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degrade with use due to mechanical, electrical, or hydraulic problems that
develop, resulting in a deg- This invention relates to formation of images
on  radation in image quality. Both considerations are inting media, and,
more particularly, to the opera-  important in designing print heads and
nozzle tion of ink jet printers.                     5   structures.
Printers are devices that print images onto a     Thus, there is a
continuing need for improved printing medium such as a sheet of paper.
Printers  ink jet printers wherein the dots forming the images of many
types are available, and are commonly     are properly placed and of
uniform size, and linked to a computer that defines and supplies the
wherein the method of formation of the dots is images, in the form of text
or figures, that are to be   10  resistant to degradation with extended use
of the printed. Some printers use a colorant-containing  print head. The
present invention fulfills this need, liquid, which may be an ink or a dye,
but is often  and further provides related advantages. generically termed
an ink in the industry, to form    DE-A-3 620 334 discloses a method of
single the characters on the printing medium. (By con-   colour printing
where two ink droplets are depos- trast, other printers use a dry toner to
form the  15  ited one above another onto a printing medium. image.) Such
printers deliver the colorant to the  However, the droplets are not
deposited in exactly medium using a print head that creates the proper  the
same place and so an elliptical rather than patterning of colorant to
record the image.       circular dot is obtained. This effects print
quality. One important type of printer is the ink jet      The present
invention provides a process for printer, which forms small droplets of
colorant that  20  printing dots on a printing medium that ensures a are
ejected toward the printing medium  in the    good quality image initially,
and also reduces the pattern that forms the images. Ink jet printers are
effect on print quality of failures of individual noz- fast, producing a
high output of print, and quiet,  zles during use of the print head. The
process can because there is no mechanical impact during for-  be used with
existing print head and nozzle de- mation of the image other than the
droplets depos-  25  signs, requiring only a change in the mode of iting
upon the printing medium. Typically, an ink jet  operation and not the
hardware. printer has a large number of individual colorant-    The
invention encompasses different strategies ejection nozzles in a print
head, oriented in a   for using a double dotting approach to improve
facing, but spaced-apart, relationship to the printing  print quality both
for new print heads and for print medium. The print head traverses past the
surface   30  heads that have been used and may have blocked of the medium,
with the nozzles ejecting droplets  or partially inoperative nozzles. In
one strategy, of colorant under command at the proper times.    each dot is
formed from at least two droplets of The droplets strike the medium and
then dry to    each color, from different nozzles. The quality of form
"dots" that, when viewed together, create the  the dots is improved, and
the degradation of image permanently printed image.                    35
quality resulting from a failed nozzle is reduced. In Good print quality is
one of the most important  another strategy, dots that require the same
colors considerations and bases of competition in the ink  in a single
pixel row are formed using droplets printer industry. Since the image is
formed of  from different nozzles, so that the degradation in thousands of
individual dots, the quality of the    image quality due to a failed nozzle
is significantly image is ultimately dependent upon the quality and   40
reduced. accurate placement of each dot, and the mode of      In accordance
with one aspect of the invention, arranging the dots on the medium. Because
of the  a process for depositing two dots of a single col- fashion in which
the printing occurs, the quality of  orant onto a printing medium at a
single selected the dots can have a surprisingly large effect upon  pixel
location comprises the steps of furnishing two the final image quality,
both for black-and-white  45  colorant delivery nozzles that each deposit
colorant and color images. The present invention is directed  of the same
selected color, including a first col- toward improvement of the image by
improve-       orant delivery nozzle and a second colorant deliv- ments in
the quality and placement of the printed  ery nozzle; depositing a first
droplet of colorant dots.                                             onto
the printing medium at the selected pixel From the practical standpoint of
providing a   so  location, from the first colorant delivery nozzle; and
printer that has a long, trouble-free life, the im-  depositing a second
droplet of colorant of the same provement of image quality has two aspects.
One   color onto the printing medium at the same se- is attaining good
image quality when using a new  lected pixel location, from the second
colorant de- print head, and the other relates to maintaining  livery
nozzle. image quality over extended use of the print head.  55  The
invention is based in the strategy for print- Even though it may be
possible to obtain good     ing the dots at particular locations on the
printing image quality with the initial use of the print head,  medium. The
locations at which dots may be print- the droplet size and/or placement
accuracy may    ed, or are to be printed, are termed "pixels". The 2  
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points on the printing medium    In this approach, the first droplet of ink
of the that may be chosen by the electronic controller of  selected color
that forms any particular dot is de- the printer as locations where
droplets of ink are to  posited on a first pass of the print head over the
be deposited to form dots upon drying. The pixels  printing medium. The
droplet so deposited has a are usually visualized as lying on the nodes of
a   5   period of time to be absorbed into the printing raster of regularly
arranged points in two dimen-  medium and to dry. A second droplet of the
same sions. Although the pixels are not physically     color is then
deposited at the same location on a marked on the printing medium other
than by dots  later, typically the next, pass of the print head upon
printing, they form a useful convention be-  across the printing medium.
The second, overprin- cause they permit an assessment of the dot and   10
ted, droplet then is absorbed and dries in the same image quality actually
printed compared to a hy-  location. pothetical ideal standard pixel array.
Since it is the  The first approach under the invention thus visual
appearance of the image that is most impor-  forms each dot with at least
two droplets of ink of tant, the use of the pixel location concept also
the same color, each droplet being ejected from a permits comparisons of
different methods of for-  15  different nozzle. Preferably, the droplets
are depos- ming images using various dot deposition strat-   ited at a
pixel location with an interval of time egies.
between, permitting the first droplet to dry or par- In another aspect of
the invention, a process  tially dry before the second droplet is
deposited. for depositing dots of colorant of a single color onto
Reduction of print quality due to cockle of the a printing medium in a
selected pattern of pixel  20  paper and bleeding of the dots is thereby
reduced. locations comprises the steps of furnishing at least  This
approach of forming each dot with at least two sets of colorant delivery
nozzles that all deposit  two droplets of ink of the same color, but from
colorant of the same selected color, including a  different nozzles, is to
be carefully distinguished first set of colorant delivery nozzles and a
second  from the established procedure for forming printed set of colorant
delivery nozzles; depositing a first  25  colors. Most color ink jet
printers form shades of set of droplets of colorant onto the printing
medium  colors (secondary colors) by depositing two or in the selected
pattern of pixel locations, from the  more droplets of ink of different
primary colors, one first set of colorant delivery nozzles; and depositing
over the other, so that the net visual effect is a dot a second set of
droplets of colorant of the same  of a secondary color determined by the
principles color onto the printing medium in the same se-  30  of
transmitted or reflected color formation. The lected pattern of pixel
locations, from the second  present approach forms each dot with at least
two colorant delivery nozzle.                         droplets of the same
color, each droplet being In the presently preferred approach, the pro-
ejected from a different nozzle. Dots of primary cess of the invention is
implemented with a car-  colors (or black, in a black-and-white printer)
are riage-mounted print head having multiple ink-ejec-  35  formed by
depositing two or more droplets of the tion nozzles. More specifically in
respect to this  same color at the same location. Dots of secondary
preferred embodiment of the invention, a process  colors are formed by
overprinting two dots of pri- for depositing dots of colorant onto a
printing me-  mary colors, wherein each dot is printed using two dium in a
selected pattern of pixel locations com-  or more droplets of each primary
color, each prises the steps of furnishing a print head having at  40
droplet being from a different nozzle. least two colorant delivery nozzles
for depositing    The present approach of forming each dot from colorant of
the same selected color, including a  at least two droplets of ink of the
same color, each first colorant delivery nozzle and a second colorant
ejected from a different nozzle, has important ad- delivery nozzle, the
print head being mounted on a  vantages over prior approaches wherein a dot
is traversing mechanism that moves the print head   45  formed from a
single droplet of each color or from parallel to and across the surface of
a printing  two droplets ejected from a single nozzle. When medium;
traversing the print head over the printing  the dot is formed from two or
more droplets from medium in a first pass; depositing a first set of
different nozzles, the likelihood is reduced that the droplets of colorant
onto the printing medium in the  final dot might exhibit irregularities in
shape or size, selected pattern of pixel locations during the first  50  or
be improperly positioned relative to the pixel pass, from the first
colorant delivery nozzle; tra-  location, that might result from forming
the dot of a versing the print head across the printing medium  single
droplet ejected from an irregular or partially in a second pass; and
depositing a second set of  clogged nozzle. It is highly unlikely that two
or droplets of colorant onto the printing medium in the  more different
nozzles will each produce the same same selected pattern of pixel locations
during the   65  irregularity. The two or more droplets that form the
second pass, from the second colorant delivery    dot thus produce an
averaging effect that tends to nozzle.
produce dots of uniform size and coverage of tar- geted pixels throughout
the printed image, an im- 
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consideration in achieving a uniformly good  using different nozzles,
reducing the impact of fail- quality image. The more droplets used to form
ure of any one nozzle. In accordance with this each droplet, the more the
averaging effect. How-  aspect of the invention, a process for depositing
over, it has been found that in most instances of  dots of colorant of a
single selected color onto a printing on paper, the preferred number of
droplets   5   printing medium at those pixel locations of a pixel per dot
is two, as the overprinting of more droplets  row requiring the selected
color in a predetermined tends to slow the printing speed of the printer
and  color scheme, comprises the steps of furnishing at deposits more
liquid than the paper can absorb    least two colorant delivery nozzles for
depositing without cockle.                                   colorant of a
selected color; and depositing at least The use of multiple dots of the
same color,  10  two sets of droplets of colorant onto a subset of ejected
from different nozzles, also tends to in-  pixel locations of the pixel
row, each set being crease the area and coverage of each dot, simulta-
deposited by one of the colorant delivery nozzles, neously reducing the
unprinted area between dots.  each subset of locations being selected such
that Although the general intent is to deposit all of the  one droplet from
each of the colorant nozzles is dots of the same color precisely on top of
each   15  deposited therein. other, the mechanical limitations on the
tolerances   More specifically, a process for depositing dots of the
printers and locations of the nozzles ordinar-  of colorant of a selected
color on a printing me- ily cause there to be slight offsets in the
droplets  dium on pixel locations of a pixel row according to hat form the
dots. This result is actually beneficial  a predetermined color scheme
comprises the steps that the fraction of the medium covered with dots  20
of furnishing at least two colorant delivery nozzles is increased,
improving the visual image as per-  for depositing colorant of a selected
color including ceived by the eye.                                a first
colorant delivery nozzle and a second col- The formation of each dot by
multiple droplets  orant delivery nozzle, the nozzles being supported from
different nozzles plays a highly significant role  so that they can move
across and parallel to the in ensuring the formation of an acceptable image
25  surface of the printing medium above the pixel even with extended use
of the print head. Although  locations of the pixel row; depositing a first
set of significant progress has been made in recent years  droplets of
colorant onto a first subset of pixels of to reduce the incidence of
failure of nozzles with  the pixel locations of the pixel row, from the
first extended use, individual nozzles sometimes fail   colorant delivery
nozzle; and depositing a second during the course of extended use, usually
be-  30  set of droplets of colorant of the same color onto a cause the
electrical firing pulse cannot reach the  second subset of the pixel
locations of the pixel nozzle or because air bubbles starve the nozzle of
row, from the second colorant delivery nozzle. colorant. If a particular
nozzle fails, it can no longer  This approach is particularly advantageous
in print a dot. In the prior approach, when a single  printing color
images. To produce secondary colors nozzle failed, no dot could be printed
at all from   35  in a color image, droplets of two primary colors are that
nozzle, and there resulted a pronounced band-  deposited one over the
other. If both droplets are ing appearance in the image. If a color image
was  doubled by printing two droplets from different being printed, then
the color of the dot printed by  nozzles, as in the approach previously
described, a the failed nozzle would be incorrect, if the dot was  total of
four droplets is deposited at each pixel to be a secondary color, or there
would be no dot  40  location. The result may be too much liquid depos- at
all, if the dot were to be a primary color.    ited for the printing medium
to absorb, particularly By contrast, in the process of the present in-  if
the printing medium is uncoated paper or an vention, if an individual
nozzle fails, the dot to be  acrylate transparency. printed by that nozzle
will still be printed because  The second embodiment of the invention
there- the second nozzle assigned to deposit a droplet at  45  fore prints
various dots in a pixel row with different the selected location normally
continues to operate.  combinations of nozzles, so that failure of any one
There is still some reduction in quality of the result-  nozzle has a
reduced impact on image quality. As ing dot, and the image quality, that
can be ob-   will be demonstrated, using the present approach served on
close inspection, but that reduction is  the image quality of a print head
having all nozzles not nearly so great as where the dot is not printed   so
operable is substantially unchanged from the con- at all. Thus, the present
approach permits the print  ventional approach, but the image quality
produced head to be used longer, albeit at a reduced quality  by a print
head having one or more partially or fully level. Alternatively, the user
can complete a job  inoperable nozzles is significantly improved as and
then replace the print head in a more leisurely  compared with the
conventional approach. manner than possible where a dot was no longer  55
The present approach thus achieves improved printed at all.
image quality by improving the quality and cov- 



In the second aspect of the invention, the same  erage of individual dots
in the image, where all colors of various dots in a pixel row are printed
nozzles are operating properly. In the case where 4    7                 EP
0 376 696 B1                         8 some small number of nozzles have
failed, printing  term "colorant" includes generally a fluid that is is
still possible because each dot continues to be  deposited upon a printing
medium to produce im- printed. Other features and advantages of the in-
ages, such as inks or dyes, and is not restricted to vention will be
apparent from the following more     any narrow sense of that term.)
detailed description of the preferred embodiment,   5  Referring to Figure
3, droplets of ink are eject- taken in conjunction with the accompanying
draw-    ed through the nozzles 18 by localized heating of ing, which
illustrates, by way of example, the prin-  the silicon substrate 14 with a
heater 20. To effect ciples of the invention.
such heating, the silicon substrate 14 has depos- Figure 1 is a perspective
view of a thermal ink  ited thereon a plurality of tantalum-aluminum alloy
jet print head assembly;                    10  planar resistors 22 with
gold leads 24, one of the Figure 2 is a plan view of the nozzle plate of
the  resistors being located adjacent each nozzle 18. An print head
assembly;                             electrical current is passed through
the portion of Figure 3 is a schematic side view of an ejector;  the
resistor 22 between the ends of the leads 24, Figure 4 is a plan view of a
printer using a print  rapidly heating the resistor. A small volume of Ink
head assembly;                              15  adjacent the resistor 22 is
thereby rapidly heated Figure 5 is a representation of a row of pixel   and
vaporized, causing some of the ink 26 in a locations;
reservoir 28 to be ejected through the nozzle 18 to Figure 6 is a
representation of dots of a single  be deposited as a dot 30 on a printing
medium 32 color deposited upon a row of pixel locations    (such as paper
or polyester). An optional pas- from a single nozzle;
20  sivation layer 34 overlies the resistor 22, to protect Figure 7 is a
view of the row of pixel locations of  it from corrosion by the ink. Figure
6, when the one nozzle is inoperable;         Returning to Figure 1, the
ejector 12 is moun- Figure 8 is a representation of dots of a single  ted
in a recess 36 in the top of a central raised color deposited upon a row of
pixel locations    portion 38 of a plastic or metal manifold 40. The from
two nozzles;                           25  raised portion has slanted side
walls 42, and end Figure 9 is a view of the row of pixel locations of  tabs
44 which facilitate its handling and attachment Figure 8, when one of the
two nozzles is in-     to a carriage mechanism in the printer, which will
operable;                                        be discussed in
conjunction with Figure 4. Figure 10 is a representation of dots of a
secon-    Electrical connection to the leads 24 and dary color deposited
upon a row of pixel loca-  30  thence to the resistors 22 is supplied
through tions, with each primary color from a single     bonding locations
48 on the silicon substrate 14, nozzle;
using a flexible interconnect circuit 50, also some- Figure 11 is a view of
the row of pixel locations  times known as a TABcircuit. The circuit 50
fits of Figure 10, when one of the color nozzles is   against the side
walls 44, with one end extending inoperable;
35  to the bonding locations 48 and the other end to Figure 12 is a
representation of dots of a secon-  external connections to the
controllable current dary color deposited upon a row of pixel loca-
source that supplies current to the resistors 22. tions, with each primary
color from a single     The general features, structure, and use of such
nozzle but with alternating pixels produced with  flexible interconnect
circuits 50, and their fabrica- different nozzles, and primary colors
produced   40  tion, are described in US Patent 3,689,991, whose with two
dots from different nozzles; and        disclosure is incorporated by
reference. Figure 13 is a view of the row of pixel locations    Figure 2
shows the pattern of nozzles 18 in the of Figure 12, when one of the color
nozzles is   nozzle plate 16. In this illustration, only 24 nozzles
inoperable.                                      18 are shown so that the
figure is not unnecessarily The process ofthe present invention is prefer-
45  crowded. Larger numbers of nozzles in a nozzle ably used in conjunction
with a thermal ink jet     plate are possible, and the principles of the
present printer, although it is not so restricted. A thermal  invention are
applicable to such nozzle plates. In ink jet print head assembly 10, used
to eject       Figure 2, the nozzles 18 are in a generally linear droplets
of ink toward a print medium in a precisely  array from left to right, but
staggered so that the controlled manner, is illustrated in Figures 1-3.  50
nozzles 18 may readily fit within the available area Such a print head
assembly is discussed in more     of the nozzle plate 16. The print head 10
is moun- detail in US Patent 4,635,073, whose disclosure is  ted on a
carriage in the printer so that its direction incorporated by reference.
of motion is perpendicular to the linear array, in a The print head
assembly 10 includes an ejec-    direction indicated by arrow 52. The dots
30 may- 



tor 12 having a silicon substrate 14 and a nozzle  55  be spaced as closely
as the distance D in Figure 2 plate 16. The nozzle plate 16 has a plurality
of    in the direction along the linear array, which is nozzles 18 therein.
Droplets of colorant are ejected  typically about 0.084 (0.0033 inches),
and as close- from the individual nozzles 18. (As used herein, the  ly as
the mechanics and electronics of deposition 5    9                 EP 0 376
596 81                    10 permit in the direction parallel to arrow 52.
increas-  are loaded into the print head control, which ing the number of
nozzles 18 and decreasing the    causes the proper nozzle to eject colorant
at the distance D permits very high resolution images to   proper moment as
the carriage traverses across formed using a pattern of dots.
the printing medium 32. A convenient way to think Figure 4 illustrates an
ink jet printer 60, which   5   of the development of the image is in terms
of an can utilize print heads of the type just discussed.  assembly of rows
of pixel locations, as illustrated in The printer 60 includes a pair of
platens 62 be-    Figure 5. In this Figure (as well as Figures 6-13), a
tween which a sheet of the printing medium 32 is   row of pixel locations
is indicated by a row of supported. The platen 62 is rotatably driven by a
horizontal squares, each square being a pixel. Nor- stepping motor 64 that
causes it to controllably  10   mally, the number of pixels is 118 per cm
(300 per rotate in either direction. Rotation of the platen 62  inch) or
more, but a smaller number of widely advances the printing medium in the
selected di-    spaced pixels are shown for illustrative purposes. rection,
here indicated by the arrow 74.            Also, the pixels are normally
placed immediately A carriage 66 is supported above the sheet of   adjacent
each other, but in the illustration of Fig- printing medium 32 on bearings
68 from a pair of  15  ures 5-13 there is a spacing between pixels for
rails 70. The carriage 66 slides along the rails 70  clarity of
illustration. under the control of a traversing motor 71 acting      Figure
6 illustrates the printing of a row of through a belt 72 that extends from
the motor to    pixels of a single color (as in black printing) using
carriage 66. The direction of movement of the  the conventional practice.
As one of the nozzles 18 carriage 66 along the rail 70 is termed the
"travers-  20  of Figure 2 passes along the row, it ejects droplets ing
direction", indicated by numeral 52. The tra-   of colorant at the
appropriate times based upon the versing direction 52 is perpendicular to
the direc-  content of the image. Not all of the droplets strike tion of
the advance, of the printing medium 32     the exact center of the pixel,
and some of the dots through rotation of the platen 62, termed the "pa-
are therefore slightly displaced so that the pixel is per advance
direction" and indicated by numeral  25  not fully covered. A white
unprinted area is there- 74.
fore present in the image over that portion of the One or more of the print
heads 10 is supported  printed pixel which is not covered. (In Figures
6-13, in the carriage 66 in a print head support 76 (one  the printed dots
are shown as circles having diam- print head being illustrated in Figure
4), in a gen-  eters of about the side of the square. There there- erally
facing but spaced apart relationship to the   30  fore appears to be a
large amount of unprinted printing medium 32, so that colorant droplets
eject-  space between pixels. In reality, the pixels are ed from the
ejector 12 strike the printing medium.  immediately adjacent and the dots
are slightly larg- If the printer is only for printing of single colors,
er than the pixels, so that full coverage is achieved. then only one print
head is required. The print     The present approach to depicting spaced
apart head produces colorant droplets, which deposit  36  dots and pixels
was chosen to permit clear illustra- upon the printing medium 32 as the
dots 30. Mul-    don of the principles involved.) tiple print heads are
needed where a variety of        If the particular nozzle that is printing
the pixel olors are to be printed. In one common practice,  row
illustrated in Figure 6 becomes clogged, four print heads are supported in
the carriage 66.   choked by an air bubble, or otherwise inoperative
However, the possible colors are not restricted to  40  or impaired in
operation, none of the dots will be those four primary colors. The
superposition of     printed on the pixels, as illustrated in Figure 7. The
droplets of colorant can produce intermediate or    result is that the
entire row is blank, and appears in secondary colors according to well
established     the image as a white line horizontally across the
principles of color formation in reflection or trans-  image. mission.
45      One aspect of the present approach, most pre- The dots 30 are
deposited upon the printing     ferred for printing single color images
such as medium 32 to form patterns that are recognizable    black
characters or black/grey images, is illustrated by the human eye, in much
the same manner as       in Figure 8. Two dots are deposited on each pixel
screened photographs in newspapers are printed.     location, each droplet
being ejected from a dif- The dot sizes are typically very small, on the
order  so  ferent nozzle. It is expected that each dot will be of a few
thousandths of an inch in diameter, so that  displaced somewhat from
perfect coverage of the many dots printed closely together appear to the
pixel, in the manner shown in Figure 6, but since 



eye to form continuous images.                     two different nozzles
are employed, the variations The electronic control of the printer 60
deter-  of coverage for the two dots are expected to vary mines the pattern
of dots to be deposited from the   55  in a statistical manner. As shown
for the various image to be printed. The image is divided into a    pixels
in the row of Figure 8, the result is better raster pattern of pixels,
which are assigned various  coverage of each pixel location than in the
prior intensity levels or colors. These assigned values   approach. There
are fewer white areas within the 6    11                EP 0 376 596 B1
12 pixels using the present approach. This improve-  deposited by the first
group of nozzles 52. The ment to the image quality is present in new as
well  output of the printer can be increased by printing as old print heads
that have been in operation for  the second group of droplets with the
print head some time.                                        moving in the
opposite direction to that of the The more significant advantage of the
present   5   arrow 52, so that both droplets for each dot are approach
occurs in print heads that have been in  printed in a single traverse and
return to the origi- operation for a period of time, where one or a few
nal position of the print head. nozzles become partially or wholly
inoperative. In    As the second set of droplets for each dot is the prior
approach, such condition results in hori-  printed by the second group of
nozzles 56, the first zontal white lines, as discussed in relation to
Figure  10  group of nozzles 54 deposits the first set of 7. In the present
approach, as illustrated in Figure  droplets for the next printed swath of
the pattern. 9, one set of dots is still present even if one of the  That
is, the all of the nozzles of the print head are two nozzles fails. Since
the odds of failure of both  available for operation during each pass.
Control of nozzles depositing dots on a pixel row is small, it is  the
printing is accomplished using the printer buffer likely that one set of
the dots will be printed. The   15  available in printers to control the
prior approach. quality of the pixel coverage of that row will be  The
print head operates in conjunction with the reduced, as may be seen by
comparing the pixel    printer buffer. The locations to be printed in a
pass row of Figure 9 with that of Figure 8. The image  are calculated by
the known printing algorithm, degradation is small, and there is no
horizontal  which decomposes each swath of the image into a white line of
the type of Figure 7.            20  pattern of dots. The present approach
determines Thus, the DDA (double dot always) embodi-      the locations of
the dots to be printed for the first ment of the present invention yields
important    swath, which are printed in the first pass by the benefits in
both the initial quality of the image, and  first group 54 of nozzles.
After the first pass is the quality after nozzle operation becomes im-
completed, the locations from the print buffer print- paired during the
life of the print head.     25  ed by the first group of nozzles 54 in the
first pass It is preferable that the two droplets that form  are then moved
to the appropriate buffer locations each dot be deposited on successive
passes of the  to control the deposition of the droplets by the print head
10, permitting the first deposited droplet  second group 56 of nozzles in
the second pass, to dry before the second droplet is deposited over-
resulting in the previously described overprinting of lying the first
droplet. The successive passes can   30  each dot a second time during the
second pass. At be performed with two different print heads, but a  the
same time, a new swath of locations to be preferred approach is to use a
single print head,  printed is loaded into the portion of the buffer such
as that illustrated in Figures 1-3, with the  controlling the first group
54 of nozzles and printed nozzles divided into two groups, as illustrated
in  in the second pass, and these locations are printed Figure 2.
35  while the second group 56 of nozzles are deposit- To accomplish the
deposition of two droplets  ing droplets on the previously printed group of
on successive passes by the same print head,      dots. using the nozzles
divided into two groups 54 and      The principles just discussed can be
extended 56. The print head first passes across the face of  to more than
two droplets per dot, from the same the printing medium  in the direction
52, with  40  number of different nozzles as there are droplets. droplets
being deposited onto the printing medium  The use of four droplets per dot,
from four different in the required pattern by a first group of nozzles
nozzles, is found particularly useful for printing on 54 (the 12 nozzles on
the left of Figure 2). After the  transparent polyester. first pass is
complete, the printing medium  is       The principles of the invention are
also ap- moved in an amount and direction indicated by the   45  plicable
to the printing of color images. In most arrow 74, so that the strip of
printing medium    color ink jet printers, color images are formed by
previously lying under the first group of nozzles 54  providing four print
heads (or dedicated sections of now lies under a second group of nozzles 56
(the  one or two print heads), each one depositing a 12 nozzles on the
right of Figure 2).             different primary color. Secondary colors
are The print head then traverses across the print-  so  formed by
depositing droplets of two primary col- 



ing medium in a second pass in the direction 52   ors over each other. The
usual primary colors with the second group of nozzles 56 depositing
provided in the printer are yellow, black, cyan, and droplets of ink in
exactly the same pattern during  magenta. Red is printed as the
superposition of the second pass as did the first group of nozzles  yellow
and magenta droplets, green is printed as 54 in the first pass. The array
of nozzles in the   55  the superposition of yellow and cyan droplets, and
second group 56 is identical to that of the first  blue is printed as the
superposition of magenta and group 54, and therefore the droplets deposited
by  cyan droplets. the second group of nozzles 54 overlie the droplets 7
13                 EP 0 376 596 B1                        14 One approach
to improving image quality ac-     color pixels C1 and C2, and secondary
color pixels cording to the invention is printing two droplets of  formed
by superimposing dots of C1 and C2. ach color, from two different nozzles,
for each of  There are available two nozzles for each color, for e two
primary colors required for a pixel location  color C1 the nozzles N1(C1)
and N2(C2) and for of a secondary color. Two droplets of the same   5
color C2 the nozzles N1 (C2) and N2(C2). color, from different nozzles, are
printed for each    Referring to Figure 12, the first pixel in a row,
primary color. This approach yields improved cov-   the S pixel 100, is
printed by two dots of different erage of the pixel locations for the
reasons dis-   colors C1 and C2, the color C1 being ejected by cussed
earlier. It may also result in distortions in  nozzle N1(C1) and the other
color C2 being ejected color due to multiple superposition of dots, and can
10  by nozzle N1(C2). The second pixel in the row, the also cause cockle of
the paper and running of the   S pixel 102, is printed by two dots of
different droplets because the printing medium cannot ab-    colors C1 and
C2 (the same colors as printed onto sorb the liquid deposited from four
droplets at each  pixel 100), but from different nozzles N2(C1) and
secondary pixel location. For these reasons, this   N2(C2), respectively.
The third S pixel 104 Is print- approach is not preferred.
is  ed by the same two nozzles that printed the first A more preferred
approach to improved color     pixel 100, N1(C1) and N1(C2). The fourth X
pixel image quality is illustrated in Figures 10-13. In   106 is printed by
the same two nozzles that printed these figures, each secondary color is
formed by   the second pixel 102, N2(C1) and N2(C2). o droplets even under
conventional approaches,       The fifth pixel in the illustrated example
is a but these two droplets are of different colors. It is  20  primary
color pixel, here assumed to be the pri- assumed for simplicity that the
same secondary      mary color C1. It is printed with two dots produced
colors are formed in each case, but that one of the  by the two nozzles
that deposit the C1 color, N1- two pixels labelled as primary colors is one
of the  (C1) and N2(C1). primary colors used to form the secondary color
The pattern of alternating nozzles printing the and that the other primary
colored pixel is of the   25  secondary color pixels then continues. The
other other primary color used to form the secondary      primary color
pixel 110, which is assumed to be color. Thus, in the prior approach
illustrated in  the C2 color, is printed using the two nozzles that Figure
10, two dots are present on each secondary   print the C2 color, N1 (C2)
and N2(C2). color pixel, and one dot is present on each primary    As shown
in Figure 12, all of the pixels are the color pixel.
30  correct color. Additionally, the primary color pixels In Figures 10-13,
each pixel is labelled in two  108 and 110 have two dots of the same color
on ways. First, it Is labelled as being a secondary   the pixel, rather
than one dot as in the prior ap- color S or a primary color [err]  because
the images    proach. cannot be printed in color. Second, each pixel is
Figure 13 illustrates the resulting color arrange- labelled as to whether
it is the correct color "OK",  35   ment in the event that one of the
nozzles fails, here a distorted color "D", or an uncolored pixel "X".
assumed to be N1(C1). The color of pixel 100 is These latter indications
become significant in as-  distorted, that of pixel 102 is correct, that of
pixel eassing images degraded due to inoperative or      104 is distorted,
and that of pixel 106 is correct. partially operative nozzles.
The color of the primary color pixel 108 is correct, Figure 10 illustrates
the formation of primary  40  even though one of the nozzles depositing on
that and secondary colors under the prior approach.      pixel failed. The
succeeding secondary color pixels One primary color dot is present on each
P pixel,   have the repeating pattern of correct and distorted and two
primary color dots are present on each S    color. The primary pixel 110
has the correct color, pixel. If one of the nozzles producing the primary
as neither of the nozzles contributing to its color colors becomes
inoperable, the result is shown in  45  failed. Figure 11. All of the S
pixels have a distorted color,  The appearance of the pixel row using the
because only one of the primary colors is depos-    present approach,
Figure 13, may be contrasted ited thereupon. One of the P pixels is
acceptable,  with that using the prior approach, Figure 11. In 



and the other has no dot printed on it and is       Figure 13, all of the
primary pixels are printed and uncolored. This image is highly degraded,
because   50  have the correct color. Half of the secondary pixels only one
of the original pixels has the correct color,  have the correct color, and
have have a distorted most of the other pixels have distorted colors, and
color. None of the pixels are unprinted. The ap- one of the pixels has no
color at all.              pearance of the row is therefore much less deg-
In accordance with the preferred embodiment     raded by the failure of a
single nozzle than is the of the invention as applied to color printing,
dif-  55  appearance of the row in Figure 11, also degraded ferent pixels
in a row are printed using colors     by failure of a single nozzle.
Figures 10-13 are, of ejected from different nozzles. This approach is
course, exemplary of a pixel row, and their specific illustrated in Figure
12, where there are primary   appearance reflects the assumptions discussed
8    15                 EP 0 376 596 B1                    16 above.
However, it is generally true that the adop-  4. The method of claim 3,
wherein the step of tion of the approach wherein different nozzles are
depositing a second droplet is accomplished used in printing various pixel
locations of the row    on the same traverse across the printing me-
generally yields an image that is resistant to deg-    dium (32) as the
step of depositing a first radation after failure of isolated nozzles of
the print   5  droplet. head. And, significantly, the improvement is
achieved with only two droplets of colorant depos-  5. The method of claim
3, wherein the step of ited at each pixel location, which can be readily
depositing a second droplet is accomplished absorbed by typical printing
media.                    on a different traverse across the printing me-
The use of multiple nozzles for each color of a   10  dium (32) as the step
of depositing a first row is not restricted to two nozzles, but is ap-
droplet. plicable for three or more nozzles ejecting colorant of the same
color, for each pixel row. However, the  6. A method for depositing dots
(30) of colorant computational procedures are more complex, and         of
a single color onto a printing medium (32) in the printing time for each
page of the printing   is   a selected pattern of pixel locations, compris-
medium is slower. The use of two nozzles for each      ing the steps of:
furnishing at least two sets of color of the row is therefore preferred.
colorant delivery nozzles (18) that all deposit Printing of the row of
pixels with primary and      colorant of the same selected color, including
secondary colors is by the approach discussed          a first set of said
first colorant delivery nozzles earlier for single color printing, except
that multiple  20  and a second set of said second colorant de- print heads
of a single color each, or multiple        livery nozzles; and operating
each of said first clusters of nozzles of a single color in a single print
and second nozzles according to the method head, are used.
of any preceding claim. The approach of the present invention results in
better image quality, both initially and as nozzles   25  7. The method of
any preceding claim wherein may fail during extended use. Both color and
the colorant delivery nozzles (18) are incor- black-and-white images may be
printed with the         porated in printhead that is mounted on a double
dot technique.                                  traversing mechanism (66)
that moves the print head parallel to and across the surface of a Claims
so      printing medium (32); the method comprising the steps of traversing
the print head over the 1. A method for depositing two dots (30) of a
printing medium in a first pass; depositing a single colorant onto a
printing medium (32) at      first set of droplets of colorant onto the
printing a single selected pixel location using two or       medium in a
selected pattern of pixel locations more colorant delivery nozzles (18)
that each  35   during the first pass, from the first colorant deposit
colorant of the same selected color,        delivery nozzle(s); traversing
the print head including a first colorant delivery nozzle and a    across
the printing medium in a second pass; second colorant delivery nozzle; the
method         and depositing a second set of droplets of comprising the
steps of:                            colorant onto the printing medium in
the same (1) depositing a first droplet of colorant onto  40  selected
pattern of pixel locations during the the printing medium at the selected
pixel        second pass, from the second colorant deliv- location, from
the first colorant delivery noz-  ery nozzle(s). zle; and (2) depositing a
second droplet of colorant   8.  The method of any of claims 1 to 5,
wherein onto the printing medium at the same se-  45     steps (1) & (2)
are repeated to deposit at least lected pixel location, from the second
col-      two sets of droplets of colorant onto a first 



orant delivery nozzle.                           subset of pixel locations
along a pixel row, each set of droplets of colorant being depos- 2. The
method of claim 1, wherein the colorant is      ited by one of the colorant
delivery nozzles deposited by thermally ejecting droplets from   50  (18),
and each subset of locations being se- the nozzles (18).
lected such that one droplet from each of the colorant nozzles is deposited
therein. 3. The method of claims 1 or 2, wherein the nozzles (18) are
mounted on a traversing        9. The method of claim 8 when appended to
mechanism (66) that traverses across the print-  55  claim 3, wherein the
nozzles are mounted on a ing medium (32) parallel to its surface.
traversing  mechanism  (66) that traverses across the printing medium
parallel to its sur- face and parallel to the pixel row.    15
EP 0 376 596 B1                     16      *    C   L  M  S   * above.
However, it is generally true that the adop-  4. The method of claim 3,
wherein the step of tion of the approach wherein different nozzles are
depositing a second droplet is accomplished used in printing various pixel
locations of the row    on the same traverse across the printing me-
generally yields an image that is resistant to deg-    dium (32) as the
step of depositing a first radation after failure of isolated nozzles of
the print   5  droplet. head. And, significantly, the improvement is
achieved with only two droplets of colorant depos-  5. The method of claim
3, wherein the step of ited at each pixel location, which can be readily
depositing a second droplet is accomplished absorbed by typical printing
media.                    on a different traverse across the printing me-
The use of multiple nozzles for each color of a   10  dium (32) as the step
of depositing a first row is not restricted to two nozzles, but is ap-
droplet. plicable for three or more nozzles ejecting colorant of the same
color, for each pixel row. However, the  6. A method for depositing dots
(30) of colorant computational procedures are more complex, and         of
a single color onto a printing medium (32) In the printing time for each
page of the printing   15   a selected pattern of pixel locations, compris-
medium is slower. The use of two nozzles for each     ing the steps of
furnishing at least two sets of color of the row is therefore preferred.
colorant delivery nozzles (18) that all deposit Printing of the row of
pixels with primary and     colorant of the same selected color, including
secondary colors is by the approach discussed          a first set of said
first colorant delivery nozzles earlier for single color printing, except
that multiple  20  and a second set of said second colorant de- print heads
of a single color each, or multiple.       livery nozzles; and operating
each of said first clusters of nozzles of a single color in a single print
and second nozzles according to the method head, are used.
of any preceding claim. The approach of the present invention results in
better image quality, both initially and as nozzles   25  7. The method of
any preceding claim wherein may fail during extended use. Both color and
the colorant delivery nozzles (18) are incor- black-and-white Images may be
printed with the         porated in printhead that is mounted on a double
dot technique.                                  traversing mechanism (66)
that moves the print head parallel to and across the surface of a Claims
30       printing medium (32); the method comprising the steps of
traversing the print head over the 1. A method for depositing two dots (30)
of a         printing medium in a first pass; depositing a single colorant
onto a printing medium (32) at     first set of droplets of colorant onto
the printing a single selected pixel location using two or      medium in a
selected pattern of pixel locations more colorant delivery nozzles (18)
that each   35  during the first pass, from the first colorant deposit
colorant of the same selected color,       delivery nozzle(s); traversing
the print head including a first colorant delivery nozzle and a   across
the printing medium in a second pass; second colorant delivery nozzle; the
method        and depositing a second set of droplets of comprising the
steps of:                           colorant onto the printing medium in
the same (1) depositing a first droplet of colorant onto  40  selected
pattern of pixel locations during the the printing medium at the selected
pixel        second pass, from the second colorant deliv- location, from
the first colorant delivery noz-  ery nozzle(s). zle; and (2) depositing a
second droplet of colorant  8. The method of any of claims 1 to 5, wherein
onto the printing medium at the same se-  45     steps (1) & (2) are
repeated to deposit at least 



lected pixel location, from the second col-     two sets of droplets of
colorant onto a first orant delivery nozzle.
subset of pixel locations along a pixel row, each set of droplets of
colorant being depos- 2. The method of claim 1, wherein the colorant is
ited by one of the colorant delivery nozzles deposited by thermally
ejecting droplets from   50  (18), and each subset of locations being se-
the nozzles (18).                                  lected such that one
droplet from each of the colorant nozzles is deposited therein. 3. The
method of claims 1 or 2, wherein the nozzles (18) are mounted on a
traversing        9. The method of claim 8 when appended to mechanism (66)
that traverses across the print-  55  claim 3, wherein the nozzles are
mounted on a ing medium (32) parallel to its surface.           traversing
mechanism  (66) that traverses across the printing medium parallel to its
sur- face and parallel to the pixel row. 9    17                EP 0 376
596 B1                   18            *    C   L   M   S    * 10. The
method of claims 8 or 9, further compris-    (32) durchgefuhrt wird wie das
Absetzen eines ing the step of depositing at least two further   ersten
Trdpfchens. sets of droplets of colorant onto a second subset of pixel
locations along the pixel row.  6. Verfahren zum Absetzen von Punkten (30)
ei- 5      nes Farbmittels einer einzigen Farbe auf einem 11. The method of
claim 10, wherein the first sub-    Druckmedium (32) in einem ausgewAhlten
Mu- set of pixel locations is the same as the sec-    ster von
Pixelpositionen, mit den Verfahrens- ond as the second subset of pixel
locations.      schritten: Bereitstellen von mindestens zwei Satzen von
FarbmittelabgabedUsen (18), die 12. The method of claim 10, wherein the
first sub-  10  alle Farbmittel derselben ausgewlhlten Farbe set of pixel
locations and the second subset of   absetzen, einschlieBlich eines ersten
Satzes pixel locations are not the same, but the two     der ersten
Farbmittelabgabed0sen und elnes subsets together include all pixel
locations of   zweiten Satzes der zweiten Farbmittelabgabe- the row that
require a droplet of the selected    dUsen, und Betreiben jeder der ersten
und color according to the predetermined color  15    zweiten DOsen gemS8
dem Verfahren nach scheme.                                           einem
der vorangehenden Ansprfche. Patentanspruche
7. Verfahren nach einem der vorangehenden An- sprUche, bei dem die
FarbmittelabgabedUsen Verfahren zum  Absetzen von zwei Punkten   20
(18) in einen Druckkopf eingebaut sind, der auf (30) eines einzelnen
Farbmittels auf einem        einem Querbewegungsmechanismus (66) mon-
Druckmedium (32) bei einer einzelnen ausge-       tiert ist, der den
Druckkopf parallel zu und Ober wAhlten Pixelposition unter Verwendung von
die Oberflache eines Druckmediums (32) be- zwei oder mehr
FarbmittelabgabedUsen (18),        wegt, mit den Verfahrensschritten:
Bewegen die jeweils Farbmittel derselben ausgewdhlten   25  des Druckkopfes
quer Ober das Druckmedium Farbe absetzen, wobei eine erste Farbmittelab-
in einem ersten Durchgang, Absetzen elines gabedUse und elne zweite
Farbmittelabgabe-        ersten  Farbmitteltropfchensatzes  auf dem dOse
vorgesehen sind, mit den Verfahrens-         Druckmedium in einem
ausgewghlten Muster schritten:                                        von
Pixelpositionen w~hrend des ersten Durch- (1) Absetzen eines ersten
Farbmitteltr6pf-  30  ganges    aus    der   (den)    ersten chens auf dem
Druckmedium bei der aus-          Farbmittelfbgabedise(n), Bewegen des
Druck- gewAhlten  Pixelposition aus der ersten         kopfes quer Ober das
Druckmedium in einem Farbmittelabgabedlse und
zweiten Durchgang und Absetzen eines zwel- (2) Absetzen eines zweiten
Farbmitteltropf-    ten Farbmitteltr6pfchensatzes auf dem Druck- chens auf
dem Druckmedlum be] derselben  35     medium in demselben ausgewghlten
Muster Pixelposition aus der zweiten Farbmittelab-     von  Pixelpositionen
wahrend des zweiten gabedUse.
Durchganges  aus  der  (den)  zweiten FarbmittelabgabedUse(n). 2. Verfahren
nach Anspruch 1, bei dem das Farb- mittel abgesetzt wird, indem Trdpfchen
von   40  8. Verfahren nach einem der Anspr~che 1 bis 5, den DUsen (18)
thermisch ausgestoBen wer-         bei dem die Schritte (1) und (2)
wiederholt den.                                              werden um
mindestens zwei Satze von Farb- miffeltrdpfchen bet einer erste Untermenge
3. Verfahren nach Anspruch 1 oder 2, bei dem          von Pixelpositionen
lungs einer Pixeizeile ab- 



die Disen (18) auf einem Querbewegungsme-  45     zusetzen, wobei jeder
Farbmitteltropfchensatz chanismus (66) montiert sind, der das Druck-
von einer der FarbmittelabgabedUsen (18) ab- medium  (32) parallel zu
dessen Oberflache        gesetzt wird, und wobei jede Untermenge von
Uberquert.                                         Positionen so gewhilt
wird, daB ein Tropfchen von jeder der FarbmitteldUsen innerhalb dieser 4.
Verfahren nach Anspruch 3, be! dem das Ab-  50     abgesetzt wird. setzen
eines zweiten Tropfchens bei derselben Querbewegung Uber das Druckmedium
(32)         9. Verfahren nach Anspruch 3 und 8, bei dem die durchgefthrt
wird wie das Absetzen eines er-      DOsen auf einem
Querbewegungsmechanis- sten Tr6pfchens.
mus (66) montiert sind, der das Druckmedium 55      parallel zu dessen
Oberflache und parallel zu 5. Verfahren nach Anspruch 3, bei dem das Ab-
der Pixelzeile Uberquert. setzen elnes zweiten Tr6pfchens be! einer an-
deren Querbewegung Ober das Druckmedium 10    19            EP 0 376 596 B1
20    *    C     L     M     S     * 10. Verfahren nach Anspruch 8 oder 9,
bei dem     5. Proc6d6 selon la revendication 3, dans lequel ferner
mindestens zwei weitere Satze von          la phase de d6p8t d'une deuxieme
gouttelette Farbmitteltrdpfchen be! einer zweiten Unter-     s'effectue
pendant une translation en travers >-'   menge von Pixelpositionen 1angs
der Pixeizeile    du milieu d'impression (32) vqui est diff6rente abgesetzt
werden.                         5       de celle de la phase du dep8t d'une
premiere gouttelette. 11. Verfahren nach Anspruch 10, bei dem die or- ste
Untermenge von Pixelpositionen dieselbe   6. Procede de dep8t de points
(30) de colorant ist wie die zweite Untermenge von Pixelpositio-   d'une
seule couleur sur un milieu dOimpression non.
10      (32) dans un motif selectionne d'emplace- ments de pixels,
comprenant les phases 12. Verfahren nach Anspruch 10, bei dem die er-
consistent A: prevoir au moins deux jeux de ste Untermenge der
Pixelpositionen und die        buses debitrices de colorant (18) qui
deposent zweite Untermenge von Pixelpositionen nicht      toutes un
colorant de la meme couleur s~lec- dieselben sind, sonderen die zwei
Untermen-  i5  tionn6e, comprenant un premier jou desdites gen zusammen
alle Pixelpositionen der Zeile       premibres buses d~bitrices de colorant
et un umfassen, die ein Tr6pfchen der ausgewAhlten      deuxibme jeu
desdites buses d6bitrices de co- Farbe nach MaSgabe eines vorgegebenen
lorant; et faire travailler chacune des premie- Farbschemas erfordern.
res et deuxibmes buses conformement au pro- 20      ced6 selon une
quelconque des revendications Revendlcations
precedentes. 1. Proced6 pour deposer deux points (30) dcun     7. Procede
solon une quelconque des revendica- soul colorant sur un milieu
d'impression (32)    tions precedentes, dans lequel les buses d6bi- on un
meme emplacement de pixel s6lection-  25   trices de colorant (18) sont
incorpotes dans ne, en utilisant deux ou plus de deux buses       une tOte
d'impression qui est montee sur un (18) d~bitrices de colorant dont chacune
d~po-    mecanisme de translation (66) qui d~place la so un colorant de la
m~me couleur s~lection-     tote d'impression parallblement a la surface
nee, comprenant une premibre buse debitrice       d'un milieu d'impression
(32) et en travers de de colorant et une deuxieme buse d6bitrice de   30
cette surface; le procede comprenant les pha- colorant, le proced6
comprenant les phases        ses consistent a d6placer la tote d'impression
consistent a:                                     en translation sur le
milieu d'impression dans (1) d6poser une premiere gouffelette de co-    un
premier passage ; d6poser un premier jou lorant sur le milieu d'impression
a l'empla-   de gouttelettes de colorant sur le milieu dim- cement de pixel
selectionne, au moyen de   35  pression en un motif selectionne d'emplace-
la premibre buse debitrice de colorant; et     ments de pixels pendant Ie
premier passage, (2) deposer une deuxibme gouttelette de        par la ou
les premiere(s) buse(s) debitrice(s) colorant sur le milieu d'impression,
au        de colorant; d6placer la tote d'impression en meme emplacement du
pixel selectionn6,         translation a travers du milieu d'impression au
moyen de la deuxibme buse d6bitrice de   40  dans un deuxieme passage ; et
deposer un colorant.                                      douxibme jou de
gouttelettes de colorant sur le milieu d'impression dans le meme motif
s6lec- 2. Proc6d6 selon la revendication 1, dans 1equel     tionn6
d'emplacements de pixels pendant le 



le colorant est d6pose par djection thermique     deuxibme passage, par la
ou les deuxieme(s) de gouttelettes par les buses (18).      46
buse(s) d6bitrice(s) de colorant. 3. Proc6de selon les revendications 1 et
2, dans  8. Proced4 selon une quelconque des revendica- lequel les buses
(18) sont mont6es sur un         tions 1 a 5, dans loquel les phases (1) et
(2) mecanisme de translation (66) qui se d6place      sont r6pet6es pour
d6poser au moins deux en translation en travers du milieu d'impres-  so
jeux de gouttelettes de colorant sur un premier sion, parallblement A sa
surface.                 sous-ensemble d'emplacements de pixels le long
d'une rangee de pixels, chaque jou de 4. Proc6d6 selon la revendication 3,
dans lequel     gouttelettes de colorant etant depose par une la phase de
d6pot d'uno deuxibme gouttelette      des buses debitrices de colorant (18)
et cha- s'effectue pendant la meme translation en tra-  S5  que
sous-ensemble d'emplacements etant se- vers du milieu d'impression que la
phase de       lectionne de telle maniere qu'une gouttelette dep8t d'une
premiere gouttelette.                 issue de chaque buse de colorant soit
depo- see dans cot emplacement.    21                 EP 0 376 596 B1
22 *    C    L   M    S   * 9. Proced6 selon la revendication 8, rattachee
a la revendication 3, dans lequel les buses sont montees sur un mecanisme
de translation (66), -_>  qui se d6place en translation en travers du
milieu d'impression parallblement h sa surface   5 et parallelement & la
rangee de pixels. 10. Procede selon la revendication 8 ou 9, corn- prenant
en outre la phase consistant a ddposer au moins deux autres jeux de
gouttelettes de   10 colorant sur un deuxieme sous-ensemble d'emplacements
de pixels le long de la rang~e de pixels. 11. Proc6de selon la
revendication 10, dans lequel  15 le premier sous-ensemble d'emplacements
de pixels est le m~me que le deuxibme sous- ensemble d'emplacements de
pixels. ''4. Procede selon la revendication 10, dans lequel  20 le premier
sous-ensemble d'emplacements de pixels et le deuxieme sous-ensemble
d'empla- cements de pixels ne sont pas les m6mes, mais les deux
;sous-ensembles assembles comprennent tous les emplacements de pixels  25
de la rangee qui O1emandent une gouttelette de la couleur s6lectionn~e,
conform~ment au sch6ma de couleurs pr6determine. 30 35 40 45 50 55 12    


