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(54) Conversion circuit for continuous inkjet printers
(57) The invention provides a method of, and appa- not degrade when passing between the printhead (5) and

ratus for, converting a signal derived from a phase de-
tector electrode (22) in a ClJ printer to a form which does

the main processing section (6) of the printer. The pre-
ferred method and apparatus employ a virtual earth.
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Description
Field of the Invention

[0001] This invention relates to a continuous inkjet
(CWJ) printer.

Background to the Invention

[0002] ClJ printers typically comprise a printhead; and
a print control unit sited at a location remote from the
printhead, and connected to the printhead by a conduit.
The conduit carries the various electrical wiring and fluid
lines to enable the printhead to function under the control
of the control unit.

[0003] It will be appreciated that not all ClJ printer in-
stallations are the same. Itis common for the print control
unit and the printhead to be sited at different respective
positions, resulting in differing lengths of conduit being
provided.

[0004] One of the electrical signals carried by the con-
duit is a phase detection signal. Typically this electrical
signal is very small in magnitude, requiring relatively sen-
sitive receiver circuitry within the print control unit to re-
ceive and process the signal. Differing length conduits
cause differences in the transmission path of the phase
signal; for example, longer conduits exhibit greater ca-
pacitance, which attenuates the amplitude of the phase
signal. As a consequence, adjustment to gain or thresh-
old voltage is required to compensate for the attenuation
of different lengths of the cable. This increases the com-
plexity of the installation process and limits the ability of
a user, on site, to vary the installation configuration.
[0005] Itis an object of this invention to provide a meth-
od and/or apparatus which will go at least some way in
addressing the aforementioned problems; or which will
at least offer a novel and useful alternative.

Summary of the Invention

[0006] Accordingly, in one aspect, the invention pro-
vides a method of treating an signal derived from a phase
detection electrode incorporated in the printhead of a
continuous inkjet printer, said printhead being connected
to a processing unit by means of a at least one electrical
conductor, said method being characterised in that the
signal from said phase detection electrode is converted
to a form which is unaffected by the length of said elec-
trical conductor.

[0007] Preferably said method involves the use of a
virtual earth circuit.

[0008] Preferably a voltage derived from said phase
detection electrode is applied to the inverting input of an
operational amplifier, the non-inverting input to said am-
plifier being earthed.

[0009] Preferably said method further includes pass-
ing a signal derived from said virtual earth circuit, through
an inverting stage. Said inverting stage preferably uses
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a second operational amplifier.

[0010] Inasecondaspecttheinventionprovidesacon-
tinuous inkjet printer having a printhead which includes
a phase detection electrode, a processor to process sig-
nals derived from said phase detection electrode and at
least one electrical conductor linking said printhead to
said processor, said printer being characterized in that it
includes a conversion circuit to convert signals derived
from said phase detection electrode as an ink droplet
passes said phase detection electrode, to a form which
remains substantially constant irrespective of the length
of said at least one electrical connector.

[0011] Preferably said conversion circuit incorporates
a virtual earth.
[0012] Preferably said virtual earth is provided by an

operational amplifier, the non-inverting input to which is
earthed.

[0013] Preferably said conversion circuit includes a
further operational amplifier configured to invert a current
derived from said first-mentioned operational amplifier.

[0014] 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
[0015] Anembodiment of the invention will now be de-

scribed with reference to the accompanying drawing in
which:

Figure 1:  shows, schematically, a typical CIJ config-
uration to which the invention is applied; and
Figure 2:  shows a circuit diagram including the vari-

ous components for performing the inven-
tion.

Description of Working Embodiment

[0016] Referring firstly to Figure 1, the circuit to be de-
scribed below is intended for use with a CIJ printer of
conventional form. To this end, the printer comprises a
printhead 5 and a printer operating unit 6, the two parts
5 and 6 being linked by an umbilical 7 which, in the con-
ventional manner includes a multiplicity of electrically
conducting cables or electronic signal lines, together with
amultiplicity of tubes for conveying ink and make-up fluid.
[0017] The precise form and operation of the printhead
5 and operating unit 6 is not essential to the understand-
ing of this invention. By way of example, the operating
unit will typically include reservoirs 10 and 11 for ink and
make-up fluid respectively, anink system 12, and an elec-
trical/electronic processor 13. The processor 13 controls
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the operation of the ink system 12 and the printhead 13
to ensure droplets 15 ofink are emitted from the printhead
inthe appropriate manner to produce the desired marking
on a substrate 17.

[0018] As is well known to those skilled in the art, se-
lected ones of the droplets 15 emanating from the drop
generator 20 have a charge induced thereon by a charge
electrode 21, and then pass a phase detection electrode
22. The charged drops induce a voltage at the phase
detection electrode, the measurement of which enables
the timing of charge application, in subsequent drops, to
be correctly maintained. The charged droplets then pass
through a deflection field created between deflector
plates 23, which determines the positions at which the
charged drops impact the substrate 17. Uncharged drops
pass directly to a catcher or gutter and are returned to
the operating unit 6 via a tube within the conduit 7.
[0019] As stated above, the voltages induced at the
phase detection electrode are generally small in magni-
tude and the magnitude and/or quality of the signal typ-
ically varies with varying lengths of conduit 7 or, more
exactly, to the length of the conductor within conduit 7
which conveys the signal from the charge electrode 22
to the operating unit 6. The present invention addresses
this drawback by incorporating a conversion circuit, indi-
cated schematically as 25 in Figure 1, which converts
the base voltage signalinduced at the detection electrode
22 to a form which is unaffected by the length of the um-
bilical 7.

[0020] The conversion circuit preferably incorporates
a virtual earth and is conveniently of the form shown in
Figure 2.

[0021] As used herein, a virtual earth is intended to
mean a circuit which provides a very low impedance to
signals connected to it. In an operational amplifier, such
as U5A in Figure 2, if a negative feedback circuit is cre-
ated, due to the very high loop gain, then if the non-in-
verting (+) input to the amplifier is earthed as shown, then
the inverting input (-) will assume a similar potential i.e.
the 'virtual earth’.

[0022] Thus, USA effectively short circuits the input
from the phase detector electrode to ground, and meas-
ures the current to ground as an ink drop passes the
phase detection electrode. This current is independent
of variation due to conduit length.

[0023] In this particular configuration, current at the in-
put is represented as a voltage developed across R4.
For R4 =1MQ the circuit develops 1V/p.A of input current.
[0024] The voltage at USA output swings negative for
positive input current. A second inverting amplifier stage,
U5B, with voltage gain defined by R12/R50 restores the
signal to the desired polarity. This stage has input resist-
ance equal to R50.

[0025] Itwillthus be appreciated that the invention pro-
vides a method and apparatus which overcomes the
problem arising from a varying quality of signal from the
phase detector electrode. This, in turn, means that a CIJ
printer installation can be re-configured without the need
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for intervention from skilled operatives to adjust the ma-
chine to compensate for changes in the length of the
conduit 7.

Claims

1. A method of treating an signal derived from a phase
detection electrode (22) incorporated in the print-
head (5) of a continuous inkjet printer, said printhead
(5) being connected to a processing unit (6) by
means of at least one electrical conductor, said
method being characterised in that the signal from
said phase detection electrode (22) is converted to
a form which is unaffected by the length of said elec-
trical conductor.

2. A method as claimed in claim 1 involving the use of
a virtual earth circuit .

3. A method as claimed in claim 1 or claim 2 wherein
a voltage derived from said phase detection elec-
trode (22) is applied to the inverting input of an op-
erational amplifier (U5A), the non-inverting input to
said amplifier being earthed.

4. A method as claimed in claim 3 further including
passing a signal derived from said virtual earth cir-
cuit, through an inverting stage.

5. A method as claimed in claim 4 wherein said a sec-
ond operational amplifier (U5B) is employed to effect
said inverting stage.

6. A continuous inkjet printer having a printhead (5)
which includes a phase detection electrode (22), a
processor (6) to process signals derived from said
phase detection electrode and at least one electrical
conductor linking said printhead (5) to said processor
(6), said printer being characterized in that it in-
cludes a conversion circuit to convert signals derived
from said phase detection electrode (22) as an ink
droplet passes said phase detection electrode, to a
form which remains substantially constant irrespec-
tive of the length of said at least one electrical con-
nector.

7. A printer as claimed in claim 6 wherein said conver-
sion circuit incorporates a virtual earth.

8. A printer as claimed in claim 7 wherein said virtual
earth is provided by an operational amplifier (USA),
the non-inverting input to which is earthed.

9. A printer as claimed in claim 8 wherein said conver-
sion circuit includes a further operational amplifier
(U5B) configured toinvert a current derived from said
first-mentioned operational amplifier (USA).
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