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METHOD OF SELECTIVELY UNDERFEEDING
PRINT MEDIA IN AN INK JET PRINTER

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a method of print-
ing in an ink jet printer, and, more particularly, to a method
of underfeeding print media during printing with an ink jet
printer.

[0003] 2. Description of the Related Art

[0004] An ink jet printer typically includes an ink jet
cartridge which is carried by a carriage assembly. The ink jet
cartridge includes a printhead having a plurality of nozzles,
from which ink is jetted onto the print medium at selected
ink dot locations within an image area. The carriage assem-
bly moves the printhead across the print medium in a scan
direction while the ink dots are jetted onto selected pixel
locations within a given raster line. Between passes of the
printhead, the print medium is advanced a predetermined
distance and the printhead is again scanned across the print
medium.

[0005] An ink jet printer may be designed to slightly
underfeed the print medium, essentially indexing a small
amount short of the ideal index amount. In other words,
raster lines between adjacent swaths may slightly overlap
one another. This is done to hide indexing errors due to the
mechanical system, as well as the software algorithm used
to control this motion. The theory behind this is that a gap
(or white space) between consecutively printed swaths, due
to a slight overfeed error, is more visible to the user than a
slightly darker line, due to an underfeed error.

[0006] Printing may occur using a single pass technique or
a multiple pass technique. A multiple pass technique such as
shingling is utilized to reduce print artifacts which may
occur as a result of a clogged nozzle or the like by using
multiple nozzles to print on a given raster line.

[0007] Intentionally underfeeding the print medium in the
advance direction typically is acceptable for single pass print
modes to mask indexing errors associated with the advance
of the print medium. However, intentionally underfeeding
the print medium during a shingling mode may cause the
generation of additional print artifacts which may be objec-
tionable.

[0008] What is needed is a method of printing which
underfeeds the print medium in the advance direction only
when such underfeeding results in an overall improved print
quality.

SUMMARY OF THE INVENTION

[0009] The present invention provides a method of print-
ing with an inkjet printer, wherein the print media is inten-
tionally underfed into the print zone during single pass
printing, and is not intentionally underfed into the print zone
during multiple pass printing.

[0010] The invention comprises, in one form thereof, a
method of printing on a print medium with an inkjet printer.
The print medium is selectively printed on in a multiple pass
printing mode and/or a single pass printing mode. During the
single pass printing mode, the print medium is printed on in
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a single pass height. The print medium is advanced a
distance less than the single pass height. During the multiple
pass printing mode, the print medium is printed on in a
multiple pass height. The multiple pass height is less than the
single pass height. The print medium is advanced a distance
approximately equal to the multiple pass height.

[0011] An advantage of the present invention is that the
print media is fed into the print zone to take advantage of
intentional underfeeding only when the benefits of such
underfeeding outweigh disadvantages caused by errors
induced by a given print mode.

[0012] Another advantage is that the underfeeding may
selectively occur real time during actual printing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above-mentioned and other features and
advantages of this invention, and the manner of attaining
them, will become more apparent and the invention will be
better understood by reference to the following description
of an embodiment of the invention taken in conjunction with
the accompanying drawings, wherein:

[0014] FIG. 1 illustrates a method of printing of the
present invention which underfeeds the print media during a
single pass print mode;

[0015] FIG. 2 illustrates a method of printing which
underfeeds the print media during a multiple pass print
mode;

[0016] FIG. 3 graphically illustrates nozzle errors which
may occur during underfeeding of the print media in a
multiple pass print mode; and

[0017] FIG. 4 illustrates an embodiment of a method of
printing of the present invention which does not underfeed
the print media during a multiple pass print mode.

[0018] Corresponding reference characters indicate corre-
sponding parts throughout the several views. The exempli-
fication set out herein illustrate one preferred embodiment of
the invention, in one form, and such exemplification is not
to be construed as limiting the scope of the invention in any
manner.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] Referring now to the drawings, an embodiment of
the method of the present invention for printing on a print
medium with an ink jet printer will be described. The ink jet
printer includes a print head 10 having a plurality of nozzles
12 which are sequentially arranged in an offset relationship
relative to each other to define a plurality of vertically
adjacent raster lines 14 overlying an image area of a print
medium, such as paper, transparency, etc. For simplicity and
ease of description, printhead 10 is assumed to include only
32 nozzles 12, each with a diameter of approximately “&oo
inch. Of course, in actuality, printhead 10 typically includes
many more nozzles than the 32 nozzles shown in FIG. 1.
Nonetheless, the methodology of the present invention is the
same regardless of the number of nozzles utilized. More-
over, the diameter of each nozzle 12, as well as the height of
each corresponding raster line 14, may vary from one
application to another (e.g., Yoo inch, Y1200 inch or %2400
inch). Depending upon the number of nozzles and the
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diameter of each nozzle, printhead 10 defines a printhead
height 16 in which printing may occur on the print medium
during scanning of printhead 10 across the print medium.
Nozzles 12 have a diameter which is the same as the height
of raster lines 14, depending upon the particular configura-
tion of printhead 10.

[0020] Referring now to FIG. 1, there is shown a method
of printing on the print medium in a single pass printing
mode. As printhead 10 scans across the print medium, ink is
jetted onto the print medium at selected ink dot locations in
each of the twelve raster lines 14, as indicated by the ink dots
numbered 1-12. The twelve raster lines 14 define a single
pass height which also corresponds to height 16 of printhead
10. The print medium is then advanced a distance slightly
less than the single pass height or printhead height 16. This
is represented by the underfeed distance U shown in FIG. 1.
This underfeed U is done to hide indexing errors due to the
mechanical system, as well as the algorithm used to control
the advancing motion. If the print medium is not underfed,
it is possible for the print medium to be advanced in advance
direction 18 too far such that a white line occurs between
adjacent passes of printhead 10 on the print medium. It is
believed that a slightly darker line caused by an underfeed
condition is less objectionable than a gap (or white space)
between consecutively printed swaths which may result
from a slight overfeed error.

[0021] In the embodiment shown, the print medium is
advanced in advance direction 18 to achieve a slight under-
feed condition between adjacent raster lines between the
printed swaths. More particularly, the print medium is
underfed a distance U of between approximately 0.10% and
0.35% ofthe raster height of raster lines 14; preferably
underfed a distance U of between approximately 0.10% and
0.20% of the raster height of raster lines 14; and more
preferably is underfed a distance U of approximately 0.15%
of the raster height of raster lines 14. An underfeed distance
within these parameters has been found to be effective to
reduce gaps or white spaces between adjacent printed
swaths.

[0022] Referring now to FIG. 2, printhead 10 is utilized to
print on the print medium in a multiple pass printing mode,
such as a shingling or dithering mode. Printhead 10 prints on
the print medium in a multiple pass height which is less than
the height 16 of printhead 10 (corresponding to the single
pass height shown in FIG. 1). The multiple pass height
generally is a fraction of the printhead height 16, such as
one-fourth of printhead height 16, one-third of printhead
height 16 or one-half of printhead height 16, dependent upon
the particular printing application. In the embodiment of the
method shown in FIG. 2, printhead 10 is assumed to be used
in a four pass shingling mode, and thus each multiple pass
height corresponds to the height of a nozzle group of eight
successively adjacent nozzles 12, as indicated by the refer-
ence numbers 1-4 to the left of printhead 10. Printhead 10
prints on the print medium in a multiple pass mode such that
each region of the print medium receives one pass from each
of the subdivided nozzle groups.

[0023] FIG. 2 illustrates the cumulative affect of inten-
tionally underfeeding the print medium in advance direction
18 as a given raster line is advance through each of the four
passes associated with printhead 10. Shingling generally is
utilized to reduce print artifacts by printing on a single raster
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line with multiple passes and multiple different nozzles of
printhead 10. Thus, e.g., print artifacts associated with a
clogged nozzle are reduced by using other nozzles to print
on the same raster line as the print medium is advanced
between successive passes with printhead 10.

[0024] Generally, during pass 1, printhead 10 is scanned
across the print medium and ink dots are placed on the print
medium at selected ink dot locations using nozzles 1-8, The
print medium is then advanced in advance direction a
distance corresponding to the multiple pass height of one-
fourth the height of printhead 10. During pass 2, nozzles
9-16 are used to eject ink drops at selected ink dot locations
on the print medium which generally align with the raster
lines previously printed using nozzles 1 through 8 (except
for the underfeed which will be described in more detail
hereinafter). The bottom 8 nozzles also print a first pass on
the preceding next 8 adjacent raster lines. This process of
advancing the print medium according to the multiple pass
height (i.e., nozzle group of 8 nozzles) and scanning print-
head 10 across the print medium occurs for all 4 passes such
that four separate nozzles may be used to eject ink droplets
on any given raster line (e.g., nozzles 3, 11, 19 and 27
corresponding to the top raster line of each pass).

[0025] However, as with the method of printing shown in
FIG. 1, the shingling method shown in FIG. 2 underfeeds
the print medium in advance direction 18 between each of
adjacent passes 1-4 of printhead 10 across the print medium.
For each adjacent pass, the underfeed amount is added to the
previous underfeed amounts such that the total underfeed
between passes 1 and 4 is cumulative. Although the under-
feeding results in slight overlap of the ink drops which are
placed on a given raster line in each of passes 1-4, it is
possible for a gap or white space to occur between the fourth
pass associated with one raster line and the first pass
associated with an adjacent raster line. Such a white space
or gap may be objectionable when using the shingling
printing method shown in FIG. 2. This accumulated under-
feed error associated with an ink dot printed between pass 1
(represented by the dots labeled with the reference letter 1)
and pass 4 (represented by the dots labeled with the refer-
ence letter 4) is represented by the reference letter ¢ in FIG.
2.

[0026] For example, consider a 152 nozzle printhead with
a nozzle pitch of 600 dpi, which when used in a 4 pass
printing mode is subdivided into 4 groups of 38 nozzles. A
0.15% underfeed combined with four pass shingling results
in an error of 5.7% of a 600 dots per inch (dpi) nozzle for
each index move. After three moves this accumulates to
17.1% (about 7 um) of a nozzle error between a dot printed
on the first and fourth passes. This is illustrated graphically
in FIG. 3. Similarly, a 0.30% underfeed combined with four
pass shingling results in an error of 11.4% of a 600 dpi
nozzle for each index move. After three moves this accu-
mulates to a 34.2% nozzle error between a dot printed on the
first and fourth passes.

[0027] Referring now to FIG. 4, another method of print-
ing on the print medium using a shingling technique is
illustrated. However, the print medium is not underfed in
advance direction 18 between adjacent passes 1-4. The
scanning of printhead 10 during each pass and the advancing
of the print medium one-fourth of the height of printhead 10
occurs the same as the embodiment described above with
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reference to FIG. 2, but the print medium is not underfed in
advance direction 18. This substantially inhibits the forma-
tion of gaps or white spaces between an ink dot printed
during the first and fourth passes of the shingling method.

[0028] According to an aspect of the present invention, the
print medium is underfed in advance direction 18 during
single pass printing, and is not underfed in the advance
direction 18 during multiple pass printing. More particularly,
in the embodiment shown, during single pass printing as
shown in FIG. 1 the print medium is underfed a distance U
between adjacent swaths of printhead 16. During printing
using a shingling technique, as shown in FIG. 4, the print
medium is not underfed in advance direction 18 between
adjacent passes or swaths. Thus, no underfeed accumulation
and associated nozzle error occurs. For purposes of descrip-
tion, a print medium is described as being advanced a
distance equal to the multiple pass height (a nozzle group
height of 8 nozzles in the embodiment of FIG. 4) between
consecutive passes of printhead 10 across the print medium.
Of course, it will be understood that the advance distance
may be only approximately equal to the multiple pass height
since slight errors associated with the mechanical system or
software may occur. What is meant is that the print medium
is not intentionally underfed in the advance direction
between consecutive passes during the multiple pass print-
ing mode, but is intentionally underfed during the single
pass printing mode.

[0029] While this invention has been described as having
a preferred design, the present invention can be farther
modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations,
uses, or adaptations of the invention using its general
principles. Further, this application is intended to cover such
departures from the present disclosure as come within
known or customary practice in the art to which this inven-
tion pertains and which fall within the limits of the appended
claims.

What is claimed is:
1. A method of printing on a print medium with an inkjet
printer, comprising the steps of:

printing on the print medium in a single pass printing
mode, including the substeps of:

printing on the print medium in a single pass height;
and

advancing the print medium a distance less than said
single pass height; and

printing on the print medium in a multiple pass printing
mode, including the substeps of:

printing on the print medium in a multiple pass height,
said multiple pass height being less than said single
pass height; and

advancing the print medium a distance approximately
equal to said multiple pass height.

2. The method of printing of claim 1, wherein the inkjet
printer includes a printhead having a height, said single pass
height corresponding to said print head height.

3. The method of printing of claim 2, wherein said
printhead includes a plurality of nozzles corresponding to a
plurality of raster lines printed on the print medium, said
raster lines having a common raster height.
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4. The method of printing of claim 3, wherein said
advancing substep during said single pass printing mode
includes underfeeding the print medium a distance of
between approximately 0.10% and 0.35% of said printhead
height.

5. The method of printing of claim 4, wherein said
advancing substep during said single pass printing mode
includes underfeeding the print medium a distance of
between approximately 0.10% and 0.20% of said printhead
height.

6. The method of printing of claim 5, wherein said
advancing substep during said single pass printing mode
includes underfeeding the print medium a distance of
approximately 0.15% of said printhead height.

7. The method of printing of claim 1, wherein the inkjet
printer includes a printhead having a height, said multiple
pass height corresponding to a fraction of said print head
height.

8. The method of printing of claim 7, said multiple pass
height corresponding to one of one-fourth of said printhead
height, one-third of said printhead height, and one-half of
said printhead height.

9. The method of printing of claim 1, wherein the inkjet
printer includes a printhead having a plurality of nozzles
corresponding to a plurality of raster lines printed on the
print medium, said raster lines having a common raster
height, said advancing substep during said multiple pass
printing mode being carried out such that said raster lines do
not overlap from one of said multiple passes to another.

10. The method of printing of claim 1, wherein said
multiple pass printing mode comprises a shingling mode.

11. A method of printing on a print medium with an inkjet
printer, comprising:

selectively printing on the print medium in at least one of
amultiple pass printing mode and a single pass printing
mode, including the substeps of:

during said single pass printing mode:

printing on the print medium in a single pass height;
and

advancing the print medium a distance less than said
single pass height; and

during said multiple pass printing mode:

printing on the print medium in a multiple pass
height, said multiple pass height being less than
said single pass height; and

advancing the print medium a distance approxi-
mately equal to said multiple pass height.

12. The method of printing of claim 11, wherein the inkjet
printer includes a printhead having a height, said single pass
height corresponding to said print head height.

13. The method of printing of claim 12, wherein said
printhead includes a plurality of nozzles corresponding to a
plurality of raster lines printed on the print medium, said
raster lines having a common raster height.

14. The method of printing of claim 13, wherein said
advancing substep during said single pass printing mode
includes underfeeding the print medium a distance of
between approximately 0.10% and 0.35% of said printhead
height.

15. The method of printing of claim 14, wherein said
advancing substep during said single pass printing mode
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includes underfeeding the print medium a distance of
between approximately 0.10% and 0.20% of said printhead
height.

16. The method of printing of claim 15, wherein said
advancing substep during said single pass printing mode
includes underfeeding the print medium a distance of
approximately 0.15% of said printhead height.

17. The method of printing of claim 11, wherein the inkjet
printer includes a printhead having a height, said multiple
pass height corresponding to a fraction of said printhead
height.

18. The method of printing of claim 17, said multiple pass
height corresponding to one of one-fourth of said printhead
height, one-third of said printhead height, and one-half of
said printhead height.
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19. The method of printing of claim 11, wherein the inkjet
printer includes a printhead having a plurality of nozzles
corresponding to a plurality of raster lines printed on the
print medium, said raster lines having a common raster
height, said advancing substep during said multiple pass
printing mode being carried out such that said raster lines do
not overlap from one of said multiple passes to another.

20. The method of printing of claim 11, wherein the inkjet
printer includes a printhead having a plurality of nozzles,
and wherein said multiple pass height corresponds to a
group of said printhead nozzles.



