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Description
Field of the Invention

[0001] This invention relates to a continuous inkjet
(CIJ) print head.

Background to the Invention

[0002] As is well known, ClJ printing involves the for-
mation of electrically charged drops from a jet of ink, and
the subsequent deflection of the charged drops by an
electric field to produce an image on a print medium.
[0003] Electrically conducting ink is forced through a
nozzle. As a result of surface tension, the ink jet breaks
up into drops. In a ClJ print head, a controlled sequence
of drops, each with identical drop volume and with con-
stant separation between adjacent drops, can be formed
by modulating the jet in a controlled fashion. This can be
achieved by modulating the ink pressure, or the ink ve-
locity relative to the nozzle, in a sinusoidal manner at
fixed frequency and amplitude.

[0004] A range of options and techniques are known
to those skilled in the art to induce pressure modulation,
velocity modulation or a combination of both, so that uni-
formdrop sequences are obtained. The mostwidespread
of these known techniques is ultrasonic agitation using
piezo-electric crystals, by which electrical energy is con-
verted into mechanical energy.

[0005] Whatever the form of modulation employed,
charge is induced on individual ink drops by means of a
charge electrode that is located in the vicinity of the po-
sition at which the drops separate from their jet. Charge
flows onto the conducting jet through capacitive coupling
between electrode and jet. Desired levels of charge are
induced on drops by applying a voltage to the electrode
at the time the drop separates from the jet. A range of
charge voltages is used to achieve different degrees of
deflection of the individual drops. The charge electrode
voltage is updated whenever a drop separates from its
jet. Hence electrode and jet are modulated at the same
frequency, and great care is taken to ensure that a suit-
able phase relationship is maintained between the two
signals so that the correct charge voltage is present at
the time of drop separation.

[0006] After charging, the ink drops travel through a
constant electric field whose field lines are substantially
perpendicular to the jet. The field is typically produced
by applying a high voltage to a parallel-plate capacitor
through which the drops travel. Charged drops are de-
flected by an amount that scales with the charge on the
drops. Uncharged drops are not deflected and fall into a
vacuum re-flow, often referred to as gutter or catcher, for
re-use of un-printed ink. The technique described here
enables the printing of an image, consisting of a plurality
of drops, on a medium.

[0007] Clearly the manner in which the charged drops
interact with the deflecting field, is extremely important
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and this will now be explained in broad terms with refer-
ence to Figures 1 to 3 of the accompanying drawings.
[0008] Figure 1 illustrates a first form of conventional
deflector-plate configuration. After drop formation and
charging, the stream 5 of ink drops travels through an
electric field that is produced by two charged parallel
plates 6 & 7 separated by a spacing s of typically 3-5mm.
These plates 6 & 7 are often referred to as deflector
plates. The drop-producing device (not shown) is typical-
ly arranged such that un-deflected drops travel parallel
and as close as possible to one of the deflector plates
(in this case the lower plate 6). Such a configuration al-
lows deflection in one direction only (positive y direction
in Figure 1), with a maximum deflection, measured at the
right-hand edges of the deflector plates, that is slightly
less than the plate separation d.

[0009] Often the upper deflector plate 7 is set to a high
positive voltage (typically a few kV) and the lower deflec-
tor plate 6 is set to ground. This requires the drops to be
charged negatively. Uncharged drops are collected by a
gutter 8 that is positioned adjacent to the exit (right-hand)
end of the lower deflector plate 6.

[0010] The gutter is typically formed from stainless
steel and may be of a circular or rectangular design. The
section of the gutter edge nearest the top deflector plate
7 is normally very narrow (typically 100p,.m). This enables
the use of a large deflection range, close to the plate
separation d, as un-printed drops and least-deflected
drops will follow similar trajectories.

[0011] Referring now to Figure 2, the deflector plate
configuration depicted uses an angled top deflector plate
10 to take account of the fact that the deflection in the y
directionincreases with the distance a drop will have trav-
elled in x direction, between the deflector plates. This
configuration is attractive as the deflection to which a
drop is subjected varies quadratically with the distance
travelled, but only varies linearly with the inverse of the
plate separation d.

[0012] The disadvantage of the configuration shown
in Figure 2 is that the electric field is no longer homoge-
neous. Hence, the force acting on a charged drop not
only depends on its charge but also on its position.
[0013] Compared to the configuration shown in Figure
1, the configuration shown in Figure 2 can reduce the
overall accuracy with which drops can be positioned on
a print medium. The x component of the electric field is
non-zero and changes with y position, which means that
the x component of the velocity is affected by the electric
field. Strongly deflected drops experience alarger decel-
eration in the x direction than weakly deflected ones. This
can result in image artefacts at high print speed.

[0014] Figure 3 shows yet a further deflector plate con-
figuration in which the drops first travel through a parallel
section 12, which provides a homogeneous field, fol-
lowed by a sloped section 13 to account for the increased
deflection after some distance travelled.

[0015] Regardless of the deflector plate configuration,
it is desirable to place the gutter as close as possible to
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the deflector plates (the lower deflector plate in Figures
1to 3). This is because drops slow down due to aerody-
namic drag, which degrades print quality in particular if
the drops are small. In general it is desirable that drops
become available for printing soon after they have trav-
elled through the electric field and are no longer accel-
erated.

[0016] In commercial ClJ applications, a value for the
maximum throw distance of a printer is often recommend-
ed. It is defined as the maximum allowable separation
between the print head and the print medium, above
which the print quality degrades. It will be appreciated
that relatively large throw distances can be achieved with
a print head in which the gutter is small and placed very
close to the deflector plates.

[0017] Whilst positioning the gutter close to the deflec-
tor plates increases the throw distance, a resulting dis-
advantage is that the presence of the gutter influences
the electric field in the vicinity of the edge of the deflector
plates (illustrated as region 1 in Figures 1 to 3) in a way
that reduces drop placement accuracy and introduces
image artefacts. Referring to Figures 1 to 3, the gutter 8
is conducting and setto ground. Hence, a stray field forms
between the edge of the upper deflector plate and the
gutter. This can be better understood with reference to
the simulation shown in Figure 5.

[0018] Figure 5 shows a 2-dimensional electrostatic
model in which the main components of the deflection
area of a printhead are approximated by blocks. The two
blocks representing the ground plate and the gutter, are
set to ground potential. The deflector plate, the slope of
which is approximated by a series of stepped blocks, is
setto a positive potential. Modelling was carried out using
aJavaapplet obtained from www.falstad.com. Whilst this
does not yield absolute values, it does allow the relative
strength and direction of the electric field to be visualised.
[0019] Referring to Figure 5, it can be seen that the x
component of the electric field in region 1 is comparable
to its y component for medium-deflected drops. For
strongly deflected drops with a trajectory that comes very
close to the right edge of the top deflector plate, the x
component of the electric field in region 1 exceeds its y
component. As discussed above, a field distribution of
this kind reduces drop placement accuracy and it intro-
duces image artefacts as the x component of the velocity
is affected by the electric field in a manner that depends
on drop charge.

[0020] Itis an object of the invention to provide a meth-
od of, and or means for, effecting drop charging and/or
deflection in a continuous inkjet printer which will go at
least some way in addressing the drawbacks set forth
above, or which will at least offer a novel and useful al-
ternative.

Summary of the Invention

[0021] Accordingly, in one aspect, the invention pro-
vides a printhead for a continuous inkjet printer, said print-
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head including:

a droplet generator operable to generate a stream
of ink droplets;

a charging electrode operable to electrically charge
at least some of said droplets;

a gutter positioned to receive selected droplets; and
a pair of spaced deflector plates operable to create
an electric field which interacts with charged droplets
to deflect said charged droplets,

said printhead being characterized in that said gutter is
positioned and an electric potential applied to it so as to
contribute to the creation of a substantially homogeneous
electric field.

[0022] Preferably said gutter is mounted on a substan-
tially common plane with one of said deflector plates.
[0023] Preferably said gutter is separated from said
one of said deflector plates by a dielectric.

[0024] Preferably said dielectric has a dielectric con-
stant (¢) in the range 2 to 4.

[0025] Preferably both said gutter and said one of said
deflector plates are mounted on a common based pro-
vided by said dielectric.

[0026] Preferably said gutter and said one of said de-
flector plates are set to ground potential.

[0027] Preferably the other of said deflector plates is
set to a positive potential.

[0028] Preferably the other of said deflector plates is
arranged to at least partially overlie said gutter.

[0029] In a second aspect, the invention provides a
printhead for a continuous inkjet printer, said printhead
including:

a droplet generator operable to generate a stream
of ink droplets along an ejection axis;

a charging electrode operable to electrically charge
at least some of said droplets; a pair of spaced de-
flector plates operable to create an electric field
which interacts with charged droplets to deflect said
charged droplets, and

a gutter positioned further along said ejection axis
than said pair of deflector plates to capture selected
one of said droplets,

said printhead being characterized in that said gutter is
positioned adjacent one of said deflector plates and at
least partially over-lied by the other of said deflector
plates when viewed along a line perpendicular to said
ejection axis.

[0030] Preferably said gutter is mounted on a common
plane with one of said deflector plates but separated
there-from by a dielectric.

[0031] In a third aspect the invention provides a print-
head including:

a droplet generator operable to generate a stream
of ink droplets along an ejection axis;
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a charging electrode operable to electrically charge
at least some of said droplets;

a pair of spaced deflector plates operable to create
an electric field which interacts with charged droplets
to deflect said charged droplets, and

a gutter positioned further along said ejection axis
than said pair of deflector plates to capture selected
one of said droplets,

said printhead being characterized in that said gutter is
positioned adjacent one of said deflector plates, in sub-
stantially the same plane as said one of said deflector
plates, butis spaced from said one of said deflector plates
by a dielectric.

[0032] Many variationsinthe way the presentinvention
can be performed will present themselves to those skilled
in the art. The description which follows is intended as
anillustration only of one means of performing the inven-
tion and the lack of description of variants or equivalents
should not be regarded as limiting. Wherever possible,
a description of a specific element should be deemed to
include any and all equivalents thereof whether in exist-
ence now or in the future.

Brief Description of the Drawings:

[0033] The background to the invention, and a working
embodiment of the invention, is described with reference
to the accompanying drawings in which:

Figures 1t0 3  show various forms of printhead ar-
rangement used in prior art forms of

CHJ printer;

Figure 4: shows a printhead arrangement for a
CIJ printer incorporating the various
aspects of the present invention; and

Figures 5 & 6:  show 2-dimensional electrostatic mod-

els of, respectively, a prior art print-
head arrangement and a printhead ar-
rangement according to the invention.

Description of Working Embodiments

[0034] The embodiments presented in this invention
overcome the issue of reduced print quality due to non-
homogeneous fields that formin printhead configurations
with sloped deflector plates; and due to stray fields from
the gutter. An example of an embodiment according to
the invention is shown in Figure 4. A 2-dimensional elec-
trostatic simulation of this embodiment is shown in Figure
6.

[0035] The upper deflector plate has a parallel section
of length |12 and a sloped section of length 13 at an angle
o to the plane of section 12. The lower deflector plate
has a length 11 and may extend beyond the left edge of
the upper deflector plate.
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[0036]
parameters are as follows:
13=12mm and oo =10 to 11°.
[0037] Although the right-hand edge of the lower de-
flector plate in Figure 4 extends into the sloped region of
the upper deflector plate, this invention is not limited to
such a form and also includes embodiments in which the
right-hand edge of the lower deflector plate falls into the
parallel region.

[0038] Adjacent to the lower deflector plate, there is a
spacer 14 of width w and depth d, consisting of a dielectric
material with dielectric constant €, or of a plurality of di-
electric materials, each with a separate dielectric con-
stant €. In this example, typical values for the above pa-
rameters are as follows:

w=8mm, d=10mm and =2 to 4.

[0039] The optimised values for w, d, and € may be
substantially different from the above for embodiments
with different values for 11, 12 and 13 and . This is par-
ticularly the case for the dielectric constant €. Further-
more, the left edge of the lower deflector plate in Figure
4 may extend to the left beyond the edge of the upper
deflector plate, typically by a few millimetres.

[0040] In order to ease manufacture of the embodi-
ment, the dielectric material(s) may extend partially or
substantially completely underneath the lower deflector
plate 11 and the gutter 8 to provide a base fixture or
mounting for both the lower deflector plate and the gutter.
[0041] It is an essential feature of one aspect of the
invention that the sloped section 13 of the upper deflector
plate partially or fully overlaps the gutter 8. As can be
seen from the simulation illustrated in Figure 6, the com-
bination of the section 13 overlapping the gutter 8, and
the provision of a dielectric material between the gutter
8 and the bottom electrode 11, results in a relatively ho-
mogeneous electric field between the upper deflector
plate and the bottom plate/gutter combination.

[0042] The embodiment shown in Figure 4 has the fol-
lowing advantages over conventional designs as shown
in figures 1-3:

In this embodiment, typical values for the above
11=30mm, [2=20mm,

1. The stray field in the vicinity of the right edge of
the upper deflector plate and the gutter is reduced
as the gutter is partially or fully overlapped by the
sloped section of the upper deflector plate. Depend-
ing on the exact shape of the gutter body, the lowest
overall stray field is obtained if the upper deflector
plate edge is aligned to the right-hand edge of the
gutter.

2. Effectively, the gutter forms part of the lower de-
flector plate. Compared to conventional designs as
shown in Figures 1-3, this reduces the overall length
of the drop trajectories, resulting in improved throw
distance.

3. In the absence of a dielectric material, if the lower
deflector plate were to extend to the gutter, the elec-
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tric field in the sloped region would reduce gradually
to the right due to the increased separation between
the plates as in conventional designs shown in Fig-
ures 2 & 3. However, with a dielectric spacer in place
in combination with an overlapped gutter, the con-
stant and homogeneous field present in the parallel
section can substantially be maintained in the sloped
region despite the increasing separation between
plates, provided the angle o is not too large. Opti-
mised values for width w, depth d and dielectric con-
stant e exemplified above for deflector plate dimen-
sions 11, 12, 13 and angle a result in a substantially
constant and homogenous electric field both in the
parallel and sloped section. These values can be
determined through theoretical modelling with com-
mercial finite-element analysis software package.
These can be used to solve the Poisson equation
for the arrangement and dimensions in Figure 4 un-
der the boundary conditions of two fixed voltages
applied to the upper deflector plate and the lower
deflector plate and gutter, respectively.

[0043] Modifications of the specific embodiment de-
scribed here can be derived by those skilled in the art,
based on the principles and findings presented in this
invention. In particular, but by no means solely, the slope
of the angled section 13 of the upper deflector plate in
Figure 4 may not be constant but increase gradually in
the x direction.

Claims

1. Aprinthead for a continuous inkjet printer, said print-
head including:

a droplet generator operable to generate a
stream of ink droplets;

a charging electrode operable to electrically
charge at least some of said droplets;

a gutter positioned to receive selected droplets;
and

a pair of spaced deflector plates operable to cre-
ate an electric field which interacts with charged
droplets to deflect said charged droplets,

said printhead being characterized in that said gut-
ter is positioned and an electric potential applied to
it so as to contribute to the creation of a substantially
homogeneous electric field.

2. Avprinthead as claimed in claim 1 wherein said gutter
is mounted on a substantially common plane with
one of said deflector plates.

3. A printhead as claimed in claim 1 or claim 2 wherein
said gutter is separated from said one of said deflec-
tor plates by a dielectric with a dielectric constant €
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10.

11.

or a plurality of dielectrics, each with a separate di-
electric constant €.

A printhead as claimed in claim 3 wherein said die-
lectric has a dielectric constant (¢) in the range 2 to 4.

A printhead as claimed in claim 3 or claim 4 wherein
both said gutter and said one of said deflector plates
are mounted on a common based provided by said
dielectric.

A printhead as claimed in any one of the preceding
claims wherein said gutter and said one of said de-
flector plates are set to ground potential.

A printhead as claimed in claim 6 wherein the other
of said deflector plates is set to a positive potential.

A printhead as claimed in any one of claims 2 to 7
wherein the other of said deflector plates is arranged
to at least partially overlie said gutter.

A printhead for a continuous inkjet printer, said print-
head including:

a droplet generator operable to generate a
stream of ink droplets along an ejection axis;

a charging electrode operable to electrically
charge at least some of said droplets;

a pair of spaced deflector plates operable to cre-
ate an electric field which interacts with charged
droplets to deflect said charged droplets, and
a gutter positioned further along said ejection
axis than said pair of deflector plates to capture
selected one of said droplets,

said printhead being characterized in that said gut-
teris positioned adjacent one of said deflector plates
and at least partially over-lied by the other of said
deflector plates when viewed along a line perpen-
dicular to said ejection axis.

A printhead as claimed in claim 9 wherein said gutter
is mounted on a common plane with one of said de-
flector plates but separated there-from by a dielectric
with a dielectric constant € or a plurality of dielectrics
each with a separate dielectric constant ¢.

A printhead for a continuous inkjet printer including:

a droplet generator operable to generate a
stream of ink droplets along an ejection axis;

a charging electrode operable to electrically
charge at least some of said droplets;

a pair of spaced deflector plates operable to cre-
ate an electric field which interacts with charged
droplets to deflect said charged droplets, and
a gutter positioned further along said ejection
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axis than said pair of deflector plates to capture
selected one of said droplets,

said printhead being characterized in that said gut-
teris positioned adjacent one of said deflector plates,
in substantially the same plane as said one of said
deflector plates, but is spaced from said one of said
deflector plates by a dielectric with a dielectric con-
stant € or a plurality of dielectrics, each with a sep-
arate dielectric constant €.
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FIGURE 5

FIGURE 6
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