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PRINTING HEAD SYSTEM FOR USE IN AN
ELECTROCOAGULATION PRINTING APPARATUS

Abstract of the Disclosure

The 1nvention relates to a printing head
system for an electrocoagulation printing apparatus.
The printing head system of the invention comprises
an electrode carrier, a linear array of
electrolytically lnert electrodes electrically
insulated from one another and mounted to the
electrode carrier, the array of electrodes being
arranged 1nto a plurality of groups each having a
predetermined number of closely spaced electrodes,
and a driver circult for addressing the electrodes
of selected groups. The driver circuit 1s responsive
to a graphical data input signal to cause
simultaneous passage of electric current through at
least a major portion of the electrodes 1in a
selected one of the groups, the major portion of
electrodes 1ncluding electrodes that are contiguous
with one another. Such a printing head system 1s
capable of 1mproving the quality of the 1image
reproduced by electrocoagulation of an

electrolytically coagulable colloid.

Fig. III
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PRINTING HEAD SYSTEM FOR USE IN AN
ELECTROCOAGULATION PRINTING APPARATUS

The present invention pertalns to
improvements 1n the field of electrocoagulation
printing. More particularly, the invention relates
to an 1mproved printing head for reproducing an

image by electrocoagulation of an electrolytically
coagulable colloid.

In US Patent No. 4,895,629 of January 23,
1990, Applicant has described a high-speed
electrocoagulation printing method and apparatus in
which use 1s made of a positive electrode in the
form of a revolving cylinder having a passivated
surface onto which dots of colored, coagulated

colloid representative of an 1mage are produced.

These dots of <colored, coagulated colloid are
thereafter contacted with a substrate such as paper
to cause transfer of the colored, coagulated colloid
onto the substrate and thereby imprint the substrate
with the 1mage. As explalned 1n this patent, the
surface of the positive electrode 1s coated with a
dispersion contalning an olefinic substance and a
metal oxide prior to electrical energization of the
negative electrodes 1n order to weaken the adherence
of the dots of coagulated colloid to the positive
electrode and also to prevent an uncontrolled
corrosion of the positive electrode. In addition,
gas generated as a result of electrolysis upon

energlizing the negative electrodes 1s consumed by

reaction with the olefinic substance so that there
1s no gas accumulation between the negative and

positive electrodes.

The electrocoagulation printing 1ink which

1s 1njected 1nto the gap defined between the
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positive and negative electrodes consists
essentially of a ligquid colloidal dlispersion
contalning an electrolytically coagulable colloid, a
dispersing medium, a soluble electrolyte and a
coloring agent. Where the coloring agent used is a
pigment, a dispersing agent 1s added for uniformly
dispersing the pigment into the ink. After
coagulation of the colloid, any remaining non-
coagulated colloilid 1s removed from the surface of
the positive electrode, for example, by scraping the
surface with a soft rubber squeegee, so as to fully
uncover the colored, coagulated collold which 1is
thereafter transferred onto the substrate. The
surface of the positive electrode 1s then cleaned to

remove therefrom any remalning coagulated colloid.

The optical density of the dots of
colored, coagulated colloid, herelnafter referred to
as "pixels", may be varied by varying the voltage
and/or pulse duration of the pulse-modulated signals
applied to the negative electrodes. As a typical

example, the printing head which carries the

negative electrodes may comprise 2048 electrodes
which are arranged to define 64 groups or channels
each having 32 electrodes. By proper electronic
circulitry, 1t 1s possilible to sequentially scan the

electrodes of each channel while performing such a

scanning simultaneously for all channels, and to
apply a pulse—-modulated signal to selected ones of
the electrodes during scanning to energize same. The
pulse-modulated signal may have a pulse duration
ranging from about 15 to about 4000 nanoseconds. An
electrical signal with a pulse duration of 150
nanoseconds provides a pixel having an optical
density of 0.02 (very 1light gray), whereas an
electrical signal with a pulse duration of 4000

microseconds provides a pixel having an optical
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density of 1.50 (black). It is also possible to vary
the pulse duration by a predetermined number of time
increments, for example, 63 1ncrements of about 60
nanoseconds each or 255 increments of about 15
nanoseconds each, depending upon the level of
fidelity of reproduction required. A signal whose
pulse duration can be vwvaried from 15 to 4000
nanoseconds 1n 255 increments delivers of course the
best tone reproduction. Thus, 1n this case, the
printing of a pixel starts with a pulse duration of
about 15 nanoseconds, progresses with 255 increments
of about 15 nanoseconds up to 4000 nanoseconds and

stops when the desired optical density i1s reached.

The negative electrodes are arranged 1n

rectilinear allignment to defilne a series of
corresponding negative electrode active surfaces
which are disposed 1n a plane parallel to the
rotation axlis of the positive electrode and spaced
from the surface thereof by a constant predetermined
gap filled with the aforesaid electrocoagulation
printing 1ink. Electrical energization of selected
ones of the negative electrodes causes point-by-
point selective coagulation and adherence of the
collold onto the olefin and metal-oxide coated
positive electrode surface opposite the electrode
active surfaces of the energized negative electrodes
while the positive electrode 1s rotating, thereby
forming the aforesaid dots of colored, coagulated
colloid or pixels. The addressing mode of the
negative electrodes 1s such that at any given time,
a signal 1s 1mpressed at a slingle electrode in each
and every channel. In the example glven above, at
the beginning of the electrocoagulation printing,
current injection 1S performed simultaneously
through the lst electrode of every channel; thus, 64

non-contiguous electrodes are energized at the same
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time. AT the next cycle, the 2nd electrode in every
channel 1s energlzed. This procedure 1s repeated
until all the electrodes of the linear array have

been energilzed.

Since the negative electrodes energized at
any given polnt 1n time are non-contiguous and the
film of electrocoagulation printing 1ink on the
surface of the positive electrode constantly moves
relative to the linear array of negative electrodes
due to the rotation of the positive electrode, the
electrode addressing mode creates a saw—-toothed
lmage resulting from the displacement of two
adjacent pixels relative to one another along the
direction of rotation of the positive electrode.
Such a displacement 1s function of the time frame
between the electrical energization of consecutive
electrodes and also function of the speed of
rotation of the positive electrode. The quality of
the 1Image thus reproduced 1s obviously less than

perfect. Applicant has also observed the occurrence

of overly dense pixels.

It 1s therefore an object of the invention
to overcome the above drawbacks and to provide a
printing head system for electrocoagulation
printing, that 1s capable of 1mproving the quality
of the 1mage reproduced by electrocoagulation of an
electrolytically coagulable colloid.

It 1s another object of the invention to

provide a device for correcting the optical density

griem

of the pixels produced by electrocoagulation of an

electrolytically coagulable colloid, with a wview to

limiting the occurrence of overly dense pixels.
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According to one aspect of the invention
there is thus provided a printing head system for an
electrocoagulation printing apparatus, comprising:

- an electrode carrier;

- a llnear array of electrolytically inert
electrodes electrically insulated from one another
and mounted to the electrode carrier, the array of
electrodes being arranged into a plurality of groups
each having a predetermined number of closely spaced
electrodes; and

- a driver circult for addressing the
electrodes of selected groups, the driver circuit
being responsive to a graphical data input signal to
cause silmultaneous ©passage o0of electric current
through at least a major portion of the electrodes
in a selected one of the groups, the major portion
of electrodes incliuding electrodes that are

contiguous with one another.

In a most ©preferred embodiment, the

electrode <carrier 1s made of an electrically

insulating material 1n which 1s embedded the array
of electrodes, the active surfaces of the electrodes
forming a continuous plane with the outer surface of
the carrier. The electrodes of the array are

arranged 1n rectilinear alignment along the length

of the carrier. A driver circulit mounted inside the
printing head 1mpresses graphical data signals at
selected electrodes of the array to induce current
flow through the electrocoagulation printing 1ink
contalined 1n the electrode gap. The electrodes of
the array are arranged 1nto a plurality of
consecutive groups, each group forming a segment of
the array. The driver cilrcuit 1n the printing head
1s designed to address the electrodes of a given

group simultaneously. Preferably, electric current

1s caused to flow through every electrode of the
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group at or about the same 1nstant 1n time. The
current 1njection for each electrode of the group
begins at the same time, however, the duration of
the current 1injection will wvary from one electrode
to the other 1n accordance with the graphical data
of the 1input signal. The expressions "simultaneous

p—

addressing of electrodes”, "simultaneous current

injection" and "simultaneous signal 1impressing” as
used herelin refer to the occurrence of current flow
or 1mpression of voltage at two electrodes such that
at a given point 1n time current or voltage exists

1n every electrode. These expressions do not 1imply

that the current 1njection or voltage application
are co-extensive 1n time from one electrode to
another, nor that the current 1injection or voltage
application 1s 1nilitiated concurrently from one
electrode to another or terminate concurrently from

one electrode to another.

In another preferred embodiment, the

printing head comprises 2048 electrodes arranged

into 32 groups of 64 1ndividual electrodes each. As

discussed above, the driver <circuit addresses
simultaneously the electrodes 1n a given dJgroup. A

single electrocoagulation cycle 1s effected when the

driver circuit has addressed the electrodes of each
group. The groups of electrodes are addressed
consecutively 1n a successive order, the first group

being addressed first, followed by the second group

up until the 32nd group. Such an electrode
addressing mode enables one to significantly improve
the quality of the lmage reproduced by
electrocoagulation and to thus eliminate saw-toothed
images. Although the sequential group addressing
results in a shift between adjacent pixels on either
side of the boundary separating two contiguous

groups, such a shift has not been found particularly
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objectionable as 1t 1s very difficult to perceive

visually.

The present 1nvention also provides, 1in

P~

another aspect thereof, a method of transferring

graphical data to an electrocoagulation printing 1ink
containing an electrolytically coagulable colloid.
The method of the invention comprises the steps of:

a) providing a linear array of
electrolytically lnert electrodes electrically
insulated from one another and 1in contact with a
film of the 1nk moving along a predetermined
direction, the array of electrodes being arranged
into a plurality of groups each having a
predetermined number of closely spaced electrodes;
and

b) addressing the electrodes of selected
groups 1n response to a signal containing the
graphical data, to cause simultaneous passage of

electric current through at least a major portion of

the electrodes 1n a selected one of the groups, the

major portion of electrodes 1ncluding electrodes

that are contiguous with one another, thereby

simultaneously 1nducing localized coagulation of the
colloid at a plurality of contiguous siltes arranged
along an imaginary line extending generally

transverse to the aforesailid predetermined direction.

According to a further aspect of the
invention, there 1S provided 1n an
electrocoagulation printing apparatus 1including a

printing head carrying a linear array of

electrolytically inert electrodes electrically
insulated from one another, the array of electrodes
being arranged 1into a plurality of groups each
having a predetermined number of closely spaced

electrodes, the 1mprovement comprising a signal
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processing device for correcting pixel density, the
signal processing device 1including:

— an input for receliving a signal
representative of a pixel density wvalue associated
with each electrode 1n one of the groups of
electrodes;

— a signal processing circuit for altering
a plxel density value associated with a selected
electrode 1in the one group of electrodes at least
partlially 1n dependence of pilxel density wvalues
associated with other electrodes 1in the one group:;
and

- an output coupled to the selected
electrode for supplying thereto the altered pixel
density wvalue.

In a most preferred embodiment, the signal
processing cilrcult analyses the pixel density wvalues
assoclated with the respective electrodes of the
currently addressed group. The pixel density value
for each electrode 1n the group 1is corrected 1in
accordance with the pixel density wvalues of the
other electrodes 1n the group. More specifically,
Applicant has observed that overly dense pixels
occur 1in 1nstances where there 1s a significant
difference between pilixel density values associated
wilth different electrode sub—-groups. More
specifically, when a first sub-group of electrodes
1s assigned high pixel density wvalues (light print)
and a neighboring sub-group of electrodes 1is
assigned small pixel density values (dark print),

the sub-group corresponding to the dark print zones

will create overly dark pixels. It 1is believed that
such over darkening 1s the result of impedance
variations 1n the electrocoagulation printing ink.
When electrodes are actuated, this produces 1in the

neighboring regions of the ink lower i1impedance. As a
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result, higher currents occur through neighboring
electrodes tThat may explain the undesirable density
increase. To avoid this problem, the signal
processing clrcult alters the signal representative
of the graphical data supplied to the printing head
so that the pixel density values associated with the
dark sub-group o0of electrodes are corrected to

compensate for the 1nteraction wilith the 1light
sub-group.

The present 1nvention further provides a
pixel density correction device for processing a
signal containing pixel density values conveyed to a

printing head of an electrocoagulation printing

apparatus that includes a plurality of
simultaneously addressable electrodes. The pixel
density correction device of the invention
comprilses:

- an 1nput for receiving the signal
representative of pixel density values associated
wlith the simultaneously addressable electrodes; and

- a processing element for altering a

Y

pixel density value of a selected one of the

B

simultaneously addressable electrodes, the signal

processing element being responsive to pixel density
values assoclated with electrodes other than the
selected electrode to determine a corrected pixel
density value assoclated with the selected

electrode.

In a preferred embodiment, the signal
processing element 1s operative to reduce a pixel
density value of the selected electrode in
dependence of pixel density values associated with

electrodes other than the selected electrode.
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The present 1nvention also provides a
method of correcting pixel density, comprising the
steps of:

a) processing a signal containing pixel
density values conveyed to a printing head of an
electrocoagulation printing apparatus that includes

a plurality of simultaneously addressable electrodes

to determine a corrected pixel density value for a

g
—

selected one of the simultaneously addressable

electrodes 1n dependence of pixel density wvalues
assoclated with electrodes other than the selected

electrode; and

b) outputting the corrected pixel density
value.

According to a particularly ©preferred
embodiment of the 1invention, the driver circuit of
the printing head i1includes a current limiting system
for limliting the magnitude of electric current
prassing through each electrode to a predetermined
value. Such a system can be used 1n conjunction with
the pixel density correction device to 1limit or
completely eliminate the occurrence of overly dense
pixels. In a most preferred embodiment, the current
limiting system includes current sources that can
maintain the magnitude of the electric current
passing through each electrode to a predetermined
level. Accordingly, 1mpedance variations are 1less
likely to alter the current magnitude through the
electrodes, with the result that every electrode
will locally coagulate the 1nk at predicted levels.

Further features and advantages of the

invention will become more readily apparent from the

following description o©of preferred embodiments,

reference being made to the accompanying drawilngs,

1n which:

_..lO.._
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Figure 1 1s a general schematic view
l1llustrating the configuration of the electrodes
array 1n a prior art printing head for use in an

electrocoagulation printing apparatus;

Figure 2 1llustrates the distribution of
the locally coagulated sites in the
electrocoagulation printing 1ink, that are created

with the electrode configuration shown in figure 1;

Figure 3 1s a schematic view of the array

of electrodes 1n a printing head according to a

preferred embodiment of the invention;

Figure 4 1s a diagram 1llustrating the
pulse duration through the electrodes of a selected
group designed to create 1in the electrocoagulation
printing ink sites of different level of

coagulation;

Figure 5 1llustrates the distribution of

the localized coagulation sites in the
electrocoagulation printing ink obtalned by using a

printing head in accordance with the 1nvention;

Figure 6 1s an algorithm for correcting

pixel density wvalues;

Figures 7Ta to 7d show graphs of pixel
density values assoclated with a group of electrodes
to illustrate the possible correction 1levels that
may be implemented in dependence of the pixel wvalues

distribution profile;
Figure 8 1s a block diagram of an

electronic device for effecting pixel density

correction; and

- 11 -



10

15

20

25

30

35

CA 02224339 1997-12-10

Figure 9 1s a schematic view illustrating

a printing head provided with a driver circuit
featuring a current limiting system, 1in accordance

with a preferred embodiment of the invention.

Figure 1 1llustrates the configuration of

the negative electrodes 1n a prior art printing

head. The printing head comprises a linear array of

2048 electrodes that are arranged 1nto 64 groups
each having 32 electrodes. The electrodes of the
array are disposed along an 1imaginary 1line which
extends generally transversely to the direction of
movement of the film of electrocoagulation printing
ink carried by the positive electrode. A driver
circuit (not shown) electrically energizes selected
ones of the negative electrodes to cause polnt-by-
point selective coagulation of the collold present
in the ink, opposite the surfaces of the energized
electrodes. The 1level of coagulation of the colloid
depends on the wvoltage and pulse duration of the
pulse-modulated signals applied to the negative
electrodes. For practical reasons, the wvoltage 1s
held constant and only the pulse duration 1s varied
to control the 1level of coagulation. In turn, the
level of coagulation determines the optical density

of each pixel 1in the 1image which 1s ultimately

transferred onto the substrate.

The electrode addressing scheme of the
prior art printing head 1s such that at time tl the

1st electrode of each and every group 1s energlzed.

The next current 1njection event occurring at tZz
renders only the second electrode of each and every'
group active. This sequence 1s continued until every
electrode of the array has been activated. In the

example given above, a complete activation cycle

_12_
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requilres 64 current 1njectilion events, one event

rendering 32 electrodes active.

During each current 1njection event, the
electrodes that are being activated are non-
contiguous. In the arrangement shown at figure 1,
the distance between two active electrodes
corresponds to the width of 31 electrodes. In other
words, 31 1nactive electrodes separate the active
electrodes. Such an electrode addressing scheme
creates the pixel distribution profile shown at
Figure 2. Thils profile 1s characterized by a
displacement of adjacent pixels relative to one
another that results from the movement of the film
of the electrocoagulation printing 1nk between
successive current 1njection events. In Figure 2,
this displacement 1s designated by reference numeral
10. The displacement 1s primarily function of the

time between successive current injection events and

the speed at which the film of electrocoagulation
printing 1nk moves. The displacement may Dbe
important since electrocoagulation printing systems
are designed to operate at high speed. For example,
for a printing speed of one meter per second, the
inter-pixel shift (or localized coagulation site) 1s
of 128 micrometers when the current 1njection events

occur at 4 microseconds 1intervals.

The inter-pixel shift depicted at Figure 2
is undesirable since it 1s easilily perceived by the
human eye and 1t adversely affects the quality of

the image as 1t creates a saw-toothed image.

To solve the above problem, the present
invention provides a printing head that wuses a
different electrode addressing scheme. Figure 3

illustrates schematically the connection between the

_13_
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electrodes and the driver circuit that controls the
activation of the electrodes. Physically, the
electrodes are disposed in the same manner as 1n the
prior art printing head depicted 1in Figure 1. For
ease of illustration, the wvarious. electrode groups
have been shown at Figure 3 as being vertically
offset; however, 1t should be understood that the
electrode groups are arranged consecutively to form
the linear array shown in Figure 1. A plurality of
driver modules are mounted 1n the printing head for
energizing selected ones of the electrodes. The
printing head 1is provided with 64 driver modules,
each module Dbelng connected to a respective
electrode of every group. More specifically, module
No. 1 is connected to electrode No. 1 of group 1,

pr—
p—

electrode No. 1 of group 2, etc. Driver module No. 2

is connected to electrode No. 2 of group 1,

electrode No. 2 of group 2, etc.

In operation, at time tl1 each driver
module impresses a signal on the conductor leading
to the associated electrode of the first group.
Preferably, the wvoltage 1level of the signal 1s
uniform across the electrodes of the group. In a
most preferred embodiment, the voltage 1s about 40-
60 volts. The pulse duration of the pulse-modulated
signal, however, usually varies from one electrode
to another. This enables to coagulate the colloid
present in the electrocoagulation printing ink 1n
contact with the electrodes of a selected group
according to a pattern <corresponding to the
graphical data contained 1in the signal that 1s

communicated to the printing head. Figure 4 Dbest

shows this feature. In this example, the

electrocoagulation printing ink at the sites
associated with electrode Nos. 1 to 30 will Dbe

coagulated the least since the pulse duratlion of the

_14_
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signal applied to this sub-group of electrodes 1is
the shortest. A higher level of coagulation will be
obtained at the sites assoclated with electrode

Nos. 31 to 45. The level of coagulation at the sites
associated with electrode Nos. 46 to 57 1s at a
level intermediate between the levels for electrode
Nos. 1 to 30 and Nos. 31 to 45. Finally, the level
of coagulation 1s highest at the sites associlated
with electrode Nos. 58 to ©4 where the pulse

duration 1s the longest.

A - highly coagulated electrocoagulation

printing ink will produce a dark pixel when the
coagulated 1nk 1s transferred onto a suilitable
substrate, such as paper. Thus, in the above
example, the sub-group of electrode Nos. 1 to 30
will create 30 relatively 1light pixels. Electrode
Nos. 58 to 64 will form dark pixels. The pixels
formed by the remalining electrodes of the group will

have optical density values Dbetween those of

sub-groups 1 to 30 and 58 to o04.

The pattern of pixels on the substrate 1s

shown in Figure 5. Each group of electrodes creates
a collection of 64 pixels that exhibit no shift or
displacement along the direction of movement of the
film of electrocoagulation printing ink relative to
the printing head. This pixel pattern has been found
to significantly improve the i1mage quality since the
saw—tooth effect i1s wvirtually eliminated. However, a
shift occurs at the boundary between adjacent pixel

collections formed by different electrode groups,

such as for example, the collections formed at tl

and t2. Although being undesirable, such a shift has
not been found particularly objectionable as 1t 1s

very difficult to perceive visually.

_15_
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The method consists of simultaneously
energizing contiguous electrodes of the array, as
described  above, 1s capable of substantially
eliminating the undesirable saw-tooth effect that
occurs with prior art printing heads. In order to
further 1mprove the print quality, Applicant has
discovered that by i1mplementing a novel ©pixel
density correction method, higher levels of
precision in the optical densities of the pixels can
be achieved. The term "pixel density" as used hereln

pr—

refers to the optical density of a pixel formed by

electrocoagulation of the colloid present 1n an
electrocoagulation printing ink. Without being bound
by a certain theory, it 1s believed that a certain
pixel density or shade unbalance can occur when
contiguous electrodes of the array are
simultaneously energized. This unbalance 1s believed
to result from a certain impedance varilation 1n the
electrocoagulation printing 1ink, producing higher
currents than those normally expected. Accordingly,
the pixel density is higher particularly at 1light
shaded areas. As discussed earlier, varying the
duration of the current 1injection event controls the
pixel density. Each driver module impresses at the
respective electrode a constant voltage signal and
the duration of that signal determines the level of
pixel density. This mode of operation, however, 1s
based on the assumption that the magnitude of the
current through the film of electrocoagulation
printing ink is constant. In most 1instances, this
assumption 1s true. However, when a number of
contiguous electrodes are energized slimultaneously,
the impedance may no longer remaln constant and this

creates for some of the electrodes higher currents

than those normally expected.

_16._
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One possibility to correct this potential
difficulty 1is to alter the signal applied to the
individual driver modules to compensate for the
impedance imbalance. In a most preferred embodiment,
the pixel density value assocliated with every
electrode is compensated, the level of compensation
being dependent upon the pixel density wvalue of at
least one neighboring electrode. Preferably, the
level of compensation for one electrode 1S
established on the basis of the pixel density wvalues
which are associated with the neighboring electrodes
and which are numerically higher (lighter shades)
than the pixel density wvalue associated with the

electrode belng currently compensated.

The method of correcting pixel density 1s
illustrated in Figure 6. The flow chart depicts an
operational 1loop that examines the piXel density
value associated with each electrode of a giliven
group from the array. At every loop, a pixel density
correction value 1s calculated for the current

electrode and stored 1in a table. When the pixel

density value for the last electrode 1n the group
has been processed, the correction 1s 1mplemented
and the resulting corrected signal 1s transferred to

the respective driver modules of the printing head.

The graphical data input signal which 1is
applied to the printing head 1s a digital signal
containing a number of discrete pixel density
values. Typically, each pixel density value 1s an
8-bit string that can take 256 different wvalues. In
other words, each electrode can be assigned a pixel
density value from 0 to 255, where 0 1s black while
255 is white, the intermediate wvalues designating

different gray 1levels. For convenlence, the shade

values are being described 1n this example with

- 17 -
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reference to black and white printing. If another
color is applied, say red, 0O will refer to pure red,
255 to absence of red, while the intermediate wvalues
will refer to different shades of red. In the
absence of any correction, the 8-blt strings are
transferred to the respective driver modules which
apply corresponding signals to the electrodes, whose
duration 1is determined by the magnitudes of the 8-

bit strings.

It has been found that an optimum area 1n
the signal distribution  path to effect the
correction is at a point intermediate the source of
the original digital signal and the driver modules.
A pixel density correction system can be placed at
any point location between these extremities to
intercept the non-corrected digital signal, alter
the signal in accordance with a predetermined
algorithm and then transfer the corrected signal to

P

the driver modules of the printing head. In a most

preferred embodiment, the correction algorithm
compares each pixel density wvalue to the average
pixel density wvalues 1in the group denoting lower
pixel densities (numerically higher values). If the
given pixel density 1s far from the average, a

strong correction will be required. Also, a strong

correction will be made when there are many assigned
lower pixel densities in the group. The correction
is usually done by reducing the optical density of
the pixel, in other words increasing the magnitude
of the pixel density wvalue. Figure 7 illustrates
typical situations:

a) In Figure 7a, the density of the lower
part of the electrode group 1s very far Ifrom
average. Many pixels have a density lower than those

- 18 -
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of the lower part. Thus, a strong correctlon will be
required.

b) In Figure 7b, the density of the lower
part of the electrode group 1s near average. Many
pixels have a density i1inferior to those of the lower
part. The correction will be less than for group a.

c) In Figure 7c¢, the density of the lower

part of the electrode group 1s very far from

average. Few plxels have a density lower than those
of the lower part. The correction will be less than

for group a and similar to that of group b.

d) In Figure 7d, the density of the lower
part of the group is near average. Few plxels have a
density inferior to those of the 1lower part. The

correction will be the lightest of all four groups.

Referring back to Figure 6, the first step
of the correction algorithm 1s to analyze the
digital signal in order to create a histogram of the
pixel density values associated with a given
electrode group. The objective i1s to classify the 64
random values in ascending order and assocliate with
each discrete value the number of times 1t appears
in the group, 1in other words, the number of
electrodes that will be assigned this partilcular
pixel density value. Consider the followlng example,
where the term "frequency" refers to the number of

times each pixel density value appears 1in the group:

_19_



10

15

20

25

CA 02224339 1997-12-10

Pixel density value Frequency

000
001

004 to 252

2953

Once the histogram is built, the iteration
process is initiated. The first step is to locate 1in
the table the maximum pixel density value assoclated
with an electrode. In this example, 255 1s not a
valid entry since no electrode 1is assigned this
value. The next value (i.e. 254), however, 1s valid.
The next step 1is to calculate a correction factor
for this entry. The following variables are utilized
in the calculation:

a) total: in this case total = maxlmum
pixel density wvalue (assoclated with a non-zero
frequency) x frequency ( 1.e. 254 x 8),

b) accumulated pixels = summation of the
frequency value since the beginning of the iteratilion
(in the first iteration, accumulated pixels = 8),

c) average = total / accumulated pixels
(in the first iteration, the average 1s the same as

total which in the example 1s 254).

- The correction factor for the ©pixel

density wvalue 254 1is obtained by means of the

|

following equation: correction factor

((average-current pixel value) X total)/f, where /

_20_
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1s a constant and the current pixel value for the

first i1teration is 254.

The constant £ is used to calibrate the

5 results of the above equation by introducing therein
a value that permits to fine tune the pixel density
value compensation. The constant £ is obtained
experimentally. More specifically, a constant £ that
has been used with success during tests conducted by

10 Applicant 1s obtained from an array of 256 wvalues

that describe a logarithmic curve. The array is
reproduced below. The value in brackets is an index
allowing to retrieve from the array the value of the

constant Z£.
15

'

g [0]=100000 E [1]=100000 (2]=99000 E [3]=99000 [4]=9900-0

D |

g [5]=99000 »€ [6]=99000 f [81=98000

[ 9]=388000

[71=99000

D

E [10]=98000 g [11]=98000 [12]=98000 [13]=98000 114]1=97000

'NNN
C O

=

»€ [15]=97000 .€ [16]=97000 [17]=97000 [18]=97000 119]=97000

E [20]=86000 g 121]=96000 [22]1=96000 [23]1=96000

Y 1251=96000 Y 1261=95000 [28]=95000
Y (301=95000 Y 1311=95000

f [35]=94000 E [36]=94000 g 137]=94000

1241=96000

[29]1=95000

[33]=94000 [34]=94000

Ny O

[38]}=94000 [39]=93000

€ [40]=93000

g [42]=593000 g [43]=93000

E [41]=93000

[44]=93000

g [45]=93000 g [46]=92000 f [47]=92000 g [48]1=92000

? (501=92000 Y (511=92000 { 1531=91000
Y (551=91000 Y (561=91000 { (581=91000
Y 1601=90000 Y (611=90000 Y (631-90000

¥ 1661=90000 Y 1681=89000 { 1691=89000
£ 171)=ss00c TR
Y 1761=88000 { (791=88000

[49]=92000

QN

[541=91000

[59]=91000

g |64 ]=90000

»€ [65]=90000
.€ [ 70]=89000
g [75]=88000

g [80]=88000

£ (51107000 £ (54387000
{ (861=87000 ¢ (891-86000
Y (911-86000 Y (921-86000 Y 1941-86000
¢ 1951=85000 { 1961=85000 Y (971=85000 ¢ 1991=85000
/ [100]=85000 / [101]=84000 ? 11021=84000 / [104]=84000

¢ 1901=86000

g [85]=87000
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{ (1051=84000 [108]=83000
£ (1105300
£ 1114100000
£ (124181000 £ (127)-80000
£ 11261 -80000 £ 1132)-7500¢
Y (1341=79000 Y (1371=78000
£ (130177000 £ (142176000
£ (144176000 £ (1471275000
£ (145)=7100¢ £ (1521=73000

[109]=83000

I'

[113]=82000 [113]=82000

9N [

[117]=82000 1118]=82000

g [123]=81000
g (128]=80000
g [133]=79000
‘g [138]=78000
f [143]=76000
g [148]=74000

g [153]=73000

£ (354172000 fen=roon | £ 1501-71000

£ 11591=71000 £ 1162170000
£ (1643=300¢ £ 167 =es00c

[
E [169]=67000 f [170]=¢7000

e [174]=606000 f [175]1=635000

f [194]=56000

E {199]}=54000

L
E [219]=44000 g [220]=43000 E [

221

f [225]=40000

£ (z301-38000 £ i2321-31000__| £ 12331-36000
/ [234]1=36000 14 [237}=33000
f [239]=31000 f [242]1=28000 f [243]1=27000
£ (2441-2600¢ § (2471=e50s

.€ [249]=21000 .€ [250]=20000 g [251]=18000 f [252]=106000

g (224]=41000

g [229}=38000

£ 254112000

E [171]=067000

f (176]=65000

Y [1791=64000 Y 11821=62000
Y (1841=61000 { (1871=60000
Y 11891=59000 Y (1921=57000
£ 1197255000
£ 1202152000
Y (2041=51000 ¢ (2071=50000
Y (2091=49000 { 12121=47000
{ (2141=46000 Y 12171=45000
]

=43000

g [226]=40000

g [163]=638000

g [168]=68000

E [183]=62000
f [188]=59000
»€ [193]=57000
£ [198]=54000
E [203]=52000
E [208]=45000
g [213]=477000
g [218]=44000

»é [222]=42000 g [223]=41000

E (227]=39000 g [228]=39000

.

'g [238]=32000

e [248]=22000

€ [253]=14000

The specific value £ used depends upon the

operational conditions of the

these condilitions are changed,

printing apparatus. If

a different £ wvalue is
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used to fine-tune the correction factor. It 1is also

possible to apply modifiers to the constant £ in

order to compensate for changes that may occur

=

during utilization of the printing apparatus. Two

tyvpe of modifliers can be 1mplemented:

1] - additive modifier (offset)
Adds a constant wvalue (offset) to each entry in the
array of values for the constant £. The offset can

vary (for example) from - 9999 to + 50000. The

neutral element 1s zero. The effect of this offset

on the constant £ increases with the magnitude of
the absolute wvalue of the offset.

2 — multiplicative modifier (gain)
Multiplies each entry in the array of wvalues for the
constant £. The gain can vary (for example) from 0.2
to 5.0. The neutral element 1s 1. The effect of this
galn on the constant ! increases as the magnitude of

the gain value differs from the neutral element.

The modifiers can be used in the followlng

fashion to alter the values 1n the array:

/[x] = (offset + original / [x]) x gain
where f[x] is the modified value stored at index x
in the array (x having a value from 0 to 255), and
original £ [x] is the original value at index x in

the array.

- 23 -
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The following tables describe the effect
of the modifiers:

OFFSET Effect on low Effect on high

densities densities

Lower than O0O: Correction greatly Correction

—-988480 < QOffset < 0

increased slightly

increased

Greater than O: Correction greatly

0 < Offset < 50000 decreased Correction
slightly

decreased

Effect on low Effect on high

densities densities

Lower than 1: Correction Correction

0.2 < Gain < 1.0 moderately greatly lncreased

increased

Greater than 1: Correction Correction
1.0 < Gain < 5.0 moderately greatly decreased
decreased
5
Once the appropriate value of the constant
! is selected from the array, the correction factor
1s calculated and stored.
10 The process continues by initiating

another iteration for the next pixel density wvalue
in the table (i.e. 253). The first step 1s to update
the total wvariable. The updated wvariable total
total + (current pixel density value x frequency).

15 For this iteration, the current pixel density value

is 253 and the frequency 11. As a result, the wvalue
of the updated total wvariable 1s 4815. In general
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terms, the variable total can thus be mathematically

eXxpressed as

LEN

1=

where:

the range a to max 1s an index range 1n
the table of pixel density wvalues, the index 1 1in
that range pointing to pixel density values
exceeding or equal to the pixel density value

assocliated with a given electrode;

P; 1s the pixel density value at the value
taken by index i; in the example shown above the 1

and P; are the same values; and

N is the number of electrodes assigned the
pixel density wvalue P; taken by 1 at a given

iteration from a to max.

In the next step of the process, the
accumulated pixels variable 1s updated. The updated
variable accumulated pixels = accumulated pixels +
frequency. Here, the updated accumulated pixels
equals 8 + 11 = 19. In general terms, the variable

total can thus be mathematically expressed as
YN
i=a

The following step is to update the value

of the variable average. For this 1teration, the

updated value of average 1s 4815 (updated total
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value) / 192 (updated accumulated pixels value) =
253.42.

The final step 1s to calculate the

correction factor. Using the above formula, the
value of correction factor = ((253.42 - 253) x 4815)
/ ¥ is obtained and stored.

The final step of the i1teration 1s to

determine 1f other pixel density values remain 1in
the histogram. In other words, does the histogram
contain other wvalid pixel density wvalues 1less than
the current value. In the affirmative, a new loop 1s
initiated, otherwlise the procedure terminated. If

the procedure 1s 1ndeed ended, +the system then

simply adds the correction factors to the original

pixel density values. For example:

Electrode

Original Correction Final pixel

number factor

pixel density

density

value value

Most preferably, the pixel density

correction system 1s 1mplemented by using the
electronic device 100 illustrated 1n Figure 8. The
device 100 comprises an 1input buffer 102 which

receives the digital signal containing the pilxel

- 726 -
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density values. A processor 104 operates on the data
placed in the 1input buffer 102 1n accordance with
instructions stored 1in a memory 106. The corrected
pixel density wvalues are then transferred to an
output buffer 108 that 1i1ssues a modified digital
signal directed to the printing head.

In a different embodiment, the printing
head is provided with a driver circuit featuring a
current limiting system for restricting the
magnitude of electric current passing through the
electrodes of the array at predetermined levels.
This arrangement 1s capable of avolding the
occurrence of overly dense pixels on the substrate,
caused by impedance varliations 1n the
electrocoagulation printing ink, wilithout the
necessity of implementing a pixel density value
correction system of the type described above. The
printing head arrangement 1s schematically depicted
in Figure 9. For simplicity, only a single electrode
group has been depilicted. The system resides 1n the
inclusion of a current source 200 assoclated with
each electrode, that can be 1ntegrated 1n the

r

e

ospective driver module. Each current source feeds
only a current of predetermined magnitude to the
respective electrode, with the result that the
impedance of the electrocoagulation printing 1ink no
longer determines the current magnitude. Thus,
impedance variations in  the electrocoagulation
printing ink are not 1likely to cause any current

magnitude changes.

The current source can be of any
appropriate design. Most preferably, the current
source 1s selected to maintain the current constant
during the current injection event. For example, use

can be made of the adjustable voltage regqulator sold

.....27_
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under part No. IM117HV by National Semiconductor
Corporation, having an output terminal and an
adjustment terminal with a resistor <connected
therebetween. In operation, the LM117HV develops a
nominal 1.2 V reference voltage between the output
and adjustment terminals and, since the voltage 1is
constant, a constant current flows through the
resistor. Thus, by selecting a 12 € resistor, a
constant current of 100 mA 1is delivered to the
electrodes. This current will remalin constant even
if there are variations 1in the electrical resistance

—

of the film of electrocoagulation printing 1ink.

Another possibility 1s to use a hybrid circuit that
is designed to prevent the current from exceeding a
predetermined value. In this embodiment, the
impedance of the electrocoagulation printing 1nk
determines the current magnitude, as 1long as this
magnitude remains within a predetermined operational
range. However, should the 1mpedance drop, the
current reaches the upper extremity of the range and

1t 1S forced to remalin there Lo avolid

over—-coagulation of the ink.

_28_
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The embodiments of the i1invention 1n which an exclusive

property or privilege is claimed are defined as follows:

1. A printing head system for an
electrocoagulation printing apparatus, said printing
head system comprising:

- an electrode carrier;

- a linear array of electrolytically inert
electrodes electrically i1insulated from one another
and mounted to said electrode carrier, said array of
electrodes Dbeing electrically connected into a
plurality ot groups, each group having a
predetermined number of closely spaced electrodes;
and

- a driver circult for addressing the
electrodes of selected groups, said driver circuit
being responsive to a graphical data input signal to
cause simultaneous passage of electric current
through at least a major portion of the electrodes
1n a selected one of said groups, said major portion
of electrodes including electrodes that are

contiguous with one another.

2. A printing head system as defined in claim
1, wherein said driver cilrcult is responsive to said
input signal for causing simultaneous passage of
electric current through every electrode in said one

group.

3. A printing head system as defined in claim
1, wherein said driver circuit 1s responsive to said
input signal for successively injecting electrical

current 1n said groups o0f electrodes.

4 A printing head system as defined in claim

3, wherein during 1njection of electrical current in
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a selected electrode group said driver circuit
causes simultaneous passage of electric current

through every electrode 1in said selected electrode

group.
5. A printing head system as defined in claim
1, wherein saild electrocoagulation printing

apparatus 1ncludes a movable positive electrode
carrying a film of electrocoagulation printing ink
and adapted to displace said film along a
predetermined direction, and wherein the electrodes
of said array are arranged in rectilinear alignment
along a line extending generally transverse to said

predetermined direction.

6 . A printing head system as defined in claim
5, wherein the electrodes in a selected group define
a generally rectilinear electrocoagulation zone
extending generally transverse to salid predetermined

direction.

7. A printing head system as defined in claim

1, whereln said driver circuit includes a plurality

of driver modules each electrically coupled to a

respective electrode 1n every group of electrodes.

8. A printing head system as defined in claim
1, wherein said driver circuit includes a plurality
of driver modules each electrically coupled to a

single electrode in every group of electrode.

9. A printing head system as defined in c¢laim
8, wherein said groups of electrodes each have the

same number of electrodes.

10. A printing head system as defined in claim

9, wherein the number of said driver modules
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,‘w-

corresponds to said number of electrodes in each

group.

11. A printing head system as defined in claim
1, wherein the driver circuit 1s responsive to a

first graphical data input signal for simultaneously

initiating at a first point 1in time injection of

electric current through a first group of

electrodes, sald driver <circulit being further
responsive to a second graphical data input signal
for initiating at a second  point in time
simultaneous injection of electric current through a
second group of electrodes, said first and second
groups of electrodes being contiguous with one
another, sald second point in time occurring

subsequently to said first point in time.

12. A printing head system as defined in claim
11, wherein said driver circuilit 1s responsive to
said first 1nput signal for causing simultaneous

passage of electric current through every electrode

in said first group.

13. A printing head system as defined in claim
11, wherein sald electrocoagulation printing
apparatus 1ncludes a movable positive electrode
carrying a film of electrocoagulation printing ink
and adapted to displace said film along a
predetermined direction, and wherein the electrodes
of said array are arranged 1in rectilinear alignment
along a line extending generally transverse to sailid

predetermined directilon.

14 . A printing head system as defined in claim
13, wherein the electrodes 1in either one of said
first and second groups define a generally

rectilinear electrocoagulation ZOone extending
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generally transverse to sald predetermined

direction.

15. A printing head system as defined 1n claim
11, wherein said driver circult 1ncludes a plurality
of driver modules, each electrically coupled to a

respective electrode 1in every group of electrodes.

16. A printing head system as defined in claim
11, wherein said driver circult includes a plurality
of driver modules, each electrically coupled to a

single electrode in every group of electrodes.

17. A printing head system as defined in claim
16, wherein said groups of electrodes each have the

same number of electrodes.

18. A printing head system as defined i1n claim
17, wherein the number of said driver modules
corresponds to said number of electrodes 1n each
group .

19. A method for transferring graphical data

to an electrococagulation printing ink containing an
electrolytically coagulable colloid, said method
comprlising the steps of:

a) providing a linear array of
electrolytically inert electrodes electrically
insulated from one another and in contact with a
film of said 1nk moving along a predetermined
direction, said array of electrodes being arranged
into a plurality  of groups each  having a
predetermined number of closely spaced electrodes;
and

b) addressing the electrodes of selected
groups 1n response to a signal containing said

graphical data, to cause simultaneous passage of
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electric current through at least a major portion of

the electrodes 1n a selected one of the groups, said

P

major portion of electrodes 1ncluding electrodes

that are contiguous with one another, thereby
simultaneously 1nducing 1localized coagulation of
said colloid at a plurality of contiguous sites
arranged along an 1maglnary line extending generally

transverse to said predetermined direction.

20. A method as defined in claim 19, wherein
step (b) 1s carried out by:
1) simultaneously i1nitiating at a first

point i1n time 1njection of electric current through

a first group of electrodes, 1in response to a first
graphical data signal, to thereby simultaneously
induce localized coagulation of said colloid at a
first plurality of contiguous sites arranged along a
first line extending generally transverse to saild
predetermined direction; and

11) simultaneously 1nitiating at a second
point 1n time 1njection of electric current through
a second group of electrodes, 1n response to a
second graphical data signal, to thereby
simultaneously 1nduce localized coagulation of said
colloid at a second plurality of contiguous sites
arranged along a second line extending transverse to
sald ©predetermined direction and transversally
spaced from said first imaginary line, said second
poilnt 1n time occurring subsequently to said first

point 1n time.

21. In an electrocoagulation printing
apparatus including a printing head carrying a
linear array of electrolytically 1nert electrodes
electrically insulated from one another, said array
of electrodes being arranged 1into a plurality of

groups each having a predetermined number of
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closely spaced electrodes, the improvement
comprising a signal processing device for correcting
pixel density, sald signal processing device
including:

- an input for receliving a signal
representative of a pixel density value associated
with each electrode 1n one of said groups of
electrodes;

- a signal processing clrcult for altering
the pixel density value associated with a selected

P

electrode 1n said one group of electrodes at least

partially 1n dependence of pixel density values
assocliated with other electrodes 1in said one group;
and

- an output coupled to the selected
electrode for supplying thereto the altered pixel

density value.

22. The electrocoagulation printing apparatus
defined in claim 21, wherein said processing circuit
includes means for processing pilxel density wvalues
assocliated with a plurality of electrodes in said
one group and computing a correction factor for
altering the pixel density wvalue associated with

sald selected electrode.

23. The electrocoagulation printing apparatus
defined 1n c¢laim 22, wherein said means for
processing pixel density values 1includes means for
applying said correction factor to said pixel
density value assoclated with sald selected

electrode to alter said pixel density value.

24 . The electrocoagulation printing apparatus
defined 1n claim 22, wherein said correction factor
1s function of pixel density values 1in data

indicative of a pixel density higher than the pixel
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density value associliated with said selected

electrode.

25. The electrocoagulation printing apparatus
defined in claim 22, wherein said correction factor
is function of pixel density values 1n data
indicative of a pixel density not less than the
pixel density value associated with said selected

electrode.

26 . The electrocoagulation printing apparatus
defined in claim 22, wherein said correction factor
is at least partly a function of a wvariable k

defined as:

max

k=> PN

where:

1) the range a to max is an index range 1n

~—

a table of pixel density values, the index 1 1in said

range pointing to pixel density values exceeding the
pixel density value associated with said selected
electrode;

2) P; 1s the pixel density wvalue at the
value taken by index 1; and

3) N is the number of electrodes assigned
the pixel density value P; taken by 1 at a given

1iteration from a to max.

27 . The electrocoagulation printing apparatus

defined 1in claim 22, whereiln said correction factor

is at least partly a function of a wvariable k

defined as:

k= > PN |+ ) N

\_i=qa ) \_i=d

(" max h ( max )
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where:

1) the range a to max 1s an 1ndex range 1in
a table of pixel density values, the index 1 in said
range poilinting to pixel denslty values exceeding the
pixel density wvalue associated with said selected
electrode;

2) P; 1s the pixel density wvalue at the
value taken by index 1; and

3) N 18 the number of electrodes assigned
the pixel density value P; taken by 1 at a given

i1teration from a to max.

28 . The electrocoagulation printing apparatus
defined 1n claim 22, wherein said correction factor
1s at least partly a function of a wvariable k

defined as:

where:

1) the range a to max i1s an index range in
a table of pixel density values, the index 1 in said
range polnting to pixel density values exceeding the
pixel density value associated with said selected
electrode;

2) P; 1s the pixel density wvalue at the
value taken by index 1i;

3) N 1s the number of electrodes assigned
the pixel density value P; taken by 1 at a given
iteration from a to max; and

4) the wvariable j 1s the pixel density

value assoclated with said selected electrode.

29 . The electrocoagulation printing apparatus

defined in c¢laim 22, wherein said correction factor
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1s at least partly a function of a wvariable Kk

defined as:

o [”%RNL(%] ——j\x('f PiND—:-!?

\ \ i=a Y, i=a J \li=a

where:

1) the range a to max 1s an index range 1n
a table of pixel density values, the index i in said
range pointing to pixel density values exceeding the
pixel density value associated with said selected
electrode;

2) P; 1s the pixel density wvalue at the
value taken by index 1;

3) N 1s the number of electrodes assigned
the pixel density value P; taken by 1 at a given
iteration from a to max;

4) the wvariable j 1s the pixel density
value associated with said selected electrode; and

5) the wvariable / 1s an adjustment
constant associated with each pixel density wvalue
Pj.

30. A pixel density correction device for
processing a signal contalning pixel density wvalues
conveyed to a printing head of an electrocoagulation
printing apparatus that 1ncludes a plurality of
simultaneously addressable electrodes, said pixel
density correction device including:

- an 1input for receiving said signal

~

representative of pixel density values associlated

with said simultaneously addressable electrodes; and

- a processing element for altering a
pixel density wvalue o0of a selected one of said
simultaneously addressable electrodes, said signal
processing element beling responsive to pixel density

values assocliated with electrodes other than said
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selected electrode to determine a corrected pixel
density value assoclated with sald selected

electrode.

31. A pixel density correction device as
defined in claim 30, wherein said processing element
determines a corrected pixel density value for every
electrode of said plurality of simultaneously

addressable electrodes.

32. A pixel density correction device as
defined 1n claim 30, wherein said processing element
reduces the pixel density wvalue associated with said
selected electrode 1n dependence of pixel density
values associliated with electrodes other than said

selected electrode.

33. A method of correcting pixel density,
comprising the steps of:
a) processing a signal containing pixel

density values conveyed to a printing head of an

electroccagulation printing apparatus that includes
a plurality of simultaneocusly addressable electrodes
to determine a corrected pixel density value for a
selected one of said simultaneously addressable
electrodes 1in dependence of pixel density wvalues
assoclated with electrodes other than said selected
electrode; and

b) outputting the corrected pixel density

value.

34 . A method as defined in claim 33, further
including the step of determining for each electrode
of said plurality of electrodes a corrected pixel
density value 1in dependence of pixel density wvalues
other than the pixel density wvalue associated with

each electrode.
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35. In an electrocoagulation printing
apparatus having a printing head with an array of
electrodes and a driver circuit for 1impressing
electric signals to 1individual electrodes of said
array, the 1improvement wherein said driver circuit
1ncludes current adjusting means for varying the
magnitude of electric current ©provided to the

individual electrodes.

36. The electrocoagulation printing apparatus
as defined 1n c¢laim 35, wherein said current

adjusting means includes a current source.

37. The electrocoagulation printing apparatus
as defined i1n claim 36, wherein said current source

18 mounted in said printing head.

38. The electrocoagulation printing apparatus
as defined 1n claim 34, wherein said driver c¢ircuilt

18 responsive to a graphical data input signal to

cause simultaneous passage of electric current

through selected electrodes of said array that are
contiguocus with one another, and wherein said
current adjusting means prevents that a magnitude of
current passing through any one of said electrodes

that are contiguous exceeds a predetermined value.

39. The electrocoagulation printing apparatus
ags defined 1in claim 38, whereiln said current

adjusting means 1ncludes a current source.

40 . A fi1lm of electrocoagulation printing ink
containing a coagulated colleid with embedded
graphical data, said film including a matrix of

localized coagulation sites, said colloid being

coagulated to a selected degree at each said site,
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sald matrix comprising a row of contiguous sites

that extend along a straight line.

41 . A film of electrocoagulation liquid as

defined i1n claim 40, wherein said matrix includes a

plurality of rows arranged serially i1in said ink,
each row 1including a plurality of contiguous sites
extending along a respective 1imaginary straight
line, each row being spaced relative to an adjacent
row along a direction generally transverse to the

respective straight line of said adjacent row.

42 . A film of electrocoagulation liguid as
defined 1in c¢laim 41, wherein the straight 1lines
assoclated with said rows are generally parallel

wlth one another.
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