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ABSTRACT OF THE DISCLOSURE

A drop emitting apparatus including a diaphragm layer disposed on a
fluid channel layer, a roughened bonding region formed on a surface of the

diaphragm layer, a thin film circuit having conformal raised contact regions disposed
on the bonding region, and a plurality of electromechanical transducers adhesively
attached to the raised contact regions and electrically connected to the conformal

raised contact regions by asperity contacts formed between the conformal raised
contact regions and the electromechanical transducers.
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INK JET APPARATUS
BACKGROUND OF THE DISCLOSURE

[0001] The subject disclosure is generally directed to drop emitting
apparatus, and more particularly to ink jet apparatus.
[0002] Drop on demand ink jet technology for producing printed media has
been employed in commercial products such as printers, plotters, and facsimile
machines. Generally, an ink jet image is formed by selective placement on a
receiver surface of ink drops emitted by a plurality of drop generators
implemented in a printhead or a printhead assembly. For example, the printhead
assembly and the receiver surface are caused to move relative to each other, and
drop generators are controlled to emit drops at appropriate times, for example by
an appropriate controller. The receiver surface can be a transfer surface or a print
medium such as paper. In the case of a transfer surface, the image printed
thereon is subsequently transferred to an output print medium such as paper.
[0003] A known ink jet printhead structure employs electromechanical
transducers that are attached to a metal diaphragm plate, and it can be difficult to
make electrical connections to the electromechanical transducers.
[003A] According to an aspect of the present invention, there is provided a
drop emitting apparatus comprising:

a fluid channel layer;

a diaphragm layer disposed on the fluid channel layer;

a roughened bonding region formed on a surface of the diaphragm
layer;

a thin film circuit having conformal raised contact regions disposed

on the roughened bonding region; and
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a plurality of electromechanical transducers adhesively attached to
the conformal raised contact regions and electrically connected to the conformal
raised contact regions by asperity contacts formed between the conformal raised
contact regions and the electromechanical transducers.

[003B] According to another aspect of the present invention, there is
provided a drop emitting apparatus comprising:

a fluid channel layer;

a metal diaphragm layer attached to the fluid channel layer;

a roughened bonding region formed on a surface of the metal
diaphragm layer:;

a thin film circuit having conformal raised contact regions disposed
on the roughened bonding region;

wherein the conformal raised contact regions include conformal
mesas; and

a plurality of electromechanical transducers adhesively attached to
the conformal raised contact regions and electrically connected to the conformal
raised contact regions by asperity contacts formed between the conformal raised
contact regions and the electromechanical transducers.

[003C] According to another aspect of the present invention, there is
provided a drop generator comprising:

a pressure chamber;

a metal diaphragm forming a wall of the pressure chamber, the
metal diaphragm including a roughened bonding surface;

a thin film conformal raised contact region disposed on the
roughened bonding surface;

a plezoelectric transducer adhesively attached to the conformal
raised contact region and electrically connected to the conformal raised contact
region by asperity contacts formed between the conformal raised contact region
and the piezoelectric transducer;

an outlet channel connected to the pressure chamber: and

a drop emitting nozzle disposed at an end of the outlet channel.
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[003D] According to yet another aspect of the present invention, there is

provided a method of making a drop emitting apparatus comprising:
roughening a region of a surface of a diaphragm layer;
forming on the roughened region a thin film circuit having conformal

raised contact regions; and
adhesively aftaching piezoelectric transducers to the conformal

raised contact regions and forming asperity contacts between the conformal

raised contact regions and the piezoelectric transducers.

BRIEF DESCRIPTION OF DRAWINGS

[0004] FIG. 1 is a schematic block diagram of an embodiment of a drop-on-

demand drop emitting apparatus.
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[00035] FIG. 2 is a schematic block diagram of an embodiment of a drop
generator that can be employed in the drop emitting apparatus of FIG. 1.

[0006] FIG. 3 is a schematic elevational view of an embodiment of an ink jet
printhead assembly.

[0007] FIG. 4 is a schematic plan view of an embodiment of a diaphragm layer
of the ink jet printhead assembly of FIG. 3. '

[0008] FIG. 5 is a schematic plan view of an embodiment of a thin film
interconnect circuit of the ink jet printhead assembly of FIG. 3.

[0009] FIG. 6 is a schematic elevational sectional view of a portion of an
embodiment of a thin film interconnect circuit of the ink jet printhead assembly.

[0010] FIG. 7 is a schematic elevational sectional view of a portion of another
embodiment of a thin film interconnect circuit of the ink jet printhead assembly.

[0011] FIG. 8 is a schematic elevational sectional view of a portion of a further
embodiment of a thin film interconnect circuit of the ink jet printhead assembly.

[0012] FIG. 9 is a schematic elevational sectional view of a portion of an
embodiment of a thin film interconnect circuit of the ink jet printhead assembly.

[0013] FIG. 10 is a schematic elevational sectional view of a portion of another
embodiment of a thin film interconnect circuit of the ink jet printhead assembly.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0014] FIG. 1 is a schematic block diagram of an embodiment of a drop-on-
demand printing apparatus that includes a controller 10 and a printhead assembly 20
that can include a plurality of drop emitting drop generators. The controller 10
selectively energizes the drop generators by providing a respective drive signal to
each drop generator. Each of the drop generators can employ a piezoelectric
~ transducer such as a ceramic piezoelectric transducer. As other examples, each of
the drop generators can employ a shear-mode transducer, an annular constrictive

transducer, an electrostrictive transducer, an electromagnetic transducer, or a
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magnetorestrictive transducer. The printhead assembly 20 can be formed of a stack
of laminated sheets or plates, such as of stainless steel.

[0015] FIG. 2 is a schematic block diagram of an embodiment of a drop
generator 30 that can be employed in the printhead assembly 20 of the printing
apparatus shown in FIG. 1. The drop generator 30 includes an inlet channel 31 that
receives Ink 33 from a manifold, reservoir or other ink containing structure. The ink
33 flows into a pressure or pump chamber 35 that is bounded on one side, for
example, by a flexible diaphragm 37. A thin-film interconnect structure 38 is attached
to the flexible diaphragm, for example so as to overlie the pressure chamber 35. An
electromechanical transducer 39 is attached to the thin film interconnect structure 38.
The electromechanical transducer 39 can be a piezoelectric transducer that includes
a piezo element 41 disposed for example between electrodes 42 and 43 that receive
drop firing and non-firing signals from the controlier 10 via the thin-film interconnect
structure 38, for example. The electrode 43 is connected to ground in common with
the controller 10, while the electrode 42 is actively driven to actuate the
electromechanical transducer 41 through the interconnect structure 38. Actuation of
the electromechanical transducer 39 causes ink to flow from the pressure chamber
35 to a drop forming outlet channel 45, from which an ink drop 49 is emitted toward a
receiver medium 48 that can be a transfer surface, for example. The outlet channel
45 can include a nozzle or orifice 47.

[0016] The Ink 33 can be melted or phase changed solid ink, and the
electromechanical transducer 39 can be a piezoelectric transducer that is operated in
a bending mode, for example.

[0017] FIG. 3 Is a schematic elevational view of an embodiment of an ink jet
printhead assembly 20 that can implement a plurality of drop generators 30 (FIG. 2),
for example as an array of drop generators. The ink jet printhead assembly includes
a fluid channel layer or substructure 131, a diaphragm layer 137 attached to the fluid
channel layer 131, a thin-film interconnect circuit layer 138 disposed on the

diaphragm layer 137 and a transducer layer 139 attached to the thin-film interconnect
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circuit layer 138. The fluid channel layer 131 implements the fluid channels and
chambers of the drop generators 30, while the diaphragm layer 137 implements the
diaphragms 37 of the drop generators. The thin-film interconnect circuit layer 138
implements the interconnect circuits 38, while the transducer layer 139 implements
the electromechanical transducers 39 of the drop generators 30.

[0018] By way of illustrative example, the diaphragm layer 137 comprises a
metal plate or sheet such as stainless steel that is attached or bonded to the fluid
channel layer 131. The diaphragm layer 137 can also comprise an electrically non-
conductive material such as a ceramic. Also by way of illustrative example, the fluid
channel layer 131 can comprise multiple laminated plates or sheets. The transducer
layer 139 can comprise an array of kerfed ceramic transducers that are attached or
bonded to the thin film interconnect circuit layer 138 by a suitable adhesive. As
described further herein, asperity contacts are more particularly formed between the
transducer layer 139 and the thin film interconnect layer 138, and the adhesive can
comprise a low conductivity adhesive. For example, an epoxy, acrylic, or phenolic
adhesive can be used..

[0019] FIG. 4 is a schematic plan view of an embodiment of a diaphragm layer
137 that includes a roughened, non-smooth bonding region 137A formed by particle
blasting such as sand blasting, or by laser roughening, fdr example. The bonding
region 137A can have a roughness average (Ra) in the range of about 1 microinch to
about 100 microinches, for example. As another example, the bonding region 137A
can have a roughness average in the range of about 5 microinches to about 20
microinches. Still further, the bonding region 137A can have a roughness average in
the range of about 50 microinches to about 100 microinches.

[0020] FIG. 5 is a schematic plan view of an embodiment of a thin film
Interconnect circuit layer 138 that includes conformal raised contact pads or regions
191 disposed over the roughened bonding region 137A (FIG. 4) of the diaphragm
layer 137, wherein top surfaces of the raised contact regions 191 have a roughness

that generally conforms to the roughness of the underlying roughened bonding region
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137A of the diaphragm layer 137. The electromechanical transducers 39 (FIGS. 6-
10) are attached to respective conformal raised contact pads 191 by a thin layer of
adhesive, and asperity contacts are formed between the top surfaces of the raised
contact portions 191 and the electromechanical transducers 39. As disclosed In
various embodiments illustrated in FIGS. 6-10, the conformal raised contact regions
191 can be formed by a thin film structure that can include for example a mesa layer
and a patterned conductive layer. The layers of the thin film stack that form the
conformal raised contact regions 191 are preferably conformal such that the top
surfaces of the raised contact regions 191 have a roughness that generally conforms
to the roughness of the underlying roughened bonding region 137A of the diaphragm
layer 137. By way of illustrative example, the top surfaces of the conformal raised
contact regions 191 have a roughness average (Ra) in the range of about 1
microinch to about 100 microinches, which can be achieved for example by
configuring the roughened bonding region 137A to have a suitable roughness. As
another example, the top surfaces of the conformal raised contact regions 191 can
have a roughness average in the range of about 5 microinches to about 20
microinches. Still further, the top surfaces of the raised conformal contact regions
191 can have a roughness average in the range of about 30 microinches to about 80
microinches. The thin film interconnect circuit 138 can provide for electrical
iInterconnection to the individual electromechanical transducers 39.

[0021] FIG. 6 is a schematic elevational sectional view of a portion of an
embodiment of a thin film interconnect circuit layer 138 that can be used with an
electrically conductive or non-conductive diaphragm layer 137. The thin film
interconnect circuit layer 138 includes a conformal mesa layer 211 comprising a
plurality of mesas, a conformal blanket dielectric layer 213 overlying the mesa layer
211 and the diaphragm layer 137, and a patterned conformal conductive layer 215
disposed on the blanket dielectric layer 213. The blanket dielectric layer serves to
electrically isolate the diaphragm layer 137 from the patterned conformal conductive

layer 215. The mesa layer 211 can be electrically non-conductive (e.g., dielectric) or
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conductive (e.g., metal). The mesas and the overlying portions of the conformal
blanket dielectric layer 213 and the patterned conformal conductive layer 215 form
raised contact regions or pads 191. The thin film interconnect circuit layer 138 can
further include a patterned dielectric layer 217 having openings 217A through which
the raised contact pads 191 extend. The raised contact pads 191 are higher than the
other layers of the thin film interconnect circuit layer 138, and comprise the highest
portions of the interconnect layer 138. This facilitates the attachment of an
electromechanical transducer 39 to each of the raised contact pads 191.

[0022] In the embodiment of a thin film interconnect circuit schematically
depicted in FIG. 6, the conformal mesa layer 211 can comprise a suitably patterned
conformal dielectric layer or conformal metal layer, for example. The patterned
conformal conductive layer 215 can comprise a patterned conformal metal layer.
[0023] Since the mesa layer 211, the blanket dielectric layer 213 and the
patterned conductive layer 215 are conformal layers, the top surfaces of the raised
contact pads 191 have a roughness that generally conforms to the roughened
surface of the bonding region 137A of the metal diaphragm 137. |n other words, the
top surfaces of the raised contact pads 191 comprise roughened surfaces. The
electromechanical transducers 39 are attached to respective contact pads 191 by a
thin adhesive layer 221 that is sufficiently thin sUch that asperity contacts are formed
between the top surface of the contact pads and the electromechanical transducers
39. Asperity contacts are more particularly formed by high points of the contact pads
191 that pass through the thin adhesive layer and contact the electromechanical
transducers 39.

[0024] FIG. 7 is a schematic elevational sectional view of a portion of a further
embodiment of a thin film interconnect circuit layer 138 that can be used with an
electrically conductive or non-conductive diaphragm layer 137. The thin film
interconnect circuit layer 138 includes a conformal blanket dielectric layer 213, a
conformal patterned conductive layer 215 disposed on the conformal blanket

dielectric layer 213, and a conformal conductive mesa layer 211 comprising a
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plurality of conductive mesas overlying the patterned conformal conductive layer 215.
The conductive mesas and the underlying portions of the conformal conductive layer
215 form raised contact regions or pads 191. The interconnect circuit layer 138 can
further include a patterned dielectric layer 217 having openings 217A through which
the raised contact pads 191 extend. The raised contact pads 191 are higher than the
other layers of the interconnect circuit layer 138, and comprise the highest portions of
the interconnect circuit layer 138. This facilitates the attachment of an
electromechanical transducer 39 to each of the raised contact pads 191.

[0025] In the embodiment schematically depicted in FIG. 7, the patterned
conformal mesa layer 211 can comprise a suitably patterned conformal metal layer,
and the patterned conformal conductive layer 215 can also comprise a suitably
patterned conformal metal layer, for example. '

[0026] Since the blanket dielectric layer 213, the patterned conductive layer
215, and the mesa layer 211 are conformal layers, the top surfaces of the raised
contact pads 191 have a roughness that generally conforms to the roughened
surface of the bonding region 137A of the metal diaphragm 137. The
electromechanical transducers 39 are attached to respective contact pads 191 by a
thin adhesive layer 221 that is sufficiently thin such that asperity contacts are formed

between the top surfaces of the raised contact pads 191 and the electromechanical

transducers 39. .

[0027] FIG. 8 is a schematic elevational sectional view of a portion of a further
embodiment of a thin film interconnect circuit layer 138 that can be used with an
electrically conductive or non-conductive diaphragm 137. The interconnect circuit
layer 138 includes a conformal blanket dielectric layer 213, a mesa layer 211
comprising a plurality of mesas overlying the conformal blanket dielectric layer 213,
and a conformal patterned conductive layer 215 overlying the mesa layer 211. The
mesa layer 211 can be electrically non-conductive (e.g., dielectric) or conductive
(e.g., metal). The mesas and the overlying portions of the patterned conformal

conductive layer 215 form raised contact regions or pads 191. The thin film

v
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interconnect circuit layer 138 can further include a patterned dielectric layer 217
having openings 217A through which the raised contact pads 191 extend. The
raised contact pads 191 are higher than the other layers of the interconnect circuit
layer 138, and comprise the highest portions of the interconnect layer 138. This
facilitates the attachment of an electromechanical transducer 39 to each of the raised
contact pads 191. .

[0028] In the embodiment schematically depicted in FIG. 8, the conformal
mesa layer 211 can comprise a suitably patterned conformal dielectric layer or
conformal metal layer, for example. The patterned conformal conductive layer 215
can comprise a patterned conformal metal layer.

[0029] Since the blanket dielectric layer 213, the mesa layer 211, and the
patterned conductive layer 215 are conformal layers, the top surfaces of the raised
contact pads 191 have a roughness that generally conforms to the roughened
surface of the bonding region 137A of the metal diaphragm 137. The
electromechanical transducers 39 are attached to respective contact pads 191 by a
thin adhesive layer 221 that is sufficiently thin such that asperity contacts are formed
between the top surfaces of the raised contact pads 191 and the electromechanical
transducers 39.

[0030] FIG. 9 Is a schematic elevational sectional view of a portion of an
embodiment of a thin film interconnect circuit layer 138 that can be used with an
electrically non-conductive diaphragm 137. The thin film interconnect circuit layer
138 includes a conformal mesa layer 211 comprising a plurality of mesas disposed
on the bonding region 137A of the electrically non-conductive diaphragm 137, and a
patterned conformal conductive layer 215 overlying the mesa layer 211. The mesa
layer 211 can be electrically non-conductive (e.g., dielectric) or conductive (e.g.,
metal). The mesas and the overlying portions of the patterned conformal conductive
layer 215 form raised contact regions or pads 191. The thin film interconnect circuit
layer 138 can further include a patterned dielectric layer 217 having openings 217A

through which the raised contact pads 191 extend. The raised contact pads 191 are



' SEENYY "RIIILIAL ¢ hAt el Doeremerd #r b4

CA 02486454 2004-11-01

higher than the other layers of the interconnect layer 138, and comprise the highest
portions of the interconnect layer 138. This facilitates the attachment of an
electromechanical transducer 39 to each of the raised contact pads 191.

[0031] In the embodiment schematically depicted in FIG. 9, the conformal
mesa layer 211 can comprise a suitably patterned conformal dielectric layer or
patterned conformal metal layer, for example. The patterned conformal conductive
layer 215 can comprise a patterned conformal metal layer, for example.

[0032] Since the mesa layer 211 and the patterned conductive layer 215 are
conformal layers, the top surfaces of the raised contact pads 191 have a roughness
that generally conforms to the roughened surface of the bonding region 137A of the
metal diaphragm 137. The electromechanical transducers 39 are attached to
respective contact pads 191 by a thin adhesive layer 221 that is sufficiently thin such
that asperity contacts are formed between the top surfaces of the raised contact pads
191 and the electromechanical transducers 39.

[0033] FIG. 10 is a schematic elevational sectional view of a portion of a
further embodiment of a thin film interconnect circuit layer 138 that can be used with
an electrically non-conductive diaphragm layer 137. The thin film interconnect circuit
layer 138 includes a patterned conformal conductive layer 215 and a conductive
mesa layer 211 comprising a plurality of mesas overlying the patterned conformal
conductive layer 215. The conductive mesas and the underlying portions of the
patterned conformal conductive layer 215 form raised contact regions or pads 191.
The thin film interconnect circuit layer 138 can further include a patterned dielectric
layer 217 having openings 217A through which the raised contact pads 191 extend.
The raised contact pads 191 are higher than the other layers of the thin film
interconnect circuit layer 138, and comprise the highest portions of the interconnect
layer 138. This facilitates the attachment of an electromechanical transducer 39 to
each of the raised contact pads 191.

[0034] In the embodiment schematically depicted in FIG. 10, the patterned

conformal conductive mesa layer 211 can comprise a suitably patterned conformal
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metal layer, and the patterned conformal conductive layer 215 can also comprise a
suitably patterned conformal metal layer, for example.

[0035] Since the patterned conductive layer 215 and the conductive mesa
layer 211 are conformal layers, the top surfaces of the raised contact pads 191 have
a roughness that generally conforms to the roughened surface of the bonding region
137A of the metal diaphragm 137. The electromechanical transducers 39 are
attached to respective contact pads 191 by a thin adhesive layer 221 that is
sufficiently thin such that asperity contacts are formed between the top surfaces of
the raised contact pads 191 and the electromechanical transducers 39.

[0036] Each dielectric layer of the thin film interconnect circuit layer 138 can
comprise silicon oxide, silicon nitride, or silicon oxynitride, for example, and can have
a thickness in the range of about 0.1 micrometers of about 5 micrometers. More
specifically, each dielectric layer can have a thickness in the range of about 1
micrometers to about 2 micrometers.

[0037] Each conductive layer of the thin film interconnect circuit layer 138 can
comprise aluminum, chromium, nickel, tantalum or copper, for example, and can
have a thickness in the range of about 0.1 micrometers of about 5 micrometers.
More specifically, each conductive layer can have a thickness in the range of about 1
micrometers to about 2 micrometers.

[0038] The claims, as originally presented and as they may be amended,
encompass variations, alternatives, modifications, improvements, equivalents, and
substantial equivalents of the embodiments and teachings disclosed herein, including
those that are presently unforeseen or unappreciated, and that, for example, may
arise from applicants/patentees and others.

10
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WHAT IS CLAIMED IS:

1. A drop emitting apparatus comprising:

a fluid channel layer;

a diaphragm layer disposed on the fluid channel layer;

a roughened bonding region formed on a surface of the diaphragm
layer,;

a thin film circuit having conformal raised contact regions disposed on
the roughened bonding region; and .

a plurality of electromechahical transducers adhesively attached to the
conformal raised contact regions and electrically connected to the conformal raised
contact regions by asperity contacts formed between the conformal raised contact

regions and the electromechanical transducers.

2. The drop emitting apparatus of claim 1 wherein the roughened
bonding region has a roughness average in the range of about 1 microinch to about '

100 microinches.

3. The drop emitting apparatus of claim 1 wherein the roughened
bonding region has a roughness average in the range of about 5 microinches to
about 20 microinches.

4. The drop emitting apparatus of claim 1 wherein the roughened
bonding region has a roughness average in the range of about 30 microinches to
about 80 microinches.

S. The drop emitting apparatus of claim 1 wherein the raised
contact regions have a top surface roughness average in the range of about 1
microinch to about 100 microinches.

11
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6. The drop emitting apparatus of claim 1 wherein the raised
contact regions have a top surface roughness average in the range of about 5

microinches to about 20 microinches.

7. The drop emitting apparatus of claim 1 wherein the raised
contact regions have a top surface roughness average in the range of about 30

microinches to about 80 microinches.

8. The drop emitting apparatus of claim 1 wherein the raised

contact areas include conformal dielectric mesas.

Q. The drop emitting apparatus of claim 1 wherein the raised

contact areas include conformal conductive mesas.

10.  The drop emitting apparatus of claim 1 wherein the thin film
circuit comprises a conformal mesa layer and a patterned conformal conductive layer
overlying the conformal mesa layer.

11.  The drop emitting apparatus of claim 1 wherein the thin film
circuit comprises blanket conformal dielectric layer, a conformal mesa layer overlying

the blanket conformal dielectric layer, and a patterned conformal conductive layer

overlying the conformal mesa layer.

12. The drop emitting apparatus of claim 1 wherein the thin film
circuit comprises a conformal mesa layer, a blanket dielectric conformal layer
overlying the conformal mesa layer, and a patterned conformal conductive layer

overlying the blanket conformal dielectric layer.

12
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13. The drop emitting apparatus of claim 1 wherein the thin film
circuit comprises a patterned conformal conductive layer and a conformal conductive

mesa layer overlying the patterned conformal conductive layer.

14. The drop emitting apparatus of claim 1 wherein the thin film
circuit comprises a blanket conformal dielectric layer, a patterned conformal
conductive layer overlying the blanket conformal dielectric layer, and a conformal

conductive mesa layer overlying the patterned conformal conductive layer.

156. The drop emitting apparatus of claim 1 wherein the roughened
bonding region comprises a particle blasted region.

16. The drop emitting apparatus of claim 1 wherein the roughened

bonding region comprises a laser roughened region.

17. The drop emitting apparatus of claim 1 wherein the fluid channel

layer receives melted solid ink.

18. The drop emitting apparatus of claim 1 wherein the

electromechanical transducers comprise piezoelectric transducers.

19. The drop emitting apparatus of claim 1 wherein the fluid channel

layer comprises a stack of patterned metal plates.

13
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20. A drop emitting apparatus comprising:

a fluid channel layer;

a metal diaphragm layer attached to the fluid channel layer;

a roughened bonding region formed on a surface of the metal
diaphragm layer;

a thin film circuit having conformal raised contact regions disposed

on the roughened bonding region;
wherein the conformal raised contact regions include conformal

mesas; and
a plurality of electromechanical transducers adhesively attached to

the conformal raised contact regions and electrically connected to the conformal
raised contact regions by asperity contacts formed between the conformal raised

contact regions and the electromechanical transducers.

21. The drop emitting apparatus of claim 20 wherein the

roughened bonding region has a roughness average in the range of about 1

microinch to about 100 microinches.

22. The drop emitting apparatus of claim 20 wherein the
roughened bonding region has a roughness average in the range of about 5

microinches to about 20 microinches.

23. The drop emitting apparatus of claim 20 wherein the
roughened bonding region has a roughness average in the range of about 30

microinches to about 80 microinches.

24. The drop emitting apparatus of claim 20 wherein the raised
contact regions have a top surface roughness average in the range of about 1

microinch to about 100 microinches.

14
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25. The drop emitting apparatus of claim 20 wherein the raised
contact regions have a top surface roughness average in the range of about 5

microinches to about 20 microinches.

26. The drop emitting apparatus of claim 20 wherein the raised
contact regions have a top surface roughness average in the range of about 30

microinches to about 80 microinches.

27. The drop emitting apparatus of claim 20 wherein the conformal

mesas comprise conformal dielectric mesas.

28. The drop emitting apparatus of claim 20 wherein the conformal

mesas comprise conformal conductive mesas.

29. The drop emitting apparatus of claim 20 wherein the thin film
circuit comprises blanket conformal dielectric layer, a conformal mesa layer overlying
the blanket conformal dielectric layer, and a patterned conformal conductive layer

overlying the conformal mesa layer.

30. The drop emitting apparatus of claim 20 wherein the thin film
circuit comprises a conformal mesa layer, a blanket dielectric conformal layer
overlying the conformal mesa layer, and a patterned conformal conductive layer

overlying the blanket conformal dielectric layer.

31.  The drop emitting apparatus of claim 20 wherein the thin film
circuit comprises a blanket conformal dielectric layer, a patterned conformal
conductive layer overlying the blanket conformal dielectric layer, and a conformal

conductive mesa layer overlying the patterned conformal conductive layer.

15
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32. The drop emitting apparatus of claim 20 wherein the roughened
bonding region comprises a particle blasted region.

33. The drop emitting apparatus of claim 20 wherein the roughened
bonding region comprises a laser roughened region.

34. The drop emitting apparatus of claim 20 wherein the fluid
channel layer receives melted solid ink.

35. The drop emitting apparatus of claim 20 wherein the

electromechanical transducers comprise piezoelectric transducers.

36. The drop emitting apparatus of claim 20 wherein the fluid
channel layer comprises a stack of patterned metal plates.

37. A drop generator comprising:

a pressure chamber;

a metal diaphragm forming a wall of the pressure chamber, the metal
diaphragm including a roughened bonding surface;

a thin film conformal raised contact region disposed on the roughened
bonding surface;

a piezoelectric transducer adhesively attached to the conformal raised
contact region and electrically connected to the conformal raised contact region by
asperity contacts formed between the conformal raised contact region and the
piezoelectric transducer;

an outlet channel connected to the pressure chamber; and

a drop emitting nozzle disposed at an end of the outlet channel.

16
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38. The drop generator of claim 37 wherein the roughened
bonding surface has a roughness average in the range of about 1 microinch to

about 100 microinches.

39. The drop emitting apparatus of claim 37 wherein the
roughened bonding surface has a roughness average in the range of about 5

microinches to about 20 microinches.

40. The drop emitting apparatus of claim 37 wherein the
roughened bonding surface has a roughness average in the range of about 30

microinches to about 80 microinches.

41. The drop emitting apparatus of claim 37 wherein the raised
contact regions have a top surface roughness average in the range of about 1

microinch to about 100 microinches.

42. The drop emitting apparatus of claim 37 wherein the raised
contact regions have a top surface roughness average in the range of about 5

microinches to about 20 microinches.

43. The drop emitting apparatus of claim 37 wherein the raised
contact regions have a top surface roughness average in the range of about 30

microinches to about 80 microinches.

44. The drop generator of claim 37 wherein the raised contact

region includes a conformal dielectric mesa.

45. The drop generator of claim 37 wherein the raised contact

region includes a conformal conductive mesa.
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46. The drop generator of claim 37 wherein the raised contact
region comprises a conformal dielectric layer, a conformal mesa on the conformal

dielectric layer, and a conformal conductive layer on the conformal mesa.

4/7/. The drop generator of claim 37 wherein the raised contact
region comprises a conformal mesa, a conformal dielectric layer on the conformal

mesa, and a conformal conductive layer on the conformal dielectric layer.

48. The drop generator of claim 37 wherein the raised contact
region comprises a conformal dielectric layer, a conformal conductive layer on the

conformal dielectric layer, and a conformal conductive mesa on the conformal

conductive layer.

49. The drop generator of claim 37 wherein the roughened

bonding surface comprises a particle blasted region.

50. The drop generator of claim 37 wherein the roughened

bonding surface comprises a laser roughened region.

91. The drop generator of claim 37 wherein the pressure

chamber receives melted solid ink.

92. The drop generator of claim 37 wherein the pressure
chamber and the outlet channel are formed in a stack of patterned metal plates.
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53. A method of making a drop emitting apparatus comprising:
roughening a region of a surface of a diaphragm layer;

forming on the roughened region a thin film circuit having conformal

raised contact regions; and
adhesively attaching piezoelectric transducers to the conformal raised
contact regions and forming asperity contacts between the conformal raised contact

regions and the piezoelectric transducers.

54. The method of claim 53 wherein roughening a region of a
surface of a diaphragm layer comprises particle blasting a region of a surface of a

diaphragm layer.

55. The method of claim 53 wherein roughening a region of a
surface of a diaphragm layer comprises laser roughening a region of a surface of a

diaphragm layer.
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