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Method and apparatus for operating high speed ink jet printers.

@ A continuous multi-jet ink jet printer improves
print quality in a high speed printer. The con-

tinuous multi-jet ink jet printer includes means A B CDEFGHJ

for producing a rectangular array of ink drops,
the array having columns corresponding to the
consecutive drops in a single jet, and rows
corresponding to drops simultaneously pro-
duced from all of the jets, where print drops and
partially charged drops are printed on a print

media and fully charged drops are deflected
from the print media. Print quality is improved
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by selecting one or more print drops for printing
and subjecting each of the one or more print

L

drops to an equal amount of partial charging.
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Technical Field

The present invention relates to ink jet printers
and, more particularly, to improved character pattern
designs for high speed ink jet printers.

Background Art

In a continuous multi-jet ink jet printer, ink is sup-
plied under pressure to a manifold region that distrib-
utes the ink to a plurality of orifices, typically arranged
in a linear array(s). The ink discharges from the ori-
fices in filaments which break into droplet streams.
The row of continuous ink jets that are stimulated pro-
duce a two-dimensional array of ink drops that are di-
rected to a print receiving medium. The approach for
printing with these droplet streams is to selectively
charge and deflect certain drops from their normal
trajectories.

In systems in which printing is accomplished with
uncharged drops, it is important that the print drops
do not receive a slight charge inadvertently. One
source of inadvertent charging is the drops which
have previously formed in the stream. Assuming the
previous drop in a stream carries a charge, the sub-
sequent uncharged drop will be formed in sufficient
proximity to the charged drop that a slight charge of
opposite polarity may be induced. Such drop-to-drop
interference has been recognized as a significant
problem, and has been treated in several patents.

In a system in which the jets are positioned rela-
tively close together to increase the system resolu-
tion, a charge may be induced in a drop by a charging
electrode associated with an adjacent jet. This prob-
lem is known as crosstalk, and adversely affects print
quality. The effect of an unintentional charge so in-
duced upon a charged drop, which is to be caught, is
merely to alter its deflected trajectory slightly. The
catching arrangement is such that the drop will still be
caught. However, a print drop which is inadvertently
charged by an adjacent charge electrode will be
slightly deflected into a trajectory which will signifi-
cantly affect the printing quality of the system. As the
print distances increases, to about 0.7" from the bot-
tom of the catcher, serious print defects exist. The de-
fects consist of curved vertical segments and spaces
between vertical and horizontal segments.

In high resolution ink jet printers, two types of
charging inaccuracies can occur. One type, called
drop-to-drop crosstalk, results from the influence of
previously charged drops on subsequent drops in a
single ink jet. The other type, called jet-to-jet cross-
talk, results from the influence of the charge on neigh-
boring electrodes. These two types of charging inac-
curacies cause variations in drop placement on the
print receiving medium, and hence a deterioration in
the characters formed by the ink jet printer.

One approach to solving this crosstalk problem is
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described in U.S. Patent No. 4,613,871, issued Sep-
tember 23, 1986, to J. Katerberg. According to this ap-
proach, a repeating pattern of guard drops, charged
to a catch potential, are provided to isolate the print
drops from the influence of other print drops. In par-
ticular, one or more rows have all guard drops.

In order to meet speed requirements for high
speed ink jet printers, it is desirable to be able to print
with every drop from the array of jets. However, this
means that there are no guard drops, so the deflec-
tion field would be minimal. When character patterns
are used in high speed printing that permit selection
of every drop in both the vertical, along the array, and
the horizontal, in the direction of substrate motion,
axes, the result is a deterioration in character quality.
For example, characters contain too much ink, with
slow drying, offset, misting or splashing of overlap-
ping drops, and smear.

It is therefore the object of the present invention
to provide a method and apparatus for improving
character pattern designs for high speed ink jet prin-
ters which overcome the problems and disadvantag-
es of prior procedures.

Summary of the Invention

The object of the presentinvention is achieved by
providing a high speed printing pattern for a continu-
ous ink jet array that employs drops from adjacent
jets but does not allow consecutive drops from a sin-
gle jet. Hence, the print head is driven with an inhibit
function that prevents consecutive drops from a sin-
gle jet or guard drops in the direction of the substrate,
or copy receptor motion.

In accordance with one aspect of the present in-
vention, a method is provided for improving print qual-
ity in a continuous multi-jet ink jet printer of the type
including means for producing a rectangular array of
ink drops, the array having columns corresponding to
the consecutive drops in a single jet, and rows corre-
sponding to drops simultaneously produced from all
of the jets, where print drops and partially charged
drops are printed on a print media and fully charged
drops are deflected from the print media. The method
includes the steps of selecting one or more print drops
for printing, and subjecting each of the one or more
print drops to an approximately equal amount of par-
tial charging.

Other objects and advantages of the invention
will be apparent from the following description, the ac-
companying drawings and the appended claims.

Brief Description of the Drawings

The following figures illustrate drop placement
and drop formation for varying print conditions.

Fig. 1 illustrates perfect drop placement;

Fig. 2 illustrates the resulting drop formation giv-
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en the drop placement of Fig. 1;

Fig. 3 illustrates actual drop placement, due to
print conditions;

Fig. 4 illustrates the resulting drop formation giv-
en the drop placement of Fig. 3;

Fig. 5 illustrates knowledge of expected drop de-
flection as applied to character design;

Fig. 6 illustrates the expected drop placements
given the expected drop deflection of Fig. 5;
Fig. 7 illustrates the resulting drop formation giv-
en the expected drop deflection and expected
drop placement of Figs. 5 and 6;

Fig. 8 illustrates drop placement when all drops
are equally deflected;

Fig. 9 illustrates the resulting drop formation giv-
en the drop placement of Fig. 8; and

Figs. 10 and 11 show drop placement and drop
formation for bolder stroke printing.

Detailed Description of the Preferred Embodiments

In continuous multi-jet ink jet printers, ink is dis-
charged from orifices in filaments which break into
droplet streams. The row of continuous ink jets pro-
duce a two-dimensional array of ink drops that are di-
rected to a print receiving medium. Depending on the
print conditions, i.e., the position of the printhead and
the direction of movement of the print media, error de-
flection can be to the right or to the left of the desired
print location. To correct for this error deflection, the
present invention provides an inhibit function that pre-
vents consecutive drops from a single jet or guard
drops in the direction of the substrate or copy receptor
motion. That is, in accordance with the presentinven-
tion, a high speed printing pattern for a continuous ink
jet array employs drops from adjacent jets but does
not allow consecutive drops from a single jet.

Referring now to the drawings, drop placement
and drop formation diagrams are illustrated for a let-
ter "T", with orifices labeled as rows 1 through 10, and
paper motion indicated by columns A through J (ex-
cluding ). Each square, indicated by a row number
and a column letter, is termed a pixel. As stated, de-
pending on the position of the printhead and the direc-
tion of movement of the print media, error deflection
can be to the right or to the left of the desired pixel or
print location.

In Fig. 1 there is illustrated ideal drop placement
for the letter T, with the resulting drop formation
shown in Fig. 2. However, actual drop placement is
dependent on a number of factors, including partial
charging by adjacent jets. Therefore, all lateral neigh-
bors of drops B2, C2, D2, F2, G2, and H2 have been
fully charged, so that those drops receive a partial
charge. The partial charge causes those drops to be
deflected to some degree before the drops reach the
print media. The amount of deflection is dependent
upon several factors, such as charge voltage, print
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head configuration, and print distance.

Referring now to Fig. 3, the actual drop place-
ment, because of the print conditions, shows error de-
flection of approximately one full pixel to the right, as
compared to the desired drop placement illustrated in
Fig. 1. Since drops E4, ES5, E6 and E7 are adjacent to
print drops, with very little, if any, charge, those drops
will print near the locations where intended. Drops E2
and E9 have fully charged drops on one side, i.e.,
drops E1 and E10, respectively, drops E2 and E9 will
nominally have a location error of approximately half
as much as drops B2, C2, D2, F2, G2, and H2, caus-
ing drops E2 and E9 to print approximately on the
boundary between pixel locations E and F. Drops E3
and E8 receive some charging from proximate drops
E1 and E10, with the resulting error placement being
less than 1/4 pixel. The resulting character formation
due to the print errors is illustrated in Fig. 4.

Drops bounded by fully charged drops will have
a partial charge. Drops bounded by two print drops on
each side, or four print drops, will have very little or
no charge. A print drop with any of its four neighbors
fully charged will receive some partial charge.

Print errors are more noticeable for small charac-
ters with thin strokes, whereas the errors are not as
great nor as visible for larger characters with thicker
strokes. In addition, the defects tend to be consistent
throughout a particular set of smaller characters, and
often become an acceptable part of the character set
style appearance. However, for the smaller character
patterns, and especially for optical character recogni-
tion (OCR) equipment, the defects are objectionable,
and the print errors have to be resolved for varying
print conditions.

For instance, in some printer applications, speed
and fast drying, i.e., low amounts of ink, are more im-
portant. The character design of Fig. 9 meets those
requirements. Because every drop is surrounded by
fully charged drops, drop placement errors are nearly
the same for each print drop, as seen in Fig. 8. That
is, every print drop is deflected to the right by nearly
one full pixel.

In other applications, bolder characters are de-
sired, with satisfactory results shown in Figs. 10 and
11. However, in this case, the drops in the vertical
stroke are not deflected as much as the horizontal
stroke of the T. Nevertheless, the printed results of
Fig. 11 are satisfactory and drying is very good.

To meet the scannability of OCR, the knowledge
of expected drop deflection is applied to character de-
sign, as illustrated in Figs. 5-7. The character bit map
is shown in Fig. 5, with the expected drop placements
shown in Fig. 6. Most of the drops in row 2 are deflect-
ed afull pixel, except drop 2E is deflected by less than
a half pixel because most of its adjacent neighbor
drops have not been charged. Drop 9D deflects near-
ly a full pixel, drop 9E only half a pixel, drop 8E about
1/4th of a pixel, and drops E4-7 not at all.
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In the present invention, print quality for an ink jet
printer is improved by selecting one or more print
drops for printing, and subjecting each of the chosen
print drops to an approximately equal amount of par-
tial charging. The drops are selected by determining
which potential print drops will print at desired loca-
tions on the print media. The print drops are subjected
to an equal amount of partial charging by selectively
creating one or more guard drops between the print
drops in a row and one or more guard drops between
the print drops in a column. This, then, reduces print
error.

The presentinvention is particularly applicable to
an ink jet printing apparatus which includes a print
head for generating a plurality of continuous ink jets,
arranged in a row and directed toward a print receiv-
ing medium. The print head typically includes means
for synchronously stimulating the ink jets to produce
arectangular array of ink drops, with the array having
columns corresponding to the consecutive drops in a
single jet, and rows corresponding to drops simulta-
neously produced from all of the jets. Print drops and
partially charged drops are printed on a print media
and fully charged drops are deflected from the print
media. The print head further includes a plurality of
drop charging electrodes positioned adjacent the row
of ink jets. The ink jet printing apparatus further in-
cludes means for selecting one or more print drops for
printing, and means for subjecting each of the chosen
print drops to an equal amount of partial charging.

The approach of the present invention of antici-
pating drop placement has more flexibility when the
printer is operated in a printing mode using double re-
solution (dots/inch) across the character pattern, i.e.,
the direction of paper travel. That is, the numbered
jets remain at a particular resolution (120 dots per
inch, for example) and the drops (identified by letters)
can be at 240 dots per inch. The approach illustrated
in Fig. 5 has been applied to designing Optical Char-
acter Recognition (OCR) sets A & B bit maps with the
printed results being very well recognized by OCR
scanners.

Industrial Applicability and Advantages

The present invention is useful in the field of ink
jet printing, and has the advantage of improving the
appearance of character patterns, particularly in high
speed ink jet printers.

The invention has been described in detail with
particular reference to certain preferred embodi-
ments thereof, but it will be understood that modifica-
tions and variations can be effected within the spirit
and scope of the invention.
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Claims

1. A method for improving print quality in a continu-
ous multi-jet ink jet printer of the type including
means for producing a rectangular array of ink
drops, the array having columns corresponding
to the consecutive drops in a single jet, and rows
corresponding to drops simultaneously produced
from all of the jets, where print drops and partially
charged drops are printed on a print media and
fully charged drops are deflected from the print
media, the method including the steps of:

a. selecting one or more print drops for print-
ing; and

b. subjecting each of the one or more print
drops to an approximately equal amount of
partial charging.

2. Amethod for improving print quality as claimed in
claim 1 wherein the step of selecting one or more
print drops for printing comprises the step of de-
termining which potential print drops will print at
desired locations on the print media.

3. Amethod for improving print quality as claimed in
claim 1 wherein the step of subjecting each of the
one or more print drops to an equal amount of par-
tial charging comprises the step of selectively
creating one or more guard drops between the
print drops in a row and one or more guard drops
between the print drops in a column to reduce
print error.

4. Ink jet printing apparatus comprising:

a. a print head for generating a plurality of

continuous ink jets, arranged in a row and di-

rected toward a print receiving medium, the

print head including,
(1) means for synchronously stimulating
the ink jets to produce a rectangular array
of ink drops, the array having columns cor-
responding to the consecutive drops in a
single jet, and rows corresponding to
drops simultaneously produced from all of
the jets, where print drops and partially
charged drops are printed on a print media
and fully charged drops are deflected from
the print media, and
(2) a plurality of drop charging electrodes
positioned adjacent the row of ink jets;

b. means for selecting one or more print drops

for printing; and

¢. means for subjecting each of the one or

more print drops to an equal amount of partial

charging.

5. The ink jet printing apparatus claimed in claim 4
wherein the means for selecting one or more print
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drops for printing comprises means for determin-
ing which potential print drops will print at desired
locations on the print media.

The ink jet printing apparatus claimed in claim 4 5
wherein the means for subjecting each of the one

or more print drops to an equal amount of partial
charging comprises means for selectively creat-

ing one or more guard drops between the print
drops in a row and one or more guard drops be- 10
tween the print drops in a column to reduce print
error.
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