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tnt Application Serial No. 290,543 of Mark S. Hickman entitled "Printing
i xel Locations By An Technical Field

This invention relates generally to color ink jet
printing and more particularly to a process for improving the
print gquality and uniformity of color printed areas on

different types of media which have been printed with color

ink jet printers. These improvements in print quality and

color uniformity are a direct result of the improvements in

uniformity and consistency of dot formation as provided
herein.

Related Inventions

U. S. Patent Appiication Serial No. 290,543 of Mark S.
Hickman entitled "Printing of Pixel Locations By An Ink Jet
Printer Using Multiple Nozzles For Each Pixel or Pixel Row"

is directed to an ink jet printer used in the formation of

images to reduce the visual impact caused by improperly
operating nozzles or inoperable nozzles. This approach uses

5 multiple nozzles per pixel location cor per pixel row, and this
: application is assigned to the present
incorporated herein by reference. '
4 20 U. s.

assignee and is

ARt byt S M e
3

Patent Application Serial No. (PD 189255) of
Alpha Doan entitled "Interlace Frinting Process" is directed
‘to~ improving the quality of ink jet printed images by

overlapping the ink dots which are printed on successive
passes of a printhead.

i

This approach further uses a grouping

25 of printed pixels into super pixels, and is also assigned to
the prresent assignee anc incorpcrated herein by reference.

U. S. ©Patent  No. 4,853,752

issued to Donald B.
Bergstedt ané entitled "Methcd

of Improving Dot-On-Dot
Graphics Area-Fill Using An Ink Jet Device" discloses a method

of ink jet printing where successive swath overlarping is used

30

for printing different colors over wide areas in order to

reduce banding which is prcduced by hue shift cn the print

Sediux. This prccess uses dot-cn-dot printing on special
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Ink Jet Printer Using Multiple Nozzles For Each Pixel or Pixel Row' is
- directed ‘to an ink jet printer used in the for- mation of inmges to reduce
..-the Visuadl inpact caused by.inproperly operating nozzles or inoperable
“-nozzl es. This approach uses nultiple

gozzl es per pixel location or per
i xel row. EP-A-0 420 399, which is i

EPC Article 54(3) & (4) relationship
0 this t /el 0 h rlace
u_z-;;‘t,Prl nti ngtpa{éé%%ess | sq'rsd Hggt c‘ﬁéﬂ
dy

ed "l.nte
rrpro x{% qua ysg%‘{'Jﬁ'k q%‘rl nt ed
‘mages blaxgely apptey baeedn&nhstgndmehnqrbame rdxeep ombw,mssm/.e Spasses

:;‘;tg pr! erf'éxlﬁ"gemg hi g, 888" 985h1EUL1sbNEES VSRS IR e LnPd JY ofh l Xel s
pandpls incorporated herein by reference.

S U. s. Patent Application Serial No.

278,881 of C. S.
k Chan et al entitled "Method and System For Enhancing The
1y Quality of Both Color and Black and White Images Produced By
Ink Jet Printers" is directed to a high resolution color

printing process which provides for the dlstrlbutlon of ink on
- 10 ¢

a printed medium in such a manner as to minimize paper
cockeling.

e

This approach also uses super pixeling in order to

optimize the distribution of ink and maximize the resolution

of the printed image. This application is alsoc assigned to

the present assignee and is incorporated herein by reference.
15

Background Art

s iowtbon AL

Substantial advances have been made in recent years in
the field of color ink 3Jjet printing, and many of these
advances relate to improving the print quality of the printed
media, which include plain paper,

types of transparencies.

20

special papers and various

Typical of these advancements in
this art and technoleogy are the various improvements embodied

in the Hewlett Packard "PAINTJET" printer and described in

~some detail in the Hewlett Packard Journal, Volume 39, No.

4,
25 August 1988,

incorporated herein by reference.

In this field of color ink jet printing, variocus
approaches have keen used to control the overall pattern, size
o and spacing of individual ink drops ejected from an ink jet
2 rrinter (hexreinafter "dots") and printed within a given
- 3¢ surface area of media in order to control the print cuality of
3 the printed media. This control is desirable to insure that

the drops printed on cne "pass" '

or traverse of an ink jet
Printhead relati

ve to adjacent print media have an adecuate

3 tize to dry refcre another coverlving pass is made within that
Ak 13 .

l Saze printed area.

)
t
{
]

cet Has Been Replaced

AR




u S Patent No. 4,855,752 issued to Donald B. Bergstedt and entitled
thod &f | hproving Dot-On- Dot Graphics Area-Fill . Using An Ink Jet

ice" dis- closes a nmethod,of ink jet printing where successive swath
rlapping is used for printing different colors over wide areas in order
r educe bandi ng which is pro- duced by hue shift on the print medium

process us do t p p nd S NOt.
cularly swﬂt§ ggkuQESr |&ﬂpﬂgé] V\Illt?% 9 ar§' et(ﬂe@ ?ng%g é( ﬁ'd']tl]m ng
ge dpawdiasieyfeunpes, Oﬁa\txmsm@bleaphenagéﬁrastmss "._immsmdiam: S.

ot gl lddd Py MoRBEUnaRA; Suplmit Epfanst nngne il Yol BOT D
or Bl ack and Wite rrages Produced | nk Print ers Irected
“a hi JPT e8$2TP3E 0n1Bo| BRe pLilgdidngofr o‘é% %rvvﬁ-lr’é% ﬁﬁ&lﬁ’é%n?-bnm hendi s-

transparencies where ink colors such as cyan, yellow, and
magenta have been printed over a given area in dot-on-dot

(DOD) fashion, excessive volumes of ink per unit area on these

transparencies will cause the ink to bead up, cecalesce and

sometimes produce banding as a result of an over-saturation
of ink on some areas of the printed media.

It is also desirable that dots of different passes and

within a given pass dry uniformly and consistently in addition

tc having adequate time to dry. ©Non-uniform or inconsistent

2
% drying will also produce a number of undesirable print quality
b 15

effects depending upon the media used. Inadequate drying time

is one pcssible cause of non-uniform drying of the ink, but
there are also other causes which are discussed kelow.

In an effort to avoid the above problems of beading,

coalescence and over-saturation using dot-on-dot (DOD)

printing, some color ink jet printers have used dot-next-to-
dot (DND) printing processes wherein successively printed dots

are ejected onto side by side pixels in a given printed area.

These pixels may, for example, form quadrants or other

sections of a larger or super pixel as is known in the art
and coleor mixing takes place at the side by side or DND

interface boundaries within the super pixel. This DND

apprcach to color ink jet printing is preferable to DOD
printing processes where either large ink drop volumes or
largely water ktasaed inks, or both,

plain paper.

are used in printing on

One apprcach to solving some of the above prcblems with
printing on transgparencies 1is disclosed in U.Ss.

4,748,453 issuved to Lin et
reference. In this patent,

Patent No.
al and inccrrporated herein by

there is disclocsed cone type of
Ccmplementary mtltiple-pass DOD ink jet printing prccess which

vas developed to avoid some of the above prcblems related to

'_ is
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%< ibution.of ink on a printed nediumin such a nmanner -as to nininize paper
ckeling.. This approach also uses super pixeling in.order to optimze the
stribution of ink and maxim ze the resol ution of the printed image.
ickground Art Substantial advances Have been made in recent years in the
|d of color ink jet printing, and nmany of these advances relate to
or ovi b@amenmrom tmmispa)rai‘cﬂelge prirRked, iR dia, awh'ﬁbé&%]_ ge B, glan

D rio pes of transparencie of these
anconater NN A0 SRl Boipcnes (VR Tt ks masebromsines

hodi ed T 1et BeN evel®hikar do' RAUNTHEThtprhed £4 aad adeﬁéﬂs' Q%fge%gsorfe
tail wndheutes eirfeckatd JAt s YRS B9 o ALUS

use of two
S5 successive ink passes having complementary dot patterns

therein. Thereafter, a second swath is laid down immediately
adjacent to the first swath and also by the use of two or more

successive ink jet passes having corresponding complementary
dot patterns therein.

10 Whereas the above described Lin et al process has to

some extent minimized the problems of hue shift and beading on
certain types of transparencies, this process can never rtheless

still be characterized by the problem of "banding" at the
boundaries between adjacent print swaths.

2y

This type of
banding occurs frequently when largely water based inks are

used on plain paper with
characteristic of banding
variations

15

N L o i
iR AT

accelerated drying. The
is one evidenced by repeated.
in the optical density, hue, reflectance, or
anything else which visibly delineates the individual swaths

2 20 or dot rows which make up a printed area.

AL T

Banding is most
visible in printed areas of solid color where it often appears
as .a narrow .white or dark (over-saturated)

line within a
printed area.

Banding can be caused by a number of things
that effect dye placement,

25 penetration, reaction on,

such as ink concentration,
into or with the print media or

Banding can also be caused by

variations in ink surface tension which lead to beading,
vuddling and

caasa

within the ink itself.

ccalescence of the ink. These latter

cteristics in turn can produce variations in ink drying

30 times and non-uniform drying, and these variations can cause
banding. ' .

This characteristic of banding is particularly
noticeable if the Lin et al process of U. s 4,748,453 is used
on parer instead of transparencies. For exanple, using the

a 3s

complexentary nultiple pass process of Lin et 2l, there are
- two different kinds of banding which can occcur

on

on plain pagper
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-t his fjeld of color ink jet printing, various approaches have been used
gy control the overall pat- tern, size and spacing of individual ink drops
ected froman ink jet printer (hereinafter "dots") and printed within a
en surface area of nedia in order to control the print quality of the
ted nedia This control is desirable to insure that the drops printed
B One "pass" or traverse of an ink jet printhead relative to adjacent
Bt netRpending N eheypreperhies lrfhedink asedot hédv wekdabliend Jmass i s
R € x f%ﬁ%%é&%}:%égéfﬁ% n};' ﬁﬁdwﬂfaraﬂ:ﬂ&ﬁf%@éér Fhd BEiddEy ArddlesmPrinted

s undesirable characterlstlcs In resultant
nt qu§¥|¥§lsd%$§ﬁd|ﬁﬁY&BSnthE°F$pEa@ﬂdp@¢the edges of the swath
_ where the dye is concentrated after drying as a result of the

5 edge evaporating water. A non-wettable (high surface tension)

ink will tend to bead up in the middle of the printed area,
thus causing the edges of the printed area to be of a lighter

color than in the middle of the printed area where dye is

concentrated in puddles or beaded areas. Thus, either a light

band or dark band' is possible depending on the ink additives
used,

and both types of banding are produced by non-uniform
drying.

In addition to the above, the Lin et al process also
exhibits the characteristic of beading on transparencies if

£ P AR R R RO R B

o Tl s ot 1

15 the dots per inch or dot size per se exceeds a given
= ' threshold, or if the ink used has a low degree or speed of
% absorption into the transparent media coating. Thus, the Lin,
-é % et al process of U. S. Patent No. 4,748,453 is primarily
§ 3 directed to solving print quality problems associated with
8 By :

#)& 20

transparencies where it has met with limited success. The Lin

et al process nmeets with still other more exaggerated problems
such as bandinc when it is applied to either plain or special

13 papers or when the ink formulation used is largely water
- based. 1In ‘additien,

© 25  super

i Sl

the Lin et al process does not utilize

pixeling printing in order to minimize the above
problems of kanding.

Nozzle direction errors and ink drop volume variations

as well as parer motion errors, carriage motion errors and

pager shrinkage can also produce banding.

In the normal mode
;' 30 of operaticn,

weak nozzles in a printhead
therein can prccéuce banding;

dye at the

or missing nozzles
and the concentration or lack of
interface boundary Letween successive scans or
waths can alsoc produce banding as previocusly indicated.

is
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in the field of color ink jet printing on
anSparenC|es wher e |nk col ors such as cyan,

yel | ow, and magenta have been
inted dver a given area in dot-on-dot (DOD) fashion

excessi ve vol - unes
ink per unit area on these transparencies wll

cause the ink to bead up,
| esce and sonetinmes pro- duce ban ing as a result of an over-saturation

|t is also desi rabl e that dot s

addition to @Q@ﬂ A$gh o ent
[ ngI w: 1 al ggé\élgﬁjce a?&%oiérge?f% e%/ 1 ra#%ﬁr%%\nteétp?&ggaés ects
endi REW AR ImREoNRA QﬁnﬁﬁxﬁﬂﬁéuéﬁﬁhﬂénﬁﬁyPﬁ@CﬁﬁﬁefP§ %ﬁ%tbgiéibg

e cause
#Fenon- ypef opm diytﬂslbqhmeovake abgivihepeiated ah s8a0bRepreAdSAaqli ch are
“ “CUSSSQrg%g multi-color ink jet printing in such a manner that
L enhances print quality on all types of printed media. - In
addition, this procéss minimizes banding on such media which
is caused for all of the aforestated reasons.

This control
not only minimizes the

undesirable characteristics of

coalescence, beading, hue shift and banding when printing on
transparencies,

%10

but it also minimizes these characteristics,
as well as paper cockeling and color bleed,

when printing on
plain or special papers.

%‘ This purpose 1is accomplished by depositing a first
%.%{15 pattern of dots consisting of a predetermined number of dot
: %. rows over a preselected surface area of print media, and then
Q“; depositing a second pattern of dots also consisting of a

% predetermined number of dot rows complementary in spacing with

J the first pattern of dots. The second pattern of dots

> 20 overlaps the first pattern of dots only by a predetermined
U é percentage of surface area of the first pattern which is less
:=-§ than 100 percent. Thus, this process is alternatively

: referred toc herein as a

"shingling" process which 1is in

reference to the partial overlap of shingles on a rocf. This
percentage-of cverlap may vary cdepending upon a particular use

combination of ink, print media, print density,

print speed,
and the like ané will typically be about fifty (50) percent of
overlap. This DND proccess further includes alternating the
adjacaent spacing of dots in coincident rows of dots in the

30 first and seccndé patterns of dots within overlapping areas of
the patterns. This alternation minizizes dot variability and
overall pattern variability and the visual effects thereof
which may occur as a result of the variation in performance in
the orifii used to print both the first and second patterms.

is

Thus, the novel ©process combination herein of

alternating the acdjacent spacing of dots in coincident dot

Case 189070
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sof . ' | escence and

Ak an.effort to avoid the above problems of beading, coal escence
*fé%r-éaturation using dot-on-dot (DOD) printing, some color ink Jet t 0- dot
#inters have used 4  Substitute sheet - 2 August 1999 dot-next-to g
A D) printing processes wherein suc- yessi vgl y pri ngrﬁd go;;sxglrg r6rJa§th60r
B0 side by side pix- els in a given printed area. Thes Lvel . as i
ol o, SPRFIVHEGTORE S LR LEpapousty i chver lappiiety o S UBBUSPEXELLAS | S
o oo aesereastazny! 87 436280818081 Ra | NFeRL0R aircentadror | nk
b o O I8, R bR Mo graens ngepvesctoeeitmes cbideprhide | Nk
a0 vol @mggl@y lodr gey pBigEed media.

#1+ 5 characteristics of beading,

paper cockeling,

It does so by minimizing the
hue shift, banding, coalescence,

and color bleed produced by ink printed on
either transparencies or plain or special papers.

This invention is also directed to the novel process
combination of:

1. providing complementary and

patterns of ink jet print, and
2.

ovérlying swath

utilizing super pixeling in the overlying printed

areas to generate dot-next-to-dot (DND) printed images.

This process combination Serves to enhance the uniformity

© 15

Brief Descrivtion of the Drawinas

1: and consistency of dot fbrmation over the ink jet printea
? image.

; The above advantages, operation and purpose of this
% invention will become better understood with reference to the
% following description of the accompanying drawing.

%

Figure 1 is a schematic representation in plan view of °

the dot placement of ink Printed by an ink jet printer when

printing a first dot pattern on a given area of print media.

Figure 2 is a schematic representation in plan view of

the complementary dot Placement of a second dot pattern

printed over fifty (50) percent of the pat

first dot pattern.
Figures 33, 2B

which dot-next-

tern width of the

+ and 3C are two by two super - -pixels in

to-dot printing is used to create the colors of

red, green, and blue from the primary colors of magenta,

Yellow, and cyan.

Referring now to Figure 1,

) includes sixteen (16) dot rc
R 1

a first dot pattern 10

%S 12 with the encircled numbers
1 through 16 to indicate the relative dct placex

ent for the
fj dots in each rew. The odd an
By
s

d even nuatered rows are spaced

.
.
.

H
]
.
k4

]
-

3
*

%

-
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&cd i nks, or both, are used in printing on plain paper. One approach to
vi'ng sonme of the above prob- lens with printing on transparencies is

} Iosep'in U S. Patent No. 4,748,453 issued to Lin et al. In this patent,

% c i s di scl osed one type of conpquentary mul tiple- pass DOD ink jet
@t i ng process which was devel oped to avoid sone of the above probl ens

edy odgﬁay a Les,. I n OCR%S Jat ent
, 7&% 453 en%lggais—%cgéggi{:\%gﬁﬁu?ﬁi pl e %’ssﬁﬂsdo hgﬁ i nk jl%%e;%é%rr‘);l ative
the FRTISRASHNE | Reh PeDigr dawwss i@ #rh 3ndsPrryidesath fifty

et pdrrerthe aBgaof £EM0 semcextie/e $iksPassesnbadi ngasenpl eneiigg y dot
rns th%{el n.. Thereafter,

a second sywath is Jaid down i diately
enCHPLIRETEAEY SHRFHIGrEE S TRPI R I (50 RACRRE Stcksi ve
et frassehehainki kg amdespondi reerioaih eamotaty abt dpgtingr setdesei n.

starting a second pass, and also to allow the ink to dry
uniformly. p

As shown in i‘igure 2, the second pass consisting of a
second dot pattern 14 is made over only fifty percent of the
s width dimension of the first pass and is complementary in dot

Tote spacing with respect to the first dot pattern. 1In addition,

each dot printed in each dot row of the <£fifty percent
overlapping areas of the first and second dot patterns

alternates in horizontal spacing between dots in the first and

second patterns, respectively. That is, every other dot

printed in the overlapping rows is printed with a different
printhead nozzle, and this feature minimizes dot variability
and banding as previously indicated.

Thus, it is the novel combination of this partial dot. .

pattern overlap taken with the alternating of dots

horizontally in the overlapping dot rows in Figure 2 that

enhances the overall print quality of the printed media and
minimizes the above described

undesirable visible

s

i

3, - v,
T >

characteristics such as banding.

There are three ways in which the "shingling™ or

partial dot-pattern-overlap process described above alleviates
print quality prcblems:

1. The fifty percent checkerboard (or other suitable

cverlap pattarn) is chcsen to minimize interactions between

'."-»’{'l"-"".f-g.‘f‘.ﬂ"‘i..".{-"l'.'?"?ﬁ‘.‘“-”-}".'é""-"'-'-" i :

P S S T
ol _?.'.‘1'-“93‘. [ SRR}
k AP C AN s

30 individual érops while they are drying. These interactions
include phencmena such as keading and dye migration or ink
concentration at the edge of a swath. The abcve
& £ checkerboard 1like pattern alsc eliminates a single
continuous horizontal line along which ink is forced to érv,
4. 3s

and this tends to eliminate banding.

HasBeenReﬁaced Case 18%070
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A@lther eas the above described Lin et al process has to sone extent mninzed
8e problens® of hue shift and beading on certain types of transparencies

LY '| s’ process can nevertheless still be characterized by the problem of

SGandi ng" at the boundaries between aglj acent print swaths. This type of

ndi ng occurs frequently when |argely water based inks are used on plain

fpgr Wi Ej h 52accegniat£ﬂf méig:eﬂ'ﬂﬂed@hegiacﬁm Sdivérl)ﬁpbaﬁdt?lg t&oone

i dence eat ed, vari L.t ef,l ect ance,

anyt hi ntg%xqe %% \%{ﬁ %e?/%’ra}&?‘gqh%‘? %hb %?s dis*/lé%ua gw&tﬂgybf‘ 9dot '

ws whi ch patiems aapd i mipimazes. b&8dihgg i s rmst visible in printed areas

3. The use of alternating nozzles in the overlapping

dot rows minimizes the impact of nozzle variations.

Referring now to Figures 3A, 3B, and 3C, each of these

two-by-two (2 x 2) super pixels defines a segment area of dot
overlap in Figqure 2 above containing four adjacent dots which

have been deposited in dot-next-to-dot (DND) fashion. This
DND approach of the present invention distinguishes it from
the dot-on-dot (DOD)

10

or dot-on-dot-always (DDA) approaches
employed in the above identified Hickman and Doan applications
assigned to the present assignee.

It was possible to use dot-
oen-dot (DOD) printing in the above Hickman and Doan processes
because, among other reasons, these processes employed print
drop volumes in the range of 60-80 picoliters (pL)
drop volumes in this range,

is

Using ink
it is possible to operate with
certain types of print media and their  associated absorption
rates and still provide acceptable ink drying times and

20 uniformity and consistency of dot formation.

The DDA apprecach
is one in which every pixel always has twc small drops applied
to it in order to alleviate the problem-created when larger

drops printed in conventional DOD fashion could not be
properly absorbed (e.qg. at high

dot~-per-inch (DPI)
resolutions) by a single pixel location in certain materials
without excessive cockeling.

25

However, in accordance with the present invention where

it is desired to be able to operate satisfactorily with

incrsased drop volumes in the range of 120-140 pL and/or with

30 largely water based inks on plain paper,

the DND approach
described and claized herein is desirable in novel combination

with the above "shingling" or overlap printing approach to

even further maximize the uniformity and consistency of drop

formation and the resultant uniformity and print quality of
35 printed color ixmages formed by same. One of the reasons for

coperating with this increased ink drop veluze is to be able to

Case 1890740
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b color where it often appears as a narrow white or dark
saturafed) line within a printed area. Banding can be caused by a
of  things that effect dye placenment, such as ink concentration,
ation, reaction on, into or mﬁt?othe print media or within the ink
. Banding can al so be caused by variations in ink surface tension

| C8nlbOr oA UL LY IEL LD ARG COMRRIENER Ok B I el TSRS ALt e
terrstics intur an producevartatitons Tn ink dryi'ng t 7d non-
goir m 6PYPRg, and these variations can cause band- ing. This

feicteristic t | i aNOkfrge t
Boss of U. S‘ﬁef@fﬁiﬁg #éwggé Fiﬁh%%péf'|E§%e§8§g%erfghég rg%%ng

| e, TEOPNA t Pgl}:o%l“gﬁiﬁt £ He i précpaseHrBREeatsf and ¥Feldiow .t here
B0 GhichreaeninkFidarel 38a8HENGo1BECHreaA PEFWs Produced by mixing
the colors cyan and yellow.

In Figure 3C, cyan and magenta
are mixed in the faur quadrants of the two by two super pixel
shown to produce the color blue (B) as indicated.

Thus, - it will be appreciated by those skilled in the

art that the following constituents of the -novel process'
combination described herein include:

1= 10

1. complementary swath passes,
2. shingling, '

3. dot row alternation, and

)
wn

4, dot-next-to-dot (DND) printing.

These are the
features

which make up the novel process combination
described herein and together serve to maximize both the
uniformity and consistency of dot formation during color ink
jet printing and also sarve to enable each drop or dot

deposited to dry on the underlying pr}.nt media under a
minimum influence of the

adjacently deposited dots. .
Finally,

20

wetting characteristics of

it should be understood and appreciated that

the DND shingling process described and claimed herein is but

* 25 one of several processes which must be carefully controlled in
order to maximize the print quality output of coclor ink jet
printers. Such print quality can be affecﬁed by many other

parameters such as: a. consistency of ink drop volume of the
depcsited dots or drops, .

the unifermity of the drying
30 temperature across the printed media and produced by adjacent

heating elexents, and c. variations in media texture and

ink ccmpositicn used.
Thus,

these other variable parameters and prccess
consideraticns

are not treated in this application,

but are
35 discussed in several available

textbook references such as
Printing Fundazentals by Alex Glassman, Tappl Press, Copyright

o Case 189070
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depending on the properties of the ink used A wettable (I ow
e tenS|on) ink will. rapidly cover the printed area, and in this case,
"is nost rapid at the edges of the swath where the dye is

trated after drying as a resultq9f the edge evaporating water. A non-
e (high surface tension) ink will tend to bead up in the m ddle of
ks ar dncarperatedi Myetrdinedyes rdfetengei nt eChmyeaare balsb

]

a
. . h t e L Q. i
| SRS E AN PE T b ok 1B ePERS. St SBablIEst HphBets
mkmﬁelqngaadj ngﬁmhehandﬂpmmul@sly a%p Pa%béﬁltlmeeeslﬁeet -2
1999 USeGra b bt ¥PESE PbnBoRdNBe0hEalr 2HUGRE RY BEB- above
described embodiments without departing from the scope of this

invention. For example, the percentage of successive swath

dot patterns overlap may be varied from fifty percent (50%) to
lesser or greater amounts of overlap depending upon the type

of print media and inks used and also considering the print

speeds and type of media drying system used.- Also, other

super pixel sub-divisions such as three by three (3 x 3) sub-~-

Ehf divisions may be desirable for certain types of color printing
applications.

Finally, the use of the doctrine of incorporation-by-
reference herein is not intended as a basis or supplement for

the inventor's duty to disclose the best mode for carrying out

this invention as required by 35 U.S.C. 112. Based upon a.

present state-of-the~art
developments, it is believed that this duty has been fully met

without any use of the doctrine of incorporation-by-~reference.

current understanding of

20

Some of the processes and devices disclosed in both the
patents and patent applications referenced herein may not be

directly useful in the manufacture of the inventive subject
matter disclosed and claimed herein.

However, the above
references to these patents and pending applications, some of

which are assigned to the present assignee

are intended to:
(a) provide an enhanced substance to the overall teaching
cuality of this document,

and (k) provide a basis upon which
rther improvements may ke made in the rapidly growing

30 technical fielé of ink jet printing.

is Sheet Has Been Reﬁaced Case 189070

B

"



FaE, v,

v

okmd.ryi ng. In addition to the above, the Lin et al process also o
Bi i ts the characteristic of beading on transparencies iThistSheet HatBeerRaplaced
h or dot size per se exceeds a given threshold, or if th La
egree or speed of absorption into the transparent nedi ,
;Lin et al process of U S. Patent,ho. 4,748,453 is pri- marily directed
$ol ving print quality problems associ- ated with transparencies where it
tnet with linited success.. The |€hasmsal process neets with still other
exagger at eg pr oRleng,sughy ag Rapdi 8Rekl 1£55@PRKA. et her
or special papers or wﬁgﬁ ?f]{Jel | nﬂ]?o?%ul gt%on used 1s %I?%;ell‘é}ewater
. R RI SN, andecenaistensy pbcdel dosTakernuAUNing fgdex dinkl i ng
I NG dtn ;Q-fiiﬁiiﬁ%, %ﬁh&i&e& hl?aélbgtép_ar o#:ens of banding. Nozzle
e%“"” errorg.an derﬁaosdirtoiggvoa %r{%s\!tarﬂa%tem (10) of dots (1 - 16)
consisting of a predetermined number of dot rows (12) over

a preselected surface area of print media, and

b. depositing a second pattern (14) of dots (1 -~ 16)
also consisting of a predetermined number of dot rows (12)
complementary in spacing with said first pattern and
overlapping only a predetermined percentage (Figure 2) of

the surface area of said first pattern (10) which is less
than 100 percent.

2. The process defined in claim 1 which further
. 15 includes alternating the adjacent spacing of dots (1 - 16) in

coincident rows of dots within overlapping areas of said first

and second patterns (10, 14), thereby: minimizing dot

variability as a result of wvariation in performance in the

orifii used to create either the first -or second pattern.

20 3. A process for improving color uniformity and print

quality within a selected area of print media which comprises
the steps of:

a. orinting first and second successive and partially

overlapping passes of dot patterns (10, 14) within said
selected area,

b. alternating the adjacent dot placement within
coincident rows (12) of cdots (1 - 16) within successive
passes and between dots in the 6verlapping.regions of said
overlapving passes, andé .

30 c. receating steps (a) and (b) above until a desired

area is printed. .
4. The process defined in claim 3 wherein saiad

successive overlapping passes of dot patterns are printed so

that later passes overlap (Figure 2) only a predetermined

percentage of an earlier pass which is less than 100 per cent
of the surface area of said earlier pass.

3s
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[ cs in a printhead or missing nozzles therein can prod
Y he concentration or lack of dye at the interface bou

é55| ve scans or swaths can al so produce bandi ng as previ ousl y
eeat ed. Anot her approach to sol vi nk3 some of the above problens is

os For eniinci A0t tRBXunBEorA 1Y AN Foaehatortor of MEReHEfnarion
g Wolforpitynan ]g»eFOpsn.ﬁtangY aifi dotc dqymatdon ningpcadfor (Mk

|tjgg §rih{-§hgpa55 glgg.ng eag@ Jkepositing a second pattern of
e er

whi ch over ercent age of the first pattern.
a. epos:Ltz.nq a f:.rst pattérn (10) of dots (1 - 186)

consisting of a predetermined number of dot rows (12) over
a preselected surface area of print media,

‘} as well as paper notion errors, carriage notion errﬁ{s% ast%
kage cah al so produce bandi ng In the normal node o i ﬁﬁ

b. depositing a second pattern (14) of dots (1 - 16)
complementary in spacing with said first pattern (10) to

‘form some partial overlapplng of said first and second
patterns, and

c. printing groups of dots (1 - 16) in the

overlapping areas of said first and second patterns (10, 14)

g in adjacent pixels (Figures 3A - 3C) which combine to form

* a2 larger super pixel wherein dot-next~to-dot (DND) color
15 mixing can occur.

: 6. The process defined in cClaim 5 which further

includes altermating the adjacent spacing of dots (1 - 16) in
coincident rows (12)
patterns (10,

of dots in said first and second dot
14) within overlapping areas of said patterns,
20 thereby minimizing dot variability as a result of variations
in performance in the orifii,
.first or second dot patterns.

used for producing either the

7. The process defined in Claim 5 wherein said super
pixels (Figures 3A - 3C) each have sub-divided sections of
smaller pixels which are adapted to receive the primary ink
colors of cyan, magenta, yellow, and black.

8. The process defined in Claim S which further
includes dercsiting said second nattern (14) of dots to
over.ap only a cradetermined percentage (Figure 2) of surface
area of said first pattern (10) of dots (1 - 16) which is less
than 100 percent.

3¢

9. The preccess defined in Clainm 6 which further

includes deprcsiting said second pattern (14) of dots to
overlap only a precdetermined percentage (Figure 2) of surface
area of said first pattern (10) of cots (1 - 16) which is less
than 100 percent.
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@ cl osure of I nvention The general purpose of this invention is to
frde a new and inproved dot-next-to-dot (DND) process, as '3 ctHag Beep Replaced
fen 1 hereinafter, for controllPing the ink distribution over zAﬁ li ﬂll
d area of print nedia dur- ing nulti-color ink jet printj [
that enhances print quality on gll types of printed nedia. In :
.ion, this gié)ces%hm' ni m zes_at;iandi ng onI such nedia which is Cﬁused for
g50f the af or es¥ at cBhecprotess Hu i Dty nly ninimzes the
5 si r aplizedisar @iiqiitss §hCS Qf., coal éicelrfgélr%tmag'.né,erﬁ&é‘ Shif tSuprr
i ng %gfnd%ri nt.i_ng on t_ransg’é:r)erfﬁ ,DBWe Ssubaddyided nseds dhesss
acteri stics, P |Whichopre adepebdngoiidceive the primary ink
colors of €¥an, magenta, Yellow, and black.

L
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5%§£or bl eed, when printing on plain or special papers. This purpose is

g ol i. shed by depositing a first pattern of dots consisting of a

2 determi ned nunber of dot rows over a presel ected surface area of print

i a, and then depositing a second pattern of dots also con- sisting of a

det erm ned nunber of dot rows conple- nentary in spacing with the first

sogt ern of dots. The second pattern of dots overlaps the first pattern of

&edlys only by a predeterm ned percentage of surface area of the first

ife & ,yq9 percent. Thus, this process is alternatively

siefierred to herein as a "shiln®yling" process which is in reference to the
1 over- lap of shingles on\a roof. This percentage of overlap may

wafy dependi ng upon a particul ar e conbination of ink, print media, print

ggﬁigtr\{o?“ccter N O T YTy Pe g Ty (50
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11_§5 DND process further includes alternating the adja- cent spacing of
4385 s i n «coincident rows of dots in the first and secend patterns of dots

(B3
e

Substitute sheet - 2 August 1999 the
es dot variability and overall pattern
t her eof which may occur as a result of
£ ' hQ he first and
in of alternating
one

d second dot patterns by
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: ver l-ap .percentage which is | ess than 100 per- cent serves to enhance
int quality of the printed nedia. It does so by-m nim zing the
t'eri stics of beading, hue shift, banding, coa!escence paper cock-

or speci al papers. This invention is also directed to the novel
s conbination of: 1. providing conplementary and overlying swath
ns of ink Jei‘prlhb, and'e-sutlll uper pixeling in the overlying

ifed areas to4qgen - dat ) printed i mages. This

naoass conbi nat’ifon servey v enhancekthe uni formty and consi stency of dot
g -gmati on ovdr |the jnk Het\prlnted |hage The above advant ages, operation

Hur pose of | KA { ,
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ence to the
-l owi ng descr i ption of the accorrpan){l ng drawing. - 9 Substitute sheet
£R

=42 August 1999 Bri ef Descr i pti on- of e Drawings Figure 1 is a schematic
R4 _reserﬁﬁﬁi&ﬁcln plan view of the dot placenment of ink printed by an ink
48 pri MyETROSFOR | ﬂkk%ﬂc%nfc' THE BRTERRMITY o AT &R Qf print
qti a. RgnreoR MA‘?I@Nsﬁ % RINT LN
s@hpl enentary do : - e

) e

> “'s dnvention will becone better understood with refer-

: _ : : , fifty (50)
?cent of the mtmuﬂ.gu.pl\m dp&ss)f ct:hx@lfelmlie.ﬁirxtl:a&?t db’?&t‘ifa&tern ink jet

printing process for enhancing the uniformity and consistency
of dot (1 - 16) (drop)

formation during color ink. jet
5 printing.

Such enhancement in turn directly affects ang
improves the total print quality over a color printed area by
minimizing the undesirable characteristics: of coalescence,
beadlng, hue shift, banding, cockeling and color bleed when
printing on both transparencies and plain or special papers.
..10 Using this process, successive printed swaths are made by
6 depositing first and second

partially overlapping
complementary . dot patterns (10,

14) on a print media.
Simultanéously, the dot (1 - 16) spacing in coincident dot

rows (12) within the overlapping portions of the dot patterns
15 (10, 14) is alternated between dots (L - 16) in the first

pattern (10) angi dots (1 - 16) in the second pattern (14).
This invention is also directed to the novel process of
combining complementary pass "ink jet printing as describead
above with dot-next-to-dot (DND) super pixeling (Fiqures 3A -
20 3C) in order to further optimize the

ink drop drying
conditions desirable

for producing the above optimized

uniformity and consistency of dot formation over a given color
printed area.

i+ s gV
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Figures 3A, ‘3B, and 3C are two by two super pixels in which dot-next-to-dot

printing is used to create the colors of red, green, and blue fromthe
prijmary colors of nagenta, yellow, and cyan. Referring nowto Figure 1, a

first dot pattern 10 includes sixteen (1f) d 1o Shidkt Dot REqEECT 69bed |
nunbers 1 through 16 to indicate the rellfttivgé"I &ﬁﬁég_ 0 € dots

i n each row. The odd and even num bered rows are spaced in conplenentary

positions as: | n ' i's known in
the art and p aggp ?% é%m&‘ﬁg\é Pﬁmﬁ,ﬁs\r{i nt ed pass.
Thi s conpl ement’aly 'spac |§ E La-order 1o -properly allow for the
ink to undergo a certain anount of dryi ngREBLACTEMENGr SHEEIS s&Cond ipass,

and also to alljég(%ﬁ?ﬁ@j(nto dry uni f or &l DescAgtimhopaged .. Bo gpaged 23.. tihe
second pass consisting of BY Claim(s) :paged.%.to paged.s.

{ Drawing(s) : paged ..... to paged.....
Technical Field 1 Abstract  :paged..... to paged .....
DATE OF RECEIPT..3tl.........

This invention relates generally to color ink jet print-
ing and more particularly to a process for improving the
print quality and uniformity of color printed areas on dif-
ferent types of media which have been printed with color
ink jet printers. These improvements in print quality and
color uniformity are a direct result of the improvements
in uniformity and consistency of dot formation as pro-
vided herein.

Relat In'\/ ntions

U. S. Patent Application Serial No. 290,543 of Mark
S. Hickman entitled "Printing of Pixel Locations By An-’
Ink Jet Printer Using Multiple Nozzles For Each Pixel or
Pixel Row" is directed to an ink jet printer used in the for-
mation of images to reduce the Visual impact caused by
improperly operating nozzles or inoperable nozzles.
This approach uses multiple nozzles per pixel location
or per pixel row. EP-A-0 420 399, which is in EPC Article
54(3) & (4) relationship to this present invention, herein-
after termed

"Doan” entitled "Interiace Printing Process" is
directed to improving the quality of ink jet printed
images by overiapping the ink dots which are printed on
successive passes of a printhead. This approach fur-
ther uses a grouping of printed pixels into super pixels.

This is the replacement sheet
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a second dot pattern 14 is nmade over. only fifty percent of the width

di nension of the first pass and is conple- nentary in dot spacing with
respect to the first dot pat- tern. In addition, each dot printed in each
dot row of the fifty percent overl apping areas _of the first and second

10 Substitute sheet - 2 August 1999 dot $at t e2ybstitutesheetos2; August 19994
spaci ng between dots in the first and second patterns, respectively. That
is, every other dot printed in the overlapping rows is printed with a
different printhead nozzle, and this fea- ture mnimzes dot variability

T g 5ol U 8. PUfShE No "4 855, 752" i§sLad' t6° BRI B
Bergstedt and entitled "Method of Improving Dot-On-
Dot Graphics Area-Fill Using An Ink Jet Device" dis-
closes a method of ink jet printing where successive
swath overlapping is used for printing different colors
over wide areas in order to reduce banding which is pro-
duced by hue shift on the print medium. This process
uses dot-on-dot printing on special papers and is not
particularly suited for printing with largely water based
inks and using large drop volumes.

U. S.-Patent Application Serial No. 278,881 of C. S.
Chan et al entitled "Method and System For Enhancing
The Quality of Both Color and Black and White Images
Produced By Ink Jet Printers” is directed to a high reso-
lution color printing process which provides for the dis-
tribution of ink on a printed medium in such a manner as -
to minimize paper cockeling. This approach also uses
super pixeling in order to optimize the distribution of ink -
and maximize the resolution of the printed image.

Background Art

Substantial advances have been made in recent
years in the field of color ink jet printing, and many of
these advances relate to improving the print quality of
the printed media, which include plain paper, special
papers and various types of transparencies. Typical of
these advancements in this art and technology are the
various improvements embodied in the Hewlett Packard
"PAINTJET" printer and described in some detail in the

Hewlett Packard Journal, Volume 39, No. 4, August
1988.

This is the replacement shest
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pattern overlap taken wth the alternating of dots hori- zontally in the .
overlapping dot rows in Figure 2 that enhances the overall print quality of

the printed nedia and m nim zes the above described undesirable visible
characteristics such as banding. There

: re t Ridude 1999
"shingling" or partial dot-patter n-over? &EM%&'% Sstigdt 40 dludus

alleviates print quality problens: 1. The flfty percent checkerboard (or
ot her suitable overlap pattern) is chosen to'mnimze interactions between

phenonena. such as. Bhadi fi6id, Bt BloFodrc! Jeb otinting: nvanieus |,

edge of a swagpproach eseha\ee e&ﬁhMSBd(éOpﬁOfﬁF@féF@) @(eﬁaﬁapag a

single continygus hat) 2ok aloHARS S dublidik dPope djectey and
from an ink jet printer (hereinafter "dots") and printed
within a given surface area of media in order to control
the print quality of the printed media. This control is
desirable to insure that the drops printed on one "pass”
or traverse of an ink jet printhead relative to adjacent
print media have an adequate time to dry before
another overlying pass is made within that same printed
area.

Inadequate drying time of these printed dots will
produce a number of undesirable characteristics in
resultant print quality, depending upon the type of print
media used. For example, in the field of color ink jet

printing on transparencies where ink colors such as
cyan, yellcw, and magenta have been printed over a
given area in dot-on-dot (DOD) fashion, excessive vol-

~ umes of ink per unit area on these transparencies will -

" cause the ink to bead up, coalesce and sometimes pro-
duce banding as a result of an over-saturation of ink on
some areas of the printed media.

It is also desirable that dots of different passes and
within a given pass dry uniformly and consistently in
addition to having adequate time to dry. Non-uniform or
inconsistent drying will also produce a number of unde-
sirable print quality effects depending upon the media
used. Inadequate drying time is one possible cause of
non-uniform drying of the ink, but there are also other
causes which are discussed below.

In an effort to avoid the above problems of beading,
coalescence and over-saturation using dot-on-dot
(DOD) printing, some color ink jet prnntTehrg ,:%\ﬁeﬁfcee%ent chest
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tends to elimnate banding. 2. The fifty percent dot pattern overlap of the
two swaths as described herein breaks up the horizon- tal drying patterns
and.m nim zes banding. 3. The use of alternating nozzles in the overl appi ng
dot rows mnimzes the inpact of nozzle variatigns. 11 Referring now to
Figures 3A, 3B, and 3C, each of these two-fly-twRubstitutesheata2 Aughist 1999
defines a segnent area of dot overlap in Figure 2 above containing four

adj acent dots which have been deposited in dot-next-to- dot (DND) fashion.
This DND approach of the present invention distinguishes it fromthe

dot -on-dot (DODHat-next-to-dot (DND) printing processes wherein suc-
cessively printed dots are ejected onto side by side pix-
els in a given printed area. These pixels may, for
example, form quadrants or other sections of a larger or
super pixel as is known in the art, and color mixing takes
place at the side by side or DND interface boundaries
within the super pixel. This DND approach to color ink
jet printing is preferable to DOD printing processes
where either large ink drop volumes or largely water
based inks, or both, are used in printing on plain paper.
One approach to solving some of the above praob-
tems with printing on transparencies is disclosed in U.S.
Patent No. 4,748,453 issued to Lin et al. In this patent,
there is disclosed one type of complementary multiple-
pass DOD ink jet printing process which was developed
to avoid some of the above problems related to beading
on transparencies. The Lin et al process of U.S. Pateént
No. 4,748,453 employs successive multiple passes of
" an ink jet pen relative to the print media in a DOD proc-
ess wherein a first ink swath is completed by the use of
two successive ink passes having complementary dot
patterns therein. Thereafter, a second swath is laid
down immediately adjacent to the first swath and also

~ by the use of two or more successive ink jet passes hav-
ing corresponding complementary dot patterns therein.

Whereas the above described Lin et al process has
to some extent minimized the problems of hue shift and
beading on certain types of transparencies, this process
can nevertheless still be characterized by the problem
of "banding” at the boundaries between adjacent print
swaths. This type of banding occurs frequently when

largely water based inks are used on plain paper with
This is the replacement shest
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dot -'on-dot - al ways (DDA) approaches enployed in the above identified H ckman
and Doan applications. It was possible to use dot-on-dot (DOD) printing in -
t he.above H ckrman and Doan processes because, anong ot her reasons, these

processes enpl oyed print drop volunes in the ran of 60-80 picoliters
(pL). Using ink drop vol- unes in this rande, iiﬁ!&l’ﬁa‘w@'hﬂ@ -t 2 Atgusst 1999
wth certain types of print nedia and their associ ated absorption rates and
still provide acceptable ink drying tines and uniformty and consistency of
dot formation. The DDA approach is one in which every pixel always has two

smal | drops appl i @icceleratedoduyingo TEnesgharactieristicot bandingdswone

absor bed (6., at SYiHERGEU Ry raRsatee VatiaBarS JRE1e, optichE ity

location in certaipy@nt gsflactanddodr arveiing ¢ledsvhigh visibly deline-

ates the individual swaths or dot rows which make up a

printed area. Banding is most visible in printed areas of

solid color where it often appears as a narrow white or

dark (over-saturated) line within a printed area. Banding

can be caused by a number of things that effect dye

placement, such as ink concentration, penetration,

reaction on, into or with the print media or within the ink

itself. Banding can also be caused by variations in ink

surface tension which lead to beading, puddiing and

coalescence of the ink. These latter characteristics in

turn can produce variations in ink drying times and non-

uniform drying, and these variations can cause band-
ing. |

This characteristic of banding is particularily notice-

able if the Lin et al process of U.S. 4,748,453 is used on

paper instead of transparencies. For example, using the

complementary multiple pass process of Lin et al, there

are two different kinds of banding which can occur on

plain paper depending on the properties of the ink used.

A wettable (low surface tension) ink will rapidly cover the

printed area, and in this case, drying is most rapid at the

edges of the swath where the dye is concentrated after

drying as a result of the edge evaporating water. A non-

wettable (high surface tension) ink will tend to bead up

in the middle of the printed area, thus causing the edges

of the printed area to be of a lighter color than in the

middle of the printed area where dye is concentrated in

" puddles or beaded areas. Thus, either a light band or

dark band is possible depending on the ink additives
This is the replacement shest
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However, in accordance with the present invention where it is desired to be
able to operate satisfactorily with increased drop volunes in the range of -
120:; 140 pL and/or with largely water based inks on plain paper, the DND

approach described and clai ned herein is.%{esir - ble in novel_conbin tiog
with the above "shingling" or overlap pri ingmmm
maxi m ze the uniformty and consistency of drop fornmation and the resultant
uniformty and print quality of printed color inages forned by sane. One of

Lhe reasons {or Se3abiodath !y 8kl ARRIER it HIRRISEETBY nof:"S, o
vol une bl ack andnifotr d?y:ing.

In addition to the above, the Lin et al process also
exhibits the characteristic of beading on transparencies
if the dots per inch or dot size per se exceeds a given
threshold, or if the ink used has a low degree or speed
of absorption into the transparent media coating. Thus,
the Lin et al process of U. S. Patent No. 4,748,453 is pri-
marily directed to solving print quality problems associ-
ated with transparencies where it has met with limited
success. The Lin et al process meets with still other
more exaggerated problems such as banding when it is
applied to either plain or special papers or when the ink
formulation used is largely water based. In addition, the
Lin et al process does not utilize super pixeling printing
in order to minimize the above problems of banding.

Nozzle direction errors and ink drop volume varia-
tions as well as paper motion errors, carriage motion
errors and paper shrinkage can also produce banding:
In the normal mode of operation, weak nozzles in a
printhead or missing nozzles therein can produce band-
ing; and the concentration or lack of dye at the interface
boundary between successive scans or swaths can also
produce banding as previously indicated.

Another approach to solving some of the above
problems is disclosed in US 4 750 009. US 4 750 009
discloses an ink jet printing process for enhancing the
uniformity and consistency of dot formation during col-
our ink jet printing, which comprises the steps of: (A)
depositing a first pattern of dots and (B) depositing a
second pattern of dots which overlap a predetermined

percentage of the first pattern.
This is the replacement sheet
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to.color. Referring nowto Figure 3A, the color red (R) results froma DND
m xture of the colors of magenta and yel- |ow, whereas in Figure 3B the
color green (G is pro- duced by mixing the colors cyan and yellow. In

Figure 3C, cyan and nagenta are m xed in the our .quadrant s y
two super pixel shown to produce the col ér bl buftitd shagy, ygl: 190"

w Il be appreciated by those skilled in the art that the follomﬁhg
constituents. of the novel process conbi nat i on descri bed herein include: 1
conpl ement ary .swat h passes, f2. shipngling, 3. dot row alternation, and 4.

dot - next - t o- dotDj r |V are the features which nmake up the
novel process conbi -

The general purpose of this invention is to provide a
‘new and improved dot-next-to-dot (DND) process, as
specified in claim 1 hereinafter, for controlling the ink
distribution over a given printed area of print media dur-
ing multi-color ink jet printing in such a manner that
enhances print quality on all types of printed media. In
addition, this process minimizes banding on such media
which is caused for all of the aforestated reasons. This
control not only minimizes the undesirable characteris-
tics of coalescence, beading, hue shift and banding
when printing on transparencies, but it also minimizes
these characteristics, as well as paper cockeling and
color bleed, when printing on plain or special papers.

This purpose is accomplished by depositing a first
pattern of dots consisting of a predetermined number of
dot rows over a preselected surface area of print media,
and then depositing a second pattern of dots also con- -
sisting of a predetermined number of dot rows comple-
mentary in spacing with the first pattern of dots. The
second pattern of dots overlaps the first pattern of dots
only by a predetermined percentage of surface area of
the first pattern which is less than 100 percent. Thus,
this process is alternatively referred to herein as a "shin-
gling” process which is in reference to the partial over-
lap of shingles on a roof. This percentage of overlap
may vary depending upon a particular use combination
of ink, print media, print density, print speed, and the like
and will typically be about fifty (50) percent of overlap.
This DND process further includes alternating the adja-
cent spacing of dots in coincident rows of dots in the first

and second patterns of dots within overlapoing areas gtneet
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nati'on descri bed herein and together serve to max- imze both the
uniformty and consistency of dot formation during color ink jet printing
and.al so serve to enabl e each drop or dot deposited to dry on the
underlying print media under a mninmuminf] uenceg of. the wettip
characteristics of adjacently depos- ited %ot s.%ﬁiﬁﬁ%@h‘ﬁt ‘Q%%ngﬁm 999
under st ood and appreciated that the DND shingling process described and
claimed herein is but one of several processes which nust be carefully
controlled in order to naximize the print quality output of color ink jet

printers. U0 MHE' pdttbthy. *TRIS afterFA 8 MiRIthi2b° dP VAFiaHifity U
and overall pattern.variability and the visual effects
thereof which may occur as a result of the variation in
performance in the orifii used to print both the first and
second patterns. : |

Thus,  the .novel process combination herein of
alternating the adjacent spacing of dots in coincident
dot rows when done simultaneously with overlapping
the above first and second dot patterns by a predeter-
mined overlap percentage which is less than 100 per-
cent servés to enhance the print quality of the printed
media. It does so by minimizing the characteristics of
beading, hue shift, banding, coalescence, paper cock-
eling, and color bleed produced by ink printed on either
transparencies or plain or special papers.

This invention is also directed to the novel process
combination of:

1. providing complementary and overlying swath
patterns of ink jet print, and

2. utilizing super pixeling in the overlying printed
areas to generate dot-next-to-dot (DND) printed
images. This process combination serves to
enhance the uniformity and consistency of dot for-
mation over the ink jet printed image.

The above advantages, operation and purpose of
this invention will become better understood with refer-
ence to the following description of the accompanying
drawing.
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13 -Substitute sheet - 2 August 1999 ency of ink drop volune of the
deposited dots or drops, b. the uniformty of the drying tenperature across-
the, printed nmedi a and produced by adjacent heating ele- nments, and c.

variations in nmedia texture and ink com pgsitign used. Thus, .these ot %r
vari abl e paraneters and process consi derat¥ons QEEW e = g 9
application, but are discussed in several avail able textbook references

such as Printing Fundanmentals by Al ex G assman, Tappi Press, Copyright
1985. They are al so described in vari- ous sections of the above-identified

Hewl ett Packard Bnieﬁaﬂ)gga;ﬁiglﬁ@mraf thaet[DvaWirngsat page 45 thereof.
Various nodificatrons nay be nade rn an 0 € above described enbodi nents
wi t hout departing fromthe scope of this invention. For exanple, the
percent age Figure 1 is a schematic representation in plan view
of the dot placement of ink printed by an ink jet
printer when printing a first dot pattern on a given
area of print media.
Figure 2 is a-schematic representation in plan view
of the complementary dot placement of a second
dot pattern printed over fifty (50) percent of the pat-
tern width of the first dot pattern.
Figures 3A, 3B, and 3C are two by two super pixels
in which dot-next-to-dot printing is used to create
the colors of red, green, and blue from the primary
colors of magenta, yellow, and cyan.

Referring now to Figure 1, a first dot pattern 10
includes sixteen (16) dot rows 12 with the encircled
numbers 1 through 16 to indicate the relative dot place-
ment for the dots in each row. The odd and even num-
bered rows are spaced in complementary positions as
shown, and this complementary dot spacing per se is
known in the art and provides a fifty percent area fill on
the first printed pass. This complementary spacing is
desirable in order to properly allow for the ink to undergo
a certain amount of drying before starting a second
pass, and also to aliow the ink to dry uniformiy.

As shown in Figure 2, the second pass consisting of
a second dot pattern 14 is made over only fifty percent
of the width dimension of the first pass and is comple-
mentary in dot spacing with respect to the first dot pat-
tern. In addition, each dot printed in each dot row of the
fifty percent overlapping areas of the first and second

This is the replacement sheet
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of successive swath dot patterns overlap may be varied fromfifty percent
(509 to lesser or greater anounts of overlap dependi ng upon the type of
print nmedia and inks used and al so considering the print speeds and type of

medi a dryi ng system used. Also, other super. pixel sub- djvisigns such as
three by three (3 x 3) sub-divisions may B& des§EEﬁﬂﬂﬂiﬁhﬁﬂblgaﬁﬂgﬂihéggﬂf
color printing appli- cations. 14 Cainms 1. An ink jet printing process
for enhancing the uni- formty and consi stency of dot formation during col-
our ink jet printing when a secqpdary,colour is,k )

dot paetterns a{]ernétes In horizontal spacing between

dots in the first and second patterns, respectively. That
is, every other dot printed in the overlapping rows is
printed with a different printhead nozzle, and this fea-
ture minimizes dot variability and banding as previously
indicated.

Thus, it is the novel combination of this partial dot
pattern overlap taken with the alternating of dots hori-
zontally in the overlapping dot rows in Figure 2 that
enhances the overall print quality of the printed media
and minimizes the above described undesirable visible
characteristics such as banding.

There are three ways in which the "shingling” or
partial dot-pattern-overlap process described above
alleviates print quality problems:

1. The fifty percent checkerboard (or other suitable
overlap pattern) is chosen to minimize interactions -
between individual drops while they are drying.
These interactions include phenomena such as
beading and dye migration or ink concentration at
the edge of a swath. The above checkerboard like
pattern also eliminates a single continuous horizon-
tal line along which ink is forced to dry, and this
tends to eliminate banding.

2. The fifty percent dot pattern overlap of the two
swaths as described herein breaks up the horizon-
tal drying patterns and minimizes banding.

3. The use of alternating nozzles in the overlapping
dot rows minimizes the impact of nozzle variations.

This is the raplacement shegt
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desired by conbination of two of three primary col- ours yellow, cyan, and
magent a, conprising the steps of: depositing a first pattern (10) of dots
conpris- ing a predeterm ned nunber of dot rows (12) which define a first

swat h or pass width over a presel ected suyrfac rea, of gr' n i 1glg§rei n
the dots of the first pattern (10) are ddrrpl e%ﬁw—ggg% ' e

row to the next so as to include only diagonally adjacent dots, and wherein
no further dots are printed on the dots of the first pattern; depositing a

ai torn’ (10y of  dofCialERLSIRY 1 ERIRERETBA RE" ARGERT, HAC S5
whi ch define athvesetwo-by-two (2 x 2) super pixels defines a segment
area of dot overlap in Figure 2 above containing four
adjacent dots which have been deposited in dot-next-to-
dot (DND) fashion. This DND approach of the present
invention distinguishes it from the dot-on-dot (DOD) or
dot-on-dot-always (DDA) approaches employed in the
_ above identified Hickman and Doan applications. It was
possible to use dot-on-dot (DOD) printing in the above
Hickman and Doan processes because, among other
reasons, these processes employed print drop volumes
in the rangé of 60-80 picoliters (pL). Using ink drop vol-
umes in this range, it is possible to operate with certain
types of print media and their associated absorption
rates and still provide acceptable ink drying times and
uniformity and consistency of dot formation. The DDA
approach is one in which every pixel always has two
small drops applied to it in order to alleviate the problem
created when larger drops printed in conventional DOD -
fashion could not be properly absorbed (e.g. at high dot-
per-inch (DP{) resolutions) by a single pixel location in
certain materials without excessive cockeling.
However, in accordance with the present invention
' where it is desired to be able to operate satisfactorily
with increased drop volumes in the range of 120-140 pL
and/or with largely water based inks on plain paper, the
DND approach described and claimed herein is desira-
ble in novel combination with the above "shingling” or
overlap printing approach to even further maximize the
uniformity and consistency of drop formation and the
resultant uniformity and print quality of printed color
images formed by same. One of the reasons for operat-

ing with this increased ink drop volume is %‘%sbi&%p lgplggemem sheet
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swat’h or pass width over a preselected surface area of print nedia, wherein
the dots of the second pattern (14) are conplenentary in spacing from one
row:to the next so as to include only diagonally adjacent dots; and wherein -
no further dots are printed on the dots of the second pattern; overlapping
only a predetermned fraction of dot rows1212) Syhstitutessheeti- 2 Augusat1999t h
a pre- determned fraction of dot rows (12) within said 15 Substitute
sheet - 2 August 1999 second swath or pass width, such that within the

overl apping area dots of the first pattern '

convert existing large drop volume black and white pens
to color.

Referring now to Figure 3A, the color red (R) resuits
from a DND mixture of the colors of magenta and yel-
low, whereas in Figure 3B the color green (QG) is pro-
duced by mixing the colors cyan and yellow. In Figure
3C, cyan and magenta are mixed in the four quadrants
of the two by two super pixel shown to produce the color
blue (B) as indicated. ' _

Thus, it will be appreciated by those skilled in the
art that the following constituents of the novel process
combination described herein include:

1. complementary swath passes,

2. shingling,

3. dot row alternation, and

4. dot-next-to-dot (DND) printing. These are the
features which make up the novel process combi-
nation described herein and together serve o max-:
imize both the uniformity and consistency of dot
formation during color ink jet printing and also serve
to enable each drop or dot deposited to dry on the
underlying print media under a minimum influence

of the wetting characteristics of adjacently depos-
ited dots.

Finally, 1t should be understood and appreciated
that the DND shingling process described and claimed
herein is but one of several processes which must be
carefully controlled in order to maximize the print quality
output of color ink jet printers. Such print quality can be

affected by many other parameters such as: a. consist-
This is the replacemant sheef
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(10) and dots of the second pattern (14) forma pattern of dots that
I ncl udes vertically and hori- zontally adjacent dots: wherein a super pixel
is forned of (a) first and second horizontally adjacent dots in a first row

of ‘the overlapping area and (b) first and_secopd, hori zontall dbace ot s
in an adj acent second row of the overlapgshg aEH9;Eﬁﬁfﬁik§ﬁ4igjgiiﬁﬁéﬁﬁéi
the first and second horizontally adjacent dots in the first row, the super
pi xel including first and sec- ond pairs of diagonally adjacent dots, and

wherein the first pair of di agonally adj acent dots .of the super pixel are

O e e s R koD I8 of IRk HatersH s acen:
b. the umformlty of the drying temperature across the
printed media and produced by adjacent heating ele-
ments, and c¢. variations in media texture and ink com-
position used.

Thus, these other variable parameters and process
considerations are not treated in this application, but are
discussed in several available textbook references such
as Printing Fundamentals by Alex Glassman, Tappi
Press, Copyright 1985. They are also described in vari-
ous sections of the above-identified Hewlett Packard
Journal article and particularly at page 45 thereof.

Various modifications may be made in and to the
above described embodiments without departing from
the scope of this invention. For example, the percentage
of successive swath dot patterns overiap may be varied

. from fifty percent (50%) to lesser or greater amounts of
overlap depending upon the type of print media and inks
used and also considering the print speeds and type of
media drying system used. Also, other super pixel sub-
divisions such as three by three (3 x 3) sub-divisions
may be desirable for certain types of color printing appli-
cations.
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14 Substitute sheet - 2 August 1999

Claims

I

An ink jet printing process for enhancing the uni-
formity and consistency of dot formation during col-
our ink jet printing when a secondary colour is
desired by combination of two of three primary col-
ours yellow, cyan, and magenta, comprising the
steps of:

depositing a first pattern (10) of dots compris-
ing a predetermined number of dot rows (12)
which define a first swath or pass width over a
preselected surface area of print media,
wherein the dots of the first pattern (10) are
complementary in spacing from one row to the
next so as to include only diagonally adjacent
dots, and wherein no further dots are pnnted
on the dots of the first pattern; .
depositing a second pattern (14) of dots that is
complementary in spacing with the first pattern
(10) of dots and comprising a predetermined .
number of dot rows (12) which define a second
swath or pass width over a preselected surface
area of print media, wherein the dots of the
second pattern (14) are complementary in
spacing from one row to the next so as to
include only diagonally adjacent dots; and
wherein no further dots are printed on the dots
of the second pattern;

overlapping only a predetermined fraction of
dot rows (12) within said first swath with a pre-
determined fraction of dot rows (12:Withi 82itbement sher
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15 Substitute sheet - 2 August 1999

second swath or pass width, such that within
the overlapping area dots of the first pattern
(10) and dots of the second pattern (14) form a
pattern of dots that includes vertically and hori-
zontally adjacent dots:

wherein a super pixel is formed of (a) first
and second horizontally adjacent dots in a first row
of the overlapping area and (b) first and second
horizontally adjacent dots in an adjacent second
row of the overlapping area and vertically adjacent
the first and second horizontally adjacent dots in
the first row, the super pixel including first and sec-
ond pairs of diagonally adjacent dots, and wherein
the first pair of diagonally adjacent dots of the super
pixel are of one of said primary colours while the
second pair of diagonally adjacent dots of the super
pixel are of another of said primary colours.

g
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