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DESCRI PTI ON | NKJET RECORDI NG APPARATUS, | MAGE
PROCESSI NG METHOD, STORAGE MEDI UM PI GVENTED | NK, AND

WERUORDER7 MATTER TECHNI CAL FI ELD The present | RCEQIP2007057802

generally relates to an inkjet recording systemfor
recording an image by jetting a recording liquid onto

a recording nmedium and noile- particularly relates to

an inkjet recording apparatus, an image processing

method, an ink, a storageEReRERFF®nt ai ni ng an i mage
processin% rogram _ and recorded matter in an inkjet

recor di ng §§§E m fREFCORIRINGI n§PRARREHPesol INA@AH, PROCESSING
hi gh-qual ity multival ued-i mage on a hi ghquality coated
MEZHOD , f G OR&veire MEIDAIUM, r iRTIEMAR T(EED (TN, ¢ 24D REQURDEDP MATTER
paper) . BACKGROUND ART I nkJet printing papers are
suitable to formhighquality imges with an inkjet
printer. However, inkjet printing papers are normally

TECANTSAYE Fardpar e t herefore not suitable for
high-volune printing. On the other hand, high-quality

coat ed papgfs el el als i Ghereaf t.er
call ed comTEer gi&(a%rseg% nt |v%§&|§§gle|d%%‘se)r1%)ll ré:egfatl'ﬁsgﬁco an

. Lity as Il as co ativel yi nexpensi,ve, and are
lg%gfagf %reecos‘f\éﬁtngb P Srct&?fp °gh -r\‘?&oy&r?g“&f 2t G IeHSWev&tting a
since,con&entLonaI dye i nks and

recording liquid onto a recording medium, and more

particularly relates to an inkjet recprding apparatus, an
image proceséing method, an ink, a storage medium
containing an image processing program, and recorded matter
in an inkjet recording system for recording a high-
resolution, high-quality multivalued-image on a high~
quality cocated paper for commercial printing (commercial

printing paper).

BACKGROUND ART

Inkjet printing papers are suitable to form high-
quality images wifh an inkjet printer. However, inkjet
printing papers aie normally expensive and are therefore
not suitable for high-volume printing.

On the other hand, high-quality coated papers for
commercial printing (hereafter called commercial printing

paper (s)) are of high quality as well as comparatively



pi gnent ed i nks have | ow penetration capability, they

are not easily fixed on such commercial printing
woapevig4s2Therefore, it is difficult to form i mMrQEIPINT/057802
.commercial printing papers with conventional dye inks

and pi gmented i nks. Meanwhile, when printing

mul tival ued i mage data w tdp~ for exanple, a digital
printer or a digital facsimle, dither nethods are
WEER G WV &% e s isvg bl e |hdigdl~syolume

fewer than original halftone levels. In a dither

J-hal ftones are reproduced by a conbi nati on of

density nodul ation (intensity nodul ati on) and area

cover age Momevatd,ominae adivearyt odidlhetyaeihad,artche

density value of a pixel at a coordinate point is

rdgmeated Wnks Ra6es NespPraicts s halghpialids | Rty are
dither matrix and binarized into 1 (printed or

5 niokl erisnated) xld Gnl RAcHddthRd Ay 1N n:ﬂrlfl;lﬁ_:ﬁ? :%Eaah%gz)cf .
age

based on"the result of the conparis

I obt:ai ni_ng, sk j.zeqd data far _area cover ,
T%%%%F%?Fénagygfuslggg%%g%i%& %%gnﬁéﬁ§ﬁﬁf val & cial

i.xel.s I n_imge dgﬁg with threshold values in a dither
Ot R RAPERS: 4GP CEMIBNLS HRPgh Bpeddks and pigmented
iErocessing.Also, there are dither nethods that use
ee or nore val ues. For exanple, when form ng an
image with an inkjet recording apparatus that can form
dots in tHegawsildes, where@rdinthien metltiicved verde image data
prepared and pixels are ‘

10 with, for example, a digital printer or a digital facsimile,
dither methods are used to reproduce halftones using
halftone levels fewer than original halftone levels. In a
dither method, halftones are reproduced by a combination of
density modulation (intensity modulation) and area coverage

15 modulation.

In a binary dither method, the density value of a
pixel at a coordinate point is compared with a
corresponding threshold value in a dither matrix and
binarized into 1 (printed or illuminated) or 0 (not printed

20 or not illuminated) based on the result of the comparison.
This method enables obtaining binarized data for area
coverage modulation by just comparing the density values of

pixels in image data with threshold values in a dither

matrix and therefore enables high-speed processing.
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classified into four halftone levels: 0 (no dot), 1
(smal |l size dot) , 2 (mediumsize dot) , and 3
wOlerge4®7ze dot) . There are many types of di POBIP2007/057802
matrices. For exanple, Bayer dither matrix, random
dither matrix, and blue-noise dither matrix are
wel | -known. Wth these dither matrices, during area
coverage nodul ati on, dots are not concentrated in a
parti cul aPlécea tharameodibheadi stetilmdsedhaftherss ortesee or
these dither matrices are classified as dispersion
moyee yalOest.h&'oat keranipdred, vihkeer efcatd ndf therimmid iviidh an
that -are so designed that dots are concentrated

iangend recoerdtiaigh appiattatubhese tdidahers It IdReS @l & hree
classified as concentration types. For exanple, there

di%e® ,ComgRRl Aty Mi@etsh%&%égériéa WHED i xels are

submatrices are arranged so as m a screen angl e

c,g%t%%’i ffi%rd g)ﬁ%'gélfgyyrp %ta%rftt o%%c li%?r%to]fé 1 0a n<d nﬁ)? é;f_ﬁ%) ; 1 (small-

atterns forne concentrate S are

Vi sib when printed and }dth? refore hide unevenness_in
Silr‘%ggéiogér‘isi%uf ﬁﬁélérﬁsdﬁe Jax@RF & (\ak9papdrze dot) .
quality or |low printing accuracy. Therefore,

concent r atihGFSt W€ dlatiert vipger iode sidhe minidini agsed For
especially in commercial printing.Patent document 3
eFPIEIL6s e Bay eppe tiddeaf martoduci mgnalomaski trera ndittrier, and
matri x made of threshold values with which pixels in
biulet-invdlsee diitimege mddtrd xarae-eC e dr-&thcwa .convert the

mul tival ued i mage data into a hal ftone i mage.

With these dither matrices, during area coverage
modulation, dots are not concentrated in a particular area
but uniformly distributed. Therefore, these dither matrices
are classified as dispersion types.

On the other hand, there are dither matrices that
-are so designed that dots are concentrated around a certain
point. These dither matrices are classified as
concentration types.

For example, there is a concentration-type dither
matrix in which submatrices are arranged so as to form a
screen angle (see, for example, patent documents 1 and 2).
Patterns formed by concentrated dots are highly visible
when printed and therefore hide unevenness in image density
caused by, for example, low paper quality or low printing

accuracy. Therefore, concentration-type dither matrices are

widely used espeéially in commercial printing.
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This method includes steps of a ) determining a
hal ftone dot pattern for each of predeterm ned

woabdniose71 evel s and b ) creating a mask w th PaEJP2007/057802

.hal ftone dot patterns obtained in step a) . In step a
), halftone dot patterns are determ ned independently
for each halftone | evel. Pat-ent document 4 discloses a

nmet hod of preparing a hal ftone processing mask used in

a tone rep‘fao icg??%%oa iH SHiRIeS vhaiedmf et iprpducing
mul ti-tone inmage dot by dot into binarized or

sk Aed 9 Rt s imaglea off tthere shatld xvalpsed svidfh

the nulti-tone image with a certain density are

wdgPe tiewe Iso das mud tiorarhued iimerdeasiat zpatrtee rqvripamdty b
predeterm ned direction and other parts are converted
convastt dhebtmailit MaghrepR Stadd Rit L AR IL M St iChe Mifige.
hal ft one processing nask used in the disclosed nethod

i s so desimied ridiiod hediiesdased Paid enn daclydes o 4

dots that always synchronize with a recordi ng sequén

RO Oy AOLS iy %Qy.e%c%ﬁ g{% Tﬂ:%%a%r% (?g:fsmciﬁual[gt '&Pagfﬁ-"pgu%

and interlacing of a seri S

rci rinti apers are .suitable for
l%i g -v%lr%{rre prclrr(?taﬁ!%ﬂ‘é% I%\W@\?Zcr ?’%’Lghgg’@om%e dot
printing Eapers have | ower perneability than inkjet

PALESETg d dile$t&Phiagh genéttemt iEdn piadridered datk

with better fixation characteristics nmay not be
PGliterIy Fitee dede raipedminderensenttliing gqpaperch halftone
Theref ore, beading
level.

Patent document 4 discloses a method of preparing
a halftone processing mask used in a tone reproduction
method in which, when converting a multi-tone image dot by
dot into binarized or multivalued image data using\a dither
matrix, parts of the multi-tone image with a certain
density are converted so as to form a line-based pattern
having a predetermined direction and other parts are
converted so as to obtain high-pass filter characteristics.
The halftone processing mask used in the disclosed method
is so designed tﬁat the line-based pattern includes dots
that always synchronize with a recording sequence matrix of
dots formed by a combination of multipassing and
interlacing of a serial head.

As described above, commercial printing papers

are suitable for'high—volume printing. However, since
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easily occurs on a comercial printing paper. Al so,

since inks do not spread snobothly on a conmercia
WOROTHI#8Q7 paper, some pixels may be | eft unfil Pedar2007/057802

.Pat ent docunent 5 discloses a water-based ink

i ncluding a pol yal kyl ene oxi de derivative. The

di scl osed wat er - based i nk -45- user for inkjet recording

d has excel.lent drying characteristics and water
PRt e PSS PEPRE SAPEI0 6t S e TIsabdd itk thes
.a_high surface tension and is therefore not suitable
1Nk &% IPRSTG D6h PAPEg e £Fieal aphilgh mensdpertion Homgmted
.concentration-type dither matrices have advantages as
1a&s viiithe dediveve £ ixhgy ohavh adiasddrdntrages mago ndObe quickly
exanpl e, when form ng an i mage using an inkj et
fieedr dinng appaeatcisl peReenhalbapRf THS e, beading
concentration of ink in an area may cause bl eedi ng or

asdarm frisxati an NG | AP i_hl et .
e RMoeul c@hmkhe 1ian! prﬁhtlég?%%yé@, ﬁ%%ﬁ’dSlnce

desi gn a concentration-type dither SO ots

iake @%tn%%ngﬁQ%%@tgﬁo%?%ESZB%GByCOH%%%%%%' inﬁpt&ﬁguﬁpper,

hi ghli ght parts of an , since onfya’s

fcl is_used, .it.is preferable to concentrate dots.
S%net%gxgﬁﬁeigﬁagg,1F%tsﬁﬁgéﬁﬁﬁgrts, when dots are
concentrated on % paper onwhich_ink does not spread
snoot hl y, "86R8 thPREPECREy ShElLSEloseRf @ Mageandatsiesl ink
Jimage quality na{ be reduced. These two conflicting
1pgdidinge ankikilig Lkylanef pgdlke terdesitgwean Thppddprilated
di ther matri Xx.
water-based ink is user for inkjet recording and has
excellent drying characteristics and water resistance.
However, the disclosed water-based ink has a high surface
tension and is therefore not suitable for printing on a
commercial printing paper.

Although concentration-type dither matrices have
advantages as described above, they have disadvantages too.
For example, when forming an image using an

inkjet recording apparatus, concentration of dots or
concentration of ink in an area may cause bleeding or
undermine fixation of the ink. It is possible to design a
concentration-type dither matrix so that dots are not
concentrated excessively. However, in highlight parts of an
image, since only a small amount of ink is used, it is

preferable to concentrate dots. On the other hand, in

shadow parts, when dots are concentrated on a paper on



To reproduce snooth gradation using a dither matrix,

the nunber of gradation levels of the dither matrix
wousd7/he2iarger than that of input pixels. GenecalaPyn7/057802
there are two nethods to increase the nunber of

gradation levels. Afirst nmethod is to increase the

size of a subnmatrix. A secegnd nmethod is to use

multiple submatrices as a unit and thereby to increase
vbaeht drkl deespaptorrdses ceethilon erawplbdxeat ewty be left

docunent 1) . In the first nmethod, when the nunber of
ugifaddeidoande rdles imagee ased i tiyvhaast bee relduegdenMhese two

decreases. Therefore, the first nethod is not suitable
coafpricting &akitghresohakion iivage rWithia kar ge slgben

of gradation |evels. The second net hod nmakes it
ap@eobkhatko diktkeas tihg nunber of gradation |evels

w t hout decreasing the screen frequency. However,

since themdo t f_.dat ner_at of
> submat ri cgg grezjrr%(;ﬁ?léaﬁ \%gfs%%gﬁgrég%ﬁg,l |%f §Jtsﬁglgra?t idgldc)her
ween, subnmatrices wth a l.arge nunber of dots and .
mgg %%frF@SS“w@?ﬁra°§ﬁ§FPdﬁGﬁ88ri&ﬁe §t§fi§hﬁhﬂéﬁgﬁ5é6?trlx
th esulting pattern may | ook |ike a_texture.
R rgheo 8rIek thens&bhd ofeihbdt PHE&ESdBder of

sel ecting submatrices in dot arrangenent is
i npor t ant CAREFagraeeddiong areoltve metpedsndloudimease the
mul tiple color planes, such as CWK or RGB, if all of
nuhbecobdr gphdadd car  eprdces ded iusitngethedsdre tdi tihRirease
matri x, secondary or higher colors are forned by
10 theesliappbfiga submatrix. A second method is to use multiple
submatrices as a unit and thereby to increase the total
number of dots (see, for example, patent document 1).
In the first method, when the number of gradation
levels increases, the screen frequency decreases. Therefore,
15 the first method is not suitable to produce a high-
resolution image with a large number of gradation levels.
The second method makes it possible to increase
the number of gradation levels without decreasing the
screen frequency. However, since the dot areas (the numbers
20 of dots generated) of submatrices are not always the same,
if the ratio between submatrices with a large number of
dots and submatrices with a small number of dots is
unbalanced, the resulting pattern may look like a texture.

Therefore, in the second method, the order of selecting

25 submatrices in dot arrangement is important.
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hal ftone patterns of different colors. \Wen an inmage

is formed in this manner on a paper on which ink does
waoabo7spsead snoothly, irregular white spots mapCbarioef/os57802
.in the imge and, as a result, the inage quality is

reduced. Also, with a certain printing apparatus where

a dom nant color is deterniyred by the order of

overl apping inks, color distortion may al so occur. '

Pat ent do@gﬁﬁnprécﬁﬁ§épﬁsésCalﬁéth@ég@flﬁﬁéydﬂhggmaltlple

hal ft one processi ng mask and an inkjet recording

cappar Riaseasi AgchhashgMiKone BEBeessi g lmask thE&heolor

di scl osed hal ftone processing mask is designed to form
plenesbasedppateesnad umiagchha smmBedithat hherix,

recordi ng sequence can be nost effectively perforned

séﬂdnd&k?sokth@@ﬁékbbelbgsfQﬁg‘§oﬂhga'99abbk¥lhgﬁgﬁ?
even with a |lowresolution inkjet recordi ng apparatus.

j.cat.i .
"hnkene, Jacuipil, el olsherane BB (ORRCEN Hlan, i

. L ' Licati No. 2003-25911 Pat ent
e Rt 5 £ Sk aleE Ba E ok BRpnPnc AR oR Akl FeaP: DAt
. _2003-46777[ Pat ent nt 4 J nese Patent
SRERFRoALP O D LEAFPBNSKoWhb05SRobE  [Pa: EAL |BBELHBNENS

5 Japanese Patent Application Publication No.
15506¢%- 339848s a result, the image quality is reduced. Also,

with a certain printing apparatus whe;e a dominant color is
determined by the order of overlapping inks, color
distortion may also occur.

Patent document 6 discloses a method of preparing
a halftone processing mask and an inkjet recording
apparatus using the halftone processing mask. The disclosed
halftone processing mask is designed to form line-based
patterns in such a manner that the recording sequence can
be most effectively performed and makes it possible to form
a high~quality image even with a low-resolution inkjet
recording apparatus.

[Patent document 1] Japanese Patent Application
Publication No. 10-75375

[Patent document 2] Japanese Patent Application
Publication No. 2003-259118

[Patent document 3] Japanese Patent Application

Publication No. 2003-46777
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[ Patent docunent 6 | Japanese Patent Application
Publ i cati on No. 2005-1221 DI SCLOSURE OF THE | NVENTI ON

woheopnerent i nvention provides an inkjet recoPdTap007/057802
.apparatus, a pignented ink, an inmge processing

nmet hod, a storage nedi um contai ning an i nmage

processing program and regerded natter that

substanti gl | viate one or nore problens caused

the Ii m't3 %ﬁ& af®ready 4dt dgeansse W@heé#tamlamatlon
Enbadi ments of the present invention provide an inkjet
Pugddrcaitignappar 8005 -1223i gment ed ink used by the

i nkj et recordi ng apparatus, an inmage processing

met hod, a [Pedeage doeddimemtc &1t diamiang s&n HatR@E Application
processi ng program for causing a conputer to perform
Pliba jicamg®npNecegsiong 13eishad, and recorded matter that
make it possible to inprove ink fixation and to reduce

bl eedi ng and theadiggrrhsed byl 10
t oget her gnd t her eby nake |t pg %S%e ?%t%brn, ication

P?bgqc%%gghukbqnQO%%nggﬂal|ty i mge on a coated paper
or commercial printing (comercial printing paper)

. According to an enbodi nent of the present invention,
an inkjet recording apparatus for perform ng recording

b ﬁﬁigting a recording liquid onto a recordi ng nedi um
D 5H3@#ﬂﬂﬂ§@b§ﬂﬂ§&@§§&hg unit configured to obtain
an out put halftone | evel by perform ng hal ftone

processi nghenrirepenti nagendda, provielesctana ithdtjet

arr angenent

recording apparatus, a pigmented ink, an image processing

method, a storage medium containing an image processing
program, and recorded matter that substantially obviate one
or more problems caused by the limitations and
disadvantages of the related art.

Embodiments of the present invention provide an
inkjet recording apparatus, a pigmented ink used by the
inkjet recording apparatus, an image processing method, a
storage medium containing an image processing program for
causing a computer to perform the image processing method,
and recorded matﬁer that make it possible to improve ink
fixation and to reduce bleeding and beading caused by ink
drops clumping together and thereby make it possible to
form a high-resolution, high-quality image on a coated

paper for commercial printing (commercial printing paper).
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order according to the obtained output hal ftone |evel,
and thereby to generate dot data where dots are

wano@Enged’in a grid-1ike pattern; wherein the Pakjr1007/057802

.recording apparatus is configured to use a pignented
ink as the recording liquid when the recordi ng nmedi um
is a comercial printing paper, and to record the dots
in a staggered arrangement where positions of the dots
i'n odd/ evg@wﬁé@@e&%@{mmﬁ@o&lm@dﬁ/ e rrheu myesetr ows
in the dot data are shifted in a sub-scanning
igiviegdtiioon @n iimk3 efairecogaiimion @ ptiaredtisoforBRlerF orming
DESCRI PTION OF THE DRAWNGS FIG 1 is a cut-away side
reicowdifhgabyeXenpliagy anezdoe dinat 4 iefuiah cex@ TRl &tording
i nkj et head; FIGs. 2A through 2C are magnified

Méﬂideihdﬂdééé”dﬁ”im@@etg%o%é%@ﬁh%rhnﬂ%zydﬁﬂﬂdﬂfgd to

FIGs. 3A through 3C are awi ngs il lustratinga
SRR Al e+ L& n4i r Ll 1. El 4
Oi S a drawi ng’i Imglgt rfgolr%g lgﬁléélx%&glpae%goﬁ&n&g s%:laol tone

faorm an ink-repel.lent filmFILGs. 3A and 5B are
Rﬁ%ﬁ%%%i?guggangu e%gﬁﬁﬁed%ﬁaéxgﬁbﬁﬁafc Pultlr @rgpngement
di spensi ng gpeni ng of a _needle of a dispenser for
S ﬁ&cg??cﬁw- tepé&hrepPtRNRA PUEPY helf tenswileyel, and

illustrating another exenplary process of form ng an
therebapdla gsneriatsy deltGdata sherdr smitsg arsedrranged in a
descri be still another exenplary process of form ng an
ordlkd-rlepel lpertefrinl;mwherein the inkjet recording apparatus
is configured to use a pigmented ink as the recording
liquid when the recording medium is a commercial printing
paper, and to record the dots in a staggered arrangement
where positions of the dots in odd/even-numbered columns or

odd/even—-numbered rows in the dot data are shifted in a

sub-scanning direction or in a main-scanning direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cut-away side view of an exemplary
nozzle plate of an exemplary inkjet head;

FIGs. éA through 2C are magnified cut-away side
views of the exemplary nozzle plate;

FIGs. 3A through 3C are drawings illustrating a
comparative example of an ink-repellent film;

FIG. 4 is a drawing illustrating an exemplary

process of forming an ink-repellent film;
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FIG 8 is a cut-away side view of an exenplary inkjet
head according to an enbodi nent of the present

wonentsan; FIG 9 is a drawing illustrating arCT/JP2007/057802

exenplary configuration of an excimer |aser processing
apparatus used to forma nozzle hole; FIGs. 10A
through 10F are draw ngs iljgistrating an exenplary
process of producing a nozzle plate as a part of an
exenpl ary Fishodlofanst dducireg drevinigetudwhdackmaiiie an
to an enbodi ment of the present invention; FIG 11 is
examalwmy strursturat iofy aadiespeniary openfirguraf iomeddle of
an apparatus used to produce an inkjet head; FIGs. 12A
a hrioygh sKC e fmwimpsd lHiiistradd Newxenphkar y
behavi or of ink drops on a silk gloss paper, an inkjet
printing paper.c and A &ﬂﬂﬁg&'ﬁl&%ﬂf&ﬂiﬁﬂ% RARRH L G

It her

13 is a drawing illustrating exenplary natri ces

e i ' N t had accor.di ng ta.an
ﬁg%&%%fof t e%gfg%zrm“%m%nﬁngﬁreﬁeédief% ifgllén"
dr aw ng ilélé?st r_/at.i n %dit,her matrix for small dots
shown in A€ 131G R Y FihdihgSiedie still
describe the difference in dot arrangenment orders of a

RGP RAseRT iof drrming Syersikorrapgident £ilm;

submatri x according to an enbodi nent of the present
i nventionFIG. 8 is a cut-away side view of an exemplary

inkjet head according to an embodiment of the present
invention;

FIG. 9 is a drawing illustrating an exemplary
configuration of an excimer laser processing apparatus used
to form a nozzle hole;

FIGs. 10A through 10F are drawings illustrating
an exemplary process of producing a nozzle plate as a part
of an exemplary method of producing an inkjet head
according to an embodiment of the present invention;

FIG. 11 is a drawing illustrating an exemplary
configuration of an apparatus used to produce an inkjet
head;

FIGs. 12A through 12C are drawings illustrating
exemplary behavior of ink drops on a silk gloss paper, an

inkjet printing paper, and a commercial printing paper;



FIG 16 is a drawing used to descri be an exenplary
swi tching process froma concentration-type submatri x
woao@E/idéRper si on-type submatrix; FIG 17 is a #cauP1wg7/057802
illustrating anot her exenplary swi tching process where
a submatrix for an output halftone level is filled
before it is swtched to algubnatrix for the next
output halftone level; FIG 18 is a drawing used to
descri be gﬁGexéﬁpﬂér@-GF@@ﬂanléd@ﬁ@ﬁﬁﬁgHQOEgeM@lary
mul tiple submatrices in a dither matrix; FIG 19 is a
ddﬁéﬁﬁn@atmﬂ@§5ra@bdgi@xampﬁmagedptbGESmah@imeshbﬁeated
by rotating, inverting, or translating a base dither

amebriingFkG. a0 einboalithictit BE itheUpreabn®g iarexedpl;ary
base dither matrix and a dither matrix haV|ng an

0pp03|ted@tGarﬂ@ng%”%PQh%MQ%@ Eth@% Eh% %ﬁ%ﬂ@&aEﬁtrix

base dither matrix; FIG i's a raMAng

fggsgﬁbgg égtgxggghgygnn%&&od 19f. achieving gray balance

w t hout using a black 1nk mheré dither matrices are

transl ate FI 22 |s dr.awi n d to describe an

exenplary%%gthgg gf &c I@Vﬁﬁg §%§§ Eglgﬁégr& enghe
%?ck ink where a linear dither matri x having a

PAPRCECHBeAOANGIrEargcnsad PEACERask doFenCrRnGrazion-

is adrawing illustrating exenplary dot
type submatrix and a dispersion-type submatrix according to

an embodiment of the present invention;

FIG. 16 is a drawing used to describe an
exemplary switching process from a concentration-type
submatrix to a dispersion-type submatrix;

FIG. 17 is a drawing illustrating another
exemplary switéhing process where a submatrix for an output
halftone level is filled before it is switched to a
submatrix for the next output halftone level;

FIG. 18 is a drawing used to describe an
exemplary order of assigning dots to multiple submatrices
in a dither matrix;

FIG. 19Ais a drawing illustrating exemplary
dither matrices created by rotating, inverting, or
translating a base dither matrix;

FIG. 20 is a drawing illustrating an exemplary

base dither matrix and a dither matrix having an opposite
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data generated by hal ftone processing according to an
enbodi nent of the present invention; FIG 24 is a

wdnreonngs2il | ustrati ng an exenpl ary staggered deCT/JP2007/057802

.arrangenent; FIG 25 is a drawing illustrating another
exenpl ary staggered dot arrangenment; FIG 26 is a
drawing illustrating a conventional dot arrangement;

FIG 27 is a side elevational cut-away view of an

deke RPTrAPECREERanioar (el theft af dbemsixemplimaybase dither
form ng apparatus; FIG 28 is a plan view of the
makadpliary mechanical unit of the exenplary inage

form ng apparatus; FIG 29 is a cut-away side view of

an i nkj et FiIead 2aken aalduegritke Userytde ofe sediibauisgh
chanber; FIG 30 is a cut-away side view of an inkjet

e&%&@)lﬁa&‘ye hethedd I e oMidnngf g3al/ %lé'l%@%am%oﬁﬁ' %%fg a

the direction in which nozzl'es are arranged)

p18ck 2heckndiag 'Eﬁ'E‘h' eld Ystihatingd ;30 %é%g@]%}xédcont r oI

unit of an inmage form ng apparatus; S a bl ock
di agram i | trati.n an exerrpl a ge, form ng system
accor di ngEl olésar%"ie ol RS tur?ygoioga 55 SThPen Bon:

33 is a block diagramillustrating an exenplary

e?‘ﬁﬁ‘ﬁéaﬁﬁ’o@@§§loﬁg ofpFETAET4 NG HRY Ordapics ysimgge black

ink where a linear dither matrix having a certain screen
angle is used for black dots;

FIG. 23 is a drawing illustrating exemplary dot
data generated by halftone processing according to an
embodiment of the present invention;

FIG. 24 is a drawing illustrating an exemplary
staggered dot arrangement;

FIG. 25 is a drawing illustrating another
exemplary staggered dot arrangement;

FIG. 26 is a drawing illustrating a conventional
dot arrangement;

FIG. 27 is a side elevational cut-away view of an
exemplary mechaniéal unit of an exemplary image forming
apparatus;

FIG. 28 is a plan view of the exemplary
mechanical unit of the exemplary image forming apparatus;

FIG. 29 is a cut-away side view of an inkjet head

taken along the length of a liquid chamber;
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formng system FIG 34 is a block diagram

illustrating an exenplary functional configuration of
wea?2m7imser driver; FIG 35 is a block di agram PCT/JP2007/057802
Jdllustrating anot her exenplary functiona

configuration of a printer driver; and FIG 36 is a

bl ock diagramillustratingigxenplary inmage processi ng

by a printer driver. BEST MODE FOR CARRYI NG QUT THE

| NVENTI ONEPFef 8Pr 88 ens8diawats sétlet Wéepr efemn inkjet head

invention are described below with reference to the
takeonpadepongher mMlhhsof Anlimkjiet chembedi rglappartakeus

and an i mage processi ng nmethod using an inkj et

dieeotdbng iappaiahuscar@cdeacei hedabegkaw;An exenpl ary

i nkj et recordi ng apparatus according to an enbodi nent

of the pregent 3nnyenti 8N LaCEHAy M HTBYRhY Uiglt g a

recording liquid and thereby form ng dots on a

okEa31dr 0 HRAUM ufle BXCUR! ARk okNiEChiheC AN Ly

appar at ts i ncludes an i nage processing u i'gured

to obtain out,put. halftone l.evel b erform.,n
hal f t one gﬁgée§giﬁ§ 8n£ﬁ863tdﬁﬁﬁﬁgnﬂ QPSF5a§éP§CFna
dot arrangenment order according to the obtained output
eﬁgwpiaﬁg 3@98?,faﬁﬂlpﬂeﬁaﬁ§eﬁoa§€ﬁéﬂapé d6t 2@acabRRdment
dots are arranged in a grid-like pattern. The
oéxERPI REGSERK] eRVERESPHI Ng appar at us uses a pi gnent ed
ink (may also be called just "ink"™ in
FIG. 33 is a block diagram illustrating an

exemplary image processing apparatus of the exemplary image
forming system;
FIG. 34 is a block diagram illustrating an
exemplary functional configuration of a printer driver;
FIG. 35 is a block diagram illustrating another
exemplary functional configuration of a printer driver; and
FIG. 36 is a block diagram illustrating exemplary

image processing by a printer driver.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention
are described below with reference to the accompanying
drawings.

An inkjet recording apparatus and an image
processing method using an inkjet recording apparatus are

described below..
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descriptions below) , especially, a water-based

hi ghpenetration pignented ink as a recording |iquid
woeheot/ffiem ng an i mage on a conmmerci al printi ngCPAPEN7/057802

Al'so, the exenplary inkjet recording apparatus is_

configured to record the dots .in a staggered

arrangement where positions f the dots in

odd/ even- nunbered col utms or odd/ evennunbered rows in

the dot dé&ina exeapdiirit dakijrett e couldscan sippe rditnec tdaording

or in the main-scanning direction. In an exenplary

tionage epibocd seintg ofethed pafe spmac & siviehg iomp e dovae adatimage
for recording by the exenplary inkjet recording

bybParatity aCeIcHrHE b0 13 AP egidTeMe rakh i ff%zﬂgi%er&ots on a

i nvention, a dot arrangenment order is selecte

rRCeHdind re@r 13 . OtRU G Rl higne shevel: qhialnad, Ypparatus
S|naﬁon ﬁ I g e

perform™ng hal ftone proce he 1 nput

.dat,a. . Adi_t her trix used in the halft.one cessi.n
PG e T RS g e SR 2R 1 MR 2
hal ft one .| evel s _i nt ut put inmage data having N (M > N
outpuL Ao e PVe PEISE OIS e EORET BRRGASE 1Y on
multiple submatrices are arranged at a screen angle

IRHPH Afegsade tFet WeeBetlissth andol eifsensmentaprsten hat

out put pixels forma hal ftone dot pattern or screen
aldoeesiingort cart heuopita imaEdf taartputenell fitlvate ilseviedwerartchan

a threshold level T(N>T >1) , submatrices with a

rtat igehdngte dott alatangenrsRl dotderardy @ seesD in a
that dots are forned close to each other. For an
g@lPUlike pattern. The exemplary inkjet recording apparatus
uses a pigmented ink (may also be called just “ink” in
descriptions below), especially, a water-based high-
penetration pigmented ink as a recording liguid when
forming an image on a commercial printing paper. Also, the
exemplary inkjet recording apparatus is configured to
record the dots in a staggered arrangement where positions
of the dots in odd/even-numbered columns or odd/even-
numbered rows in the dot data are shifted in the sub-
scanning direction or in the main-scanning direction.

In an exemplary image processing method of
processing input image data for recording by the exemplary
inkjet recording apparatus according to an embodiment of
the present invention, a dot arrangement order is selected

according to an output halftone level obtained by

performing halftone processing on the input image data. A
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hal ftone | evel that is equal to or higher than the
threshold level T, submatrices with a di spersion-type
wdabo7anszaangenent order are used so that dots apPeTfiPIOONBE57802
.di spersively (so that dots are distributed evenly)
According to an enbodi nent of the present invention, a
wat er - based hi gh- penetratigs-pi gnented i nk whose
penetration capability is inproved by adding a
dFFB@FlWéFé&xs@ﬁﬁﬁcﬂ@nﬁhﬁshéééaOﬂ@ PirprEevs lingk ifsi desiigned
on a commercial printing paper. Al so, according to an
tenbodivewitt ioputhémpgesdatai hegnhigol, idpotis halddbneatlavels
are recorded in a staggered arrangenent where
ipbtsi buspstofinbiye dats havodd/ Bvem- BuNber ed GRkwHRS hal ftone
odd/ even-nunbered rows in the dot data are shifted in
1thei1sub-scanning direction or in the main-scanning
direction to prevent pixels frombeingleft unfilled

and to regﬂ@%h%'tSQ%%QeﬁQQrQ%adhﬂgtiﬁﬁ%ﬁ%ugmptglces are

byover | appi ng do resoldtion o ata
rablLy 40Q dpi her o _forma hi
aBESR%egnaé coﬁﬁ%?gpaﬁnﬁ nrﬁﬁé BapéPa&ﬁdthW%F8v§ m and
ggra ation_of the fornmed i nage. As descri bed above, a
vy RYEFLRPUSEd th%tharlit?aﬁep&ﬁeéés@ﬁgl Pnheddtone dot
exenpl ary i mage processing nmethod is designed to
PebheERt OrnpGE cERRddneat aFravRngoNtpapuhalditbnendevel that
levels into output inage data having N(M> N > 2)
igutpwerhahbnonre theeshsldWhemeanToyNptt Thal fi gneubenwelrices
at which concentration of dots causes problens such
with a concentration-type dot arrangement order are used so
that dots are formed close to each other. For an output
halftone level that is equal to or higher than the
threshold level T, submatrices with a dispersion-type dot
arrangement order are used so that dots are formed
dispersively (so that dots are distributed evenly).
According to an embodiment of the present
invention, a water-based high-penetration pigmented ink
whose penetration capability is improved by adding a
fluorinated surfactant is used to improve ink fixation on a
commercial printing paper. Also, according to an embodiment
of the present invention, dots in dot data are recorded in
a staggered arrangement where positions of the dots in
odd/even-numbered columns or odd/even-numbered rows in the

dot data are shifted in the sub-scanning direction or in

the main-scanning direction to prevent pixels from being
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as bleedingis T(N>T >1) , the dot arrangenent
order in each of the submatrices of the dither matrix
wooprieierably a concentration type when the oBRCPAP2007/057802
.halftone level is less than T and is preferably a
di spersion type when the output halftone level is T or
hi gher. Such a dither matripg-ekes it possible to
process an inmage using the advantages of both
ledic erfiddiesn angp & care ddicep bl siedinoy padddieading caused by
arrangenents . Also, a dither matrix is preferably
ogegilgped ngo dotst. Fhuec ertspdtitdont yie thieb Matr idees dlse
filled with the highest output halftone level (T - 1)
pak felrablgneent katii oft Kagheubrat Fogas Defighe RaY t4f €mage
switched to dispersiontype submatrices.|In other words,

an at ti QR t Laty f (
0 SEraSERA! g oot bt i 0, GO SRR

ogfth@e;ggg%ﬁggggbgon-type submatrices, a dither matrix

IS pre I'gned so that the concentration-type

submatrices are fi.lled with the qutput halftone |evel
(T - 1) g‘éf & THESGUARY Shalf CtdSte PRt v &sed in

h%ﬁnerated. Such a dither matrix makes it possible to

EF@RSe PrRKSESECade ShepaBErPAad Yt HErasy Pre ceseiast
occurrences of irregular white spots in an inmage
megheed isndgspaped &0 wonykritnknposs imatges pla¢ad having M
snoot hly. Al so, depending on the sizes of ink drops
iﬁgfffipdﬁdbng fleveltspihtbablitpne liewelks dagadhbRehg N (M >
N > 2) output halftone levels. When an output halftone
level at which concentration of dots causes problems such
as bleeding is T (N > T > 1), the dot arrangement order in
each of the submatrices of the dither matrix is preferably
a concentration type when the output halftone level is less
than T and is preferably a dispersion type when the output
halftone level is T or higher. Such a dither matrix makes
it possible to process an image using the advantages of
both concentration-type and dispersion-type dot
arrangements.

Also, a dither matrix is preferably designed so

that concentration-type submatrices are filled with the
highest output halftone level (T - 1) of the concentration-

type submatrices before they are switched to dispersion-

type submatrices.
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may be designed so that the concentration-type
submatrices are filled wth dots at each or sone of
woheo7ausaat hal ftone levels (T-1, T-2, T-3, ..PCLJP2007/057802
.Thus, .according to an enbodi nent of the present
invention, a dither matrix is preferably designed so
that, at a swi tching pointifroma [ ower one of the N
(M> N> 2 ) output halftone |levels to a higher one of
the N (M InNosher) werdsut omaltheores suewtlion thhet
submatrices are filled with the first one of the N (M
cenNentzafiont pfit dodlsf taneelsenel proflies, asubbmt higee sin
a dither matrix are preferably selected in such an
cotger: hhatftdeks lakeldi(gper 36d oifn thike cdntRek KRl b+ v
ot her words, submatrices are preferably sel ected

sabhgtrateky Endﬁ%ﬁﬁraﬁaQEgﬁri%hgke§%E%.ﬁ

&n@esigne so that
submatrices arenot sel ected successive y Oor I n-suc an

d .ang 0 i,n,_hi gh-p filter

e e 2R LB RS SRR R A R L bt
of__dot bmatci ce e preferably selected in_such a
ORERE PEARE OPRe LARSImIM d 1 cPERCE S ERROGH RS Rarsrae
of dots.in a submatrix having nmany dots and a

LevBratr ix AEPPEGLEEwePught 3 BésheEs Matad xsmakiesr it

Al'so, to avoid placing dots successively in adjoining
pregpikilel tesingrgadet hak geverrgesobnphpecesndr ¢hereby to
preferably selected at certain intervals in a certain

pdievectti occorrpneter affl ¥ reebettedwhitsuebod’ andeh thabe
the dither matrix obtains high-pass filter

folarachar asphper SHChhacHi e JoBLr h¥tMkeSall smoothly.
possible to

Also, depending on the sizes of ink drops
corresponding to output halftone levels, a dither matrix
may be designed so that the concentration-type submatrices
are filled with dots at each or some of the output halftone
levels (T~-1, T-2, T—é, .- 1).

Thus, .according to an embodiment of the present
invention, a dither matrix is preferably designed so that,
at a switching point from a lower one of the N (M > N > 2)
output halftone levels to a higher one of the N (M > N > 2)
output halftone levels, the submatrices are filled with the
first one of the N (M > N > 2) output halftone levels. Also,
submatrices in a dither matrix are preferably selected in
such an order that dots are dispersed in the dither matrix.

In other words, submatrices are preferably selected

alternately in such an order that adjoining submatrices are
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evenly formdots in an image and to prevent fornmation
of a pattern that | ooks like a texture. Wen an input
wonegaisr7a col or i mage having multiple col or pCatRm7/657802
.dither matrix created by converting a base dither
matri x by one or nore conversion methods including
rotation, axisymetric invegsion, and translation is
preferably used for at |east one of the col or planes.
NPl GEREECTROr GYCCRAEAVEATCeFSilng SacbokDr ondiege tharfpesednged
of multiple color planes, such as CMWK or RGB, it is
dpottef ebdblie hagbspabker flil¢éerokcbrrpkaeed sdiitdser matri ces
created by converting a base dither matrix by one or

nore convansioon iretkedsmindhgdithe Betahig@hent of dots,
axi symmetrici nversion, and translation. This nethod

sﬁ%ﬁ%%rhhe@°§§bbb%e%@r%%ﬁ@l%e@%%%%@plﬁogﬁ d%tﬁm%&er that
secondary or higher colofs and thereby makes

f I
tﬂ%sﬁ QEE gﬁ%%%g@kcgcggk%%gﬁf%h% Pﬁ&%%%u aFé%%%F 190

spots an I stor I'S pre

base di.ther matrix for .one col or plane and
SEBVatedd BATHES MAPYI SONTnPeR Fs SUPBRLEG D SFard SevGT
t he dot arrangenent order of the base dither matrix
dogs BEER™ME BuPrhéF“Fitléﬁé ‘| &46P, for ayréchelasdingr dots
pl ane. Wth this nmethod, dots of the two col or pl anes
sHecrReS1yedm ap aAgioL g saboefttrdgesofindet sligthegachatrix,
out put halftone | evel reaches 50% Thus, this nethod
smbma$rﬁteaos$bbbeeferbbdwess&etheddh&pe@&k@ﬂnoﬁnrﬁﬂmals in
dot s
a certain direction or preferably selected in such an order
that the dither matrix obtains high-pass filter
characteristics. Such a dither matrix makes it possible to
evenly form dots in an image and to prevent formation of a
pattern that looks like a texture.

When an input image is a color image having
multiple color planes, a dither matrix created by
converting a base dither matrix by one or more conversion
methods including rotation, axisymmetric inversion, and
translation is preferably used for at least one of the
color planes.

In other words, when processing a color image
composed of multiple color planes, such as CMYK or RGB, it
is preferable to use for the color planes dither matrices

created by converting a base dither matrix by one or more

conversion methods including rotation, axisymmetric
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and thereby to prevent occurrences of irregular white
spots and color distortion. Also, it is preferable
woOheat71ee2h of submatrices in a dither matri x hageJp2007/057802
_shape made by conbining a |l arge rectangle and a snal
rectangle in such a manner that a corner of the |arge
rectangl e and a corner of the small rectangle are in
contact with each other an a side of the |arge
ingetraiging amdl & rsingd agfi onhe Téiim mertdctdanglkesarie ippssible
contact with each other; and, when processing a col or

tiomegeay iove rdK cedloer dptanes skdomshatead iidker colors
matri x, which is created by translating a base dither

Rt e rQMYy 2By @t i8S 11 A eI LRIN IR Qe I of
used for sone of the CMYK col or planes. Using

SR C St et d L B satigatign of e

es o [ ?%ren Sizes as gggcrl ed above makes
it possible to fill, a dither trix w thout |eaving a
space and p@ﬁstcﬁodtt oveR": .erﬁbg% tt%élssecraeg’r‘?sa?né’}
screen frequency of a _dither matrix can be changed by
T P MBS iR ToPlERe PeG andisderaag idhendargix,
vertically shifted dither matrices for color planes
vibdleds lig qresdiasl & reyesdicy dheoldet iampegsinent egsler of
nmoi re and | ess color distortion. Wen processing a
tha dvasemaije Heav imeg i tiopd eacdl @utphendsyl fittories level, for
preferable to use a linear dither matrix having a
@RI AIRe P 1aRG.e Wik hC ARIN MY tdbts of the two
color planes do not overlap until the percentage of dots at
each output halftone level reaches 50%. Thus, this method
makes it possible to increase the dispersion of color dots
and thereby to prevent occurrences of irregular white spots
and color distortion.

Also, it is preferable that each of submatrices
in a dither matrix have a shape made by combining a large
rectangle and a small rectangle in such a manner that a
corner of the large rectangle and a corner of the small
rectangle are in contact with each other and- a side of the
large rectangle and a side of the small rectangle are in
contact with each other; and, when processing a color image
having CMYK color planes, a translated dither matrix, which
is created by translating a base dither matrix one or more

lines in a vertical direction, be used for some of the CMYK

color planes.



the dither matrix descri bed above. Al so, when

processing a color image having nultiple color planes,
wonroi7s1gmef erabl e to use a Bayer dither matri XPCWJIP2007/057802
.conmbi nation with the dither matrix descri bed above.

Further, it is preferable to use a |inear dither

matri x having a certain scrgen angle or a Bayer dither

matrix in _conbination with a dither matrix created by

convert i ngsnsasabtmatiicaftaach mhapstchtliidis 2 combination

axi symmetric inversion, or translation, or in
cforthionatsiadang ltels @ fdidiHefe memttr i9d e atse dday-rriever sidtye

the dot arrangenent order of the base dither matrix

rfafe sedah gealdfitare devElll Bhid vttt vrakesith RASSiddv@ ng a
to formdots in such a manner that a dot of a color is

R Ry erilapped Jdh Lot %1%,0%%! LS and thenePy
k r | or

nmakes it possible to reduce colo stortion I'n co

PGS RLAGRAHA0 o WHUELHRGRY 10 b ISR Y

| fege proc i's preferably am er

i_ffusion.nmethod usi an error diffusion algorithm
4%%%9%&%&%&%5?3@ﬁﬁﬁ3'ﬁﬁﬁ%lﬁﬁFﬁ' Shg FMGTRSH S %ne

| evel s into_output inmage data having N (M> N 2 )
VSR HA herde 9k dEdieramed rijges o3 eicdioabipd anesugakes

a high-penetration pignented ink and an i nage form ng
Ireesd i6fl e deoirdiatpatotas dat.cxr sitege med halressg eeinté  and
where positions of the dots in odd/even-nunbered
leslsummd cor didd/oantdomunbered rows in the dot data are
shifted in the sub-scanning direction or in

When processing a color image having multiple
color planes, it is preferable to use a linear dither
matrix having a certain screen angle in combination with
the dither matrix described above. Also, when processing a
color image having multiple color planes, it is preferable
to use a Bayer dither matrix in combination with the dither
matrix described above.

Further, it is preferable to use a linear dither
matrix having a certain screen angle or a Bayer dither
matrix in combination with a dither matrix created by
converting a base dither matrix by rotation, axisymmetric
inversion, or translation, or in combination with a dither
matrix created by reversing the dot arrangement order of
the base dither matrix for each halftone level. This method

makes it possible to form dots in such a manner that a dot

of a color is evenly overlapped with dots of other colors



the mai n-scanning direction, in conbination with an

i mge processing nmethod using an error diffusion
wortdrad4szher e a dot arrangenent is sel ected aceordpPg7/057802
.to an output hal ftone level. This conbi nati on makes it

possi bl e to prevent problens (such as bl eedi ng and

beadi ng) caused by uneven _@verl aps of dots and thereby

to forma high-quality imge on a commercial printing
apapheherbbyamasest iftalpbteidler toessidugel wotlloer edertplraripn in

i mage processing nmethod according to an enbodi nent of
ddlerpriesert provesision.are described |ater. An

exenpl ary inkjet recording apparatus according to an

enbodi NTenti0fF iR RIresRds iy ant kR ek @ uigs deo

forman image by jetting ink onto a recording medi'um

SO ehold QUL IRLLING) Deadyoln dibeiaRg hethoq

repel ['en i's pre erably or e
surface |nk f.t .surface ar jett .
S USIRRER) 550 n%'ékf - Hedd 9 |ﬁlﬁﬁFtﬁygg%f%%%¥%§%ﬁoifpgt
hole is forned. <Ink- Repellent Filme (Surface

NGt I&TeLek indgeougmut image

filmis preferably 0.2 mm or Iomer Keepi ng the

dapef deeinguihriéss Ma £qdal otbput hahEtonhahe®e2sm m
reduces the amobunt of ink that remains on a nozzle

surface aflewo,wifg ng fHdERrablichrtaugise2@ arigghcytermiaation
side views of an exenplary nozzle plate of an

pEXeEtdy inkKja@ld @ diadie forming method of recording dots

10 1in a staggered arrangement where positions of the dots in
odd/even-numbered columns or odd/even-numbered rows in the
dot data are shifted in the sub-scanning direction or in
the main-scanning direction, in combination with an image
processing method using an error diffusion method where a

15 dot arrangement is selected according to an output halftone
level. This combination makes it possible to prevent
problems (such as bleeding and beading) caused by uneven
overlaps of dots and thereby to form a high-quality image
on a commercial printing paper.

20 Details of halftone processing in the exemplary
image processing method according to an embodiment of the
present invention are described later.

An exemplary inkjet recording apparatus according

to an embodiment of the present invention is configured to

25 form an image by Jjetting ink onto a recording medium using
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jetting) head according to an enbodi nent of the
present invention. In this enbodinent, a nozzle plate

wa povheeh i s a base material of the exenpl aryPCHHP®D7/057802

.head, is forned by electroform ng nickel. An
ink-repellent film1 nade of a silicone resin film

with a thickness of 0.1 muyar larger is forned on a
surface of the nozzle plate 2 . The surface roughness

3R 1gkiete (Ldkudehaldtadnd)i heatl-i dnpriefkerspol legialfilm

or lower than 0.2 mm. The thickness of the

(iwalerce preipleddtentti 1lmykd)s iwopeeficafatilabfp rthelll mnMadrsurface
smal l er. When a nozzle hole is filled with ink 3, a
ek gets iflg Guird s faacal dRiids jlearind atrtfhed)owrdany
ofthe ink-repellent film21l and the nozzle plate 2 as

ishgeR Ndakdl @n i HOBIGIR PHJYA1RI HRAREHS URSRheRE

recordi ng nmedi a according to an enbodi nent of the

pr esent iQﬁ%@UR@ﬁe e Qg%gﬁ%ggd bel ow. Commrerci a

printing papers include coated papers for offset

printing, avure printing, .electrophotographic

printing, | ﬁﬁré%ﬁﬁnﬁQHiﬂn%%ﬁQ jet printing. <Recording

Medi un®> An exenpl ary connerciakgﬁrinping paper _ _
(her eaf t ePULFRF SIS PSSR [Réd odh aex difi—dapsld@tdifidm is

medi um) according to an enbodi nent of the present
pnefemaldly iOs 2canposedlofiea. bEsepimyethal sanflaat keaghness
one coating |ayer on a surface '

Ra equal to or lower than 0.2 unlreduces the amount of ink
that remains on a nézzle surface after wiping.

FIGs. 1 through 2C are cut-away side views of an
exemplary nozzle plate of an exemplary inkjet (liquid
jetting) head according to an embodiment of the present
invention. In this embodiment, a nozzle plate 2, which is a
base material of the exemplary inkjet head, is formed by
electroforming nickel. An ink-repellent film 1 made of a
silicone resin f£ilm with a thickness of 0.1 um or larger is
formed on a surface of the nozzle plate 2. The surface
roughness Ra of the ink-repellent film 1 is preferably
equal to or lowef than 0.2 um.

The thickness of the ink-repellent film 1 is more
preferably 0.5 um or sméller.

When a nozzle hole is filled with ink 3, a

meniscus (liquid surface) P is formed at the boundary of



of the base material. Al so, the exenplary recording

medi um may i nclude additional |ayers. <Base .Material >
woanirauss2mat eri al s may be used as the base mat ecrar200/057802
.the exenpl ary .recordi ng nedi um dependi ng on the

pur pose. For exanple, a sheet of paper mainly made of

wood fibers and a nonwovenjkabric mainly nade of wood

and synthetic fibers my be used. A sheet of paper nay
tbe rmdte repeddedtpdlipmol recythednpukzpe Blampl @sasf shown in

wood pul p include | eaf bleached kraft pul p (LBKP)
rFaeedbke.bl eached kraft pulp (NBKP) , NBSP, LBSP, GP,

and TWMP. As materials of recycled pulp, recycled papers

i ncl uded icRyride® dilaqt p@h nthigkdaehediakistide s sofrfcodrahed
papers published by F%e Paper Recycllng Pronoti on

@%ﬁ‘ae r&%%oﬂ%]g“% %’éﬁH{% & oFNEHC %'re%‘ébﬁ% Yy ntion

|gh yi e recyc ed papers e use
t he base S ch rec cl.ed ers include
5 a5 GearakRe e 38&% SRS G ST e 8 C e P B Ay include
t her mal paper, andﬁpressuresen5|t|ve paper; QA papers
COGER da PAPIEHSY T0&p OF L S€EaPEd NdPpers ITFEN LSS PAAR tHATer |
ultra-lightweight coated paper, and matt paper; and
ed@ﬁltg@@ﬁv@dﬁqm@hg%@@nn@n@on@n@amme@@l@rl orkd jet
paper, note paper, |letter paper, w appi ng paper, fancy
prdpderingvedi um qual ity paper, newspaper, woody paper,
<Recording Medium>
10 An exemplary commercial printing paper (hereafter,'
may also be called an exemplary recording medium) according
to an embodiment of the present invention is composed of a
base material and at least one coating layer on a surface
of the base material. Also, the exemplary recording medium
15 may include additional layers.
<Base.Material>
Various materials may be used as the base
material of the exemplary recording medium depending on the
purpose. For example, a sheet of paper mainly made of wood
20 fibers and a nonwoven fabric mainly made of wood and
synthetic fibers may be used.
A sheet of paper may be made of wood pulp or
recycled pulp. Examples of wood pulp include leaf bleached

kraft pulp (LBKP), needle bleached kraft pulp (NBKP), NBSP,

25 1BSP, GP, and TMP.
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waged/i#sdrvi dual Iy or in conbination.

supermarket flyers, simli paper, pure-white roll
paper, and m |k cartons. The above materials nay be
Nor mal | yPCT/IP2007/057802
.recycled pulp is produced by the follow ng four steps:
(1) A defibrating step of breaking down used paper

into fibers and separating4dsk fromthe fibers by

using a mechanical force and a chem cal in a pul per.

(2) A dustrs @dEmiglst eyf ofeawsriied o lfror eiegrycled papers
substances (such as plastic) and dust in the used
ipadedeay inmsithg Ificrt exfanlesdaardsenedn tdrtd @f recycled
cl eaner.(3) A deinking step of expelling the ink

pegRAA R IR e B Wy aticdHafdrOMddiR 1HiRe IS b tUIN T ehter
flotation nethod or a cleaning nethod. (4) A bleaching
mheBPfuddgaching the fibers by oxidization or

réducti on. When m xi ng recycl ed pul p and wood pul p,

t he perce e of recycled .pul.p i ref er.ahl y .40% aor

| owner to p%trogig SRS u & AT Quﬁg?nocruﬁli _)g’afﬁo‘]e# pulp

recordi ng. an internal filler for the base .
oAt oy st S i aah 1% AR e, e RaEerial.

For exanple, the follow ng substances may be used as a

SHEh g5t PaRfishorgdiide FIgRSRr AeEeEs such as non-

preci pitated cal ci um carbonate, heavy cal ci um
ac@tisghatamputer paper, thermal paper, and pressure-

sensitive paper; OA papers such as plain paper; coated
papers such as art paper, ultra-lightweight coated paper,
and matt paper; and non—éoated papers such as bond paper,
color bond paper, note paper, letter paper, wrapping paper,
fancy paper, medium quality paper, newspaper, woody paper,
supermarket flyers, simili paper, pure-white roll paper,
and milk cartons.

The above materials may be used individually or
in combination.

Normally, recycled pulp is produced by the
following four steps:

(1) A defibrating step of breaking down used
paper into fibers and separating ink from the fibers by
using a mechanical force and a chemical in a pulper.

(2) A dust removing step of removing foreign
substances (such as plastic) and dust in the used paper by

using, for example, a screen and a cleaner.
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kaolin, clay, talc, calciumsulfate, bariumsulfate,

titani um di oxi de, zinc oxide, zinc sulfide, zinc
woaolyange, satin white, alum numsilicate, PCT/JP2007/057802
.di at omaceous earth, calciumsilicate, magnesium

silicate, synthetic silica, alum num hydroxide,

al um na, lithophone, zeol Lbg, nmagnesi um car bonate, or

magnesi um hydrate; and an organi c pi gnment such as

styrene pl(33t Acdpiigiéng, saepybifcepbedfiingpitheennk

pol yet hyl ene, m crocapsule, urea resin, or nelamne
separatedhbyabosersabsbhanceésommyhbe fiisedsi bei visdual by

or in conbination. A s an internal sizing agent used
fubeatpeaduetRgdt Be BasecHREAEI Abrhadneutral rosin size

used for neutral paper maki ng, “al kenyl succinic

anhydride(@$sﬁ)bie@bﬁibgkgggggggigggagﬁ§gb th%;fgbers by

petroleumresin size m peci al’l y,

: .rosin siz nd_al kenyl succi nic _an ride are

oREULERLIPE LY, BHAh R dPane TP HEB L R gR LR, e aR

ef fect _and_ _therefore provides an enqugh_si zing effect
YaPEhPY B el eaﬁﬁﬁﬁﬁﬁtgﬁﬁe9§rFe§Vﬁ&€daPH}P R&t ereferably

reduces the friction coefficient of the surface of a
1Pacerdiipyepaper prrEantnproducedcprpeng fpaperumddag after

usi ng al kyl ketene dinmer may cause a slip when being
reoavayad-in an inkjet recording apparatus. <Coating

Layer> A coating layer of the exenplary recording

medi um coAkakns iatpirgg@NEiandrafbirndge, based MY eatiso, a

contain a
conventional white pigment may be used.

For example, the following substances may be used
as a white pigment: an inorganic pigment such as
precipitated calcium carbonate, heavy calcium carbonate,
kaolin, clay, talc, calcium sulfate, barium sulfate,
titanium dioxide, zinc oxide, zinc sulfide, zinc carbonate,
satin white, aluminum silicate, diatomaceous earth, calcium
silicate, magnesium silicate, synthetic silica, aluminum .
hydroxide, alumina, litlophone, zeolite, magnesium
carbonate, or magnesium hydrate; and an organic pigment
such as styrene ﬁlastic pigment, acrylic plastic pigment,
polyethylene, microcapsule, urea resin, or melamine resin.

The above substances may be used individually or
in combination.

As an internal sizing agent used when producing

the base material, a neutral rosin size used for neutral



surfactant and other conponents. A s a pignment, an

i norgani c pignent or a m xture of an inorganic.
woizoran#s2and an organi ¢ pi gnent may be used. FeCT/JP2007/057802
.exanpl e, kaolin, talc, heavy cal ci um carbonate,

preci pitated cal cium carbonate, calciumsulfite

anmor phous silica, alumna, st tani umwhite, nmagnesi um

carbonate, titanium dioxide, alum num hydroxide,
repkecinainingdr afl&enydgsesicimiky dnaterizdiend ASydr, oxilds,l dietene

chlorite may be used as an inorganic pignent.

dEspeci(akDy, kaokl pepioviedas rashngl iglkoss vs wef aged.

simlar to that of an offset paper and is therefore
ERpelenabhe. WhenahahnkdJsAnWlich ane0haid@dl/ 1l Succinic

di spersed is used, since the colorant stays on the

anid QQQeogr%h r%%%&%?gehaxgkxli%e&%n@o%f %&?%%%rgl%ggh
m X a | arge anpount of i norgani c pi gnent havi ng a 1 ow
.ef.racti.ve inde ch anor phq ilica or_alum.na

5 Sz iPle CE bR EinG ay BF TSROk o PESVASRaGH OGP Udd 2170
del am nated kaolin, cal cined kaolin, and e@a:neered

SEEECEN ikde 2h Pt ABOURGdI FIONSVREN. SERCE Gvikyd &ertiedie

gl oss surface, the mass percentage of a type of

digelri meduiviesh thes faigadonclceedifieigngt b ithicosuitferce of a
80 or nore mass percent of particles have a dianeter
refcozdimm papsral (nerdiung ,prefrecalridy no0 papeete fiader usdne

in the total amount of kaolin. The nmass ratio of the
abikRdeketenkaali@ i halyN@ause a slip when being conveyed in
10 an inkjet recording apparatus.
<Coating Layer>
A coating layer of the exemplary recording medium
contains a pigment and a binder, and may also contain a
surfactant and other components.
15 As a pigment, an inorganic pigment or a mixture
of an inorganic.pigment and an organic pigment may be used.
For example, kaolin, talc, heavy calcium
carbonate, precipitated calcium carbonate, calcium sulfite,
amorphous silica, alumina, titanium white, magnesium
20 carbonate, titanium dioxide, aluminum hydroxide, calcium
hydrate, magnesium hydrate, zinc hydroxide, or chlorite may
be used as an inorganic pigment.
Especially, kaolin provides a high gloss surface
similar to that of an offset paper and is therefore

25 preferable.
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coating layer is preferably 100:50. If the mass ratio
of kaolin is |ower than 50, sufficient gl ossiness may
waabo7hie4abt ai ned. There is no specific limt tecriar007/057802
.amount of kaolin. However, when the fluidity and the
t hi ckeni ng property of kaolin under a high shearing
force are taken into account, the mass ratio of kaolin
is preferably 90 or lower 1n terns of coatability. As
an or gani ¥hphgaentnkainawbicbohubbéodaspersi dispkrsedr is
exanpl e, styrene-acrylic copolynmer particles,
ustyy esenbset adeegeloopntyseaypabhi ches supdhyst pEenae
particles, or polyethylene particles may be used. The

c8hevYagONEgBrG mhgmgnhétnaécegsa§?dtbnmggweima&bgnameﬁnt of
anmount of "an organic pignment in the total anount of

iﬂbgggﬂﬁci iﬁﬁgneoﬁgbﬂgalQyEBwi§8gE§EE%gglégaé%o BESas

per cent. organi c pignent as SCri ove has a
specific gravity |lower_ than.th g of _an.inorganic
2BPERORESanA 1L FBT BFoFGUBrBg: dBs Rt RPEk IR GYGross
coating |layer havin %pod_coatability. If the mass _ .
per cent ag& éﬁp&ﬁsoPga PelpngABRtude Pedemipgies kaolin,
percent, a desired effect nmay not be obtained. If the
caasdnper kapilage ehdapngrigasiredpikgrenn medeoby SHERAZE
percent, the fluidity of a coating liquid nay becone
mbdd fiowtapd, ds arpesdet o highebilosisesay fatea that mags
process may decrease and the operational costs may
pelcef@age of a type of kaolin, which has a particle size
distribution where 80 or more mass percent of particles
have a diameter of 2 um or smaller, is preferably 50
percent or more in the total amount of kaolin.

The mass ratio of the binder to kaolin in the
coating layer is preferably 100:50. If the mass ratio of
kaolin is lower than 50, sufficient glossiness may not be
obtained. There is no specific limit to the amount of
kaolin. However, when the fluidity and the thickening
property of kaolin under a high shearing force are taken
into account, the mass ratio of kaolin is preferably 90 or
lower in terms of coatability.

As an organic pigment, a water-soluble dispersion
of, for example, styrene-acrylic copolymer particles,
styrene-butadiene copolymer particles, polystyrene

particles, or polyethylene particles may be used. The above

organic pigments may be used in combination.
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Organic pignments can be divided into several types

according to their particle shapes: solid-shape,
waabdramrhape, and doughnut -shape. To achi everargpmd7/057802
.bal ance between the gl ossiness, coatability, and

fluidity of a coating liquid, it is preferable to use

an organi c pi gnment havi ng_hglLl ow shaped particles wth

a void percentage of 40 percent or higher and an

aver age difageedcupt bét abeprgalic3pdgmemt. iAs the total

bi nder, a water-based resin is preferably used. As a
amauat-béspdgmestninathetebasmhgbuayeesﬁs otrederably 2-20

wat er - di spersi ble resin may be used. Any type of
madkepehasad.resin my be used dependi ng on the

pur pose. For exanple, the follow ng water-based resins

may be useg): o&%'a)&!'cn}SHgﬁLaﬁ%hQ ; d@s@a@!bfe' e%b%'ey%]a%y ly

al cohol such as anion-nodif ied pol yV|ny al coh

SBEFIAtCIRILIEY ROLLY BLa2kAaloby Bh SREL8LTRILl R n:

onV|nyI alc pol urethane po yv

a nDdlfled rrolldone such_as
2B §Bertoss: BoPrathe. o bor Cheohdeb Eory RoR: eng EYer
yr.rol i done-di net hyl am noet hyl net hacryl ate copol yner,
haﬁépgrﬁP?QdCVﬁﬁﬁpléﬁFﬁol|doned|nethylan1noethyl

nmet hacryl ate copol yner, or vinyl

pyrrolidoﬂé—ﬁ@ﬁhm&syl@ﬁt@enpagpybftahne&@whianwd@h@mm is
chlori de copol yner; cellul ose such as carboxynet hyl
less than 2 percent, a desired effect may not be obtained.

If the mass percentage of an organic pigment is more than
20 percent, the fluidity of a coating liquid may become too
low and, as a result, the efficiency of a coating process
may decrease and the operational costs may increase.

Organic pigments can be divided into several
types according to their particle shapes: solid-shape,
hollow-shape, and doughnut-shape. To achieve a good balance
between the glossiness, coatability, and fluidity of a
coating liquid, it is preferable to use an organic pigment
having hollow-shaped particles with a void percentage of 40
percent or higher and an average diameter of between 0.2-
3.0 um.

As a binder, a water-based resin is preferably
used.

As a water-based resin, a water-soluble resin or

a water-dispersible resin may be used.
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cel l ul ose, hydroxyethyl cellul ose, or

hydr oxypr opyl cel | ul ose; nodified cellul ose such as
woabi7ansézed hydroxyet hyl cel |l ul ose; pol yest er, PCT/JP2007/057802

pol yacrylic acid (ester) , nelam ne resin, or nodified

versions of these substances; synthetic resin made of

pol yest er-pol yeur et hane capelynmer; and ot her

substances such as poly (netha) acrylic acid, poly

(met ha) admyl dvicde ofowiadiezethastar ae s iph asyyh drey luateed

starch, self-denatured starch, cationized starch

deteerdimadiolh ethestparrphes,. pol yet hyl ene oxi de,

pol yacrylic acid soda, and al ginic acid soda. The

above subsianegsnipak,bendsed irfiividyRlder Haddl resins may
conbi nat i on. Anong the above subst ances, pol yvinyl

bRl %%%@ §§&'e%yqp%! o%%lpogy lff@ gQH?V1nyl alcohol

aceta - ponV|nyI alc

ur et hane, er pol euretha e co
;gycal Sald yoﬁr@forl 4 ET ﬁ?é’\iofalirﬂ? SOt éﬁ%& %ed
pe .of water - dlsper3|ble resin nay be used dependln
&ﬁytwy BuPBGSBO R0 TeRRRHRS TG e BRI 1AYT alcohol;
materdlsper5|ble resins may be used: polyvinyl
hagery IpedeIdInly ipWAr oddetoses copsididied polyvinyl
polystyrene styrene- (nmetha) acrylic ester copol yner,

piymetdid)dcaer Wuah est o lpoliynyer ,pypn:lql\zijdqde—aﬁetyil ecetate

(metha) acrylic acid (ester) copol yner,
cHipuleae- utvadiyvan &yeaRaliyitele - dEfnetiHlalieaanyilene

copol ynmer, polyvinyl ether, and silicone-acrylic
methacrylate copolymer, quaternized vinyl pyrrolidone-
dimethylaminoethyl methacrylate copolymer, or vinyl
pyrrolidone-methacrylamide propyl trimethyl ammonium
chloride copolymer; cellulose such as carboxymethyl
cellulose, hydroxyethyl cellulose, or
hydroxypropylcellulose; modified cellulose such as
cationized hydroxyethyl cellulose; polyester, polyacrylic
acid (ester), melamine resin, or modified versions of these
substances; synthetic resin made of polyester-polyeurethane
copolymer; and other substances such as poly(metha)acrylic
acid, poly(metha)acrylamide, oxidized starch,
phosphorylated starch, self-denatured starch, cationized
starch, other modified starches, polyethylene oxide,
polyacrylic acid soda, and alginic acid soda.

The above substances may be used individually or

in combination.
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copolynmer. A water-dispersible resin may contain a

crosslinki ng agent such as nethylol nelam ne, nethylo
wanree/119t hyl ol hydr oxypropyl ene urea, or isocyandrPmo7/057802
Al'so, a self-crosslinking copolynmer containing a unit

of Nmet hyl ol acryl am de may be used as a

wat er - di spersible resin. Twg_or nore of the

wat er - di spersi bl e resins descri bed above nay be used

at the sadmonigmgheTlaboves substiancefs,t pe lwatiaylbadedhol,

resin to the pignent in the coating |layer is

cartebarabldy £2 eH0@olgvit@dlladcoand , mare tprnehedaiyd3: 100

to 50: 100. The anount of the water-based resin in the
po0Ftiing1l ayeohol , dgbakasted, sgbhgtirih®ane, and polyester-

| i gui d- absorbency of a recording mediumfalls within a

p%ﬁ%%h&%%h%%%g%op@ﬁ. e @%E?%é?%%&%ﬁﬁk??&e%%&%%ﬁ%tﬁhsterms

uséd, whether to X a cationfc orga conmpoun

O%thRng%%rbgngetional. For exanple, primary to
tertiary amnes-that react with sulfonic groups,

car boxyl rougagﬁpr am no grqups of a direct dye or an
acid dye ff¥a e PLs §AkSES S mR eAsd 6 RSSAsorgy e used
salt; or a mononer, oligoner, or polymer of _
dgrerdéngary AhRoRUEROSE-t Feay cFempded. theodglikbernngawater-
ol i goner and a pol yner of quarternary amoni um salt
daspegspbdicalrey ipse revablee nsasl : a podtyivimyd ecgaaite,

conpound, the follow ng

ethylene-polyvinyl acetate copolymer, polystyrene, styrene-
(metha)acrylic ester copolymer, (metha)acrylic ester
polymer, polyvinyl acetate- (metha)acrylic acid (ester)
copolymer, styrene-butadiene copolymer, an ethylene-
propylene copolymer, polyvinyl ether, and silicone-acrylic
copolymer.

A water-dispersible resin may contain a cross-
linking agent such as methylol melamine, methylol urea,
methylol hydroxypropylene urea, or isocyanate. Also, a
self-crosslinking copolymer containing a unit of N-
methylolacrylamide may be used as a wafer—dispersible resin.
Two or more of the water-dispersible resins described above
may be used at the same time.

The mass ratio of the water-based resin to the
pigment in the coating layer is preferably 2:100 to 100:100,
and more preferably 3:100 to 50:100. The amount of the

water-based resin in the coating layer is determined so
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subst ances may be used: di et hyl am ne-epi chl orohydrin
pol ycondensat e, di net hyl am ne- ammoni a- epi chl or ohydri n

woandansate, poly (trimethyl am noet hyl - met hacpgrarmo7/057802

.met hyl sul fate) , diallylamne hydrochl ori de-acryl am de
copol ynmer, poly (diallylam ne hydrochl oride-sulfur

di oxi de) , polyallylam ne_Rydrochlorid, poly

(al Iyl am ne hydrochl ori ddi al | yl am ne hydrochl oride) ,
therty ithel déquiia-kbplsarbrecyopd] preecopdiyygi meldiniméalls
copol ynmer, di cyandi am de, di cyandi am de-anmoni um
wilthdmi despeeaffier mahdehyde condensate, pol yal kyl ene
pol yam ne-di cyandi am de ammoni um salt consensat e,

di met hyl Wh@hlﬁ'W@@@@ﬂdﬂ§§@yéyﬂl@echyﬁéd¥ @é'ﬂsed,

met hyl am ne hydrochl oride, poly (dially
[ ylai oni ri .pol Lald wl  di I .
o ar oL ePrle Eemdly cbmpllila ¥ B blhider 1s
cg%q%%pxl amoni um chl ori de-di al I yl am ne hydrochl ori de
ﬁbrivgtrve) , acrylam de-diallyl dinethyl ammoni um

chl ori de copol yner, acrylate-acryl am de-diallyl am ne

hydr ochl ofiPde &GP Fme PL IFGINYetey IteHitiary, anines that

et hyl eni m ne derivative such as acryl am de pol yner,

raR¢ thvdithi eglgonyet Wylogmisn wa réiokyile g copisde orThaino

above substances may be used individually or in

gromgisnatfl endikredts dyspea alnl yoaidefdgealiine at watear-&oluble
cationic organi c conpound having a | ow nol ecul ar

W ghid Seh assdilmmilky lsamtne oapPiaC RodloaRY]r idligomer, or
pol ycondensat e or

polymer of guarternary ammonium salt may be used. Among
them, an oligomer and a polymer of qguarternary ammonium
salt are especially preferable.

As a cationic organic compound, the following
substances may be used: dimethylamine-epichlorohydrin
polycondensate, dimethylamine-ammonia-epichlorohydrin
condensate, poly (trimethyl aminoethyl-methacrylate
methylsulfate), diallylamine hydrochloride-acrylamide
copolymer, poly (diallylamine hydrochloride-sulfur dioxide),
polyallylamine hydrochlorid, poly (allylamine hydrochlorid-
diallylamine hydrochloride), acrylamide-diallylamine
copolymer, polyvinylamine copolymer, dicyandiamide,
dicyandiamide-ammonium chloride-urea-formaldehyde
condensate, polyalkylene polyamine-dicyandiamide ammonium

salt consensate, dimethyl diallyl ammonium chloride, poly

diallyl methyl amine hydrochloride, poly (diallyl dimethyl
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pol yal | yl am ne hydrochlorid in conbination with a
cationic organi c conpound having a rel ativel y-high

wounbwaukzar wei ght such as poly (diallyl dinmethpCT/3P2007/057802

.amoni um chloride) . Conpared with a case where only

one cationic organic conpound is used, using cationic
organi ¢ conpounds in conbingtion inproves inmage

density and reduces feathering. The equival ent wei ght
agmopdtinoichilierd deat,i ®oly didjadily lc chpediy loktraionsdinby

the colloid titration nethod (using pol yvinyl

adtcers siecHmudififratod cxridiet) gl wicdiyng ddlald)yl slipfeafhgiiakinmonium
between 3 and 8 neq/g. Wth an equival ent weight in

dnhe rakeveliizanga, aihieedhydereSidr RS $eafi whe wat,i oni ¢

or gani ¢ conpound fallsmnthln a preferable range. In

A8 1ERASY %ﬂ%riglygf A egHl '\éahra?lt |9t Al CH dgg;g er,

using the coll t|trat|on a catlonlc

t I t hat th
gbll%'coné%%I %kghdla l%|s : %&&5 Hﬁf 3%e Cpolyner,
Ppr?glé@ gfylg g&ﬁ?gtt%&éﬁﬂ erfor madaI Trg%r dry deps;asu

between 0.3 and 2.0 g/n2. If the dry deposit mass of a
acaileAicleo RgdiTe reompel e dis ieshao liviedd v e3 igyime, alkylene
sufficient inprovenent in imge density and sufficient
oxddigct i on in feathering may not be achieved. Any type
of surfactant nay be used dependi ng on the purpose.

The above substances may be used individually or

in combination.

It is especially preferable to use a cationic
organic compound having a low-molecular weight such as
dimethylamine-epichlorohydrin polycondensate or
polyallylamine hydrochlorid in combination with a cationic
organic compound having a relatively-high molecular weight
such as poly (diallyl dimethyl ammonium chloride). Compared
with a case where only one cationic organic compound is
used, using cationic organic compounds in combination
improves image density and reduces feathering.

The eqﬁivalent welght of cation in a cationic
organic compound obtained by the colloid titration method
(using polyvinyl potassium sulfate and toluidine blue) is
preferably between 3 and 8 meq/g.

With an equivalent weight in the above range, the

dry deposit mass of the cationic organic compound falls



For exanple, an anionic surfactant, a cationic

surfactant, an anphoteric surfactant, or a nonionic
weund7acsaant nay be used. Anpong the above surfaeCatPm)7/657802
.nonionic surfactant is especially preferable. Adding a

surfactant inproves water resistance and density of an

i mge and therefore reducg§3bleeding. Exanpl es of

noni oni ¢ surfactants include higher al cohol ethylene
woxhde adguetferabkyl phegel &nhhyhenmeexiidemadduot, thatty

acid ethyl ene oxi de adduct, polyhydric al cohol fatty

cgoidatsher wetibykene extdenaddual, theghenlakdphatiretion
am ne et hyl ene oxi de adduct, fatty acid am de et hyl ene

mexhee, aad@atmoﬁlatct }zsrala!m@t B}zsingeﬁnaxu@edaﬂq%a Qthyl ene
oxi de adduct of fat, "pol ypropyl ene glycol ethylene

d@é%ﬁglgqgﬁchatgkyggr%ka&agh SEQde%BEEent in th solution

pentaeryt ritol fatty aci sorbitol-sorb

fatt |ﬁ ester, sucrose_ fat aci d ster I ric
5 PEREBRS) OarkgPost REFComa APkBHOCRRTRELT dtt 96530%1%%

anlde The above substances may be used individually

or in conBPfatiton depesyiy BESE RifcGhsRtiONASE orRnisd

to a specific type and any type of pol yhydric_al coho

cempopaduded paesendiony betweenpOrposad ReP exafpl e

gl ycerol, trinethyl ol propane, pentaerythrite,

sorbitol, Idr thwer cdoaye deppshe osed. oEthybemao@&mderganlc

adduct may be produced by

compound is lower than 0.3 g/m?, sufficient improvement in

10 image density and sufficient reduction in feathering may
not be achieved.

Any type of surfactant may be used depending on
the purpose.
For example, an anionic surfactant, a cationic

15 surfactant, an amphoteric surfactant, or a nonionic
surfactant may be used. Among the above surfactants, a
nonionic surfactant is especially preferable. Adding a
surfactant improves water resistance and density of an
image and therefore reduces bleeding.

20 Examples of nonionic surfactants include higher
alcohol ethylene oxide adduct, alkylphenol ethylene oxide
adduct, fatty acid ethylene oxide adduct, polyhydric
alcohol fatty acid ester ethylene oxide adduct, higher

aliphatic amine ethylene oxide adduct, fatty acid amide

25 ethylene oxide adduct, fatty oil ethylene oxide adduct,



replacing a part of ethylene oxide with an al kyl ene

oxi de such as propyl ene oxide or butylene oxide to the
wexbeEnt42hat the water solubility is not affecredJrPioz057802
.percentage of the replaced part is preferably 50

percent or |ower. The hydrophile-Iipophile bal ance

(HLB) of a nonionic surfactgnt is preferably between 4

and 15, and nore preferably between 7 and 13. The mass
ertatyilenef dsdieles wrddanttantt tiat,hedatdraniyd edregayiiycol ethylene

conmpound is preferably 0:100 to 10: 100, and nore

axiefeerrtiuet]). LA kG diteleAAMORRIH I ITDL

be added to the coating | ayer as needed. Exanpl es of

f.%t foponand,s 1nciide, addidy Mes, St AS AN dldEna

er, a pH adjuster an antiseptic agéent, and an

egﬂ! f l;
coa#tl ngdﬁaa 'S Ci(;escrl é‘fmg&;r%ﬁ a‘?LJ&R d fyl ether,
fo e coati Iayer limted to a specific
5 %ﬂérﬁﬁ?gwéia%%aﬁnﬁ%? 1ayer may be forned
by |npregnat|n t he base naterlal wWith a coating
liquid or 8 P tessehgray i aass tJH?éiJkia’s(Blally or
material . For the inpregnation with or application of
in cwathimpldiaui d, a coater such as a conventional size
press, a gate roll size press, a filmtransfer size
press, a Babghydric alcohol is not limited to a specific
type and any type of polyhydric alcohol may be used
10 depending on the purpose.
For example, glycerol, trimethylolpropane,
pentaerythrite, sorbitol, or surcose may be used.
Ethylene oxide adduct may be produced by
replacing a part of ethylene oxide with an alkylene oxide
15 such as propylene oxide or butylene oxide to the extent
that the water solubility is not affected. The percentage
of the replaced part is preferably 50 percent or lower. The
hydrophile~lipophile balance (HLB) of a nonionic surfactant
is preferably between 4 and 15, and more preferably between
20 7 and 13.
The mass ratio of the surfactant to the cationic
organic compound is preferably 0:100 to 10:100, and more
preferably 0.1:100 to 1:100.

Other components may also be added to the coating

25 layer as needed.
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coater, a rod coater, an air knife coater, or a
curtain coater may be used. Al so, using a conventiona

weiaE/1p4e3s, a gate roll size press, or a fil nPCraPxdT057802

Size press attached to a paper nmachine for the

i npregnation with or application of a coating |iquid
may inprove the efficiencysgf the coating process.
There is no specific limt to the amount of coating

l'i qui d onExbepbeseoffabéhieal copweests tthelsdei ddditives
content of a coating liquid on the base material is
speef esabhyabemweenpbwbeanda2fHghAgusaBd, Maheantiseptic
preferably between 1 and 15 g/ nR2. After the

agBRteoAaki 8 whthoQhqappl.i cation of a coating |iquid,
the coating liquid nay bedried. The tenperature for

this dryipg @&Qﬁﬁg gsmEEﬁ 8r§?|¥o? e@héog?%QQnGSQayer

C, but is not e specl

X Iar d|ng medi um may al so have a back | ayer
1% Sgﬁ 6a8§ % F~PHe base material, and other | ayers
betmeen the base material and the coating |ayer or

bet ween t RBSHASENREL F PTRAATt hBehSERTLRPel 2VAEsdS RO
protective |ayer may be grOV|ded on the coating layer.
lEméRedf tepha PRyEisimayebbodeonposedxafipdge kthgecositing
multiple layers. In enbodi nents of the present
lepeennaygnbeafpeneddbyg impdegnehdangngha baski guatatiafd with
as descri bed above is called a commercial printing
apapeting liquid or by applying a coating liquid to the
base material.

For the impregnation with or application of a
coating liquid, a coater such as a conventional size press,
a gate roll size press, a film transfer size press, a blade
coater, a rod coater, an air knife coater, or a curtain
coater may be used. Also, using a conventional size press,
a gate roll size press, or a film transfer size press
attached to a paper machine for the impregnation with or
application of a coating liquid may improve the efficiency
of the coating process.

There is no specific limit to the amount. of
coating liquid on the base material. However, the solid
content of a coating liquid on the base material is
preferably between 0.5 and 20 g/m?, and more preferably

between 1 and 15 g/m?. After the impregnation with or

application of a coating liquid, the coating liquid may be



Normal |y, solvent ink is used to print on a comercia

printing paper. However, when used for a different
woypE/1eds2paper, sol vent ink, because of its hi gaT/3P2007/057802
.penetration capability, may penetrate through the

paper and appear on the back of the paper or may cause

bl eedi ng over tine. Unlikesgn a comercial printing

system wusing solvent ink with an inkjet recording
dgyistdenTher tefibecetame Home thser siryaygec auseemsolkilsens.

Tabl e 3 bel ow shows the results of evaluating the

p&@@é&%b&giﬁbhﬁée%f1b@r%%dCQ®@Bﬂ91abu@F&BthBﬁ P2REEED to the
when used with water-based ink. 1n this evaluation,
sbeigreuntsek pure water transferred onto the three
commercial printing papers were neasured by using a

dynam c s ni . I I
envir onrreﬁ?la eg%rr}@]lqtsd%ﬁ&%g% %?legahg%% %’_%y tahrleS%n have a
amounts _of pur ter transferred onto the thre

5 DEGIdPYER OB A BE Paiir ¢ ekBaredaty T tynaiic: Other
scanni ng absorptoneter after a _contact tine of 100 ms
Wﬁ&édbr%ﬁ%@é’nt?eaﬁ@s% natemizl Pedtts woRtimtidemr or
print quality, the amount of pure water transferred is

betafegnaliihe beasgearterand 26dnithe Dackhdmyare @mmt of
transferred pure water after a contact tinme of 100 ns

protedliver ltalyar ttaey jree foarcatilded amgehdeaditngngrdyayer. Each
occur. Wen the anount is
of the layers may be composed of one layer or multiple

10 layers.

In embodiments of the present invention, a
recording medium having a configuration as described above
is called a commercial printing paper.

Normally, solvent ink is used to print on a

15 commercial printing paper. However, when used for a
different type of paper, solvent ink, because of its high
penetration capability, may penetrate through the paper and
appear on the back of the paper or may cause bleeding overx
time.

20 Unlike in a commercial printing system, using
solvent ink with an inkjet recording system for office and
home users may cause problems.

Table 3 below shows the results of evaluating the

characteristics of three commercial printing papers when

25 used with water-based ink. In this evaluation, the amounts



| arger than the preferable range, the dianeter of a
recorded ink dot may becone smaller than a preferable
wdizearati€n7 The amounts of pure water transferredCoarmor/057802
_the three commercial printing papers neasured by a
dynam ¢ scanni ng absorptoneter after a contact tine of
400 m s ranged between 3 aﬁ 40 mM/m2 . To obtain a
practical print quality, e anount of pure water
ofr pnstewnedri sransferabliyohebwera bhand 26mmbinidl.
When the anpbunt of transferred pure water after a
peoRtany bhperef wdB8 MEakirsfBbYehsihgnat Bgnpfetesalhaing
range, drying becones insufficient and spur narks may
aBBB%@Eom!@%Q the amount is larger than the preferable
the gl ossiness of an inmage after dried may be
[&ﬁgﬂceg A s described above, to forma high-quality
ghe amount of pure water transferred onto a

connerC|aI printing paper Is pre

amabhny bt weer 4aterd
26 M/ m2 after a contact time of

0@ s rad (hat/meen

10

15

5 and 29 mMl/m 2 after a contact

dynanic scanning absorptoneter ([

b%%t% t‘4UU
A—meﬂ f\li'ﬁﬁ

Sonthct

P4:ime: 400 ms

PEDSt

n (S

EESRE! pEIALIAE

q4% %a?
(§ §6 8§ rbed durir
g5ﬁmpﬁﬁ§ =THE4dynghfcr sEERRPRg abs

Pepsds TPde sigd88pfPon_&5fed of a |

OO0~ J&K, Ol Yt
curatery neas
g a very shor

5or pt oret er  di
|nu|d fromith

U1 1
ur e tﬁ%4

I period
Fectly

a)

CrprefePRDSET 0T
electrophotographic printing
(brand name: POD Gloss Coat,
grammage = 100 g/m?, 0ji paper
Co., Ltd.)

3.1

3.5

Matt coated paper for ink jet
printing (brand name: Superfine,

41.0

Seiko Epson Corporation)

44.8

In an environmental condition of 23 °C and 50%

RH,

the amounts of pure water transferred onto the three

commercial printing papers measured by a dynamic scanning

absorptometer after a contact time of 100 ms ranged between

2 and 35 ml/m?.

To obtain a practical print quality,

the

amount of pure water transferred is preferably between 4

and 26 ml/m?.

When the amount of transferred pure water

after a contact time of 100 ms is smaller than the

preferable range, beading may occur.

When the amount is

larger than the preferable range, the diameter of a

recorded ink dot may become smaller than a preferable

diameter.
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meni scus in a capillary and automatically neasures the

anount of the liquid absorbed. The dynam c scanni ng
wahsworipsanet er scans a di sk-shaped test sanpl ePOy/JP2007/057802

.movi ng anl i qui d-absorbing head spirally over the test

sanpl e and thereby neasures the anmount of liquid

absorbed at as many points gs necessary. The scanning

speed is automatically changed according to a

predet er mTied guatundrsn .o fA duirgguinweh tsup pdnainref eheed tdreito the
supplies liquid to the test sanple is connected via a

thefdeo o gicsit=ar ed inrdaimpaite sl b alst idie bsapl Idydanic
The position of a nmeniscus in the capillary is

SRR G dorHIREed APt AN PRIJRRICS MY ofTA00 ms
measure the anmounts of transferred pure water

Y} Y, C/. 2Capni orp r .
3 LAY A8, PR bR g print

amount of_.transferred pure water after cont act ti
BFLGy e HE0T S5 B YRRGH RS S ol AATRprabLy
the transferred anounts neasured at time points near
bt et @R idrk M ihk >TERBNBh&r 90pRGeREe§ TARREeTred pure
especi ally, high penetration pignented inks according
wad eanteddiare @ saftadie imsserft 409 @t idon smed ldes ditidgedhe
bel ow. Exanpl es of organic pignents include azo
peerfieass b Jeh trtead gy atyiyrien os éord cassne sanitrfnatfidi dieme: sard espur
qui nacri done series, dioxazine series, indigo series,
¥ A g aRyd €S WHe! WIRhenfRiiteS.s 1 1SHAAOIHHEN the

series, aniline black,
preferable range, the glossiness of an image after dried
may be reduced.

As described above, to form a high-quality image,
the amount of pure water transferred onto a commercial
printing paper is preferably between 4 and 26 ml/m® after a
contact time of 100 ms and between 5 and 29 ml/m? after a
contact time of 400 ms.

A dynamic scanning absorptometer (DSA; JAPAN
TAPPI JOURNAL, Volume 48, May 1994, pp. 88-92, Shigenori
Kuga) is an apparatus that can accurately measure the
amount of a liquid absorbed during a very short period of
time. The dynamic scanning absorptometer directly reads the
absorption speed of a liquid from the movement of a
meniscus in a capillary and automatically measures the

amount of the liquid absorbed. The dynamic scanning

absorptometer scans a disk-shaped test sample by moving an
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azonet hi ne series, rhodam ne B | ake pigment, and
carbon bl ack. Exanpl es of inorganic pignments include

wonrari/1es§2de, titani um oxi de, cal ci um car bonat epCciaprionms7802

.sul fate, al um numhydroxi de, bariumyellow, iron blue,
cadm umred, chrone yellow, and netallic flake. The
dianeter o f pignent parti-Gloes is preferably between

.01 and 0.30Q . en.the _dianmeter is smaller than
LAY s bRl rad rothg Srge ShepgmEneanple and
articles i s close to that of dye particles, |ight
tB§§F§¥aW€§S8Fe§h§h§i@Wﬁﬁptnﬁﬁ Bléuﬂdd@©§@r@ﬁ@ at as many
feathering may occur. Wen the dianeter of pignment
Ppaptiscpes Neselsgrger Thanseasfimy speke pisgeetiomatically
particles may clog inkjet nozzles and filters in a
cpehgedr agndrdédgceol &S pirellejcettii Agdpeai-eerance. A
pigment o f any color, for exanple, a black pigment or

a col or pRgIRGLLdTRYpR1§inseHderending @R 14Re 11 quid
pur pose. Pigngﬁﬁé naygbgé %seg ind|V|du§$?§ or fnatt ©

teenbiaat kaRp1Br %eEéﬂhléctggcgﬁgog ?E%‘i‘énpi(%‘éﬁ'gafeg%dg

bl ack pignented ink 1s ma _ urnace ‘ime
L erL N S T AP R S
B SRR LB0a %3 s o0 T Sy S S 1y o
B Sh S o b ek et e e N 20 pure
water described above, a dynamic scanning absorptometer
(K350 series, type D, Kyowa Co., Ltd.) was used. The amount
of transferred pure water after a contact time of 100 ms or
400 ms can be obtained by interpolating the transferred
amounts measured at time points near the contact time.
<Ink>

Exemplary pigmented inks, especially, high
penetration pigmented inks according to embodiments of the
present invention are described below.

Examples of organic pigments include azo series,
phthalocyanine séries, anthraquinone series, quinacridone
series, dioxazine series, indigo series, thioindigo series,
perylene series, isoindolinon series, aniline black,
azomethine series, rhodamine B lake pigment, and carbon

black. Examples of inorganic pigments include iron oxide,

titanium oxide, calcium carbonate, barium sulfate, aluminum



MA8, MAI OO, No. 2200B (M tsubishi Chem ca
Corporation) ; Raven 700, Raven 5750, Raven 5250,
weaven 15200, Raven 3500, Raven 1255 ( Col unbi anPCT/JP2007/057802
.Chemi cal s Conpany) ; Regal 400R, Regal 330R, Rega
660R, Mogul L, Mnarch 700, Mnarch 800, Mnarch 880,
Monar ch 900, Monarch 1000, anarch 1100, Monarch 1300,
Monar ch 1400 . ( Cabot Cbrporatlon) ; Color black FW,
h@dlroxitkaclkakWm Qéﬂmbwbla&anMZVe,CebdmlhmaﬁbdFWk&rome
Col or bl ack FW200, Col or black S150, Col or black S160,

yeahet, bhaekmeta01iRr inh@¥ .35, Printex , Printex V ,
Prlntex 140U, Printex 140V, Special black 6 , Special

bl ack o ; 1HRCEahblack 4p capdeSpechaleileask frererany

(Degussa) es o pig nts are lis
I f II d._f I
o35 O &n%ﬁ9°$fé5%o%n%”%ﬂ R e agaheter 9y %%gﬁﬁ than
73 74, 75, 83, 93, 7 98 114, 128, 129, 15
5 ¢ ¥84. 17he FIUWFH& p.aﬁeﬁegenﬁ§ Ba oHesG particles is

magenta ink: Cl pignent red 5, 7, 12, 48 (Ca), 48
cloeR, t97t@@é)of5¢yf parzicies, 1éght)gesighanze? ofThbe
followi ng pignments may be used for cyan ink: C

pRiggertt malyubel red2ced3d andl 5ed,;thekid4, mbf, camacir22 Whamd the
Cl vat blue 4 and 60. A pignment newly manufactured for
dikecples &ft pirventi @ardy:lalssasbeaused fomneaci3oc@mgr the

ink. Fluorinated surfactants created for the present
p&a@y@&tﬂ O3 r@h 1RQS a3V &i1lRPli @ k3% tC AIBNEAlarkl FdUGeTs in a

10 printer and reduce its ink jetting performance.

A pigment of any color, for example, a black
pigment or a color pigment, may be used depending on the
purpose. Pigments may be used individually or in
combination.

15 Preferably, a carbon black pigment for a black
pigmented ink is made by a furnace method or a channel
method, and has a primary diameter of 15-40 nm, a BET
specific surface area of 50-300 n@/g, a DBP oil absorption
of 40-150 ml/100g, a volatile matter content of 0.5-10%,

20 and a pH value of 2-9.

Examples of carbon black pigments include No.
2300, No. 900, MCF-88, ﬁo. 33, No. 40, No. 45, No. 52, MA7,
MA8, MA100, No. 2200B (Mitsubishi Chemical Corporation);

Raven 700, Raven 5750, Raven 5250, Raven 5000, Raven 3500,

25 Raven 1255 (Columbian Chemicals Company); Regal 400R, Regal



al so be used. Commercially avail able fluorinated
surfactants include Surflon S-H, S-112, S-113, S-121,
wWe20BM114587132, S- 141, S 145 (Asahi d ass Co., LPdATyP2007/057802
.Fluorad FC-93, FC-95, FC 98, FC- 129, FC 135, FC-170C,
FC- 430, FC-431 (Sumtono 3MLimted); Megafac F-470,
F1405, F-474 (Daini ppon |QE and Chem cal s,
I ncor porated); Zonyl TBS, P, FSA, FSN 100, FSN,
3B8B, 1B gakSOL0RS- BOOn1UR (MouBawt) 7,0 0FTMon@rchT8250, Monarch
FT- 251, FT-400S, FT-150, FT-400SW (NECS Co. Ltd.); and

8B, 1 ibNai-ennova, Sehut-icens 0 00N C Mon2AFBNG 1006 MMona re@r 1800,
of reliability and col or devel opnment, Zonyl FS-300,

ME%H{CESN40©OQCaBB@ ESPpoPaRaBY) ; a@%l%§p%Qb%m!¥Wl Color

preferab e. As a dlsper3|ng agent” for dlsper3|ng

QLN iEGopi %gg@& Bg r’FW@VWaIC%rlo%o%liglc?c g’%ﬁg” ¥o18r plack

mater sol'ub sur ant may al'so bé use

5 sBB Rt e T o Tot ope TE R ——

selected fromthe group consisting of styrene, styrene
PEANEH PPe, EVLATEFafnt RALereXddri PalnFeX 140 hafirantex

al cohol ester of a , b-ethylene unsaturated carboxylic
1480Vd, Smecykilcbaeicd, 6acBpleicd adcibd addr iSvatSpeesiadabdiack 43,
acid, maleic acid derivative, itaconic acid, itaconic
aaci dpeeriatabileek Bundeatwsaand funmarate derivative nay
be used. The above water-soluble resins are

al kal i - solEhin® 1eeSoFs dhafr YiRmEltwdlg-d N IWHRI below.
solution of a base. A water-soluble resin
10 The following pigments may be used for yellow
ink: CI pigment yellow 1, 2, 3, 12, 13, 14, 16, 17, 73, 74,
75, 83, 93, 95, 97, 98, 114, 128, 129, 151, and 154.
The following pigments may be used for magenta
ink: CI pigment red 5, 7, 12, 48 (Ca), 48 (Mn), 57 (Ca),
15 57:1, 112, 123, 168, 184, and 202.
The following pigments may be used for cyan ink:
CI pigment blue 1, 2, 3, 15:3, 15:34, 16, and 22; and CI
vat blue 4 and 60.
A pigment newly manufactured for the present
20 invention may also be used for each color ink.
Fluorinated surfactants created for the present
invention or those available as commercial products may
also be used.

Commercially available fluorinated surfactants

25 include Surflon S$-111, s-112, sS-113, S-121, S-131, s-132,



with a weight-average nol ecul ar wei ght of 3000-20000
is easily dispersible, is able to provide a dispersion
wi20d7/1akaw vi scosity, and is therefore especi aPCy/JIP2007/057802
.preferable for an inkjet recording liquid.. Also, a
conbi nation of a polyneric dispersing agent and a
sel f-di spersing pignent isgypreferable to obtain an
appropriate dot dianmeter. A possible reason why such a
ScadBirn&rildn pRevhdeSlaspr Eperablitd.pesfluoiradd&§cPBredC-95,
bel ow. M xing a polyneric dispersing agent in an ink
Fe@8ce$Ct-Ae peREt-Adbi, o Ceagali | FCy 480 ,t RE-i4BK. (Busdtomo 3M
m xi ng a pol ymeric di spersing agent prevents
Lagdredat;i egafaa gelf7odi spaonsi, ng-pi7gneat napgdohelrpk thea
sel f-di spersing pignent to spread snoothly in the

chemizantal 1dicdeegldr@Red drRmaf BIEh Bee | NKsAPr PafS100, FsN,
thin and wi de and therefore nakes it possible to form

5 r3cli9ek ak® dak-3f03 BRMADERCRR) UPER-1k Al Akr-251,

ani oni ¢ surfact ant, "a cationic rfactant, “an

A O Aol of "NPBAN: QEPRREBant L he GO FEGRELN

fatty acid salt, alkyl sulfate, alkyl ether sulfate,
(PPRPVae SedtdGReat énCal ky PNgRyl EDEEY 4@y taEds &fkyl
sul fonate, sul fosuccinate, alkyl allyl and al kyl
reapabidiéie agd foRatre degelkpbmehtsplanyl FS-300, FSN, FSN-
pol yoxyet hyl ene al kyl ether phosphate ester salt, and
180kylanal @0 dDh@onphosmpeatespebiatilye preff exatbileni c
surfactants include al kyl am ne salt, dialkyl am ne

10 salt, tetmaakkylispersing agent for dispersing organic
pigment powder, a water-soluble resin or a water-soluble
surfactant may alsoc be used.

As a water-soluble resin, a block copolymer, a

random copolymer, or salt made of two or more monomers

15 selected from the group consisting of styrene, styrene
derivative, vinylnaphthalene derivative, aliphatic alcohol
ester of o, P-ethylene unsaturated carboxylic acid, acrylic
acid, acrylic acid derivative, maleic acid, maleic acid
derivative, itaconic acid, itaconic acid derivative,

20  fumarate, and fumarate derivative may be used. The above
water-soluble resins are alkali-soluble resins that are
soluble in water solution of a base. A water-soluble resin

with a weight-average molecular weight of 3000-20000 is

easily dispersible, is able to provide a dispersion with a



amoni um sal t, benzal konium salt, al kyl pyridinium

salt, and i m dazoliniumsalt. Exanples of anphoteric
weoeund7acsant si ncl ude di met hyl al kyl |auryl bet aPa®JP2007/057802
.al kyl glycine, alkyldi (am noethyl ) glycine, and

i m dazol i ni um bet ai ne. Exanpl es of noni onic

surfactants include pol yoxygthyl ene al kyl et her,

pol yoxyet hyl ene al kyl allyl ether, polyoxyethyl ene
lpoel yosgpsdpyl eardgigcbhergfycer eapesieat]lysprbéfeéaable for

ester, sucrose esters, polyoxyethyl ene ether of
agl yaefeb esterdipel yoxueshyl ene et her of sorbitan

ester, polyoxyethylene ether of sorbitol ester, fatty

acid al kapekam aecoﬂghﬁgﬁyshhakeae bathyraei glgﬂbggln
ani ne oxi de, and pol yoxyet hyl ene al kyl am ne. plgnen?

b .
L s QZ\P?E@%%?%%%E I ?P%éssﬁvglgtm
th t. di Lbility. f. t
R e S R fﬁ%ﬁ%%‘g%ﬂamwaﬁsh :
Wi th an. organi c polyner and thereby t )
CHRLBeRESPs BIERVe dEfe awar@rfq%%mees%weﬁnde%%wed below.

conventional nethods _include chem cal manufacturing

met hods, Mhydéhneak radvhecstigr dagrreshodsagent in an ink

physi cochem cal manufacturing nethods, and nechani ca
rednokactiei pgneetthbdsn Eepabiampyepfcbheimgknehmsds mixing

(1) through (10) described bel ow nay be used. (1)

al pberhaegcpaligpersiati agefiet pedvehve tygesgat iBBNBAERS
or two types of reactants are dissolved in a

10 self-dispersing pigment and helps the self-dispersing
pigment to spread smoothly in the horizontal direction. A
drop of such an ink spreads thin and wide and therefore
makes it possible to form a desirable dot.

As a water-soluble surfactant, an anionic

15 surfactant, a cationic surfactant, an amphoteric surfactant,
or a nonionic surfactant may be used. Examples of anionic
surfactants include higher fatty acid salt, alkyl sulfate,
alkyl ether sulfate, alkyl ester sulfate, alkyl arylether
sulfate, alkyl sulfonate, sulfosuccinate, alkyl allyl and

20 alkyl naphthalené sulfonate, alkyl phosphate,
polyoxyethylene alkyl ether phosphate ester salt, and alkyl
allyl.ether phosphate. Examples of cationic surfactants
include alkyl amine salt, dialkyl amine salt, tetraalkyl

ammonium salt, benzalkonium salt, alkyl pyridinium salt,

25 and imidazolinium salt. Examples of amphoteric surfactants
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di sperse phase and a conti nuous phase separately, and
arecaused to react with each other at the interface
woetomess2t he two phases and thereby to form wakPCT/JP2007/057802
-menbranes. (2) In-situ polynerization nethod: aqueous
or gaseous nononers and catal ysts or two types of
reactive substances are supplied fromeither the
conti nuous phase side or the nuclear particle side,
inpdudeeddimasbylt elkgacfawicyh bathioeherland ghecébg,to
formwal | nmenbranes. (3) In-liquid curing coating
aieyyhad: (aabihosehplangsyahiaef onfadibydagsokubi BeRgine.
drops of polymer solution containing core nmateri al

Eﬂéﬁbuékeéf'ﬂoﬁlthQ'@u%%b@gaﬁt%U&hEQuageﬁbl b4yethylene
Coacervation (phase separation) method F nmenbr anes

mf;&lfeg”g%%%'nﬁto 7P ?f b aLATE 5, ngééﬁgrl to
P§o?@%&%?é?ﬁ%ﬁ%2§§lgogﬁgﬁPBYEﬁagegi?%fgrn¥5§aSFandF§Fﬁ§
hod: a core material is dispersed in a solution of

Sar FPHn@ﬁEP&meSﬁ&?@@ﬁaﬁst€ﬁérCBPéYRéngPaﬂeaﬁsﬁ§P§édof
liquid is put in another liquid, in which the

géﬁﬁ?ﬁﬁ@oswtﬁﬁas@Oéﬁoﬂﬁétbﬁﬂ@nﬁaﬁéheal odi spebd&dn| eglied,

do not blend, to forma nultiple enulsion, then the
pn&&bugethy%bhehethermaﬁlsmebﬁtaﬂeesﬁéeniébtts acid

di ssolved is gradually renoved to formwall nmenbranes.

al &arnbkbiideg- dicsEcsy@THARMENF UG €ESid daBdid, amine oxide,
and polyoxyethylene alkylamine.

A pigment may be microencapsulated by coating it
with a resin having a hydrophilic radical.
Microencapsulating gives the pigment dispersibility. Any of
conventional methods may be used to coat a water-inscluble
pigment with an organic polymer and thereby to
microencapsulate the water-insoluble pigment. Such
conventional methods include chemical manufacturing methods,
physical manufacturing methods, physicochemical
manufacturing methods, and mechanical manufacturing mefhods.

For example, coating methods (1) through (10)
described below may be used.

(1) Interface polymerization method: two types of

monomers or two types of reactants are dissolved in a

disperse phase and a continuous phase separately, and are
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menbrane material that nelts when heated and
solidifies atnormal tenperature is |iquefied by

waeai7imgi27core material particles are di spersed#Crar100z057802

.resulting liquid, and then the liquid is changed into
fine particles and cooled to formwall nenbranes . (7)

I n-air suspension coating_pgthod: powder of core

mat erial particles are suspended in air using a fluid
cbededahd aeeoat wnghl equhdothed ags ahealhtsefheanBetween
material is sprayed in the air to formwall nenbranes.

th8) topr piadeyi agdMehbedbyanoundichul,ed1epeaRsHhati on
liquid is sprayed and brought into contact with heated

air to eVQE?rﬁhesﬁ%? #ggg&gkﬁzgﬁgéérggﬁgﬁ Qtaﬁﬂgous or

thereby to form wal anes. i cat’l on

Lt ; | I t | t t
TP he o= R e B R v RP P2 B0 srercaTe
conmpoun I, [ solubility, .is kneaded

hasi c dto v t wate .
SPBSEEREPo TR SUBBLAFANEEPR Shthatebhs REBEGRHOUS Dhase

neutralized or _acidified using an acidic conpound so
SLHgt OFhEh8r BUALEaBoPYRELCLS BéPBsi Red ane farweddt bot heact

colorant, and then neutralized again and dispersed.
with) epphsethaversidothemabyi tocibrnnwahat membsapat.in

an organi c sol vent phase nade of a m xture of a

col orant 48¢ an-aniganidc cargasi eopelygemehavingwaat er

di spersibility, or the organic solvent phase is put in
meAbeaneASadeMabemkal b0k nEBeuBRL L 2 TREDERBEsO0bFapol ymer
solution containing core material particles in a liquid
using a curing agent.

(4) Coacervation (phase separation) method: wall
membranes are formed by separating a polymer dispersed
liquid, where core material particles are dispersed, into
coacervate (dense phase) with a high polymer concentration
and a dilute phase.

(5) In-liquid drying method: a core material is
dispersed in a solution of a wall membrane material, the
core material dispersed liquid is put in another liquid, in
which the continuous phase of the core material dispersed
liquid do not blend, to form a multiple emulsion, then the
medium in which the wall membrane material is dissolved is
gradually removed to form wall membranes.

(6) Melting-dispersion-cooling process: a wall

membrane material that melts when heated and solidifies at
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m crocapsul e, the follow ng organic polyners (resins)
maybe used: pol yam de, pol yuret hane, pol yester,

weoaboyune€r; epoxy resin, polycarbonate, urea reBCWJIP2007/057802

.mel am ne resin, phenolic resin, polysaccharide,

gel atin, acacia gum dextran, casein, protein, natura
rubber, carboxypol ynet hyl eng,_ pol yvi nyl al cohol,

pol yvi nyl pyrrolidone, polyvinyl acetate, polyvinyl
nekrmedi depppabyvirey liisdédeuelflied dg, heeklinggseoret hgherial
cel lul ose, nethyl cellulose, cellulose nitrate,
phydteiget byk aglsberese, igelthdl @e81uaeehat @iquid, and then
pol yet hyl ene, pol ystyrene, polyner or copolyner of
theethah;8Ch Yl bhadgld 1RO FRheObtRANIEL Of LELRAL
acrylic acid ester, (netha) acrylic acid- (Hetha)

a¢hy LG 12 E%b%%k%r copol yner, styrene- (nmetha) acrylic
aci d copolyner, styrene-nmal eic acid copolyner, alginic
aci d soda, fag%y acid araffin, bees wax, water wax,

har dened t'4P1 &W, 3d&r FAFHETRELT §78 tangumethosiippgwder of
them organic polynmers having an anionic group such as
CRTEafBIRYIRE BRELS CdESaagel PEEPENGEEUpnard pstiogall d1luid
Al so, nonionic organic polynmers such as pol yvinyl
bgHeohad, apebypétingl digudidy uskdmasoreiwhadr yleabeane material
pol ypropyl ene gl ycol nononet hacryl at e,

isesborypdl yet hjleend rgltycdorapnanet haebykate, (co)

pol ymers of the precedi ng substances, and cationic

ring-openi(8y BehuRRUrofing- meXazel:i B8 MRYiRGWsed.
Especially, conpletely saponified polyvinyl alcohol is

cReaberahkeopesausg ofi o & r59éb“@58rﬁ9bﬂBhkiH%t%ith%act
easily soluble i'n hot water“but not in

with heated air to evaporate its volatile matter content
and thereby to form wall membranes.

(9) Acidification deposition method: an organic
polymer, at least a part of the anionic groups of which is
neutralized with a basic compound to give it water
solubility, is kneaded together with a colorant in an
aqueous medium, neutralized or acidified using an acidic
compound so that the organic polymer is deposited and fixed
to the colorant, and then neutralized again and dispersed.

(10) Phase inversion emulsification: water is put
in an organic solvent phase made of a mixture of a colorant
and an anionic organic polymer having water dispersibility,
or the organic solvent phase is put in water.

As a material for the wall membrane of a

microcapsule, the following organic polymers (resins) may
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cold water) . The anmount of organic polynmer in a wal

menbrane material for mcroencapsulation is preferably
wa200/1meRrs percent with respect to a water-i nseCubPmo07/057802
.colorant such as an organi c pignent or carbon bl ack.

Keepi ng the anmount of organic polynmer within the above

range prevents the organi e4pgel ymer coating the surface
bof a_pi gnent fton1inhibitin% the col or devel opnent of

ChESEEGnERLYohER  t RELANEERD2BR  aROVGEHEE  pBIOY YR Siag

| ess than 1 mass percent, the effect of encapsul ation
cpeEynES SilRsuPPilyicerbonaien ulreaamesin, offedamingamesin,

polymer is nore than 20 nmass percent, the col or
rdevelléprersiol aopygaenharidenhigeilbedngr aatlcya When

ot her factors are also taken into account, the anount
dektanganicaspahy Mot s ifpr aapueher @bbpes- 10 mass

percent with respect to a water-insoluble col orant.

c%bbxya%1@ffﬁevaﬁylgﬁeanpe&9@@}1glpalneg%li,g Etwig{@iﬁry}lge

above range, a part of a colodorant IS su antia
eft gﬁgggteg 9 S and therefore.the.col.ar
pgeveﬁopnen( P ?ﬁ§ﬁ§§|§?§EPth ﬁ8§yyﬁﬁV%|F§&9r¢%8W1a
d&f%eregtd%oint f view, algolorant IS substantially
PRoat éttYorORGE 8%38§é8?'aﬁ8 HeP&For 8tRYduFrilddRree, methyl
egiaisulation effect can be obtained. The nunber
CavelafEenoredtlaPseendhtase, ahverganethysl gaslulese,
preferably 2,000 or nore to efficiently perform
cehdupograticenatesupsli gathalleypel epblystyated, opolymer or
exposed" inthis case neans that a part of a col orant
cppoilgimemt bdndikeyhef tcrylic acid, polymer or copolymer of
(metha)acrylic acid ester, (metha)acrylic acid-
(metha)acrylic acid ester copolymer, styrene- (metha)acrylic
acid copolymer, styrene-maleic acid copolymer, alginic acid
soda, fatty acid, paraffin, bees wax, water wax, hardened
tallow, carnauba wax, and albumin.

Among them, organic polymers having an anionic
group such as a carboxylic group or a sulfonic group are
preferable. Also, nonionic organic polymers such as
polyvinyl alcohol, polyethylene glycol monomethacrylate,
polypropylene glycol monomethacrylate, methoxypolyethylene
glycol monomethacrylate, (co)polymers of the preceding
substances, and cationic ring-opening polymer of 2-

oxazoline may be used. Especially, completely saponified

polyvinyl alcohol is preferable because of its low water
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uncoat ed and does not include cases where a part of a
colorant is exposed because of a defect such as a
woizaiTali€20r a crack in the coating. Using a PCT/JP2007/057802
.sel f-di spersing organic pignent or a self-dispersing
carbon bl ack as a colorant gives high dispersibility
to a mcroencapsul ated pigpgnt even when the content
of an organic polyner in the capsule is relatively
sbouwbiThéref(dte isaesslifiydsspebiiengnohganiva tpirg et namrd in
a sel f-dispersing carbon black are preferable as
cobbotvamrkes)t Q gi ve sufficient preservation stability to
an ink. It is preferable to select an appropriate
organi ¢ pehenmanoderesd B8R theoTshied i9f 2 wall membrane
m croencapsul ati on. For the intéerface polynerization
; I .er, .pol.yam de
T R e R e RN I
are preferable. For the in-situ,pol ri zati.on nethod
pﬁgFﬁﬁErwéF%c5§8P§ﬁ§r%8fa( ﬁﬁflgéPégE&eaEP&oé§P§r?uCh as
(met ha) ,acrylic acid- (nethag acrylic acid ester
ABoPEPFREL, P4OTEBReOT( RBEREN BéRFK:c KegePbdngopbiey geount of
pol yvi nyl chloride, polyvinylidene chloride, and
opghpari pelamerpwétbiabltbe Bboveheangel poeiventsr ithg organic
coati ng nethod, alginic acid soda, polyvinyl alcohol,
prgélyakirn coalthugi mheasdrépaxry ofesi pighenpr remabngibEeing
t he coacervati on nethod, gelatin, cellul ose, and

thasebloar gepegbemableocrOLher piyReaeNCapet @hicORmount of an
nmet hodsmay al so be used to obtain a fine, uniform

oFyeheeNERAATHER 6 PLUEBRhan 1 mass percent, the effect of

encapsulation becomes insufficient. When the amount of an
organic polymer is more than 20 mass percent, the color
development of a pigment is inhibited greatly. When other
factors are also taken into account, the amount of organic
polymer is more preferably 5-10 mass percent with respect
to a water-insoluble colorant.

With the amount of an organic polymer is within
the above range, a part of a colorant is substantially left
uncoated or exposed, and therefore the color development of
the colorant is not inhibited. From a different point of
view, a colorant is substantially coated or not exposed,
and therefore a sufficient encapsulation effect can be
obtained. The number average molecular weight of an organic
polymgr is preferably 2,000 or more to efficiently perform

encapsulation. “Substantially left uncoated or exposed” in
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For the phase inversion enmulsif ication nethod and the
acidification deposition nethod, anionic organic
woabynesxr7may be used. In the phase inversion PCT/JP2007/057802
.emul sification nethod, one of the follow ng my be
used as an organi ¢ solvent phase: a m xture of an
ani oni c organic pol ymer hauiorg selfdispersibility or
t§°|Ubi|it her and a col orant _such as
écha?gp §Pﬁ Pgafi E2pigRéne GPlQr§€¢f1§|§ﬁ§ﬁ§¢ﬁ@nally
car bon bl ack; and a mxture of a colorant such as a
1§§FfHP§6§F§ﬂn§néréﬁﬁﬁcnetgﬁﬁﬁﬂudﬁ gasest whiegperspagt of a
carbon bl ack, a curing agent, and an ani onic organic
cpébyaBL. lﬁﬁﬁ@posgdpbﬁcansehefoagdafec$obmehtaphasplnhole
the organic solvent phase is put in water. The organic
ogohvemtcthdae thel toditspgrses (i nversion
enmul sification) and the colorant is m croencapsul at ed.
I'n the ph@%année%%Egnd§§5E§bEh%abk%%nq%tngmeﬁt or a
recording liquid vehicle or additivés may al’so

sglf3gleeE Engfgagbgnsghgégt ghgsgolggag gg%g &ghlt

produce a di spersion |1 qul or a recor - qui

L o0 mx.a recording lLiquid nmedium 1In the
dg§ %Egﬁga %gp83?9Fgﬁeﬁﬁ?ﬁﬁﬁgaﬁeaapﬁggﬁnﬁlFVSF WH@“ the
-an % gc group of an organic polynmer is neutralized
BasPE CEABBURIPOLKBSEr gAnthep6PPRBEAS & Skneaasdvely
together with a colorant such as a
1ot f THREBEPSPRgar §aAfcdprprEAtingr oageslif- Qusmen$|agd a
carbon bl ack in an aqueous nedium and the pH of the
sel§adieppobyngr cesbon black are preferable as colorants to

give sufficient preservation stability to an ink.

It is preferable to select an appropriate organic
polymer depending on the method of microencapsulation. For
the interface polymerization method, for example, polyester,
polyamide, polyurethane, polyvinyl pyrrolidone, and epoxy
resin are preferable. For the in-situ polymerization method,
polymer or copolymer of (metha)acrylic acid ester,
(metha)acrylic acid-(metha)acrylic acid ester copolymer,
styrene- (metha)acrylic acid copolymer, polyvinyl chloride,
polyvinylidene cHloride, and polyamide are preferable. For
the in-liquid curing coating method, alginic acid soda,
polyvinyl alcohol, gelatin, albumin, and epoxy resin are
preferable. For the coacervation method, gelatin, cellulose,

and casein are preferable. Other microencapsulation methods
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neutralized or acidified using an acidic conpound so

that the organic polyner is deposited and fixed to the
woabwriast27 Then, a part or all of the anioni c gCcoup®ovH57802
.the resulting hydrated cake is neutralized with a

basi ¢ conmpound so that the colorant is

m croencapsul ated. As a regylt, an aqueous dispersion

liquid containing fine mcroencapusul ated anionic
mpygakad bs psedutedobBasnaasbdHiment uhhfbhm above

descri bed m croencapsul ati on net hods, the foll ow ng
msbbséangpsulBychepiigRentan al kyl al cohol such as

net hanol , et hanol, propanol, or butanol; an aromatic

hydrocar beg sugh ﬁﬁagén%Hb@rs&@hughﬁlsgﬁléﬁkgbﬁ mé8hod and
ester such as nethyl acetate, ethyl acetate, or butyl

tﬁgeE?%SFf§c8 F8 iHéﬁ§Q19¥8ﬁ°§8£H88 SUEHRS C ?EﬁéﬁﬁSrm

or e ene one sOc as ace
|sobu& ket.one; an ether such as
Pgi éﬁ?dpaVU énuﬁ?ddloxane and a cel | osol ve such as
met hyl cell osol ve_or butyl cellosolve. M crocapsules
prepared &8 88§cPlBEG aP¥fEsaPE sBpasifagatiem mgéhod, one
sol vent by centrifugation or filtration. The separated
offi thecipsubwingr mayt ber udetloget her owpehiwatselventt phase: a
solvent to forma recording liquid. The average

mpattirel efdeamahéonat argbabioepoapssirahedipggsent -
prepared as descri bed above is preferably between 50

dapge89pAMmi Bychra spilapBNt tGoahedatelrthah@SkN cB3orant such
descri bed above adheres firmy onto a recordi ng nmedi um
a@nd LRe%eHOLBersing organic pigment or a self-dispersing
carbon black; and a mixture of a colorant such as a self-
dispersing organic pigment or a self-dispersing carbon
black, a curing agent, and an anionic organic polymer.
Water is put in the organic solvent phase or the organic
solvent phase is put in water. The organic solvent phase
self-disperses (inversion emulsification) and the colorant
is microencapsulated. In the phase inversion emulsification
method, a recording liquid vehicle or additives may also be
mixed in the organic solvent phase. To directly produce a
dispersion liquid for a recording liquid, it is preferable
to mix a recording liquid medium.

In the acidification deposition method, a part or
all of the anionic group of an organic polymer is
neutr;lized with a basic compound; the organic polymer is

kneaded together with a colorant such as a self-dispersing
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I mproves abrasion resistance of printed matter. To

obtain a water-based hi gh-penetration pignented ink
wi2047/1a4desi r abl e property or to prevent cl oggPag/Jpfo07/057802
recording head nozzles, it is preferable to add a

wat er - sol ubl e organi c solvent along with a col orant.

As a wat er-sol ubl e organig5§glvent, a hunectant or a

penetrant may be used. A hunectant is used to prevent
oebagdicngighenecordangehéadippezkeagcausbdnbpldryki ng. an

As a hunectant, the follow ng substances may be used:
agupsli¥hydaiemil saROtnsuph 8% ehBybeggngbygeliymer is

i et hyl ene glycol, triethylene glycol, tetraethylene
nehxgghizee!x;tgxhamsiehyﬁeh gpéﬂpxhﬁaﬁcghXﬁBBuné so that
103 dPol 2 methyl -1

, 3- but anedi o - propane
- propanedi gl , 1 , 4-butianedi.ol .. 1, 5 _pent.anediol, 1
tgg ﬁrggnlg.gp?yaﬁ§ 1s.d?p?5}ge§69ﬁé fgxggigp,t%e colorant.

- AeEXanedi Cerin exane
-ethyl -1, 3-hexanediol, 1,2 ,4-butanetrial, .1, 2, 3- .
TEGPan PFSF,°6ragitP?oFPeaaﬁﬁPﬁﬁ§d9?8“8?c8%o?h§|%?FU1tlng

et her such_as ethyl ene_glycol nonoethyl ether,
hydpatedecgkgcdr nBHEKBLyESE: Hath @i BeRjCefemgyag so that
nononet hyl et her, diethylene glycol nonoethyl ether,
theeth\benatgligcol crorobapygliletker, Abr retrkglidne ghyegueous
nmonobut yl ether, tetraethyl ene glycol nononethyl

déthetrsion phgpyderengbyaohgniinet hykretheapugdulated
pol yhydri c al cohol aryl ether such asethyl ene glyco

aﬂ@%%ﬁﬁeﬁXbm%hEeﬂsobr%Hﬂﬁbane g'YP0| nmonobenzyl et her;
a nitrogen containing heterocyclic
As a solvent in the above described

microencapsulation methods, the following substances may be
used: an alkyl alcohol such as methanol, ethanol, propanol,
or butanol; an aromatic hydrocarbon such as benzole,
toluole, or xylole; an ester such as methyl acetate, ethyl
acetate, or butyl acetate; a chlorinated hydrocarbon such
as chloroform or ethylene dichloride; a ketone such as
acetone or methyl isobutyl ketone; an ether such as
tetrahydrofuran or dioxane; and a cellosolve such as methyl
cellosolve or butyl cellosolve. Microcapsules prepared as
described above ére separated from the solvent by
centrifugation or filtration. The separated microcapsules
are stirred together with water and a solvent to form a
recording liquid. The average particle diameter of a
microencapsulated pigment prepared as described above is

preferably between 50 and 180 nm.
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conpound such as N-nethyl -2-pyrrolidone,
N- hydr oxyet hyl - 2- pyrrolidone, 2-pyrrolidone, 1

woO3ediimet2hyl i m dazol i di none, or e-caprol act anPCatP2007/057802

.am de such as formam de, Nnethylformam de, or N

N-di met hyl formam de; an am ne such as

monoet hanol am ne, di et hanglsgni ne, triethanol am ne,
nonoet hyl am ne, diethylam ne, or triethylamne; a

sul f ur conBachi agpégmpotindostiel adtii meshyl asuldesxirdbed
sul f ol ane, or thiodiethanol; propylene carbonate;

abbhyl eaeegasb@nainey andoda- Retyraiagt arai uthenabeverefore
hunmectants are m xed with water and may be used

1h5@b¥b@uéb&¥s96n'Ee%@@%bﬁ%%‘%% p%lﬁ%@%th%@Ee&S used to
i nprove the wettability between a recording liquid and

a recordi %E‘E}a%‘ gn%a%ene?Jalé%td th'].% EJelnl gr%‘t'l%?a rate

of a recor |ng |qu rants e SSse

f.or mul as oug es C|aII referab
PGB Ean L A Pad Aebipbre ﬂﬁﬂ% i3ary ! pﬁgﬁwen%

et her surfactant represented by fornula ( , an
c3OgG¢ e & fyirpeerddngr Aeeshoze erﬂrtteaswrﬁéﬁﬁﬂb&e to add
(20) , a pol yoxyethyl ene al kyl ether surfactant

ar etegesoddbby ongaindal siodiviemita allzng wigh a colorant. As a
pol yoxyet hyl ene pol yoxypr opyl ene al kyl et her

waltiefraciod nib 1kee prregenice & diw etitg mac dlurfeartrmita of22) pen@tdant

a fluorinated surfactant represented by chem ca

nf=Qf W @sd3) reduce the surface tension of a
recordingliquid, inprove the wettability between the

recor di ng | iniiiel a0 A RIS JTRAIUD AR diley T e

i ncrease t

recording head nozzles caused by drying.

As a humectant, the following substances may be
used: a polyhydric alcehol such as ethylene glycol,
diethylene glycol, triethylene glycol, tetraethylene glycol,
polyethylene glycol, propylene glycol, 1,3-butanediol, 1,3-
propanediol, 2-methyl-1,3-propanediol, 1,4-butanediol, 1,5~
pentanediol, 1, 6-hexanediol, glycerin, 1,2,6-hexanetriol,
2-ethyl-1, 3-hexanediol, 1,2,4-butanetriol, 1,2,3-
butanetriol, or petriol; a polyhydric alcohol alkyl ether
such as ethylene glycol monoethyl ether, ethylene glycol
monobutyl ether, diethylene glycol monomethyl ether,
diethylene glycol monoethyl‘ether, diethylene glycol
monobutyl ether, triethylene glycol monobutyl ether,
tetraethylene glycol monomethyl ether, or propylene glycol

monoethyl ether; a polyhydric alcohol aryl ether such as



infiltration rate of the recording liquid. In formula
(19) , Rindicates a hydrocarbon chain with 6-14

woanioan4®at ons. The hydrocarbon chai n may be br aachezo7/657802
indicates an integer between 5 and 200 CH3 CH3 CH
SCH3I1I 111 CB8- CH CH2- CCC C- CH2-CH C
H3O0OOI I CH 1 AH2 g HHINn formula (20) , m
and n indicate integers between 0 and 40. R

eCBgHRGHE? pikco21 mohophehyll @th2t) or Bthydenat el yaol
hydr ocar bon chain with 6-14 carbon atonms. The

mbyidbeaaror telkai;N aMaY the gharehed i nA ngh Bletalre% v ic
i nteger between 5 and 20.CH3 | H (O CH2CH2 ) 1°(O CHC

cH%pand Buc? 2k NumEQﬁgﬂL@ ro1Rdo @'C@L%§d%§%¥ethyl -2~

hydr ocarbon chain wth arbon ators, mra

é’%&f&% %nler]JE %H%é%fgiéaf too)q'r an t;'lh?Ln lz&fjr?u %. éé))one,
mindic te%I an i_nteger, between 0 and 1Q,. and n

5 OndirCaPESlac ey e GOy SNE afd fpgmamide, N-

methylformamide, or N,N-dimethylformamide; an amine such as
monoethanolamine, diethanolamine, triethanolamine,
monoethylamine, diethylamine, or triethylamine; a sulfur-
containing compound such as dimethyl sulfoxide, sulfolane,
10 or thiodiethanol; propylene carbonate; ethylene carbonate;
and y-butyrolactone. The above humectants are mixed with
water and may be used individually or in combination.
A penetrant is used to improve the wettability
between a recording liquid and a recording medium and to
15 adjust the infiltration rate of a recording liquid.
Penetrants expressed by formulas (19) through
(23) are especially preferable.
Surfactants such as a polyoxyethylene alkyl
phenyl ether surfactant represented by formula (19), an
20 acetylene glycol surfactant represented by formula (20), a
polyoxyethylene alkyl ether surfactant represented by
chemical formula (21), a polyoxyethylene polyoxypropylene
alkyl ether surfactant represented by chemical formula (22),
and a fluorinated surfactant represented by chemical

25 formula (23) reduce the surface tension of a recording



In addition to the surfactants represented by chem ca

formulas (19) through (23) above, the foll ow ng
weubstiasees nay be used: a pol yhydric al cohol aCkyP2007/057802
.ether or a polyhydric al cohol aryl ether such as

et hyl ene gl ycol nonophenyl ether, ethylene glyco

nmonoal | yl ether, diethyl engsgl ycol nonophenyl ether,

di et hyl ene gl ycol nonobutyl ether, propylene glyco
lh8HéBut JIPECREr ther weEtrhal hyyehetykgooithehrecophany

ether; a nonionic surfactant such as pol yoxyethyl ene
1paniexppdopy reserbliogkmedpulmynend ahkkedoireatiedrease the

surfactant; and a | ower al cohol "such as ethanol or
igfpilopandbon Aamegotthehe actbuaingatedusdrfactant is

especially preferable for use with a comerci a

printing paper.As a fluorinated surfactant,

perflu al kyl sul fonate, perfluoroal kyl carboxyl ate,
perg| tef, perfluoroal kyl
et I%I e@xi g(mgﬁ@% E{)r oal kyl bet ai rié; (dr9)
per fl uoroal kyl am ne oxi de conpound nay be used.
Especially, the fluorinated surfactant represented by
5 (23) is pref&rabl in_ternms of reliability. The _
surface t éAsitOA™Gf2a (Leeor Bi Agdfirahrd 6r hydmpgRrbon chain
penetration pignmented i nk according to an enbodi nent
wEht Relfr €§égpni alensi ofhpshydeperabby 8bamV magr be
| ower for use with a comrercial printing paper.
breephad.t keisdifates an integer between 5 and 20.

?H3 ?Ha CH, CH;,
! I
CH;—~ CH—CH,—~ C—C=C—C—CH,~ CH— CH,
+ +
@] o
I I
!
C'Hz CH,
I
O O “ee (20)
Fon +a
H H

In formula (20), m and n indicate integers

10 between 0 and 40.
R- (OCHéCHz) nH
In formula (21), R indicates a hydrocarbon chain

with 6-14 carbon atoms. The hydrocarbon chain may be

branched. n indicates an integer between 5 and 20.
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tension of a recording liquid wthin the above range
i nproves the wettability between the recording |liquid

wanaaraileamerci al printing paper (inproves thePCT/JP2007/057802

.penetration capability of the recording liquid) while
enabling nornal formation of ink drops and thereby

i mproves fixation of the regording liquid. The
viscosity of a recording [i'quid is preferably between
1.0 and 20.0 cP (1.0 and 20.0 nPa.s), and nore
preferably between 3.0 and 10.0 cP (3.0 and 10.0
nmPa.s) to inprove ink Jett|n§3ﬁi3fornance A recording
I|qU|d according to an enbodlnent of the present

adfostef @ GHECH £fang Cﬁﬁﬁ?ﬁiﬂﬁﬁerw Red. -+ (22)

hydrOX|des of al kali netals such as I|th|un1hydroxide,
sodi unmhydr oxi de, and pot assi um hydr oxi de; carbonat es
of alkali nmetals such % annonlun1hydrOX|de

e

quat er nar y "arhtgm ax iRl FREEn & PYsHeSRSenyGhain

hydr oxide, |ithium carbonate, sodium carbonate, and

viddha Ssildmcaaibionn atemsanim asds ic K ngd-caitet hakeosrisnemed to
tri et hanol am ne; boric acid; hydrochloric acid; nitric
Oacﬂ@wegutb@miéoacid; and acetic acid. The pH of a

recor di ng quuid is preferably between 3 and 11, and

of netalllc_parts that contact the recording liquid. A
recording 7 GYrehiAGCAH )N of Q 2N @HRRAIIENH 1Qfger between 0

and 10, and n indicates an integer between 0 and 40.

In addition to the surfactants represented by
chemical formulas (19) through (23) above, the following
substances may be used: a polyhydric alcohol alkyl ether or
a polyhydric alcohol aryl ether such as ethylene glycol
monophenyl ether, ethylene glycol monocallyl ether,
diethylene glycel monophenyl ether, diethylene glycol
monobutyl ether, propylene glycol monobutyl ether, or
tetraethylene glycol chlorophenyl ether; a nonionic
surfactant such as polyoxyethylene polyoxypropylene block
copolymer; a fluorinated surfactant; and a lower alcohol
such as ethanol or 2-propanol.

Among them, a fluorinated surfactant is
especially preferable for use with a commercial printing

paper.
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the present invention may al so contain an antiseptic

or a fungicide. Mxing an antiseptic or a fungicide
wonrewans®7grom h of bacteria, inproves preservaCTar007/057802
_stability, and thereby contributes to naintaining

i mage quality. The follow ng substances may be used as

antiseptics or fungicides:-slgenzotri azol e, sodi um

dehydroacet ate, sodi um sorbate,

2-pyri di néehPolflnogiingd esosamactesthi aesiflucoomidwid,

sodi um benzoat e, and pentachl orophenol sodium A
spdderaiteg peq@1@0a©@d¢@&ngamboaylembodp@&ﬁﬂu@&o@h&yl

present invention may also contain a rust inhibitor. A

phosphatiki kisterr, c patrs 1ube oalkiaceshgfl et alklide padet,
such as a recording head that contact a recording

pbmquu@raadkynebgﬁhlﬂ%eV%&t%e%@&h8§bgﬂkyih%mlﬂk'@%1@%
substances may be used as rust inhibitors: acid

coHipbiihe, mgg,db%%%@dosw Ip@t:gaﬂﬁ mopjume hiodiy gt% °' ' ¢

acid, diisopropyl ammonifum nit |te pentaeryth

¢ | trit
S AT AR e o
%ﬁﬁ?giﬁ& invention may al so contain an antioxidant. An

Lee prevents corrosion by elimnating radica
speci es that cause corrosion. There are two maj or
types of AREi Sxirdasesteasiani edl aaceeptroingypéqand ar a
peroxi de se type. A radical acceptor type antioxidant
hdghbpeheésaperox pdgseotedennkatedorddngalks Ay embodiment
provi di ng the peroxides with protons. A peroxide
odetheppsetean tiypeng8AbhoXkdpRbferably 35 mN/m or lower for
use with a commercial printing paper. Keeping the surface
tension of a recording liquid within the above range
improves the wettability between the recording liquid and a
commercial printing paper (improves the penetration
capability of the recording liquid) while enabling normal
formation of ink drops and thereby improves fixation of the
recording liquid.

The viscosity of a recording liquid is preferably
between 1.0 and 20.0 cP (1.0 and 20.0 mPa.s), and more
preferably between 3.0 and 10.0 cP (3.0 and 10.0 mPa.s) to
improve ink jetting performance.

A recording liquid according to an embodiment of
the present invention may also contain a pH adjuster. As pH

adjusters, the following substances may be used: hydroxides

of alkali metals such as lithium hydroxide, sodium
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transforns hydroperoxides into stable alcohol. A's
radi cal acceptor type antioxi dants, phenolic conpounds
wanwamne conpounds are nainly used. Exanpl esPof/JP2007/057802
.phenol i ¢ conpounds i nclude conpounds such as
hydr oqui none and gal |l ate; and hi ndered phenolic
conpounds such as 2 ,6-di-tert -butyl -p-cresol,
stearyl- - (3, 5-di-tert-butyl-4-hydroxyphenyl)
hpdcpk@dateanﬁ,ﬁbtaﬂeﬁhmlhydbbxide;nehhbbnates of alkali
6-tert-butyl phenol) , 2,2
maebllyl snehi ag4aninbiil uf- h?&koﬁﬂﬂé'pﬁﬁﬁebknaré amfonium
"-thiobis (3- nethyl-6-tert-butyl phenol) , 1,1, 3-tris

h&&rsﬁabél-&uaxékﬁé¥g ?hb@ﬁhoﬁyhﬁ'HQSBM&thUtQE%hlém 3

5-trineth

4- y en e [
-grabfiaket Qégﬁﬁfﬁ ?S?égb%g%béﬁ?y PthEB il crabenatra
tetrakis . , ,
=hthed shghr oF- é}ﬁ%ﬁs&?@aﬂéﬁﬁ 7nfr biGhapapLanine; boric

met hane. Exanpl es of am ne conpounds include N ,N -
aaﬂsheﬁyﬁrecgﬁeﬁypeﬁéaﬂanpﬁgrlshéﬁyﬁ: BUAAPKERY REATHeand
phenyl - a-naphthyl am ne, N ,N
aCEElﬁapﬁ@ﬁylTbEpanyﬁeﬁe@eanrdengNl;muld is preferably
' -di phenyl et hyl enedi am ne, phenot hi azi ne,
bitMeedi 3sendutyl - apdphenyl predeanbne, bantedn, 64and 10 to
'-tetranet hyl di am nodi phenyl met hane . As peroxi de

pteeenposblireRibyperanktaxidanpsrtsuthHe eeppaeadsnand
phosphorus conpounds are nmainly used. Exanpl es of

rgeb&a&ngoqgguggs i ncl ude dil auryl thiodipropionate,
di st earyl thlodlproplonate | auryl stearyl

th|0d|proﬁ'%@%%%dlg %&&lakgbg 1ggoelog%t%mbodlment of

the present invention may also contain an antiseptic or a
fungicide. Mixing an antiseptic or a fungicide prevents
growth of bacteria, improves preservation stability, and
thereby contributes to maintaining image quality. The
following substances may be used as antiseptics or
fungicides: benzotriazole, sodium dehydroacetate, sodium
sorbate, 2-pyridinethiol-l-oxide sodium, isothiazolin
compound, sodium benzoate, and pentachlorophenol sodium.

A recording liquid according to an embodiment of
the present invention may also contain a rust inhibitor. A
rust inhibitor coats the surfaces of metallic parts such as
a recording head that contact a recording liquid and
thereby prevents corrosion. The following substances may be

used as rust inhibitors: acidic sulfite, sodium thiosulfate,
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di stearyl b, b'-thiodibutyrate
2- nmer capt obenzoi m dazol e, and dilauryl sulfide.
waxenrphi€r7of phosphorus conmpounds i ncl ude tri premyP2007/057802
.phosphite, trioctadecyl phosphite, tridecyl phosphite,
trilauryl trithiophosphite, diphenyl isodecyl
phosphite, trinonyl phenylgghosphite, and distearyl
pentaerythritol phosphite . Adding a fluorinated
ammphaumaMhladmggympﬂhcaamaderdiabobkepyalmmmbn@ﬁm nltrlte,
3- but anedi ol and et hyl hexanediol) gives practica
ppafetirgthentoapabirhhyttratan bhl eveRcoBhe@fMERGndhiun
printing papers that have |ower perneability than
nhRkiek printing papers. However, even a high
penetration pignmented ink as descri bed above nay not
be qui ckl rcial pr vin
ow peme*b%%??%dgﬁ S, St MR emfs%me%t of
té g % gramnn S i Iustra g exe g
8h8€ o flPﬁEn -8Ps™6H & §P|E° fapé tlaﬁ FARfe
grlntlng paper, and a commerci al prlntlng paper . FIG
SACLHERE CeRERBPRES BERAPSAPTOPYI AR iBLBPEinA sasirrl
gl oss paper; 12B shows exenpl ary behavior on an inkj et
Specaesng QépéﬁusanGOIZ@SshawsTéﬁeﬁpbaethehaanm typas of
commercial printing paper. Wien ink drops D are jetted
aohtioxddsnitk : ghosadpapeér actbetork t§pepand dopeebxifdeecad
and are isolated fromeach other. On an inkjet
tppbent Bngapapal, atheptBk dvpRsaRtiBkeadnandthheedzes

peroxides of generated radicals by providing the peroxides
with protons. A peroxide decomposition type antioxidant
transforms hydroperoxides into stable alcohol. As radical
acceptor type antioxidants, phenolic compounds and amine
compounds are mainly used.

Examples of phenolic compounds include compounds
such as hydroquinone and gallate; and hindered phenolic
compounds such as 2, 6-di-tert-butyl-p-cresol, stearyl-fS-
(3,5-di-tert-butyl-4-hydroxyphenyl)propionate, 2,2’-
methylenebis (4-methyl-6-tert-butylphenol), 2,2’ -
methylenebis (4-ethyl-6~tert-butylphenol), 4,4’-thiobis(3-
methyl-6-tert-butylphenol), 1,1,3~tris(2-methyl-4-hydroxy-
S-tert-butylphenyl)butane, 1,3,5~trimethyl-2,4,6-tris(3,5-
di-tert-4-hydroxybenzyl)benzene, tris(3,5-dit-tert-butyl-4-
hydrogybenzyl)isocyanurate, and tetrakis[methylene-3(3’,5"-

di-tert-butyl~-4-hydroxyphenyl)propionate]methane.
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On a commercial printing paper, the ink drops D do not

spread or bleed as in- the case of a plain paper and
waneonoe#s2i sol at ed from each other as in the cageTgP20a7/057802
.silk gloss paper. Instead, however, adjoining ink

drops D tend to clunp together and nmay cause beadi ng.

A s described above, to obvigate the above problens and

to inprove inmage quality, an exenplary inkjet

recor di ngEappadesusfaendnei mgmpouadsedhediuaenti, o -t he

present invention uses a high-penetration pignmented
dipkehgi ~prpgenyencdiagioe, aphenyergiabpRithRt bhdneaper

and i ncludes an i mage processing unit configured to
pﬁ@h@&naéﬁaﬁﬁkﬁylaﬁﬁhétON?NhePeha Ktﬁ?ﬂtBLgh@% hahth9aRine,

processi ng on input inmge data, to sélect a gf.

agr a L t .ai_ned oytpyt ..
e e byer 9L AehRRY | BhTER AL RS, Ol iares

_are. arranged.in.a grid-like, pattern. o, the

bgggﬁpgaP§ePﬁiﬁg?g%3@8P8ynangpéagaf§§ F?megﬁ%igured to

record the dots in a staggered arrangenent where

45881 PPARRERYLRETHBRE i n odd/ even- nunbered col urms or

odd/ even-nunbered rows in the dot data are shifted in

t he sub-ség&npeigxdieedeconpesitiaonhsymei ansdamidagts,

direction. Exenplary hal ftone processing as inmge
splduesspngoander dndgphosahoenbodonpblinds thie paeseRt used.

invention is described below In the exenplary
ERahblleseopr sagsairngompBenaemhecialiedatsaargicontrol | ed

by pseudo hal ftoning such as a dither nethod and an

t8R bakpdbbiuakea, Mt hedary1 thiodipropionate, lauryl
stearyl thiodipropionate, dimyristyl thiodipropionate,
distearylf, B’ -thiodibutyrate. 2—mercaptobenzdimidazole, and
dilauryl sulfide. Examples of phosphorus compounds include
triphenyl phosphite, trioctadecyl phosphite, tridecyl
phosphite, trilauryl trithiophosphite, diphenyl isodecyl
phosphite, trinonyl phenyl phosphite, and distearyl
pentaerythritol phosphite

Adding a fluorinated surfactant along with a
water-soluble solvent (1, 3-butanediol and ethyl hexanediol)
gives practical penetration capability to an ink even on
commercial printing papers that have lower permeability
than inkjet printing papers.

However, even a high penetration pigmented ink as

described above may not be quickly fixed on a commercial
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An exemplary dither matrix used in a dither nethod
according to an enbodi nent of the present invention is

wdesi7gne€d7t o convert input imge data havi ng MPCTgPR1007/057802

‘hal ftone levels into output inmage data having N (M > N

> 2 ) output halftone levels. In the exenplary dither
matrix, multiple submatri cesp-are arranged at a screen

angl e w thout overlap and with no _space between them
P§&%ttﬁ—é‘19 SFSR BFRA% oo megmeatriddty dod it eranssy
screen lines. For an output halftone level that is
EGREMNIt-han a threshold level T(N>T > 1) ,

submatrices with a concentration-type dot arrangenent
order are Hised @i Hatraiefs 18 dfrer nedwelmge 10 8acht ing
ot her. For an output halftone level that is equal to

exkemiplglely beavike T Qeold-dpaveln b siSW0MRYILe per, an

wi th adi spersion-type dot arrangenent order are use

9% jhabdeks rdf § R Ted 4 - ﬁ@@éﬁﬁ-&%@{ﬂﬁ% g)léa ner,

matrices usedin a dither nmage “pr oceés

met hod) aggey dijng, t enbodi.nent .of the present

i nvention are escf?f%% 5w aiteh eSS S €% ¢ @rops on
13.and 14. FIG 13 is_a g%?mﬁn illustrating exenplary
2dFiner SR PEPFSed 28n Shiove B Gys SiehG Vikerthew an
Where dots are represented by four output halftone
1pkyElts PEHEtdGY Paperispad 19C; shews exemplapyi behsivier on
dot = 2 , large-size dot =3 ) . In the exenplary

3 RRFBSHCiEds Pirig tripioh pdraec ofitieng ind alroprb @diarent] safred
the present invention, the

onto a silk gloss paper, the ink drops D do not spread and
are isolated from each other. On an inkjet printing paper,
the ink drops D spread and bleed.

On a commercial printing paper, the ink drops D
do not spread or bleed as in the case of a plain paper and
are not isolated from each other as in the case of a silk
gloss paper. Instead, however, adjoining ink drops D tend
to clump together and may cause beading.

As described above, to obviate the above problems
and to improve image quality, an exemplary inkjet recording
apparatus according to an embodiment of the present
invention uses a high-penetration pigmented ink for image
recording on a commercial printing paper and includes an
image processing unit configured to obtain an output

halftone level by performing halftone processing on input

image data, to select a dot. arrangement order according to



out put halftone level of a pixel in an input inmage is

determ ned by conparing the density value of the pixe
waeizodr/tikmeshol d val ues in the exenpl ary dither PCT/JP2007/057802
.matrices. Wien the density value of a pixel is smaller

than the threshold values in a small-size dot dither

matri x 301, the output halftone |evel of the pixe

becomes 0 . Wien the density value of the pixel is

thEBlblogh ilkan dthresFelodevaleiRs i il MdirdBys iz dferate
dither matrix 302, the output hal f't one Ievel of the

dB‘tX%lattée%‘?f@:% 4 tswé% tal}%a]% N t1¥1 \éalglﬁd()fllt e Rtlrn.

IS sna [ er than the t hresh val ues i'n a l'arge-size

iX 30 the out hal ft one .l evel of
A{i%e oirl e v, Tl SRt R RGBS
el is e aI to er than the threshold val ues
Sres 3@3.%0 ta%et St i SBEFIIRE Gdmgement
halftone | evel of the pixel becones 3. FIG 14 is an
5 vBRrE FOFIRIGRSOT Hbes fitls iz @ dgbieveinmembemed xegogns or
shown in FIG 13. The snall-size dot dither matri x 301
odsl /gefeimedimee red afgiwes din ttiveesiodd dlatal wes Eifitged2Gn the
rows and 20 colums (20 x 20) . However, the size of a
stibt-ea miFing Xiredidion iof tied the Qi dh-2EanmimeExdai®:ion.
the size of a dither matrix may be 20 x 40, 40 x 40,

or 256 x 2h&mphte-ys M1lreinke fAlcdliditgl dBtin243¢Prd&ssing

made up of nultlple submatri ces 101. e subnatrices

alc%ﬂl%gisc%d RIS fy@&d&mvmﬂ A RARYING A iR 8 on is

smal | -size do

10 described below. In the exemplary halftone processing, the
number of dots are controlled by pseudo halftoning such as
a dither method and an error diffusion method.

An exemplary dither matrix used in a dither

method according to an embodiment of the present invention

15 1is designed to convert input image data having M input
halftone levels into output image data having N (M > N > 2)
output halftone levels. In the exemplary dither matrix,
multiple submatrices are arranged at a screen angle without
overlap and withnno space between them so that output

20 pixels form a halftone dot pattern or screen lines. For an
output halftone level that is lower than a threshold level
T (N>T > 1), submatrices with a concentration-type dot
arrangement order are used so that dots are formed close to
each cher. For an output halftone level that is equal to

25 or higher than the threshold level T, submatrices with a
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matri x 301. The shape and arrangenment of the

submatrices 101 determ ne a hal ftone dot pattern or
weaenwan4i2ines fornmed by the small-size dot dit ReT/JP2007/057802
matri x 301. The shape of a submatrix is not limted to
‘that shown in FIG 14. A submatrix can be of any shape

that can fill a dither rmt_:é X W thout overlap and
wi t hout | eaving a space. | 2i's enbodi nment, a

38 BRI ok -8 R0 1S @G- rh e madale Rfr Gre Gisdef AR dots

square of 2°'x 2 dots and fornms a screen angle of sin

2/ %)Ome@tdi?%%qﬁ@?‘ orders in a concentration-type

submatrix an persi on-type submatrix are

descri bed hel ow wi t h,.reference.to FIG 15.1n a,.
concent r at oAt ype sdulbtﬁlaetrri ess,qélms,,]ec}lr%np|aGdlltg}er method

dots are arranged so _as_to concentrate around g point.
(@FaAfe PRATES HA MG o) AGEarS 1T (R &t FRaTime Bt the
dots are arranged so as not to concentrate but to

Pdiesiserts e.nvRrdTsIina rar & sle seidage msdtovo mddrs feference to
concentration-type submatrix are as follows: arrangi ng
Fidss iIrB asckendi .ng'Ist.del3 dfs geatretwiirgy |iildest mHtsitrances
froma center point, and arrangi ng dots continuously
dfenfilidy dirdedr alaiiittas GRE P aMtimdge mtadas giatg
arrangenent orders in a dispersion-type submatrix are

st HoY aWsre HI@NH Y A93% AGRASAING ddut hBarehal frone
pattern, arrangl ng

levels (no dot = 0, small-size dot = 1, medium-size dot = 2,
large—size‘dot = 3).

In the exemplary image processing method
according to an embodiment of the present invention, the
output halftone level of a pixel in an input image is
determined by comparing the density value of the pixel with
threshold values in the exemplary dither matrices. When the
density value of a pixel is smaller than the threshold
values in a small-size dot dither matrix 301, the output
halftone level of the pixel becomes 0. When the density
value of the pixel is smaller than the threshold values in
a medium-size dot dither matrix 302, the output halfténe
level of the pixel becomes 1. When the density value of the
pixel is smaller than the threshold values in a large-size
dot dither matrix 303, the output halftone level of the
pixel becomes 2. When the density value of the pixel is

equal to or larger than the threshold values in the large-



dots in such a manner that the entire dither matrix
obt ai ns high-pass filter characteristics, and

wanro@Engsng dots in random order. Any dot arrangemgpi007/057802
.order that can forma concentrated or dispersed dot
arrangenment pattern may be used. As described above,
the dither matrices 301 thrgugh 303 are designed to be
used in an i mge processing method where dot are

siepr deentiedhby fratiriauBpst hakf baseutevalstone dekeT Of
, small-size dot = 1, nediumsize dot = 2 ,

thar gexsllzBedolnes 3.) . In the small-size dot dither
matri x 301 and the nmedi um size dot dither matrix 302,

concent r afir@n- §YPe sSURMaLA LG (@ie%X%%plt‘gf o ehatf L% dot

concent ration-type submatri X are use

Eg§shé%r9§t36itgﬁ ga#rlgIéOSFRdlsperS|on-type

matrices (as exenp é di spersion-type
subnatrlx 502) used Thus, in the exenpl ary dither
net hod, &nCBAL ?P&ﬁ 9§ﬁed&59e§rP&ﬁ&éﬁe@@loﬂéeﬂeﬁéned
used for IOM/output hal ftone | evel s because
a€oRcERPLEL Phg thxaFROde ¥2predi Begingy 8Pabbeserndces;
and a dlsper5|on type dot arrangenent order is used
cpérmhBgh28ukpdl ) haBbwenerl, etbks shecanse acdntietr akicrgx is
| arge dots causes probl ens such as bl eedi ng and
nbeadingtetintbhe enbodi Fert exampdagenheakieat yge adgt ther
arrangenment order is switched to a dispersion-type dot

matFaRgRAYNbeORdEk ab,asbhkeahol dyl exel xTo563
(l argesi ze dot) . Fbmever the threshoid Tevel Tis

10 not 1imtedel Qmall-size dot dither matrix 301 is made up
of multiple submatrices 101. The submatrices 101 are used
as units when arranging dots in the small-size dot dither
matrix 301. The shape and arrangement of the submatrices
101 determine a halftone dot pattern or screenllines formed

15 Dby the small-size dot dither matrix 301.

The shape of a submatrix is not limited to that
shown in FIG. 14. A submatrix can be of any shape that can
fill a dither matrix without overlap and without leaving a
space.

20 In this embodiment, a submatrix is composed of a
square of 6 x 6 dots and a square of 2 x 2 dots and forms a
screen angle of sin (6/2).

Dot arrangement orders in a concentration-type
submatrix and a dispersion-type submatrix are described

25 below with reference to FIG. 15.
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3, but the threshold level T may be set to any out put
hal ftone | evel. An exenplary switching process froma

woanmransnat i on-type subnmatrix to a di spersi on- PgpPEP2007/057802

.submatrix is described below with reference to FIG

16. In the exanple shown in FIG 16, a dispersiontype
submatrix is used for |arge&dsi ze dots and a
concentrahﬁgn-t pe submatrix is used for small-size

and nedi usifz ECRGESE Ak IoPnéEYPRo sEbmadmdly 281z shdoms in
403 and nedi unsi ze dots 404 are used to forma
EE&ncéévrQpﬁénﬁﬁﬁpér@@ﬂGQétS@rﬁ84®b.th@entrate around a
concentration-type dot pattern 401 is conpleted when
pehateoRoeibravitbert hpadsulimabr i spe riiilohedwpeh sdems tas x
shown by a pattern 405. At this stage, the

20@ncentsatbirenatryptgedbedt BsXnbs W Lehedni®a®e put to
di spersiontype submatri x for a di spersion-type dot
dpabkess.402. The dispersion-type dot pattern 402 is
formed using | arge-size dots based on the pattern 405

(11129 v Eherpdlup st dalas kb, Adsasdianng
BoPSPEER o Sp Rt AR B %S hbRaeei ol dPvPReoRERROing dots
ioutgut Qalftoge &evel. Ig the exenplary sw tching

Br 86688 SRBWATARTFPE geomehiréenédnerat dontappes from a

submatrix is filled wth dots before it is switched to
cgngﬁgpgp§p§n_gygeagnbng@ngxdbhs continuously in spiral
order around a center point. Exemplary dot arrangement
orders in a dispersion-type submatrix are as follows:
arranging dots according to the Bayer pattern, arranging
dots in such a manner that the entire dither matrix obtains
high-pass filter characteristics, and arranging dots in

random order. Any dot arrangement order that can form a
concentrated or dispersed dot arrangement pattern may be
used.

As described above, the dither matrices 301
through 303 are designed to be used in an image processing
method where dot.are represented by four output halftone
levels (no dot = 0, small-size dot = 1, medium-size dot =
large-size dot = 3). In the small-size dot dither matrix
301 and the medium-size dot dither matrix 302,

concentration-type submatrices (as exemplified by the

concentration-type submatrix 201) are used. In the large-
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substantially the sane manner as the exenplary
swi tching process shown in FIG 16, and al so the
woanmransnat i on-type submatrix is filled (as shecwIpyoz057802
pattern 504) with dots at the first switching point of
hal ftone |l evels (fromsmall-size dot to nmediumsize
dot) . FIG 18 is a draw nggused to describe an
exenpl ary order of assigning dots to multiple
sdulemdbri déshem aadirtikeB30BRt Hixpelrsithe tgyampubmnshewres (as
in FIG 18, dots are assigned to submatrices in the

ecdethell 1 FAdHC Bl/edhby despelred onuRers shivkaieyah 240 bRe used.
this exenplary dot assignment order, the submatrices

are sel ectdsal bor akelydid1ably aiendls aelhops S0 that

adj oi ning submatrices are not |'éct'edconsecut’i vel y.

d h [ .th
L KL e E

matrices in an or
Oareugrga %ﬁg diiger ively in the dither matrix. .. The
B5E RS SPUMTERE JPIEL S0P ERY SUBRRERIE TaEHBE FBA b Aot
is not limted to that described above as |ong as the
PxoYigRed fagpsakie sfifgnged ansper siveeysienrkarei desr
matri x. For exanple, submatrices nmay be selected in
arzpagrnentdeprrderi assuskdardoar déght batpilte hadfapged levels
dots obtain high-pass filter characteristics. FIG 19
besaaser anhegnitrhttishyatlliangea doase caiulsber prabliens7@hcands
dither matrices 702, 703, 704 created by rotating,
baxkesly AFEhhHC bW ihgVerh Red sObmbbaRtkeat], NY, concentration-
type dot arrangement order is switched to a dispersion-type
dot arrangement order at a threshold level T = 3 (large-
size dot). However, the threshold level T is not limited to
3, but the threshold level T may be set to any output
halftone level.

An exemplary switching process from a
concentration-type submatrix to a dispersion-type submatrix
is described below with reference to FIG. 16.

In the example shown in FIG. 16, a dispersion-
type submatrix is used for large-size dots and a
concentration-type submatrix is used for small-size and
medium~-size dots.

In other words, small-size dots 403 and medium-
size dots 404 are used to form a concentration-type dot

pattern 401. The concentration-type dot pattern 401 is

completed when the concentration-type submatrix is filled



respectively, the base dither matrix 701. Created

dither matrices can be assigned to color planes of a
woabwrilistege. For exanple, it is possible to apeTgm0a7/057802

dither .matrix shown in FIG 13 as a base matrix tothe

cyan color pl ane, a dither matrix created by

translating the base matrix 5 dots dowward to the

bl ack col or plane, a dither matrix created by
withnsloasi pg shewbady eRpeitteld dots dewnnasd staghe the

magenta col or plane, and a dither matrix created by

conarsiaticignt-hgpeasebmtiix 13 @%E%cﬂ%@h@%r% [SeRS %51on—
yell ow color plane. FIG 20 is a draMAng illTustrating

tgpbasapfbihes ML X @rdeasdibhhe gahr %&%%&%d B he
88 é heF

reversing the dot arrangenent or Ré “base a
r h t halft l.evel . Aﬁsl ni ng e
dgggékélgﬁeF§%%tF%% ?o gﬁéncoﬁgrlﬁlgﬁ§m dugﬁggcﬂééggdSlze
i.th trix,havin rsed_dot arrangenent order
> dpgs ESSg?hSP FoPagFﬁﬁa ﬁ§§e§l#%960§§FB|@eﬁéume@a@@ dots.
overlappln% of dots of the two color planes. A s shown
in FIG 281Cdotd éﬁeaaﬂﬁéwgéé inlyppositiagdenother
arrangenment orders in a base dither matrix 801 and a
ekepplssy diihehimgt pirrcg62. wilber theubaserdit ffiet: an output
matrix 801 is used for one col or plane and the dither
hedfipre802vid tsedifiaedt berotber tcokokwhkaneq hal htone
dot patterns of the two col or planes do no overl ap
subhbtriRefbrgeadahben bavghe RXEeedna0%.(893)

10 In the exemplary switching process shown in FIG.
17, a concentration-type submatrix is filled with dots
before it is switched to a dispersion-type submatrix in
substantially the same manner as the exemplary switching
process shown in FIG. 16, and also the concentration-type

15 submatrix is filled (as shown by a pattern 504) with dots
at the first switching point of halftone levels (from
small-size dot to medium-size dot).

FIG. 18 is a drawing used to describe an
exemplary order of assigning dots to multiple submatrices

20 in a dither matrix.

In the example shown in FIG. 18, dots are
assigned to submatrices in the order indicated by circled
numbers 1 through 10. In this exemplary dot assignment

order, the submatrices are selected alternately in oblique

25 directions so that adjoining submatrices are not selected
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I f overlaps of color inks are uneven when form ng an

i mge having two or nore col or planes, color
wdi2ed7an#320n nay occur. Especially, gray col or spar@pr2007/057802
.prone to color distortion. According to an enbodi nent

of the present invention, when achieving gray bal ance

W t hout using a black ink_ggither matrices are

transl ated_as shown in FIG 21 so that overl apping of
CaBescBtivRéYeolBr ophaiesordsy etheedoaindaoeernkapsneti to the

col or inks beconme substantially uniform Also, instead
sybmatahskat ingsachase dirtlher thatr ke dibhghedBtbLEESre

for the color planes nmay be created by rotating or
arnwegtdndisperbaseldi thethanli tXe@r mA¥ r¢hangirng Lhe

dot arrangenent order of the base dither matrix as

ab@ﬂ?ﬁﬁeﬁﬂebkéﬁ§ et EHEOEuBﬂgﬁrPQCngeég?ghaﬁéﬁgklXs not

uniformwith the created dither matrices.

| eMi : ' bl ack i nk bal,
LREDLEY RO Shay BBLBRERHoLRGy R Aealtnucts: PhE aBosancd
a linear dither

addition, as sgomn in, Fl 22, , :
dh§§r?§e(arfﬁggeﬁa kipﬁ£§Fﬁ§f§ +Br EapndiEhresnmahgis- j Eor
used. for the black ink so that the ratios of dots of
SEREPLS oF UBPAhELCHAI BAY dBe sSatectedbinoyentappeddby or in
bl ack dots becone substantially the sanme. As the
SHFRhaR @HERT bhathehel ackangkd doss eadtainahlighepass
dither matrix, a dither matrix created by rotating,
fihvertchgraotetianstati ng the base dither matrix, a
di t her

FIG. 19 is a drawing illustrating a base dither
matrix 701 and dither matrices 702, 703, 704 created by
rotating, axisymmetrically inverting, or translating,
respectively, the base dither matrix 701.

Created dither matrices can be assigned to color
planes of a color image. For example, it is possible to
assign a dither . matrix shown in FIG. 13 as a base matrix to
the cyan color plane, a dither matrix created by
translating the base matrix 5 dots downward to the black
color plane, a dither matrix created by translating the
base matrix 10 dots downward to the magenta color plane,
and a dither matrix created by translating the base matrix
15 dots downward to the yellow color plane.

FIG. 20 is a drawing illustrating a base dither

matrix and a dither matrix created by reversing the dot

arrangement order of the base dither matrix for each output
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matri x created by changing the dot arrangenent order

of the base dither matrix, or a Bayer dither matrix
woOnewk)i4izay al so be used. The exenpl ary dit her PORUIPIINT057802
.(1 mage processing nethods) descri bed above may al so be

used when form ng an i nage on a recordi ng nedi um ot her

than a commercial printingggaper. Also, when formng

an i mage using a recording nediumw th excell ent
haBésependgvadd Ppesimabing theabdsanditkhenr mataiki gb one

penetration rate, a dither matrix that achieves higher
cedreeplbneqaedcyheny reetegedi tAs ramaahfikoRevRheCasSseR8rsed

nmet hod, an error diffusion nethod using an error

ddicf hushagealaer oa@rt hat taanvenks iKoRWL iprina% dakads it
having Minput halftone | evel sinto output | nmage data

k N = at. _half | ev may al so
S M SR N
heqaedi ng apparatus according to an enbodi nent of the
p ., . ; . . .
present invention includes an inmage processing unit
configureq to obtain an output halftone |evel by
perforningsh§PPW8néong@es§ ng 98 Si AFEt arFagecdatia, to
sel ect a dot arrangenment order according to the
OBBPaiheddetit purangemesitecréesk, iand bheeebyther matrix 801
generate dot data where dots are arranged in a
agdi d- Fekerpett dinheal setrikesokenfhany thekpete dither
recordi ng apparatus is configured to record-dots in a
mataggeBod asr asgdmeEdlr wher eopesi pians ahdt heedat snibp

odd/ evennunber ed
matrix 802 is used for the other color plane, halftone dot
patterns of the two color planes do no overlap until their
gradation levels exceed 50% (803).

If overlaps of color inks are uneven when forming
an image having two or more color planes, color distortion
may occur. Especially, gray colors are prone to color
distortion.

According to an embodiment of the present
invention, when achieving gray balance without using a
black ink, dither matrices are translated as shown in FIG.
21 so that overlépping of dots of the color planes is
reduced and overlaps of color inks become substantially
uniform. Also, instead of translating a base dither matrix,
dither matrices for the color planes may be created by
rotating or inverting the base dither matrix or by changing

the dot arrangement order of the base dither matrix as long



col ums or odd/even-nunbered rows in the dot data are

shifted in the sub-scanning direction or in the
waorbeTsieanni ng directi on. An exenpl ary dot arr aRQEeaRIN7/057802
.met hod perforned by the exenplary inkjet recording

apparatus is described belowwith reference to FlIGs.

23 through 26. In dot dath%gnerated by, for exanple,

a dither nmethod as descri bed above, dots are arranged

asnoaeglliags| olfe cpablrerihkBaved@meOWsbaRANEOLINHS uds form with
shown in FIG 23. According to an enbodi nent of the

tReeseBhbtiedv enthel. mhheikesitions of dots in
even-nunbered colums in the dot data are shifted one

hal f of t [ .het. j ot.s.(when the, .
resolutioﬁﬁgﬁ %%glggﬁygggg%gg%%gggggip%&%g %a %aS# ﬁﬁg’
Ltch_ s _equi.valent .to the pitch . between dots inl, 200,

g%%& gggagggafsiélfﬁg §8Bp§gﬁﬁnpﬁén8iPe@FFgﬁd(ﬁﬁpéﬁscrlbed
onveying diregtion) with respect to _the positions of

> a58y§'iﬁnoaédﬁﬁﬁﬁéreésc§P9Wﬁs%nlﬁlé%héﬁrméréépeﬁﬁedlther

positions of the dots in the odd-nunbered col ums and

mpRELEy d Al RlipFefag ke ohavisdare ceragdor edrakenangédedass used
are fornmed on a recording nmedium Al though dots are

fehi thedbilackheéngubostaani nhediraedbisonfi HoEkGof24hedeblor
may be shifted in the mainscanning direction to

pitaggewhtibd gosist keds tef bdobselrNabPede¥enNpNHFREen8Es become
rows and the odd-nunbered rows. Recording dots in a

sebaggared1akr apgenrpl makes it possible to fil
smal | er spaCes. Also, conpared with a

10 As the dither mask for the black ink, instead of
a linear dither matrix, a dither matrix created by rotating,
inverting, or translating the base dither matrix, a dither
matrix created by changing the dot arrangement order of the
base dither matrix, or a Bayer dither matrix (mask) may

15 also be used.

The exemplary dither methods (image processing
methods) described above may also be used when forming an
image on a recording medium other than a commercial
printing paper. Also, when forming an image using a

20 recording medium with excellent absorbency and permeability
and an ink with a high penetration rate, a dither matrix
that achieves higher screen frequency may be used.

As a halftone processing method, an error

diffusion method using an error diffusion algorithm that

25 converts input image data having M input halftone levels



10

15

20

25

conventional dot arrangement as shown in FIG 26, a
staggered arrangenent as shown in FIG 25 nmakes it

woaswEiibér7t 0 reduce the overl aps between adj aceatr/JEmnw057802

.As descri bed above, an error diffusion nmethod nay al so
be used as an inmage processing nmethod. \Wen arrangi ng
dots in a staggered arrang gent, the resolution of dot
data is preferably 400 dpi or higher to prevent
imtsi bhepdegindagti aataf hhtege Ruali byNWRE ch) n@YcHe: halftone
caused by shifting the positions of dots. According to

lafie®8bRdyMBDEoObet A8cAr €SENt i NVention, a part or
whol e of the exenplary inage processing nethod

deSCfibedA§b8¥§9k§bEHpESH€Q§egaaéxéﬁﬁh?%gfégkggﬁs§%?%5ding

program stored in a storage nedi um ecor

s ' . et hod d an_image .
B B R B B RO s e b0t e s BBP SPRE
resent invegéion may ,be configured to select the

1RKEUELaRstPFbBEASPnRfe 1 PREE cREPRESARRAOHROE SOBELAREEd to
nmet hod that provides a higher screen frequency
oBERERdRAgOBRPEReRBYFEOBE AeVedobHi Rgriegninvahalétonne
type of a recording ink, and thereby to performi mage
pproesssnggosuinabkteimaget Hatagcbodsagenedaudrandtpangement
the recording ink. <Exanpl es> Exanples below are
opdeyi dedotaifhgctbi thteobbdenstiandit pgtohal heopeesentl, and
i nvention. However, the
thereby to generate dot data where dots are arranged in a
grid-like pattern. Also, the exemplary inkjet recording
apparatus is configured to record dots in a staggered
arrangement where positions of the dots in odd/even-—
numbered columns or odd/even-numbered rows in the dot data
are shifted in the sub-scanning direction or in the main-
scanning direction. An exemplary dot arrangement method
performed by the exemplary inkjet recording apparatus is
described below with reference to FIGs. 23 through 26.

In dot data generated by, for example, a dither
method as described above, dots are arranged in a grid-like
pattern having rows and columns as shown in FIG. 23.
According to an embodiment of the present invention, the
positions of dots in even-numbered columns in the dot data
are shifted one half of the pitch between adjacent dots
(when the resolution of the dot data is 600 dpi, one half

of the pitch is equivalent to the pitch between dots in



present invention is not limted to those exanples.

(First experinent) |Images were recorded by an inkjet
woeewridénzg apparatus i ncludi ng an i mage processCngrPni/057802
.configured to select a dot arrangenent order according

to an output halftone | evel obtained by performng

hal ft one processing on inpy&_inage data. For the

experimental recording, comercial printing papers and
1h2gh- genedoat denapi gnenhhedsibkscdaatnhygbadrbekownwepgper

used. [Commercial printing paper] A commercially

canaeyahyedieatedopaprithorespbeet +pr tALi BEsiREBAd of dots
nanme: Aurora Coat, granmage = 104.7 g/ nR2, N ppon Paper

ihngéélﬁﬁﬁﬁegﬁd’CBEthsangnaoﬁﬂggeﬁ8E8E|y@ﬁgiEggéﬁgﬁas of

coat ed paper for electrophotographic pfintln_
ch8 Mo B, O A8S o§8aL o fiL BONRLE, 5,100 8L, Ol paper
&. Pt mereogge Fmgﬁg an% htogp Baﬁggﬁﬁt Veg Riimbered
ansferred onto th o%%set rinting coated paper
> Cn%%%% eﬁr?nsgﬁggﬁg?goﬂ ﬂtg?gcﬂﬂEFtPBﬁ 6PrP8ACOBNE 50%
RH by, a dynam c scanni ng absorptoneter was 2.8 nm/m 2
TSFPERLIRICBREAET - tine of 100 ns and 3.4 mM/m2 after a
contact tinme of 400 ms. The anount of pure water
transf er rBlitbaught detel ecer shhbtedr aphtbepsiibtsngnning
coat ed paper neasured in an environnental condition of
dPBeCtaod 50% RE. bg4a dybanhey SanshngtalsohptREELELin-
was 3.1 m/m2 after a contact tine of 100 ms
scanning direction to stagger the positions of dots in the
10 even-numbered rows and the odd-numbered rows.
Recording dots in a staggered arrangement makes
it possible to fill smaller spaces. Also, compared with a
conventional dot arrangement as shown in FIG. 26, a
staggered arrangement as shown in FIG. 25 makes it possible
15 to reduce the overlaps between adjacent dots.
As described above, an error diffusion method may
also be used as an image processing method.
When arranging dots in a stéggered arrangement,
the resolution of dot data is preferably 400 dpi or higher
20 to prevent visible degradation of image quality which may
be caused by shifting the positions of dots.
According to an embodiment of the present
invention, a part or whole of the exemplary image

processing method described above is implemented as an

25 image processing program stored in a storage medium.
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and 3.5 mM/m2 after a contact tinme of 400 ms .

[ H gh-penetration pignented ink] - Black ink - To
woroduees2a bl ack i nk, substances including a cacbar007/057802
bl ack di spersion (sulfone group attached,

sel f di spersion type) manufactured by Cabot Corporation

listed in a fornmula bel ow-were m xed and stirred, and

then filtered with a 0.8 mta pol ypropylene filter.

The surfad@ t&kJiedn rerorHangr eppesd thisaclen nkawas 25. 0

mMV'm - Black ink formula - Carbon bl ack dispersion:
PAOCRE%E CABmOLIET, 260d( sul imagegpavpeaitiaghedogeahot

Corporation)Acrylic silicone resin enulsion: 8 wt%

afanodiyl SBCXmB8ALimemegookNkhM greGant hh@ehtion may be
1, 3-butanediol: 18 wt% d ycerin: 9 wt% 2-pyrrolidoné:

an¥h SRR h [ p % Ls f .
e 500 (Bpont) o5 Bhs, EpBe SrUpr RO dnd BEbEsing

nPnodCop ol SR ROl DL BELGL, (Tl s
f?e&BEMHErd88£H8E88’o%hﬁhgiEyEQ gflaLrecording medium
and/or the type of a recording ink, and thereby to perform
image processing suitable for the recording medium and/or
the recording ink.

<Examples>

Examples below are provided to facilitate
understanding of the present invention. However, the
present invention is not limited to those examples.

(First experiment)

Images were recorded by an inkjet recording
apparatus including an image processing unit configured to
select a dot arrangement order according to an output
halftone level obtained by performing halftone processing
on input image data. For the experimental recording,
commercial printing papers and high-penetration pigmented
inks described below were used.

[Commercial printing paper]

A commercially available coated paper for offset
printing (brand name: Aurora Coat, grammage = 104.7 g/m?,

Nippon Paper Industries Co., Ltd.) and a commercially



flask with a mechanical stirrer, a thernoneter, a

nitrogen gas inlet tube, a reflux tube, and a dropping
wobumrah4szas repl aced sufficiently wth nitrogeRCgaB2007/057802
the 1 L flask was charged with 11.2 g of styrene, 2.8

g of acrylic acid, 12.0 g of lauryl nethacrylate, 4.0

g of pol yethylene glycol égacrylate 4.0 g of

styrene macroner (Toagosel Ltd brand narne:
aR&ibybleandafed gapbrnEbeapleethapabtogprdphhe prlntlng

tenperature was raised to 65 0C . Then, a m xed

(BohHYI AAmeE 268. @lgs§tEB§E 2amfafeOk @@byb f2ache; paper
108.0 g of lauryl nethacryfa? 360 g of po yethy ene

Cgl¥cg£d tggggygg%g 60.0 g of hydroxyet hyl

hacr ate of styrene macroner (Toagose
Co. , Ltd brand n

nercaptoe?ﬁgnapouﬁ% 05 BFﬁfoHFgSanFﬁ9F§SFE?8nPPFPIEhe

nd 18.0, g of neth et hyl ketone was dripped into the
%f BeEI agkn?:bflgzcsa%@alr pabart BeasHEedr ipppRgeRyd ronmental
conpleted, a m xed solution of 0.8 g of
CazdbtsdnnethBvéIemmml5®%I%HaMﬂ 48dnagnid sedmyingt hyl
ketone was dripped into the 1 L flask for 0.5 hours.
aBherpeemktengwasl at Bonlvmé after ed dattdchotimatof 00 ms
tenperature of 65 0C, 0.8 g of

aaaotai.sdinwmhyéﬂ@éﬁr@n&@ﬁé@t wasnadgdeds @ fhde S0b UihOnt of
and then the solution was matured further for 1 hour.

rpLkeiates Lessiep;atooied, Gt ohoL BRIy bl

10 pgng?hégEEaﬁ85“%58@rwhggsﬁr88nE%ngﬁaghggrggmgg%%%ﬂs
condition of 23 C and 50% RH by a dynamic scanning
absorptometer was 3.1 ml/m? after a contact time of 100 ms
and 3.5 ml/m® after a contact time of 400 ms.

[High-penetration pigmented ink]

15 -- Black ink --

To produce a black ink, substances including a
carbon black dispersion (sulfone group attached, self-
dispersion type) manufactured by Cabot Corporation listed
in a formula below were mixed and stirred, and then

20 filtered with a 0.8 um polypropylene filter. The surface
tension of the produced black ink was 25.0 mN/m.

- Black ink formula -

Carbon black dispersion: 40 wt$%

CAB-O-JET 200 (sulfone group attached, Cabot

25 Corporation)



Then, 28 g of the obtained polynmer solution, 26 g of
copper phthal ocyani ne pignent, 13.6 g of 1 nol/L
woab@Esgsam hydr oxi de sol ution, 20 g of nethyl echnyP2007/057802
.ketone, and 30 g of ion-exchanged water were m xed and
stirred sufficiently. The resulting substance was
kneaded 20 times using the~fripole Roll MIIl (Noritake
Co., Limted, brand nanme: NR-84A) . The obtai ned paste
was put i Ac20Gig oflliicoesec tesged ewatlerd oand st ed.
Met hyl ethyl ketone and water in the liquid were
distilled awdgnbyrysi BBCRA28IAPQTEYEr InASMEgL esyl ], Ltd. )
160 g of polyner mcroparticle dispersion liquid with
a cyan colign-was eliaionedigThessol id content of the
pol ymer m croparticle dispersion liquid was 20.0 wt % .
sing the Q@y@e‘l&%:p@ YAqBr mcroparticle dispersion
liquid, a color ink was prepared. Mre specifically,
subst ance [ in_a farmula bel ow were m xed and
stirred, gn 'yﬁrtﬁg)%lfﬂlnteér d"™With a 0.8 mm

pol ypr opy e filter tq prepare the exenplary color
i nk. The Eﬁ’alc%let}%"’ﬁ&d&ﬁléf I%t W&3pr oduced col or ink was

25.5 MV m__- Color ink formula - Cyan pol yner

m cr opar t FeerdnspedsisontagsamcoF s -39 .0b UDaupeditol:: 22wt
wt % d ycerin: 8 wt% Ethyl hexanediol: 2 W%

Fl uori nat ed €oehaceanfoEBaBHO(YPupont)6+-81 W% 26 or larger
Chemical formula (V) m= 1-9, n = 0-25

Proxel LV (Avecia KK): 0.2 wt%

Ion-exchanged water: 20.8 wt$

-— Color ink --

To prepare a polymer solution, the air in a 1 L
flask with a mechanical stirrer, a thermometer, a nitrogen
gas inlet tube, a reflux tube, and a dropping funnel was
replaced sufficiently with nitrogen gas; the 1 L flask was
charged with 11.2 g of styrene, 2.8 g of acrylic acid, 12.0
g of lauryl methacrylate, 4.0 g of polyethylene glycol
methacrylate, 4.0 g of styrene macromer (Toagosei Co., Ltd.,
brand name: AS-6), and 0.4 g of mercaptoethanol; and the
temperature was raised to 65 C.

Then, a mixed solution of 100.8 g styrene, 25.2 g
of acrylic acid, 108.0 g of lauryl methacrylate, 36.0 g of
polyethylene glycol methacrylate, 60.0 g of hydroxyethyl

methacrylate, 36.0 g of styrene macromer (Toagosei Co.,

Ltd., brand name: AS-6), 3.6 g of mercaptoethanol, 2.4 g of
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Proxel LV (Avecia KK): 0.5 w % | on-exchanged wat er:

23.5 wt % Adding a fluorinated surfactant along with a
woaberHsal ubl e sol vent (1, 3-butanedi ol and et Rgi/JP2007/057802
.hexanedi ol ) gives practical penetration capability to

an ink even on commercial printing papers that have

| ower perneability than inkiet printing papers. [Inmage

processing unit] An exenplary inkjet recording
azappasdimsthptvatiengnabribageapdol8ssi §goBnmethyl ethyl

configured to select a dot arrangenent order according

kébons wasputippelt oneol enel 10pt ained ByrperE0RBLAY. After
hal ft one processing on input inmagedata was used in the

thér&ki SYPRE! WBB! codPfet JBIC PLOSESSERYERLL YRS . g g of

equi pped with an 1 nage processing programfor

] e. processi pg-.based on, dithe

SR Nt S Ko e

orders in submatrices of the dither matrices, the
k?%?%%h%?ﬁ aﬁﬁgPegtlﬁﬁ?th% gi%p@%%?an?ﬁeosébﬂﬁFF?x Tge

switched to_a concentration-type submatri x, and the
rePatEine 83sNEhPRgVABtBateredelgubimhpitestwehe

determ ned according to the enbodi nents descri bed
tepeeatiith oEf 6belite 0.8 F Gf dzbbiiwdimght Hyplvdisd rgh 1theile

exenpl ary inkjet recording apparatus configured as
walesedidbédtabole, sdbutdehp 4havagREnWERE PHLALeEnWhE

the black ink and the color ink prepared as .
matured further for 1 hour. After the reaction stopped, 364
g of methyl ethyl ketone was put into the 1 L flask. As a
result, 800 g of polymer solution with a concentration of
50% was obtained.

Then, 28 g of the obtained polymer solution, 26 g
of copper phthalqcyanine pigment, 13.6 g of 1 mol/L
potassium hydroxide solution, 20 g of methyl ethyl ketone,
and 30 g of ion-exchanged water were mixed and stirred
sufficiently. The resulting substance was kneaded 20 times
using the Tripole Roll Mill (NoritakevCo., Limited, brand
name: NR-84A). The obtained paste was put in 200 g of ion-
exchanged water and stirred. Methyl ethyl ketone and water
in the liquid were distilled away by using an evaporator.
As a result, 160 g of polymer microparticle dispersion
liquid with a cyan color was obtained. The solid content of

the polymer microparticle dispersion liquid was 20.0 wt%.
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descri bed above on the commercially avail abl e coated
paper for offset printing and the commercially
waveai7iiaki2e coat ed paper for el ectrophot ographi eCT/JP2007/057802
printing descri bed above. The resolution of the dot
data was set at 600 dpi. The dot data were printed by
shifting the positions of dads in evennunbered col ums
one half of the pitch between adjacent dots
(equi val eMtsing tihe sixter et wedymiot suiiqropa20G ds  dot
data) in the sub-scanning direction (paper conveying
ddispeatsion) Miguid,espectldro itdie waes igreprs-cef. R i n
oddnunbered columms. In other words, the dots in the

spdritfitirerag, c chimnanard 1HE 1@ - WTR ek 160ATRY, YRR
printed in staggered positions. The fixation

G RRAIAGHRY istlil 6% Of atn'eiet%' Cle5hRle fef g g, ¢olor 'nk

were excellent and no bea i ng an i ng me
e L ghher, werd % sol utio ual it
%ﬁﬁbt data) were Ehc €ss yeﬁbgﬁgﬁ' %Pﬂ T ink
ate er.s s the result , conpared with a
T%%hven |6ﬁmt?ﬂﬁl%ﬂré§ geHeR T %% wWiCH Rt FHEk wgs 25.5 mN/m.
recording dots in a staggered arrangenent makes it
pOSSI eto €S an O reduce e
bl e to FHHOT dmdl Iferr dt duce th
over | aps between adj acent dots. Also, dot data were
printed u$ividg ®eleamedr mdiciopsinin cdlegotiisplemsfion :t M& wt$
hal ft one processing. The quality of the formed inages
was al so éxceldugranedSioice 2hertzesol ution of the dot
data used was

Glycerin: 8 wt%

Ethyl hexanediol: 2 wt$

Fluorinated surfactant FS-300 (Dupont): 1 wt$

Chemical formula (V) m = 1-9, n = 0-25

Proxel LV (Avecia KK): 0.5 wt$%

Ion-exchanged water: 23.5 wt%

Adding a fluorinated surfactant along with a
water-soluble solvent (1, 3-butanediol and ethyl hexanediol)
gives practical penetration capability to an ink even on
commercial printing papers that have lower permeability
than inkjet printing papers.

[Image processing unit]

An exemplary inkjet recording apparatus including
an image processing unit configured to select a dot

arrangement order according to an output halftone level

obtained by performing halftone processing on input image
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hi gher than 400 dpi (600 dpi) , no visible degradation

in imge quality caused by shifting the positions of
wdabw/meR7observed. An exenpl ary i nmage form ngPCT/JP2007/057802
.apparatus for formng an i nage on a commerci a

printing paper using a highpenetration pignented ink

is described below with rggggence to FIG 27 and FI G

28. FIG 27 is a side elevational view of an exenplary
daeshuascabedniin bheafiiexenpkpeyimenge Thenifmgge processing

apparatus. FIG 28 is a plan view of the exenplary
unﬁthaascahumppédlWltheaﬁxﬁﬂﬁbérMrbH@gglﬁgrﬂkearam for

apparatus, a carriage 1003 is supported gui di ng

péBEbrm\ﬂHgCEhbnﬁbﬂ!@%én@ EHbQQSEQHgl % angaad?'ﬂhg? h8kbices

1002 | aid between right and left si oar
gh Yn: 180 tos;be able to slide in the directions
@ Hﬁena%ﬁoagé nglnscannlng directions) shown in FIG
3. is noved in the nmain-scanning

28 The C?B 8%%

di rect i ons" By “8 n&F 2 BEERAThgOREEHP i@oﬁubmﬁtélﬁﬁﬁ1ﬁ§ the

be#t 1005 stretched between a drive pulley 1006A and a

AYHRGENMBEFLEGS106B8. torepheldat pyageatt0Bichop dispersion-

exanpl e, four recording heads 1007y, 1007c, 1007m and
tIE@?RUP@@tréétieeEyltahEédtoeaocdnngnheadsomeﬁypéor

brevity and/ or when color distinction is not nade)
sthmataig, i akflethbeaddefoof] absiggihgkddt opsootnyel | ow

(Y) , cyan (C) , nmagenta (M , and bl ack
submatrices were determined according to the embodiments
described above with reference to FIGs. 14 through 16.

Using the exemplary inkjet recording apparatus

configured as described above, dot data (image) were
printed with the black ink and the color ink prepared as
described above on the commercially available coated paper
for offset printing and the commercially available coated
paper for electrophotographic printing described above. The
resolution of the dot data was set at 600 dpi. The dot data
were printed by shifting the positions of dots in even-
numbered columns one half of the pitch between adjacent
dots (equivalent to the pitch between dots in 1,200 dpi dot
data) in the sub-scanning direction (paper conveying
direction) with respect to the positions of dots in odd-
numbered columns. In other words, the dots in the odd-

numbered columns and the even-numbered columns were printed

in staggered positions.
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(K) , respectively, are nounted. The recordi ng heads
1007 are arranged so that an array of inkjet nozzles
wofodhe4n2ecor di ng heads 1007 forns a right angPeTuP1007/057802
the main scanning directions and ink drops are jetted
downward. Each of the inkjet heads or the recording
heads 1007 may include a prgssure-generating unit for
generating pressure to jet liquid drops. Exanples of
pr essur egétrer tiixag ion characitede si igiseodeltéet kilack ink and
actuator such as a piezoelectric elenent, a thernal
taet callor Usikngereqeixaefillemtband A® GausEeqP¥NANbleeding
el ectrot hermal converting el enent such as a heat
welreMeRse rvedaNe BRARLY vy AGLWMALYsMSAGIE! &li gh-
phase changes caused by tenperature changes, and gh
lLec ' a Si S [ legtrj dty. Fach
ot RERE Ty it GRSy b6 oa5d Raved CChogheT the
C%OE%%: Ang %kjet head may include an array of nozzles
that cgﬁ% 5t'|iquid drops of multiple colors. The
carriage 1003 al so includes sub-tanks 1008 for .
suppl yi ng &SI imeRstlito Shiv¥ sy e COFIRRG h@ddd PoFPnVEREional
sub-tanks 1008 are supplied with color inks from
dedi RrraReMEntk asastorigds) FlGoet 26howecaridimgyllatsk in a
supply tubes 1009. The exenplary inmage form ng
sdppaeatds aalrsmgenehntid es ke spapepobeddileg twnifti flosmaller
feedi ng paper sheets 1012 stacked on a paper stacking
splagke GPIess Redplcat ehelQibrabipd PrRekcheadbicantlhes.
The paper feeding unit includes a crescent roller

(paper feed dpl l@f) QL3 e $ERIRY PG iHE an error
diffusion algorithm for the halftone processing. The
quality of the formed images was also excellent.

Since the resolution of the dot data used was
higher than 400 dpi (600 dpi), no visible degradation in
image quality caused by shifting the positions of dots was
observed.

An exemplary image forming apparatus for forming
an image on a commercial printing papér using a high-
penetration pigmented ink is described below with reference
to FIG. 27 and FIG. 28.

FIG. 27 is a side elevational view of an
exemplary mechanical unit of an exemplary image forming
apparatus. FIG. 28 is a plan view of the exemplary

mechanical unit.
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paper sheets 1012 and feeding them one by one fromthe
paper stacking plate 1011, and a separating pad 1014
woéaaings2he paper feed roller 1013 and nmade of PatT/JP2007/057802
.material with a high.friction coefficient. The
separating pad 1014 is biased toward the paper feed
roller 1013. The exenpl ary.4igmge form ng appar at us
al so includes a conveying unit for conveying the paper
sheet 10121 &def exempieqyageadeeddimg ngniaptacatus, a
posi tion under the recordi ng heads 1007. The conveyi ng
Camirti aigec [10dSs iz gupge rietd biyhat gadicdesy uhe thapericaheet
1012 fed fromthe paper feeding unit, a conveyor belt
1102 Lidelatae lgeadeosboal 10al1l wndt br 3etisicand ihaneby 114
conveys the paper sheet 1012, a counter roller 1022
plek r r 2 [ e nveyaQr
o 0 T e by Sanyovs e (baserieiBly To150 &0 be
veyi QUi 23 t.hat .change proximately 90
2 g%rgés%%ﬁg%dﬁge%gfoﬁachFﬁgnﬁaﬁgf% e8P0 E2 (Being
fed _approxi mat el ertically upward so that the paper
SSROLTTEO P31 ECFLé?' G oﬁ&"f)ﬁ’él dBnvefor 2Bel fhgogprriage 3 is
pressing part 1024, and a pressing roller 1025 bi ased
MRy echd NpitESs MAd NpSCANRAPY ddwact iohe dunweyerd nhelcenning
1021. The exenplary i mage form ng apparatus al so
mojeirud@9 4a virargitagingl beltl10206 tarethaedi bgtieen a drive
surface of the conveyor belt 1021. The conveyor belt
pl02&yi 40a6Aendbess deehenapdlilsystioetseshed bet ween a
conveying roller 1027 .and a tension

On the carriage 1003, for example, four recording
heads 1007y, 1007c¢, 1007m, and 1007k (collectively called
recording heads 1007 for brevity and/or when color
distinction is not made) that are inkjet heads for jetting
ink drops of yellow (Y), cyan (C), magenta (M), and black
(K), respectively, are mounted. The recording heads 1007
are arranged so that an array of inkjet nozzles of the
recording heads 1007 forms a right angle with the maiﬁ
scanning directions and ink drops are jetted downward.

Each of the inkjet heads or the recording heads
1007 may include a pressure-generating unit for generating
pressure to jet liquid drops. Examples of pressure-
generating units include a piezoelectric actuator such as a
piezoelectric element, a thermal actuator using liquid film
boiling caused by an electrothermal convertihg element such

as a heat element, a shape memory alloy actuator using
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roll er 1028. The conveyor belt 1021 is turned in the

paper conveying direction (sub scanning direction)
wehem14n27FI G 28 by the conveying roller 1027PCoOUP100T057802

by a sub scanning notor 1031 via a timng belt 1032

and a timng roller 1033. A guide 1029 is provided

under the conveyor belt 1021 in a position

corresponding to the i mage®Urning area of the

me€60r ¢hagneads 510 tayulhe %93%%h§%rr%h&%rf%%égeg§ and an

positioned so as to contact "the Surface o

o3ERYeNQL B! 1100k A0 e otate accqrding Lo the., o,

rotation of the conveyor
.28.. the exenpl ary i mage forning. apparatus al so
lP%EF%d§§a§ P&?apﬁteﬁggﬁéFaféég.b?hgeﬁépéF?deﬁ@oﬁéﬁ color.
1036 i.ncludes a slit wheel 1034 attached to the shaft
ABi 1pkdetohpesi RgYr épcéndeoan aadayn odnoedelesefibat can jet
1035 for detecting a slit on the slit wheel 1034. The
léquagl dirgpsmademidiiipdg apparat.us further includes a
paper ejecting unit for ejecting the paper sheet 1012

on which Zhei rageikas hees wacer ded1byekheuregahtisnd 0os
heads 1007. The paper ejecting unit includes a sheet

£6epaugbiliang aw14@51nkar t3epakAt LR P S i
1012 ??Ogl?%e conveygr belt 1021, arggggrﬁ%?ggtﬁggﬁ The

L 0 a p ' [ oller 1 d _a_paper
LB LR R BEE SEl 0oL iR 10y pRglEtan

E LR R R NS H R R
dupl ex .

The exemplary image forming apparatus also
includes a paper feeding unit for feeding paper sheets 1012
stacked on a paper stacking plate (pressing plate) 1011 of
a paper feed tray 1010. The paper feeding unit includes a
crescent roller (paper feed roller) 1013 for separating the
paper sheets 1012 and feeding them one by one from the
paper stacking plate 1011, and a separating pad 1014 facing
the paper feed roller 1013 and made of a material with a
high friction coefficient. The separaﬁing pad 1014 is
biased toward the paper feed roller 1013.

The exémplary image forming apparatus also
includes a conveying unit for conveying the paper sheet
1012 fed from the paper feeding unit to a position under
the recording heads 1007. The conveying unit includes a

guide 1015 that guides the paper sheet 1012 fed from the

paper feeding unit, a conveyor belt 1021 that



unit 1055 takes in the paper sheet 1012 that is _

conveyed backward by the conveyor belt 1021 turning in
woher7apgragi te direction, reverses the paper sheetr/JRDRZ)57802

and feeds the paper sheet 1012 again into the space

bet ween the counter roller 1022 and the conveyor belt

1021. Also, as shown in FIG 28, a recording head

mai nt enance/ cl eani ng mechafilsm 1056 is provided in a

e@@EEH@QEétﬁeéﬂhgga%E?Qc@E Qggogﬂg$géytg%n%%?%gkﬁ%agaper

directions of the carriage recor

Lt celcl lLngnmechani s 5 intains an

*EPehn< TRe éog§?§§e%fr922ereih%2iﬁagﬁega§Sf@e7;§§28aper
ecor dj head i nt enance/ cl eani ng nmechani sm

PRl a0LY Agatag8, the COBTerPRgPERE RG24 Bnduthasebyof

the recording heads 1007, a wi per blade 1058 for

CRPBFYg the Reperesherfadfd?, aAdcanweyiegi gkidecéidedr that
1059 for receiving ink drops used for purging dried

5 chargesoaPPhexhnmazbdy 90| degheesxehpl diyeciiga bar ghegpaper

apparatus configured as descri bed above, the paper

sbheet 30101Behing SeparpbedxandtEed eethMang EFQEthgo
paper feed tray 1010, the separated paper sheet 1012

thatf edeapp @&i@ﬁb%kyrﬂyﬂiﬁgﬂﬂa&dﬂw%”ﬂhﬁﬂéoﬂy%g§%r@&lt 1021,

the guide 1015 into the space between the con

oDBLLeL 890, T0oounh o AL R 102 Eor e 12 e
th@16rL8s O 08d, PY 1 bhE £3NNeY! F. 94198 1923,308 1 101 The
10 exemplary image forming apparatus also includes a charging
roller 1026 for charging the surface of the conveyor belt
1021.
The conveyor belt 1021 is an endless belt and is
stretched between a conveying roller 1027 and a tension
15 roller 1028. The conveyor belt 1021 is turned in the paper
conveying direction (sub scanning direction) shown in FIG.
28 by the conveying roller 1027 rotated by a sub scanning
motor 1031 via a timing belt 1032 andAa timing roller 1033.
A guide 1029 is provided under the conveyor belt
20 1021 in a position corresponding to the image forming area
of the recording heads 1007. The charging roller 1026 is
positioned so as to contact the surface of the conveyor

belt 1021 and to rotate according to the rotation of the

conveyor belt 1021.
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pressed by the pressing roller 1025 onto the conveyor
belt 1021, and the direction of the paper sheet 1012

woOod7heseby changed approxi mately 90 degrees. RACTAUP1097/057802

stage, an AC bias applying unit (not shown) of a

‘control unit described later applies an alternating
voltage to the charging roller 1026. As a result,
.positively and negatively“@ﬁérged strips with a

constant wsdbfoahe 1HorTed akt erpat ebyvrdl LR iRARYY formi
conveyi.ng directioﬁ (sub scanni ng dirg%Pﬁbg$10n%%Leormlng

a?%%%@&%%f a8 GARYEUAG ggkgﬁéggg gn\é@%%rt H%s%ap%fgg%%tary

i's conveyed onto t conveyor “bél t

t he .paper,,sheet .1012 is el,ectrostaticglly attracted to
bHE I T07% TReE58,1" 81d Ct HBReDy Looavareachivd e S8

canning direction as the_conveyor belt 1021 turns.
S%ﬁétre ofrdenGORISINE0GP L arE &P&Jeﬁnﬂhﬁmeeﬁﬁmdﬁg Brasor
carriage 1003 in the main scanning directions
1088t Beandeargtiingoandlditr eot ithes ylatc whdiedg 1034an

image signal to jet ink drops. As aresult, a line of

i mage i s fTheneceoplbhy papee Sheetint0bdpEhattuss Matsed
at a position. Then, the paper sheet 1012 is conveyed

ihuluges a ppeekf egdcdiishanaer o Loty lthee paper sheet
recorded. \When a recording conpletion signal or a

191@nah kadiceabihngphiat nhiephaht %\F%%%do“bgﬁ he PR rding

sheet 1012 has reached the inmage formng ea Is

{10 he “Imige T
R R A N L S e

er sheet 101
sg%grating claw %051 for separating the paper sheet 1012

from the conveyor belt 1021, a paper ejecting roller 1052,
a paper ejecting roller 1053, and a paper catch tray 1054
for receiving the ejected paper sheet 1012.

A duplex unit 1061 is detachably attached to the
back of the exemplary image forming apparatus. The duplex
unit 1055 takes in the paper sheet 1012 that is conveyed
backward by the conveyor belt 1021 turning in the opposite
direction, reverses the paper sheet 1012, and feeds the
paper sheet 1012 again into the space between the counter
roller 1022 and the conveyor belt 1021.

Also, as shown in FIG. 28, a recording head
maintenance/cleaning mechanism 1056 is provided in a non-
image-forming area at one end of the scanning directions of

the carriage 1003. The recording head maintenance/cleaning
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into the paper catch tray 1054. In duplex printing,

after an inmage is fornmed on the upper side (a side of
woheo7pager sheet 1012 on which an i mage i s for REWIP2007/057802

first) of the paper sheet 1012, the paper sheet 1012

1s fed into the duplex unit 1061 by turning the

conveyor belt 1021 in the reverse direction, reversed

(so that the underside of -BBe paper sheet 1012 faces

upward) and fed again into the space between the
mEBROGRTT gPPE: T20832ART CRE EIRTET0EPROPEErE Odndhe
conveyed by theconveyor belt 1021 at controll ed
recerdsdasedesclP8dd earlier. Thus, an inmage is fornmed

on the underside of the paper sheet 1012. Then, the )
paper she&hel@ezorsisjgebred owiotehanssferleaaticly Megpanism
1054. When the exenplary image form ng apparatus is

1liodlee indledear capge 10603 fiox mowed it che pesiAlicosuwatiaves of
t he recordi ng head mai nt enance/ cl eani ng mechani sm

tHR5Geddtdifics HRasist i190.7,t ke wiged! &1 aoss dord R ping the
recordi ng heads 1007 are covered by the caps 1057 to

nfoeztz%]ien istiye af,4 he m%%?—%%}@%éél@{e%bﬂ%@ rgvent

nozzl e cloggi ng caused by dried ink. Wth the

di ng .heads 1007 d by th
T A A OO G o S T Qe il iom £he

bubbl es. The ink adhered to the nozzle surfaces of the
'ng heads 1007 during this recordi ng head

mai nt enance is wped off by the w per bl ade 1058.

Al so, bef dite dre EaMRg Y (iR TR RRREEELUT nk

is sprayed in order to

configured as described above, the paper sheets 1012 are

separated and fed one by one from the paper feed tray 1010,
the separated paper sheet 1012 is fed approximately
vertically upward and guided by the guide 1015 into the
space between the conveyor belt 1021 and the counter roller
1022 so as to be conveyed further, the leading edge of the
paper sheet 1012 is guided by the conveying guide 1023 and
pressed by the pressing roller 1025 onto the conveyor belt
1021, and the direction of the paper sheet 1012 is thereby
changed approximately 90 degrees.

At this stage, an AC bias applying unit (not
shown) of a control unit described later applies an
alternating voltage to the charging roller 1026. As a
result, positively and negatively charged strips with a
constant width are formed alternately in thé paper

conveying direction (sub scanning direction) on the surface
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cl ean the nozzles. Wth the above neasures, the ink

jetting performance of the recordi ng heads 1007 is
woriimiiainzed. An exenpl ary inkjet head used as PO®/JP2007/057802

recordi ng head 1007 is described below with reference

to FIGs. 29 and 30. FIG 29 |s a cut-away side view of

an i nkjet head taken along _the length of a liquid

chanber. FIG 30 is a cut- éﬁby side view of an inkjet

offeathel akRvedloanddiite 102dt.hgfhed HHRU i gehiardile ql Qg is

the direction in which nozzles are ar ranged)

CBEUTY erieakisle Read ol udes 2 channel o at g 11 %per

formed, for exanp y ani sotropically etc |ng a

I ¢ ta i.con ubstrate a V|b t|n

ST S il st gl g @ B ELIGDl A or

to the nderS|de of the channel plate 1101; and
b3l s Angt & RETEHIDGRATENES! (i Wsp s i SFEB the
channel plate 1101. The channel plate 1101, the
diingcadiong a5 dhe ropveyied el thdfAle tiixise 1104 are
arranged so as to forma nozzle 1104 for jetting
l'iquid dr dfie (devomitiops headandzZd e amnrbcitvary whdrmeloving
1105 leading to the nozzle 1104, a liquid chanber 1106

theedaasiady 6908 ergemes alding wamiely & dddbidns (outbound
resi stance part (supply channel) 1107 for supplying

oK it duie Id i ichaibefc BB n ARG ah ik fURBIghal to jet
agpeﬁing 1109]]ead|ng to gzconnéﬁﬁlqu|deh§§%erQ%T%S ° Je

ithe cﬁ?&%@l Hy d ry‘és%tlth,e%d 13lrRo df%n&%%s ¢ ormed on the

paper sheet 1012 that is paused at a position. Then, the
paper sheet 1012 is conveyed further a specified distance,
and the next line is recorded. When a recording completion
signal or a signal indicating that the bottom edge of the
paper sheet 1012 has reached the image forming area is
received, the exemplary image forming apparatus terminates
the image forming process and ejects the paper sheet 1012
into the paper catch tray 1054.

In duplex printing, after an image is formed on
the upper side (a side of the paper sheet 1012 on which an
image is formed first) of the paper sheet 1012, the paper
sheet 1012 is fed into the duplex unit 1061 by turning the
conveyor belt 1021 in the reverse direction, reversed (so
that the underside of the paper sheet 1012 faces upward)
and fed again into the space between the counter roller

1022 and the conveyor belt 1021, and conveyed by the
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arrays of stacked piezoelectric elenments 1121 (only
one array is shown in FIG 30) that are

welkeaerimesrechani cal conversi on el enents and use8CagP07/057802

pressure-generating unit (actuator unit) to deformthe
vibrating plate 1102 and thereby to pressurize ink in
the liquid chanber 1106; and a base plate 1122 on

whi ch the piezoelectric elments 1121 are fi xed.

BekeseR 1Rg P il@ﬁqe :8C1ddnE rh RNt S kgl oSURRYLS bh123

are provided. The supports 1123 are forned atthe sane

HT el S20oenh e TRLH Al Tl 9eRsRd d0or cne

ormthe pi €Zo él"emen i NCE NO

vol ta [ lied to the supports 1123, ey, j ust

SRR RO s ToAnot oy (e SRPRT BBEEEI0 S 1A Seriteg

a driving circuit (driving 1C (not shown) is

Fdnédce et KetsheZd@vedt®Si% el ements 1121. The

peri phery of the vibrating plate 1102 is bonded to a
frame par WhErBGheT v cmrdrme ypdmta gkl 3P iEn g afpaoefhus is
hol e 1131 for housing an actuator unit including the

ipileg oelhec idara ielgemaios8 1B hoardl tihe: daseoqdiatiem BEbSde the
a recess used as the comon |iquid chanber 1108, and

rftdrdd rsupRlaY il ie tehddh defc1sepiing b didn ifnPMIg® In this
outside to the comon |iquid chanber 1108. The frane

Fite 15130 v TRAE 10 1o f1Ha £2H %&eﬁﬁ%ﬁ{/@ﬁﬁg‘ gﬂ s. 1007

resin such as an epoxy resin or ul f1de
a%%gﬁ%g%ﬂ%%nghh%kfﬁ%ﬁﬁ$dhIdphﬂgEréggaﬂ“%%§§%L8%pQ%§Hhﬂ§
nozzles and thereby to prevent nozzle clogging caused by
dried ink. With the recording heads 1007 capped by the caps
1057, the noz;les are suctioned to remove dried ink or air
bubbles. The ink adhered to the nozzle surfaces of the
recording heads 1007 during this recording head maintenance
is wiped off by the wiper blade 1058. Also, before or
during an image forming process, ink is sprayed in order to
clean the nozzles. With the above measures, the ink jetting
performance of the recording heads 1067 is maintained.

An exemplary inkjet head used as the recording
head 1007 is described below with reference to FIGs. 29 and
30.

FIG. 29 is a cut-away side view of an inkjet head

taken along the length of a liquid chamber. FIG. 30 is a

cut-away side view of an inkjet head taken along the width



chanber 1106 in the channel plate 1101 are forned, for

exanpl e, by anisotropically etching a single-crystal
weizbiraess2substrate with a crystal orientation e¢TOP2007/057802

using an alkaline etching liquid such as a potassi um

‘hydroxi de solution (KOH) . The material for the

channel plate 1101 is not |imted to a single-crystal

silicon substrate, but a §§§¥%Iess steel substrate, a

ofhat 9sgRsHt bhambes Nalehgt Reel HKeMRY odl 30 RBi1ksedoth8es
vibrating plate 1102 is fornmed, for exanple, by

egtt-9 hng a nickel plate. However, the materi al
a?%r%t%ekg%gpating plate 1102 is not limted to a

ni ckel plate, but .other, types.of netal. plates or a
Ianinatediﬁlgﬁgnﬁﬁﬁgybﬁn%% t &35 dfst Saarégﬁﬁnel plate
plate may al so be used. The piezoel ectric _el enents
11931 Teriethe Lo SFRATE LB 2 BYa PR 1504 OB 1CE Lile SHABARG Ry
plate 1102 with an adhesive, and the vibrating plate

> sipglersriysitadd stidicea fSubwdrgder B1I0bratingnplate 1102
adhesive. In the nozzle plate 1103, the nozzle 1104
fwirtrieda  dicametampdfe , 1 ®y3 @ Lachrios ofrovimegd rfiatkedacmdofoonlied to
l'iquid chanbers 1106. The nozzle plate 1101 is bonded

the uhelcghadrelo mhale chidheai ihaar adiasi wad Bhed3e2d @late
plate 1103 is nmade, for exanple, by formng | ayers on

118 PUhREE t8f tANWHS AH RE PRLLHrAnBde 1% 1101,
nmetal. The top-nost [ayer of the nozzle plate 1103 is

TRRde Ak nd 1 EﬁﬁiJ%ﬁ%ﬁhe@%ényfﬁ?dﬁingp%ﬁg%kggb%, and the
wat er-repel Fent materi'al's are as

10 nozzle plate 1104 are arranged so as to form a nozzle 1104
for jetting liquid drops (ink drops), a nozzle connecting
channel 1105 leading to the nozzle 1104, a liquid chamber
1106 used as a pressure-generating chamber, a fluid
resistance part (supply channel). 1107 for supplying ink to

15 the liquid chamber 1106, and an ink supply opening 1109
leading to a common liquid chamber 1108.

The exemplary inkjet head alsc includes two
arrays of stacked piezoelectric elements 1121 (only one
array is shown in FIG. 30) that are electromechanical

20 conversion elemenfs and used as a pressure-generating unit
(actuator unit) to deform the vibrating plate 1102 and
thereby to pressurize ink in the liquid chamber 1106; and a
base plate 1122 on which the piezoelectric elements 1121

are fixed. Between the piezoelectric elements 1121,

25 supports 1123 aré provided. - The supports 1123 are formed at
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descri bed above. The piezoelectric elenent 1121 is a

stacked piezoelectric elenment (PZT in this enbodi nent)
wobanimad4ay al ternately stacking a piezoel ectri @CT/JP2007/057802

material 1151 and an internal electrode 1152. The ends

‘of the internal electrodes 1152 are exposed

alternately on one and the qther side of the

pi ezoel ectric el ement 112T8id are connected to an

tm%d%%h@U%ﬁm%l%%%%P%eﬁﬁ%é%e@%@t%dﬁpHﬁﬁﬂﬁﬁ%ﬁﬁG%g?g%%gésed to

In this enbodi nent, e exenplary inkjet hea

£200f g ;g gagyeﬁ[%tg ﬂ&@; Fﬁl@r&e%%s I 'Jg.h%m!%e fnql (]edgiqr\%iglg

pressuri acenent o € plezoe

el nts 1121 .i,n e upward and do rd directions in_
RIS G rREId e B RSt Ay faigies Fgunction
may be configured to pressurize ink in the liquid
Sh&PECTEERS BRLM%e di spl acement of the piezoel ectric
elements 1121 in the leftward and rightward directions

in FIG. 29 dR§ 3GbIA ¢§d,26 heveians aniving etidmud

may be configured to include one array of

(pirdzdelge )i o neltersnivg )1121 comreet dihse plhat @ik ldgrtric
t he exenplary inkjet head configured as descri bed

cakewe,ravhgria vol tage applied to the piezoelectric
el ement 1121 is decreased bel ow a reference potenti al,

the pi ezoghgetyd e@pergbig r%é@dlvmrg{di Aﬁrgﬂkecaﬂ%fzt the

vi brating plate]%fgg t'o ownwar S a resu
FRBPIATS, S 4 AU ARSIt enist A
through hole 1131 for housing an actuator unit including
the piezoelectric elements 1121 and the base plates 1122, a
recess used as the common liquid chamber 1108, and an ink
supply hole 1132 for supplying ink from the outside to the
common liquid chamber 1108. The frame part 1130 is made of,
for example, a thermosetting resin such as an epoxy resin
or polyphenylene sulfide and formed by injection molding.
The nozzle connecting channel 1105 and the liquid
chamber 1106 in the channel plate 110i are formed, for
example, by anisotropically etching a single-crystal
silicon substrate with a crystal orientation (110) using an
alkaline etching liquid such as a potassium hydroxide
solution (KOH). The material for the channel plate 1101 is
not limited to a single-crystal silicon substrate, but a
stain;ess steel substrate, a photosensitive.resin, or the

like may also be used.



10

15

20

25

vol tage applied to the piezoelectric elenments 1121 is
i ncreased, the piezoelectric elenents 1121 expand in
woheo7dii#®ct i on in which the layers of the pi ezeerdeiwni/es7802
el ements 1121 are stacked and cause the vibrating
‘plate 1102 to bend toward the nozzle 1104. As a
result, the volune of the |jiquid chanber 1106
decreases, the ink in theTq%ﬁnd chanber 1106 is

pressuri zeg e andddt i P e tdieriebyrdeided fdomtdipie,
nozzl e 1104: When the voltage applied to the

' t¥i.c . L. 1.4 t t :
bS)efee(Zel%ZAr%go%o elﬁlﬂea? qut e lvi}%al?aa#tele'n g{ dgfegftééﬁll rncleattuerrnlsal for

o its initial .pgsit.i the liquid.ch er_ 110
b A e d IR el i aot e e b s plate,
and, as a result, ink flows into the |iquid chanber
butp e e tRet it i g R tmafierd LATBINAFG LIPS made
vi bration of the neniscus surface in the nozzle 1104
e geiesl anhtchentbrd stasin ¥alce Wt o3 Rapiesd ¢ hghe
next ink jetting process is started. The nethod of
lire o ellge d thel. @ xelnglaartys | 1Tk etarmbache ssupggodtsn 1 E2B tare
t he nethod descri bed above. An exenplary control unit

- ¥nddie €xermd aF dordRigey fETdi a1gL Bppay Bivisan Sa@ésined and

below with reference to the bl ock diagram shown in

G v &dradigy ool 1 1y ti 1300, hael wdesh@ £&RAhd 204r£ 01130

controlling the .exenplary image form ng apparatus, a
%%{%;%%Zaéﬁgsf$§ring prograns to be executed by the
1201 ) :

In the nozzle plate 1103, the nozzle 1104 with a
diameter of 10-30 um is formed for each of the liquid
chambers 1106. The noézle plate 1101 is bonded to the
channel plate 1101 with an adhesive. The nozzle plate 1103
is made, for example, by forming layers on the surface of a
nozzle forming material made of a metal. The top-most layer
of the nozzle plate 1103 is made of a water-repellent
material. Preferable water-repellent materials are as
described above.

'The piezoelectric element 1121 is a stacked
piezoelectric element (PZT in this embodiment) formed by
alternately stacking a piezoelectric material 1151 and an
internal electrode 1152. The ends of the internal
electrodes 1152 are exposed alternately on one and the
other side of the piezoelectric element 1121Iand are

connected to an individual electrode 1152 and a common
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and other fixed data, a RAM 1203 for tenporarily

storing imge data, a rewitable non-volatile nenory
wa200y/1tiésat retai ns data even when the power i spPoffip2oamncs7so2

an ASI C 1205 that perfornms, for exanple, signa

‘processing and a sort operation on inmage data and

handl es i nput/output signals for controlling the

exenpl ary i mage form ng aﬁﬁgFatus. The control unit

1200 ra3lye0 111188 udes +&n L@@ mehiF %%%6e&%%plaﬁy fg&éet

sendi ng/ recei ving data and signals to/from ahos

h@aﬁrﬁ tc%%&&%%&ﬁ %% %% E%Q g i@ ealg§5%6%%§%%%%% 1106

unit or control I ng the recordi ng hea

.dri.ve wavef or eneratj.ng.unit for generating drive |,
R PERGPNE L 2E heAd THE VUPRLGRETENT &) 1565 B GrEoraRtg
he recording heads 1007, a nmotor driving unit 1210
eﬁ&F‘e&FiSvng?]t He! ndish Wi i drotornuapd  dhtechéosghin FIGs.

scanni ng notor 1031, an AC bias applying unit 1212 for
28pping @3 -afloNEVisiras the exerplary Agkielt deatD2Gy ded

an 1 /0 1213 for receiving detection signals from
cendogerresie o re-eEE3r iard 1G4 3 natthea Lienper ahuimeyenIae by
1215 that detects an environnmental tenperature. An

tbpedaipoascpant! oF2thef @i cizoRukliRd caRd cictRlsAViY in the
information is connected to the control unit 1200. The

106 GERal ahdF rE206 Wl dt ke eeRtikals ?Ei?I%%QOZ@e%SkV%%. Also,

print data via a cable or a netwo roman i nage

CFROSRSEAR,9AT TUoh, 33 LA RO A e one
a@&%@e%¥|¥iezoelectric elements 1121 on one base plate 1122.

In the exemplary inkjet head configured as
described above, when a voltage applied to the
piezoelectric element 1121 is decreased below a reference
potential, the piezoelectric elements 1121 contract and
cause the vibrating plate 1102 to bend downward. As a
result, the volume of the liquid chamber 1106 increases,
and ink flows into the liquid chamber 1106. When the
voltage applied to the piezoelectric élements 1121 is
increased, the piezoelectric elements 1121 expand in the
direction in which the layers of the piezoelectric elements
1121 are stacked and cause the vibrating plate 1102 to bend
toward the nozzle 1104. As a result, the volume of the
liquid chamber 1106 decreases, the ink in the liquid

chamber 1106 is pressurized, and ink drops are thereby

jetted from the nozzle 1104.
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apparatus such as a personal conputer, an inmage
readi ng apparatus such as an i nage scanner, an i nagi ng

wappEriasns such as a digital canmera, or the |i ReT/JFIve7/057802

CPU 1201 of the control unit 1200 reads out and

‘anal yzes the print data in a receiving buffer of the
external 1/F 1206, causes _tdbe_ ASI C 1205 to perform

i mage processing and a sort operation on the print

data, and Whreangfler srdlege daid igeharatet fginddiectric
print data via theprint control unit 1207 to the head

eliemesrt 1208. iEnefmadidnd afo dole RalfdldhdatR s F101 the
the printing process is perfornmed by the printer

Wbreeri nk3Qh Afe the hash 1300 s jdes Ofdi*%ﬁ%gl' &, it iaﬂs}ﬁ the

print control unit 1207 transfers the inmage

Is t.o -t ead _driver 08. .The print_ control
lai%rdtl 1587% 810 lolﬁp %}% RGS SRk (let%ecrle@é/k gsﬁpngq%\'?ﬁesbfsed
on which the inageag%;a are transferred, a latch
PEIRTAVE FHE SHTE Sk p %ot FES%Witgnaink fWssiigitq the
to the head driver 1208. Also, the print control unit
liswid whamher J 196 fxemy dtee commore driviarild rhagrdare 1108.
signal pattern data stored in the ROM 1202 from
Aditgint dlhet o7 idnyatogpn & fdrbihee meanvefcorsm sgerfercat iing tid thozzle
including a voltage anplifier and a current anplifier,

1a0d aletrriess amneeidines aletdiddtg Wlnfdd meie@d "Eadble, the
drive waveformto be supplied to the . head driver

nb2@8 i nkust iRy RddHesEONlY Qleadiidg 12 07 is configured
to generate a drive waveform nade ‘

The method of driving the exemplary inkjet head
is not limited to the method described above.

An exemplary control unit of the exemplary image
forming apparatus is outlined below with reference to the
block diagram shown in FIG. 31.

The control unit 1200 includes a CPU 1201 for
controlling the exemplary image forming apparatus, a ROM
1202 for storing programs to be executed by the CPU 1201
and other fixed data, a RAM 1203 for temporarily storing
image data, a rewritable non-volatile memory 1204 that
retains data eveﬁ when the power is off, and an ASIC 1205
that performs, for example, signal processing and a sort
operation on image data and handles input/output signals
for controlling the exemplary image forming apparatus.

The control unit 1200 also includeé an external

I/F 1206 for sending/receiving data and signals to/from a
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up of one drive pulse (drive signal) or two or nore
drive pul ses (drive signals) , and to output the

wqgemgriased dri ve waveformto the head driver 1PO8JP20w057802

head driver 1208 selectively applies drive pul ses
‘constituting the drive waveform supplied fromthe
print control unit 1207 to the piezoelectric elenents
1121 according to one |inelone scan by the recording

hBE%d§gy907 g ﬁ@ergﬁg 148k t'EE%YoéﬁEiﬁﬁkxPe?ngéung

her e driv e recording

00 a forn1 of di ferent zes
tQS g§F% uglﬁagﬁe P2 g lng ﬁnggéngoPeagﬁd1QO7 and
II-S|ze accordln to a drlve pul se sel ect ed.

aT Ei¥PUTEEE °E§188P§Fé§l IdPPHE SGEPEETEERLEPEC BRENE
val ue) for the main scanning notor 1004 based on speed
vgEeéermen anbepdsdriizrrddoadvesn Ifal ded8obrai Asdvipg the
sanpling a detection pulse fromthe encoder sensor
r¢043déogshiebdsi A0d , | Bneatoendodeingndnipedd iDarfget driving
and position target val ues obtained froma stored

tapeadiandcpasihgomopoef 10e4 and eavsesbt BeafBliay motor
driving unit 1210 to drive the main scanni ng notor

14894 basad B&a%h%pﬁgbﬁﬂbahﬁgtcQQHQOEo¥aB ?lyAh%Oantﬁ% bias
CPU 1201 cal cui ates a drive out put val ue (control
e ving

“{EHHE) chdleghie suBasaanieg union;L03h aged g,
SERIRLITA 3,980 o Pl e {rom Lo encgler SETSHL g
tggge@g%hggogensor 1215 that detects an environmental
temperature. An operations panel 1214 for inputting and
displaying information is connected to the control unit
1200.

The external I/F 1206 of the control unit 1200
receives print data via a cable or a network from an image
processing program, such as a printer driver 1301, of the
host 1300. The host 1300 may be an information processing
apparatus such as a personal computer, an image reading
apparatus such as an image scanner, an imaging apparatus
such as a digital camera, or the like.

The CPU 1201 of the control unit 1200 reads out
and analyzes the print data in a receiving buffer of the
external I/F 1206, causes the ASIC 1205 to perform image

processing and a sort operation on the print data, and

transfers image data generated from the print data via the
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target val ues obtained froma stored speed and

position profile, and causes the notor driving unit
wa200/1te52dr i ve the sub scanning notor 1031 basedTamobires7so2

cal cul ated control value. An exenplary inmage formng

‘'systemincluding an exenpl ary i mage processing

apparatus according to an odi rent of the present

i nvention and the above exelfpl ary i mage form ng

pAARA Aot ricd deser iked kel eMdMHdd efarrncatd &l Gerddation
The exenpl ary i mage processing apparatus includes a

¥ QA SAUSIHAY A g%‘if &h e g?qt%[jtg% r gg:rebréé?sg%s

form ng nethod of an e ment

R e eI G gd Ariis) I WSCARE (g0 2

printer e ecor I

exenpl ary i mage form ng apparatus. The exenpl ary i nmage
d@ﬁFﬁBﬁﬁ“g§§ﬁ€%¥includes one or nore image processing
appar at uses 1400 i nplemented by, for exanple, personal
conput er s {ECPrdmd &Prtgletunsrti A2y’ 1BoO sfmrredihed imsge
the i mage processing apparatuses 1400 via interfaces

dart 2a asetssorilal Idatiehed rdge heeot ebsivey A@Edr.atise At

as shown in FIG 33, a CPU 1401, and a ROM 1402 and a

dAMrHA03Iinised 285 BEBY IR pAItS CORIeAsTé D1 dWSignal,
Al so, a storage device 1406 i nplenented by a nagnetic

PRlsUAEH dBMIEE T AR A RA e kor BIb ddH, ARPATALYS
1404 including a nous€ and a .
signal, and an ink drop control signal (mask signal) to the
head driver 1208. Also, the print control unit 1207
includes a D/A converter for converting drive signal
pattern data stored in the ROM 1202 from digital to analog,
a drive waveform generating unit including a voltage
amplifier and a current amplifier, and a drive waveform
selecting unit for selecting a drive waveform to be
supplied to the head driver 1208. Thus, the print control
unit 1207 is configured to generate a drive waveform made
up of one drive pulse (drive signal) or two or more drive
pulses (drive signals), and to output the generated drive
waveform to the head driver 1208.

The head driver 1208 selectively applies drive
pulses constituting the drive waveform supplied from the
print control unit 1207 to the piezoelectric elements 1121

according to one line (one scan by the recording heads

1007) of the image data input serially, and thereby drives
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keyboard, a nonitor 1405 such as an LCD or a CRT, and

a storage nedi um readi ng device (not shown) for
woeedimngs2a st orage nedi um such as an optical drek/JR087/057802

connected via interfaces to the bus. Further, an

‘external interface (I/F) 1407 for communicating with

devi ces connected, for exanple, via a USB or a network

such as the Internet is coffected to the bus. The

tﬁ%o&@%%régﬁbpﬁe%ég61@67th?hE”?%%oE@ﬁ%%ﬁ%E%@gaﬁ@®ﬁaE%% form

1400 stores i mage processing prograns including a

dgrgggg%mdqfff%@.eﬁqbgqizg%m #2f. tetlgmgg%se%t fa@{gt%g{sggzge- ante

€ processing progranms are read froma

di um hy the storage nedium r.eadi hg apparatys or ,
THEHITGSALE Fom A ROewaTe LLnoH 22 e PRECRIRS Sga drive
installed in the storage device 1406. The inmge
PPl&€es&ilRGtsogr ans enabl e the i mage processing
apparatus 1400 to perform i nage processing as

descri bed Thel &RU TRE 1 wadeujedesssi iy ipreo grens: tirens lhe
configured to run on an operating system Also, the

(coageofr eads®) N opr afeans ifmy chend npamiotefr aM04 based on
application program FIG 34 is a bl ock diagram

sbleleds Healelcdtd o agxe FRlsaity ohu Biet-ieefalo e afia AN ndfa by
an i mage processing program (printer driver) that runs

s%%gﬁﬁ% '%a%%t%%%ﬁ%ishggs%pﬁﬁ% {4$.140Q 2pd Eﬁ%ﬂ&&ﬂ“&dﬂ}

I ge processing mnet accoraing to an . enbodi ment o
S S G U T A AT g | e
tg%g% e%%ﬂ%egp%%t%i%ggwkrom a stored speed and position
profile, and causes the motor driving unit 1210 to drive
the main scanning motor 1004 based on the calculated
control value. Also, the CPU 1201 calculates a drive output
value (control value) for the sub scanning motor 1031 based
on speed detection and position detection values obtained
by sampling a detection pulse from the encoder sensor 1035
constituting a rotary encoder and speed target and position
target values obtained from a stored épeed and position
profile, and causes the motor driving unit 1210 to drive
the sub scanning motor 1031 based on the calculated control
value.

An exemplary image forming system including an
exemplary image processing apparatus according to an

embodiment of the present invention and the above exemplary

image forming apparatus is described below with reference



unit 1412 that converts the col or space of inage data
1410, which are provided, for exanple, from an

wappl7iiea2i on program fromthe one for nonitor PATAP10aY057802
to the one for an inmage form ng apparatus (from an RGB
‘color systemto a CW color systen) ; a black
gener ati on/ under col or val (BG CR) unit 1413 for
perform ng a bl ack generatl oh/ under col or renoval

tor UEss 32N GWé \ale@lary lidl=dfe YAVHYsGONY rpavidt ukd14
that corrects a CWK signal, mhlch is used as a record

l@lQ:"lturd%ls 3 PRgrarfFod HNG ity tap%dﬂi‘?ﬂﬂ@fnﬂd)tﬁgrmrgn

i nk per unlt area specified in an |nage ornrng

%‘ %dc%rfr %&t | x&en AL oersre s

|n ut /ou ata accor ng o arac erls |cs of

an [ fornrng appar at us or user preference
rPra'r%nimlt (not shown) that enlarges an |nage

accordlng to the resolution of an inmage formng

5 apparat us;It 1 deste RS it Ahi tanlfé{JeﬁclRﬂrrﬁgar
nult|-valued and singl evalued matrices for converting
(imdge td atecarsliogt apaareriusdatis tusdsk dorited demplary image
recordi ng heads; and a rasterization unit 1417 that
fdinwiides dgreaxdatuguattern data fromthe hal ftone
processing unit 1416 into portions each portion

COrr espoNGiHYy @1 1S£ Al Jg{i Spdterh N1RAGKes one
portion of the dot pattern data to e ‘correspondi ng

o'lo%fes J.%ad'ee cfgerglal %?paﬂ%tpégé)%401(ﬂ]ﬁn§f&@ﬁ% by,
rasterization unlt 14 sent to the 1nkj prlnter

10 fjbﬁso%xa'?‘nnﬁ/l&arﬁerosfor}a € c%kr)r?pvu elrnsag(eP&r ocecfsallrp nqcajyet printer
1500 connected to the image processing apparatuses 1400 via
interfaces or a network.

In the image processing apparatus 1400, as shown

in FIG. 33, a CPU 1401, and a ROM 1402 and a RAM 1403 used

15 as‘memories are connected by a bus. Also, a storage device
1406 implemented by a magnetic storage device such as a
hard disk, an input apparatus 1404 including a mouse and a
keyboard, a monitor 1405 such as an LCD or a CRT, and a
storage medium reading device (not shown) for reading a

20 storage medium such as an optical disk are connected via
interfaces to the bus. Further, an external interface (I/F)
1407 for communicating with devices connected, for examﬁle,
via a USB or a network such as the Internet is connected to

the bus.
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performed on the inkjet printer 1500. FIG 35 is a
bl ock diagramillustrating anot her exenpl ary
woéumrtiienal configuration of a printer driver RCTOPIOTIQT7S02
to an enbodi ment of the present invention. A s shown
in FIG 35, a printer driver 1421 of the inmage
processi ng apparatus 1400 i ncludes a CM unit 1422, a
BG UCR unit 1423, a total‘ﬁ%ﬁhnt control unit 1424,

and aganmaeOrfRetdqan ddviilcel 429 d Rat thaVemage processing
substantially the sane functions as the correspondi ng

a %ia%tﬁgom OiOn s":c:?@e s3 A!i:ma-g%e p@bid%ts%ring{ i%\ig{gr%ér%é.i%?lqﬁiing a

ocessed i nmage data to the Inkjet p

rinter ntrol ler,.151 rol__unit ,1200) qf. the
ool 5 e E RS T Fied e FRORING et The
.shown) that enlarges an inmage according to the .
1PEGS BEOGT SSHTeh FHRede o Phon g Sash & e SFHagR srdium by
processing unit 1516 including nulti-valued and
tdien gitenegley @ diary ireesling apmar@tungd waye lgaded drom a
dot pattern data to be forned by recordi ng heads; and
n& twastke rsivcdt iagn tire tIntslrhethatardd Virdes ltlheed dot et tserarage
data fromthe hal ftone processing unit 1516 into

dREMIdeONS: 0BAC ITHROri 0 GHIRSRARY wdgka@m SEHL ARthe image
assigns dots in each portion of the dot pattern data

ra‘i%%%’bﬁﬂdbg QA7 s Ur ARG sd¥hg as

gﬁ}putli 18 fromthe rasterization unit 15I7 1Is sent
%ﬁ%%ﬁ¥%§§ﬂ§§¥§ﬁﬁu$ﬁéw#ﬂ%éeég%%%eégfﬁEﬂpJJE}éﬁé'H§§ be
configured to run on an operating system. Also, the image
processing programs may be a part of an application program.

FIG. 34 is a block diagram illustrating an
exemplary functional configuration of an image processing
program (printer driver) that runs on the image processing
apparatus 1400 and performs an image processing method
according to an.embodiment of the present invention.

A printer driver 1411 of the image processing
apparatus 1400 includes a color management module (CMM)
unit 1412 that converts the color space of image data 1410,
which are provided, for example, from an application
program, from the one for monitor display to the one for an
image forming apparatus (from an RGB color system to a CMY
color system); a black generation/under color removal

(BG/UCR) unit 1413 for performing a black generation/under

color removal process on CMY values; a total amount control



or the conbination of the printer driver 1421 and the
printer controller 1511 shown in FIG 35 may be used
wobano7an4izmage processi ng net hod accordi ng t o aRCT/JP2007/057802
enbodi ment of the present invention. In the
"descriptions below, it is assunmed that the inkjet
printer 1500 does not |nclude functions to generate
dot pattern data fron1pr|nt 6data. I n ot her words, print

uﬂ@Ealﬁﬂ@nfhE@rcg§§gE%§ a@M@Rp E%ﬁ%ﬂonwﬂﬁ%%r}gbgggﬁgas a

execut ed on the inage processing appératus 1

r o_nul ti-val ued .dot rn dat.a_(print

-ERaLs égﬁéﬁf st eban bacspriey 57 the e e Pthder
1500 an n rasterlzed by the r|nter drlver 1411 of
SFREOE nige LBROBE LR taBBaRACHECIAB60 Hhe SPadrier, EgTning
dot pattern data are sent to the inkjet printer 1500
SRRATPIENATL ed. IPATEHECTARGE 1pP0BBIST A Lapanat 9oTLE0H S
for exanple, image or character print data (for

5 ippatpbetpdét dades ecicoindd nghéopadiet icharatitiecksédss afdan
shape of a line to be recorded; or data describing the

ilent, feirmeéngaagdppeaitisoprolisarcbaederensel;0 abooming unit
recorded) from an application programor an operating

(E¢! @RbANG EBAROEANEhe3t Ahedmaled s-RWd Rl BBk -
The print data are witten in a page descrlptlon

Language, The prin %a%%rﬁsafeqp§%r5 dra %%%%one
e pri

menory are anal yze by A 1ast er é
%%%%s%éﬁgégpgrLﬁ%&Et&nCEUdE%% %hﬁ%& %% %e r%n%?%{%% %q
10 wvalued matrices for converting image data to dot pattern
data to be formed by recording heads; and a rasterization
unit 1417 that divides the dot pattern data from the
halftone processing unit 1416 into portions each portion
corresponding to one scan and assigns dots in each portion
15 of the dot pattern data to the corresponding nozzles of
recording heads. An output 1418 from the rasterization unit
1417 is sent to the inkjet printer 1500.
Any part of the above image'processing may be
pérformed on the inkjet printer 1500. FIG. 35 is a block
20 diagram illustrating another exemplary functional
configuration of a printer driver according to an
embodiment of the present invention.
As shown in FIG. 35, a printer driver 1421 of the

image processing apparatus 1400 includes a CMM unit 1422, a

25 BG/UCR unit 1423, a total amount control unit 1424, and a
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according to the position and thickness of the |ine

described in the print data. Wen the print data are
woaQorii#27a character, the print data are convecrae2007/057802
‘into dot pattern data according to the position and

't hi ckness of the character described in the print data

by retrieving correspondiQ%7qutline font data stored

in the i mageprocessi ng apparatus 1400. Wen the print
gdata aoertetfpbhnundk l4agethbke hpfenktudatandi®lly the same

directly converted into dot pattern data. After the
£0ABYEESE0Bs AROGOREAERSHLAG anReLf QheRe QR e daly . The

pattern data (inmage data 1410) and the processed dot

pPahterkn gdata - an g st aLeds 0.8 Lasher sdata |y ., Ihen,
5 g d. erized by the

t he processe ot pattern data are ras

N L Qcessi ppar at us 1400 using an orthogona
légﬁ%%t%r&S?SFnﬁﬁgafhe coordi nates. As descri bed above,

I mage processing includes _col or _managenent processin
(byga ?:Mvﬁ PrdnifE CONTEOLLGH &ﬁé&es@%,r%ml@né%go) of
rocessi ng such as dithering and error diffusion,

tgﬁdéﬂka'@ltoprﬁl@ﬁ@\raﬂﬁOﬁndnpépémammpmd@m nolit Thetdehown)
pattern data stored in the raster data nenory are sent
the& enlempesf ave imagehecicokidéhgptiontiae 1201 ubXdemplod \n

i mge processing performed by the printer driver 1411
ishgth€orimgg RPPEESSRY aphall&w&elﬂﬁ@cle%s%@cun*i%ld 1516

below with reference to a bl ock diagram show in FIG
i%@luding multi-valued and single-valued matrices for
converting image data to dot pattern data to be formed by
recording heads; and a rasterization unit 1517 that divides
the dot pattern data from the halftone processing unit 1516
into portions each portion corresponding to one scan and
assigns dots in each portion of the dot pattern data to the
corresponding nozzles of recording heads. An output 1518
from the rasterization unit 1517 is sent to the print
control unit 1207.

Either the printer driver 1411 shown in FIG. 34
or the combination of the printer driver 1421 and the
printer controller 1511 shown in FIG. 35 may be used for an
image processing method according to an embodiment of the
present invention. In the descriptions below, it is assumed

that the inkjet printer 1500 does not include functions to

generate dot pattern data from print data.
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When a print conmmand is output from an application
program runni ng on a data processing apparatus such as

wa perigenal conputer, the printer driver 1411, PCIJRI007/057802

obj ect-type determ ning step 1601, determ nes the
‘types of objects in an input (print data) 1600 of the
print command. Each of the gbjects, character inmage
data 1602, line inagedata'f%b3, graphi cs i mage data

1604, and [ tymBR J (RO A3t HR0Ya =S AHAEESTHRA g a

a correspondlng processing path. As a first step, a

I dj 6 f .
T AT ST s
and t he g |cs |na e d ta l6ng Then, %ﬁﬁ% tern

control step 1611 a anna correction step 1613 and a
ety AdtrmtdiimRera M tEnal thadn €33 ReFMPEE 1B the gk Jjet
are further perforned on the character inmage data

B0t e-dr5 @theardd ridhdmages datizadb 0y dite thsigreapigisver 1411
i mge data 1604, a color matching step 1608, a BG UCR

&t efhel G g gl s saimyirdpeondtud  S1Ep. 8iR, rastganimed dot
correction step 1614, and a graphics dithering

d A dionety epes i) &3 edhd 66 prie grindther pRod aimaed.

For the bitnmap image data 1605, a col or and
r&gé§5|on met hod determ ning step 1621 is first
perforned. Wien the bitnmap i mge data 1605 have nore

nen o col iy 300l Gy BBtAD0 LR 072 o L
eczganntlgloel, ijrr?a?géﬁozrs chargacter print data (for example, data
describing the position, thickness, and shape of a line to
be recorded; or data describing the font, size, and
position of a characters to be recorded) from an
application program or an operating system are temporarily
stored in a draw data memory. The print data are written in
a page description language.

The print data stored in the draw data memory are
analyzed by a rasterizer. When the print data are to print
a line, the print data are converted into dot pattern data
according to the position and thickness of the line
described in the print data. When the print data are to
print a character, the print data are converted into dot
pattern data according to the position and thickness of the

character described in the print data by retrieving

corresponding outline font data stored in the image
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correction step 1626, and an error diffusion (halftone

processing) step 1627 are further perforned. Wen the
woiberap4i2mage data 1605 have one or two col or SPCatIP2007/057802

i mage thinning step 1631,. a col or adjusting step 1632,

‘a color matching step 1633a or an indexl ess processing

step 1633b (processing where no color matching is

performed) , theBdE UCR stéB9I624, the total anount

p¢eRELSL N3t P62 ust 12092 AOHRCHAR SR 1628 t3Ngrint
the error le#USIOﬂ (hal ftone proceSsing) step 1627

re furth per f. A_so, hoe | t 0
S e B a R e i S o
through a different processing path that branches to
pﬁﬁtﬁfg'gﬁgﬁ'164l. In this case, followi ng the ROP step
1641, the color adjusting step 1632 and t he subsequent
steps ar e Afdreforied CORVIERE 19 e 1MdgFe RFRCE SFAEY arid

t he graphics i mage data 1604. After the above

perdoegsidngn dlble tded plbjtdstrs gled ac driiaged dagai A 41®)o amd the
single set of imge data; a rasterizing step (not
ploeeskads deer frarttednorlattfee acekittedd Nage datssceranthta

the rasterized image data are sent to an imge form ng

mRERARAL Uhen At HRITHIIHIRHe Pladthe apesentddtdy &td Gfisterized
provides an inkjet recording apparatus that can forma

o) S ol gl o |G 4 M £ RUE pogon
d?l&'%%‘ﬁé%%%ﬁiﬂé“é'gié%%ﬂﬁfﬁgég%? %s‘described above,
image processing includes color management processing (by a
CMM), gamma correction processing, halftone processing such
as dithering and error diffusion, under color removal, and
total amount control. The dot pattern data stored in the
raster data memory are sent via an interface to the inkjet
printer 1500.

Exemplary image processing performed by the
printer driver 1411 of the image processing apparatus 1400
is described below with reference to é block diagram shown
in FIG. 36.

When a print command is output from an
application program running on a data processing apparatus
such as a personal computer, the printer driver 1411, in an
object-type determining step 1601, determines the types of

objects in an input (print data) 1600 of the print command.

Each of the objects, character image data 1602, line image
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pi gmented i nk for inkjet recording having excell ent

fixation even on a comercial printing paper. An
wenhodiaent of the present invention provides BATIPHGT057802

processi ng nethod that nmakes it possible to use a

‘concentration-type dot arrangenent order or a

di spersi ontype dot arrangeﬁg t order depending on an

out put hal ftonel evel and thereby to forma

daitgh-1@0d,i gt JpFEgss evRieOdat aCAMPMRY,Ciadld WitddNGmage data
paper. Still another enbodi nent of the present

1e0BENLION A QU LRE 13, YHA%e JTRILNPFRARY HA AL ing path.

i mage processing programfor performng an’i nage
processin t C I ng to-an di.nent of t .
pr esent i%\,{ﬁ‘} ir%ﬁ:.&cmso% ﬁa%atcl?slaolrn%rgj |ergrE%sthcq:e§) Yoo6 10
st Qr age di in other wards, havin ch an image .,
S dORIEh G it SRR St (ESR (PR Tilides e 1int image
ossible to forma high-quality inage even on a
O@&%@&Q% 9 i ggsatecs m@qﬁ@sagcm ligfentihemn,i ¢ color
not limted to the specifically disclosed enbodi nents,

mart¢hiand attiegnsl &@d reo AGF/IUER isdrep MeH0 he ardaeadi téuint
departing fromthe scope of the present invention. The

doirgsen]t sy 116l ,om idganas edbraeckapanesePricl3 Lt and a
Application No. 2006-103139 filed on April 4 , 2006,

cAiRG-alaRan @& HA1HG1d t th ARt e i BP0 EQP2 B 5 are
filed on March 30, 2007, the entire contents of which

AR RS %f%&%@tﬁfé eSS % ri‘?[{aegree%eca%d\ﬁ For the
line image data 1603 and the graphics image aata 1604, a
color matching step 1608, a BG/UCR step 1610, a total
amount control step 1612, a gamma correction step 1614, and
a graphics dithering (halftone processing) step 1616 are
further performed.

For the bitmap image data 1605, a color and
compression-method determining step 1621 is first performed.
When the bitmap image data 1605 have more than two colors,
a color adjusting step 1622, a color matching step 1623, a
BG/UCR step 1624, a total amount control step 1625, a gamma
correction step 1626, and an error diffusion (halftone
processing) step 1627 are further performed. When the
bitmap image data‘l605 have one or two colors, an image
thinning step 1631, a color adjusting step 1632, a color
matching step 1633a or an indexless processiﬁg step 1633b

(processing where no color matching is performed), the
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1 . An inkjet recording apparatus for performng
recording by jetting a recording liquid onto a

woeoewridénzg medi um conprising: an i mage processCmngPni/o57802

configured to obtain an output hal ftone | evel by
‘perform ng hal ftone processing on input inmage data, to
sel ect a dot arrangenent order according to the
obt ai ned out put hal ftone Fé@%F, and thereby to

BEFOERALEHOY ¢dat arWhers+dot Srahatakbanged sRed 1625, the
grid-like pattern; wherein the inkjet recording

SHEBRT SR CATCLRL SAoke, 430, Srfl T o atgtn

recor g e recor rum

0 rcial printing,paper, to record the daots in a
BRTesersapaPras e, ShrE: d30ds PEroRatsr e agrEmeR -
odd/ even- nunbered colums or odd/ even-nunbered rows in
the dot d&€&Car Ehenhilffed iMRgs Sabasd&lsi Rgddithecgrgphics
or in a main-scanning direction. 2 . The inkjet
imeger dieitg ApP4r aaws bas pelogewsedi fihalogiom & divifersing
resolution of the dot data is 400 dpi or higher. 3.
prbecissiipet paeéhortiiang bappaheaisusocasnc RaPmad epn 1@4di.mTh ,this
wher ei nt he recordi ng nmedi umincludes a base materi al

cale,are0abiwity aner ROP ateheasiignens de1ek g kase g step
mat eri al ; anmount of pure water transferred onto the

168208 nEE LhiBle ALHET 3 pANLAE! JoldFR Aol @A Tad 1132
image data 1603 and the graphics image data 1604.

After the above processing, all the objects are
combined again into a single set of image data; a
rasterizing step (not shown) is performed on the combined
image data, and the rasterized image data are sent to an
image forming apparatus.

An embodiment of the present invention provides
an inkjet recording apparatus that can form a high-
resolution, high-quality image without causing problems
such as beading and bleeding.

An embodiment of the present invention provides a
pigmented ink for inkjet recording having excellent
fixation even on a commercial printing paper.

An embodiment of the present invention provides
an image processing method that makes it possible to use a

concentration-type dot arrangement order or a dispersion-

type dot arrangement order depending on an output halftone



environmental condition of 23 C and 50% RH, is between
2 and 35 nm/n2; and anount of pure water transferred
wonvw/tke7r ecordi ng nmedi um after a contact ti ReETOP2040057802
ms in an environnmental condition of 23 C and 50% RH,
'is between 3 and 40 ml/nR2. 4 . The inkjet recording
apparatus as clained in clgrq% , Wherein a solid
content of the coating | aye n the base nmaterial is

1keteneem . theaRth 2D ML a %lgh%élﬁkﬂftlﬂa%"‘é)réi}é’fg on a

apparatus as claimed in claim3 wher ei n the
JBmRding MRAiy g} kaolin as a pi gment . 6 .
T J n 350 a%Lpar

The 1 nkj et “recor atus as clained in clain13,

wherei n t he .recor di nedlu cogﬁijgf1$§a§¥a$a| UM o ention

carbonate as a pirg

Hr_Ep tus as clalned |n cIa|n13 ,. Wherein the
FERTRAT FIRCHIHTs ORI RE: & ridsde mrocensdng

i nkj et recordln apparatus as clainmed in claim7 ,

S PRRESTE fote PRferase @y dglavs Precgasinsalaitiiad rasgiarding
or a water-dispersible resin. 9 . The inkjet recording
tappar amimdneritaiofedhien polesiemtl inwererieimn tare apparatus
pi gmented i nk contains at |east water, a colorant, and
iadlurEeig aich EOsﬁﬂﬂégeﬂmé31UM@CQﬁﬂkfﬁhéﬂﬂﬁﬁfﬁéﬁsEﬁblng

claimed in
such an image processing program as a print driver, makes
it possible to form a high-quality image even on a

10 commercial printing paper.

The present invention 1is not limited to the
specifically disclosed embodiments, and wvariations and
modifications may be made without departing from the scope
of the present invention.

15 The present application 1is based on Japanese
Priority Application No. 2006-103139 filed on April 4, 2006,
and Japanese Priority Application No. 2007-092191 filed on

March 30, 2007, the entire contents of which are hereby

incorporated herein by reference.
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claim9 , wherein a surface tension of the pignented

ink is 35 MV mor |ower at a tenperature of 25 C. 11.
wOheo7inkj2et recordi ng apparatus as cl ainmed i n eCaiymod7/057802
.wherein a viscosity of the pignented ink is between 1

and 20 cp at a tenperature of 25 C . 12. The inkjet

recording apparatus as claiggd in claim9 , wherein

the pignmented ink contains a fluorinated

surfactant.13. The inkjet EC&A3MSi ng apparatus as

claimed in claim1 , wherein the inmge processing unit

is configured to use a dither matrix for the hal ftone

processing; the dither matrix is designed to convert

the input 1i.mage igatathawicy i lch 0 -

into output inage data hav?gghﬁn%%?gg%tggz&§r2§¥%ﬁ?mmlng

vel and _i pcl Ltipl.e submatrices ..

rE@bEH@B% &D% e%taﬁg a Q‘%nggin%é_ﬁg%\h%[ ﬁ(I)lUto &/glglcgb_rdlng

that are arr nge t a screen

it l.eaving space in the dither matrix so that
m%Q?BﬁQ %?%§F§%%89ﬁ1a hal ft one dot pattern or screen

lines; and the inage processing unit is also '
confi gur e@™ dMGSE PEREEREIRCI HR-Lity Fondipmged deos olitein an
a _concentrationtype dot arrangenent order as the
OutiBiit PREESOREr laiedubpupedbiming heldltonkaprioselsedmry on
.than a threshold level T (N>T > 1) so that dots are
inpnhedmebesdate, edohseflbet, aaddtt artaagdnsper siraart ype
submatrices with a di spersion-type dot :
according to the obtained output halftone level, and
thereby to generate dot data where dots are arranged in a
grid-like pattern;
wherein the inkjet recording apparatus is
configured to use a pigmented ink as the recording liguid
when the recording medium is a commercial printing paper,
and to record the dots in a staggered arrangement where
positions of the dots in odd/even-numbered columns or

odd/even-numbered rows in the dot data are shifted in a

sub-scanning direction or in a main-scanning direction.

2. The inkjet recording apparatus as claimed in
claim 1, wherein resolution of the dot data is 400 dpi or

higher.

3. The inkjet recording apparatus.as claimed in

claim 1, wherein
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arrangenment order as the submatrices for an out put

hal ftone level that is equal to or higher than

t he

wohowahea2d | evel T so that dots are forned di spergPel/§s57802
14. The inkjet recording apparatus as clained in

claiml , wherein the inage processing unit is

configured to use an error _diffusion nethod for the
hal ft one processing whi ch~&PAGr di ff usi on met hod

enpl oys aRpper hQlcoHdfihys merahgorindindesignetd Gaterial and

convert the input inmage data having Minput ha

ftone
ezﬁét r ial;

o A Al S R

o510 e A Seionson s e gl

d |n
=di ng

apparatus as clained in claim1l e wherein a surface
reEREIdRdofrecHemyi gt sred iIcRRtRS3S MY Mol O0ower 1y ag
tenperature of 25 C. 17. A pignented ink for the

einvid jrenmeaderldicogddgpanatods 28s €l anded0RNREl aim

between 2

wherein the pignented ink contains a fluorinated

asudr B3&c trdntm®; 18ndAn i mage processi ng net hod of

processing input inmage data for recording by the

i nkj et recaicliltd APRAIY Us RS AlRINEb it @itD

khe

conprising the steps of: obtaining an output halftone

re@¥elaiRg BRI RE-Ha! ff %%&—J%V&C @SS GO dNGd MR

I mage data; and selectlng

é%%%%ﬁnmé%téi condition of 23 C and 50% RH, is

t arrangenent or

and 40 ml/m?.

4. The inkjet recording apparatus as
claim 3, wherein a solid content of the coating

the base material is between 0.5 and 20.0 g/m’.

5. The inkjet recording apparatus as
claim 3, wherein the recording medium contains

pigment.

6. The inkjet recording apparatus as
claim 3, wherein the recording medium contains

calcium carbonate as a pigment.

der

between 3

claimed in

layer on

claimed in

kaolin as a

claimed in

heavy
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t he obtained output hal ftone |level; wherein a dither
matrix is used for the hal ftone processing which

wdiodtan43rat ri x i s designed to convert thei nput PCAB®07/057802

data having Minput halftone |evels into output inage
‘data having N (M > N > 2 ) output halftone levels; the
dither matrix includes nultiple submatrices that are

arranged at a screen anglé%ﬁ ‘hout overlap and wi t hout

| eaving spacendn i o thelo vBbY et ddidls A RUlaimed in
pi xels forma halftone dot pattern or screen lines;

c‘i%%e%”%{he%lhyl%es%'&yd §Z gontains a water-

concentration-type dot arran der are use

the subnatrlces for an out put halftone | evel that is
q ifaf*a threshold level T(N>T > 1) so that
dot s are formed cl ose to each other; and
di spersion-type submatrices with a di spersiontype dot
arrangenment order are used as the submatrices for an
out put halSi-t Gie ligkelett recarsliauaprnagafrushiagherladmad in
the threshold level T so that the dots are forned
adiagper’si wilereit0 thEhevatreagd gereot essing ietehothtasr-soluble
claimed in claim18, wherein the concentration-type

redimior cesiaiea1dildpra il adyighest out put hal ftone
level (T - 1 ) of the concentration-type submatrices
bef ore the concentrationtype submatrices are sw tched
to the dispersion-type submatrices .20. The inmage

proceSSin%!“¥ﬂ§qnﬁ%é%2¥ég%¥Afhg apparatus as claimed in

claim 1, wherein the pigmented ink contains at least water,

a colorant, and a humectant.

10. The inkjet recording apparatus as claimed in
claim 9, wherein a surface tension of the pigmented ink is

35 mN/m or lower at a temperature of 25 C.

11. The inkjet recording apparatus as claimed in
claim 9, wherein a viscosity of the pigmented ink is

between 1 and 20 cp at a temperature of 25 C.

12. The inkjet recording apparatus as claimed in
claim 9, wherein the pigmented ink contains a fluorinated

surfactant.
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claim 18, wherein, at a switching point froma | ower
one of the N(M> N> 2 ) output halftone levels to a

whigitan4sane of the N (M > N > 2 ) output hal ftea®Jpr2007/057802

| evel s, the submatrices are filled with the | ower one
of the N(M> N> 2 ) output halftone levels. 21. The
i mge processing nmethod as clained in claim18,
wherein the dots are assigned®to the submatrices in

such an onrder tihat; fihe assd GRE Pt @ld WA aimed in
dlsper3|vely in the dither matri X, either by selecting

élggn§q5 r%§§lalternately SO that adj oi ni ng ones of
1he suBmatrices are not sel ected consecutively or by
sel ecting he submatrices i.n such ,an order_that

assi gned % BB PGS FH 't of° FREIES {%% pse a

22. The |nage ocessing nmethod as clained in claim
QHE it ﬁ%@h é%ﬁHOQQHRﬁ9Qﬁﬁ%iQQWE col or image
data haV|n Itlple color planes, a converted dither
matrix, dighareaadd iy comeagidmey the aintert the

mat ri x by one or nore of conversion nethods including

irgeett idgageaxdaymietwiing iMernsitorhalaftcbrie drestedts dmtd output
used for at |east one of the col or planes.23. The

infREe d¥tecessiing netod as x|@ madut daiMdds levels, and
wherei n, when the input inmage data are col or image

1%1@1&1%“1&&‘5{?1@ Rl ofcd ags, Ad eé’ﬂ cg'atﬂ"%f screen
matri x creat by reverS|ng the dot arrang nt or der
ag{?tfp%sﬂqfhtou Q%txrlaﬁ) a%rd %% th tlheea'\'rlrtg space in )the
dither matrix so that output pixels form a halftone dot
pattern or screen lines; and

the image processing unit is also configured to
use concentration-type submatrices with a concentration-
type dot arrangement order as the submatrices for an output
halftone level that is lower than a threshold level T (N >
T > 1) so that dots are formed close to each other, and to
use dispersion-type submatrices with a dispersion-type dot
arrangement order as the submatrices for an output halftone

level that is equal to or higher than the threshold level T

so that dots are formed dispersively.

14. The inkjet recording apparatus as claimed in
claim 1, wherein the image processing unit is configured to
use an error diffusion method for the halftone processing

which error diffusion method employs an error diffusion
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hal ftone |l evels is used for at |east one of the color

pl anes. 24. The inmage processing nethod as clained in
wobhei7mi&27 wherein each of the submatrices in PO®JP2007/057802

dither matri x has a shape made by conbining a | arge

rectangle and a small rectangle in such a manner that

a corner of the large rect e and a corner of the

smal | rectangle are in contact with each other and a

dﬂg@%ﬂ@hﬂja%skﬁﬁﬁﬁiﬁﬁﬁﬂﬁ%&yé%ﬁﬂﬁﬁéiﬁﬂﬁﬁ%‘yhédgadﬂgﬁlhﬁying M

rectangle are in contact with each other; dand when the

%ﬁ%ﬁ?’Héf%%ﬁn%aﬁ%VQQE?igw%Ko §ﬁ§iﬁ%§ﬂgﬁékﬁfiﬁﬂﬂ%kl ﬁfxum >

er matrix created by tran her

0 nmore |ines_in a yertical direction is used for
Nég%hggfoP%BH%mﬁﬁiéBPBF gﬁgﬁ §: 25. The inmmge

processing nmethod as clained in claim18, wherein,
when the input i mage data are col or i nage data having
mul tiple color planes, a linear dither-1lImatrix

havi ng a dért & resmusad amgited sagsaglad hyo s ireg i twre
with the dither matrix. 26. The inmage processing
imitiledd resoriddinge thpipa re taismaks ,c hwhietesd rin wieni Me. i nput
i mage data are color inmage data having nmultiple color
pl anes, a Bayer dither matrix is used in conbination
with the dither matrix.

16. A pigmented ink for the inkjet recording
apparatus as claimed in claim 1, wherein a surface tension
of the pigmented ink is 35 mN/m or lower at a temperature

of 25 C.

17. A pigmented ink for the inkjet recording
apparatus as claimed in claim 1, wherein the pigmented ink

contains a fluorinated surfactant.

18. An image processing method of processing
input image data for recording by the inkjet recording
apparatus as claimed in claim 1, comprising the steps of:

obtaining an output halftone level by performing
halftone processing on the input image data; and

selecting a dot arrangement order according to
the obtained outpuf halftone level; wherein

a dither matrix is used for the haiftone

processing which dither matrix is designed to convert the



27. An imge processing nmethod of processing input

i mge data for recording by the inkjet recording
wappEriasns as clainmed in claiml1l , conprising PO®JBL08PES7802
of : obtaining an output hal ftone | evel by perform ng

hal ft one processing on the input imge data; and

sel ecting a dot arrangemnent §$Qer according to the

obt ai ned out put hal ftone | ; Wherein an error
idpliftusmegemeiahted hosyiugeth fomuith@dHddnene RAGeSHERY output

whi ch error diffusion nethod enpl oys an error

igabbueiaen l8aniyt kmgesi gned ZP? ferensy s\l té)latll?iec di¥PYlevels;

i mige data having M1 nput hal ftone levels into output
i mage dat avi. M, > .N .2 oyt put -hal f.t one .
| evels. 2 ?£%¥§5%$%Lém%€ FUﬁfh§0¥%ﬁp§ﬁﬂ¥H§&§ supbmatrices
rocessin rogram _enbodi ed therein for causing_a

tBgi GEEr 3 BERFoPi thé FesTe BiSe St e st Lgp and
clainmed in claim18.29. An inmge processing apparatus

S weshPU§uled Ve JpSPRSEMithED hero adgiizg seetthed apitput
clainmed in claim18. 30. An inkjet recording apparatus
réaeflisgdoath o hedrfftone dod pride nmr coe ssinegnmdtined ;as
claimed in claim18. 31. An inkjet recording apparatus

conf i gur edonzesglrect card yipey fsamadre dgmaea tr eecessi ng
met hod as clainmed in claim 18 or a dither nethod that

cPhe¢nd#es ta di-GRee eteaR @RIy Y Hhe IBEL as the

processing nethod according to types of a recording

stpdiavmiand & el SRPult $W1%tone level that is lower than
10 a threshold level T (N > T > 1) so that dots are formed

close to each other; and

dispersion~type submatrices with a dispersion-
type dot arrangement order are used as the submatrices for
an output halftone level that is equal to or higher than

15 the threshold level T so that the dots are formed

dispersively.

19. The image processing method as claimed in
claim 18, wherein the concentration-type submatrices are
20 filled with a highest output halftone level (T - 1) of the
concentration-type submatrices before the concentration-
type submatrices are switched to the dispersion-type

submatrices.
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20. The image processing method as claimed in
claim 18, wherein, at a switching point from a lower one of
the N (M > N > 2) output halftone levels to a higher one of
the N (M > N > 2) output halftone levels, the submatrices
are filled with the lower one of the N (M > N > 2) output

halftone levels.

21. The image processing method as claimed in
claim 18, wherein the dots are assigned to the submatrices
in such'an order that the assigned dots are arranged
dispersively in the dither matrix, either by selecting the
submatrices alternately so that adjoining ones of the
submatrices are not selected consecutively or by selecting
the submatrices in such an order that the assigned dots

obtain high-pass filter characteristics.

22. The image processing method as claimed in
claim 18, wherein, when the input image data are color
image data having multiple color planes, a converted dither
matrix, which is created by converting the dither matrix by
one or more of conversion methods including rotation,
axisymmetric inversion, and translation, is used for at

least one of the color planes.
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23. The image processing method as claimed in
claim 18, wherein; when the input image data are color
image data having multiple color planes, a reversed dither
matrix created by reversing the dot arrangement order of
the dither matrix for each of the N (M > N > 2) output
halftone levels is used for at least one of the color

planes.

24, The image processing method as claimed in
claim 22, wherein

each of the submatrices in the dither matrix has
a shape made by combining a large rectangle and a small
rectangle in such a manner that a corner of the large
rectangle and a corner of the small rectangle are in
contact with each other and a side of the large rectangle
and a side of the small rectangle are in contact with each
other; and

when the color image data héve CMYK color planes,
a translated dither matrix created by translating the
dither matrix one or more lines in a vertical direction is

used for each of the CMYK color planes.

25. The image processing method as claimed in
claim 18, wherein, when the input image data are color

image data having multiple color planes, a linear dither
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matrix having a certain screen angle i1s used in combination

with the dither matrix.

26. The image processing method as claimed in
5 claim 18, wherein, when the input image data are color
image data having multiple color planes, a Bayer dither

‘matrix is used in combination with the dither matrix.

27. An image processing method of processing
10 input image data for recording by the inkjet recording
apparatus as claimed in claim 1, comprising the steps of:
obtaining an output halftone level by performing
halftone processing on the input image data; and
selecting a dot arrangement order according to
15 the obtained output halftone level;
wherein an error diffusion method is used for the
halftone processing which error diffusion method employs an
error diffusion algorithm designed to convert the input
image data having M input halftone levels into output image

20 data having N (M > N 2 2) output halftone levels.

28. A storage medium having an image processing
program embodied therein for causing a computer to perform

the image processing method as claimed in claim 18.
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29. An image processing apparatus configured to

perform the image processing method as claimed in claim 18.

30. An inkjet recording apparatus configured to

5 perform the image processing method as claimed in claim 18.

31. An inkjet recording apparatus configured to
select and perform the image processing method as claimed
in claim 18 or a dither method that provides a higher

10 screen frequency than the image processing method according

to types of a recording medium and a recording liquid.



