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Description

[0001] The present invention relates to continuous ink
jet printers and, more particularly, to improved construc-
tion for the charge plate in such printers.
[0002] In continuous ink jet printing, electrically con-
ductive ink is supplied under pressure to a manifold re-
gion that distributes the ink to a plurality of orifices, typ-
ically arranged in a linear array(s). The ink discharges
from the orifices in filaments which break into droplet
streams. Individual droplet streams are selectively
charged in the region of the break off from the filaments
and charge drops are deflected from their normal trajec-
tories. The deflected drops may be caught and recircu-
lated, and the undeflected drops allowed to proceed to
a print medium.
[0003] Drops are charged by a charge plate having a
plurality of charging electrodes along one edge, and a
corresponding plurality of connecting leads along one
surface. The edge of the charge plate having the charg-
ing electrodes is placed in close proximity to the break
off point of the ink jet filaments, and charge is applied to
the leads to induce charges in the drops as they break
off from the filaments.
[0004] In U.S. Patent No. 4,560,991, issued Decem-
ber 24, 1985, to W. Shutrum, one method of fabricating
a charge plate is described. The charge plate taught by
Shutrum is fabricated by electro-depositing the charging
electrodes and leads on a flat sheet of etchable material,
such as copper foil, to form a so-called "coupon." The
coupon is bent in a jig at approximately a 90°angle. The
leads are then bonded to a dielectric material, such as
aluminum oxide, and then the etchable substrate is re-
moved by chemical etching. Such a charge plate fabri-
cation method is a "lead transfer" method, in which the
formation of electrodes on an etchable substrate is re-
quired.
[0005] Another "lead transfer" charge plate fabrica-
tion method is described in US-A-5, 512, 117, which also
requires the formation of electrodes on an etchable sub-
strate. This electroformed coupon is then bent at ap-
proximately 90 degrees, bonded to a dielectric material,
such as aluminum oxide, and then the etchable sub-
strate is removed by chemical etching.
[0006] Unfortunately, several problems exist with pri-
or art charge plate fabrication techniques, such as the
complexity of fabrication stemming from the relatively
large number of manufacturing steps required to make
a usable charge plate, as well as the cost associated
with these manufacturing steps. In addition, nickel is
commonly used as the electroformed electrodes and as
such, it can become electrochemically removed
(etched) during the operation of the printhead during the
ink jet printing process.
[0007] US-A-4223321 discloses a planar charge plate
having individual charge electrodes uniformly spaced
along one face thereof provided by cutting grooves
along one face. The surfaces are metallized and printed

circuit leads are formed leading from the grooves. The
grooves are filled with an electrically conductive mate-
rial.
[0008] It is seen then that there exists a need for an
improved charge plate fabrication which overcomes the
problems associated with the prior art.
[0009] This need is met by the charge plate fabrication
process according to the present invention, wherein the
charge plate fabrication technique allows for fabrication
by conventional methods, such as thin film and thick film
patterning. Past efforts to utilize these methods failed
due to the inability to pattern over an edge. The present
invention overcomes previous failures because in the
subject method the patterning of the top and the edge
are separated, which allows for more flexibility in man-
ufacturing. In addition, materials which are available for
fabrication with the new technique have a lower etch
rate.
[0010] Accordingly the invention provides a method
of fabricating a charge plate for an ink jet printer com-
prising the steps of providing a non-conductive charge
plate substrate having an edge and a top; edge pattern-
ing the non-conductive charge plate substrate to define
a charging face on the edge of the non-conductive
charge plate substrate; completing a conductive path
from the charging face to the top of the non-conductive
charge plate substrate to create a charge plate; charac-
terised by top patterning the charge plate by thin film or
thick film patterning, to allow an electrical connection to
the charge plate; coating the top patterned surface with
a dielectric material.
[0011] In accordance with one aspect of the present
invention, a method of fabricating a charge plate for an
ink jet printer allows for fabrication by conventional
methods. Initially, a non-conductive charge plate sub-
strate is provided, the substrate having an edge and a
top. The substrate is then edge patterned to define a
charging face on the edge of the non-conductive charge
plate substrate. The conductive path from the charging
face to the top of the charge plate substrate is completed
by top printing on the top surface to define a wrap
around.
[0012] This can be accomplished by any suitable
method such as by a thick film process. When the con-
ductive path from the charging face to the top of the
charge plate substrate is completed, a charge plate is
created. The charge plate is then top patterned, such as
by photo sensitive thick film paste, to connect top elec-
trical connections to the front edge for charging and de-
flecting.
[0013] Accordingly, it is an object of the present inven-
tion to provide a charge plate wherein fabrication by con-
ventional methods, such as thick film and thin film pat-
terning, is allowed. It is a further object of the present
invention to provide such a charge plate fabrication
method which overcomes previous attempts at similar
fabrication by separating the patterning of the too and
the edge, or front face, of the charge plate. Finally, it is
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an object of the present invention to allow for more flex-
ibility in manufacturing.
[0014] Other objects and advantages of the invention
will be apparent from the following description, the ac-
companying drawings and the appended claims.
[0015] The invention will now be descried in more de-
tail and, by way of example only, with reference to the
accompanying drawings, in which:

Fig. 1 is a perspective view of a charge plate sub-
strate;
Fig. 2 is a perspective view of the substrate of Fig.
1, edge patterned in accordance with the present
invention;
Fig. 3 is a perspective view illustrating a wrap
around conductive path on the edge patterned sub-
strate of Fig. 2; and
Fig. 4 is a perspective view illustrating top pattern-
ing of the view in Fig. 3.

[0016] Referring to the drawings, a charge plate sub-
strate 10 of Fig. 1, capable of being assembled into a
charge plate coupon to form a charge plate assembly,
is illustrated. The charge plate substrate 10 is a non-
conductive material, such as a dielectric or insulator ma-
terial. In a preferred embodiment of the present inven-
tion, the charge plate substrate 10 is ceramic and fabri-
cated from 96% aluminum oxide having a coefficient of
thermal expansion (CTE) of 8.2x10-6/°C. Preferably, a
front surface or edge 11 of the substrate 10 is tapered
away from perpendicularity with a top surface 14 by 2.5°
such that in an assembled charge plate, the electrodes
do not interfere with the trajectory of any deflected and/
or caught droplets. The front surface 11 is preferably flat
to provide optimum charge and deflection.
[0017] Referring now to Fig. 2, initially the substrate
10 of Fig. 1 is edge patterned on its front edge 11 to
define charge surfaces or charging face 12. In a pre-
ferred embodiment of the present invention, the charge
surfaces 12 are defined by passing thick film conductive
ink through an opening in a screen, i.e., silk screen print-
ing, and/or thin metal foil, i.e., stencil printing, using
standard processes in the thick film processing art. In
accordance with standard thick film processes, the edge
patterned substrate is dried and fired, for conductivity
and durability. Drying typically occurs for approximately
twenty minutes, at 150°C. A typical recommended firing
profile has the conductor layer fired in a belt furnace. A
sixty minute firing cycle with a peak temperature of
850°C for ten minutes is recommended. Silk screening
has the advantage of allowing for the creation of unusual
patterns; while stenciling has the advantage of providing
improved quality of printed lines and spaces without the
wire mesh which can create problems when pushing ink
through at high resolutions. A gold thick film paste, such
as commercially available DuPont 5715 Gold Thick Film
Paste, is preferable over nickel because gold is more
chemically inert than nickel.

[0018] Referring now to Fig. 3, subsequent to defining
the charge surfaces 12, a conductive path is continued
to top surface 14, to create a wrap around conductive
path 16. The wrap around 16 is also defined by thick film
paste or printing techniques, such as printing, drying
and firing steps. Hence, the present invention applies
thick film processing to make the electrical connection
between the top surface 14 and the charging face 12.
Electrical connection from top surface 14 to the front sur-
face 11 is achieved using electrical connection wrap
arounds 12 and 16 during the wrap around process,
which connects the front face electrical connections 12
to the top electrical connections 16. This involves direct
metal to metal diffusion during the step of firing, prior to
the step of top patterning, and following the steps of
printing and drying, of the substrate.
[0019] Referring now to Fig. 4, top patterning 18 of the
substrate is illustrated, subsequent to the steps of print-
ing, drying, firing, and metal to metal diffusion, to create
a charge plate. Top patterning of the substrate can be
by any suitable means, such as use of Fodel photoim-
ageable materials as described in Proceedings of the
1993 International Symposium On Microelectronics.
Fodel technology is an extension of thick film paste tech-
nology, developed by combining inorganic components,
metal powders, glass powders, metal oxides and refrac-
tory powders, used to make thick film dielectrics and
conductors with the organic components, polymers,
photoinitiators, monomers and stabilizers, used to make
photoresist films for the printed wiring board industry.
This combination results in photoimageable ceramic
material that combines the well known reliability of ce-
ramic materials with the ease of processing in conven-
tional equipment, using mild aqueous chemistries, cur-
rently used in the printed wiring board industry.
[0020] The Fodel process, like the component mate-
rials, is a combination of the conventional thick film and
printed wiring board processes. As will be obvious to
those skilled in the art, conventional thick or thin film
processes and conventional printed circuit board proc-
esses can be used independently or in any suitable
combination to achieve the patterning of the charge
plate of the present invention. The Fodel process is de-
scribed herein for purposes of example only, and is not
to be considered as limiting the invention.
[0021] The Fodel process begins with the application
of a photoactive paste, such as a commercially available
Fodel paste, to the desired substrate by blank screen
printing. The paste is allowed to level at room tempera-
ture and is then dried, for example at a temperature of
80°C. After drying, the paste is exposed in UV light (with
a typical maximum wavelength of approximately 360
nm) through the appropriate photomask to form a latent
image. Following exposure, the latent image in the ma-
terials is developed such as in a conveyorized, spray
processor, for example using 1% aqueous Na2CO3 so-
lution. The developed paste is then fired by conventional
thick film methods.
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[0022] After the top patterning process illustrated in
Fig. 4, the top patterned surface is coated with a material
that has a high breakdown voltage and is pinhole free.
A preferred material is a dielectric material which sinters
to the top patterned surface to make a good dielectric
coating. The dielectric coating may be any suitable die-
lectric such as commercially available DuPont 5704 Di-
electric.
[0023] Separating the patterning of the top surface 14
and the front surface 11, in accordance with the present
invention, allows for more flexibility in manufacturing, in
that it allows different materials to be used. As will be
obvious to those skilled in the art, changing the material
of the charge surfaces changes the electrical properties.
With the present invention, different materials can be se-
lected to achieve the overall desired electrical and elec-
tro-chemical properties.
[0024] In accordance with the present invention, a
charge plate fabrication process is provided for fabricat-
ing a charge plate for an ink jet printer. Initially, the non-
conductive charge plate substrate 10 is provided and
edge patterned to define a charging face on the edge of
the substrate. The patterned substrate is then dried and
fired, before a conductive path is completed from the
charging face to the top of the non-conductive charge
plate substrate to create a charge plate. The charge
plate is then top patterned, such as by photoimageable
thick film or thin film, to allow an electrical connection to
the charge plate. The top patterned surface is then coat-
ed with a dielectric material. Additionally, electrodes can
be formed on the non-conductive charge plate sub-
strate. Also, heat can be applied to the charge plate to
maintain the charging electrodes at a predetermined dif-
ferential temperature than the temperature of ink. This
creates a condition where condensation, hence prema-
ture electrochemical etching, is avoided. For example,
a resistor can be incorporated on the bottom surface of
the charge plate to apply current and voltage for heating,
thereby providing a resistive heater which is integral to
the charge plate. Such an arrangement allows for im-
proved transfer of heat to the charging electrodes.

Industrial Applicability and Advantages

[0025] The present invention is useful in the field of
ink jet printing, and has the advantage of allowing for
direct formation of a charge face. This provides the ad-
vantage of simplification of charge plate fabrication.
Once the wrap around is complete, top patterning of the
charge plate can be achieved by a variety of techniques
such as etchable thick film process, traditional thin film
process, hybridization of thick and thin film processes,
and photoimageable thick film techniques.
[0026] Having described the invention in detail and by
reference to the preferred embodiment thereof, it will be
apparent that other modifications and variations are
possible without departing from the scope of the inven-
tion defined in the appended claims.

Claims

1. A method of fabricating a charge plate for an ink jet
printer comprising the steps of:

a. providing a non-conductive charge plate sub-
strate (10) having an edge (11) and a top (14);
b. edge patterning the non-conductive charge
plate substrate (10) to define a charging face
(12) on the edge (11) of the non-conductive
charge plate substrate (10);
c. completing a conductive path (16) from the
charging face (12) to the top (14) of the non-
conductive charge plate substrate (10) to cre-
ate a charge plate; characterised by
d. top patterning (18) the charge plate by thin
film or thick film patterning, to allow an electrical
connection to the charge plate;
e. coating the top patterned surface with a die-
lectric material.

2. A method of fabricating a charge plate as claimed
in claim 1 wherein the step of top patterning (18) the
charge plate comprises the step of top patterning
by photoimageable thick film patterning.

3. A method of fabricating a charge plate as claimed
in claim 1 wherein the non-conductive charge plate
substrate (10) comprises 96% aluminum oxide.

4. A method of fabricating a charge plate as claimed
in claim 1 further comprising the step of forming
electrodes on the non-conductive charge plate sub-
strate (10).

5. A method of fabricating a charge plate as claimed
in claim 4 further comprising the step of providing
an integral resistive heater to the charge plate.

Patentansprüche

1. Verfahren zum Herstellen einer Aufladeplatte für ei-
nen Tintenstrahldrucker, welches die folgenden
Schritte enthält:

a) Bereitstellen eines nicht leitfähigen Auflade-
plattensubstrates (10), welches einen Rand
(11) sowie eine Oberseite (14) aufweist,
b) Aufbringen eines Musters am Rand des nicht
leitfähigen Aufladeplattensubstrats (10), um ei-
ne Aufladefläche (12) an dem Rand (11) des
nicht leitfähigen Aufladeplattensubstrats (10)
zu bilden,
c) Herstellen eines Leitweges (16) von der Auf-
ladefläche (12) zu der Oberseite (14) des nicht
leitfähigen Aufladeplattensubstrats (10), um ei-
ne Aufladeplatte zu erzeugen,
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gekennzeichnet durch

d) Aufbringen eines Musters (18) auf der Ober-
seite der Aufladeplatte durch Bilden eines
Dünnschicht- oder Dickschichtmusters, um ei-
ne elektrische Verbindung mit der Aufladeplatte
zu ermöglichen,
e) Beschichten der oberen, mit einem Muster
versehenen Oberfläche mit einem dielektri-
schen Material.

2. Verfahren zum Herstellen einer Aufladeplatte nach
Anspruch 1,
bei dem der Schritt des Aufbringens eines Musters
(18) auf der Oberseite der Aufladeplatte den Schritt
des Aufbringens eines Musters auf der Oberseite
durch Aufbringen eines belichtbaren Dickschicht-
musters enthält.

3. Verfahren zum Herstellen einer Aufladeplatte nach
Anspruch 1,
bei dem das nicht leitfähige Aufladeplattensubstrat
(10) 96 % Aluminiumoxid enthält.

4. Verfahren zum Herstellen einer Aufladeplatte nach
Anspruch 1,
weiterhin enthaltend den Schritt des Bildens von
Elektroden auf dem nicht leitfähigen Aufladeplat-
tensubstrat (10).

5. Verfahren zum Herstellen einer Aufladeplatte nach
Anspruch 4,
weiterhin enthaltend den Schritt des Bereitstellens
einer integralen Widerstandsheizeinrichtung an der
Aufladeplatte.

Revendications

1. Procédé de fabrication d'une plaque de charge pour
une imprimante à jet d'encre, comprenant les éta-
pes suivantes :

a) la prévision d'un substrat non-conducteur de
plaque de charge (10) possédant un bord (11)
et un sommet (14) ;
b) la formation de motif de bord sur le substrat
non-conducteur de plaque de charge (10) afin
de définir une face de charge (12) sur le bord
(11) du substrat non-conducteur de plaque de
charge (10) ;
c) la réalisation d'un trajet conducteur (16) de
la face de charge (12) au sommet (14) du subs-
trat non-conducteur de plaque de charge (10)
afin de créer une plaque de charge ;

caractérisé par :
d) une formation de motif au sommet (18) de la
plaque de charge par formation de motif à film

mince ou film épais pour permettre une con-
nexion électrique avec la plaque de charge ; et
e) le revêtement de la surface à motif au som-
met à l'aide d'un matériau diélectrique.

2. Procédé de fabrication d'une plaque de charge se-
lon la revendication 1, selon lequel l'étape de for-
mation de motif au sommet (18) de la plaque de
charge comprend une étape de formation de motif
au sommet par formation de motif à film épais pho-
tosensible.

3. Procédé de fabrication d'une plaque de charge se-
lon la revendication 1, selon lequel le substrat non-
conducteur de plaque de charge (10) comprend
96% d'oxyde d'aluminium.

4. Procédé de fabrication d'une plaque de charge se-
lon la revendication 1, comprenant, de plus, une
étape de formation d'électrodes sur le substrat non-
conducteur de plaque de charge (10).

5. Procédé de fabrication d'une plaque de charge se-
lon la revendication 4, comprenant, de plus, une
étape de prévision d'un chauffage par résistance in-
tégré à la plaque de charge.
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