a’ European Patent Office

Europaisches Patentamt ‘ ‘llm

Office européen des brevets @) Publication number: 0 674 993 A2
@) EUROPEAN PATENT APPLICATION
@1) Application number : 95302069.0 6D Int. c15: B41J 2/05

@2) Date of filing : 28.03.95

Priority : 31.03.94 US 221342 @2 Inventor : Miller, Gary L.
10706 NE 215th Court
Vancouver, WA 98682 (US)
Inventor : Emad, Pirooz
17413 NE 40th Street
Vancouver, WA 98682 (US)
Designated Contracting States : Inventor : Dembiczak, Paul
DE FRGB IT 1315 W. 41st Street
Vancouver, WA 98660 (US)
. Inventor : Klaus, Richard I.
Applicant : Hewlett-Packard Company 2719 NE 86th Gircle

3000 Hanover Street
Palo Alto, California 94304 (US) Vancouver, WA 98665 (US)

Date of publication of application :
04.10.95 Bulletin 95/40

Representative : Colgan, Stephen James et al
CARPMAELS & RANSFORD
43 Bloomsbury Square
London WC1A 2RA (GB)

EP 0 674 993 A2

System, control circuit and method for electronic correction of pen misalignment in ink jet printers.

An ink-jet printing system includes a print
head which, due to mechanical misalignment,
produces images having a rotational 6-Z error
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Technical Field

This invention relates to ink-jet printers, and more
particularly, to an ink-jet printing system, error correc-
tion circuitry, and a method for electronic correction
of pen misalignment in ink-jet printers.

Background of the Invention

An ink-jet printer is a type of non-impact printer
which forms characters and other images by control-
lably spraying drops of ink from a print head. The print
head ejects liquid ink through multiple nozzles in the
form of annular drops which travel across a small air
gap and land on a recording media. The drops are
very small as ink-jet printers commonly print within a
range of 180 to 600 dots per inch (dpi). The ink drops
dry shortly thereafter to form in combination the de-
sired printed images.

The print head is commonly ported back and forth
over the media by a movable carriage. As shown in
Fig. 1, print head 10 is carried by a carriage (not
shown) over recording media 12 along an x-axis in the
"carriage scan direction". The print head has one or
more vertical arrays of multiple nozzles (e.g., 48 noz-
zles) which simultaneously apply one or more col-
umns of drops as the print head is moved over the me-
dia. The nozzles are closely aligned according to the
desired dot-to-dot pitch (e.g., nozzle separation is
1/300th of an inch for a 300 dpi resolution). In this
manner, the print head can deposit multiple rows of
dots in a single swath in the carriage scan direction.

Upon completion of a carriage scan, the media 12
is advanced along the y-axis in the "media advance
direction" by the number of rows that the printer is ca-
pable of printing in one swath. Printing can be unidir-
ectional (which is common for printing graphics) or bi-
directional (which is common for printing text).

Today, most ink-jet print heads are constructed in
the form of removable and replaceable print head car-
tridges or pens. In general, these pens have inherent
mechanical variances due to imprecise manufactur-
ing tolerances. Each disposable pen therefore mech-
anically differs from the others. Due to these mech-
anical variances, each pen rests within the printer car-
riage in a slightly different manner. Additionally, the
printer carriage has its own set of tolerances which in-
troduce another set of mechanical variances. As are-
sult, the print characteristics and output patterns are
non-uniform among the pens.

A primary problem associated with the replace-
able pens concerns misalignment of the nozzle array
due to mechanical rotation of the pen about the z-
axis. In Fig. 1, the z-axis is shown at the origin of the
x-axis and y-axis and extends outward from, and per-
pendicular to, the drawing. The degree of freedom de-
fining rotation about the z-axis is commonly referred
to as "0". Thus, the rotational misalignment of the pen
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about the z-axis resulting from mechanical imperfec-
tions is generally referred to as the "0-Z error".

Fig. 2 illustrates the 6-Z error in more detail. Sup-
pose that the print head is expected to print a vertical
line. Under ideal conditions, a mechanically perfect
print head would print the ideal vertical line (repre-
sented by the dashed vertical line). However, due to
the 6-Z error, the mechanically imperfect print head
actually prints the slanted line which has an angular
error of O relative to the ideal line. The negative slope
in the actual line is exaggerated in the figure to illus-
trate the 6-Z error. The 6-Z error yields a Ax displace-
ment at the extreme end of the nozzle array. As can
be appreciated, this Ax displacement increases in re-
lation to the length of the nozzle array in the print
head.

The 6-Z error manifests itself most prominently
when the printer is operating in the graphics mode, as
opposed to the text mode. In graphics mode, the print-
ed image continues from one swath to the next. An
example graphics application is printing a vertical line
from top-to-bottom of a page, wherein the vertical
segments formed in sequential swaths combine to
form a continuous vertical line. In contrast, for text
mode, the entire image (such as letters and numbers)
is printed within the same swath within the con-
straints of common font sizes.

Fig. 3 shows the effect of the 8-Z error in the
graphics application of drawing a continuous vertical
line. The print head prints segment 14 during the first
swath, then segment 15 on the second swath, and fi-
nally segment 16 during the third swath. Unfortunate-
ly, due to the 6-Z error of the mechanically misaligned
pen, a set of discontinuous, jagged segments 14-16
is actually printed instead of the desired continuous
vertical line. Each jagged discontinuity contains the
Ax displacement caused by the 06-Z error.

Imposing tighter manufacturing tolerances to re-
duce the mechanical variances in replaceable pens
would help remove the 6-Z error. Unfortunately, such
tolerances significantly increase the production cost
of the pens. Accordingly, imposing tighter mechanical
tolerances is not a suitable low cost solution to the 0-
Z misalignment problem.

Disclosure of the Invention

This invention provides a low cost solution for re-
ducing the perceived 6-Z error in an ink-jet print head
using electronic techniques that effectively reduce
the Ax displacement.

According to one aspect of this invention, an ink-
jet printing system includes a print head having an ar-
ray of multiple nozzles for depositing drops of ink onto
a recording media during a swath to produce printed
images. A print head controller is coupled to the print
head to fire individual nozzles and thereby controlla-
bly deposit the ink drops according to a desired pat-
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tern. If left uncorrected, however, the printed images
produced by the print head would be different from
the desired pattern by a rotational 6-Z error. The print-
ing system therefore also includes an error correction
means for reducing the 6-Z error in the printed image.
The error correction means causes the print head to
fire during the same swath (1) a first set of nozzles in
the print head array to deposit first ink drops and (2)
a second set of nozzles in the print head array to de-
posit second ink drops which are offset relative to the
first ink drops on the recording media. The relative
offset between the first and second ink drops are ef-
fective to reduce the 6-Z error in the printed image.

This invention also relates to numerous distinct
embodiments of the error correction means. In one
embodiment, separate fire signals are used to fire
sets of nozzles at different times to achieve the 6-Z
error correcting image offset. In another embodi-
ment, the fire signal is delayed from reaching some
nozzles so that the nozzles fire at different times to
correct the 06-Z error. In still another embodiment, the
fire signal is selectively dispensed to various sets of
nozzles to fire them at different times and thereby
correctthe 8-Z error. In yet another embodiment, logic
circuitry is employed to selectively pass the data to
the nozzles in a manner which reduces the rotational
0-Z error. In other embodiments, the data stream to
be input to the print head is digitally manipulated to
cause the nozzles within the print head to fire at
slightly different times.

This invention also relates to a method for reduc-
ing a 6-Z error in an image printed by an ink-jet printer.
The method comprises segmenting the array of noz-
zles in the print head into at least firstand second sets
of nozzles. Then, during the same swath, (1) a first
portion of the image is printed using the first set of
nozzles in the print head, and (2) a second portion of
the image is printed using the second set of nozzles
in the print head, whereby the second portion of the
image is offset relative to the first portion in a direc-
tion effective to reduce the 0-Z error.

Brief Description of the Drawings

Preferred embodiments of the invention are de-
scribed below with reference to the following accom-
panying drawings depicting examples embodying the
best mode for practicing the invention.

Fig. 1 illustrates the relative movement of a print
head and recording media in a printer.

Fig. 2 illustrates a rotational 6-Z error caused by
mechanical misalignment in a print head.

Fig. 3 illustrates in an exaggerated manner a dis-
continuous vertical line formed by three consecutive
swaths, whereby the discontinuity is caused by the
rotational 6-Z error of Fig. 2.

Fig. 4 illustrates a vertical line printed according
to techniques of this invention wherein during a single
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swath, the lower portion of the image is offset from
the upper portion in a direction effective to reduce the
0-Z error.

Fig. 5 illustrates in an exaggerated manner a
nearly vertical line formed by three consecutive
swaths wherein each swath has the correcting offset
shown in Fig. 4.

Fig. 6 is a block diagram of a printing system ac-
cording to this invention having a print head controller
and print head.

Fig. 7 illustrates segmentation of print head ink-
jet nozzles into multiple sets according to this inven-
tion.

Fig. 8 is a block diagram of an ink-jet printing sys-
tem according to a first embodiment of this invention.

Fig. 9 is a schematic of the nozzle circuitry em-
ployed in the first embodiment of Fig. 8.

Fig. 10 is a timing diagram of the signals shown
in the Fig. 9 circuitry.

Fig. 11 is a block diagram of an ink-jet printing
system according to a second embodiment of this in-
vention having delay circuitry provided on the print
head.

Fig. 12 is a schematic of the delay and nozzle cir-
cuitry employed in the second embodiment of Fig. 11.

Fig. 13 is a timing diagram of the signals shown
in the Fig. 12 circuitry.

Fig. 14 is a block diagram of an ink-jet printing
system according to a third embodiment of this inven-
tion having switching circuitry provided on the print
head.

Fig. 15 is a schematic of the switching and nozzle
circuitry employed in the third embodiment of Fig. 14.

Fig. 16 is a timing diagram of the signals shown
in the Fig. 15 circuitry.

Fig. 17 is a block diagram of an ink-jet printing
system according to a fourth embodiment of this in-
vention having correcting logic circuitry.

Fig. 18 is a schematic of an example logic circui-
try used in the Fig. 17 embodiment.

Fig. 19 is a block diagram of an ink-jet printing
system according to a fifth embodiment of this inven-
tion having a data manipulation circuit.

Fig. 20 illustrates a data shifting technique used
in the fifth and sixth embodiments of Figs. 19 and 21.

Fig. 21 is a block diagram of an ink-jet printing
system according to a sixth embodiment of this inven-
tion having a data manipulator provided upstream of
the printer memory.

Detailed Description of the Preferred Embodiments

This invention is intended for use in an ink-jet
printer. A typical ink-jet printer includes a platen, a
shuttle assembly, an ink-jet print head, and a control
system. The platen is preferably stationary and sup-
ports a recording media during printing. A media feed
mechanism, such as friction rollers or a tractor feed
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system, is used to drive the media through the printer.
The shuttle assembly includes a carriage slidably
mounted on a fixed, elongated rod to move bidirec-
tionally across the platen. The print head is mounted
to the carriage to printimages on the recording media
as the carriage moves. The shuttle assembly also in-
cludes a drive subassembly (such as a stepper or DC
motor, and a belt and pulley linkage) that mechanical-
ly maneuvers the drive carriage back and forth along
the rod.

As used herein, the terms "ink-jet printer" and
"ink-jet print head" refer generally to non-impact prin-
ters having print heads which controllably eject a sub-
stance onto a recording media. The terms are intend-
ed to include piezoelectric-type non-impact printers
having print heads which deposit ink drops using pie-
zoelectric actuation, low thermal printers having print
heads which eject ink drops through localized heating
at the nozzle, and hot melt-type printers which pre-
melt a substance (such as wax) prior to ejecting it onto
the recording media. The term "ink", as used herein,
is intended to cover any substance that can be depos-
ited from the ink-jet print head. For purposes of dis-
cussion and to provide a comprehensive description
of the invention, the invention is discussed in the con-
text of a low thermal ink-jet printer.

According to this invention, the rotational 0-Z er-
ror caused by mechanical misalignment in the print
head is reduced through electronic techniques. The
invention does not physically correct the 6-Z error in
the misaligned pen by structurally realigning the pen,
but instead reduces the Ax displacement via electron-
ic correction to visually mask the 0-Z error. The elec-
tronic correction purposely causes a slight alteration
in the printed image so that one portion of the image
is offset relative to another portion of the image. The
relative offset has the visual effect of reducing the 6-
Z error. Said a different way, this invention intention-
ally skews a printed image in a direction effective to
help cancel the rotational 6-Z error. This is shown in
Figs. 4 and 5.

In Fig. 4, the lower segment of the printed image
is offset leftward relative to the upper segment of the
printed image. The two segments are printed by two
sets of nozzles within the print head during the same
swath. The offsetting image effectively reduces the
Ax displacement (Fig. 2) by approximately half, or
AX/2.

Fig. 5 shows how the image offset diminishes the
perceived 0-Z error in the graphics application of
drawing a continuous vertical line. The print head
prints two segments 18a, 18b during the first swath,
then two segments 19a, 19b on the second swath,
and finally two segments 20a, 20b during the third
swath. In comparison to the prior art image of Fig. 3,
the Fig. 5 vertical line has less discontinuity and jag-
gedness between segments and swaths, resulting in
a more visually appealing image. When viewed on
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scale of the actual nozzle array as opposed to the ex-
aggerated graphical illustration of Fig. 5, the reduced
jaggedness among segments 18a-20b is visually im-
perceivable.

Fig. 6 shows a printing system 30 having a print
head controller 32 coupled to a print head 34 (such as
a thermal ink-jet print head). A thermal ink-jet print
head has an array of multiple nozzles for depositing
drops of ink onto a recording media to produce printed
images. The nozzle array can be arranged in a variety
of configurations. Example nozzle arrangements in-
clude a single vertical column (i.e., an in-line print
head), two side-by-side vertical columns (e.g., paral-
lel or staggered), or a matrix configuration. Ink drop-
lets are ejected from individual nozzles of print head
34 by localized heating. A small heating element is
disposed at individual nozzles and an electrical cur-
rent is passed through the element to heat it up. The
heating element rapidly heats and vaporizes a tiny
volume of ink. The vaporized ink is then ejected
through the nozzle.

U.S. Patent No. 4,910,528 describes one possi-
ble print head construction in more detail. This U.S.
Patent No. 4,910,528 is incorporated herein by refer-
ence.

For purposes of continuing discussion, print head
34 is considered to have a single in-line array of 48
nozzles n1-n48 as shown in Fig. 7. This example noz-
zle construction is used throughout this disclosure to
facilitate an understanding of the numerous techni-
ques for electronically compensating for pen mis-
alignment; however, the invention may be employed
for different print heads having varying numbers of
nozzles and/or nozzle arrangements. It should be not-
ed that this invention is particularly useful for print
heads having a large array of nozzles, such as a vert-
ical array of 100 or more nozzles, because the 0-Z er-
ror resulting from mechanical pen misalignment is of-
ten more pronounced for longer arrays.

With reference again to Fig. 6, print head control-
ler 32 provides a data stream via bus 36 to print head
34. The data stream contains binary bits of "1"s and
"0"s which are used to selectively fire the nozzles
within the print head. As an example, the "1" bit caus-
es the associated print head nozzle to deposit an ink
drop whereas the "0" bit instructs the associated noz-
zle not to deposit an ink drop. Print head controller 32
also has a fire signal generator 38 which produces at
least one fire signal 40 used to fire the array of noz-
zles according to the data bits at the respective indi-
vidual nozzles. The fire signal is an energy pulse of
sufficient magnitude and duration to heat and vapor-
ize the ink, and thereby eject an ink drop from the noz-
zle. In this manner, the print head controller 32 effec-
tively commands the print head 34 to fire individual
nozzles and thereby controllably deposit the ink
drops according to a desired pattern defined by the
data stream.
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It is noted that due to mechanical misalignment,
and if left uncorrected, print head 34 would actually
print images that are different from the desired pat-
tern by a rotational 6-Z error as shown, for example,
in Fig. 2.

The printing system of this invention is designed
to include an electronic error correction means for re-
ducing the 6-Z error in the printed image. The error
correction means (which can be resident in the print
head controller, on the print head, and/or separate
from both) causes print head 34 to fire two or more
sets of nozzles at slightly different times during the
same swath of the print head across the media.

As shown in Fig. 7, the linear array of nozzles n1-
n48 can be segmented into multiple sets. For exam-
ple, the array can be segmented into two sets, with
set 1 containing the upper half of the nozzles (i.e., n1-
n24) and set 2 containing the lower half of the nozzles
(i.e., n25-n48). In this example, the data stream sup-
plied via bus 36 has "first data" for use in selectively
firing corresponding nozzles n1-n24 in set 1 and "sec-
ond data" for use in selectively firing corresponding
nozzles n25-n48 in set 2.

As another example, the array of nozzles can be
segmented into three sets wherein the upper third
nozzles (n1-n16) form set 1, the middle third nozzles
(n17-n32) form set 2, and the lower third nozzles
(n33-n48) form set 3. In this example, the data stream
supplied via bus 36 has "first data" for use in selec-
tively firing nozzles n1-n16 in set 1, "second data" for
use in selectively firing nozzles n17-n32 in set 2, and
“"third data" for use in selectively firing nozzles n33-
n48 in set 3. It is noted that in this three set example,
the original Ax displacement between segments (Fig.
2) is reduced by a factor of three to a displacement of
AX/3.

To achieve the correcting offset illustrated in Fig.
4, error correction means causes the print head to fire
the upper nozzles (n1-n24 or set 1) at a different time
than the lower nozzies (n25-n48 or set 2). For a left-
to-right swath in the carriage scan direction, the upper
nozzles are fired after the lower nozzles; whereas for
a right-to-left swath, the upper nozzles are fired be-
fore the lower nozzles. This causes the upper ink
drops to be displaced or offset relative to the lower ink
drops on the recording media.

The result of depositing the ink drops in a dis-
placed manner is to produce a printed image having
one portion offset relative to another portion. The rel-
ative offset has the. visual effect of reducing the 6-Z
error shown in Fig. 4.

The 6-Z error correction means of this invention
can be tailored depending upon the type and severity
of the 0-Z error. For example, the 6-Z error may in-
duce a negatively sloped nearly vertical line of Fig. 2
which is rotated in a positive direction relative to the
ideal vertical line. To diminish this error, the 6-Z error
correction means is configured to cause a leftward
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shift of the lower image portion relative to the upper
image portion as shown in Fig. 4. On the other hand,
the 6-Z error may induce a positively sloped nearly
vertical line which is rotated in a negative 6 direction
relative to the ideal vertical line. To diminish this error,
the 0-Z error correction means is configured to cause
a rightward shift of the lower image portion relative
to the upper image portion.

Figs. 8-21 show various different and unique em-
bodiments of the error correction means according to
this invention.

Figs. 8-10 show a first embodiment wherein sep-
arate fire signals are used to fire sets of nozzles at
different times to achieve the 6-Z error correcting im-
age offset. Fig. 8 shows a printing system 50 having
a print head controller 52 coupled to a print head 54.
Controller 52 provides data to print head 54 via bus
56. A signal generator 58 produces a first fire signal
A and a second fire signal B at different times as
shown, for example, in the timing diagram of Fig. 10.
Signal generator 58 is illustrated as being part of print
head controller 52, but can alternatively be config-
ured separate from the controller.

In Fig. 9, the two fire signals Aand B are connect-
ed to two different sets of nozzles via coupling circui-
try 60. More specifically, coupling circuitry 60 in-
cludes conductor 62 which connects the first fire sig-
nal A to a first set of nozzles (represented by nozzles
n1 and n2) and conductor 64 which connects the sec-
ond fire signal B to a second set of nozzles (repre-
sented by nozzles n47 and n48). The data DATA 0-
DATA 47 are input to respective nozzles n1-n48. The
nozzles are designed to selectively deposit ink drops
according to the data at the respective data inputs
(i.e., a "1" bit = ink drop; "0" bit = no ink drop) upon
receipt of the fire signal at the respective enable in-
puts. The time spaced fire signals Aand B are there-
fore used to fire the two sets of nozzles at different
times to produce the correcting offset in the printed
image (Fig. 4). In this embodiment, the error correc-
tion means comprises signal generator 58 and cou-
pling circuitry 60.

Figs. 11-13 show a second embodiment which
delays the fire signal from reaching some nozzles so
that the nozzles fire at different times to correct the
0-Z error. Fig. 11 shows a printing system 70 having
a print head controller 72 coupled to a print head 74
to provide data via bus 76. A signal generator 78 pro-
duces a fire signal 80 for firing the nozzles within the
print head array. Fire signal 80 is input to a delay cir-
cuit 82 which is preferably provided on print head 74,
but it can also be provided elsewhere, such as in print
head controller 72.

As shown in Figs. 12 and 13, delay circuit 82 re-
ceives the fire signal F(t) and outputs a non-delayed
fire signal A and two delayed fire signals B and C. Fire
signal B is delayed by a time duration equal to one de-
lay period or F(t-delay), whereas fire signal C is de-
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layed by a time duration equal to two delay periods or
F(t-2delay). As shown in Fig. 13, the delay period is
the width of the firing pulse, although other delay per-
iods may be used. Delay circuit 82 is preferably a pro-
grammable delay device which permits the delay per-
iods to be set by the user or manufacturer to compen-
sate for the varying degrees of pen misalignment. Ex-
ample programmable delay devices include digital
counters, RC networks, and digital delay lines.

The printing system 70 also includes coupling cir-
cuitry 84 (Fig. 12) to connect the fire signals to sets
of nozzles n1-n48. In this example, the nozzles are
segmented into three sets. Coupling circuitry 84 has
a conductor 85 to connect non-delayed signal A to the
first set of nozzles (n1-n16), a conductor 86 to con-
nect the one period delayed signal B to the second set
of nozzles (n17-n32), and a conductor 87 to connect
the two period delayed signal C to the third set of noz-
zles (n33-n48). In this embodiment, the error correc-
tion means comprises delay circuitry 82 and coupling
circuitry 84, and may also include signal generator
78.

The time spaced fire signals A-C are used to fire
the three sets of nozzles at different times to produce
three offsetting segments within the same swath
which are effective to reduce the 8-Z error in the print-
ed image. Although the delayed signals are shown as
going to the lower nozzles, the delay circuit can be
programmed to route the delayed signals to the upper
nozzles as desired. The delay duration and routing
are dependent upon the swath direction of the print
head and the rotational direction and magnitude of
the 6-Z error.

Figs. 14-16 show a third embodiment which dis-
penses the fire signal to various sets of nozzles so
that the nozzles fire at different times to correct the
mechanical 8-Z error. Fig. 14 shows a printing system
90 having a print head controller 92 coupled to a print
head 94 to provide data via bus 96. A signal generator
98 produces a fire signal 100 for firing the nozzles
within the print head array. Fire signal 100 is input to
a switching circuit 102 which is preferably provided on
print head 94 (as shown), but can also be provided
elsewhere.

As shown in Figs. 15 and 16, switching circuit 102
receives fire signal 100 and alternately distributes the
fire signal to three sets of nozzles as signals A, B, and
C. Between each fire pulse, the switch automatically
steps to the next output so that signals A, B, and C are
time spaced as illustrated in the timing diagram of
Fig. 16. The frequency of the fire signal is increased
in comparison to the typical fire pulse frequency in
which a single pulse is used to fire the entire nozzle
array simultaneously. Here, three fire pulses are used
to fire the entire nozzle array. Example implementa-
tions of switching circuit 102 include a counter, a self-
advancing switch, and a demultiplexor.

Printing system 90 also includes coupling circui-
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try 104 (Fig. 15) having conductors 106-108 which
connect fire signals A-C to respective sets of nozzles
n1-n48. The time spaced fire signals A-C are used to
fire three sets of nozzles at different times to produce
the correcting offset in the printed image. In this em-
bodiment, the error correction means comprises
switching circuitry 102 and may also include coupling
circuitry 104 and signal generator 78.

The three embodiments described above with re-
spect to Figs. 8-16 provide distinctive approaches to
distributing the fire signal to separate sets of nozzles.
The coupling circuitry, the switching circuit, and the
delay circuit all represent types of distribution means
for applying the one or more fire signals to multiple
sets of nozzles at different times in order to create the
desired image offset.

Figs. 17 and 18 show a fourth embodiment which
employs logic circuitry to selectively pass the data to
the nozzles as another technique for reducing the ro-
tational 6-Z error. Fig. 17 shows a printing system 110
having a print head controller 112 and print head 114.
A signal generator 116 produces a fire signal 118
which is input to print head 114 for firing the nozzles
within the print head array.

Printing system 110 has logic circuitry 120 cou-
pled between print head controller 112 and print head
114 on data bus 122 to intercept the data before it is
input to the print head. Logic circuitry 120 is designed
to selectively pass the data on bus 124 to various sets
of nozzles at different times. The logic circuitry selec-
tively passes the data in response to one or more en-
able signals provided over line(s) 126 from logic con-
trol circuit 128.

Fig. 18 shows an example construction of logic
circuitry 120 in more detail. Here, logic circuitry 120
comprises multiple AND gates 130, where individual
AND gates have one input coupled to receive the data
from print head controller 112, a second input coupled
to receive an enable signal from logic control circuit
128, and an output coupled to selectively supply data
to print head 114.

According to this logic arrangement, AND gates
130 pass the data from print head controller 112
through to print head 114 when the enable signal
(e.g., an asserted HIGH) is input to the gates. If the
data contains a "1" bit, the AND gate outputs a "1" bit;
and if the data contains a "0" bit, the AND gate outputs
a "0" bit. Conversely, when the enable signal is not ap-
plied to the AND gates 130 (e.g. an asserted LOW
condition), the AND gates output bits (e.g. "0" bits)
which do not fire the nozzles, regardless of the data
applied to the other input of the AND gates.

In this manner, logic control circuit 128 generates
enable signals for those AND gates 130 associated
with different sets of nozzles to fire different sets of
nozzles according to the passed data stream. This
has the effect of firing the nozzles at different times
to produce the error reducing relative image offset. It
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should be noted that other logic configurations apart
from AND gates can achieve the same function. In
this embodiment, the error correction means is em-
bodied as logic circuitry 120 and logic control circui-
try 128.

In Fig. 18, a separate line 126 is connected to
each AND gate 130 so that the control circuit could
theoretically cause each data bit DATA 0-DATA 47 to
be passed at slightly staggered times relative to the
other bits. This affords maximum control for near per-
fect correction of the rotational 6-Z error. In less com-
plex constructions, less lines 126 are coupled to
groups of AND gates to define the sets of nozzles. For
example, one line could be connected to half of the
AND gates 130 to control ink deposition from one set
of nozzles and a second line could be connected to
the other half of the AND gates 130 to control ink de-
position from a second set of nozzles.

Fig. 19 shows a printing system 140 according to
a fifth embodiment of this invention which digitally
manipulates the data stream to be input to the print
head in a way that causes the nozzles to fire at slight-
ly different times. Printing system 140 includes a print
head controller 142 coupled - to print head 144 via
data bus 146 and fire signal line 148. Printing system
140 also includes a data manipulation circuit 150 cou-
pled between memory 152 and print head controller
142. Data manipulation circuit 150 manipulates the
data output from memory 152 before the data is input
into controller 142. A bit ordering circuit (not shown)
can also be inserted between data manipulation cir-
cuit 150 and print head controller 142 to organize and
order the bits within the data stream relative to the ap-
propriate nozzle drivers in the firing circuit. Alterna-
tively, the data manipulation circuit 150 or print head
controller 142 can be configured to handle the bit or-
dering function.

Data manipulation circuit 150 manipulates the
data in such a manner that causes the print head to
fire sets of nozzles at time-spaced intervals. Prefer-
ably, circuit 150 manipulates the data according to a
bit shifting translation illustrated in Fig. 20. As an ex-
ample, suppose that the data stream from memory
152 contains an entire column of "1" bits for simulta-
neously firing all 48 nozzles to draw a vertical line
segment. Suppose also that the bits used to selec-
tively fire corresponding nozzles n1-n24 represent
the "first data" and the bits used to selectively fire cor-
responding nozzles n25-n48 represent the "second
data".

Data manipulation circuit 150 has a bit duplicating
means for replicating the first and second data to form
two columns 1A and 1B of the first and second data.
Initially, the columns are identical. However, the ma-
nipulation circuit further includes a bit shifting means
for replacing the first data in column 1A with "0" bits
(which do not fire the nozzles) and leaving the first
data in column 1B unchanged. The bit shifting means
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also replaces the second data in column 1B with "0"
bits while leaving the second data in column 1A un-
changed.

The bit translation yields a modified data stream
which is input into the print head firing control circuit.
For aleft-to-right swath, the data in column 1Ais input
first, causing the print head to fire lower nozzles n25-
n48 and print the lower ink drops. Then, the data in
column 1B is input, causing the print head to fire the
upper nozzles n1-n24 and print the upper ink drops.
The time delay between printing the data in column
1A and the data in column 1B produces the image off-
set shown in Fig. 4. In this embodiment, the error cor-
rection means comprises the data manipulation cir-
cuit used to shift the data to achieve the desired im-
age offset.

One example implementation of a bit duplicating
means and a bit shifting means is to employ parallel
registers which store and write the replicated and
modified data to the print head controller during se-
quential write operations. Another example imple-
mentation is to send the same data bit twice to the
print head controller (i.e., using the following write se-
quence --. load data, send data, send data). The data
bits are channeled through logic circuitry, such as
AND gates, which operatively passes the data in a
manner similar to that described above with respect
to Figs. 17 and 18. For example, the logic would se-
lectively pass the second data in column 1A and the
first data in column 1B while sending "0" bits as the
first data in column 1A and the second data in column
1B.

Fig. 21 shows a printing system 160 according to
a sixth embodiment of this invention which is similar
to the Fig. 19 embodiment, but includes means for
manipulating the data before it is input to printer mem-
ory 152. More particularly, printing system 160 in-
cludes a data manipulator 162 provided upstream
from printer memory 152. In the illustrated embodi-
ment, data manipulator 162 resides at the host com-
puter in the form of driver software or a special circuit.
The data manipulator performs the same data shift-
ing techniques described above with respect to Figs.
19 and 20, but the replicating and shifting takes place
prior to sending the data to the printer memory. In this
embodiment, the error correction means comprises
the data manipulator provided up stream of the printer
memory.

Itis noted that the "0" filling technique of Figs. 19-
21 approximately doubles the amount of data sent to
the print head. Accordingly, printing systems 140 and
160 may use larger memories or more registers to ac-
commodatc the increased data set.

All of the error correction techniques in this inven-
tion induce an image offset wherein one or more por-
tions of the image are offset relative to one or more
other portions. The relative offset is essentially one
dot unit which is the smallest addressable unit along
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the carriage axis. As an example, one dot unit can be
1/600th of an inch for a 600 dpi setting.

As is explained with respect to certain embodi-
ments above, it should be emphasized that the error
correction means can be configured to cause the
time-staggered firing of more than two sets of noz-
zles. Taken to the theoretical limit, the error correction
means of this invention can be designed to indepen-
dently control all nozzles. In the example 48 nozzle
print head of Fig. 7, the array can be segmented into
forty-eight sets of one nozzle each.

It should also be noted that the nozzle sets may
have unequal numbers of nozzles and that the data
groupings may contain unequal numbers of bits. As
shown in Fig. 7, the nozzle array can be subdivided
into five sets with set 1 containing nine nozzles n1-n9,
set 2 having ten nozzles n10-n19, set 3 having ten
nozzles n20-n29, set 4 having ten nozzles n30-n39,
and set 5 having nine nozzles n40-n48. In this case,
the data stream is considered to contain five groups
of data with two groups having one less bit than the
other three groups.

For five sets, the error correction means causes
the print head to print five line segments with unit rel-
ative offsets therebetween in a correcting rotation ef-
fective to visually mask the mechanical 6-Z error. The
original Ax displacement between segments (Fig. 2)
is reduced by a factor of five, or Ax/5.

The electronic error correction techniques of this
invention provide a low cost solution to the rotational
0-Z error caused by mechanical pen misalignment. In
practice, the replaceable pens are tested during man-
ufacturing to detect and measure the 6-Z error. Once
the error is determined, the printer can be program-
med automatically, or by the user, to correct for the 0-
Z error according to the techniques of this invention.

In compliance with the statute, the invention has
been described in language more or less specific as
to structural or methodical features. It is to be under-
stood, however, that the invention is not limited to the
specific features shown and described, since the
means and methods herein disclosed comprise pre-
ferred forms of putting the invention into effect. The
invention is, therefore, claimed in any of its forms or
modifications within the proper scope of the append-
ed claims appropriately interpreted in accordance
with the doctrine of equivalents.

Claims

1. An ink-jet printing system comprising:

a print head (34) having an array of multi-
ple nozzles (n1-n48) for depositing drops of ink
onto a recording media during a swath to produce
printed images;

a print head controller (32) for command-
ing the print head (34) to fire individual nozzles to

10

15

20

25

30

35

40

45

50

55

14

controllably deposit the ink drops according to a
desired pattern, the desired pattern being de-
fined by a stream of data;

the printed images produced by the print
head being different from the desired pattern by
a rotational 6-Z error if the ink-jet printing system
is left uncorrected; and

error correction means for reducing the 6-
Z error in the printed image by causing the print
head to fire during the same swath (a) a first set
of nozzles in the print head array to deposit first
ink drops and (b) a second set of nozzles in the
print head array to deposit second ink drops
which are offset relative to the first ink drops on
the recording media, the relative offset of the first
and second ink drops being effective to reduce
the 6-Z error in the printed image.

An ink-jet printing system according to claim 1
wherein the error correction means generates
time spaced first and second fire signals for firing
the first and second sets of nozzles, respectively,
at different times to produce the relative offset of
the first and second ink drops on the recording
media.

An ink-jet printing system according to claim 1
wherein the error correction means comprises:
a fire signal generator (58) to produce first
and second fire signals at different times; and
coupling circuitry (60) to connect the first
fire signal to the first set of nozzles in the print
head array and to connect the second fire signal
to the second set of nozzles in the print head ar-
ray, the first and second fire signals causing the
first and second sets of nozzles to fire at different
times to produce the relative offset of the firstand
second ink drops on the recording media.

An ink-jet printing system according to claim 1
wherein the print head controller has a fire signal
generator (78) to create a fire signal for firing the
nozzles (n1-n48) within the print head array; and

the error correction means comprises:

a delay circuit (82) coupled to the fire sig-
nal generator (78) to delay the fire signal by a
time duration and thereby produce a delayed fire
signal; and

coupling circuitry (84) to connect the fire
signal to the first set of nozzles in the print head
array and to connect the delayed fire signal to the
second set of nozzles in the print head array, the
non-delayed and delayed fire signals causing the
first and second sets of nozzles to fire at different
times to produce the relative offset of the firstand
second ink drops on the recording media.

An ink-jet printing system according to claim 1
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wherein the print head controller (92) has a fire
signal generator (98) to create a fire signal for fir-
ing the nozzles (n1-n48) within the print head ar-
ray; and

the error correction means comprises:

a switching circuit (102) coupled to the fire
signal generator (98) to alternately distribute the
fire signal to the first set of nozzles at a first time
and to the second set of nozzles at a second time
different than the first time, the time distributed
fire signals output from the switching circuit (102)
causing the first and second sets of nozzles to
fire at different times to produce the relative off-
set of the first and second ink drops on the re-
cording media.

An ink-jet printing system according to claim 1
wherein the error correction means comprises:

logic circuitry (120) coupled between the
print head controller (112) and the print head
(114), the logic circuitry (120) receiving the data
stream and selectively passing the data to the
first set of nozzles in the print head at a different
time than to the second set of nozzles, the logic
circuitry (120) selectively passing the data to the
first and second sets of nozzles in response to at
least one enable signal; and

a logic control circuit (128) coupled to the
logic circuitry (120) to generate the at least one
enable signal.

An ink-jet printing system according to claim 1
further comprising:

a memory (152) for storing and outputting
the stream of data, the data including first data for
firing nozzles within the first set of nozzles and
second data for firing nozzles within the second
set of nozzles; and

the error correction means being coupled
to the memory (152) and manipulating the data
output from the memory before the data is input
into the print head (144), the error correction
means shifting one of the first and second data
relative to the other so that the print head fires the
first set of nozzles at a first time and the second
set of nozzles at a second time to produce therel-
ative offset of the first and second ink drops on
the recording medium.

An ink-jet printing system according to claim 1
further comprising:

a memory (162) for receiving, storing and
outputting the stream of data, the data including
first data for firing nozzles within the first set of
nozzles and second data for firing nozzles within
the second set of nozzles; and

the error correction means being coupled
to the memory (162) and manipulating the data
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before the data is input to the memory, the error
correction means shifting one of the first and
second data relative to the other so that the print
head fires the first set of nozzles at a first time
and the second set of nozzles at a second time
to produce the relative offset of the first and sec-
ond ink drops on the recording medium.

An ink-jet printing system according to claim 1
wherein:

the first set of nozzles comprises an upper
portion of the print head nozzles and the second
set of nozzles comprises a lower portion of the
print head nozzles; and

the error correction means is configured to
(a) cause a rightward offset of the second ink
drops deposited by the lower portion of nozzles
relative to the first ink drops deposited by the up-
per portion of nozzles to reduce a 6-Z error in one
rotational direction, and (b) cause a leftward off-
set of the second ink drops deposited by the lower
portion of nozzles relative to the first ink drops
deposited by the upper portion of nozzles to re-
duce a 0-Z error in an opposite rotational direc-
tion.

An ink-jet printing system according to claim 1
wherein the error correction means is configured
to cause the print head to fire three or more sets
of nozzles in the print head array to yield multiple
groups of relatively offset ink drops on the record-
ing media which are effective to reduce the 0-Z
error in the printed image.
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