and an inlet passage 1009 extending through the multi-layer substrate
to the far side (not shown) of the substrate. A looped, elongate heater element 1010 is suspended
within the chamber 1007, so that the element is in the form of a suspended beam. The nc;zzle
arrangement as shown is a microelectromechanical system (MEMS) structure, which is formed by a
lithographic process.

When the nozzle arrangement is in use, ink 1011 from a reservoir (not shown) enters the
chamber 1007 via the inlet passage 1009, so that the chamber fills. Thereafter, the heater element
1010 is heated for somewhat less than 1 micro second, so that the heating is in the form of a thermal
pulse. It will be appreciated that the heater element 1010 is in thermal contact with the ink 1011 in
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integrated circuit being bonded to the nounting

surface with an adhesive, wherein the adhesive is

received, at least partially, in the plurality of
trenches In a fifth aspect, '

'%9391g@8 A pr hat head integrated circuit SUIthﬁé%Fg%mmmg

bonding to a 25 nounting surface of an ink manifold

usi ng an adhesive, said printhgad integrated circuit

conprising: a plurality of no es formed on a

front3|de of the prlnthead |ntegrated circuit;

otrabes oo whtrlegini et i%?@%ﬁ?%@%ﬂ%ﬁ%&ﬁ%‘ww@bhsm

t daemlao&dcbﬁisnglﬁﬂﬁ ink(a1 ipdonstialtéstaybubiile Pintihelhuid. enches
defin e[%e i)u bgehl%lp %gges ! nde?dte Lo e Cllﬁgrgascts 1rne Qe%pu%c’ W Q}? . @i‘g chamber 1007
configure or TECEINIh % esIve during bondr Ag. ’
HM@ﬁenhmqmﬂ&ﬁﬂa@smmm@ghénpH@6wﬁ§wmhé06nhpwd6@nmddm$@ﬁ'Hmrhn
f \ t t f

4 hsFRE BVdid ERG &ak B thh fadr
s@gstsgg[t es t % a{i‘sl-fc:}\/\éver as e%(]%ﬁig%n eedc cg\(/) ea °P
s%ﬁ*@@@nroughenlng |s MD 2006/089337PCT/AU2005/000269
6 undes} fanha tlex‘é@srdblytdib Hozaréb%ma aﬁmba%bv B8 inddt bds642811009 is
chip having a thickness of | ess thanl 000 pm

GPRE PRSP e FRSIeST R e Sherigh belr?ampf fheglemept 410 and
2fofhif of a bebte] 012 hﬁed&fo&ﬁ'ﬁbﬁadjaéﬁﬂeﬂlbinﬁdfs 498 eheirdergespondin s Aextles.

foi [ dh trolled.
i ch e R et Hrey SR by 5T L B eHY Bt g 01T oo teough e
sxiolmilcclﬂm bt 33 pluchegsonviiddacihthpesh thoinlst presags 10681 Haw«iysn, the inlet
t
KRS gg%?u Ctglga &%ﬁ?ﬁ% b&ﬂa 5@0 191(3 oném lénEQh a%g {)o%r?/ C#El%xﬂa{eﬁl 16 microns

an be used for
ein dipmesere Hengsdhareis @ Sl{betarglal W@p@ﬁ drag hAs aregudtsthe Bfﬁqlqnémt Yeftect of the

‘ C}%ésﬂl?e 15 BSthE MaBBer 1@0’} i §9BrcB ink Q)htqgrm?éﬁl?ﬁat Ho2416 5008 tet.@an)&rgected drop

where surface, roug enln% i's undesirab
i W%Wﬁ%ﬁ@@%ﬁ?ﬂ%%&l Passags A0 ageous f or use | n
f abri agkhown ifFigpz6, the hkacbpalbi gis bexb@é}@;téﬁﬁs shbwindua tls “necking phase”

bRt ks He Y e B B PR Ao SR G size
othd bk ¢hep bexsie it collapsenivhrdsitherpyintad callaphd@il’at t he sane
tine ag, 5‘15“3%*“?%&&9 Bﬁﬂbﬁ: 16{@@@% g&h%@&ﬁnaés%%i]f dafilds 0¥ ink 1011

addi ti ona
rebedrawngom WéhJQ eanetled GO (homtthe slcées HHtS opthe tifop)y gt soxpe to be drawn

| opd tﬁeﬁgle%hgsa?@}bob QovAdEREd p%ﬁﬁl of¥ollags® "MEX 8B Bk 1011 drawn in this

pl astics i con ass etc. The seco

nd
SRR S thsm%’sﬁ%q% @m&w&l@nﬁf&wﬂ? &1l page of the drop 1016
Qﬁ&cwims}dam{g(b\ﬁe in connection with the first
T 2 RERdoR 10 Aok et st o paspme Surac Whion forces,
hh orden $a ek afe4sl ink @0l 1vis dh’awx_ﬂﬁfpm (12 nozzletllﬂe’af uthé eujlepst efike ubble 1012,
L R
(e dng; soghat th@mm;mn@qxwéthp drep apit is(péqgieql owpf qhy nozzle is sufficient to allow the

%}Jp%g}é&l ofely, the trenches may be dinensioned to
sinply receive adhesi ve when the second substrate, and

the aMkerthgdropdPlb bsraksefb gavitatigniorcesapraaysed ayrellrgivd by e arrows
9070f /R bubdIP i1 62l coNapsds fEthe ikt dNEdMRSse DATEL: arnﬂmeafmuefat tﬁéraare no

é&.@égxgalséeesrfg ];;peg/Yclﬁtg %% tlhg gl)mtto% so %Qs%sibl7oorrl w%m\ﬁnthe cavx‘atlon can %ave an
effect.

Yet another type of printhead nozzle arrangement suitable for the printhead ICs will now be
described with reference to Figs. 27 — 29. This type typically provides an ink delivery nozzle
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cylindrical trenches) of |ess than about 10 pm

optionally less than about 5 pmor optionally |ess

than about 3 pm The trenches may have any depth
i.tabl e for inproving adhesi on w thout conp '

Wﬁém%@§P£t| robust ness of the first substratggﬂhﬁhﬂgmwuw

Optionally, the tenches are etched to depth of at

| east 2510 pm optionally at Il,gast 20 pm optionally

at least 30 pm or optionally™t |east 50 pm

Typi cal |y, the trenches have an aspect ratio of at

I east 3: é?] 5b % 8% %J?%ﬁé a&%?g%,ﬁ,gy %H%R%ic%gﬁ:e%ted toa

cﬁ@pqsmpmed memamhimgamm HHiegheems] ectgator ﬂh\eceBomiatep BB @sgect ink

%g)tchctﬁé Poezgle cIQim#Slo : rmg? g‘feﬁ%e)mbo%% m%ﬁlﬁ aztu%tlll C}.ﬁen%l%end actuator

vant ageous Imzin aval e surtace ar
frdichtispbudasihust¢sod tapered eions @onpw@m mnﬁg:umth@mcti o ponductive trace.

RE DR S A codebENQU: padfl Vil M&Elrééetvédlﬁroﬁéﬂ ot Q'gll &%he nozzle

surface has a maxi mum surface roughness (R.) of |ess
cpasrbe OThs ptuaigsary pas 2 ptingshppess s tp Rgis subskpiiallywith the surfaces of the
@mmmaiolzﬂeaﬁmﬁﬁrwa@ of less than 1 urn. The present

i nventj on i.s rd ant n.used wt
such Smnnudtyighig 2 R0 Ber MR LEE sharatuiiniogs O e basi
ppmtio)a obanwteld amazga@naﬁfhles ervtedin@dte Ahﬁbzilh elafnberSOe Riptovidad filled

we rn a? ﬁé m]ean\é\% %%Lfal 12X %§1g1 5&1 %Vg %ae geggéndgtgro \2 afer substrate on

athish shgenozaly tfhameer p@lresth rTds soz(zmymdvf:r SIOé f@thtehadu@@mnhq ection port
96’4&9&@'&]&'& &egjsculsmst han 5 urn, or optionally an

ess t urn. The adhesive is typi cal |

a | i qlpsige Blaee@lezfamr S 1s ppaddla tyaeidraicr 77 Whirkis ifkaconpastsd to an

b%tﬁ&ﬂérQOS%&iﬁgE@ﬁbt@th@ @Al bﬁH@jﬂt o3fle cHalRbdrao Al Tﬁéaacthzﬁ&' 508 mcludes a
esive is esi ve tape. c ri.sin n es

g‘ti‘t?é T5IS 5t 1“9%3‘?"6@@ 5?58‘%‘? g B‘E&P"é’cﬁ ﬁ@%ﬁg 3@0 f’i%F Rest cdtoa

subsiese. ar e wel | known in the sem conductor art.

Opti ogall ¥ dtesned]zl re% adSIUbé %ﬁlcg/zz *;]ambeu Cpl ﬂﬁl g‘c[t?d in Fig. 27(b),

bondlng proce usu I eve
thie dedtér msan@@b sthpai«tctso @v\ﬂmuoﬂprgrﬁbenaﬂ SEpanwdLL. Rrﬁaably, the heater means

?(?Aitf‘sﬁlg Xlgtié% %tﬁeg ‘Boxrtl Ff gl% g&%&lg% a{re ﬁtf?lt 5919%% Ygﬁhlg

advant age
@ClFFFé(tWhﬁreﬁ%ﬁ‘tePCb?fﬁW%mMFﬁ@défr eated in the tr enches

above t he adhesi ve, 'ch t h ;
t oget bend dficiengy bo Ygﬁ% § ﬁ%ﬂdﬁf’x &'@c@eﬂ? % %kg?ﬁtgf Enbnsion)
i s provided method wher ei nJeREDs ¥ rdreciic Hagfs Craeay

Ui t alofiab R {eleP SRR SURPLERL RSB cAlke formed so

adhesi ve, sald rst su strate ng a p a Ity of
este hed aglastapieildef i ned in a first bonding surface

the eTEJ]ﬁﬁteﬁrﬁé%ﬁ&ﬂ@Q% 1@@119 DeRaNKjatkdf tﬁ@lexfd%rtfoﬁ S2ihY b3S 10 &k that
%gh Si v dur | ng@bondl n 151 n ang ect_there is
I

aﬁwﬂm pa@sj'l&ﬁn g(%ﬁ;gtchatigt sma]l thermal exeg)smns near
the post SIO Ssuh$d lragb sotements gf the pdddieadd. t y of et ched

t s r f ac e; and
e R0 o A DO e e e
pmssma_@@pnct themk etemsmis m&mcrhge_xaanda‘ m&udueuea_hgl Rip AN intagrapid manner.
Tiihekitbd Abredt WP sBPant Wi 8G €t ohd be B pBH 5GSh Y&dition to flowing in from the

ink channel 503,
Subsequently, the paddle 507 is deactivated to again return to its quiescent position. The

deactivation causes a general reflow of the ink into the nozzle chamber. The forward momentum of
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20wherein the adhesive is received, at |east

partially, in the plurality of etched trenches. In

anot her aspect there is provided a printhead assenbly
r|S|n (a) a plurality of prj

‘Wﬁgg d circuits, each printhead integratgg&gﬁggamwﬂm

conprising: 2b5a pIuraIity of nozzles forned on a

frontside of the printhead ingﬁgrated circuit; a

plurality of ink supply channél's for supplying ink

froma backside of the printhead integrated circuit to

Iﬁ%elplﬁngtésﬂ eilwgzrl]%%d aﬁ€4 : éa:clmlﬁt andgég bea}: osvdrest tse 12% geen(cﬁj neg]ﬂ'.ng and

|brdﬂqngnﬂffnﬁhddrb;a5m2ngu® piidesedt tonly: int hedie, The hallajpad lsnigbes 505 results

0 FAE R DR 0L LRSS G ACHL b BSL N RPRACT, time, e

erel

& “mounti ng sur
andtzwhmebqr §0Yrierélledondch thet thegasitiongmFigi 2(4) ys aghimrepdhed and the nozzle

SRRty RATORLIEBEIR Lot i gk, o 1oy s
f or me&igo?B Hustrptent Yeeperspective e thﬂqvé%@arraﬁse@gwamdw illustrates

%éd’n@ﬁ&l {iew through a@arMyumézue Yrr@fenhdKofSHh PE. Wn@l{é@d'}%@}e‘é , theGfumbering
ing ink froma £$%k5|de of the printhea

oh flerg%/na% REgyiquply ifppguced,bgs peensgiinades . and
pl ur alFirktly, 1é aoﬁiaﬁ)h (5003 mﬂfm@ hsbﬁesdﬁiapaed adnmtdr heits gk s mxgh comprise

Eag gppg% gsgg atI%Q% oys 8 8cgln¢§ox1rclif Lﬁg forfnﬁ‘g on tog 0 %Qantx | rﬁglde layer
i5%7. pfﬂmad@b’ @coppr hivkel @ﬂowmdhﬂgma’tef palled cmmgskqlmaebq tulhaed which
?ﬁ?ﬁ ﬁg@g%&gﬂgﬁq&£¢ met hod conprising the steps of:

provi

Ing a rst substrate having a plurality of

et chedhe titarierheitidgdayemld 1S ina pered lorm augl, #sAeh fegistiye Ryatipgtakes place
QB ap Eﬂ‘ﬁoﬂieﬁ‘ Bf tfe pﬁﬁ@ﬁ@ d Aﬁ}d&ﬁtttftﬁﬁlﬁn ﬁﬁiﬂe@ﬁss@oﬁﬁﬁs@‘lg are interconnected

ondl Nng surtace,; I ng
mla?qlfgw%’evf%?a@l%wr?éfldm%% Pty he actustor 508
t oget ITe¢ hedtsi lﬁ@ns’aﬁwaﬁﬁéRﬁ inVl&des a pluramyeif e Itbpbxh@acaﬂhemm 5 which are

g@gﬁgga%%%gégﬁgg’c syc ﬁﬁiﬁt El%lg?ﬁj&ﬁaendfn rcg bﬁed aﬁéﬁ %te axis of the

ndtente 508 ispragiviizé dSlats lawrd&éméd hwaﬂmtakijﬁcemmapnrqd@mwgiﬁ élab allgw for
ghghf &iﬂédaeaﬁf 5RbA OM% faatal 58 @;ta Ie\épeee‘ to s dcdhasdes

I rst I Ng sur
The block portion 519 is mtercom?ected to an arm 520 The arm 520 is in turn connected to
the paddle 507 inside the nozzle chamber 501 by means of a slot e.g. 522 formed in the side of the

nozzle chamber 501, The slot 522 is designed generally to mate with the surfaces of the arm 520 so

as to minimize opportunities for the outflow of ink around the arm 520. The ink is held generally
within the nozzle chamber 501 via surface tension effects around the slot 522.

When it is desired to actuate the arm 520, a conductive current is passed through the
titanium nitride layer 517 within the block portion 519 connecting to a lower CMOS layer 506
which provides the necessary power and conirol circuitry for the nozzle arrangement. The
conductive current results in heating of the nitride layer 517 adjacent to the post 510 which results
in a general upward bending of the arm 20 and consequential ejection of ink out of the nozzle 504.
The ejected drop is printed on a page in the usual manner for an inkjet printer as previously
described.

An array of nozzle arrangements can be formed so as to create a single printhead. For

example, in Fig. 29 there is illustrated a partly sectioned various array view which comprises multiple
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20(b) a second substrate having a second bondi ng
surface, the second bondi ng surface being bonded to
the first bonding surface with an adhesive, wherein

h ive is received, at |east partially
‘%Pg?ogﬁﬁ"é of etched trenches. 25l n a furtherpgyég%[[agmm%g
there is provided a nethod of bonding a first
substrate to a second substra?g conprising the steps
of : (a) providing a fir substrate having a
plurality of etched trenches defined in a first

SR o B M me sk sne BRI e R SRy Of

bmmmmdg&mmanﬁsM@nqbomdmﬁgmsmmdmmh&nmﬁnbhaasas@md

bondi g, 3RS df %j)&‘lg dlgggte ?de%&ibgc? &g?}oc y%&eskaﬁ%ard MEMS

the a eS|ve I'S rec
gednighgstthyrough suitablp mddification bidhe dieps pyagt Mnﬂﬂ 243, Nentitled “Image

E0RLPBRAST Ex@ﬂpﬁ%ﬂ?&ﬁ@@qg B g?esérﬁ] a&m%t] He ARG whlEaR fully

IS prOV|ded a |rst subStrate suitable for bonding to
dnCOmoRg b¥ crostpisiereeusi ng an adhesive, said first

subst rrat eidgAd REcults P4 Hapbd dr¥ng 165458 8000Lth BOUCIVO Bf the above described

ned ina first surface, the_ e
06 hiied o, Lh sl Rond! ng, SULTace, Lhe. et ched: e inpgraed oircuts
chind thegiemm pitintigg plobérties kqnirtd) eFor 234patd, fdrivafr@v msdip it @aly de @ossible to
& &g’E %(Fl%? S&fO tubzozp di n%aga aflclmrﬁ%hr | SI %Seto tele)m% {Jeag a%?en?b‘f? % achieve a desired
(p@)ltupgrrwitmhqgaafof widst medidysmingoen bA0L080, &09(9 orr 91006 yozgles may need

Q%Gé"ﬁgw&é'd ﬁé‘&é lqutg IOPglg gﬂu@é ad gés ly Q‘%@ﬂé\%%se?é% r?gﬁﬁntmg result. For

pr OVI secon ate havin a
tfbl ef qvgpwm imagpgiom A @ 'S eftea pirrg Ilifﬁ‘@ ot prasqungh 08¢ fhe integrated

Subfif 98 mayEhvé h@eza 95&&6 &Qslef Nchefekbrd, HCBe LRYRhREIhe YShiRGA assembly
n adhgg f erg& e adhesive is receive

CER PaPRRT c?lﬁ‘gs 6? afals 197 ther integrated WW%?]%W@% have around
das%ngzﬂm Iﬂdpdsgj alddy] the surfhadrihddeif, Rﬁﬂﬁﬁﬁn zt twe¢ ®hdrSthe pnnthead assembly

BE ol caga% e Efnr' hrn‘f’rt6 psﬁlflrpf%ﬁu és?CSIUII rYaR, ﬁ{ gt?v%} &195 may result in 82944

econ
nozzles being prov1ded on the surface of the integrated circuits 74. In all such arrangements, the

electronics supporting each nozzle is the same,

While the present invention has been illustrated and described with reference to exemplary
embodiments thereof, various modifications will be apparent to and might readily be made by those
skilled in the art without departing from the scope and spirit of the present invention. Accordingly,
it is not intended that the scope of the claims appended hereto be limited to the description as set
forth herein, but, rather, that the claims be broadly construed.



an adhesive, said first substrate having a plurality
of etched trenches defined in a first bondi ng surface,
the etched trenches being configured for receiving the
adhesi ve during bonding. In another aspect there is
provi ded a bonded assenbly conprising: 20(a) a first
substrate having a plurality of etched trenches
defined in a first bondingzéusface; and (b)
a second substrate having a second bondi ng surface,
éﬁg%@Fcond bondi ng surface being bonded to the first
ng surface with an adhesive, wherein the adhesive
is received, at least partially, in the plurality of
1etched trenches. 25 In.a further aspect there is
provVﬁ@&mgmgﬁﬁﬁ?ﬂﬁﬁﬂmP?ﬂﬁ%rated circuit suitable for
bondianpgintheadinprareticiaghitsur f ace of an ink mani fol d using
an adhesiyve, .said printhe i ntegrated cifrcuit S
corm PGy ety B ortonk 935 S 4t E e Bifelped ciruis
f :r on talfp:ltdﬂitjb ?f fnk Elpl@ryi dhltuhﬁB dorindll legcm?gh et peinthead ihtegrafda circuit for
r.alj of .ink.supply .channel s r. s [ in )

Pt S taecisk of s bRhrnster gt bhp B popss:
t'j h fe RAQLEhas bfl"] e’id‘,ligd trﬁnc_hesﬁdelﬁhw i kﬂetbyl;](ck@fde ef kb gdnthdg& ftdpeated

ef.ined 1 n the backsl ae, .the etche renche el.
oS Pttt me FRc0S RhebB B fRS e boRP REmp kA
iMﬁgr&&Dﬁchﬁ Qe cBGJZij'cl 842 Qieﬁ 6%&@@@&1]: 2 el&)gnkdgra‘cdd][oﬁxbﬁf; agbpect
there | rovided a nethod o ondij ng . IIst, .
Subs e kabpgols gt LB HHCE, the wsksidh s REigigId ifeprgted
cirbit &gr%w%nwd:to _(ha}notnﬁmg: stifng :\Laathrﬂlliei dﬂh&ﬁagi\gl}dﬂéiﬁg rated ;
circuit according to aiml,, rovi ding.a secon
substheRIWaRY Of riged tegnddrare B@ﬁ’&fg‘% rEE P ShEEE a‘?hsflxﬂ)-
bondi ng the first bonding surface and the second
bondi_ ng surface together using,an adhesivye, wherein
%he AdREERyRdasemBY St sl | athertingeh prifthee mtiﬁrat?c{fﬂfw&has a
tRbine s of 1e¥s @hn B30Ghie@ns.r enches duri ng bonding. 10 In

anot her aspect there is provided a first substrate

sui table for bonding to a second substrate using an
3adhegihy BrinthieddsseinbBlof S 1 viHeil ¥Y ink Gnadifild 4 AhblHyd iak
etched trenches defined in a first bonding surface,
nyHold frAed M@ ROREST bei ng configured for receiving the
adhesi ve during bonding; and wherein the first

substrate is a printhead integrated circuit accordin
4 o c|The gyipthead assembly of claim 1, wherein the etched trenches have a diameter or

a width sufficient to draw in a liquid adhesive by capillary action.

5. The printhead assembly of claim 1, wherein the etched trenches have a diameter or

a width of less than about 10 microns.

6. The printhead assembly of claim 1, wherein the etched trenches have a depth of at

least 20 microns.

7. The printhead assembly of claim 1, wherein the etched trenches have an aspect ratio

of at least 3:1.



15 In a further aspect there is provided a bonded

assenbly conpri sing: (a) a printhead

integrated circuit according to claim1; and

(b) a second substrate having a second bondi ng

surface, the second bondi ng surface being bonded to

the first bonding surface with an adhesive, wherein

t he adhesive is received, ab7Least partially, in the

éﬂqu r ah{et @lgadeaé&al%gl tfr CF \%h re%()?th!a ﬁgoﬁe%q;engh %%%gsce&he
ere | rovi hea asse I'sing:

effaytiva spdfaspc ate pfeacli bq:!:kfﬁldﬁ Juefact biynt legpt aﬂ%d circuits, each

printhead integrated circuit conprising: a plurality

of nozzles forned on a fiontside of the printhead

9.nt engameidtheddraswmblyZﬁ‘alaph Uiy velherdity eaoh backkidssuplateyhas a maximum

S%{}?c%rllﬁuéa%esg R 8ple%s¥faang¢bouq Bﬂf [,0m a backsi de f)f atn 3 e

SPPCarf™ o the nozzl es;
a plurality of etched trenches defined in the backside

122 g or HE ﬁélg&w%:aﬁh%% la/ or}t %ﬂn ?t sperecl:rll LK backsﬁe sugfacer}&s a ranra]lximum
surfhkcemaughhash B, aflessghan abouwtistnnng sur f ace, t he backsi de

of each printhead 30 integrated circuit being bonded

to the nmounting surface with an adhesive, wherein the

lddhesihe @rihtﬁeafdelsseiri\b@d)f chim i aﬂ&teupemh baksiye surface Hag an average
Egura qﬁ ﬁg %§ q Brief Description of the
%ﬁf%&&k$ oriess Mhows a front perspective

view of a printer mnth paper in the input tray and the

3006/ G885 HETRUBH S F B ey e each buckyide sutace s g averpge

spifacer@ighnkss R, affleskth@n alou ninhout paper in the input
tray and with the collection tray retracted) with the

casi ng open to expose the interior; Fig. 3 shows
13. peripefnthsid avde@blyalf cRing 1 ad{e&waiclﬁ pivthdad dpeiRateAR it has a

Tt L O B b e e cover 0
assenbly inits closed position; Fig. 5 shows a front

Qer S pﬁl% tp{'lr\{t ea\éla(sesve\:/m Iy of claim ?rvshrelre(?rgt?le g Ieglveo ifs aII:ilqgi'd-bgs;ed adhesive.

15. The printhead assembly of claim 1, wherein the adhesive is an adhesive tape

comprising a liquid-based adhesive.

16. The printhead assembly of claim 1, wherein the plurality of etched trenches are

provided interposed between the plurality of ink supply channels.

17. The printhead assembly of claim 1, wherein a plurality of etched channels is

provided interposed between a pair of ink supply channels.

18. A printhead integrated circuit comprising:

a plurality of nozzles formed on a front side of the printhead integrated circuit;



Fig. 6 shows an expl oded perspective view of the
cartridge unit of Fig. 5, Fig. 7 shows a top
perspective view of the printhead assenbly shown in
Fig. 6; Fig. 8 shows an expl oded view of the printhead
assenbly shown in Fig. 7; 10Fig. 9 shows an inverted
expl oded view of the printhead assenbly shown in Fig.
7; Fig. 10 shows a cross- %ﬁgggonal end view of the
print head assenbly of Fig Fig. 11 shows a
magni fi ed partial perspective view of the drop

t r i anghelisie] inkfsupplp ehappeleamedhoyehe grigthgag lEﬂt‘fgr Hestginouit for
uﬁgl (i’x’ﬂe ¥rdia bAdliSide & thprirfhead integrated circuiftodhe phalith @f\Bozales;
5n|f|ed per spective view of the join between two
andri nt head integrated 15circuit nodul es shown in Figs.

8 10, %Ixrahgf' Fetchted tRAOWS dértheld HBE BdcQde/ Hﬁ\é’tcﬁéd tkdhGhes
pri nt integrated circuit shown in

cagfigued for prepivins an pdhesive thersinand defined tq exfead %\?B’é‘v&"ﬁﬁy gﬁm the
bdcﬁgfdesc%:]f PR pfinfea iR braR QML tBwhrdPthe #3nt side of the printhedkdiiftegrated
ows a transparent top view of a printhead

cigpgfenbl y of Fig.7 showing in 20particular, the ink
conduits for supplying ink to the printhead integrated
circuits; Fi 15B is a partial enlargenent of Fig.

195A; The prmthemg wtegrtdsienisofflajm i 8, hayng 3 gtz‘tkin%ﬁ% &f legs thap 250

mirgisngl € nozzle for ejecting ink, for use with the
Invention, in a quiescent state; Fig. 17 shows a
vertical sectional view of the nozzle of Fig. 16

26iur i gl AhaleRd fnie@'}ateﬁ‘ar&ﬁ{ ik I8 RSN the etchdddrendiBs BAVRWS

a vertical sectional view of the nozzle of Fig. 17
dipmeter orjarvidth suffieientae frew ippligud aghegive Byocapiigpsaction.

per spective partlal vertical sectional view of the

nozzl e of Flg at the actuation state shown in

2Fig. Thegprinthea 1ntegrated cpplgt ofpipig } &,V%hegplrp@p gligléeéitt{eg%hes have a
dig@n&%ﬂt &g'w&ﬁ%% k&ﬂg&%‘ abbit@oMazehe of Fig. 16, with ink

shows a vertical sectional view of
the of the nozzle of Fig. 20; Fig. 22 shows a

2DEers Fﬁé:ﬁrk\ﬂ%a@ﬂfe%}a@d Wit dCRlim I8 G HeAhRMhe ¥icRY tRhcHeB Bave a

nozz , at the actuation state shown in
dﬂ?ﬂg)faﬂ?astﬂ@gﬂcr% shows a plan view of the nozzle of

Fig. 16; WD 2006/ 089337PCT/ AU2005/ 000269 12 Fi g.

24 shows a plan view of the nozzle of Fig. 16 with the

23. ev eTheminthendiintesratadiciscyibofalaim f & ieesdn the etchdrenghies have an

aspect ratio of at least 3:1.

24, The printhead integrated circuit of claim 18, wherein the etched trenches increase

the effective surface area of the first bonding surface by at least 20%.

25. The printhead integrated circuit of claim 18, wherein the first bonding surface has a

maximum surface roughness Ry of less than about 20 nm.

26. The printhead integrated circuit of claim 18, wherein the first bonding surface has a

maximum surface roughness Ry, of less than about 5 nm.

217. The printhead integrated circuit of claim 18, wherein the first bonding surface has

an average surface roughness R, of less than about 20 nm.



Fig. 25 shows a perspective vertical sectional view of
a part of a printhead chip incorporating a plurality
of the nozzle arrangenents of the type shown in Fig.
16; 5Fig. 26 shows a schematic cross-sectional view
t hrough an i nk chanber of a single nozzle for
injecting ink of a bubble form ng heater el enent
actuator type. Figs. 27A to0,24LC show the basic
operational principles of a thermal bend actuator;
Fig. 28 shows a three dinensional view of a single ink
J8et ndwpriatheadrintagrated ritcut ofislhinu, werein tiedorstrbdadingsurfacehas
[ 7 ray of the nozzle
agragga%esﬁg%ggo IEA\R%R? %&Eg g‘%%?‘p?)e%ai | ed Description of
a Specific Enbodi ment A specific formof the invention
Jgs d I t f [ ' -
% nenepiPEdfpMed DS SR B hoble o A EA BV Aigion
@WV)dﬂﬁsﬁppﬁbﬂﬂéhwdmmhat the invention nay be used in
15 connection with bonding any two substrates together
and is not in any way |limted to the specific
3@nbodiheprintherd imegrmbha'mditbﬁ@aihtm wherein Itlrelqjh&hlit?of githed trenches
nit . Fig.. 1 s a print 2.C ri,sing a nedia
gy ibielnespof 0 e BE ST A My P T RIS 08 M@ 5
to be printed by the print englne (conceal ed wthin
3]t‘1 :‘ © p]{ | g}u(?tﬁea%au‘ft%%gtzd 01rc%11t oI’ 5?,%1 awé SI'?]%%, P@atﬁof%tcirg(? tr!,n%ges
agsoprbedddi mtarpoidd éetweert epdirad énkSupdy eltanhdBD t ouch screen
and enables a user to control the operation of the
printer unit 2. Fig. 2 shows the Iid 7 of the
printer unit 2 open to expose the print engine 1
positioned in the internal cavity 6. Picker nechanism
9 engages the nedia in the input nay 3 (not shown for
25 clarity) and feeds individual streets to the print
engine 1. The print engine 1 includes nedia transport
means that takes the individual sheets and feeds them
past a printhead assenbly (described bel ow) for
printing and subsequent delivery to the nedia output
tray 4 (shown retracted). Print Engine 30The print

engine 1 is shown in detail in Figs. 3 and 4 and
consists of two main parts: a cartridge unit 10 and a
cradle unit 12. The cartridge unit 10 i s shaped

and sized to be received within the cradle unit 12 and
secured in position by a cover assenbly 11 nounted to
the cradle unit. The cradle unit 12 is in turn
configured to be fixed within the printer unit 2 to
facilitate printing as di scussed above. WO

2006/ 089337PCT/ AU2005/ 000269 13



Fig. 4 shows the print engine 1 in its assenbled form
wth cartridge unit 10 secured in the cradle unit 12

and cover assenbly 11 closed. The print engine 1
control s vari ous aspects associated with print| '
YVOPUA8E3T 0 user inputs fromthe user interf§f§ﬂ%ng$mwm”
the printer unit 2. These aspects include transporting
the nedia past the printhead in a controlled manner

and the controlled ejectiofp/g®f ink onto the surface

of the passing nedia. Cartridge unit The
cartridge unit 10 is shown in detail in Figs. 5 and 6.
Wth reference to the expl od hew of Fig. 6, the
cartridge unit 10 gege#aFfﬁg%%itaits of a main body
20, aq/L;;/</1f.ge nodul e 10 asseinbly 21, a printhead
ass@fibl y 22 and a mai ntenance assgknbly 23. Each
of ese parts are assenbl ed together to form an

intggral unit which conbines ink gtorage neans
togetiher with the ink ejection neans. Such an
arrahgenent ensures that the ink is digectly supplied
® printhead assenbly 22 for pti ng, as
ed, and should there be a ne&d to replace either
v" h of the ink storage or the grinthead assenbly,
Hlicen be readily done by 15repl acing the entite
iNiidge unit 10. However, the operating/life
fid \printhead is not limted by tihe supplﬁ/%? i nk.
surface 42 of the cartridge unit 10 has
aces 61 for docking wwth a refij)ll supply of ink

d To further extend the |ife\\of the
kqfl, the cartridge unit carries\\an integra

Ay mai nt enance assenbly 23 thatj\caps, w pes and
(0' the printhead. Printhead Asﬁenbly The
printh:iX\assenbly 22 is shown in nore\\detail in Figs.
7 to 100\\&nd i s adapted to be attachedlg=The
t?"fggTve '

under si i
outlets

outer coating to guard
upper mnenber 62 is wade'\
(LCP) which offers a numdy
nol ded so that its coeffigNgp!
(CTE) is sinilar to tH& W3
20061089337PCT/ AU20051000269 N of silicon. It wll

be appreciated that any signifidant difference in the

(di scussed bel ow) and the underlyil =
cause the entire structure to bow. Pgwever ==t he CTE
of LCP in the nold direction is much Nes= n that in
t he non- nold d;Fﬁgg;o (--5ppnPC conpared to

- 20ppraPC), car t* be take to ensure that the nold
direction 5 of the LCP noldings is unidirectional wth
the | ongi tudi nal extent of the printhead integrated
circuit (1C 74. LCP also has a relatively high
stiffness with a nodulus that is typically 5 tines
that of 'normal plastics' such as pol ycarbonates,
styrene, nylon, PET and pol ypropyl ene.



As best shown in Fig. 8, upper nenber 62 has an open
channel configuration for receiving a | ower nenber 65,
whi ch is bonded thereto, via an adhesive film66. The

| ower nenber 65 is also 10 nade froman LCP

‘%83W§pngpof i nk channels 67 forned al ong it?eﬁ%ﬁgﬁﬁ@m“”
Each of the ink channels 67 receive ink fromone of

the feed tubes 64, and distribute the ink along the

l ength of the printhead asg@@ly 22. The channels are

1 mmw de and separated by 0.75 mmthick walls.

In the enbodi nrent shown, the | ower nenber 65 has five
channel s 67 extending alsggg its | ength. Each channe

67 receives ink from onfn,oneee

64, which in turn receipgh

st orage nodul es 45 (seq
m xi ng di fferent col ourg
adhesive film66 al so g
channel s 67 to prevent
when t he | ower nenber
menber 62. In £he bot{
series of equitspaced
to 20 give fiye rows /g
of the | ower nber ﬂ@
extends al ong the ]
directly above the

, 268
/6 S

o AL

M ) QRIS r/ ol /
" L] T & Y.,

N Vs,
»\ \‘b ‘ :

d
\ S o e 4
v AN

filmthat sags into a conai$‘
of the etched channels 77 in the printhead |IC 74. The
saggi hg nay cause a gap between the walls separating
each of the etched channels 77. Cbviously, this
breaches the seal and allows ink to |eak out of the 5
printhead 1C 74 and or bet et ched channel s 77.

To guard agai nst this, the?%ﬁﬁ?ne sealing film71
shoul d be thick enough to account for any sagging into
the conduits 70 while maintaining the seal over the
etched channels 77. The m ni mum t hi ckness of the

pol yner sealing film71 will depend on: 1.the wi dth of
the conduit into which it sags; 102.the thickness of
the adhesive layers in the films |am nate structure;
3. the "stiffness' of the adhesive |ayer as the

Y e oA



20 reduce ink supply conplexity and wiring conplexity.
They are also grouped logically to m nimze power
consunption and allow a variety of printing speeds.
Each printhead 1C 74 is configured to receiv g
WP29833%%e different colours of ink (C, M Y?C% A§5/000265
lit) and contains 1280 ink inlets per colour, with

t hese nozzl es bei ng divideg it o even and odd nozzl es
(640 each). Even and odd n es for each colour are
provided on different rows 25 on the printhead I1C 74

and are aligned vertically to performtrue 1600 dp
printing, meaning that nozzles 801 are arranged in 10
rows, as clearly shown in Fig. 11. The hori zontal

di stance between two adj acent nozzles 801 on & single
rowis 31.75 microns, whilst the vertical disRance

bet ween rows of nozzles is based on the firing\Qrder

of the negxzles, but rows are typically separated Yy an
exact numQer of dot lines, plus a frattion of a do

line corregponding to the distance the\paper w ||
nove betweey row firing tinmes. i

30

bttt he
If the printhead I1C 74 is heat ed
then a partial vacuumis creatdd in

printhead |1 C cools down. This 15 pg
assists in holding the printhead | 4 in position
against the film71 and maintains it in proper

al i gnment during bondi ng. The I ength of an

i ndi vidual pfinthead I1C 74 is around 20 - 22 mm To
print an A4/ US letter sized page, 11 - 12 individua
printhead 1Cs 74 are contiguously |linked together. The
nunber of individual printhead 1Cs 74 may be varied to
accommodat e sheets of other widths. 20 The printhead
ICs 74 may be linked together in a variety of ways.
One particular manner for linking the I1Cs 74 is shown
in Fig. 12. In this arrangenent, the ICs 74 are shaped
at their ends to link together to forma horizontal




5 nozzles 73 fromthe SoPEC device. To aid in
positioning the ICs 74 correctly on the surface of the
adhesive layer 71 and aligning the 1Cs 74 such that

they correctly align with the holes 72 fornmed in th
%ﬁ‘éﬁ’f’??é”l ayer 71, fiducials 76 are al so pr ogﬁ:'gég;.og%oooz@
the surface of the ICs 74. The fiducials 76 are in the
formof nmarkers that are g&%ily i dentifiable by
appropriate positioning e% Tpment to indicate the true
position of the IC 74 wth respect to a nei ghbouring

| C and the surface of the 10 adhesive |ayer 71, and

are strategically positioned af

74, and along the length of &Y
In order to receive X helnk
in the polynmer seali R
ink to the ink inlets

/?"»

A 1f6
[N 2R

channel
rows of

and extend the Ieng(\y
are divided into AN
sections is direcifi¥&
flow path to the
stakvation to thd
regaryg, each 20s¢
801 viggtheir reg
shows nore cl ea "
channels 77 for
supply to the n
t hrough the po
one of the cha
wal | 78 separ ¢
holes 72 are #

pgcti ons. The
l"ﬁch is 25
H k. W ; anmel s 77 such
that one hol ¢ &Y f\‘7:' / gtions of the
channel 77. Af &Y ol gt /t hi s hal ves

the density | | pol yner
sealing filygf Ent  and

al i gnnment of 74 to the
surface of gy a flex PCB 79
(see Fig. LB, e of the I1Cs 74
so that 30 fﬁ; can be supplied
to the bond erate the nozzles
801. As s 6, the flex PO 79
extends f 22 and folds
around t The flex PCB 79

ling capacitors 81
ol ling the power

and dat ANQR ST gcei AV 7 shown in Fig. 8,
the fl ) BOLERIS / AU2005/ 000269 18
has a phNura pt acts 180 forned
along it er and or data

signal s A
12. A pluraﬁ\\
di stal edge o [ N
for attaching tlve NG YA he flange portion 40 of
the rigid plate 34 of the main body 20. The manner in
which the electrical 5 contacts of the flex PCB 79
contact the power and data contacts of the cradle unit
12 will be described |ater. As shown in Fig. 10,
a nmedia shield 82 protects the printhead I1Cs 74 from
damage which may occur due to contact with the passing

ﬁ.

N
i



now be described with reference to Figures 16 to 25.
Figure 25 shows an array of ink delivery 25 nozzle
arrangenents 801 fornmed on a silicon substrate 8015.
Each of the nozzle arrangenents 801 are ident;| b
‘ﬁ%ﬁﬂv@wnﬁﬁoups of nozzle arrangenents 801 ar§0§$>gwaggmw
to be fed with different &JR6red i nks or fixative. In
this regard, the nozzle arrangenents are arranged in
rows and are staggered with respect to each other,
al |l owi ng cl o8gr spacing of ink dots during printing
t han woul d be\ possi bl g th@ single row of nozzl es.
ch an arrangenent nmakes i Npossible to provide a
30 dengfifiyy ozz| es, Jor exanple, nore than
5000 nozzlﬁﬁfﬁ \ \:pLiwal ity of staggered rows
each Vi yss Werspachripaf - About 32 nicrons between
the nozzl g6 ¥ h'--ﬁ’ggﬁuﬁviit 80 microns between
the adj agent \\ON&=r ows al so al | ow for
o HERANWK al | owi ng for a
o0 & \g‘\ e \%\D
R 1 A AW

2006/ 09U 3P -giQ\ﬁyc Rezzl e

& Wi\en i ntegrated
particular, the

WWVB). o For O
W& 26t ruction an%'
eifent 801 wi Il be2

6 to 24. 5The ikk

clarity Ay
operatio
descri bed

jet printhds - ““\\&ClUdeS a silicon
R L P4M 12 vol t
troni csth§ Wi tioned

7 AR
waf er subsiya @pm
CMOS mi crop)oce si”:\‘\
t her eon. A sil';\

gl ass) | ayer\\8017 is
The silicon WNegxi de | aye
| ayers. CIVDS \
al um ni um el eWy
the silicon di\§

R lybstrate 8015.
eANEVOS di el ectric
B RN .
2\Waj r of aligned
2O\\oYsi ti oned on
e silicon

CMOS netal Q73 ahy
in the silicon di \\\;
channel 8014. TheVg
inhibit the diffu&r
oxi de layers of thg
passi vation | ayer ik
nitride 8031 is poy
| ayers 8030 angythe
portion of theSpassi\\
the contact | ayers 8&\
therein to provide ac
nozzl e arrangenent 80
defined by an annul ar

PEE029

1)

term nates at an upper a
radially inner nozzle r &
plan. The ink inlet cha 8074
conmuni cation with the ngz %/@i “““ ower

end of the nozzle wall, b
8010, that includes a nov\\)
encircling wall 8038 surr«@ fip@ abl e nozzl e, and
i ncludes a stationary sealEp8039 that, when the
nozzle is at rest as shown in Fig. 19, is adjacent the
25 nmoving rim8010. A fluidic seal 8011 is forned due
to the surface tension of ink trapped between the
stationary seal lip 8039 and the noving seal |ip 8040.
This prevents | eakage of ink fromthe chanber whil st




As best shown in Fig. 23, a plurality of radially
extendi ng recesses 8035 is defined in the 30 roof 8034
about the nozzle rim804. The recesses 8035 serve to
contain radial ink flowas a result of ink e '
WAN060$3hozz1 e ri m 804. The nozzle wa ?@5@%@5/000269
fornms part of a |lever arrangenent that is nounted to a
carrier 8036 having a genq&ﬁé‘y U shaped profile with
a base 8037 attached to th ayer 8031 of silicon
nitride. WO 2006/ 089337PCT/ AU20051000269 20 The
| ever arrangenent also includes a | ever arm 8018 t hat
extends fromthe nozzle walls and incorporates a
| ateral stiffening beam 8022. The lever arm 8018 is
attached to a pair of passive beans 806, formed from
titaniumnitride (TIN) and positioned on either side
of the nozzle arrangenent, as best shown in Fig. 19
and 24. The other ends of the passive beans 806 are
attached 5to the carrier 8036. The [ ever arm
8018 is also attached 9 an actuator beam 807, which
is ®prmed fromTII9%. F¥ will be noted that this
attachnment to the actuajor beamis pade at gypoint a

~ f¥han t heN :

As best) shown in

expansi on\\
Figs. 16

beam 807.la

the ri gh® == gtal inflexibility
of the passi¥e beans 806 preVk J'5n1fron1allomﬁng
much horizontal novenent the |lever arra 8018. However,
the relative displacenent of the attachnent points of
t he passive beans and actuator beam respectively to
the | ever arm causes a 30 tw sting novenent that
causes the | ever arm 8018 to nove general |y downwards.
The novenent is effectively a pivoting or hinging

noti on. However, the absence of a true pivot point
neans that the rotation is about a pivot region

defi ned by bendi ng of the passive beans 806. The
downward novenent (and slight rotation) of the |ever

~ N A P~



WO 2006/ 089337PCT/ AU2005/ 000269 21 nozzle walls and
roof causes a pressure increase within the chanber
8029, causing the neniscus to bulge as shown in Fig.
17. It will be noted that the surface tensiop.of
WORMERAY the f1uid seal 8011 is stretched bgcf/ﬁp%(}fi?/oooz@

Fig. 18, at the appropriate tinme, the drivgsgarent is
contracts. The contraction causes theg Iev 7 A

/’,@Hy’
pressure caused by the upward npvenent

motion without allowi ng ink/260 | eak out. As shown in
stopped and the actuator 5 beam 807 qui '/ COSh

i Vs
commence its return to the quiescent "»’I ///5
. . . e
in turn causes a reduction in pressure ]
8029. The interplay of the nonmentum of 7 18
and its inherent surface tension, and yis 9y
chanber 8029 causes thi nning, ..ﬁo ,;'__,/7,,_,,. napmng,
of the bul gi ng neniscus to define ./r MesOr sy 802 t hat

conti nues upwards until 10it contadts e 7 rint

medi a. | medi ately after the g gches,

nmeni scus 803 forns the concave sha ) g. 18.

Surface tension causes the pressu f // er

8029 to remain relatively IovNunt 3

sucked upwards through the in éB///; iy etur ns
ifAg quiescent
e\fpe of

the nozzl e arrangenent and the i "
situation shown in Fig. 16. 15 i
printhead nozzl e arrangenent s /
printhead ICs 74 will now A,:.-;f/
to Fig. 26q,Once again, for /"./E”/;//
descripti ot~ he constructi g ;.//,',. (
si ngl e nozzl e \ar r angenent i'ﬁ//

The nozzl e arrangenent 1001 /-/-.( )i

/ /L
//////lq’ & puldPl e formng
m

heat er el ement act uat or u/ 7 onpli ses a nopz| e
plate 1002 with a nozzle /w///////’ : the nozzl e
havi ng a nozzle rim 10Q4 /,/%; 2lyiapert ure 1005 \
ext endi ng through the no /")@3 i A
1002 is plasm etched 92/7/’//*/
whi ch is deposited, by &l
deposition (CVD), over g/
subsequent |y et ched. /“‘///
includes, with respe 2 A
1006 on whi ch the no%z/k

1007 defined by the walfs;
25a nul ti-layer sub /{///'.-
/g

e nozzle pl
itride strukfure
vapour
material which is
/no%gl e arrangement
Y nozzl e 1003, side walls
¢ 3 pported, a chanber
< gg hozzl e plate 1002,

d an inlet passage
| t=1ayer substrate to
the substrate. A | ooped,
/ s suspended within the
B /el eent is in the formof a
e artangenent as shown is a
EYstem (MEMB) structure, which

1009 extending thro
the far side (bt S 7
el ongat e heat er~ el Ao i
chanber 1007, so 4’/’4’//
suspended beam ,/,',,/
m croel ectromechg, /

, a1 -

is formed by afypmnor/Edhi e\ process. 30Wien t he nozzl e
arr angenent ,1117////////”/ nked 011 froma reservoir (not
shown) enters ”ﬁ- per TDO7 via the inlet passage
1009, so that /,%/ “Phifoer fills. Thereafter, the

.

e
heat er el erre A H fmated for sonmewhat |ess than 1
m cro second )

/
7 e tiH® heating is in the formof a
t her mal (§ / '

el 1
3 /////// | be appreciated that the heater
el enent 10104 S 5 hermal contact with the ink 1011
in WO /;’//’// ﬁj!"‘ U2005/ 000269 22 t he chanber
1007 so tha '/}/’i-}' hesel enent is heated, this causes
the genegpt ip70 vapr bubbl es in the ink.

Accor di g7y, e ink Y011l constitutes a bubble form ng
l'iquid. The bubble 1012, once generated, causes an

increase in pressure within the chanber 1007,




which in turn causes the ejection of a drop 1016 of
the ink 1011 through the nozzle 1003. The rim 51004
assists in directing the drop 1016 as it is ejected,

S inimze the chance of a drop m sdi '
‘%ﬁéapggggﬂ]that there is only one nozzle 100g8§%g%ﬁymmuw
chanber 1007 per inlet passage 1009 is so that the
pressure wave generated ?026” n the chanber, on heating
of the elenent 1010 and torm ng of a bubble 1012, does
not affect adjacent chanbers and their correspondi ng
nozzl es. 10The incr®ase in pressure within the chanber
1007 not only pushé&s ink 1011 out through the nozzle
1003, but al so pushes somfi nk back through the inlet
passage 1009. Howewer, the“inlet passage 1009 is

approxi matel y 200 §§ 30051 crons in length, and is
only approxi{® elf%t. m \s in diameter. Hence there
arf N J\@ \ As aresult, the
\ AN R OA X he\p eysure rise in t he chanber

Qe in Fig. 26, the ink N\
i;\‘ during its .
R raks off. At this

| reddy Neached its maxi num ==

i«h Iljh-e\\owards t he poi nt W

\Ff col | apse.
R ks dr awn

drop 1016 breaks\o\
reflected by the N
col | apses to the p

noted that there a\;

can have an effect.
nozzl e arrangenent  SERNRE
now bg descri bed wth ¥\

tygpe/typi cal |y providesy@y

WD




arrangenent havi ng a nozzl e chanber containing ink and

a thermal bend actuator connected to a paddle

positioned within the chanber. The thermal actuator
device | s actuated so as to eject ink fromt n
'%ﬁéﬂﬁéﬁﬁi&he preferred enbodihent i ncl udes apgﬂﬁ%ﬁ%b&maﬂ
particul ar thermal bend actuator which includes a

series of tapered portions @gg provi di ng conductive
heati ng of a conductive tr% 5 The actuator is
connected to the p.c\wg via an armreceived through a
slotted wall of the \%g‘e chanber. The actuator arm
has a mati ng shape % ¥ ®o mate substantially with
the surfaces of the @kin t he nozzl e chanber wall.

Mur ni ng in%ﬁ \

W. 27(a)-(c), thereis
P Qvided (§chgmati c |

&

\ ati ons of the basic

503 whi ch can be
\» whi ch the nozzle
her 501 further
X ound whi ch an ink
ber 501 is a
pnnected to an
of the nozzle
a 15 heater
wpd portion of a

he nozzl e
t he heater

FIG. 9

means 5\9
expansiﬁ.
t he othe\\u"
mat eri al s\hg

bend effi&k-
(CoefficieNt
Density x S§e
rmtaﬁalfo\t
al l oy which \a
material. The

adj acent the &nd
the effects of\a
end 507 such that
post 510 result\i
The heat er neans
causes a geneyral \ K
meni scus 505N#HTY e
27(b), in a rapid\:;
and ink is ejected\obd
flowng in fromthe

Subsequent |y, ¥ie-padd
return to its qui escynt
causes a general refl\
chanber. The forward P
2006/089337PCT/AU2005/Q0



the ink outside the nozzle rimand the correspondi ng
backflow results in a general necking and breaking off

of the drop 512 which proceeds to the print nedia. The

col | meni scus 505 results in a general '
Wﬁﬁmgﬁgﬁg%he nozzl e chanber 502 via ?he i nk ?#@%ﬁﬂgy&%uﬂ
channel 503. In tinme, the nozzle chanber 501 is

refilled such that the posi nin Fig. 27(a) is again
reached and the nozzle 5cH éM%é i s subsequently ready

for the ejection of another drop of ink. Fi g.

28 illustrates a side perspective view the nozzle

arrangenent. Fig. 29 illustrates sectiondl view

throughan array of nozzle arrangenen Fig. 28. In

these fiQures, the n mentNs, previ ously

i ntroduc d has been I i —Fi Y, actigat or

508--AcHudes—aTsen S uat ‘@ e. g.

515 % conprli s ATV ass on

(anmorp i |icon dioxi qeY516 formedy\on\t @M a

titaniumnitri ayer 5RANAl ternative]y copper

ni ckel alloy |ayer R cal | ed [arieni ckel )

can be utilized whi cr& ' Hejnd

efficiency. The—t+ ' ' f §517 'S

in a tapered form and aaNICH, N\F esl s higat i ng

t akes pl age near an ¢ ion/of the gt [[510.

Adj acent titaniumnitrid X H1% are

I nterconng¢cted 15at FIFRNPPTTT 0N SN igh al so

provi des @ Ny al suégm e

act uat or . SR aT1y

incluges & plurality of tHeTH ac rynit 515 Q

whi ch&felel ongate and spagddijapart su N upon -

heati ng, the hendin Q ' tq% axi s of .

the act uat“%ﬁ%i\\ RRLRRY 0 i @ed Q)
AN NOURNRAIRR N

bet ween agjacent tap 515 ow for s

slight differential oper g\ ator 508 W

W th respgct to adjae§§,\ rs 508 T bl ock

portion 519 TS T ETRRAR dézg an af ~ Yhe arm

520 is in tur ect ed N i nside the
nozz anber 5O NN 522 formed
in {he|syde of |t he\y N er 501. slot 522 is

designeQ)generaIIy to mteWw th the surfa;es of the
arm 520,50 as to mnimze portunities f@r the
out fl oweg@f i nk around the @ m 520. The ink is held

generally within the nozzl e chanber b0l vija surface
tension effects around the slot 522.{25Wh¢n it is
desired to actuate the arm 520, & eopductijve current
is passed through the titaniumnitrigde |ayer 517
within the block portion 519 connectlng tg a | ower
CMCS | ayer 506 which provides the necessally power and
control circuitry for the nozzle arrangemgnt. The
conductive current results in heating of fjhe nitride

| ayer 517 adjacent to the post 510 which flesul®ds in a
general upward bending of the arm 20 and ¢jons€quenti a
ej ection of ink out of the nozzle 504. 30{[The ejected
drop is printed on a page in the usual magner for an
inkjet printer as previously described.
nozzl e arrangenents can be formed so as t
single printhead. For exanple, in Fig. 29(fher®is
illustrated a partly sectioned various arfay Vview
whi ch conprises multiple WO
2006/ 089337PCT/ AU2005/ 000269 25 ink ejection nozzle
arrangenments laid out in interleaved lines so as to
forma printhead array. O course, different types of
arrays can be fornulated including full color arrays
etc. The construction of the printhead system
descri bed can proceed utilizing standard MENMS
technlques through suitabl e nDdlflcatlon of the steps

L IS N PN AN oA oA P~




10 only require 5000 nozzles arranged al ong the
surface of the printhead assenbly to achieve a desired
printing result, whereas for wi der nmedia a m ni num of
10, 00 20,000 or 50,000 nozzles nmay need to
‘383%62{)?%9337& ong the length of the printhead aggi’r%ﬁg?s’{’%’z‘”
achieve the desired printing result. For full colour
photo quality inmages on Aﬁ US letter sized nedia at
or around 1600dpi, the intégégted circuits 74 may have
13824 nozzl es per color. Therefore, in the case where
the printhead assenbly 15 22 is capable of printing in
4 colours (C, M Y, K), the integrated circuits 74 may
have around 53396 nozzl es di sposed al ong the surface
thereof. Further, in a case where the printl aead
assenbly 22 is capable of printing 6 printing fluids
(C M Y, K IRand a fixative) this may result in
82944 nozzl es being provided on the surface of the
integrated circuits 74. In all such arrangenents, the
el ectroni cs supporting each nozzle is the sane.
20Whi |l e the present invention has been illustrated and
described wth reference to exenpl ary enbodi nents
thereof, various podifications will be apparent to and
m ght readily be &g by those skilled in the art
wi t hout departiy omN\{ he scope and spirit of the

QOr thngly, it is not intended

N~

th herein, but, ~

r at her, denstrued. 25 26" .

CLAI M5 1. a printhead QE}

i nt egr at ed, T

front sioz:a% LL-
a pluralftylmfe,

pri nt he#gs), nt%, S
9eé% %%pgﬂgﬁhp
8ﬁbﬁgzzﬂg

t herein
claiml1,
a t hi ckness

Yy et
Wy 76T C aim 1, _ Q
& a diameter or a width
4 adhesive by capillary
action. 5. The prifnthea nmbly of claim1l, wherein
the etched trenches have a dianmeter or a wwdth of |ess
than about 10 microns. 6. The printhead assenbly of
claim1, wherein the etched trenches have a depth of
at least 20 mcrons. 7. The printhead assenbly of
claim1, wherein the etched trenches have an aspect
ratio of at |east 3:1.




27 8. The printhead assenbly of claim1, wherein

the etched trenches increase the effective surface

area of each backside surface by at |east 20% 9. The
rinthead assenbly of claim1, wherein each '

VE‘&F?“&’@%”WaS a maxi num surface roughness R. ., ggflﬁyé@g/oooz@
than about 20 nm 10. The printhead assenbly of claim
1, wherein each backside 3#/2\606 has a maxi mum surface
roughness Amax of less th out 5 nm 11. The

print head assenbly of claim1, wherein each backside
surface has an average surface roughness Ra of |ess

than about 20 nm 12. The printhead assenbly of claim
1, wherein each backside surface has an average

surface roughness R, of |less than about 5 nm 13. The
printhead assenbly of claim11, wherein each printhead
integrated circuit has a Total Thickness Variation

(TTV) of less than about 5 microns. 14. The printhead
assenbly of claim1l, wherein the adhesive is a :

l'i qui,g- ba's,ed 2gdhesive. 15, -The ptinthead assenbly of

cl ai n@ﬂ., mﬁer‘évg t he adhesive\is an adhesive tape
coprehng g 4@\ d-based adpegive)\ 16., Jhe print hea@

* / . . .
assenbty,o <l 4w\, wherein\the plyral &/ of etched
nt er poseq bet\ween the pluralityw

chann'elf,s. s #18.
corfpri%st,nds »a
si de, of,'4 he, %
a phordieye8i
priRthedde)

backsi#ded,
pl NG ¥t v, B
trenglies @é
cony ig e\
def \n&d, %
t he pri
si de \pi Ja
print ‘4-. NG 026
t hi cknb56 =% \I &S

i nt egr af cfa'cy SR,
trenchey Rwg o @ wmet § j
in a liqyideatiheshve, G\ edpA\WARY &Ct . | <
print head irfie;gr&,t'ed¢ rc'ui*} g\ ﬁ v
et ched tringMee haGe a%li Smtet”o\ a wWidth &

3

o The
edei n \t he
than about\ 10%% crfhs % 422% “The, B\ nt head |szfed
» ) L4
circuit of \cl a1’,ﬁn 18,,",\/\,F>e1‘e"n'a h'e;'.eched trenche§ have

10 #t
s ¢
a depth of at\l%gaste20 %‘pro“ng ‘



23. The printhead integrated circuit of claim 18,
wherein the etched trenches have an aspect ratio of at
Ieast 3 1. 24. The printhead integrated circuit of
wherein the etched trenches increa
‘E?F%%@FV% surface area of the first bonding §§P§Q§£y%$””
at least 20% 25. The printhead integrated circuit of
claim 18, wherein the fi rslglggndl ng surface has a
maxi mum sur f ace roughness | ess than about 20 nm
26. The printhead integrated circuit of claim 18,
wherein the first bonding surface has a maxi num
surface roughness R of |less than about 5 nm 27. The
printhead integrated circuit of claim 18, wherein the
first bonding surface has an average surface roughness
Ra of |ess than about 20 nm 29 28. The printhead
integrated circuit of claim 18, wherein the first
bondi ng surface has an average surface roughness Ra of
ead i ntegrated
circuit of claim18, havi ngg hi ckness
Variation (TTV) f g@n 5 mcrons. 30. The
printhead integr& (m 18, wherein the

annels. 31. The
8, wherein a

pri nt hewl |ntegr,,rﬁ
Abel ed interposed

plurali ™o

FIG. 13
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