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WD 2007/ 052832 PCT/ JP2006/ 322325 DESCRI PTI ON DI THER
MATRI X, | MAGE PROCESSI NG METHOD, STORACGE MEDI UM

WO RNGEESPROCESSI NG APPARATUS, | MAGE FORM NG APPARATMB96/322325

AND | MAGE FORM NG SYSTEM 5 TECHNI CAL FI ELD The present
invention generally relates,.to a dither matrix, an

i mage processing nethod, a”%forage medi um an i mage
processi ng apparatus, anpr@eseph@bl Ng apparatus, 10
and an image form ng system BACKGROUND ART An ink jet

recor di ng rARR@TAMIS S, a j t us
that uses one or nore Vigﬁ?gﬁgﬁg%ﬁ$%%£@%%3gﬁggﬁi5STORAGE
inﬁ1ﬁﬁ§d j | ing apparatus is
D{Jhgfe , | for exaﬁ%?é‘,gsgghg %?’P%?é?[’ga &%@@ﬁmﬂ%}*’llﬁ‘s APPARATUS,
a_ Jwultifunction copier having functions of

ier.,.0r
Ag&gr' Ge":ro,m% mILE¥%nd copier. An ink jet
recordi ng apparatus jets drops of inks or recording
liquids fromits recording heads 20 onto paper (not
limted to a sheet of paper but also refers to any

TRSENTGALs BIELEs an OHP sheet, on which an i nage can

be formed using ink drops or liquid drops, and may

al so be Eab|ﬁde@eh@cQh@hﬁﬁiﬁﬁdbﬁﬂbrégggrg%mgtegp%r’a
recordi ng sheet, recording matérial, dium “or the

drm&@k,néﬁq~&negﬁpyd; rints) an i
ﬁnage on the paper . %%?g%%é?%%%ggéd%%§$3€2066ﬁ 53395 medium,
af image processing apparatus, an image forming apparatus,

and an image forming system.

BACKGROUND ART

An ink_jet recording apparatus is an image . forming
apparatus that uses one or more liquid drop jet heads as
recording heads. An ink jet recording apparatus is used,
for example, as a printer, a facsimile, a copier, or a
multifunction copiér having functions of a printer,
facsimile, and copier. An ink jet recording apparatus jets
drops of inks or recording liquids from its recording heads
cnto paper (not limited to a sheet of paper but also refers
to any medium, such as an OHP sheet, on which an image can
be formed using ink drops or liquid drops, and may also be
called a recording medium, recording paper, rqgggging sheet,
recording material, medium, or the like), and thereby forms

(records or prints} an image on the paper.
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Such an ink jet recording apparatus is able to form
for exanple, four types (or halftone | evels) of dots:

WhHoEB32832a smal | -si ze dot, a medi um size dot, R{H@IP3006/322325

| arge- size dot. However, 'these four types of dots are
not enough 5 to reproduce &large nunber of gradation

| evel s. Therefore, to reproduce a |arge nunber of
gradat i onSheneks, idik Het reethodngac@pasedusl nsaable to
di t her method, halftones are reproduced by using both

fens tio iMedidrallicon {dud engidy (P ati oy Bk B e f dots:

coverage nodul ation. 10 In a binary dither nethod, the

dengid )y vale 10fs @ o Ritel aatmeQ:iﬁRP—rsd_Lhi%a POI MG 1S 1arge-

compared with a correspondlng thr value In a

di t heyr .mat and nar| nt o ted or
|ﬁ%%ﬂ#%até{weve (no f J%&yp%8ﬁ€$ (UM arsyy enough
based on the result of the compari son. 15 ThIS nmet hod

(€h B Bistaichi i 457 MRS HatH FETE ieal e Xher dgeerefore,

nodul ati on by just conparing the density val ues of
41 XERF Ao cEn & nega el aranhd it o & Hrestedl iprval asesl § i Gl ther

dither matrix and therefore enabl es hi gh-speed
mEtdeessiange vAdesb, Trher elliarhe dintdidrodyetiedds: drtesd  ause
three or 20 nore values. For exanple, when form ng an

refRgRIUMdD BN udikhg JiettH ekt rRArAt s tialt S8ty
formdots in three sizes, three dither natrices are

SRA ARG P %6l AT, ¢l Assi %@%odd(}tacsl%r{no dot), 1

(small -size dot), 2 nedl si ze

(e 155 0oL oo TSGR Sty o1 o
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
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 an image‘data with threshold values in a dither
matrix and therefore enables high-speed processing.

Also, there are dither methods that use three or
more values. For example, when forming an image with an ink
jet recording apparatus that can form dots in three sizes,
three dither matrices are used and pixels are classified
inte 0 (no dot), 1 (small-size dot), 2 (medium-size dot),
or 3 (large-size dot).

There are many types of dither matrices. For
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exanpl e, Bayer dither matrix, random dither matri x,
and blue-noise dither matri x are wel | -known. These

WaReH@p83at ri ces are designed so that dots arechH®k006/322325

concentrated in an area but uniformy distributed in
area coverage 5 nodul ation,_and therefore are called
di spersion types. Al so, there are dither matrices

@arhele Comseat ra t106r tPesit hatande. @P@ﬂ@f‘exﬁaégi:»gpaénd
nt. For

dots are concentrated around a certain pol. _
I o SUbh T R PERE ol e B s e Lt
S B S P S I AR et S, .
T P LB Y g B
matrices are widely 15 used especially in conmrercia

AR PaTEht t prehent dreli sgl bsésdaspetrBednotypes. Also,
producing a mask or a dither matrix nmade of threshold
Waingesi gl thl thehi ofatpiixelss dal 1wy tdor eyl rdtmege WAl that
are conpared to convert the nulti-level inage data )

airet alesd dhald tone Hawmar t 2@ yEhics, fi® incl teps . .
of a) determning a hal ftone dot. g@??%fﬁpfﬁgﬁggiﬁ srrtain

pRliedet eH Red EﬂtQ%%rgﬁﬁ%l% %Q%c%%tg%&ﬁ%%%Q%g%bgpg&er

mask wi th'the hal ftone dot patterns o
a)iknistepsa), Jhalftone dot patterns are detern ned
“nd éperji“gle%?lll?nf S’P%é“gtctﬁ &5t €6ife AF&GREe 2k opdicgiy a screen
agggunent 2 discloses a nethod of preparing WO

7r052832 PCT/ JP2006/ 322325 -4

Patterns formed by concentrated dots are highly
visible when printed and hide unevenness in image density
caused by low paper quality or low printing accuracy.
Therefore, concentration type dither matrices are widely
used especially in commercial printing.

Patent document 1 discloses a method of producing
a mask or a dither‘matrix made of threshold values—with
which pixels in multi-level image data are compared to
convert the multi-level image data into a halftone image.
This method includes steps of a) determining a halftone dot
pattern for each of predetermined halftone levels and b)
creating the mask with the halftone dot patterns obtained
in step a). In step a), halftone dot patterns are
determingd independently for each halftone level.

~

Patent document 2 discloses a method of preparing
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a hal ftone processing mask used in a tone reproduction
nmet hod i n which, when converting a nulti-tone inmge

wOodwo7/sgss2dot i nto binarized or nulti-Ievel | nmeyda/batte/322325

using a dither matrix, parts of the multi-tone |nage
with a certain 5 density are converted to forma line
based pattern having a predeterm ned direction and
aohher tpakt §race seamerizet ueednave ahitehepass Hdduhon
characteristics. The halftone processing nmask is

ndesbaned oithat ke LoRehased Ratiern -tinel udesdts by

that al ways synchronize with arecording 10 sequence

tr.ix of .dots _farned inat of . .

d%ﬁl kégs%ﬁgérz%ggi%?épgééﬁng%g laﬁggggapaﬁgagé1F§aﬁeﬁﬁther
docunent 1] Japanese Patent Application Publication

MR E 150082567 7F (P& B dOGGRENL TEEE) HpkheSe GeEreHE
Application 15 Publication No. 2005-001221 Although
deppésit pEEi eANVppEedi Chef oFit B déschhpscdadppaitcagesaasng a
descri bed above, they have di sadvantages too. For

pexdapkeninken dioeaitignaanidmageeus pag tan airek dogtverted to
recordi ng apparatus, concentration of dots or '

hagacenghapkaer f20tefr ichkrb@tariateasraynheausa dleedi ng
or undermne fixation of the ink. It is possible to

p968kg8 13 oCRARCRN EAWAR ghiRe sodkhR8r (PRI NS ARY pattern
dots are not concentrated excessively. However, |ﬁ

.highlii_gh f ' ' I 1. 25,
BB L8t 20 50 SRR 8 ST B0

s 201 8n L0 E R 1L 058 A SRR, P42 R 1 i on of

multipassing and interlacing of a serial head.

[Patent document 1] Japanese Patent Application
Publication No. 2003-046777

[Patent document 2] Japanese Patent Application
Publication No. 2005-001221

Although concentration type dither matrices have
advantages as desc&ibed above, they have disadvantages too.
For example, when forming an image using an ink jet
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.
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On the other hand, in shadow parts, concentrated dots

may cause problens. These two conflicting facts are
WoRMTHREBT  difficult to design an appropri at epdifiFabe/322325

matri x. Al so, on a coated gl ossy paper, ink does not 5

spread snoothly and therefore it is conparatively

difficult to evenly cover the surface with ink On

GGtha sgatetharl 0SSy Rty dd-dS G anahl & (tkl?‘rts may

enphasi ze patterns using a concentratl on type di

B Ld )iafdbl@rg S MiddL acv.lfoovtv:o ﬁ,}f Lone l %& are ﬂ'%ﬁ}p’sng it

usi ng concent ratl on type

dl e, or, h hal ftone Ieve nay cause sone
dloétf]l"tuolr?bdtq G T PTG S Kb @A GRIat+ Ly
To reproduce snoot h gradation using a dither matrix,
t he nunbefl8P:gPadat FeAtravelessty Phpedit hok deksi xot
15 nust be larger than that of input pixels.
sEfarchldImpo tthiiar @ral & htewe firetehdds itso dongrzease 4d18y difficult
nunber of gradation levels. A first nethod is to
tonerveady tderesi 2@e0fsua FdITALIHR .1 A . SREQNEHTRE hadhd Sy

to use multiple submatrices'as a unit and thereby to

diRessagaddie et als e 10f A g'tloﬁnﬁevg ISt A0, ustng

net hod, when the nunber of grada s I ncreases,

A I e re s.. Therefare, first
oS t%%%rté’?’ SERHEE RS T RS sl g
€ _nunber .of gradation |levels. The
TS B -nREE Vo B e 0 TGO s di ther
nunmber of gradation |levels 25 w thout decreasing the

”QGFééanrgéﬁéﬁchtélﬁc@l@ﬁéed@F WOSPOORAEE2BB2 Level may

PCT/ JP2006/ 322325 -6
cause some dots to be left blank and reduce the image

quality.

To reproduce smooth gradation using a dither
matrix, the number of gradation levels of the dither matrix
must be larger than that of input pixels. Generally, there
are two methods to increase the number of gradation levels.
A first method is to increase the size of a submattix. A
second method is to use multiple submatrices as a unit and
thereby to increase the total number of dots. In the first
method, when the number of gradation levels increases, the
screen frequency decreases. Therefore, 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. Since the dot



10

15

20

25

areas (the nunbers of dots generated) of submatrices
are not always the sane, if the ratio between

WEHHYei2bixces with a | arge nunber of dots and PCTAIP2006/322325

submatrices with a small nunber of dots is

unbal anced, the resulting_gg;tern may ook like 5 a
texture. In a nethod where col or planes of a col or

drEmge, (trsuehindera GWRJItTRGRRIra BB i MGMhatdfi®es are
processed using a sane dither nmask, secondary or
n@tg%qrwaéfg CErh%_ algd OB Y Qv hapRiRg RAIN8 ces with
patterns of different colors. Wien an 10 inmage 1Is

fqr.med using su net_hod on per. o ich_i

ase ot et B e PR et o ey e
left in the imge and, as a result, the image quality .
Gfs dodcfudéd UNPALSE Cothert N HSmage §Y Pt iway d ook Like
printing apparatus in which a domi nant color is
adérertni®ed by the order of 15 overl apping inks, such a

nmet hod may cause hue distortion. DI SCLOSURE OF THE

| NVENTI ONIfthe peebkett wheventbanrppbundesod di thépr image,
matri x, an inage processing nethod, a storage nmedium -
sAth RIS 20K Q&RSK RG IWPHEH USa@) RIS IRIIINH using a
apparatus, and an image form ng systemt hat

SHRstant A !ms%vi%tﬁam Yr HJrR Pl ans a&aeuﬁrr%h by

the imtations an sadvant ages of the relate

[ t Qf .t )y esent jnventi rovi.des .a _ 25
og'i%? ﬁ‘g‘lp %gr i%f‘ ,l fla%% nl%nﬁ’ ga g%pe rrlé1 C esogél r?gl rfrf%tr%\édc t1at” e s?g hen an
the WD 2007/ 052832 PCT/JPZOOG/B%%%%?gb-7 di t her

RS XS 4 g TSI hav i Pam&tdr &¢ which ink

does not spread smoothly, irregular white spots may be left
in the image and, as a result, the image quality is reduced.
Also, when an image is formed with a printing apparatus in
which a dominant color is determined by the order of

overlapping inks, such a method may cause hue distortion.

DISCLOSURE OF THE INVENTION

The present inventicn provides a dither matrix, an
image processing method, a stcrage medium, an image
processing apparatus, an image forming apparatus, and an
image forming system that substantially obviates one or
more problems caused by the limitations and disadvantages
of the related art.

Embodiment of the present invention provides\a

dither matrix, an image processing method that uses the



therein for causing a conputer to performthe inmage
processi ng nmet hod, an inmage processi ng apparatus for
W apirgrw¥shg t he | mage processi ng net hod, an i NEXQEIP2006/322325
formng 5 apparatus for perform ng the inmage
processi ng net hod, and an_?ﬁage form ng system
i ncludi ng the i mage processing apparatus and the
diager feIii g apparatdise b AN PR é)fpﬁ&fr#ﬁ eSeteq
invention provides a dither matrix used in halftone
SSi f t | nput_ i ta having M
AT or PR b o R0 B TS N
(M> N> 2) q:t t halftone levels. In the halftone
5 Qﬁﬁﬁﬁﬁqﬁpm%;héﬁ%xﬁﬂr%ﬂQQﬁ1R%ﬁﬁ?%ﬁ%qﬁﬂaRRﬁFqusi r
used as the dither matrix when an input hal ftone |evel
ReC ARTHITH £ Haridiedt BIAARS HAlF fRiddbvelns image forming
corresponding to 15 an output hal ftone level that is
5> dppweratusarf ar preedetmrimnddie timeashglubdessingt fdd od], >and
1), and a dispersion type dither matrix is used as
arhe ndigeh effo mimitrrg s yaten tihes Iuapig hald tioneye leveded Sing
within a range of input halftone | evels corresponding
dpaathiid RiHa hald tiong d enghnithatadey.eauad to 20 or
ﬁ?@her than the prggﬁiernineéﬁfhgg%hold | evel T. BRIEF
DESCRI PTI : | ' ' . .
eIevationgﬁ gﬁgéﬂgpgﬁggégﬁﬁgglsESéﬁbz gP%E%%éQQnBFEFﬁdeS a
i e form.ng a ratys .for 25 out put.ting. i nage data
e at B by 47 g TR IS0 Ry W6 ZUGH Bz rvert ing
PCT/ JP2006/ 322325 -8 nethod according to an ‘
10 lomydoilmsse SR teheapriesedt inmentiadftors devels imts antput
vi ew of the mechanical parts
image data having N (M > N > 2} output halftone levels. In

the halftone processing, a concentration type dither matrix
is used as the dither métrix when an input halftone level
is within a range of input halftone levels corresponding to
15 an output halftone level that is lower than a predetermined
threshold level T (N > T > 1), and a dispersion type dither
matrix is used as Ehe dither matrix when the inpug halftone
level is within a range of input halftone levels
corresponding to an output halftone level that is equal to

20  or higher than the predetermined thresheld level T.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of mechanical
parts of an exemplary image forming apparatus for

25 outputting image data generated by an image processing
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shown in FIG 1; FIG 3 is a cross-sectional view of
an exenplary 5 recording head of the exenplary inage

WO prafig3appar at us taken al ong the | ength of modimwisgh2232s

chanber; FIG 4 is a cross-sectional view of the

exenplary recording head t@ken along the wdth of the
liquid chanber; FIG 5 is ‘block diagram

thé 4 RSt raa:td&g:iﬁ{b 10, e s i et Fﬁ’r% B Jsérjm’:bj[n a(ntlon,

exenpl ary i mage form ng apparatus

di agram i Id-ustrating Qnéﬁ%oengh%ry ga%ﬁgfgig%%%?ical parts

systen1accord|ng to an di ren
|nvent|o FIG. 7 is a block diagramillustrating
HPvTe ’nage processi ng apparatus of the

exenplary |nage formng system FIG 8 is a block

di agr am i FIGst riatihgat k& ospusectémalk lc onfdwyue fit Bon eofemplary
an exenplary printer driver 20 according to an

masodiimgnt hefdt hef prigsenexienypdatrivoninkb & Shirsimg bl@garatus
diagramillustrating another functional configuration

tofkdrhe Il M didun &t & iMvefui Reinilidig to an
enbodi ment of the present invention; FIG 10 is a

bl ock d'a@ﬁ@”]M||Q§t55ﬁ£5§kf%%%%ﬁ§“§i ¢Pcd, "B ethelexﬁﬁplary

processi ng the exenp r|nter driver s

r%%%ﬁ%a%a ORI TS B Vo o

is a block diagram illustrating an
exemplary control unit of the exemplary image forming
apparatus;

FIG. 6 is a Dblock diagram illustrating an
exemplary image forming system according to an embodiment
of the present invention;

FIG. 7 is a bleock diagram illustrating an
exemplary image processing apparatus of the exemplary image
forming system;

FIG. 8 is a block diagram illustrating the
functional configuration of an exemplary printer 'driver
according to an embodiment of the present invention;

FIG. 9 is a block diagram illustrating another
functional configuration of the exemplary printer driver
according to an embodiment of the present invention;

FIG. 10 is a block diagram illustrating exemplary

image processing by the exemplary printer driver shown in
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matri ces according to an enbodi nent of the present
invention; 5 FIG 12 is a draw ng show ng exenpl ary

WQ M@e58s  val ues in the exenplary dither nmatiiEE8006/322325

shown in FIG 11; FIG 13 is a drawing used to

descri be one of the exenplafy dither matrices shown in
FIG 12; FIG 14 is a drawi'hg used to describe an
xenpl;ary 10 concentration type dither matrix and an
exenpl ary dispersion type dither matrix; FIG 15 is a

draw ng ib&@%tﬂgtﬁ%gaa@r%%gﬁﬁl%&Xus%&%@%h?i%%g@&ﬁ%%%idither

froma concentration type dot” arrangenen
di,spersion_type.dot arrangenen .order; FIG _16 is
g TRSEHR nGoandther “BRABFAE) ansf EFon Present
process froma concentration type dot arrangenent
BG4 'a di spersion type dot arrangement order; 20

FIG 17 is a drawing illustrating an exenplary dot
arrangenmeRGor dé&r BADAg dRHWLNS eslsubied r fsesplFrgs threshold
18A though 18D are drawings illustrating a base

vdiltdeer imatthex exa@mpdtatve diidiftdre matatirdes, sdwmver tieds. 11;
dither matrix, and a translated dither matrix; 25 FIG -

19 is a dragi.ng3 lidisirakhngng hase did s be one of the

2007/ 052832 PC1/3P2006/ 322325 -10 matrix and a dither
SR P6 AV MG AN rAAYIdL Hwn AN GGEMaRL; or der ;

FIG. 14 ié a drawing used to describe an exemplary
concentration type dither matrix and an exemplary
dispersion type dither matrix;

FIG. 15 1is a drawing illustrating an exemplary
Lransition process from a concentration type dot
arrangement order to a dispersion type dot arrangement
order;

FIG. 16 is .a drawing illustrating anotherx
exemplary transition process from a concentration type dot
arrangement order to a dispersion type dot arrangement
order:

FIG. 17 is a drawing illustrating an exemplary dot
arrangement order ameng multiple submatrices;

FIGs. 18A though 18D are drawings illustrating a
bagse dither matrix, a rotated dither matrix, an inverted

dither matrix, and a translated dither matrix;

FIG. 19 is a drawing illustrating a base dither
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FI Gs. 20A through 20C are drawings illustrating the

behavi or of ink drops on papers of different types; 5
WQRQE7/052833 s a drawing illustrating the confi geECEIF2006/322325

of an exenplary image form ng apparatus according to

an enbodi nent of the presegg}jnvention; and FIG 22 is

a block diagramillustrating an exenplary contro

m#tidi-of dMe exenpliihed meger fokm mavikQ appar aE?%osite dot
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ‘Preferred
§ﬂ¥5HHéHER65d¥aéﬂ@e present invention are described
abelovvvvit

reference to the acconpanyi ng drawi ngs. 15

An exenpl [ form. ng, ap atus for_outputt, .

mage dat & G8neratbd By CHS gt An ExenpRErY Peage 11 istrating
rocessi ng nmet hod according to an enbodi nent of the

t&ﬁe;&ﬁ’tav%%&ﬁ i1EYK i9F opss G P & Wi ey dittees ;

to FIG 1 and FIG 2. FIG 1 is a side elevationa

vi ew of nEéRani cdll 20 ipart s2 of dhawbrenpl alyuvistageing  the

form ng apparatus. FIG 2 is a plan view of the

ceedligniredliopar tcsf shown éxemplarit. inagbe €xemphary apparatus
i mage form ng apparatus, a carriage 3 is supported by -

ag c@uiddingg tenial, ewMbicel riche! Wdesra QWde t At @Nd B ang
guide rail 2 laid between right and |left 25 sideboards

(not sho ~ S0-3S t:Q be a sk Lh th .
2007/052§g%GPCT%%P26%6/ 2§%§°é?11@¥ggféﬁctFgﬁgg%FaFﬁSQ an
r mai_n- ning.directiqgns) shown. in FI.G 2. )

S asers P halad | 85t R ey iags  forming
directions by a main scanning notor 4 via a timng

SBEPE 25 S

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred gmbodiments of the present invention are
described below with reference to the accompanying drawings.
An exemplary image forming apparatus for
outputting image data generated by using an exemplary image
processing method éccording to an emboediment of tﬁe present

invention is described below with reference to FIG. 1 and
FIG. 2. FIG. 1 is a side elevational view of mechanical
parts of the exemplary image forming apparatus. FIG. 2 is a
plan view of the mechanical parts shown in FIG. 1.

In the exemplary image forming apparatus, a
carriage 3 is supported by a guiding unit, which includes a
guide rod 1 and a guide rail 2 laid between right and left

sideboards (not shown), so asS to be able to slide in the
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stretched between a drive pulley 6A and a driven

pulley 6B 5 shown in FIG 2. On the carriage 3, for
W@XWMe52832 f our recording heads 7y, 7c, 7m aneCike2006/322325

(collectively called recording heads 7 for brevity

and/ or when col or distinctiigLis not made) made up of

liquid drop jet heads for jetting ink 10 drops of

dhedd OW B ,o VAL (Qroﬁgﬂg%ﬁﬁ(%anm bl ACK- {{dns B Shown

nount ed. The recordlng heads 7 are arranged so that an

1EH s Of 51’1031.: t%éc?cﬁ{ dﬂ}peq rpaefrgssgannlng
forns a r| t ang e e nain ‘scanni
ire tlons and ink drops. are jette f domnmard
TGO T Pl g TR hd O of i 1y 3 Helfing belt s
recordi ng heads 7 includes a pressure-generating unit
Srto?etﬁ@r@ RAGHRE prée<EUreE 1518y 143 & obsl veorp kgl 6B

a pressure-generating unit, a piezoelectric actuator
shygoin aig1 Bl§i ézoel ectric el ement, a thermal actuator
using liquid 20 filmboiling caused by an

el ect r ot henmaheceavet kigag 3¢ eantexaswile, aio@th%hordlng
el enent, a shape nmenory all oy actuator using netal

hehage ﬁhan&es TAUSEH by t@IErAIUNR GhageS 4 Fe@h-ding

el ectrostatic actuator using static electr|C|ty nay be

h%%%% d7| %@;gfew g/ 4o d tw q’?%cﬁﬁ%’r J}checzsas 375y not

25t 0 one ‘co he recor a

ek S Besber Sostod L £ %?n?ﬁo%ﬁﬁ?’cﬁs ¥ J° Hsadek

each haV|n arra)éfal of nozzles for Jettlng di fferent
re

TS AREL 1 fite darr icdge 3 Qs ddgfetiriedsumnchidsa gk (K)

for
are mounted. The recording heads 7 are arranged so that an

array of ink jet nozzles of the recording heads 7 forms a
right angle with thg main scanning directions, and ipk
drops are jetted downward.

Each of the liquid drop jet heads forming the
recording heads 7 includes a pressure~generating unit for
generating pressure to jet ligquid drops. For such a
pressure—~generating unit, a piezoelectric actuator such as
a piezoelectric element, a thermal actuator using liquid
film boiling caused by an electrothermal converting element
such as a heat element, a shape memory alloy actuator using
metal phase changes caused by temperature changes, or an
electrostatic actuator using static electricity may be used.
Each liquid drop jet head may not necessarily be dedicated

to one color. The recording heads 7 may be composed of one
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supplying color inks to the recording heads 7. The sub
5 tanks 8 are supplied with color inks from main-tanks

W 206%05283r t ri dges) (not shown) through ink sufSIfIreee8a232s
9. The exenpl ary inmage forning apparatus al so
i ncl udes a paper feeding u for feeding paper sheets
12 stacked on a paper std~ ing plate (pressing plate)

okl nQ:frea Qppapei-dieek i nadd.cabhe Hapelg faading dnidozzles
includes a crescent roller (paper feed, roller) 13

EOO_J o on:gflf({!%frgg]%ntpwmsmﬂ 12 and feeding them

paper ~ stacking plate 11, and a
separating,pad 14 .faci he paper ., feed. roller 13 _and
nage of a%ﬁﬁtgﬁFéﬁaﬁF ﬁggﬁﬁlgﬁng i Fﬁoﬁufs% nls B 3
coefficient. The separating pad 14 is biased toward
urp L apered o Wotd dro 151€ TREBERT 152 dhale FRF niRy
apparatus also includes a conveying unit for
teothee\ iy d hepapierd shigst dlof eidh Bg ofmarhangiaperanks {ink
feeding unit to a position under the 20 recording
dheads dgeshhe(reanwydwg whtoudtclirdesswepgy deadds $ hat
gui des the paper sheet 12 fed fromthe paper feeding

unit, a cemwewerPllatry2) il RlreGhi0Siatbiredhlsy also
attracts and t her eby conveys t he paper sheet 12, a

GRS (g1 22l ey isgsondNdangs el deces 1

t he pa er sheet 12 SHﬁﬁgﬁ?eyl %ﬁg%&&%/ﬁgigp ate) 11 of a

apprOX|nater 90 degrees the direction of the pa
RARSE Heebdiray fEY g&ﬂﬁd&ﬁwe‘i%ﬁdv&ﬁtlﬂ%‘ﬂw%\}%%%o

that the paper sheet 12 is laid on the
crescent roller (paper feed roller) 13 for separating the

paper sheets 12 and feeding them one by one from the paper
stacking plate 11, and 5 separating pad 14 facing the paper
feed roller ‘13 and made of a material with a high friction-
coefficient. The separating pad 14 is biased toward the
paper feed roller 13.

The exemélary image forming apparatus also
includes a conveying unit for conveying the paper sheet 12
fed from the paper feeding unit to a position under the
recording heads 7. The conveying unit includes a guide 15
that guides the paper sheet 12 fed from the paper feeding
unit, a conveyor belt 21 that electrostatically attracts
and thereby conveys the paper sheet 12, a counter roller 22
that presses the paper sheet 12 against the conveyor belt

21 and thereby conveys the paper sheet 12, a conveying
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20

conveyor belt 21, a pressing part 24, and a pressing
roller 5 25 b|ased by the pressing part 24 toward the

Wearveyass2 belt 21. The exenplary i mage form neCr/ar2006/322325
apparatus also includes a charging roller 26 for
chargi ng the surface of the conveyor belt 21. The
conveyor belt 21 is an endT%gé belt and is 10

§h &4 ched:hat vrar%rhgaemrwqywﬂné@éifrg@?d@we tansi on

roller 28. The conveyor belt 21 is turned in the paper

onyv rectio uh. s ng |on shown
%%8%2&% &t t% e‘{/ﬁsn%ner% | er drl“% % Oxjs%t&y

nnNi nDtor 1 vig a timng belt 32 and atim

P Er Sy TR § iR o e P tiar 14 e 1818 on the
conveyor belt 21 in a position corresponding to the
ForRRY ore Hy drea dfrahring eeoridi ay Hzdls2 Rragming roller
charging roller 26 is positioned so as to contact the

Jurhareedfbyt hehe gmenmimdgbd ri212 antbward ridt@t@nveyor belt
according to the rotation of the conveyor belt 21. 20

#5. showestangllday Zmdde xemi@rdopaegend dMddincludes a
apparatus al so includes a rotary encoder 36. The

¥ng encoder 36 44l ydes; a$lide Wiget, 3¢ @ftt.ari:@eéjonveyor

to t e axrs of the conveying toller 27 and an encoder

l%%ﬂ?&%}35 for detecting the slit on the slit whee
2007/ 052832 PCT/ JP2006/ 322325 -14 The

exenplary mage formn ratus further includes a
paper ejegb BHFFOFO% 3 ?9 eﬁﬁ@@ﬁ Sshedt- apsl is
on mhlch an i mage has been recorded %che recordi ng

d RRERETerd U HP UMl 1eiel Ltend sHestsion

roller 28. The conveyor belt 21 is turned in the paper
conveying direction (sub scanning direction) shown in FIG.
2 by the conveying ;oller 27 rotated by a sub scanning
motor 31 via a timing belt 32 and a timing roller 33. A
guide 29 1s provided under the conveyor belt 21 in a
position corresponding to the image forming area of the
reccerding heads 7..The charging roller 26 is positioned so
as to contact the surface of the conveyor belt 21 and to
rotate according to the roeation of the conveyor belt 21.

As shown in FIG. 2, the exemplary image forming
apparatus also includes a rotary encoder 36. The rotary
encoder 36 includes a slit wheel 34 attached to the axis of
the conveying roller 27 and an encoder sensor 35 for

detecting the slit on the slit wheel 34.
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5 separating claw 51 for separating the paper sheet 12
from the conveyor belt 21, a paper ejecting roller

WOEZ7/85288per ejecting roller 53, and a paper PEI{IER006/322325

tray 54 for receiving the ejected paper sheet 12. A
dupl ex unit 55 is detachabhy attached to the 10 back
of the exenplary inmge forn1ng apparatus. The dupl ex

unit 61 takesekBmpherpaprageheetmligt Babarataenveayeter
backward by the conveyor belt 21 turning in the

iORARILL o YaRGt e%'éctﬁ% L98% tRE RARRN iheethela@M sheet

feeds the paper sSheet I2 again into the space between

%h on owllllqtc arn0|1m gﬁ éasl%e%rﬁd rtel?s% R or h%elrec%]rdlng

as shown i n , a réecording h
nalnt nance/ cl eani ng mechani sm 56 i ovi de n a

e7 %‘er g & greééltn& e T Sl‘%lr’estt?esg"fﬁ Y age
33 The recordlng head mai nt enance/ cl eani ng nmechani sm
B @ it 195-820 dnd o1 eaiRs 1At N AZIfePagret iideet 12 from
recordi ng heads 7. The recordi ng head
e rtcenvance! dedanizig e chaeirsm] 88 lime Indds was &7 paper
for covering the nozzle surfaces of the recording

dieadsing rMidrers | adel 58 pfagfe Widaitith theneazlfer receiving
surfaces, and a waste-ink receiver 59 for receiving

ik eZ%djd’ QP S +purgi ng dried ink fromthe
nozzles. WD 2007/ 052832 PCT/ JP2006/ 322325 -15 In the

eXePl ary Al HRBSLLOLILROS8PRYr BLUS cu0nl] dUEedian cq cne

descri bed paper sheet's sep arate
158 e o dne Lromihe poner fesd Lo G0n, (s
unit 61 takes in the paper sheet 12 that is conveyed
backward by the conveyor belt 21 turning in the opposite
direction, reverses the paper sheet 12, and feeds thg paper
sheet 12 again into the space between the counter roller 22
and the conveyor bkelt 21.

Also, as shown in FIG. 2, a recording head
maintenance/cleaniﬁg mechanism 56 1s provided in a non-
image-forming area to the right of the carriage 33. The
recording head maintenance/cleaning mechanism 56 maintains
and cleans the nozzles of the reccrding heads 7.

The recording head maintenance/cleaning mechanism
56 includes caps 57 for covering the nozzle surfaces c¢f the
recording heads 7, a wiper blade 58 for wiping the nozzle
surfaces, and a waste-ink receiver 59 for receiving ink

drops used for purging dried ink from the nozzles.



5 vertically upward and gui ded by the guide 15 into
the space between the conveyor belt 21 and the
WEBAHIBB3T ol |l er 22 so as to be conveyed furt PEA/IPEHE/322325

| eadi ng edge of the paper sheet 12 is guided by the
conveyi ng gui de 23 and pre;igd the pressing roller
25 onto the conveyor belt and then 10 the
di recti oninf thBeepapplashetrad? tfsrabaggedparatus
approximately 90 degrees. At this stage, an AC bi as
c%ﬁ@ﬁﬁh%%d“%%td@%d%lb%@n%b%beun%%edﬁéﬁ%kb%@e%%%eﬁ2 are
applies alternating voltages to the charging roller

I I t Ut ti,Rg pQsiti i.ve
s%gla%t%dt SRR M| gyptgs @t Ifgfg y%glﬁ ; pggega%e%%lg%&ay, 10,
gharggd strl pS W th 3 gn th are forne
C&Ft & ﬁ’&tré‘lt;‘? #?aﬁ’ﬁé papé n\}éyu 4 GPPECETIOR Esib
scannln% direction) on the surface of the conveyor

5 veatdcallwwenarte angagid dse by 116 $UdGRveyed Nt henEPace

charged conveyor belt 20 21, the paper sheet 12 is
bekwe@mogm&tk@@N@woatbﬁa¢téd eod tthe convéyor redllter222 so
and thereby conveyed in the sub scanning direction as-
albhe oC @Ry eyorveeld f2kthen)s thEhd eredondiengcheddsné da@er
driven while noving the <carriage 3 in the main

s%%%&mmg Qi @%qwe@%y( Q%teb%'eb&@e@ﬁ@ﬁg &2 ildrbound ng pressed by
directions shown by the arrows'in FI'G 2) according WO

L0232 POTNIR2005,502385 , A00anIIOD 1 08l <

recor I|ne i ‘mage “on t
heet 12 .t hat Th
10 PR e B el avest d ﬁ%f'i*aiﬁee&f.iﬂ

dlstance, and the next line is recorded. \Wen a
ap@g@g&g@éely 90 degrees.

At this stage, an AC bias applying unit of a
control unit described later applies alternating veoltages
to the charging roller 26 by alternately outputting

15 positive and negative voltages. As a result, positively and
negatively charged strips with a constant width are formed
alternately in the paper conveying directiocon (sub’scanning
dirgction) on the surface of the conveyor belt 21. When the
paper sheet 12 1s conveyed onto the charged conveyor belt

20 21, the paper sheet 12 is electrostatically attracted to
the conveyor belt 21 and thereby conveyed in the sub
scanning direction as the conveyor belt 21 turns.

The recording heads 7 are driven while moving the
carriage 3 in the main scanning directions (outbound and

25 inbound directions shown by the arrows in FIG. 2} according



5 conpletion signal or a signal indicating that the
bott om edge of the paper sheet 12 has reached the

WO AgesBar m ng area is received, the exenpl aryCiImaoes/322325
form ng apparatus term nates the imge form ng
process and ejects the paper sheet 12 into the paper
catch tray 54. 10 In dupl ex %rlnting after an i nmage

dcs drorimhonsidhier uppefetsidex (xghgde Hid the-papes l:me of
sheet 12 on which an 1image is formed first) of t e

o?he&{e ga pdhespaper; » sheat 11526%/%‘}5%2 é@t tf]lon.

up ex unlt by turning the conv

er ct t.h per_ s 5.12 . s reversed
T R it ta A e b S e
iﬁgﬁ%%ﬁ and{L q%ﬁ ain |nto t he space bet ween t he
T &% e driv ysio st d - 2hen e rrgrerding
sheet 12 is conveyed by the conveyor belt 21 at
S comhediced sigmr hgyr a5 dererl beieat iy | that i ey dodtstom
formed on the 20 underside, and then the paper sheet

elye ofejtdet gehpont sltdwe: Jgapers catadhdd ayné&mé@mnﬁdﬂmmg
exenpl ary image form ng apparatus is idle, the

QR 11a0Q e d iSrdlV athd Mxend 1R0S) tinyab@yentdte apparatus
recording head nalntenance/cleanlng mechani sm56. In

I t
ttﬁg?dg%;éaér gﬁceovlgr}%d by W)nggOSﬂ; ()ébt%g%zﬁd Jheec{@gm{yﬂé Paper

q %OQQ(%?%§§§ eré%ﬁzqf Seﬁ%!&? retain noisture

e nozzles and vent nozzle cl oggi ng

caused by _dri ed |nk W recordln heads 7
10 capped bylPh&UpdsE gflnFﬁégnoffF§§ afe %gﬁétPénéﬁrpéd on

renmove dried ink or air bubbles. The ink
the upper side {a side of the paper sheet 12 on which an

image is formed first) of the paper sheet 12, the paper
sheet 12 is fed into the duplex unit 61 by turning the
conveyor belt 21 in the reverse direction, the paper sheet
15 12 is reversed (so that the underside of the paper sheet 12
faces upward) and fed again into the space between the
counter roller 22 and the conveyor belt 21, the paper sheet
12 is conveyed by the conveyor belt 21 at controlled
timings as described earlier, an image is formed on the
20  underside, and then the paper sheet 12 is ejected onto the
paper catch tray 54.
’When the exemplary image forming apparatus is idle,
the carriage 3 is moved into a position above the recording
head maintenance/cleaning mechanism 56. In the position,

25 the nozzle surfaces of the recording heads 7 are covered by
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5 adhered to the nozzle surfaces of the recording
heads 7 during this recordi ng head nai ntenance is

WOoM0pEeh28¥f by the wiper blade 58. Al so, bef orRETEP2006/322325

during an inmage formng process, ink is jetted in

order to clean the nozzles..,-Wth the above neasures,

the ink jet performance of the 10 recording heads 7 is
thi Rlagisned. AN rexerpl aly. sitiugiel dfdrte netz ZNead s0fd the reby
recording heads 7 is described below wth'reference

o0 pRle@n 3 NG 14 c1idy@ind iSudesl “9eld Qnal. WieW afhe
the exenplary l'iquid "drop jet head taken along the

rle%reg: g{:tl ona |7ql(J:| %p%?la'g&ethel%am G 4 'tshe nozz es d’are

Cross-s vie exenplary Kecord

taken al ong the w dt I|q the
Shosarate My yrevee Chane 4 FHadid BBy b

i ncludes a channel plate 101 forned for exanple

aghiesecr 6191 &A1Y Y oz20 cetetifiges anéilh@ POl ng Ihiﬁ?éiﬁ 7
substrate; a vibrating plate 102 formed, for exanple,
dblyrlellgecttm@f oremiongt imice keladamea i nisemded et ¢ st hd parderfsi dey the
of the channel plate 101; and a nozzle plate 103

whpaded lizeld 168 .uppelo,sibdg ek e duidmielan dméice fHiening
channel plate 101, the vi brating plate 102, and 25 the

@ plighe 1150§e%ft%dafifna'8>&%i‘é:5%oa%lte%nf HHE HdWAHEL with
WD 2007/ 052832 PCT/ JP2006/ 322325 -18 104 for jetting

ER ) R SR kR B R e
r%%%?sgﬁfé@?@e&%% T Sppry in ﬁ%ac?atg?fo? Suppl yi ng | nk

An exemplary liquid drop jet head of the recording
heads 7 is described below with reference to FIGs. 3 and 4.
FIG. 3 is a cross-sectional view of the exemplary liquid
drop jet head taken along the length of its liquid chamber.
FIG. 4 is a cross-sectional view of the exemplary recording
head taken along the width of its ligquid chamber talong the
ncezzle array) .

The exemplary liquid drop jet head includes a
channel plate 101 formed, for example, by anisotropicelly
etching a single-crystal silicon substrate; a vibrating
plate 102 formed, for example, by electroforming nickel and
bonded to the underside of the channel plate 101; and a
nozzle plate 103 bonded to the upper side of the channel
plate. The channel plate 101, the vibrating plate 102, and

the nozzle plate 103 are arranged so as to form a noz:zle



5 the liquid chanber 106, and an ink supply opening

109 leading to a common |iquid chanber 108. The
WQRKEHPI28%Y |iquid drop jet head al so incl udes PGEMP2006/322325

arrays of stacked piezoelectric elements 121 (only one

array is shown in FIG 6) jfgg are el ectromechani cal

10 conversion elenents and ‘used as a

10 eSSy eeganiaiatl ingrithidrogactidal alrdpilt,) 4 iozzle
pressurize ink in the liquid chanber 106 * by deform ng

dd AR i it € dD2 e Andh P Rase Pl £ 1022000 2 1iquid

whi ch the piezoelectric elenents 121 are fi xed.

| ezoel ectrig e ts 121 s t .

TR ARG TN s B i MUBRRISS, (Eh1uia
sane tinme when a, piezoel ectri terial is processed
1 AT IHheA i € % G rﬁ}eglr?ewﬁtose{ 1far. < g ink to
driving voltage is applied to the supports 123, the

5 fhestl ¥PHE i drpmger s@p@or&ﬂ%gﬁrbaﬂml@.smw FRGTEdH el 126
having a driving circuit (driving 1C (not shown) is
legthiett eb tao ddmenqel eziopliettatianbsdenigfts 121, The
peri pheral part of the vibrating plate 102 is bonded

to a framghpaeikehdQaryhe ifjaae apapt 1230 headmlado?23ncludes
t hrough hole 131 for housing an actuator unit

dde | i ngs tdye INQ 00V /0R2832 S b o RAOGI 322 328, Eolﬁay one

pi ezoel ectric elenments 121 and the base plates 12

r : gﬁg t g n.iquid c q¥§¥ n

%éﬁ%yiﬁ%p yvﬁiﬁgh%ggﬂggg g%%% fﬁﬁbqgh ﬁéﬁgﬁqéygkfi

outside to the onmmon Ii%y'd chanber 108. The frane :
10 %ﬁﬂﬁe§ﬁﬁ?ﬂg§ and us as a pressure-generating unit

{actuator unit}) to pressurize ink in the liguid chamber 106
by deforming the vibrating plate 102; and a base plate 122
on which the piezoelectric elements 121 are fixed. Bgtween
the pigzoelectric elements 121, supports 123 are provided.

15 The supports 123 are formed at the same time when g
piezoelectric material is processed to form the
piezoelectric elements 121. Since no driving voltage is
applied to the supports 123, they just function as
supporting parts.

20 A FPC cable 126 having a driving circuit (driving
IC) (not shown) 1is connected to the piezoelectric elements
121.

The peripheral part of the vibrating plate 102 is

bonded ﬁo a frame part 130. The frame part 130 forms a

25 through hole 131 for housing an actuator unit including the
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5 for exanple, a thernosetting resin such'as an epoxy
resin or polyphenylene sulfide and forned by

WO APEOFIdh nol ding. The recess and hol e in t hecohaonedzzs2s

plate 101 used as the nozzle connecting channel 105

and the liquid chanber Qvare formed by :
ani sotropically etching a sihgle-crystal 10 silicon

peildstgladcr Mid Fe lereitsd al2 ordentatd Mkl 10),usi ngan
al kaline etching liquid such as a pOt&SSIUﬁ]hydrOXIé%

ﬁ%ﬂégé‘ﬂbédqg@ tﬂg“%dﬂﬂéﬁwfﬂﬁgfﬁ-dﬁﬁ 'HB% plC{?éﬂg;}i

not limted to a single-crysta 9% con 'su

tai I steel uhst r at hotosenS|t|ve

éz‘é’iﬁ ¥ B ﬁe 1 SR 26 Hhd RS DeTt A HSiEa tich g he

Iate Q2 i,s f for exanple by electroformng a

ﬁﬁ1 é#ﬁal T6r feREe bttty i arsle of,

102 i s not I|n1ted to a nickel plate, but other types
for RECaP e ated hormpsicdmiinat e¢ spnateamde efh @&y resin
netal plate and a resin plate may al so be used. The
opi prdebbennilerel endiftislel 2hdamd rineel SuPACHesth23 @B ding.

bonded to the vibrating plate 102 with an adhesive,

and the vhbrabbegsphatiend02 is bpadedahActihgifrangy; uéed
part 130 with an adhesive. WO 2007/ 052832

2BCThIA0091 32280 craloTNRaNAZA) £ 0B 66 1A 1R of Mamper

nozzle 104 with m for each

Th |
1E%ﬁ egqgggﬁ% anne%ggfgpéc%éﬁozéﬁgﬁeggtgdﬁégﬁéé “CTHetal

zzl e g t g de by formng 5 [ayers on the
Sd0F FRBe 8P S5 RbE2 M oPnPRYSHALePFAP ARG OB (110) using an

alkaline etching liquid such as a potassium hydroxide
solution (KOH). The material for the channel plate 101 is
not limited to a single-crystal silicon substrate, but a
stainless steel substrate, a photosensitive resin, o; the
like may alsoc be used.

The vibrating plate 102 is formed, for example, by
electroforming a nickel plate. The material for thé
vibrating plate 102 is not limited to a nickel plate, but
other types of metal plates or a laminated plate made of a
metal plate and a resin plate may also be used. The
piezoelectric elements 121 and the supports 123 are bonded
to the vibrating plate 102 with an adhesive, and the
vibrating plate 102 is bonded to the frame part 130 with an

adhesive,
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a nmetal. The top-nost |ayer of the nozzle plate 103 is
made of a water repellent material. The nozzle plate

waedT4sisdescri bed above has excellent water rpEglpRRRb2325

(or ink repellency) and 10 therefore can formink
drops of a normal shape even when an ink with a | ow
surface tension is used. MF% specifically, a water

repel | ent rhayer,  edu qat%hgopg%@mg! k&% %z%féf’gvév'qewith a

pl ate and rmakes it possi bl ran ink wth-a

urface t ' to_narmally form ni scus. A
drs'iLgr %ﬁry Offgmhgiblﬂu%%%cﬁéxﬁr 8§eﬁ$§n§ﬁgupgkcﬁa@ﬁ>@rs 106.
,@{ei g}g} drlavvn t o one si.de prevents bendi ng of an ink

Fr SRR Land 1t S ek &9rded fes i1 eheangdc latel 01
forma dot. Wien an inmage is formed on a recording
HES @R Wi S i@ d oW hienkogtsser prlisdre e i st redeodivt ifanaling
accuracy of dots 20 greatly affects the quality of

lilye rismege thien sottfercevarfds, norzd o deandinRg riEeE Um Wirdaie of
a low i nk-absorption rate, ink drops do not spread

asmeallll.y ThEheigl-aist i1hylhe ofoshll 0Baly 1 A¢0WHACY ¥ is made
dots is low, sonme parts in an inmage formng area on .

othg reeerdingMadiwmary . noy be filled by the ink 25
drops and, asS a result, may be left blank. The parts

o1t 0 sl ogtsh, I aEpOOR T Lot bl euse

irregularity or dec [

t hereby degrade the i e quality. A nozzle plate as
eé&?&'ﬁle)ééd a‘ﬁ%@%rrralé@%%t E*’%@fssi BPE t olhlor middssl Mindy)  and
hi gh positional accuracy even 5 with an ink having a
tpgﬁﬁ§@¢p3§@ntéﬁ§mbﬁgﬂ® Wit ©f a normal shape even when an

ink with a low surface tension is used. More specifically,
a water repellient layer reduces the wettability of a nozzle
plate and makes it possible for an ink with a low surfaée
tension to normally form a meniscus. A normally formed
meniscus prevents the ink from being drawn. to one side,
prevents bending of an ink stream, and thereby makes it
possible to accurafely form a dot.

When an image is formed on a recording medium with
a low ink-absorption rate, the positional accuracy of dots
greatly affects the quality of the image. In other words,
on a recording medium with a low ink-absorption rate, ink
drops do not spread smoothly. Therefore, if the positional
accuracy of dots is low, some parts in an image forming
area on the recording medium may not be filled by the ink

drops and, as a result, may be left blank. The parts left
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irregularity or decrease of inage density; and thereby

makes it possible to forma high-quality i nage even on
WQ2007/8828%Hi ng mediumwi th a | ow i nk- absor pti ore@BEIRR006/322325

The piezoelectric element 121 is a stacked 10

pi ezoel ectric elenment (PZT jn this enbodi nent) forned

by alternately stacking d%%pézoelectric material 151

winchiancah§¢ ex pak @hﬁ@ﬁ&?d%r15%mfggééﬂﬁ§ fhel ARage density,
|nternal electro es are exposed al ternately “on

f ectric el enent
t()ﬁJE%féﬂé%?ﬁﬂ

121 and;are connecte ‘dual electrode

153 and a connnnzglectrode 154. In i ment, _
the ink in tﬁ?zl|&hl&ﬂéﬁﬁﬁbe?slo%e?gryB?%ssﬁ P7&d Hﬁkes 1t
t he displ acenent of the piezoelectric elenent 121 in
RS dIF dFPectd@h. dpbReverth t hegkx &fsiidriprali garauarep even
jet head may be configured to pressurize the 20 ink in
wié | jgjui dickhanrbeving6 By thew di spfhseeenteobithe prevents
pi ezoel ectric-elenment 121 in the d31 direction. Also,
irhegueeaniidyar yrl i deicdedsep pet heage magere ©onf ighid edhereby
so that one array of the piezoelectric elenents 121 -

riaSkely ovi dedsenplenedagerpl af en l2R-q\VD 2007403283% ven on a
PCT/ JP2006/ 322325 -22 In the exe ?ary 7 quid~drop

I I he
%ﬁﬁ%ﬁ%@ﬂaggﬁﬁé #gqi ]gﬁiggg?écf%?%>%l V\,q'PE?:E%LZl i's

d d I f t ent :
p?g;ggfchggc eFeﬁSnF%%%E%§8%E%§§EShgﬁd1% Eais8S Fhe
vi bratin Iat 102 to nove upward, the volune of th

BlieFncd Hrdntse e f@mtncﬁvf’e?&sé@ HHd epbodimeni  fqumed By

alternately stacking a piezoelectric material 151 and an
internal electrode 152. The ends of the internal electrodes
121 are exposed alternately on one or the other side_of the
piezoelectric element 121 and are connected to an
individual electrode 153 and a common electrode 154. In
this embodiment, the ink in the liquid chamber 106 is
pressurized by the displacement of the piezoelectric
element 121 in the d33 direction. However, the exemplary
liquid drop jet head may be configured to pressurize the
ink in the liquid chamber 106 by the displacement of the
piezoelectric element 121 in the d31 direction. Also, the
exempiary ligquid drop jet head may be configured sc that
one array of the piezoelectric elements 121 is provided on

one base plate 122.
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flows into the Iiquid chanber 106. \Wen the voltage
applied to the piezoelectric elenment 121 is

WO Y7888, the piezoelectric element 121 exparosinnee/322325
the direction in which 10.the layers of the
pi ezoel ectric el enent 121{z$%stacked and causes the
vibrating plate 102 to def toward the nozzle 104,

the vol ungnotnthexkngibéychagbey QQ@pdﬁéﬁeﬁéﬁa,cbﬁ?lgured
ink in the liquid chanber 106 IS pressurized, and,

é% d&silithed A0 p%ﬁﬁg to f{éﬁgﬂ %QF%&)(§P4

5 Wen the voltage ap 1%ect T ¢

t 121 is Jeturn to th refere potentl
e%eeri C?ﬁa—‘tl.cng ik ﬁ%lu aeleiense Sosididnence

the %I chanber 106 expands and t her eby generates
é’tﬁ’é](jj&lc‘l’ ve thr Bagdcsl esitd 1 as lgmeadu 421 iop Haesiis iand
the liquid 20 chanber 106 fromthe conmon |iquid
CetigmFe it NEOF ibAptdnat ivd abe B0t iton mofvet ewaend,sduge volume
surface of the nozzle 104 decreases and the nozzle
c¥04 hst dbighiizieshatibe rn@0e linguticth sedy,0@rjdet tlsN@ feBEASS ink
is started. The nethod of driving the exenplary liquid .

fdveR iA%o eheheadulisl RPanded e .t gHehe viRt Red + 4 age gpplied
descri bed above. WO 2007/ 052832 PCT/FQOOG/322325 f

ten £B%EBRLALY 16RRLL Q! eli'%'rr\ten(&f bhe l%%m@r% ffmgc%e

formng apparatus i's outline be|OMIMAt rence to

| Fl h t .z .
PSS SERSE ) BSOS, The gt it
RS 3 e e e lorntg

causes the vibrating plate 102 to deform toward the nozzle
104, the volume of the liquid chamber 106 decreases, the
ink in the liquid chambér 106 is pressurized, and, as a
result,'ink drops are Jjetted from the nozzle 104.

When the voltage applied to the piezoelectric
element 121 is returned to the reference potential, the
vibrating plate returns to its initial position, ghe liquid
chamber 106 expands and thereby generates a negative
pressure, and, as a result, ink flows into the liquid
chamber 106 from the common ligquid chamber 108. After the
vibration of the meniscus surface of the nozzle 104
decreases and the nozzle 104 stabilizes, the next ligquid
drop jetting process is started.

The method of driving the exemplary liquid drop

jet head is not limited to the methed described above.
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executed by the CPU 211 and other fixed data, a RAM
203 for tenporarily storing inmage data, a rewitable

WoaH7ep183t i le nenory 204 that retains data evisru/shers/322325

the power is off, 10 and an ASI C 205 that perforns,
for exanple, signal proce_s?pg and a sort operation
on i mage data and handl es put/ out put signals for

control |ing them@Xeml Johtdritagen ifk0LH RGARRALMIUSy 1
The control uni F%}).ziog@’lal so i ncludes an external I/Fy 1énage

f ' CLi VNG i.gnal o/ f
oS PE DL T P L R A S iR D v
transfer. unit for tra rring data to control the
brleocccr)“r oclﬁr?gg%dsglofm a’ﬂ’dnéfcg'ri e wavef or m generat i ng
unit for %enerati ng drive wavefornms, a head driver
(driver |@&ne2egntsrldrinitng ®Ond ned udesordiChy Redds oF,

a nmotor driving unit 210 for driving the nain
o ngl neottdre frdnid et epestis: isoem i g hteorengdl agn @ ge
bi as applying unit 212 for applying an AC bias to the

Tharigingpyel deeras26,a &M @01 /R X F0mdg eeeighdigs to be
detection signals fromencoder sensors 35 and 43 and -

ek RIRE alyIteh VR ROQA/105388 2 el JRQ06/BAZ325% rdf 203 for

sensor 215. An operations panel 214 for inputting and

. e nfar. . . " i .
SRR AT, Shde Be e g P g ari1e
network fro

200 recejyV rint data yia a _cable or
(oAU ? 5 1500.5 SHE Host® S0y "8 "t N R HRA i O1 £
procesi%gl% asparat us such as a personal_ conputer, an
FNh G r?g?p dPpdr KU IR EC R HARYE scEfEL  an
| magi ng appar at us
processing and a sort operation on image data and handles
input/output signals for controlling the exemplary image
forming apparatus.

The control unit 200 also includes an external I/F
206 for sending/receiving data and signals to/from a host
300, a print control unit 207 including a data transfer
unit for transferring data to control the recording heads 7
and a drive waveform generating unit for generating drive
waveforms, a head driver (driver IC) 208 for driving the
recording heads 7, a motor driving unit 210 for driving the
main scanning motor 4 and the sub scanning motor 31, an AC
bias applying unit 212 for applying an AC bias to the

charging roller 26, and an I/0 213 for receiving detection

signals from encoder sensors 3% and 43 and a temperature
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such as a digital canmera, or the like. The CPU 201 of
the control unit 200 reads out and 10 anal yzes the

W(priopps¥3t a in a receive buffer of the externaCripréoe/322325

206, causes the ASIC 205 to performinmage processing
and a sort operation on thg,t rint data, and transfers
image data in the print via the print contro

e do 1 @A 5.0 art R ead oY \WRIme209.1 Hadl it qrﬂﬁ;lﬁ@:tln%a Rf N

data for printing 15 the image are generated by "a

#y' t§%ﬁ%£:¥%%f%§kﬁg H&?ﬁﬁ?ﬁiﬁgggransgﬁécé ﬁggol anlt 200.

print contro ers
data as sgrial data t.he ad _driver 208. The print
control ﬁF? SH7-olif uFéE 2@?aﬁ§f§ CFBBKIOACBBngﬁBO
to 20 which the image data is transferred, a |atch
ISiCeiaes &id ndn daitgk Vdeog @@rk?t]{eolorslagﬁﬁiltw(cﬁéﬁskfrﬁﬂgwe) host
to the head driver 208. Also, the print control unit
3207 ithel hdes 300 Aaye brvent emffoamai:omrer}:morm@s@mmge
signal pattern data stored in the ROM 202 from
atipgirtaahi st Guamalagy a dedfsiond IWaeaiQitard5 agenekat &@aletﬂlrig
including a voltage anplifier and a current WO

g@@&%@@%8%%cRCE@J@%QQ§E%%2%%%nne%5 %Epﬁh%@%%g %ﬁ%é%atus

rive waveform sel ecting. unit for sel ecting a"drive

SURAELAT D Lo cheasupalled Lo e hagq. driver 208 The

I nt contr ener ates ive waveform

e v BuFecoYh, P e G REREF o T AT L2 Bh, £9PR8 Bl anc

drive waveformto the head driver 208. The head
a&@ﬁw@pszégeaﬁﬁppésd@ﬁ@vénsﬁgﬁ§p§1ve buffer of the external

I/F 206, causes the ASIC 205 to perform image processing
and a sort operaticn on the print data, and transfers image
data in the print data via the print control unit 107 to
the head driver 208. Halftone dot pattern data for printing
the image are generated by a printer driver 301 of the host
300 as described later.

The prin£ contrxel unit 207 transfers the image
data as serial data to the head driver 208. The print
contrel unit 207 outputs a transfer clock, according to
which the image data is transferred, a latch signal, and an
ink drop control signal {(mask signal) to the head driver
208. Also, the print contrel unit 207 includes a D/A
converter for converting drive signal pattern data stored
in the ROM 202 from digital to analog, a drive wavefor@

generating unit including a voltage amplifier and a current



constituting the drive waveform supplied fromthe

print control unit 207 selectively to the
WRHRW7eEBect ric el ements 10 121 accordi ng to orfCT/iPRE6/322325

(one scan by the recording heads 7) of the inmge data

i nput as serial data, and thereby drives the

recordi ng heads 7. The recdrdi ng heads 7 can form dots

2p1dififqr enty 5147 @51 Ok FMRE 53 RN GF- $inde d0k, A
medi um si ze dot, or a small-size dot, according to a

it Bulsq el achdoThe U1l CULALES fead
rive out put "value f%onp}o val ue or the main

canni notor 4 hased on peed detecti on and .

GI oY SdetiBe: Pon FaEee Toth atdd 2By EampAg & drive
detection pul se fromthe encoder sensor 43 of a 20
WEeESE e HEsGe P4 2 Ta i es sedd & adse dAd iygsistivsm iy argettwo
val ues obtained froma stored speed and position

5  gur ofdirlee driged prdwses (thre veptsdnddisvingrgniot tpld st g¢he drive
drive the main scanning notor 4 using the cal cul ated

weeRioem tal uke Alkse, ddikerCPUs201 calculates a drive
out put value (control value) 25 for the sub scanning

ot or 31 based.Qn apegdr-debeckppemniandsid,20074Ra2832
PCT/ JP2006/ 322325 -26 position detection val Ues

St i S dosctien,cpils oW L oo

Jlarget and p ] et, val obt,ai ned froma

I i.tion tar, u

Sred Sesa Brld SEaSTIIo 1t of RS Rid-CaUSEe e o Lements
motor 5 driving unit 210 to drive the sub scanni ng

10 lgdt Geegrdigiond© PR dainéul (@PEd SEaRt Pyl Bhal g coarling heads
exenpl ary immage form ng systemincl udi ng an
7) of the image data input as serial data, and thereby

drives the recording heads 7. The recording heads 7 c¢an
form dots of different sizes, for example, a large-size dot,
a medium-size dot, or a small-size dot, acceording to a
15 drive pulse selected.
The CPU 201 calculates a drive output va}ue
(control value) for the main scanning motor 4 based on
speed detection and position detection values obtained by
sampling a detection pulse from the encoder sensor 43 of a
20 linear encoder 44 and speed target and position target
values obtained from a stored speed and position profile,
and causes the motor driving unit 210 to drive the main
scanning motor 4 using the calculated control value. Also,
the CPU 201 calculates a drive output value (control wvalue)

25 for the sub scanning motor 31 based on speed detection and



i mage processing apparatus according to an enbodi nent

of the present invention and the above descri bed
WQRMTSF®PY 10 i nage forming apparatus is descredesho06/322325

below with reference to FIG 6. The exenplary inage

processi ng apparatus includes a programfor causing a

conputer to performan inagé form ng nethod of an

0l g e 0 o NSh PFERRI L ohd DM 'Ws%t?g#}(fhc% ?ﬁe detection

descriptions below, an ink jet printer

' ' d th | i
EESE U AARETAI e SRtk o e TRy s 36

i ncl udes, one or. nore image processing apparatuses 400
SRR DTl D6 BRULES (POS arith &iFd mbjaed from a
printer 500 connected to the inmage processing
htiReRd 200! e ittt faredsl v, anchetamsde the tigcor
i mage processing apparatus 400, as shown in FIG 7, a
5 deAW g0l ,ureidd 2 (RGM 402 vend: e RAM 403 rusiedy a2 31 using
menories are connected by a bus. Al so, a storage

tanEp araAtdis B 2 ABHHE28 324 1RER/ 3P2006/ 322325 -27 406
made of a magnetic storage device such as a hard di sk, -

an i nput appaiahbsa494ihagkudiRgif n '
keyboard, a non?tgr9465 guch asla%nﬁ%%%gg gngﬁ¥élgﬁdan

e he R e s R g of
SIS s (g e s Pt ot

10 iggkﬁpE%r%%%% %%mkggthgt%gngzgyyiggé below with reference
to FIG. 6. The exemplary image processing apparatus
includes a program for causing a computer to perform an
image forming method of an embodiment of the present
inventicn.

15 In the descriptions below, an ink jet printer (ink
jet recording apparatus).is used as the exemplary image
forming apparatus;

The exemplary image forming system includes one or
more image processing apparatuses 400 such as personal

20 computers (PC) and an ink jet printer 500 connected to the
image processing apparatuses 400 via interfaces or a
network.

In the image processing apparatus 400, as shown in

FIG. 7,'a CPU 401, and a ROM 402 and a RAM 403 used as

25 memories are connected by a bus. Also, a storage apparatus
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external apparatus such as an USB device is connected
to the bus. 10 The storage apparatus 406 of the inage

Wproveesizng apparatus 400 stores i nage procedgimg066/322325

prograns including a programof an enbodi ment of the
present invention. The i e processing prograns are

read froma storage medi um®y the storage medi um

402G PP Haus: @l dewdreadeddyien aukh net wrkrsueh sk,
as the Internet,” and installed in the storage

a?ﬁ@%%%#ﬁ%gé%@atﬂ@eAbWBQ§KﬁﬁRﬁ§§FEg%mQ&%g% &£ b%grd, a

processi ng apparatu to performi
pr Qcessi as  describ bel ow. e i_nmage pr.ocessing ,.
mﬁf‘o‘“&roérré%??afuﬁg aSofif giredtt & rcgi'or?rﬁﬁ Goperdatiay THE
system Also, the inmage 20 processing prograns may be
rgagang ePraraips i (el Shpirdgah reEdEn®s § SRR crRedium
diagramillustrating the functional configuration of
sarche xenpinaoptiivede dirsdc essi mpnrmadggcami@initegrfaces to the
driver), which runs on the inmage processing apparatus
M4RQ, racediedi,N@gnl @xarreriodinetaefe t(e/ F)2% 0 dent
i nvention. WO 2007/ 052832 PC17JP2006/ 322325 -28 A

I8 e a@riioke kv 4l 0T the INTRARHIRC ST NGt ARRAT ArlS an
400 includes a col or managenent nodule (CMM unit 412

are provi or exanple, froman application
¢¥o%;an1 5 fromthe one for nonitor display to the one

§r “X% ‘i mage forming apparatus (from an RGB col or
systemto a CMY color system, a bl ack , .
gener at i ohPEndéPregrorPPERBYEF (B& BERFDe image processing

apparatus 400 stores image processing programs including a
program of an embodiment of the present inventicn. The
image processing programs are read from a storage medium by
the storage medium reading apparatus or downloaded from a
network such as the Internet, and installed in the storage
apparatus 406. The image processing programs enable the
image processing agparatus 400 to perform image processing
as described below. The image processing programs may be
configured to run on an operating system. Also, the image
processing programs may be a part of an application program.
FIG. 8 is a block diagram illustrating the
functional configuration of an exemplary image processing
program (printer driver), which runs on the image
processing apparatus 400, according to an embodiment o? the

present invention.
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unit 413 that cal cul ates the anmount of bl ack and
reduces the anount of cyan, magenta, and yellow, a

WQ Y0a0528sount 10 control unit 414 that correctECRIIGMER22325

signal used as a record control signal according to
the total maxi mum anount of_ color inks used to form

an image by an inmage formg ™~ apparatus, a gamma
correction upit+4154that .CaRREgtS L LNRHL/ ug t data
to reflect Phé characterfstics of a% ?égﬁ%a %% 8r%ﬁﬁ8

t er ef erence, a zoom ng .unit. (not .
a?ﬁ%\%rma)acﬁf&roen%frlgug{sesar‘? i Clgder SEESIRE S e (Car) unit
resql ution of an inage form ng apparatus, a halftone
Do cbod FOATRHE S F05 IREIRH P (L. A i iyl athich
val ued matrices for converting i mage data to hal ftone
g6t Provpateder f cdattxamp Ise  fiaore @b ypprddoradiing: heads;ars
rasterization unit 417 that divides the hal ftone dot
fpait ehe datea foromariie chalditspiaypracess rgcufidr 446 image
into portions each portion corresponding to one scan

fanthiags a@ps radelss (iforach R i oof shhe dhalkld enewdot oy or
pattern data to WO 2007/ 052832 PC |'/JP2006/ 322325 :

sy%%e%h? R0EZ:e% Qbnkhe hecoididg E%ﬁ%%‘ﬁ%?g&%ﬁgﬂﬁﬁ? R)

omthe rasterization unit 417 is sen

J Lisnter. . 500. rt.of the above i progcessin )
uﬁ%& %é3p§§55rﬁgécgﬁa?%§ ih nguﬁriﬁ?éFH%%%.aﬁqar Wé%s
bl ock .5 %ia ram'illustrating the functiona
t@SnFW@HP&tP n “EFT alGERET 2ex éRFl AfyY 1M net oddily émount
according to an enbodi nrent of the present invention.
CPRLEPE LBitadpdi fhet gpirvects2r EMYKheiigmageused as a

record control signal according to the total maximum amount
of color inks used to form an image by an image forming
apparatus, a gamma éorréction unit 415 that corrects.
input/output data to reflect the characteristics of an
image forming apparatus or user preference, a zooming unit
{not shown) that enlarges an image according to the
resolution of an image forming apparatus, a halftone
processing unit 416 including multi-valued and single-
valued matrices for converting image data to halftone dot
pattern data to be formed by recording heads, a
rasterization unit 417 that divides the halftone dot
pattern data from the halftone processing unit 416 into
portions each portion corresponding to one scan and assigns

dots in each portion of the halftone dot pattern data to



processi ng apparatus 400 includes a CM unit 422, a

BG UCR 10 unit 423, a total anmount control unit 424,
WRHY /4523 ma correction unit 425 that have PCT/IP2006/322325

substantially the same functions as the units shown

in FIG 8. The printer driy 421 sends processed

i mage data to the ink jet inter 500. A printer
oNtid 4 18fs Dl (ieoddc@d raitid RYs Ofart heut phix: 1486 jBtom the
printer 500 includes a zoomng unit (not shown) that

2NANeS @] Mhee apeond %ﬂto Gd‘ec}{eesﬂlé‘tsjsﬁdﬁl%r 500.

I mage form ng appar at us; hal ft one proce unit
516 i ncl ydi nultl val ed and I vaIued nmatri ces
(di t her A g%s) Fér tggnvepﬁ ng %agg ata o9 h&aytg

dot_pattern 20 data to be fo d b recordlng heads;
ST S THAS (T 15 (O AFh DB ThaUti vildes G Hes & block

hal ftone dot pattern data from the hal ftone
Praggessiing uatina 518 o Pporatiioms e Paruiagnion of
corresponding to one scan, and assigns dots in each

qnﬁuﬁan1exﬁmgﬂﬁrﬂuﬂﬁiﬂhﬁr(ﬁﬁiﬁﬂﬂt&ﬂd@ﬂﬁﬂﬁgttbtdﬁ?embodiment
nozzl es of the WO 2007/ 052832 PCl'/JP2006/ 322325 -30

dgeatdigie wmads.nAhtawput 518 fromthe rasterization
unit 517 is sent to the print control unit 207. In an

| mge proggsshg BEt hod ageardung ke an; ¢ g‘?‘&‘ijx'em%ﬂxta

the present |nvent|on both the printer 5 driver 41

P oc"&édl | g)‘ﬁc?gr[ % 34&9%(:"1% an 610]; IV}[‘LJQ.TD“ nﬁfﬁ § BG/UCR

river e printer con %o
wel | I n the descrHPtlo be oma it
d

e YRR R i S Tt 1 fotgamna

i nclude functions to generate halftone dot pattern
qgg@eq@qgﬂrﬂqqﬁ Mar £haty have substantially the same

functions as the units shown in FIG. 8. The printer driver
421 sends processed image data to the ink jet printe; 500.
A printer controller 511 {control unit 200) of the
ink jet printer 500 includes a zooming unit (not shown)
that enlarges an image according to the resolution of an
image forming apperatus; a halftone processing unit 516
including multi-valued and single-valued matrices (dither
masks) for converting image data to halftone dot pattern
data to be formed by recording heads; and a rasterization
unit 517 that divides the halftone dot pattern data from
the halftone processing unit 516 into portions each portion
corresponding to one scan, and assigns dots in each portion

of the halftone dot pattern data to the nozzles of the
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10 other words, print data from for exanple, an

application program being executed on the inmge
WHRWHEeS8sNhg apparatus 400 are converted i nto PCIIP2066/322325

mul ti-valued halftone dot pattern data (print inage

data) that can be printed gﬂ}the ink jet printer 500

and rasterized by the printer driver 411 of the 15

TG i 0 ¢33 NY A@PQ}%&%M&S AQ0.£ - HRe thRSheIHZ8d s ation unit

hal ftone dot pattern data are sent to the ink jet

SNy qtsefse%(ﬁo&%”%epr 1Lgdc Inncrtol].? JnTRIS P OCESSI NG
apparatus 400, T nmage or <Ccharacter print ‘data (for

exanpl e, data describing t he . 20 gos'tions, )

t hi cknesse8, 2And™8ASpBS 6F SF R8s EONBE RFECBFHLRT toran
data describing fonts, sizes, and positions of

cawscdEeats ofo PEEGEdEd JL rfesrhian  asitine &thico @ ipmdgrram

or an operating systemare tenporarily stored in a
ddriawizndg 1 idathawmernor WIGThE pmidntz datnd iaed lwn tctferthen printer
page 25 description | anguage. WO 2007/ 052832

dRPCHelP2006/:32232% pr3htEie denitioldata s9tiose@dwr ither 1. 9
drawi ng data nmenory is analyzed by a rasterizer. Wen .

rfaRe wRlrikntsedat a 13 @ Hed delidrlo tlidAeS belllow,S 140N &% med
into halftone dot pattern data according to the

O hi i it . |
O ISR oY doeRS SIRALER s 1o
is converted int

R ks TVt e O
characters specified in the print data by retrieving

ot SEre¥PERd ng TSt 9% af drCTdatte s CgRE® licn (e Abpdgeation
program being executed on the image processing apparatus
400 are converted into multi-valued halftone dot pattern
data (print image dgta) that can be printed on the ipk jet
printer 500 and rasterized by the printer driver 411 of the
image processing apparatus 400. The rasterized halftone dot
pattern data are sent to the ink jet printer 5060 and
printed.

In the image processing apparatus 400, image or
character print data (for example, data describing the
positions, thicknesses, and shapes of lines to be recorded;
or data describing fonts, sizes, and positions of
characters to be recorded) from an application program or
an operating system are temporarily stored in a drawing

data memory. The print data are written in a page

description language.
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- steP 601. Each of the{? j ects, %Paracier éQ? e

10 processing apparatus 400. Wien the print data are
to print an inage, the image is directly converted

WQ MG 0REPY t one dot pattern data. |nage procediTaP2§u§/322325

performed on the halftone dot pattern data (inage

data 410) and the processeq”hglftone 15 dot pattern

data are stored in a raster ‘data nmenory. In this step

the i migeTﬂEOPQS&itn@a@@paﬂ:aﬁ:éa 400 thasuekwiesy datiniemory
data into halftone dot pattern data using an

oa Lo pa In
lge Sggfaglg;zgéd %}oda O deteridne ihg, o ¢ Natesiatds are to

ve, 1 nmage processing includes col or

man nent_ 20 ,pr.ocessi by . r j
pprrlﬁ}:atggsﬁ Wy, Jhtgllfsc ocnoenvg%ot((:ee% sl%]ntg%v%aclhigc%%gicf% rpleaﬁ{:;e egwhd data
error _diffusion, wunder color renpval, and total

it dibe AR HA TR ddt PAGETT it o ST ed
in the raster data nmenory are sent via an interface
speaifd acdhkiy etheromirgy G0® - Wh200H/032833%k data are to
PCT/ JP2006/ 322325 -32 Exenpl ary inmage processing
rpeinftorated-dayc drbee,  3pr it erordrd nvierd 4itlt ofhahiecommgiot pattern
processi ng apparatus 400 is described with reference

dex 2 DOskd HAH AN SN Qs 1 11 JlGand Gh Meds@s psd nt
instruction is output froman application program

éﬁwﬁ({%&;o Sat @ Y 0GESSHAN G ARPATBIUS b UGk ASeBing

perso uter, the printer driver 411 determ nes

t he types..of obj.ects i i nput_.(i e . of
QQﬁfﬁﬁﬁéﬂd%q%n$Qﬁgﬁiﬁl?ﬁﬁgﬁio?eﬁééﬁgﬁkfé§g€§n¥%¥%§ 10
dat

a .
are to print

-essing apparatus 4 When the print
an image, the image is directly converted into halftone dot
pattern data.

Image processing is performed on the halftone dot
pattern data (image data 410) and the processed halftone
dot pattern data are stored in a raster data memory. in
this step, the image processing apparatus 400 rasterizes
print data into halftone dot pattern data using an
orthogonal grid to determine the coordinates. As 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 halftone

dot pattern data stored in the raster data memory are sent

via an interface to the ink jet printer 500.
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line i mage data 603, graphics inmage data 604, and

bitmap i nage data 605, is processed through a
WuHTeRp¥ndi ng processing path. On t he char ad&rIPReiager32s

data 602, the line image 15 data 603, and the

graphi cs i mage data 604, a:ﬁﬁlor adj usting step 606

is first perforned. On the aracter inmage data 602,

a col or n@kemFmgxgt eﬁa@mpraceasuaa spteporfes, e tatal

anmount control step 611, a gamma correction step 613,

Anda g;az;rerfelrj;rltcihtd“fert'tﬁg l(rcléfi‘ié‘tpoﬁ%%e%f GRS ﬂﬂ:ga)ra%% 400 is

step perforned On the |1'ne I'nage

600 800 VI L ATEE P el e o e

step 612, a gammma correctlon step 614, and a graphics
thering (halftone processing) step 616 are further
performed. WO 2007/ 052832 PCT/ JP2006/ 322325 -33 On
the bitmpheragerddns 605tauesion aRdoutput from an
conpressi on-nmethod determning step 621 is first

gperifiararechn pifeeyy arh e uoirtimap dmegeiadat 16l dxavey myperatus
than two colors, a color adjusting step 622, a color

SRUCH NG P B3, Anp REACRIS en i6ddr aidialal anpunt

contr ol step 625 a gamma correction step 626, and an

cfer Q{11q4efsf W%fg%eé{{)@%%'ﬂ)ugﬁﬁp 6% %ata

per It map dat a

or t col an i nage th|nn| step
o dang Sevde Ty e Mg ee&%ffmmg
633a or. an |ndexIess processi ng step 633b (processin
W5 € 0Ino Ko imdthehi Ry § & PerFEriEd)st 4 BEUER e%)z,

624, a total _
line image data 603, graphics image data 604, and bitmap

image data 605, is processed through a corresponding
processing path.

On the character image data 602, the line image
data 603, and the graphics image data 604, a color
adjusting step 606 is first performed. On the character
image data 602, a color matching step 607, a BG/UéR step
609, a total amount control step 611, a gamma correction
step 613, and a character dithering (halftone processing)
step 615 are further performed. On the line image data 603
and the graphics image data 604, a color matching step 608,
a BG/UCR step 610, a total amount control step 612, a gamma
correction step 614, and a graphics dithering (halftone

processing) step 616 are further performed.



10

i5

20

25

anount control step 625, a ganma correction step 626,
and an error diffusion (hal ftone processing) step 627

WQRWT/0528%% her perforned. 15 Also, the |ine i neEEndab@/322325

603 and the graphics inmage data 604 may be processed
through a different procesilgng path that branches to
an ROP step 641. In this follow ng the ROP step

641, the owl @heamlwaﬁwgm@tg%o da832 qand the auhseguent
steps are performed on the line 20 |mage 'data 603 and

f t
ép%%%inmgﬁaﬁ@ﬁe@eﬁj ects a%A gte‘Ercponé;ﬁn dsagarlsntl%?rfoamed
t..of da ter|2| not
hﬁL ehlsga pgr or%gagge éﬁ%ﬁ%co S‘Eh"ireed C? Eﬂgté{“%r@lors, a

e image data is sent to anlmageformng
992&% 'SBAD D FFARE2E32 PCH mz@mcs*@z@@tel?a&%e a

present invention relates to halftone processing

UG Stdn Herd  mat ot aln dmage mroocessl rapegs 625, a gamma
descri bed above. Exenplary dither matrices accor d| ng
g Yt t5 centsadipmE®6  ofaricherpreasett diffididn @£ frone
descri bed below wth reference to FIGs. 11 through

prbcdslsGngll sitepa 625C hematiG1HaI AP Ad kst T 30 dihe bitmap
exenplary dither matrices. FIG 12 is a draw ng

13(1:31?\#(5 r@% #g;( }%{@?L?@Get I?Jrn%i gﬁ: gwgaléég%5§ tal?le in ecg) tt% Phning
SQ%‘QL‘JC ane %n %Igﬁ %%Jex n%!g}?r edlglg tbﬁiié d atng:torlloq:e?nasth % ing step
633a or an indexless processing step 633b (processing where
no color matching is performed), a BG/UCR step 624, a total
amount control step 625, a gamma correction step 626, and
an error diffusion (halftone processing) step 627 are
further performed.

Also, the line image data 603 and the graphics
image data 604 may be processed through a different
processing path that branches to an ROP step 641. In this
case, following the ROP step 641, the color adjusting step
632 and the subsequent steps are performed on the line
image data 603 and the graphics image data 604.

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 image data is sent to an image forming

apparatus.
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descri be an exenplary concentration type submatrix and
an exenplary dispersion type submatri x. The recording
whemdes283nf the exenplary image 15 form ng apmarmbos/322325
descri bed above are able to jet liquid drops in three
sizes: small-size, nmediumsize, and | arge- size. This
nmeans the exenpl ary inage“ﬁ@ﬁhing apparatus is able

to reprodygg E?B%eﬂ@'EBQQSEHSMeE%lSEQSdQB ﬁanaéﬂé"'

S|ze dot = 1, nediumsize arge Sl-ze
of three si,zes.

e 4, u?&’i@%s ER B S RS T éﬁﬁ@&%&r’?}oﬁs

output halftone levels. Dither matrices 700 are nade
A&7 GRS FROYSsi ze  dot dither matrix 701, a
medi um si ze dot dither matrix 702, 25 and a

| ar ge- si zBxdopldiyhditharr ngt708esWOC200%£052882an

PCT/ JP2006/ 322325 -35 I n the exenplary inage
epthecEssinng ofc cbrediprg sto: tan nvemtddinmente  afe sidid Harde $eniiow
i nvention, the output halftone |evel of a pixel in an

wilPUlr el fERee des tdetray.nad By rocemparni . ngitdhe 1halifd ene
val ue of the pixel with 5 correspondi ng threshol d

éﬁﬂéﬁ%%lbndﬁ%%r%hFqﬁﬁu@%&%tﬁ%ﬁ'%%% ei@%?pe o %!fHOhe

val'ue of the pixel i's omer han a |ng

reshol d | u n the . dot dither
b i a2 Tt Post Aeve SEP R Sl seTh it shold
O Wien the val ue of the pixel is Iomer than a 10
&@%é@@%ﬁﬁ%ﬁﬂ@%ﬁ%ﬁf%%%&%@ﬁ%ﬁm%%%%@

dither matrix 702, the output halftone | evel of the
dgiavdnadhdeese d o describe one of the exemplary dither

matrices shown in FIG. 12, FIG. 14 is a drawing used to
describe an exemplary concentration type submatrix and an
exemplary dispersion type submatrix.

The recording heads 7 of the exemplary image
forming apparatus described above are able to jet liquid
drops in three sizes: small-size, medium~size, and large-
size. This means fhe exemplary image forming apparatus is
able to reproduce four halftone levels (no dot = 0, small-
size dot = 1, medium-size dot = 2, large~size dot = 3)
using liquid drops ¢f three sizes. The exemplary dither
matrices described below are designed for four output
halftone levels.

Dither matrices 700 are made up of a small-size
dot dither matrix 701, a medium-size dot dither matrix 702,

and a large-size dot dither matrix 703.



1. When the value of the pixel is lower than a

correspondi ng threshold value in the | arge-size dot
WQRWOREF283drat ri x 703, the output hal ftone | evelr@furehm/322325

pi xel beconmes 15 2. When the value of the pixel is

| arger than a correspondi t hreshol d value in the

| arge-si ze dot dither mtri%X 703, the output hal ftone

| | . of e im s n o an
evel . of tRerpbxek HB§QH?S 330 ﬁBBg§ FFBSIZe ghg gt

dither matrix, for exa

tr] 1 fi, s at thre I d

e@%iggkwﬁ§v|ﬁgt Prkgegﬁd g%%b%ﬁﬁﬁhs%%fb %fWF h §Q%

sho En FIG 13.. However, the size of a dither matrix
ege ol EniPtEE 1t $r26 X 1B U tFIMaGRars! Sletek@isiese bot a

di t her natrlx may be 20 x 40, 40 x 40, or 256 x 256.
CABPEGGTH0 S PEI P APEELIP2 0BENB2 2E2 5% he- B8 xThe wirrll | - si ze

dot dither matrix 701 is made up of multiple
coubrspoincddng7 threfhelsdubmitieiscésn The ddnsikirt uize ritke 700.
smal | -size dot dither matrix 701 and are used as units

wWhken tpkatiang tddks vanukhe rswakl psikee det 1didher nrat i X
701. 5 The shape and arrangenent of the submatrices

cB%%e@%b%Bﬁh@eth%e@ﬁbﬁbogglq@t1BaE%%rg?%?g~%%g ﬁok'ﬁgiher

in the small’-size dot dither nmatrix
t 7 t t h i
PHE P oo PR A R B e
e _t hat ca fill %E 10 size dot dither
BeQ ?8 8u?f ?IBﬁxeﬂanhﬂgweénﬁBépnént t he

subnatrlx.711 IS congosed of a square of 6 x 6 dots
CQRgesrefdare sprosihozddsrdugndnf shrsmadéemeshze dot dither

matrix 702, the output halftone level of the pixel becomes
'1. When the value of the pixel is lower than a
corresponding thresﬁold value in the large-size dot dither
matrix 703, the output halftone level of the pixel becomes
2. When the value of the pixel is larger than a
corresponding threshold value in the large-size dot dither
matrix 703, the ou£put halftone level of the pixei becomes
3.

In this embodiment, a dither matrix, for example,
the small-size dot dither matrix 701, is defined as a table
of threshold values having 20 rows and 20 éolumns {20 x 20)
as shown in FIG. 13. However, the size of a dither matrix
is not limited to 20 x 20. For example, the size of a

dither matrix may be 20 x 40, 40 x 40, or 256 x 256.
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angle of sin (6/2). The medi um size dot dither matrix
702 and the 15 large-size dot dither matrix 703 are

WQRPY3/OR#de up of submatrices 721 and submat ri BEBIFEER/322325

respectively. Dot arrangenent orders in a

concentration type subnatr* and a di spersion type

submatri x are described betdw with reference to FI G

14. 20 | n7dcCaneantkabioRoty Be tHuRMAkLLY SHOWN 1isn  ELG up of
14, dots are arranged so as to concentrate around a

n@%ﬂ tl eoré uk%]nhaec I%JEGJF | %aln_d ’]_TZI{ d dsgxb%asc&%rcsé O 1t Y EFe% 08 tajst ute

r-x snown iIn ts are arrange

ot to .concentrate but to i sperse. WO 2007/ 052832 .
Iooe s Mot SPe B a'el AR ete o units

determ ne the dot arrangement order in a

WYt et DAt e s imtshad L drze dedmslicham matgoix 701.
arrangenent order, dots are placed in ascendi ng order
Tofe g rdrgd lda meanrgadiesttancfe s Har emlbenagenitcers 5 Jdoiddtermine
and i n another dot arrangenent order, dots are placed
ardli frous|dod pasfemal afdefcmieaeund e LaM athdPQndl]l -size
In a dispersion type submatrix, for exanple, dots nay

e dlaeed @eaanding .t oHNeHBREL PAHE SRS TBY7 08 i 5

placed in an order that causes the entire dither

5 R A HO.PES AT SRR 34 ©Sin
Rt N T S O S
size dot dither matrix 701 without overlap. In this
embodiment, the submatrix 711 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).

The medium~size dot dither matrix 702 and the
large-size dot dither matrix 703 are also made up of
submatrices 721 and submatrices 732, respectively.

Dot arrangement orders in a concentration type
submatrix and a dispersion type submatrix are described
below with reference to FIG. 14.

In a concentration type submatrix shown in FIG. 14,
dots are arranged so as to concentrate around a point. On
the other hand, in a dispersion type submatrix shown in FIG.

14, dots are arranged so as not to concentrate but to

disperse.



As descri bed above, the dither matrices 700 are 15

designed to be used in inmage processi ng where four
wWoropo32s3hal ftone |l evel s (no dot = 0, srral | - SiPXE/IP0M06/322325

1, nmedium size dot = 2, large-size dot 3) are used.

In the dither natrices 700,_the subnatrlces 711 of

the small -size dot dither” %ﬁfrlx 701 and the

submat ri Ca5ef21 59k LG BRI Uy 2@ oSlike ol ll Lher qor

matri x 711 are concentration fype submatrices;

matrices of, the | arge-.dot mat,ri x 703
%ﬁraQﬁ%ﬁﬁf%loﬁ}JQﬁélsubmﬁé%Q§§?tlé§ ighfrmﬁbmg%rlx For
dltherlng process using the dlt rlces 700 wher e,
SHHRL S melge &L W%{g@%ﬁ?%tﬂr % ohee IRbAgRE in

are converted into output inmage data having WO
POV VBB 32 T/ IPZOVBI[2232 5 1nezg NiYWang¢s> Pjom a center
out put halftone | evels, a concentration type dot
5 poirangemehtiroraderties: Lds:ad forargganritt hatddpneddteved s
of O (=nodot), 1 (= small-size dot), and 2 (=

B AHT Sz il 91 +f hiad ﬁ)’ie.callOV@r.I‘déﬂq&{k@rpi edeiattdmngshbint .
threshold IeveI T 5 (N>T>1) (inthis exanple, T = -

B N Lyhe + dat, 356@'&?@!1{?;% Orfers irsy be

used for an outp t halftone I'evel  of 3 | ar ge- S|ze

hat is t
prae%%cg ear(fﬁonr ol]} r esh %’ (I;(/&gﬁhepr}lag%]e J]porecesmr%a éjlacec} in
enbodi nent. of the nt 10 in i on rOV|des
T Bt AR Rl en et Fre b fve nigh-
converting input inmge data having M |nput hal f t one
10 pasel Stivo JRTART Sl Tt A hy ™Y WS Nacg] in

out put halftone levels. In the hal ftone processing, a
random order. Any dot arrangement crdexr that can form a

concentrated or dispersed dot arrangement pattern may be
used.

As described above, the dither matrices 700 are
15 designed to be used in image processing where four output
halftone levels (no dot = 0, small-size dot = 1, medium-
size dot = 2, laréé-size dot = 3) are used. In the dither
matrices 700, the submatrices 711 of the small-size dot
dither matrix 701 and the submatrices 721 of the medium-~
20 size dot dither matrix 711 are concentration type
submatrices; and the submatrices 731 of the large-dot
dither matrix 703 are dispersion type submatrices.

Accordingly, in a dithering process using the
dither matrices 700 where input image data having M input

25 halftone levels are converted into output image data having
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concentration type dither matrix is used as the dither
15 matrix when an input halftone level is within a

WQ 29Ge52882 | nput hal ftone | evel s correspondi ngPQTaIPatNG/322325
output halftone level that is |ower than a
predeterm ned threshold leve] T (N>T > 1), and a
di spersion type dither matH X is used as the dither
NTRLS X pben )t he dgputy Nakfdenae dvemel, i Wndidt 2300 type
range of input halftone | evels corresponding to an

t | f1an el. that j r..hi.gher .tha

CgﬁéeH%Fgle?gbﬁi%ggﬁ¥hﬁ§§ﬁ%fﬁiﬁgggﬁﬂﬁ&ﬁaqg¥ﬁggnﬁ%3&§élS of
in the al ftqQne processing, a cqncentration type )
Odi‘Thé® ﬁg% i i & G 2 e St He R e 07 Uy size
I nput halftone level is 25 wthin a predeterm ned
dodngdheft iagputl vl (thee 1aewalesaie PUEE s PgEshold level T
PCT/ JP2006/ 322325 -39 assigned to an output hal ftone
(NewelT that) i{Snl awers tehampd e, priedet3dr,mamed a lrleglwolsd on type
level T (N>T > 1), and a dispersion type dither
drkt HotdrgauRed asddie id e mld ian oMtgmtt ke lifide level
hal ftone level is within a predeterm ned 5 range of -
denputihalftene ey elst )as3igned Ruan a4 X nikpldd en the
| evel that s equal to or higher than the

d@g§gyé .Hgﬁjﬂﬁyﬁﬁﬁ§¥()fé@5¥ TT. In still other words,

a concentration't t ~arrangenent order is used

f | tput hal f't | | 0 b
concent T SHPRE BREFES80Fs BPooTHeR FaTE: bt Lhgr PagsEnt

and a dispersion type dot arrangenent order ‘i s used
iPgeHilgh RPIHESFald (Bridare PRItE e dirse idohdddthoas ng

| arge dots causes problens such as bl eeding and
Pyeadissg.ng for converting input Image data having M input

halftone levels into output image data having N (M > N > 2)
output halftone levels. In the halftone processing, a
concentration type dither matrix is used as the dither
matrix when an input halftone level is within a range of
input halftone levels corresponding to an output halftone
level that 1s lower than a predetermined threshold level T
(N > T > 1), and a dispersion type dither matrix is used as
the dither matrix when the input halftone level is within a
range of input halftone levels corresponding tc an output
halftone level that is equal to or higher than the
predetermined threshold level T. In other words, in the
halftone processing, a concentration type dither matrix is
used as the dither matrix when an input halftone level is

~

within a predetermined range of input halftone levels
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thi s enbodi nent, a concentration type dot arrangenent
order 15 is switched to a dispersion type dot

WOl amgeitent order when an out put hal ftone | d\8VIPRENG6/322325

equal to or higher than 3 (large-size dot, threshold
level T = 3). However the hreshold level T is not
limted to 3, but any outp& hal ftone | evel nmay be

a%%gg %ﬁ the shhpeshokdnhe¥ebnl. 12QeAS tdascChisbedwalovdan a

ither matrix accordlng to an enbodi nent of the
n ti u trices qare arranged
R s s RV ELa T Wt veon e and
wi t hout overlap so. t hat t ut. pixels form fton
ddSPEFALOB! B YGP SAPBER MPREL™ AFSHEo5oEs &'.hﬁg%r%%% Qrtrix
enbodi nent of the present |nvent|on submatrices wth
wAePOTIG0 1NDSE8 32 LPEPRIP2EUEA 322329 thidy ac FreaRteariaRd
type dot arrangenment order are used for an output
rhabft orfe inpuel heldtons [Lewed st aas ignsdedet @nmonggut
threshold level T, and submatrices with a dispersion
hiaY Fe ondot eaicrlangenent endan a&obe oused dhenr amaoutobiet
hal ftone |l evel 5 that is equal to or higher than the

E%%@%%%%Hh%%dt%&%%%%@%dleb@!eh T. This nmakes it
p033|ble to forma concentration type halftone dot

pattern V"'ﬂ&h %?L{; S&B?S aQQESnceW‘EkE%lgBe‘é?BE' B8¢

probl ens such "bea cause
concentration of dots b S|n a di shersi.o
a&aéngﬁfﬂgﬁﬁeﬁéﬁ@roﬁ&e%lﬁr R R R Yevers
Ther ef or e, using a dither matri x according to an

berBEdFemsR Con tIRE 1ngr 88M ORFEnBITOY 1985t Ao hakddge

quality. More precisely, concentration type
edflematsri cesl ar @ispersion type dot arrangement order is

used for high output halftone levels because concentrating
large dots causes probléms such as bleeding and beading. In
this embodiment, a concentration type dot arrangement order
is switched to a dispersion type dot arrangement order when
an output halftone level . is equal to or higher than 3
(large-size dot, tﬁreshold level T = 3). However the
threshold level T is not limited to 3, but any output
halftone level may be used as the threshold level T.

As described above, in a dither matrix according
to an embodiment of the present invention, multiple
supbmatrices are arranged at a screen angle with no space
between them and without overlap so that cutput pixels form
a halftone dot pattern or screen lines. Also, according to

an embodiment of the present invention, submatrices with a



used as the submatrices when the input halftone | evel

is 15 within a range of input halftone I evels
WQH7eRs¥ndi ng to an out put hal ftone | evel tHATAP006/322325

| ower than the predeterm ned threshold level T; and

di spersion type submatrices, are used as the

submatrices when the input halftone level is within a

JANGE: tafa ikt Rl TdRNe JreMRenes @l IasRANANY L BFor an
out put 20 hal ftone level that is equal to-or higher

t han, .t f eryuned.t I T.. | ;
s R A e S Bl oo, Bl e
ubmat r.i ces the, i nput hal ftone level,is within a
SRR e i g0 b= THHARE AR PaS 1Fovip St e e
to an output 25 halftone level that is |ower than the

te deteMATHed WO I507 AF52 852 PERT) Bro o1 283 I8 L itope level
threshold I evel T; and di spersion type' subnatrices
5 tdreg Usedquasl ttve osubhiethec ahashame e ddsgutrnialefd drigreshold
level is within a predeterm ned range of input
lhkaldfit ane Theve s kassiigned 450 blan tautfutm halddmrandemvelon
that is equal to or higher than 5 the predeterm ned

dypyeeshold RV o tT pAltSTn AGaY & NG MY idN AN Yen angle,
enbodi nent of the present invention, when the input

[,f ¢ . ' ' t t P
e R T s e e P s e da i
t i.ghest tput_.hal ft 10 .l l. (T - f th
RS (R B By (00, PR o LI tvPe
level (T - 1) is used throughout the caqncentration

10 dofpe rimate ST ety R ldians o icteddigniRre,

a
using a dither matrix according to an embodiment of the

present invention improves image quality.
More precisely, concentration type submatr;ces are
used as the submatrices when the input halftone level is
15 within a range of input halftone levels corresponding to an
output halftone level that is lower than the predetermined
threshold level T; and dispersion type submatrices are used
as the submatrices when the input halftone level is within
a range of input halftone levels corresponding to an output
20 halftone level that is equal to or higher than the
predetermined threshold level T. In other worxds,
concentration type submatrices are used as the submatrices
when the input halftone level is within a predetermined
range of input halftone levels assigned to an cutput

25 halftone level that is lower than the predetermined



concentration type dot arrangenent order to a

di spersion 15 type dot arrangenent order is described
whlopws2882 h reference to FIG 15. In this enmbadigmnisi32a3s

as descri bed above, a dispersion type dot arrangenent

order is used for an output hal ftone | evel that is

equal to or higher than 3‘(IaTge 20 si ze dot)

thdicspensd anJype ; d%.dﬂ%ﬁ%?%&%%%% 3 %e%u%gaxrdeg 5 gre used

concentration type angenent rder-i us

out ut aIftone l e els hat ar r than 3
aﬁcoﬁbentrﬁ?ﬁ&ﬁ “Vpd e(ﬁ]'ot §rﬁ§ﬁ§§n&ﬁﬁ%§Fﬁﬁbfevﬁ& tife within
concentration type dot arrangenent stage, a
%%ﬁ%ﬁm%mmoMM%wmewm
usi ng WO 2007/ 052832 PCT/ JP2006/ 322325 -42 the
agunarritx hpiftehet Hevedualthasi 26 éauadi ttle o mmbitigihver7@ban
and the submatrix 721 of the nediumsize dot dither

5 thet predeZ@2miker] theestbodt nexe7lt,. small-size dots
803 are used; . and for the submatrix 721, nedi umsize

dots 804 §1§0P5§6c05dfﬁgt98 §Hgt@ért8ﬁb895§§HEr8E'Pﬂe
type dot arrangenent stage, the submatrix 721 i1s

phELERE WhbBnthenodium shee dais A08ccand 3.hahitone

dot pattern 51is orne n“the |sper3|on

r e a di.s si, on t | ftone dot
gb?e?nnﬁguFo%ﬁggtﬁthlﬁg?g *Hof's ?dﬁgeﬁ@lpﬁ@ range of
subna% 10 731 of the large-size dot dither matrix
ipgyt égétPHS LRYPf-PoRESHERCPat PePnhBObeRfiepE tRNE bR&LtoONe
cells are filled with the nediumsize dots 804. At
10 leWelend of 1t hefdispecsheantrypécdot yRer angmatmt.cssagehe
the submatrix 731 is filled
output halftone level (T - 1) is used throughout the

concentration type submatrices.

An exemplary transition process from a
concentration type dot arrangement order to a dispersion

15 type dot arrangement order is described below with
reference to FIG. 15.

In this embodiment, as described above, a
dispersion type dot arrangement order is used for an output
halftone level that is equal to or higher than 3 (large-

20  size dot) (dispersion type dot arrangement stage) and a
concentration type dot arrangement order is used for output
halftone levels that are lower than 3 (concentration type
dot arrangement stage).

In the concentration type dot arrangement stage, a

25 concentration type halftone dot pattern is formed by using
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with | arge-size dots and a halftone dot pattern 806 is
15 fornmed. According to an enbodi nent of the present

WO papeifaseh, as descri bed above, a submatri x i spdidied/322325

with dots before the dot arrangenent orders are
switched froma concentratjon type to a - dispersion
type. This nmakes it 20 poé§¥%1e to reproduce the

HYRXi JEHRAens! ty Possidd e sidih -an ; ouutyhaldt ong s 701

| evel at which dot concentration does not .cause
. . since t submat.ri x i.s filled, with .
agg%ogé r%g?s &r@lﬁ%%elxdoﬁarorgﬁt eerr%ln &ldﬁnhﬂesrlszear tsﬁjtvgﬂ?erd matrix
rom concentration type to a dispersjon type, a
S pers SH% e S0 7 5268 BCT P S S & aped;
dot arrangement order can be deternined i ndependently
a5fd fie tdEh Germadttion taipe mesti varrsditgewerits Gilderare used.

Anot her exenplary transition process froma

Fdordentemat icdn thep e cthate ranraarigemenipeordder d:arahgement stage,
di spersion 5 type dot arrangenent order is described

thed ewbmatth 13 ef2ar ance it ofd Gi+h6 + hENin® RT3 dots 804
transition process has three st ages: a concentration

dr¥Pe ¢l rAhRNYRIER, +$age gl ; O %ec{j;lggnt gg}% ld%."s%'eréion

1 (small-size dot), a concentration 1

ra t for..output halftone | evel 2
g D kel e smt oy pe G halftone dot
arrangenent. stage.for output halftone |evel 3 '
POEEGE. dr EORBER. VAL RETIBGOGE LYcH Sdfggahe submatrix
submatrices are filled with dots. In the

T8dnCéntigt iLed Iey5é 260t odr Farrdere e tetiagd Ofor coettpihe

halftone dot pattern 805 where all the cells are filled
with the medium-size dots 804. At the end of the dispersion
type dot arrangement stage, the submatrix 731 is filled
with large-size dots and a halftone dot pattern 806 is
formed.

According to an embodiment of the present
invention, as described above, a submatrix is filled with
dots before the dot arrangement orders are switched from a
concentration type to a dispersion type. This makes it
possible to reproduce the maximum density possible with an
output halftone level at which dot concentration does not
cause problems. Also, since the submatrix is filled with
dots before the dot arrangement orders are switched from a

concentration type to a dispersion type, a dispersion type
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15 hal ftone level 1, a concentration type halftone dot
attern is forned with small-size dots by using the

WAaHreEx 711 of the small-size dot dither netFIPeons/322325

701. At the end of the concentration type dot
arrangenent stage for output_halftone |level 1, the
submatrix 711 is filled wihsmall- 20 size dots and a
A f4.0n8, floteRat e fred, ty
concentré??%ﬁg?;%gﬂgésﬁg}#%%ég%entJsfgbéﬂﬁ%ﬁp%ﬁﬁ%ﬁﬁly of

frone : concentration type hal ftone dot
er;}gét téer n AI S afeé&r%ieﬁ(/ﬁ? hgoﬁtecﬁrurrﬁ”sq rgtotosr ‘usi ng t he
submat ri x 72% of the Tsdi um si ze dot dither matrix
702. At t RBCEREToF*FRELE3Y EoRpantiani BEoEgpe doem a
arr%g%Fnent stage for output WO 2007/052832
PEFEMEEI06 B 1235 datyp @ rfgeoent] eveler? ta ke dispersion
submatrix 721 is filled with medium size dots and a
tyalef idmte adutanuetteern B4 S f alered.ibed tha owdivgper Si on
type dot arrangenent stage for output halftone |evel
rgfeaeticepersiraic.t e, hal ftone dot pattern is forned 5
with large-size dots by using the submatrix 731 of the -
|arge's!Z?h§§teQbﬁ?@ér?aEEéﬁsZQ%enA%rgggsgng of 1DE,
di spersi on type dot arfangenent stage for ouf’qu

lf.t.Qn I o 4 L bmatrix 731 is filled wt
P E, SoRER I ol MR Skt b tpiRrens Siedes tor

rned In this exanple, .as described above, a
ofélgﬁ’ﬁgt F‘iaii%ti"élef i |e|"é°§ & t‘ﬁmaéﬁstseéeuﬁipitér mEp&CnEeRtirgtion
fornmed) before switching fromthe concentration type
LYBE dAPrargénpAErENSgEtap6r fout putprhal hedhsohevakvelt @
the concentration type dot arrangenent stage for
(Beepun-Baret dné)leveld 2, dasgebefionetype dot arrangement

stage for output halftone level 3 (large-size dot). At the

end of each stage, submatrices are filled with dots, In the
concentration type dot arrangement staqe for ocutput
halftone level 1, a concentration type halftone det pattern
is formed with small-size dots by using the submaprix 711
of the small-size aot dither matrix 701. At the end of the
concentration type dot arrangement stage for output
halftone level 1, the submatrix 711 is filled with small-
size dots and a halftone dot pattern 814 is formed. In the
concentration type dot arrangement stage for output
halftene level 2, a concentration type halftone dot pattern
is formed with medium~size dots by using the submatrix 721
of the medium-size dot dither matrix 702. At the end of the

concentration type dot arrangement stage for cutput
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15 switching fromthe concentration type dot

arrangenent stage for output halftone level 2 to the
WQrYBEF 8N type dot arrangenent stage for OWQIAP2006/322325

hal ftone | evel 3. Forming a uniformpattern at each

output halftone |evel nakes, it possible to increase

dot coverage on paper 20 at a |ow hal ftone |evel, and

Hdkﬁﬁﬂﬁk QeeMENt’s aCRUIS i BRCASs: i6f Wﬂﬂ*ﬁﬂﬂﬁylﬂgatﬁiﬁﬂ“ﬁéﬁlum—
in an image formed on a paper on which i'nk does not

sa&ree%t%m%way 1 2AVF R A % A 3T fﬁ@%@&fﬁ%ﬁ&f In the

annng mul tiple submatrices constituting a

cribed belo 25 .wWth reference tq FI
TP R SSREL R o DBr L S A6 2007 FoSag, halttone
PCT/JP2006/322325 -45 snaII-S|ze dot dither matrix
POEL S udediap ey ratpive Naldvener datheaddsen pis divrmed
al so applies to the nediumsize dot dither matrix 702
Wikl tR&Jeangeesidad sdbty distimer tigt sigemaz3dx §3ln athehe
dither matrix-701 shown in FIG 17, dots are placed
lﬁmg&heig@bmmmrh&eﬂelihakndthOGLdam ithel ealded MHythe
circled nunbers 1 through 10. In this exenplary dot

daspangenhnt ypedelor bhesuRmht eeSgtlE eusehectRd frone
alternately 1n oblique directions so that ad10|n|ng 10

1§nga§rlgg§ E%%m%%%l&oﬁ3§GH%CEQQ1%HC%??%'ﬁ%l @~ lee dots

ot her words, adjoining submatrices do n

t | As d bed ab
e g EnhneTnbt st o LPndCR gt .ﬁVSX?.on

submatri ces e arranged so that
fn ghls examgf as described above, a submatrix

is filled with dots (a uniform pattern is formed) before
switching from the concentration type dot arrangement stage
for output halftone level 1 to the concentration type dot
arrangement stage for output halftone level 2, and before
switching from the concentration type dot arrangement stage
for output halftone level 2 to the dispersion type dot
arrangement stage for output halftcone level 3.

Forming a uniform pattern at each output halftone
level makes it possible to increase dot coverage on paper
at a low halftone level, and thereby prevents occurrences
of irregular white spots in an image formed on a paper on
which ink does not spread smoothly.

An exemplary dot arrangement order among multiple
submatrices constituting a dither matrix is described below

with reference to FIG. 17. In the description below, the
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15 dots are not concentrated in a part of a dither
matrix and the forned pattern does not |ook |ike a

WQ BT/052832 The arrangenent of submatrices is ndiCIIPEN6EY2325

to that described above as |ong as dots are not
concentrated in a part of di ther matrix. For
exanpl e, submatrices may 2Z0-be arranged i n random

L4§r QEe'@o@nd?Eﬁ%r that: 1%3@%@51%h%se@'%@e%n”%&%hél%p

ave |gh pass ter char acteristics. Dith er

matrices, us .a.col or N It Rl 0l
H8V§H§§ artgledgggrcirﬁg&lggl alSO %g)ﬁgﬁ\éryQ& ?:ﬁer ] r?“ll‘;ncesgL ©
shown in FIGs. 18B 25 thr ugh 18D are create .
dpst SEERGE MAVERE ng2 &Pdv\b% g*?/f@@fééfe 8 Weher matrix
PCT/ JP2006/ 322325 -46 transl ating the base dither
7@8t.-ri x shown in FIG 18A, which base dither matrix is
prepared as descri bed above. The created dither

matri ces tantbe dsedefomatolier 7plasbswof in FE6l.od7, dots

i mage. The rotated dither matrix shown in FIG 18B is

a2eChaated by kokatiubehaithe deaseidi therhbrider9@ndicated by
degrees clockw se. The inverted dither matri x shown -

c1rLLc:E|e§ nh@5eS 1%%%%%%@ NVeY g therbase fiddier

trix symetrically wth respect to the vertical

center | ine. The tr, sI i t her trdeX

BEFANITEH s O(1::rdeez§1:te réy ;%r ansrql & 71rlia %;l%\e&rm rix
5 dots dqownward, For ex drth t X .as._shown
gl epp@teldy 1%)?}3&&%?%{?‘ Cerlbjé‘sse it rgar?é{ FERvE

the cyan color plane; and dither matrices for the
spibaei r LinegerTtld, adRd NOffel A6 LI oIS WICATES Vigdy heln other
created by translating the base

words, adjoining submatrices 711 do not have consecutive

thresheold values.

As described ebove, according to an embodiment of
the present invention, submatrices are arranged so that
dots are not concentrated in a part of a dither matrix and
the formed pattern does not locok like a texture.

The arrangement of submatrices is not limited to
that described above as long as dots are not concentrated
in a part of a dither matrix. For example, submatrices may
be arranged in random order or in an order that causes the
dither matrix to have high-pass filter characteristics.

Dither matrices used for a color image having
multiple color planes are described below.

Exemplary dither matrices shown in FIGs. 18B

through 18D are created by rotating, inverting, or



10

15

20

25

15 dither matrix dowward 5 dots, 10 dots, and 15
dots, respectively. FIG 19 is a drawing illustrating

W 34283 t her matrix and a dither matrix havitGigIrPamG/322325

opposite dot arrangenent order to that of the base
dither matrix. 20 As shown %g FIG 19, dots are pl aced
in opposite dot arrangenent orders in a base dither

B4 i & Xa 80y afile apa Sk tdBFndmtkd e BO2sh WeN h@x@ﬂSﬁsA which
dither matrix 801 is used for a color pl ane and th e

kﬁé% €43 L F 1 802, 1 B Lﬁf@g%péd ggé&fax%@@e The

tone dot patterns e two co pl anes” do no

S B AL TR Loves, s 1P g1 000 s o

hal ftone dot patterns 900 where 50 % of the dither .
TR TT %R o THE |6l T YOS T A8 et r 1 ath aboveLG. 168 is
when dither matrices created by rotating, inverting,
oreatehshatigigp blibasehalibdesr &linwmy incesrior A tdegrees

matri ces having opposite dot arrangenent orders are
aissokd iore coftor  jplamnessdfdat oot oatmegeshelat SiwfFIG. 18C is
di fferent colors can be forned so as not to overlap

dht SAGKy QU B Htihod M@Sdiﬁh@mﬁﬁﬁ(t@%r&@éf&?caliy
|

secondary or higher color w thout changing s hue

w180 ryel@ 40 dmt had makes dd, possiple ta,d nl?fzfr?ssfated

dot coverage on paper, to prevent occurrence

| wh b
4 L{pkf%{een?%tn%lgx;tsgl 2 r?tisn II'Inlnél?h]!egﬂ?); dfteﬁg%’g '%llfabré%latmg

qwgve each subrmtrl x i S shalped Ilke a conbi nati on. of

RRftfarest of: df (4 drerovnward

For example, a dither matrix as shown in FIG. 11
may be used as a base dither matrix for the cyan color
plane; and dither matrices for the black, magenta, and
yellow_color planes may be created by translating the base
dither matrix downward 5 dots, 10 dots, and 15 dots,
respectively.

FIG. 19\is a drawing illustrating a base dither
matrix and a dither matrix having an opposite dot
arrangement order to that of the base dither matrix.

As shown in FIG. 19, dots are placed in opposite
dot arrangement orders in a base dither matrix 8Cl and a
dither matrix 802. When the base dither matrix 801 is used
for a color plane and the dither matrix 802 is used for
anotherkcolor plane, halftone dot patterns of the two color

planes do no overlap in halftone levels equal to or lower
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15 sizes. However, a submatrix can be of any shape

that can fill a dither matrix w thout overlap. For
WEapI2e32 a submatri x can be shaped |i ke a cdidiiwagicsnz3zs

of two rectangles of different sizes. The screen

angl e and screen frequenqy,pf a hal ftone dot pattern
can be adjusted by 20 chand%ng the size of rectangl es.

a0, His g entiteald Wotshiddtedmatdoer Rhder TlProf the
pl anes nmakes it possible to produce a color inmage

ML A 688 MRUJL a%réd ﬂﬁ%%&%ﬁtkf“o%toﬁ' on. \Wen

processing image data of an image to be 25 forned on a

2007/ 052633 PESYF 1620007533328 he'?ug* i3y no?“%%ﬁe\%) created

snmoot hly but clunp to ether u3|n a dither
Bt St g 9o 14 métt ot éhtbfisrﬁ/ fb‘%ff
for hal ftone processing prOV|des beneficial effects.

&5 Of Pap@Ts Mt asic Machdracrad st e glaly errangement
described 5 below with reference to FIGs. 20A through
20er A fusetd paperqelwin ghldress afteatdaigpt ayergegn ddtss of
surface and is used, for exanple, for gravure printing -

Pz fdmGazZidiADrd Ssan examiedfsa paprrt (feawrai N too
medi unm) having the above characteristics. Exanples

r&fcfkﬁetsmpear Sackdidd eraqgses Pctp 8% 1@als (£ RPARKIcondary
2 ) Super M dul | i ppon Paper |ndustries

mqﬁ Joatlh ot DO Lonne o ek

cﬁis ﬁrﬁaﬁiﬁ gI 953 cPsa£ %rle 2tooB lsnhcorvevsastehedobtehcaovxlfeogagoen oan paper,
to prevent occurrences of irregular white spots in an image,
and thereby to improve image quality.

In the embodiments described above, each sgbmatrix
is shaped 1like a‘combination of two squares of different
sizes. However, a submatrix can be of any shape that can
£i1ill a dither matrix without overlap. For example, a
submatrix can be shaped like a combination of two
rectangles of different sizes. The screen angle and screen
frequency of a halftone dot pattern can be adjusted by
changing the size of rectangles. Also, using vertically
shifted patterns for coclor planes makes it possible to
produce a color image with less moiré and less hue
distortion.

When processing image data of an image to be

formed on a paper (recording medium) on which liguid drops
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15 20C shows the behavior on a gl oss paper. \Wen ink
drops D are jetted onto a silk gloss paper, the ink

WQr@E85B3-H0o not spread and are isol ated frommsawhp006/322325

other. On a plain paper, the ink drops D spread and
bl eed. On a gl oss paper, tpg ink drops D do not
spread or bleed as in the ¢ & of a pl ain 20 paper and

@b en B3Ot s 504 @t SR-EF 1Y egch O s %é{hi e &§§§% %E%gther

sil k gl oss paper. Instead, adjoining ink drops

ryan verfl.ow of ink. . .
TReSt ngs AL GO PRECEIRR OIS R iy invention

ccar dj to an _enbodi nent of the present invention
PEE LTS mEPetF o R ibde TRETSrsbos) 599595

-49 An exenpl ary recordi ng medi um according to an

SRt dtaRes pr Edentushvar i at ¢ Bl Toiposerk ofescribed

base material and a coating |ayer on at |east one
et e ofitthere basenomtter i BIGs AR theowxdedlery

recording medium may 5 have additional |ayers. <Base

mat er i al >Aviardfadus tmetaeeiral srhay h@suée@d%Qﬁn%hﬁjQ%&eon its
mat eri al dependi ng on the purpose of paper. For )

ABXAEe i Shaeliedf Rapesmin Yy f@ﬁg%ﬁvmgan%w@{ég o

and a nonwoven 10 fabric mainly nade wood

RULISIIE, (FST TR B, o el 1 RS T
BRI S SN BRR, DPELE popere
i1n5c l’%sd ermg OeDr | GalI oss so fC or aetC y(COl je:Ld ppal%nI epf Croe. C,y CI! tedd. )p’a pseur ps e rI nM I dull
(Nippon Paper Industries Co., Ltd.), and Space DX (Nippon
Paper Industries Co., Ltd.).

FIG. 20A shows the behavior of ink drops on a silk
gloss paper; ZOB‘shows the behavior on a plain paper; and
20C shows the behavior on a gloss paper. When ink drops D
are jetted onto a silk gloss paper, the ink drops D do not
spread and are isoiated from each other. On a plain raper,
the ink drops D spread and bleed. On a gloss 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, adjoining ink drops D tend
to clump together and may cause overflow of ink (beading).

An exemplary paper (recording medium) according to

an embodiment of the present invention is described below.
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the list of standard qualities of recycled papers of
the Paper Recycling Pronotion Center nay be used. For

WQeXawp$832 chemcal pulp or high-yield pul p nmedd&/d02006/322325

recycl ed papers mnay be used as the base material.
Such recycl ed papers 20 |nclude printer papers such as
non- coat ed conputer paper, *%her mal paper, and

pressur e- aaNskbinkeaRaPeE0 LA RBPRESI SMCACB88dRhE! Ro an

paper coat ed papers such as art paper, ultra-
e G Rlght, £ Qat. egn%%%%f th R%p%fo p%%%é:l of a base
Shon-coat ed paper paper, on

per,, .note pape 25 Ietter ap ppi ng p
PRy Bl A A \?% f%o%ﬁééﬁ ¥ A8 ot the
PCT/JP2006/322325 -50 paper, newspaper, woody paper,
boge Mfgeid e 1| Paiss §ﬁﬁque“§éﬁéﬂ fﬁ&%@‘%ﬁ@t@ ym may
paper, and m |k cartons. The above substances may be
h@@@d&d@ﬁbﬂaﬂ&ﬂlbﬁyara-n conbi nati on. Normal |y,
recycled pulp is made by the followng 5 four steps:
(1) A defkbeatimgtstrepiof breaki ng down used paper
into fibers and separating ink fromthe fibers by

using a prehapkCalakerGg1and iy Ched calgdd af@yl PEhe base
(2) A dust renoving step of rempving foreign

rr%‘&‘%%. ricec?etﬁesryocfh Sof! ARL! Phrggged%‘? d‘h J_edexample a

or exanp SCr ee eaner

3 Ki t f I'ling th d
&e)s&rf%ﬂ BRpeP, SAPHS FagF o&ﬂz&?cﬁg ?%f%ha ed DY oven

met hod aor .a cleaning nethod. 15 (4) A bl eaching
fﬁ‘é’trﬁérd"@flrﬂlyeé@ﬁengo HE G b%‘?% %ynthetlc fibers may be used.

A sheet of paper may be made of wood pulp or
recycled pulp. Examples of wood pulp are leaf bleached
kraft pulp (LBXP}, needie bleached kraft pulp (NBKP{, NBSP,
LBSP, GP, and TMP.

As materials of recycled pulp, recycled papers in
the list of standard gqualities of recycled papers of the
Paper Recycling Promotion Center may be used. For example,
chemical pulp or high-yield pulp made of recycled papers
may be wused as the base material. Such recycled papers
include printer papers such as non-coated computer paper,
thermal paper, and pressure-sensitive paper; OA papers such
as plain paper; ccated papers such as art paper, ultra-
lightweight coated paper, and matt paper; and non-ccated
papers such as bond paper, color bond paper, note paper,

letter paper, warpping paper, fancy paper, medium quality
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oxi di zation or reduction. Wien m xi ng recycl ed pul p
with wood pul p, the percentage of recycled pulp is

wopet/gzeddl y 40 % or [ower so that produced p&§arrawes2232s

not curl after recording. 20 As an internal filler for
the base material, a conventional white pignment may
be used. For exanple, the  *¥0ollow ng substances may be

pgggg,a%@wmg&,pi QUBRL: Mbed NOLUBBI-GaMILEE I @M simili

as preclipitated cal cium carbonate, heavy ‘cal ci um

carbonat e, kaal.in, Y, l.c, caleiu | f ate,
pﬁgﬁfumgﬁﬁﬁ?ﬁhit%i¥§%?uﬁ¥i%%%id%%jzﬁ%%kwg%§%ﬁ$b5£g§§ above
PC 1 YIJP2006/ 322325 -51 oxide, zinc sul.fide,.zinc.
SEEPEGRAES, ™FaDrn WAL & ORIy SHl ffafgrbination.

di at omaceous earth, calciumsiljcate, nmagnesium ,

si | i cat e, NeyneheYi c reiayicdged apwkd niign MpdeoXitethe following
alum na, lithophone, zeolite, nmagnesi um carbonate, or
foagnesieg®:5 hydrate; and an organi c pi gnent such as

styrene plastic pignment, acrylic plastic pignent,

pol yet hyl ene, A ge€ipeapstbestupeafr eseakiay oelanused paper
resin. The above substances may be used individually -

19k ol Ne GRNRL NaLjj 000 pAS 3R nightBiNaf rShZkRE 3AYrUSOH using a
when producing 10 the base material, a neutral rosin

si ze Us for. _neutral rmaki:ng, succinic
Etgicas (RS ai PEREE gt B or a
petroleumresin size may be used. _ Especial | a .
neutr al réé'n 8j 78°3hd %?%%% |gSL&§ﬁRﬂ(9fEMﬁ%ﬁﬂ%%ﬁg afgreion
preferable. Al kyl ketene dinper has a high 15 sizing
sebfed@ncafd (Ivtefat ePproviges 28R iSigh i Higused paper by

using, for example, a screen and a cleaner.

(3) A deinking step of expelling the ink separated
by a surfactant from thé fibers by using a flotation method
or a cleaning method.

(4) A bleaching method of bleaching the fibers by
oxidization or reduction.

When mixing recycled pulp with wood pulp, the
percentage of recycled pulp is preferably 40 % or lower so
that produced paper does not curl after recording.

As an internal filler for the base material, a
conventional white pigment may be used. For example, the
following substances may be used as a white pigment: an
inorganic white pigment such as precipitated calcium

carbonate, heavy calcium carbonate, kaolin, clay, talc,

calcium sulfate, barium sulfate, titanium dioxide, zinc
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effect wwth a small anmount. However, since al kyl
ketene dinmer reduces the friction coefficient of the

WEHWT/888320f recordi ng paper (nmedium), recordilg/ Fapyes223zs

made using al kyl ketene dinmer may cause a slip when
bei ng conveyed in an ink 20 jet recording apparatus.
<Coating |l ayer> The coatinglayer contains a pignment

ANdied bindersul ande rayiaks eaa@unaite ,a sarfmcyanteandluminum
ot her conponents. As a pignment, an inorgani'c pignent

AN 58 PX UG €2 OfmaleoRl 143019801 65PEYMRN s AN AL, magnesium
organi c pi gnent nay be used. WD 2007/052832

PCT/ JP2006/ 3 . -52. ex ol t.al .
Ty e o UM RaE8nares o3t ot D LSl bk, atunina,
carbonate, calciumsulfite, aporphous silica, ,
THCPRARRLRSY | t AFUM Wi t V2 IRRTEST unFeaPBBRGEe, ©F Magnesium
titani um di oxi de, al um num hydroxi de, cal cium hydrate, _
hydrageesi apdhydy apsdapifec hygroxt dSUGY &Rl gritenmyPlastic
be used as an inorganic pignent. Especially, kaolin
promeirdes a hkigtyligl oss slef$acte si nplgmetd,t hat poflyathylene,
of fset paper and is therefore preferable. There are -

rSeveIlpiyRes afekaokeBinf oroexamdl £mind 0 ediani natred above
kaol i n, cal cined kaolin, and engi neered kaolin made

D% U RAGL iRAild cRION ndhY RAOMIIAE B iR BBFRtion.
surface, the nmass percentage of a’type of kaolin, in

e T e

kaolin is preferably 50 5 percent or., .
the Dbase Hgtergaﬁ, %1 neu%ra& rosin 51ggr%sed for neutral

papermaking, alkenyl succinic anhydride (ASA), alkyl ketene
dimer (AXD), or a petroleum resin size may be used.
Especially, a neutral rosin size and alkenyl ;uccinic
anhydride are preferable. Alkyl ketene dimer has a high
sizing effect and therefore provides an enocugh sizing
effect with a small amount. However, since alkyl ketene
dimer reduces the friction coefficient of the surface of
recording paper (medium), recording paper made using alkyl
ketene dimer may cause a slip when being conveyed in an ink
jet recording apparatus.

<Coating layer>

The coating layer contains a pigment and a binder,
and may also contain a surfactant and other components.

As a pigment, an inorganic pigment or a mixture of

an inorganic pigment and an organic pigment may be used.



10

15

20

25

The amount of kaolin in the total amount of pignent
in the coating layer is preferably 50 mass percent or

WOorRg0s282 t he mass ratio of kaolin is |ower thedraBooss22325

sufficient glossiness may not be obtained. There is no

20 specific limt to the ampunt of kaolin. However,

when the fluidity and tfm?%%ﬁckening property of

kaol i n unggr. a.hj.gh. sheari;n ree are taken into

account, the ngssgrgfiogo%l %a%%%%’igegy fgﬁgﬁﬁym96aéP°“af9r
| ower_.in.ternms_of. coatability. As an .organi ¢ _pignment,

D R Pa oSS UDT S o SR e S BR7 258 ofcA R BxARpF LS, | amorphous
st.yrene-acryljc copolyner particles, WO 2007/052832
SPEFCFP2006 5 tEBaBiyrendlPdtadi eheoropbynecarbonate,
particles, polystyrene particles, or polyethylene
Paciileies dimp s ,usetl umheurabobedrox gdei ¢ peyoknhs hgdrate,
be used in conbination. The anobunt of an organic

mpiggeesitin hytdrettegt akind hpapokiod, pogneiMldmi ddenay be used
coating layer .is preferably 2-20 mass percent. An

2@l GaNiiGI UGB MBS ISSCr | hade @POVE, Nag. & 1 $PEELF Ges a high
gravity lower than that of an inorganic pigment and
gtl‘&%%sefﬁﬁfﬂ@vbgﬁ§larlt hﬂé;/k’tf\%'tghéﬁl QRS o‘?&tétngglagg%; and is

aving a good coatability. t he  mass percent

tggrégog%g%?égﬁe%gggnt is less than 2 percent, a

esire not obtained. If the nass

percentage, of an organic pignent is nore than 20
percent,gT%%r?l&Fﬁﬁt%e%ﬁr%lcédpﬁﬁg‘?fqﬁ?@llﬁecdﬁﬁ% esample,
|l ow and, as a result, the efficiency of a coating
dglarésatgde ragsds -amer I hEnepekarilonal aoostengilfeered kaolin

I ncrease.
made by surface modification. To provide a high gloss

surface, the mass percentage of a type of kaolin, in which
80 or more mass pergent of particles have a diameter of 2 g
m or lower, in the total amount of kaolin is preferably 50
percent or more.

The amount of kaolin in the total amount of
pigment in the coating layer is preferably 50 ma;s percent
or more. If the mass ratio of kaolin is lower than 50,
sufficient gleossiness may not be obtained. There is 1o
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

cf, for example, styrene-acrylic copolymer particles,
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Organic pignments can be divided into several types
according to their particle shapes: solid-shape,

W HH835hape, and doughnut -shape. To achi ever@rgaosh/32232s

bal ance between the glossiness coatability, and
fluidity of a 20 coating |Ii§] an organi c pi gnent
havi ng hol | ow- shaped partitlies with a void percentage

Ofy A Penoeni fe hi ghespo e AN average %éﬁetef f
bétween 0.2 and 3.0 u mis prefergble © in g%yStyrene

2001;%r O%’Sgg%%%%éz%%%%%ylgﬁé%%a mFePSSQSeghe above

a .water-soluble resin . or a mﬁter di spersible
O%%?W%%T§y€35“ﬁ§%31 YARF t ép resin may

be used deggndlng on the pur pose. For exanpl e, the

fol | owi ngTREt e#TPased HesPAs PEFADEC uFddmeRtpolipvitiyd total
al cohol ; a nodified polyvinyl alcohol such as

avivent- mofdi piigdeptl yivi mtie atecshdhg datyieon-iwdpfeédrably 2-20
pol yvi nyl al cohol, or acetal -nodified polyvinyl

reel se0 hyed v, cepiol yﬂnetolmraen,chqiwméry& Byr elsicdamed above has a
nodi fi ed pol yvinyl pyrrolidone such as pol yvi nyl

speidiglhiicdogpeavifyl 1a6Rtatend0 coRel Yoer d“fﬁ%rganlc pigment
pyrrol i done-di net hyl am noet hyl nethacry ate

aQQP°£H@Féf09@a?ﬁ£ﬂhiﬁgsVénﬁ{aQﬁlroh'ggnéloss %ﬁﬁﬁ&ng layer

di met hyl am noet'hyl "met’hacr e ‘copoFy

B ong et gl e prapyL LT LR e
o%%g%gko%%bmg%droxy%kgg éﬁgglg(§§}cégt, a desired effect is
not obtained. If the mass percentage of an organic pigment
is more than 20 percent, the fluidity of a coating ligquid
becomes too low apd, as a result, the efficiency of a
coating process decreases and the operational costs
increase.

Organic pigments can be divided into several types
accbrding 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, an organic pigment having hollow-shaped
particles with a void percentage of 40 percent or higher
and an average diameter of between 0.2 and 3.0 um is
preferable.

As a binder, a water-based resin is preferably

used.
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hydr oxypr opyl cel | ul ose; nodified cellul ose such as
cationi zed hydroxyet hyl cellul ose; polyester,

WOHINGAESH i c acid (ester), nelanmne resin, orPGRERAG6EE2325

versions of these substances; synthetic resin nmade of
pol yest er - pol yeur et hane 20 % polyner and ot her
subst ances such as pol y(netha)acrylic acid,

pol y(met ha)saer ylaaeird@a @6 diezath, StakGhter-soluble resin or a
phosphoryl ated starch, self-denatured starch,

ﬁéﬂéfuﬂfgﬁéréﬁﬁyéﬂqre%&ﬂer Qfd%ﬁiegs§8argﬂ§§’gxge of water-

polyethylene oxl de, polyacrylic acid s

i ¢ acid soda. The ab ve, 25 subst ances, may_be
éﬁé? i ndi v Sin Fduldfry 27 (4 E @%ﬁf%n V@PZO%5?0§§§§§> For

PCT/JP2006/32232? 55 Anong t he above subst ances,

SANRASY | i ohbl lowdagi oHahBAr PREAC pOFS9IRy| BF¥otke , used:
acetal -nodified polyvinyl alcohol, polyester,

Rroll ket hame coand F pok y s @i £145b| yD@l;Lryé’tllmafrle @ép@hyﬁrersuch as

are especially preferable in terns 5 of
damiorabsoiptiah patevidny typehol, mah&nodkmpdu§ubhepolyv1nyl
resin may be used depending on the purpose. For

£xapde, theotol | owideg veteidi fdisper si pbeytesyNS M 1lcohol;
be used: polyvinyl acetate, ethylene-polyvinyl

oshat & 1600l yaBh v@ﬂgﬂs%%@ﬂ?llc? YEene 1fo4;ifieq éaolyvinyl

(metha)acryl’ic es er copol netha)acry I c est

]_y dorpeOI ys\ﬂcwl ascega?ftlé/ %‘ézgzgl)p crrr%lll% acl C\irﬁ(neslt era)cetate

rrer styr ene mer, an e

ro Iene copol yner ol yvinyl eth and
Cgﬁi C#%ﬁ'??er'acr ylic %B}Sgl yrer. RYE gﬂdd:insepéjﬂﬂe&lhé’%r}?ethyl
contain a cross 15 linking agent such as_nethylo
mﬁgQﬁﬁqﬁ;am%thyp@plymer, quaternlzed vinyl pyrrclidone-

dimethylaminoethyl methacrylate copolymer, or vinyl
pyr;olidone—methacrylamide propyl trimethyl ammonium
chloride copolymer; cellulose such as carboxymethyl
cellulose, hydroxyethyl cellulose, or
hydroxypropylceliulose; modified cellulose such as
cationized hydroxyethyl cellulose; polyester, polyacrylic
acid {(ester), melamine resia, 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 scda, and alginic acid soda. The above

substances may be used individually or in combination.
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hydr oxypr opyl ene urea, or isocyanate. Al so, a self-
crosslinking copolyner containing a unit of nethylo
WQeHy0a¥8te may be used as a wat er-di spersi bl eraBSiI2M06/322325

Two or nore of the water-dispersible resins described

above may be 20 used at the same tine. The mass ratio

of the water-based resin to 1he pi gnent in the

coating | ayehg stpeef ghapty 23890:40,400: . and

nore preferably 3:100 to 50:100. The ano&%g'a?jﬂﬁé alcohol,

Mt € RasedrLsi n i : ting r.is determned .. .

so 25 that the qud?%é%.%%f%tiona§§¥go%f a r@@&glﬁnEOdlfled
j.um f.al 007/ 052832 PCT/ JP2006/ 322325 -56-

pvréﬁs}t#ﬁ“é p‘J’r‘JZ?C\)é]?‘D% 1 epPgHSS%eﬁherPOalWe&had}egpe%?bP@lyeSter*

cql orant is used, whether to mx a cationic organic

R HaRe PR HaRe T | areopEipsrdlRl WWorpredmiele in terms

primary to tertiary amnes that 5 react with sulfonic

ogr s 2hearpoRpin ged@ps, or amino groups of a direct

dye or an acid dye in a water-soluble ink, and form

i nsol ubl eAsal thyper af MaReRR’-diGHcgTRLe Ofes PRI WIBN 1 useq

quarternary ammoni um salt may be used. Anbng them an.

deblegaiiely and theP PP sOf BUArLLLNST Y, APFONENM (10, warer-

salt are especially preferable. As a cationic organ?c

agarReune,) ot he 0l | ow subst a may be used:

di%gthylaﬁine{ep%c | or 0 ydr?% g%%%%bndéﬁgé?@f“”‘ acetate,

di | ami, ne- ni a-epi chl or drin condensate,
epkér[}?te e ??%9%& Y ANNGEHyA -%%?%‘iﬁ'at%%ﬁsstyrenef styrene-
(qugcg%l)sul fitt e), diallylam ne_hydrochl oride-acryl am de

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
hydroxypropylene urea, or isocyanate. Also, a self-
crosslinking copolymer containing a unit of' methylol
acrylamide may be used as a water-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

~

that the liquid-absorption rate of a recerding medium falls

r
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copol ynmer, poly (diallylam ne hydrochl oride-sulfur
di oxi de), polyallylam ne hydrochlorid, poly
WQ 207452884 ne hydr ochl ori d- dial |yl anine hydr ocRiosH20)322325
acryl am de-di al I yl am ne copol yner, pol yvi nyl an ne
copol ynmer, di cyandi am de, %9 di cyandi am de- ammoni um
chl ori de-urea-forml dehyde %ondensate pol yal kyl ene

waalhsaman @l feyandicanideyammoni um  salt consensat e,
di met hyl diallyl anmmoni'um chloride, poly  diallyl

met hyl a hyd L-oryis ( L1yl dlneth
annnnlunryﬁ%8r¥dgg%%r Blg?&l ?FXE %O%SF% eSWIf@Ether
%pI%E&Qe sulf r, dIOXId poly (diall dlneth I . _
anmoni um WO dffﬁé?S? ISEHIPEOB) 250 . ?ﬁe binder is
Chlorgﬂf dlaIIyI am ne hydrochl oride derivative),

-def@iral FYRMAL fret hPF 1 BAFDNI ben cCHEOFiaky amines that
copolyner acryl ate-acryl am de-di al lyl am ne-
fﬁﬁ@ﬁocﬁﬂ@hldéuééﬁﬁuyweQroupahyethwbammﬁ ngroups, or amino
et hyl eni m ne derivative such as 5 acryl am de pol yner,
gapapsodi ff | ed dpaleyet hyyenbri e adkylieage oxi dg. whkher- ~soluble
above substances may be used individually or in
ieanbidved | @6rml tirds pnefer ahhe;t g usg ?no‘h%txrleQm Coligomer, or
organi c conpound w th a | ow ol ecul ar’ MEIght such as™’
@Q?ﬁ%?ylﬁﬁ‘@%afyg ﬁngggh” QQ{QC%% o %gﬁﬁgﬁi Among

aIIyIanlne hydr oc a cation
ound relatlvel h cul ar _wei ght such
t%%“‘éoly (% |_\%\e‘r dFfgt 1y |¥’85r¥%ﬁ| “unPEnI BRAHS aFy  ammonium
Zgblnatlon ggared Mﬁth a case where onIy one
Sgati 8nFc BPGaNPE ¥ oRpEGREPS Cused, 15 using cationic

or gani c conpounds i n conbi nation inproves
a cationic organic compound, the following

substances may be used: dimethylamine-epichleorohydrin
polycondensate, . dimethylamine-ammonia-epichlorohydrin
condensate, poly (trimethyl aminoethyl-methacrylate
methylsulfate), diallylamine hydrochloride~acrylamide

copolymer, poly (diallylamine hydrochloride-sulfur dioxide),

pelyallylamine 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
ammonium chloride), poly (diallyl dimethyl ammonium

chloride-sulfur dioxide), poly (diallyl dimethyl ammonium
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I mage density and reduces feathering. The equival ent
wei ght of cation in a cationic organic conpound
WO RYEIOMS32 by the colloid titration nethod (perdosrmess22325
usi ng pol yvi nyl potassium sulfate and tol uidine 20
blue) is preferably between and 8 neq/g. Wth an
equi val ent weight in the abole range, the dry deposit

dRssri pf -4 e ot | oni gpgrgani c H?&P@Hl@ﬁo%iﬂ}%ﬁ%: WL A ive),

preferable range. In the neasurenent o

[val ent_ wej of . catiaon, the cationic organic
SoE TG a8 200 0bguss R AR T 1ymer,
PCT/ JP2006/ 322325, -58 distillated water so that the
A o e L3 44 GOt of BEC oMY b Agage copolymes,
percent. No pH control is performed. The dry deposit

Y kel s oni ¢ sdhyasnéniasmpouddrisapieter abbych as

between 0.3 and 2.0 g/n2. If the dry 5 deposit nass
aofr wlwenicd | polgmer gannd compioiinet! | pol paehylBANMONE alkylene
g/ n2, sufficient inprovenent in inmage density and

siffdd CiEé EBdUet sQBstAnteat Reri N NBYedOt nB€vidually or in
achi eved. Any type of surfactant may be used depending .

b it e pose. For exanpl e, an anion surfactant, a
cation 10 surfactant, an anphoteric surfactant, or a

noni oni ¢ rfactant used. Anpng the above, )
surfactan?g, g% nlﬁéﬁgggé%ﬁfé%?an?s?s dsp&Citalfyc organic
Cprefera | e. A@digﬁ'a urfactant .i pfproves wat er, _
BN B Hhef deRdTRY Of U amt YRGBT SHEDt Rér fjpethylamine-
reduces bl eeding. 15 For exanple, the foll ow ng

STIIRIEC g act ant £olycondensate ox pelyallylamine

hydrochlorid and a catipnic organic compound with a
relatively-high molecular weight such as poly (diallyl
dimethyl ammonium chloride) in combination. 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 egquivalent weight of cation in a cationic
crganic compound obtained by the colloid titration method
(performed using polyvinyl potassium sulfate and toluidine
blue) 1is 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 within a preferable
range.

In the mneasurement of the equivalent weight of

cation, the <cationic organic compound is diluted with
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may be used: higher . al cohol ethylene oxide adduct,

al kyl phenol ethyl ene oxi de adduct, fatty acid ethyl ene
WKiodesS2Edduct , pol yhydric al cohol fatty acid iTéP2006/322325

et hyl ene oxi de adduct, higher aliphatic am ne

et hyl ene oxide adduct, 20 fatty acid am de ethyl ene

oxi de adduct, fatty oil et ene oxi de adduct,

Atdniliang oKide adducty 1oft fate polyorepitene idl ¥eel solution

et hyl ene oxi de adduct, glycerol fatty acid ester,

HReibaer W A infls R 3CT ¢e He%@ﬁ%%aytfg;ﬁgyfﬁﬂﬁﬁﬁ.
fatty acid ester, sucrose fatty acid ester,

pol yhydri ¢, al cQhaol 25 al kyl ether, and..al kanql.am.ne .
Patly aci A8 46 e Sbove T 5067 053s TR organic
PCP/ JP2006/ 322325 -59 substances_nmy be used |,

GOREARL &S ypla%f%ﬁbldbn%%‘é%%noﬂpapgh?dpi 8/H# cohbl the dry
is not limted to a specific type and any type of
deslopiyrdmias sal cohdie negt benis edrgaependprgosndt heé lower than
pur pose. For exanple, glycerol, 5 trinethylol propane,

opent apimft hr Ehéfistdehtt oimpepveneaose inmaynbgeusednsity and
Et hyl ene oxi de adduct nmay be made by replacing a part

sQff fatddrane oxicda ou tih R alHediene i S weEh Ashieved.
propyl ene oxide or butylene oxide to the extent that

he et Shngolipld 1Ly caal-rabtected. pIne fa captagting on

of the 10 replaced part is prefera 50 percent or
L ower . _The hydrophile-lipophile halange (HL f a .
TR BRFROSG: [ San e efp sl Pty | Bl eR et agl & cation
and. nore preferabl between 7 and 13. The mass ratio

SO @3- ad\frf actAnt NORETASt | oPFEL29520F ganitE cofpotirgionic
isfpreferably 0: 100 to 10:100, and nore
surfactant may be used. Among the above surfactants, a

nonionic surfactant is especially preferable. 2Adding a
surfactant improves wafer resistance and density' of an
image, and thereby reduces bleeding.

For example, the following nonionic surfactants
may be used: higher | alcchol ethylene oxide adduct,
alkylphenol ethyléne oxide adduct, fatty acid ethylene
oxide adduct, polyhydric alcohol fatty acid ester ethylene
oxide adduct, higher aliphatic amine ethylene oxide adduct,
fatty acid amide ethylene oxide adduct, fatty oil ethylene
oxide adduct, ethylene oxide adduct of fat, polypropylene
glycol ethylene oxide adduct, glycerol fatty acid ester,
pentaerythritol fatty acid ester, sorbitol-sorbitan fatty
acid ester, sucrose fatty acid ester, polyhydric alcohol

alkyl ether, and alkanclamine fatty acid amide. The above
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preferably 0.1:100 to 1:100. O her conponents may al so
be added to the coating |ayer to the extent that its

WQRPANEBEEous effects are not undermined. Exanpiie=omf’22zes

ot her conponents include additives 20 such as an
al um na powder, a pH adjuster, an antiseptic agent,
and an anti oxidant. The nethod of form ng the coating

shayefarce Nay Idariied o8 SRRGI1NC JPLhod o A ion.
exanpl e, the coating |ayer may be forned by

I mpr egnat i S ial _with 25.a.coating e
liquid or?%gygggfg?nglgﬁﬁgéhi%a f*%ﬁiglﬁ%g?ﬁetﬁi)a specific
7/ Q52832 PCT/JP2006/.322325. -60 bas terial. For

£ %% i@ﬁﬁggﬁgﬁioﬁyggr 35p|?8§??8ﬁr6F aaiéggpﬁng“PWQUpﬁ, used
a coater such as a conventional size press, a gate
dependdinge pP8ss, thefi | RPEPRASHer §P¥e prESEPle, bl addycerol,
coater, a rod coater, an air knife coater, or a

tyaresiny 15 lpgarenenny pbatasedthidditrg asoobientli,onalr surcose
size press, a gate roll size press,- or a film

mbyahsf ersesi.z & prdsmeatdaichetidducia m@pete MBgAENByf @Eplacing
the inpregnation or application of a coating liquid -

amgya it poave: thiel @fd | ekeReY Pt NenPrPoesSndNdiSe such as
therefore preferable. 10 There is no specific [i'mt 10

pkB8yaghuNio Ofad oEORKINA AUl di 00 the base mmterd alo. oy

However, the sol | ontent of a coating Tiqui

rial.is .preferably. between 0.5 and 20 g/ n®,
wg%?rmn%éef%é]éjf%tr%bllys %%fw@é#e%egﬁ-d Tgeg/%%?c%‘égg?hé’f the
sohid ontent of a coating 15 Iiguid on the base
TR 8FF§| PerfesdSt hBREHSE2PLHR, SPhePERRENt or lower. The

hydrophile~lipophile balance (HLB) of a noniocnic surfactant
is preferably between 4 and 15, and more preferably between
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 coﬁponents may also be added to the coating
layer to the extent that its advantageous effects are not
undermined. Examples of other components include additives
such as an alumina powder, a pH adjuster, an antiseptic
agent, and an antioxidant.

The method of forming the coating layer is not
limited to a specific method. For example, the coating
layer may be formed by impregnating the base material with

a coating liquid or by applying a coating ligquid to the
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absorption rate of the paper is reduced and, as a
result, ink overflow and bl eeding may occur. Wen the

Wagap)7@sesht ent of a coating liquid on the basecriroo632sas

material is nore than 20 g/ nR2, the paper is not
easily fol ded or becones uqégitable 20 for

handwiting. After the inpregnation or application of

Eb@@ahhﬁ@ribthiﬁ@rth§m§0§ﬁb99ghhgybg'Wﬁy.gﬁ quiedson of a
The tenperature for this drying process is pre erabe

d 25 b Is_pot limted.to the,
%%%C|F%cﬂ$2ﬁg€i %59?%%egxg%%+a?§ %eE8P ohg 8ﬁuﬁﬁﬁ§ypressf
aI%%:have‘ﬁ WD 2007/ 052832 PgTaéPZOOG/SZZSZS -61 back
T a2t o the® batkPoE Ehe® bAL M mhf BPFAPT ghdcoPRess, a blade
| ayers between the base material and the coating |ayer
St et weerF @heCBat8T matadY | Al r afkdritise paskelayer a curtain
Also, a protective |layer nay be provided on the
Tudtdhgrd ayes . udadh Bsofigthecbayensionylbeieenpesed,ob gate
one layer or multiple layers. In addition to an ink
yedtl recor dpngs gpdodma aym HeCOTdidg B UPYeEOr attached to
exanpl e, coated papers for offset printing or gravure -

Prpbé AYmaltdMinRg €0 Pr eher abl s ddiit &y 1Qra%ﬁyglatéac&|10n of a

rate as described above may be ‘used. Wen

. ' ' b ht. i
cﬁ%ﬁﬂHgﬁrilﬁﬁfgrQEU. gﬁ FOPL VRS o ggﬁghtl%¢g§géﬁogﬁggéﬁgocess

with an 1 nk accordin 0 ah enbodi

a%%Y§@tE$% %&%H%g%%%gbékgﬁﬁﬁnount of the ink

transf e ‘ary recordi ng nmedi um

measured by 15 a dynam c scannin%.absorptoneter was
bet ween 2T§ﬁ864dfhipﬁ2.59301flc imit to the amount of a

coating liquid on the base material. However, the solid
content of a coating liguid on the base material is
preferably between 0.5 and 20 g/m?, and more preferably
between 1 and 15 g/m‘. When the solid content of a coating
liguid on the base material is less than 0.5 g/mz, the ink-
absorption rate of the paper is reduced and, as a result,
ink overflow and bleeding may occuxr. When the solid content
of a coating liquid on the base material is more than 20
g/m®, the paper is not easily folded or becomes unsuitable
for handwriting.

After the impregnation or application of a coating
liquid, the coating 1liguid may be dried. The temperature
for this drying process is preferably between 100 and 250 C,
but is not limited to the specific range.

The exemplary recording medium may also have a
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This value is preferably between 3 and 30 m /nR2. The
anpunt of pure water transferred onto the exenplary
WQ AW3PR8H nedium at a contact time of 100 nsPGEIP2006/322325
preferably between 2 and 45 m/nR2, and nore
preferably between 3 and Qp]gj/nﬁ. 20 When the anount
of transferred pure water o ink at a contact tine of
bEQX nalyersmal | ehet Nadck he rprehier i haRAesaReadiNg other
may occur. \Wien the anount is |arger than -the
1BRR5Er abl @, dangenet he A anBter; of b?nae%%redecdoétnjé’kgd%aé%er or

may becone snuller than a preferable dianmeter

50052830 TS PODU 20528 10 a5 Pni B2E6nt =N ( RLSO,

an_ink .accaording to an enbodi nent of the present
PERVERTITR 6% 4004k P Heraififrf ©F the FARting layer. Each
transferred onto the exenplary recordi ng nedi um

Ofpasit® ed e sa WoHaric seoapnisag abBorgmeonbéperwasr multiple
between 3 and 50 mM/n2. 5 This value is preferably

lpgewsen 4 and' 40 m/nR. The anpunt of pure water
transferred onto the exenplary recording nediumat a

contact tIfeaelitQ@nstd Sapraffr abby belweennd Al any
m/n2, and nore preferably between 4 and 40 ni’/ nt.

r¥6erdiRe apoyNgn Of &%@n%&%%bgg,puéﬁﬁggafﬁg%&Fkgkfo%o of fset

at a contact tinme of 400 ne IS smm

pPEELERAIS, £A0gG,  dryi AP AYRe e rorape Liquid-

Insuffrcient and spu r Y

ﬁgnun%,is Iagger than the preferable range, bl eeding
Hay BECOP ARGSt AE GFOSSHREEsaBPVENTPiagE U&Ffer dried

may beconme | ow. 15 Dynani c scanni ng absor pt onet er
( DSA: JAPRRETTAPRE eXemplary recording medium was brought

into contact with an ink according to an embodiment of the
present invention ‘for‘ 106 ms, the amount of the ink
transferred onto the exemplary recording medium measured by
a dynamic scanning absorptometer was between 2 and 40 ml/m?.
This wvalue is preferably between 3 and 30 ml/m®. The amount
of pure water t£ansferred onto the exemplary. recording
medium at a contact time of 100 ms is preferably between 2
and 45 ml/m?, and more preferably between 3 and 30 ml/m°.

When the amount of transferred pure water or ink
at 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.

When the exemplary recording medium was brought
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JOURNAL, Vol une 48, May 1994, pp. 88-92, Shigenori

Kuga) is an apparatus that can accurately neasure the
W(b?‘f%”ﬁzs%ﬁ a liquid absorbed during a very sHWIJIP2006/322325

period of tinme. The dynam ¢ scanni ng absor ptoneter

directly reads the 20 absq&gﬁjon speed of a liquid

fromthe novenent of a neniscus in a capillary and

iagbommintcalt W nEasak esnkhaccaraynly &y the &bk fhuent of the
absorbed. The test sanple is shaped Ilike a disc. The

pI¥R3ILC §630RIAGHADFREPL QEBE e SCanst hg oLfi3; 33MLEe ik
by noving an |iqui d-absorbi'ng héad splraFﬁy 5 over

anpl. e d there measur es.the anmpunt of the

R SG60 F B85S POTT FOGUR EPah oo COBAI Y gl WbsBrBEdTed by
at, as nmany points as necessary. The scanning speed is )
2V HRBL Cc SFPYPERENGEE CXPLOFEITRS 16 Sa bemeddt & mnseP0 ml/m®.

attern. A liquid supplying head that supplies liquid
TgéstWélpésﬂﬁﬂﬂﬁﬂﬁ?ﬁ%@kﬂnﬁﬂiﬂ%ﬁhVﬁaaad54wemﬂdm2. The amount
(registered trademark) tube to the capillary.
oPosptrenswatet het mem Setised n driite capid | akgmd@ry recording
automatically detected by an optical sensor. In the .

maloud aexperddfiict at ti@apEC 190amy NG absoF o Chetween 3
(K350 series, type D, Kyowa Co., Ltd.) was used to

=fBasyr g1yhe, ampyntoof I%P?féf‘é‘éi?%@@w@é'ﬁed “Qﬁ&!‘zzgfm%/mé
ans n a a

i nk. The anmount of tr erred ~pure water or

contact ty 0 0 r 400 _nB_ | obt,ai ned b .
interpola$$%%,£aéi%§g%ﬁ§ f%§n§¥%?ﬁgﬁr5ﬁguﬁP§e ﬁéﬂ§ﬂ?eﬁr ink
t time points aroupnd, each cqontact tine. The

aﬁeﬁs SHETE W' 9e? ¥ of Hed™Pn 1&n SBRAiYgnridital the preferable

condition of 15 23 C and 50 %H.
range, drying property becomes insufficient and spur marks

may appear. When the amount is larger than the preferable
range, bleeding may occur and the glossiness of an image
after dried may become low. |
Dynamic scanning absorptometer (DSA: JAPAN TAPPI
JOURNAL, Volume 48, May 1994, pp. 88-92, Shigenori Kuga) is
an apparatus thaf can accurately measure the a&ount of a
liquid absorbed during a wery short period of time. The
dynamic scanning abscorptometer directly reads the
absorption speed of a liquid from the movement of a
meniscus 1in a capillary and automatically measures the
amount otf the liquid absorbed. The test sample is shaped
like a disc. The dynamic scanning absorptometer scans the
test sample by moving an liquid-absorbing head spirally

over the test sample and thereby measures the amount of the
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The grammage of a recordi ng medi um according to an
enbodi nent of the present invention As preferably

WQNE&®32 50 and 250 g/ n2. When the granmage iBCHASS06/322325

than 50 g/ n2, the strength of the paper becones | ow
and the paper nay be 20 jamned in an inmage formng
apparatus. Wien the granmage is nore than 250 g/ ng,

g 5ot 1 engidvinda thex papsr BEGEeSo100; Migh h@c@%gsg%‘? The

to bend al ong the paper conveyi ng pat an im

f Or-miing, apparat us .an | aped., WO 2007/ 052832
S IE9006 555328 -%ﬁ%@?,ﬁcgﬁf@e‘ﬁ%ﬁ‘%ﬁgi He5iE g o a

recording lijquid accordi ng, to an enbodi.nment of the
pp%regis?gr?tﬂﬁl%\%#wti%%%F%rndesg%i bEU L4 Nk SUPBLKA NGk head  that
accqording_to an enbodi nent of the present invention
SEBRtASs At dPédst thatldte &eed ofamPleantls a cdnmectant via a
and may al so include a penetrant, a surfactant, and
Tether conponettesedThet sadémaek! ensizbe oftcan tihk capillary.
according to an 10 enbodi nent of the present
Pomienbnen abf25 €hes pmeheeabky batweeRel5 @Eﬁviﬂgary are
nMY m and nore preferably between 20 and 35 m _

aMbhenatheasurf ace dansi opy obnandik-45 Legsihan 15
M/ m the wettability of t he négzle-plate ?o'tﬁgliEﬁ? above

oPESeTRSaon 1 Blvodec ookl B ALORBIT., LS ories

ormed 15 nor ma bl f_occ_ r et

B, U S o o T A0S S Y T o
tggrrugftegggd4opung\g mwagzgg or ink. The amount of transferred
pure water or ink at a contact time of 100 ms or 400 ms is
obtained by interpolation, using the transferred amounts
measured at time poinfs around each contact time. The
measurement was performed in an environmental condition of
23 C and 50 $RH.

The grammage of a recording medium according to an
embodiment of the present invention .is preferabiy between
50 and 250 g/m?. When the grammage is less than 50 g/m?, the
strength of the paper becomes low and the paper may be
jammed in an image forming apparatus. When the grammage is
more than 250 g/m?, the strength of the paper becomes too

high to be able to bend along the paper conveying path of

an image forming apparatus and may be jammed.
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penetration capability of the ink is reduced, beading
may occur, and the drying tinme may becone | onger. 20

WORY7988Pace tension of an ink is measured, foscrar2006/322325

exanpl e, by a surface tensioneter (for exanple, CBVP-Z

of Kyowa Interface Science Co., Ltd.) with a platinum

plate at a tenperature of @ C - Colorant 25 As a

col orant, naxRi gEBNLxRoA%Ee, aRd GOk : 07/.052832

PCT/ JP2006/ 325325 ?gspparyicﬁesqnagggglﬁggéqul 3

i-ndi vi.dual.l i . _conbi natjon. As col ored particles,

Aol 2 b AR e e vEneion ¥
icraparficles containing at | east a pignment or a dye

%gfcgagﬁF%rant is preferably used. 5 "Containing" in

this case neans that a colorant is encapsulated in

t he pol ynBENfPcroparticles, a colorant is absorbed by

the pol ynmer mcroparticles, or both. However, a

col orant Amy imét decmetiessard | yneredpsibried ¢N Ohe present
absorbed by polynmer mcroparticles, but may be

idvepeised conadil@ epwl siedsas LaR@ras the baswhtikNd ang &
i nk has characteristics suitable for the present

huRkeREheN. Ay W) eh158S9LuRl 8601, éﬁﬁgé a%Fbya surfactant,

wat er - sol ubl e col'orant that can be sorbe
I ] rticles may be used dependi ng on the
aggr%ggg?nk%@gg??ﬁkgdluble" or "poorly water-sol ubl e"
in 15t 'ﬁ case indicates.that the maxi num anount of
a col oran ettﬁﬂréﬁiﬁ’dF§§8F98 i P witer 1AK gaccording to an
temperature of 20 Cis less than a mass ratio of
enpodguepeolodr drite viaeesgnt Alswention at 25 °C is preferably

between 15 and 40 mN/m, and more preferably between 20 and

'35 mN/m. When the surface tension of an ink is less than 15

mN/m, the wettability of the nozzle plate to the ink
becomes too high. As a result, ink drops may not be formed
normally, bleeding may occur on a recording medium of this
embodiment, and ink jet .stability may be reduced. When the
surface tension 5f an ink 1is more than 40 mN/m, the
penetration capability of the ink is reduced, beading may
occur, and the drying time may become longer.

The surface tension of an ink is ‘measured, for
example, by a surface tensiometer (for example, CBVP-Z of
Kyowa Interface Science Co., Ltd.) with a platinum plate at
a temperature of 25 C.

- Colorant -

As a colorant, a pigment, a dye, and colored
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"di ssol ve" nmeans that no separation or sedinent of a
colorant is identified on the surface or bottom of the

WOQQRMSHFI$B2 on by eye observation. The vol une aVﬁ@fnw@mmszxng

particle dianmeter of a polymer mcroparticle (colored
particle) containing a colorant is preferably between
0.01 and 0.16 u min an i nk&@3Wen the volune aver age

r I 25

LS A0S SRl B i wigh
and, WO 2%97/0 832 PCT/JP%906/322325 -66 as a .
resul t, blébézﬁé”ﬁﬁy BEEIF61° 1t R 13O Y S isiparad ot liquid

k may becone | ow. Wen the vol une average
Cbgr??QY‘EerdWéﬁéPéﬁrtécﬁﬁﬁeCpﬁéﬁl@lm W tm lewzlz| espigyent or
be cl ogged or col or devel opnent of the ink may be
3 fHividedt ®lxrantcoloramfefadrlexeaqle, a
wat er - sol ubl e dye, an oil-soluble dye, a disperse
dye, or a“pogrennimgy be tusedcade aelnsohphle d¥&13Wnt is
a disperse dye is preferable in terns of

dﬂﬁﬁﬁ@ﬁﬂyﬂ@iyl@n@h%n%%%ﬁﬁég'ﬁﬂcrépﬁkgggﬁgs a colorant is

preferable in ternms of the light resistance " of

HERgs, en | absorbe

aLo ynéardlq3 cropa t| QF £{%£8%n%%n ¢ oﬁyg g%luﬁpgever' a
dd o nlc S vent such, as a ketone sol vent, is

prefe rgb }édri € Moress YroPRCpPerEf hefly 1 BePReaksorbed
bgo ang 600 15 As a_water-sol ubl e dye, a dye

dat E§orT'sEd ﬁé%ﬁpaééﬂalaye avdi rexy e, dispsasied in an

dye, a reactive dye, or a food dye in the Col or Index
eﬁﬁ}sB@nuggﬂ lggge@aﬂtﬂe gedyéting ink has characteristics

suitable for the present invention. Any water-insoluble or
poorly water-soluble colorant that can be absorbed by
polymer microparticles may be used depending on the purpose.

“Water-inscluble” or “poorly water-soluble” in
this case indicates that the maximum amount of a colorant
that can dissolve in water at a temperature of 20’%3 is less
than a mass rafio of 10:100 {colorant:water). Also,
“dissolve” means that no separation or sediment of a
colorant 1is identified on the surface or bottom of the
solution by eye observation.

The volume average particle diameter of a polymer
microparticle (colored particle) containing a colorant is
preferably between 0.01 and 0.16 um in an ink. When the
volume average particle diameter is less than 0.01 um, the

fluidity of polymer microparticles becomes very high and,
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with high water-resistance and high |ight resistance
[ preferable. 20 For exanple, the followi ng acid

i s
WQyHI/05¥32 f ood dyes may be used: C 1. Acid Yedtt/emod/s22325

23, 42, 44, 79, 142; C. 1. Acid Red 1, 8, 13, 14, 18,
26, 27, 35, 37, 42, 52, 82, _87, 89, 92 97, 106, 111,
114, 115 134, 186, 249, 25@6" 289; C. |. Acid Blue 9,

&, a45esggt Zﬁgeeglnb m%y(%§§@§509 t%é @aggt %%ﬁi%@ﬁnce of

94: C. . Food Yel low 3, “4: Foo

@‘9@7/@? 1P%é3‘ggo%/322ﬁ“ 0% oot hg-tPrage Particle

Food or exanple

yes nﬁy used: C. 1, D rect Yellow 1, 12, 24, 26,
éi?m%ﬁﬁ 5bﬁ BBre {3@n 13216 140m, 14922¢5| may rleet cRegged or
1, 4, 9, 13, 17, 20, 5 28, 31, 39, 80, 81, 83, 89,

St z%eﬂel@pmentuqfedthemaﬁgenaméve Jghiggted2; C |

Direct Blue 1, 2, 6, 15, 22, 25, 71, 76, 79, 86, 87,

90, 98, 163,&Hﬁplqg@ntZOZDramkaﬁpﬂe,'i]w&céeramkble dye,
19, 22, 32, 38, 51, 56, 71, 74, 75, 77, 154, 168,

ah?lollgsEDﬁbEéan‘mee &heilfs@:lér@/é ngy@sﬁsbfr dé/e?l%ﬁénk%e may be
used: C. |. Basic Yellow 1, 2, 11, 13, 14

23n0 24 12 32 .3 4 ,
%’?d 63An6§iﬂ"legolg§§e7§g’e 7%“179 dégpeg% g 9% g’%eferable

2 "1 3. 24 27. 29,
S R Y 3@% <E3ergglafioge. Motigaent is
2, ,102, 104, 109, 11 Basic Blue 1, 3, 5,
p;%f@%a?f oo Mg "Of7 U 12&?“54“%12“8653@ 66 ey image
89, 715,77, 78, 89 92, 93, 105, 117. 120, 122, 124,

fzf@

To be efficiently absorbed by polymer
microparticles, the amount of a dye soluble in an organic
solvent, such as a ketone solvent, is preferably 2g/1 or
more, and more preferably between 20 and 600 g/1.

As a water-soluble dye, a dye categorized as an
acid dye, a direct dye, a basic dye, a reactive dye, or a
food dye in the éolor Index may be used, Especiélly, a dye
with high water-resistance and high light resistance is
preferable,

For example, the fellowing acid dyes and food dyes
may be used: C. I. Acid Yellow 17, 23, 42, 44, 79, 142; C.
I. Acid Red 1, 8, 13, 14, 18, 26, 27, 35, 37, 42, 52, 82,
87, 89, 92, 97, 106, 111, 114, 115, 134, 186, 249, 254,
289; C. I. Acid Blue 9, 29, 45, 92, 249; C. I. Acid Black 1,

2, 7, 24, 26, 94; C. I. Food Yellow 3, 4; C. I. Food Red 7,
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137, 141, 147, 155; and C. |. Basic Black 2, 8. For
exanple, the follow ng reactive dyes nay be 20 used:

W@Ez00p/05388%hcti ve Black 3, 4, 7, 11, 12, 17: C. RCT/IP2006/322325

Reactive Yellow 1, 5, 11, 13, 14, 20, 21, 22, 25, 40,
47, 51, 55, 65, 67; C |. Reactive Red 1, 14, 17, 25,
26, 32, 37, 44, 46, 55, 60,66, 74, 79, 96, 97; and

. 14; Rerctd ver Bl Biadbk 4, ¥4, 15, 23, 32, 35, 38,
41, 63, 80, 95. 25 Any pignent, either an inorganic

pi gment o n /0 2 1 JP2006/,322325 - 68
organi c p?&%en%%%ﬁgggbeaﬁggdfgggg# % g gErFﬁé pﬁ¥%%sé¢“’ be
Far, exanple, the follow ng inorganic, pi nt.s. na be
Uﬁf%%:&?it;ni&HF&%?ﬁé%efi%% gki&%f é%?tiggfcéﬁboﬁé e, 20, 86,
bari um sul fate, al um num hydroxi de, barium yell ow,
18dmidid 5 +&8;, éRfonE -yell owirefld Bafbém W.ack. MNmong7, 20,
them carbon black is especially preferable. Carbon
28-acks ppdduBld By ,a 8xontAct 2&Bt he@7:a d.urhaceirect Orange
nmet hod, or a thermal nmethod may be used. The

2f601 120w rép ,orlge aC pi prept secf oplexanpl 2, sRy15}02be 25, 71,
used: azo pignent, polycyclic pignent, dye chel ate,

78,11 pg pi GEENt 87Ni tgOSOopi, gMESE, ard anibyne Ackg o 1,
Especially, azo pignment and pol ycyclic pignent are

pRLefer abl £y an,azo-,pi gnent , - f or . gxanpl e, azo, | ak
pignEnt,é%%sﬁ?%blégézg@éigﬁgnt?{boagénggd é%g 8?%heﬁ?f 154,
195 1§7Qhelate azo pignent nmay be used. As a polycyclic
glgnentf for exanpl e, phthal ocyani ne pignent,

peryl ene pignment, perynone pignment, anthraquinone

pi gnent , gﬂFnﬁﬁ?WHBﬁe he feollowing basic dyes may be used:

C. I. Basic Yellow 1, 2, 11, 13, 14, 15, 19, 21, 23, 24, 25,
28, 29, 32, 36, 40, 41, 45, 49, 51, 53, 63, 64, 65, 67, 70,
73, 77, 87, 91; C. I. Basic Red 2, 12, 13, 14, 15, 18, 22,
23, 24, 27, 29, 35, 36, 38, 39, 46, 49, 51, 52, 54, 59, &8,
69, 70, 73, 78, 82, 102, 104, 109, 112; C. I. Basic Blue 1,
3, 5, 7, 9, 21, 22, 26, 35, 41, 45, 47, 54, 62, 65, 66, 67,
69, 75, 77, 78, 8@, 82, 93, 105, 117, 120, 122,‘124, 129,
137, 141, 147, 155; and C. I. Basic Black 2, 8.

For example, the following reactive dyes may be
used: C. I. Reactive Black 3, 4, 7, 11, 12, 17; C. 1I.
Reactive Yellow 1, 5, 11, 13, 14, 20, 21, 22, 25, 40, 47,
51, 55, 65, 67; C. I. Reactive Red 1, 14, 17, 25, 26, 32,
37, 44, 46, 55, 60, 66, 74, 79, 96, 97; and C. I. Reactive
Blue 1, 2, 7, 14, 15, 23, 32, 35, 38, 41, 63, 80, 95.

~

Any pigment, either an inorganic pigment or an
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pi gment, di oxazi ne pignment, indigo pignment, thioindigo

pi gnent, isoindolinon pignent, or quinofraron pignent
WRHP7AR8Ee used. As a dye chelate, for exanpl eChEim322325

dye chelate or acid dye chelate may be used. A

pi gment of any color, for exanple, a black pignent or

a col or pignent, may be use dependlng on the

RYRA%E p i HRR rAR0VR S WSt RRCES 8 g Gld

B e P

PCT/JP200§6§2%§%R le69eﬁ¥ fﬁjﬁ&%&%ﬁnfnor rnﬁéggggwénts may

t he fO||OMAng pi ts may be use a Ca

nent Bl a such as furnace hl ack,
b%l a}%ls(edace infaerhleurﬂal féﬁ%dle) LERBNNRFLBF ackEd Lt alclangonater
gnent such as copper, iron (C. 5 1. Pignent Black

bff)lu”brSLt]H?aafrﬁrun@%%“él’émﬁl BireROXid6d dmridiganeélow, cadmium
pi gnent such as aniline black. For a yellowink, for
redanptierondie vedlloow ngnd picgmbens meyclhe asedyg Ghém, carbon
Pignent Yellow 1 (Fast Yellow G, 3, 12 (D sazo

bYabkoWaAﬁ&pedEﬁllylpﬁéﬁeﬁﬁblé&lCé%boﬁ5blé@k§7pr6§uced by a
(yellow iron oxide), 53, 55, 74, 81, 83 (D sazo

c¥akbew HRtho®5: a 9FurB8celdenkl, 4044 9,
117, 120, 128, 138, 150, 153. For a rragentan']&km%égocj may

pEX8 ggbe the following pignents my be used: C 1I.
Pigment Red 1, 2, 3, 5, 17, 22 15 (Brilliant Fast

Scarlet), %ﬁ EB% 3§ 48: 2 (Per manent E ed éﬁt(gggg,
48: 2 (Per HaheAP RS Eﬁ(ﬂﬁﬁ%nlﬁspégTﬁE fan mpge, may
gsr&)s ?18 aéllzé Peprlngarge-enng Repdo ZyBc(y'\éql)l)c L;r:%g]r-nenStZ 2dy§33 ]éhelate,
nitro pigment, nitroso  pigment, and aniline Dblack.
Especially, azo pigment and polycyclic pigment are
preferable. As an azo pigment, for example, azo lake
pigment, insoluble azo pigment, condensed azo pigment, or
chelate azo pigment may be used. As a polycyclic pigmeht,
for example, phthalocyanine pigment, perylene pigment,
perynone pigment; anthraquinone pigment, quinacridone
pigment, dioxazine pigment, indigo pigment, thioindigo
pigment, isoindolinon pigment, or quinofraron pigment may
be used. As a dye chelate, for example, basic dye chelate
or acid dye chelate may be used.
A pigment of any color, for example, a black
pigment or a color pigment, may be used depending on the

purpose. The above substances may be used individually or

in cembination.
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57:1 (Brilliant Carm ne 6B), 60:1, 63:1, 63:2, 64:1,
81 (Rhodam ne 6G | ake), 83, 88, 92, 101 (colcothar),
wWQ ey /33382 20 106, 108 (cadmi umred), 112, 114PCTERR006/322325
(di met hyl quinacridone), 123, 146, 149, 166, 168,
170, 172, 177, 178, 179, 185, 190, 193, 209, 219. For
a cyan ink, for exanple, th& followi ng pignments may
be used: €orl. aPi gnepk Bliug, 1, f2r 1&@9@@@? t#%2 following
Pht hal ocyani ne Blue R), 15:1, 15:2, 15: -

R [ 07/ 0 PCTLIRP2006/ 322325 -7
F(Bllgﬁten%é)f%l{%%wﬁgl : §%?Phé{t h(g%g%%%n?;gégl U@QE)? : 1%?9%’:“% Black
, .0 63. .For neutral col.ors ch_as red, green

1 B, 551 5P PRRARpPA e PO QA i GrshY oay bRack, or
sed: C. I. 5 Pignent Red 177, 194, 224; C |

053%41 Bafilye asztetaliicppdregintvisoicdt & aoppes, 3ren (C.
and C. |I. Pigment G een7, 36. As a pignment, a

Isel Pigneper Slegkpi gient ds tprehénmblaxide pigment; and an
sel f-di spersing pignent has at | east one type of

ochyemdphipliicmegrrowmeat tzac ked 1dineeetllay:kar vi a anot her 10
atomc group to its surface, and is therefore stably

di spersi blgywi 5 hopd) L NG 9k di SRS SINGrRARNE - the  following
Especially, an ionic self-dispersing pignent such as

gﬁ@n@%&%nh&nﬁﬁﬁé'ugééPekﬁiUE.pb@g@gggfggﬁfé%%ﬁPnﬁg?aﬁEYellow

sel f-di spersing pignent is pre he v

BioTE0n DAL EL, UBIELST g 2 S T SPELIO o oy, s
37742 (yellow iron oxide), 53, 55, 74, 81, 83 (Disazo
Yellow HR), 95, 97, 98, 106, 101, 104, 108, 109, 110, 1117,
120, 128, 138, 150, 153.

For a magenté ink, for example, the following
pigments may be used: C, I. Pigment Red 1, 2, 3, 5, 17, 22
(Brilliant Fast Scarlet), 23, 31, 38, 48:2 (Permanent Red
2B (Ba)), 48:2 (Permanent Red 2B (Ca)), 48:3 (Permanent Red
2B (Sr)), 48:4 (Permanent Red 2B(Mn}}, 49:1, 5é:2, 53:1,
57:1 (Brilliant Carmine 6B}, 60:1, 63:1, 63:2, 64:1, 81
(Rhodamine 6G lake), 83, 88, 92, 101 (colcothar), 104, 105,
106, 108 (cadmium red), 112, 114, 122 {dimethyl
quinacridone}, 123, 146, 149, 166, 168, 170, 172, 177, 178,
179, 185, 190, 193, 209, 219.

For & cyan ink, for example, the following

pigments may be used: C. I. Pigment Blue 1, 2, 15 (Copper

Phthalocyanine Blue R), 15:1, 15:2, 15:3 (Phthalocyanine
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Exanpl es of ani onic hydrophilic groups include - COOM
-SGBM - PO3HM - FO3M2, -SO2NH2, and - SO2NHCOR (in the

WOYOBI%EA as, M indicates a hydrogen atom al KIT/JP2006/322325

nmetal, amoni um or organic ammoni un and R indicates
an al kyl group with 1-12 ‘bon atons, a phenyl group
with or wthout a substituent group, or a naphthyl

EhUGW thsof, whtBoybhahsubstihuest mneum)., A 6ol or:1, 56,
pigment with -000OM or 25 -SO8M attached to its

rface is especially preferable. WO 2007/ 052832
PCT/ JP2006/ 322325 -71 Exanples of alkali netals
i ndi cat ed b m.in .t droph c_droup i ncl ude
lithium Sodi M° & 2 pocf ?ﬁmflEx% 5@ o?r%‘?lb’an?%d blue,
anmmoni uns |ncI ude rmnorreth I or tri rret hyl anmoni um
fnoBERTPL6r thri%et Apt é’r’fﬁﬁ‘ﬁi uR-SBABTS Mvhoneehalkdfder €. I-
trimet hanol ammonium To attach -000Na to the surface
Pafamgndol Rrd pl ghrent 94nd 22{er by o Sbuaenta®raageom®; C. 1.
color pignent, the color pignment is, for exanple,
roxirdirze & iwilelt Sodilem Rygpod;orEnte C.sul.f ariatecht @reen’, 36.
reacted w th diazoniumsalt. 10 As a cationic

hydr ophi | ke graoupplg?méwaier Bar Yse WDINGHRAMYP pSgment  is
preferable. Especially, quaternary ammoni um groups

ﬂx%@e%%%teed Abysél@—él%ﬂ%%ﬁgsmh% oM &I ¢ leﬁst one type

preferable. A co orant” contal ning a.pigment wt

e Sl HI 0P S50 AR 00488, 2680 £ ! oo
aPEEﬁ%PZ%gghizzﬁ%S 1%22_surface, and 1is therefore stably
dispersible without using a dispersing agent. Especially,
an ionic self-dispersing pigment such as an anionic self-
dispersing pigment or a cationic self-dispersing pigment is
preferable.

The wvolume average particle diameter of a self-
dispersing pigment is preferably between 0.01 and 0.16 um
in an ink.

Examples of anionic¢ hydrophilic groups include -
COOM, -S5S03M, -PO3HM, -PO3MZ2, ~SO2Z2NH2, and -SO02NHCOR {(in the
formulas, M indicates a hydrogen atom, alkali metal,
ammonium, or organic ammonium; and R indicates an alkyl
group with 1-12 carbon atoms, a phenyl group with or
without a substituent group, or a naphthyl group with or

without a substituent group). A color pigment with ~-COCM or

~503M attached to its surface is especially preferable.
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“NH3, -NR3 / \N+ CH3 N+~ CH3 / _\N+ C2H5 K+CH 5
N(CH3)3 CH2 -+N(CH3)3 / COCH2 -N(CH3 )3 COCH2 N \

WRARPTHEBRDLd may be used to produce a cationi c BElfR2006/322325

di spersing carbon black having a hydrophilic group
dependi ng on the purpose. Fpr exanple, to attach an N
5 ethyl-pyridyl group represented by the fornula shown

bel ow, argampoesbl dEkal BaPloeRI$AG Wihdicated by M in the
3-am no- N-et hyl pyridium brom de. WO 2007/ 052832

fP qgﬁfaﬁgégﬁs 1K§1uNeC%H%HAJﬂ““§%H%#ﬂC 958”%&9@%51um

be attached e surface “of a carbon ack v

h.
SR 0 e P R Rl o

t%henyl oup with or without a substituent group, or
>ﬂw AFFGRS Wit K BROGFPRoUtOR suibst thientargigtipm,  and

may be used. Exenplary conbinations of a hydrophilic

I tado lanoat drileeghenp It cueoratwrach@d tag tamdh -COONa  to

surface of a carbon bl ack include -C2HA00OM ( M

tilhedi satéscal kel | anetcdlororpl@meuat enniar yhansoni ) , cbtain an

-PhSG3M (Ph indicates a phenyl group

anionic color pigment, the color pigment is, for example,

oxidized with sodium hypochlorite, sulfonated, or reacted

with diazonium salt:

As a cationic hydrophilic group, & quaternary
ammonium group is preferable. Especially, quaternary
ammonium groups represented by the formulas shown below are
preferable. A colorant containing a pigment with any one of

the quaternary ammonium groups attached to its surface is

preferably used.



and Mindicates alkali netal or quaternary ammoni um,

and - C5HIONH3+. Also, a pignent dispersion liquid
WQRK/052832 gnent  di spersing agent may be used. pdBir2006/322325

Nat ural hydrophilic pol yners usabl e as pi gnent

di spersing agents include vegetabl e polyners such as

acacia gum tragacanth guf¥—goor gum karaya gum

| ocust bean gum arabi nogal actan, pectin, and qui nce

seed starch; seaweed polyners such as alginic acid,

carrageenan, and agar; 20 aninmal polyners such as

gel atin, cqgﬁmgr al_ #n, and collagen; and m crobia

pol ynmers suc 8 *xa éne gum and dextran.

Sem synt heti ¢ | ymers usabl s pignment dispersing
agents incl L\ Lg%gse y s such as nethyl WO
2007/ 052832 RCI/AJP2006# 3223R5.... 474 _cel | ul ose, et hyl

cel | ul ose, hydroxyet hyl ~cel l'u %§§fﬁihydroxypropyl
cel lul ose, and_carboxynethyl cellul ose; starch

pol yners sucly a sogé m cardgroxyret hyl starch and
starch gl yco\ic Mdci d2Sedi ung _a seaweed pol yners such
as 5 sodium afginate and pr en€,idi ycol esters

al ginate. Synthetic polyners usable as pignent

di spersing agenl\s ,include vinyl polynmers such as
pol yvi nyl & ¢ op N3ty nyl pyrrolidone, and

pol yvi nyl netshy ether; acrylic resins such as
non-crossl i nked pol'yacryl ani de, pol yacrylic 10 acid,
al kali netal /8a\t of pohyacrylic acid, and water-
sol ubl e sty @; CIOH,| e |NE(1{I'H13;)3wat er-sol ubl e
styrene- mal ehc=/acid resin; water-sol uble

vi nyl napht hal ene acrylic resin; °

@ GOCH, ~'N(CH, ),
OO
@—cocHzm—f 7Ny

Any methed may be used to produce a cationic self-
dispersing carbon  black having a hydrophilic group
depending on the purpese. For example, to attach an N-
ethyl-pyridyl group represented by the formula shown below,
a carbon black is processed with 3-amino-N-ethylpyridium

bromide.
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wat er sol ubl e vi nyl napht hal ene-mal ei ¢ acid resin,
&olyvinylpyrrolidone; al kali nmetal salt of (3 15

WO apROREBenesul fonic acid formal i n condensat e; pEOINNRIR2325
having a salt of a cationic functional group such as
quat ernary anmmoni um or an am no group as a side chain,
and natural polyners such’a&s shellac. Anbng them a
copolymer wth an introduced carboxyl group and nade
up of a 20 h ol ymer of acrylic acid, nmethacrylic
acid, or s en®\ acrylic acid and a nononer having a

hydr ophilic gto __gg especially preferable. The
wei ght - aver age éelisar wei ght of the above

copolynmer is preferably between 3, 000-50,000 and nore

25 preferably between 7,000-15, 000. WO 2007/ 052832

PCT/ JP2066h3223251 1175 ghoaipnasy b&t iad tefcha dpitgmatte tsirface
a dispersing agent is preferably between 1:0.06 and

ofl: &, emtbowr®lpcef evadl yundgtereentdinel2p-aind 123 Jhen an
mass percentage of a colorant in an ink is 5

atneferqall pefMEe@xéma%@,léﬁ%afﬂyi'Egﬁbﬁrﬁiﬁﬁa?Lg2 carbon

bet ween and 12 % en the nass percentage o

rapt 4 s. | h %.. t.h inting strength and
a%%%ﬁvﬁgc%%??§92§£?Hé %ﬁ%ﬁ g%b&%?%%?. foﬁpﬁﬁﬁf?HSH% group,
otren tq§{§gults in Jaowimge . density and | ow
vics CEEN S ayP TR & ht PBr THENRWY BI BBBFRGEUEDtWIERUP may
the nmss_percentage of a colorant is nore than 15 %
bet fp§hk TFeeRl3nst canbinayiensg ofhe noydteshbhiangrakp and
jet recording apparatus. Also, the viscosity of the
anj i Beconesoup to be attached to the surface of a carbon

black include -C2H4COOM (M indicates alkali metal or
quaternary ammonium), -PhSO3M (Ph indicates a phenyl group
and M indicates glka%i metal or quaternary ammonium), and -
C5H10NH3+.

Also, a pigment dispersion liquid with a pigment
dispersing agent may be used.

Natural hydrophilic polymers usable as pigment
dispersing agents include vegetable polymers such as acacia
gum, tragacanth gum, goor gum, Xkaraya gum, locust bean gurm,
arabinogalactan, pectin, and quince seed starch; seaweed
polymers such as alginic acid, carrageenan, and agar;
animal polymers such as gelatin, casein, albumin, and
collagen; and microbial polymers such as xanthene gum and
dextran.  Semisynthetic pelymers usable as pigment

dispersing agents incliude cellulose polymers such as methyl
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very high and, as a result, the penetration capability

of the ink becones low. Drops of such an ink with
WheH03283%/i scosity do not spread snoot hly and RE&aEP2008/322325

| ow i mage density. - Humectant Any humectant may be

used dependi ng on the purp3§q: For exanpl e, a polyol

conpound, a | actam conpount ﬂ a urea 20 conpound, and

& 1930Cha, i de dmyybe U@@mlhmw} duahb¥rekybBhyl  cellulose,
conbi nati on. Exanpl es of polyol conpounds include

%ri@ﬁ«é%ﬁo?ylal Cegﬁflhﬁﬂ.oggl,yhygﬁnjic a&éﬁ%&lyn@éﬁw}. e.t t<1’%rl§.’1,11c>se;

al cohol arylethers, nitrogen contwal ni ng

eterocyclic 25 conmpounds, ani.des, am nes
BRR - Pehvar ARG Chpimas o069 besgusthyL stazch and
PCT/ JP2006/ 322325 -76 propyl ene carbonate, and
EAtendt ¥&¢ bbhaf e 1dTRO Hre 23%bSEANEEE MR Beeikeduch as
individually or in conbination. Exanples of
gyl iytry drd g ialadehol and ncpuekey behy | ediévgbycoksters  alginate.
di et hyl ene glycol, triethylene glycol, polyethylene 5

et i polpivatsenesglyeol asl, iprepanediiclperkily agents
but anedi ol , 1, 4-but anedi ol , -

Framidyy| - kidvhut apediekrd, 3- sheppangdi olpoiyvinyl  alcohol,
1, 5-pentanediol, 1, 6-hexanediol, glycerol,

- I , 25450 r 1.0l , . :
éﬁ%%é}d%} nef%ﬁgqnék %Age#%ﬁW.ld§& methyl ether; acrylic

an I0. Exanples o

Lyhydzi ¢ al cohal "al kyl i ncl ude. et byl .
R eyl St Rer dHy eheP Bl YEBr T ABRB Gt g tyacEyLic

et her, diethylene glycol nononethyl ether, ,
acid, alkali” metal salt of polyacrylic acid, and water-

soluble styrene acrylic resin; water-soluble styrene-maleic
acid resin; water-soluble vinylnaphthalene acrylic resin;
water soluble vinylnaphthalene-maleic acid ‘ resin,
polyvinylpyrrolidone; alkali metal salt of B -
naphthalenesulfonic acid formalin condensate; polymers
having a salt of a caticonic functional group such as
quaternary ammonium or an amino group as a side chain, and
natural polymers such as shellac. Among them, a copolymer
with an introduced carbeoxyl group and made up of a
homopolymer of acrylic acid, methacrylic acid, or styrene
acrylic acid an& a monomer having a hydrophilic group is
especially preferable.

The weight-average molecular weight of the above
copolymer is preferably between 3,000-50,000 and more

preferably between 7,000-15,000.
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di et hyl ene gl ycol nonoethyl ether, diethylene glyco
nmonobut yl ether, tetraethyl ene glycol nononethyl

WQREWEPS233hd 15 propyl ene gl ycol nonoet hyl et HarT/JpP2006/322325

Exanpl es of pol yhydric al cohol aryl ethers include
et hyl ene gl ycol nonophenyl .ether and ethylene glyco
nmonobenzyl ether. Exanples ni trogen contai ni ng

het erocyclrhe md@sCAMAWNAST | AChYUGRent t di -
N- et hyl - 2- pyrrol i done, N—hydr%x?@?%yl % apyﬁFgFIgéﬁg agent

net I z I|d|

é; %%g%g%§9ﬁ1bé§%eg eélb oé”%gg ﬁncr ggﬂfo?ﬁﬁﬁlggeferably

net hy. Ifor d N, N-di net hyl f or mam de. 25
qs&ﬂﬁﬂQa }ng ‘ude nonoet hanol ami né, WO
2007/ 052832 I'Cl/JP2006/322325 - 77 di et hanol am ne,
tri et hanol&Ri MESTORBEERPEARAENEL di @hATAfitneinamd ink is
triethylam ne. Exanples of sulfur-containing conmpounds
dasdadd L wilastiadn sol #odi do, suldmd anere apdeferably between
t hi odi ethanol. 5 Anong them the follow ng substances

thaarel lexcel lwndn soheibhdss ypandeheagéi 6Fak eblieehsti As lower
preventing degradation of ink jet performance caused

tb%rﬁWﬁﬁ@raHMQntﬁﬂtlﬁ@'§EHéﬁg@ﬁdaﬁﬁetﬁge§§§@5§1t of the ink
preferable: glycerin, ethylene glycol, dieth y gn

bgglcse%a 15, etpxuenelgwﬁgo £&95£ ne e}s%gé%c ow image

propylene glycol rp ene g yco
but anedi edi o

C%uta méﬂd;§dwnﬁ%ﬁﬁﬁﬁ£%y quscgpaégﬁgaFBFrlng and bleeding.

1, 5- pentanedlol tetraet hyl ene
When 'the mass percentage of a colorant is more than 15 $%,

the ink dries fast and may clog the nozzles on an ink jet
recording apparatus. Also, the viscosity of the ink becomes
very high and, as a result, the penetration capability of
the 1ink becomes low. Drops of such an ink with high
viscosity do not spread smoothly and lead to low image
density.

- Humectént -

Any humectant may be used depending on the purpose.
For example, a polyol compound, a lactam compound, a urea
compound, and a saccharide may be used individually or in
combination.

Examples of polyol compounds include polyhydric
alcohols, polyhydric alcohol alkyl ethers, polyhydric
alcohol  arylethers, nitrogen containing heterocyclic

compounds, amides, amines, sulfur-containing compounds,
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gl ycol, 1, 6-hexanediol, 2-nethyl-2,4-pentanediol,
pol yet hyl ene gl ycol, 1,2, 4-butanetriol,

WO12097/85288xanet ri ol , 15 thiodi gl ycol, 2-pyrrol iR{gAR2006/322325

N- et hyl - 2- pyrrol i done, and N
hydroxyet hyl - 2-pyrrol i done, As a | actam conpound, for
exanple, at least any one of the foll ow ng may be

ptt@ 1edePychebodane, Nafgt hgkhy2epyr rebirBORgte. The above
N- hydr oxyet hyl - 2-pyrrol i done, and e- 20 caprol actam

ﬁ%s%fa%%% &%gp%n%efdoan%&%%h%a l?’ﬁ . or€3st A0 i%Re i o8,

[ owm n be used: urea our ea,

et hyl eneu and 3-di 2-i idi
MBSS percéﬁ?%@%e%fOzagﬁiéﬁiﬁylc a&%b%%ﬁ%ilé§¢¥§% g@ﬁylene
preferably between 0.5 and 25 50 % and._nor

93rECdr alslhE hathisén gllya%falfzot%ew-‘z%eu%%ég polyethylene
PCT/ JP2006/ 322325 -78 Exanpl es of saccharides include
gAygesac chardlderopisacchard Heco ol | gosadthappdeediol, 1,3-
(including trisaccharide and tetrasaccharide),
bpalaypeddelar i dé, dabdtthedioderi vatmeebyl- Anﬁﬂgutheedlol 1,3-
above sacchari des, glucose, mannose, fructose, 5

prrb Qsedieyl,ose, axp@hﬂ@;s@m@al actioss.hdmdasl, glycerol,
| obi ose, Iactose Sucr ose, trehalose and

l”@l t6Qhke 'x%%%t‘?: i1, Pr efle@alal—%utéﬂ@tmilotl' t OS@ 2$8LBLESe L rio],
gl"dconol'actone,” and "haltose are especially

aprefe&gblg Pol ysacchari des are saccharides in a broad
geng 16 and may include substances found in nature

such as a_- | odext | | ul os npl es, o
saccharldgxﬁ@¥i@§tl6’s |ﬂ%£g%%§rlc 2Teonsd fky{ ethers

include ethylene glycol monoethyl ether, ethylene glycel
monobutyl  ether, diethylene glycol monomethyl ether,
diethylene glycol ' menoethyl ether, diethylene glycol
monobutyl ether, tetraethylene glycol monomethyl ether, and
propylene glycol monoethyl ether.

Examples of polyhydric alcohol aryl ethgrs include
ethylene glycol .monophenyl ether and ethylene glycol
monobenzyl ether.

Examples of nitrogen containing heterocyclic
compounds include N-methyl-2-pyrrolidone, N-hydroxyethyl-2-
pyrrolidone, 2-pyrrolidone, 1,3-dimethyl imidazolidinone,
and eg-caprolactam.

Examples of amides include formamide, N~
methylformanide, and N,N-dimethylformamide.

Examples o¢f amines include moncethanolamine,
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reduci ng sugar (for exanple, sugar al cohol:
HOCH2( CHOH) nCH2OH [n is an integer between 2 and 5]),

wQg00G0p8%zed saccharide (for exanple, aldonic @cighrangs232s

uronic acid), amno acid, .and thioacid. Anong the
above saccharide derivatives, a sugar alcohol is
especial ly preferable. ExaﬁﬁTes of sugar al cohol s

aneinide, tah$hd ol and sarhitiol r[%ss percent c%g:ha/fﬁlcfamine,

a hunectant in an ink is 20 pre 1Y, bet ween
O re,p f bet ween 20 and 35 % Wen
un unec I'S"VETy snma nozzl es ten
éﬁ]tg%n) ﬁg) a ‘%éﬁéﬁﬁ#& ane I I q

to easily dr nd th i nk % erfornance i's reduced.
When t he §ﬁﬁ%ﬁﬁeﬁf 8 hufgt %ﬁf PREEHBLIGr gOmRGnds  include

viscosity of the ink may becone too high. 25 -

et S UMD g7 0BRS3Z PET/ FPFD08Y32R3ghandlo. As a
penetrant, for exanple, a water-soluble organic
sol vent séglengs atpehyol tohapoufsl oswingl yealbfiditfes have
conmpound may be used. Especially, a polyol conpound

aMdel EntOr sGDNRLERE POt OpBENOFf il 81 Y &dreftcherin preventing
compound is 5 preferable. Wen the nunber of carbon

R AL 3 POF YOk f@@pﬁngﬁfﬁaﬁgﬁscggggdsb t@%aporatioﬁ of

penetration capabil

f h | |
ANSHSIS] g0l A0 B EL Iu%vgr% Gl Ty reRalh cknylene

snmear a record|ng ne
h_an i not read snDotth on a
grlé'ccoorld. LRSI Ao G 5 Dol o TR DR 0 § AR aBaopyLene

as a_result, the quality of characters may be reduced
IYEAhe dipropylene glycol, tripropylene glycol, 1,3-

butanediol, 2,3-butanediol, 1,4-butanediol, 3-methyl-1, 3~
butanediol, 1, 3-propanediol, 1,5-pentanediol, tetraethylene
glycol, 1,6-hexanediocl, 2-methyli-2, 4-pentanediol,
polyethylene glycol, 1,2,4-butanetriol, 1,2, 6-hexanetriol,
thiodiglycol, 2Z-pyrrolidone, N-methyl-2-pyrrolidone, and N-
hydroxyethyl-2-pyrrolidone.

As a lactam compound, for example, at least any
one of the fcllowing may be used: 2-pyrrolidone, N-methyl-
2-pyrrolidone, N-hydroxyethyl-2-pyrrolidone, and g~
caprolactam.

As a urea compound, for example, at least any one
of the following may be used: urea, thiourea, ethyleneurea,
and 1,3-dimethyl-2-imidazolidinone. The mass percentage of
a urea compound in an ink is preferably between 0.5 and

S>C %, and more preferably between 1 and 20 %.
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density of an image may beconme | ow. Exanpl es of polyo
conpounds with 8 or nore carbon 15 atons include

WQR208T/M3ZB32 |, 3- hexanedi ol (solubility: 4.2 % (PE/XB2)05/322325

and 2,2,9-trinethyl -1, 3-pentanediol (solubility: 2.0
% (25 C)) . Any glycol ethe{ conmpound may be used
dependi ng on the purpose. é&anples of glycol ether

conpoundsgikaghtde 28 POdyhygdrigeal conalusd kWon%tsE%rc%arlde,
such as ethylene glycol nonoethyl ether, ethylene

o%%%%mg&%ﬁagyr%inlesgh%%va%%%zzt@%ﬁ 450! BPERTE e anc
e g e

et her; and polyhydrlc aIcohoI et hers such as WD

FourH 05083 2IPTTY J PROGHRIZ: %E)C@ﬁﬁyl diiPseol fructose,
nonophenyl et her and, ethylene gl ycol nonobenzyl

ratthere, Theleses amabpecs&bcQaladtd&eﬁhmahhuaﬁt @Elaoblose,
penetrant in an ink. However, the anount of a

1RenRigagnt l:sucﬁo@é,eferabbyaametswen Girld andm20t 888Sose are
percent, and nore preferably between 0.5 and 10 mass -

PGB «; SHREAGhAR + AW, S%&@%@% Byl REoMSEE-tone, and

dependlng on the purpose. For exanpl e, an anion

sur ceta%e easﬁﬂagﬂﬁ%gr ]PQfe (ffa%clt Ant, an anphoteric

inat'e Sur'f act ant may be used.

Exanpl es qQf ,ani on, surfactants include
P % clysaccharides are saccharldes in a brcad sense

and may include substances found in nature such as o -
cyclodextrin and cellulose.

Examples of saccharide derivatives include
reducing sugar (for example, sugar glcohol:
HOCEZ {CHOH)nCH20H [n is an integer between 2 and 3]),
oxidized saccharide (for example, aldonic acid and uronic
acid), amino acid, and thicacid. Amcng the above saccharide
derivatives, a éugar alcohol 1is especially preferable.
Examples of sugar alcchols include maltitol and sorbitol.

The mass percentage o©of a humectant in an ink is
preferably between 10 and 50 %, and more preferably between
20 and 3% %. When the amount of a humectant is very small,
nozzles tend to easily dry and the ink jet performance is
reduced. When the amount of a humectant is too large, the
viscosi;y of the ink may become too high.

- Penetrant -
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pol yoxyet hyl ene al kyl ether acetate,
dodecyl benzenesul fonate, |aurylate, and salt of 15

Wpologosxagser hyl ene al kyl ether sul fate. Exanpl esp@fiyp2006/322325

noni on surfactants include, acetylene glyco

surfactant, polyoxyethylene al kyl ether,

pol yoxyet hyl ene al kyl phenyl®=ether, pol yoxyethyl ene

al kyl ester, _an et hyl ene rhi.tan fatty acid

est er. ZOhExaﬁpl §H§%¥§§éfyléﬁg gF%%o Y&ar 1 At RfkgL-Soluble
i_.ncl ude L4, 7,9-tetraneth I-5-Pesine-4,7-dio|,

Q§Q§Qﬁ9nﬁ |qu S rﬁ?ﬁf Qﬂ¥ﬁ’ gﬂ@pound or a glycol ether
3, 5-di net hyl -1 -hexin-3-ol. For exanple, the follow ng
CREPOPNE &G YDl Usaff aBFRACSAARY  avaiR@bY @l agompound with 8
commerci alized products: Surfynol 104, 82, 465, 485,

OFG m2E o Aiqarraaducttonend ©Ghena cagsycohc. th¥® compound is
2007/ 052832 PCT/ 3P2006/ 322325 -81 Exanpl es of

paRgEhkaterniec surfactants include lauryl am no

propionate, lauryl dinmethyl betaine, stearyl dinethyl
betaine, apdnl athy! difydr oxyet hyd et alng, Mrg 5 po1y01
specifically, exanples of anmphoteric surfactants :
ipcl | et hyl 1 ne oxi cyristyl., .

GPREERS) T Tt e B BF MR e i iy of the
.di hydr oxyet hyl | aur am ne oxi de, pol yoxyet hyl ene ,
1P &cdhit é?FOﬁkaﬁ Hytehmi né” oxitkie "idimet iy| BERGLration
(cocgonut) betaine, "and dinmethyl lauryl betaine. 10
ceppedilaltly RagysfEdtta sreeprdgenteedbymchantieplex printing.
formulas (1), (1), (1), (Iv), (V), and (VI) shown
A@@p@m/saﬁgepr@ﬁ@hab$@_ ink do not spread smocthly on a

recording medium, some pixels may be left blank, and as a
result, the quality of characters may be reduced and the
density of an image may become low.

Examples of polycl compounds with 8 or more carbon

atoms include 2-ethyl-1, 3-hexanediol (solubility: 4.2 %

(25 C)) and 2,2,4-trimethyl-1,3-pentanediol (solubility:
2.0 % (25 C)).

Any glycol ether compound may be used depending on
the purpose. Examples of glycol ether compounds include
polyhydric alcohol alkyl ethers such as ethylene glycol
moncethyl ether, ethylene glycol monobutyl ether,
diethylene glycol monomethyl ether, diethylene glycol
monecethyl ether, diethylene glycol monobutyl ether,
tetraethylene glycol monomethyl ether, and propylene glycol

monoethyl ether; and polyhydric alcohol aryl ethers such as



(1) R-O0(CH2CH0 hCH2Q00M 15 In chem cal formul a

('), R indicates an alkyl group with 6-14 carbon
WQtWiAe528The al kyl group may be branched. h i SP@HIP2006/322325

i nteger between 3 and 12. Mindicates alkali netal

ion, quaternary annnniun]_%ﬁﬁ;ernary phosphoni um or

al kanolamne. 20 (11) CH2 - R2 MXBSCHO00 - R2 In

ahemisrl forpuba (hbhopRénindi catRs amahkyk hQ%E#Q 'glycol

t
wi th 5-16 Carbon atonms. The al kyl group nay be

32, .PCI/ JP2006/ 322325 -82 branched. M
eI

nmetal ion, quaternary anmmoni um
uat er nar hosphoni um or al kanal.am ne, (111 R3-

T G DOIBBY R B | AOCHE Car - oridid (FPI)thdgganouht of a
indicates a hydrocarbon radical, for exanple, an
reneHragrtouin wek higk14Hopgvesn AfenmsmoHeE: abkyk geogprant is
may be branched. k is an integer between 5 and 20.

5 pleVeradl R4-HOCHRCH2)).OH lemdchéi calasfsor mere(ritV) , R4 more
i ndi cates a hydrocarbon radical, for exanple, an
paleled r agrioup ardviderf-0l4d  ear Ron matsmperjcdri an i nt eger

bet ween 5 and 20.

- Surfactant -

Any surfactant may be used depending on the
purpose. For example, an anion surfactant, a nonion

10 surfactant, an amphoteric surfactant, or a fluorinated

surfactant may be used.

Examples of anion surfactants include
polyoxyethylene alkyl ether acetate,
dodecylbenzenesulfonate, laurylate, and salt of

15 polyoxyethylene alkyl ether sulfate.

Examples o©f nonion surfactants include acetylene
glycol surfactant, polyoxyethylene alkyl ether,
polyoxyethylene alkyl phenyl ether, polyoxyethylene alkyl
ester, and polyoxyethylene sorbitan fatty acid ester.

20 Examples of acetylene glycol surfactants include
2,4,7,9-tetramethyl-5-desine-4, 7-diol, 3,6-dimethyl-4-
octine-3,6-diocl, and 3,5-dimethyl-l-hexin-3-0l. For example,
the follewing acetylene glycol surfactants are available as
commercialized products: Surfynol 104, 82, 465, 485, TG

25 {(dir Products and Chemicals, Inc.).
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15 (V) CH3 H (OCH2 CH2) L - (O ;HCH2 )p - Rs In
chemcal formula (V), R6 indicates a hydrocarbon

WQ 276332 f or exanpl e, an al kyl group with 6- PLT/Pae066H2325

atons. The al kyl group may-be branched. L and p are

20 integers between 1 and ?B%_B(VI) WO 2007/ 052832
PCT/JP2006/ 322325 -83 CH3 CH3 CH3 CH3 CHCH2 C -

C-- @QHﬁaﬁﬂgH%f landpht Fidl JurQLedhi?s CHR1GHE 1auryl

OqOr I HIln chemcal formula (VI), qandrare

en 4 u ts
WA o S i BRI AL Ssppgy, ginetny:
b%?%%?m%£822§§§?gb éﬁfr o?%%ﬁﬁ%i&ﬂiyethyl ketaine. More
(1-2):CH3(CH2) 120( CH2CH20) 4CH2Q00H
S(PI<%*~03L)J‘5 icBCcH) fza(ﬂemz@me%

lauryl dimethyl amine oxide, myristyl dimethyl amine oxide,

ric surfactants include

stearyl dimethyl amine oxide, dihydroxyethyl lauryl amine
oxide, polyoxyethylene coconut o1l alkyldimethyl émine
oxide, dimethylalkyl (coconut) betaine, and dimethyl lauryl
betaine. |

Especially, surfactants represented by chemical
formulas {IY, (II), (III}y, (IV), (V), and (VI) shown below
are preferable.

(I)

R1-0-{CH2CH2C) hCH2COOM

In chemical formula {(I), Rl indicates an alkyl
group with 6~14 carbon atoms. The alkyl group may be
branched. h is an integer between 3 and 12. M indicates
alkali metal ion, gquaternary ammonium, quaternary
phosphonium, or alkanolamine.

(IT)

THzcoo —R?

MO, SCHC0O0 — R?

In chemical formula (II), R2 indicates an alkyl

group with 5-16 carbon atoms. The alkyl group may be



10 (1-4): CH3( CH2) 120( CH2CH20) 6CH2CO0H (1-5) : CH3
CHO (CH2CH20) 6CH2COOH CH3 (I-6): CH3
Wé@#ﬁ%@m CH2CH20) 3CH2C00H ( CH2) 5CH3 WD 2007/ BBR8RR06/322325
PCT/ JP2006/ 322325 -84 GH3 CH3 H2COOCHCH2CHCH3 (|
|-t) HO33- CHOOD HCH2CHOS (.CH3 O3 O3 a
i 2G00CHCH2CH2CH2CH3  HO3S -8 CHGD00HCH2CHRCHRCHB  GH3

KGR {GHED . N in@}ggggg}ﬁkkéka%e@al(th 3 uatﬁﬁﬁfry ammonium,
HO3S- CHCOOCHCH (CH3) 2

g—‘gfgg gﬁgg%g—q fI uori nat ed
éur ﬁ represent ed b)?_'céhem ca bt noer mula (A bel ow

is pr eferaﬁlﬁ used. CF3CF2 (CF2CF2) m CH2CH20 ( CH2CH20)

nH ....... > 7700 (A
RS@O(CHZ CH, 0), H
5 In chemical formula {ITT), R3 indicates a

hydrocarbon radical, for example, an alkyl group with 6-14
carbon atoms. The alkyl group may be branched. k is an

integer between 5 and 20.

(IV)
10 R4~ {OCH2CHZ) jCH
In chemical formula {IV), R4 indicates a

hydrocarbon radical, for example, an alkyl group with 6-14
carbon atoms. j is an integer between 5 and 20.

15 (V)

CH,

— (OCH, CH, ), — (OCHCH, ), — R®

In chemical formula {(Vy, R6 indicates a
hydrocarbon radical, for example, an alkyl group with 6-14
carbon atoms. The alkyl group may be branched. 1L and p are

20 integers between 1 and 20.

(VI)



In chemcal formula (A), mindicates an integer 10
between 0 and 10, and n indicates an integer between 1
WQAW7/03332] is an integer between 1 and 40. WRCT/3p2006/322325
2007/ 052532 PCT/ JP2006/ 322325 -85 Exanpl es of
fluorinated surfactant include a perfluoroalkyl
sul foni c acid conpound, §5YTluoroalkyl carvone
compound, a perfluoroalkyl phosphorlc ester conpound,
a perfluqgsgal kyy ethylen? adduct, and a 5
polyoxyaﬁEy?enz &t her yﬁer donpound having a
perf | lké ther groué a si de chain. Anong them
a po&&a y Cen& st her %Hﬁorrpound havi ng a
perfluoroalkyléther group as a side chain has a | ow
foanming propefPty and a Qow fluorine compound
bi oaccurul atiod 10 potential and is therefore
especi al |y prfe€Hpabl e i/nCHgeY ns of safety. Exanples of
per f 1 uoroal kyl Isullfoni ¢ &ci d conpounds i nclude
per f | uor oal kyl CHglif oni ¢ @dy ¢ and perfl uoroal kyl
sul fonate. 18 Exafnpl eslof perfluoroal kyl carvone
compounds i ncPudéq per flQorhaal kyl carboxylic acid and
perfluoroalkyl| car boxyl hte. Exanpl es of
per f | uor oal kyl Hphosphorild ester conpounds incl ude
per fl uoroal kyl phosphoric ester and salt 20 of
perfluoroalkyl phosphori c ester. Exanples of
polyoxyal | ene_et her pol r conpounds havi ng a
per f | uor odl ﬁﬁ@FH@P gr %ﬁx de 9 and r are integers

between 0 and 40.

The surfactants represented by chemical formulas

(I) and (II) are shown in free acid forms below.

{I-1):CH3{CH2)120(CH2CH20)3CH2COQOO0OH
(I-2) :CH3(CH2)120{CH2CH20) 4CH2COOH
(I-3) :CH3(CH2) 120 (CH2CH20) 5CH2CO0H

(I-4) :CH3(CHZ2) 120 (CH2CH20) 6CH2COOH

(1) CH (G, GHO (CH,CH,0) CH, 00K
CH,

(1-6) - CH, (CH,)GCHO (CH,CH,0) ,GH,COOK
(CHZ) scH



chain include a pol yoxyal kyl ene ether polyner having a

per fl uoroal kyl et her group as a side chain, a sulfate
WRIWEPSHE salt of a pol yoxyal kyl ene et her pol yiGIIP2006/322325

havi ng a WD 2007/ 052832 PCT/ JP2006/ 322325 - 86

per fl uoroal kyl et her group s a side chain, and a salt

of a pol yoxyal kyl ene et her polyner haV|ng a

per fluoroal kyl ether group as a S|de chaln Count er

ions of salts in the above fluo 5 surfactants

include Li, Na, K, NH4, NHGCHQ (CH2CH20H) 2,

and NH( CH2CH2OH) 3. Fluorl %%gﬂtf created for

t he presgqt__'nvention or

pr

conMer Ci ducts used 10 Cbnner0|ally
avai | abl e fluori nat Gﬂﬂﬂge Surflon
S-111, 5-112, 5-113, 121 5- 18 1 }132 S- 141,
S-145 (Asahi dass Co., Ltd.); FC- 93, FC 95,
FC-98, FC- 129, FC- 135, 'FC 170C, > FC-431

(Sum tono 3M -Limted); Megafac F-470, F1405,
F-474( Dai ni ppon I nk and 15 Chemygcal s, | ncorporated);
Zonyl TBS, FSP, FSA, FSN—lOO ,  FSO 100, FSO

FS- 300, UR (DuPont); F %iiﬂ FT- 4005,
FT-150, FT-A08SW ( NEOS QD@ ﬂﬁgﬁﬁzéﬂz N (Qmova
Sol utionsy,' I 0. Anong then1 interns of reliability
and col or develop i 1, and 20 FSO

(DuPont) are espeC|aIIy preferbble O her conponent s]
Exanpl es of other conponents MHian i nk include,

CH(CH,),
CHZCOO([}HCH (CH),
HO,S— (l}HCOO(I}HCH (CH,),
CH(CH,),

(HE=3) :

CH,CO0CH,CH,CH (CH,)

(11-4): ,
H0,S—CHGOOCH,CH,CH (CH,) ,

5 A fluorinated surfactant represented by chemical
formula (A) below is preferably used.

CF3CF2 (CF2CF2)m—CH2CH20 (CHZ2CHZ20) nk ... (A)

In chemical formula (A), m indicates an integer
10 between 0 and 10, and n indicates an integer between 1 and

40. 3 is an integer between 1 and 40.
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but are not limted to, a resin enulsion, a pH
adjuster, an antiseptic or a fungicide, a rust

WQ HWPBIZBYY , an antioxidant, 25 an ultraviol et RbRIMHEE22325
an oxygen absorber, and a light WO 2007/ 052832
PCT/ 3P2006/ 322325 -87- stahilizer. - Resin enulsion
Aresin emulsion is nade b I spersing resin

m cropart E&k@e 1’ Waifer fsid GO deDUoLSrPRASELAND {HRY yde &
5 contain a dispersing agent such as a surf-actant. The

M&é&l"}#ﬁge SQId]_f_tot}ﬁc,r esin dn SR LL! es ﬁfﬂesr?f&ﬁlqrgalkyl

conponent of” 't he di'sperse phase in“a resin-e

referably between 10 and_70.The average particle
eaator SPTPRNasi n®m A OpaTHTET S5k bepatiGiRyor i  ester
ink 10 jet recording apparatuses, is preferably
Rt 102anke T 1He0r ot kehd Sidrel ref exdliey Bdduesn and a
20 and 300 nm Exanples of resin mcroparticle
nedtverdvallkvilissieaude, etbar notpdliwmigred t oomagonyk ¢ resving a
vinyl acetate resin, styrene resin, butadiene resin,
reinfilene-daitiadicaer egroup 1S vi aylsichl othgden( eSintbng them, a
styrene-acrylic resin, and acrylic silicone resin. .

peaResivalliplea@ Yl i 6thbki cong BN | ScoRpeletabl enaving a

Resin enul'sions created for the present Invention or

pteliqﬁ_%lo%\é%ill C leec HAY W C“cl @! g%fcgéj C&?a I‘Rth us ?Lg\w 2f(<))::urnin<;{

Exarrp es O onmer c aval e resin enul sion
SRS Mol B0 ESO0E (LU BRae IS L8N s
P %%H@ggi and is therefore especially preferable in terms
of safety.

Examples of perfluorcalkyl sulfonic acid compounds
include perflucrcalkyl sulfonic acid and perfluqroalkyl
sulfonate.

Examples of perfluorcalkyl <carvone compounds
include perfluoroalkyl carbeoxylic acid and perfluorcalkyl
carboxylate.

Examples of perfluoroalkyl phosphoric ester
compounds include perfluoroalkyl phosphoric ester and salt
of perfluoroalkyl phosphoric ester.

Examples of polyoxyalkylene ether polymer
compounds having a perfluoroalkylether group as a side
chain include a peclyoxyalkylene ether polymer having a
perfluorocalkylether group as a side chain, a sulfate ester

salt of a polyoxyalkylene ether polymer having a
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resin enul sion, Dainippon Ink and Chem cal s,

I ncorporated); VONCOAT 5454 (styrene-acrylic resin
WQIF/4328%2 Dai ni ppon | nk 25 and Cheni cal s, PCT/IP2006/322325

I ncor porated); SAE-1014 (styrene-acrylic WO

2007/ 052832 PCT/ JP2006/ 322325 -88 resin enul sion,

ZEON Cor poration); Saibinol”"SK-200 (acrylic resin

PRRH1SI: 153 1demGhai ol dndyskideCohaikt,d.adna 1 88t of a

AC-22, AC-61 ( acrylic resin emnulsion, Rohm and Haas

X (o]o B , ryLi iLi

PRORR AL R e e THeE, A g G B he bR Lo ther
net hacryl ate , palymer resin emul sion, Mkuni Col or
IHED 25THe SdSs “pérdent age of the resin nicroparticles
in aresin emulsion is preferably between 0.1 and 50
% nore PPERERADIVCHRL REensDLES and 2819, e ufinerinated
preferably 10 between 1 and 10 % Wen the mass

sage of inledudesi nLipi crdparti E.es Nsl4l, essNMIBEH2CH20H,
0.1 % the resin emulsion may not be able to prevent
NCI20 g 2ag 200 ) 17y am@t Nbie CalRICei2ioel ) 3.nprove i nk | et
stability. When the mass percentage of the resin :

m cropart p¢,88ihstBBN estpdc s hepreseryat ik Pesent
stability of the ink may be reduced. Exanples of

; ' iCS. O gL Gl hpcl.,ud e
i ol P B o -t ey dF Sasa st &~ S8 tim ™Y P
sorpate, 2-pyridinéthiol-I-oxide sodium sodium

Yé&fzoate, and pent achl or ophenol sodium 20 Any pH

adj uster that does_not have negative effects on an

ink and aBPHRETEhElpH o EH iak & o FLOPIiRrbREr FaypEtants
used dependi ng on the purpose.

inciude Surflen 5-111, S-112, s$-113, s$-121, S$-131, sS-132,

S—-141, 5-145 (Asahi Glass Co., Ltd.); Fluorad FC-93, FC-95,
FC-98, FC-129, FC-135, FC-170C, FC-430, FC-431 (Sumitomo 3M
Limited); Megafac F-470, F1405, F-474(Dainippon Ink and
Chemicals, Incorporated); Zonyl TBS, FSP, FSA, FSN-100, FSN,
FSG-1006, FSC, F5-300, UR (DuPont); FT-110, ¥T-250, FT-251,
FT-40038, FT-150, FT-400SW (NEOS Co. Ltd.); and PF-151N
{Omnova Solutions, Inc.). Among them, in terms of
reliability and color development, Zonyl FSN, FS0-100, and
FSO (DuPont) are especially preferable.

{Other components]

Examples of other components in an ink include,
but are not limited to, a resin emulsion, a pH adjuster, an
antiseptic or a fungicide, a rust inhibitor, an antioxidant,

an ultraviolet absorber, an oxygen absorber, and a 1light



10

15

20

25

Exanpl es of pH adjusters include am nes such as
di et hanol am ne and tri et hanol am ne; hydroxi des of

WQPRAI0528325 metal s such as |ithium hydroxi de, BOOIREIWG/322325

hydr oxi de, and WD 2007/ 052832 PCT/JP2006/322325 -89
pot assi um hydr oxi de; and cqiponates of alkali netals
such as ammoni um hydr oxi de;’ quat ernary anmoni um
JvedyioxiAd8,. quat ernary phosphonlun1hydrOX|de ['ithium
carbonate, sodium carbonate, and potassi um carbonate.

5 Exanpl es g@f JtustqiRRiRLtors include acidic sulfite,
sodi um t hi os F%ate anmoni um t hi odi gl ycol i ¢ aci d,

di i soprop anmoni um nitrite,. pentaerythrit ol .
tetranitrétereséﬂd ai'd %F%ﬂex?? éWﬁg i nitirReEsing  resin

anti oxi dants, phenolic anti oxidants (|nclud|n 10

THi TR IHE ol 2ant M8kEdan®§) , 2 arf et HRHO X | %2 and may
sul fur antioxidants, and phosphorus anti oxi dants may
deatgsiod 2 Blapsiresingf agteriolsushamts exiseritasst@mel udi ng

hi ndered phenol anti oxidants) include butyl ated

hydr oxyanTael mas2, fedicehentyebotykhé- ekBihpherebparticles as
stearyl-0 15

aCﬁéhﬁ&né@itD@ﬂbﬂe4ﬂb¥§é9§¥p@%@ﬂéFH@phowgéin e£h181on is
met hyl enebi s(4- et hyl -6-tert-butyl phenol), 2,

butyllgﬁﬁb el l % t%rg-bqbylphen%lé) %V%rage particle

bi s( 3- et -6-tert butylpheno
ettt o (té’e(sr%’%%{‘ BSOS 5eRBERIAbREnyTgE nK
jﬁFopF%ﬁ9F69<99] APRAY L ¥S S 10-i%et PARKEEPPAY( oS iRRlecaP and

€,

1P0P uny, r jpgic mesteh piref efpdrlax et weant 28utayidp Béy Intbut an

e, 1,3,5-trinethyl-2,4,6-tris(3,5-di-tert-butyl-4
Examples of resin microparticle materials include,

but not limited to, acrylic resin, vinyl acetate resin,
styrene resin, butadiene resin, styrene-butadiene resin,
vinyl chloride resin, styrene-acrylic resin, and acrylic
silicone resin. Especially, acrylic silicone resin is
preferable.

Resin emulsions created for the present invention
or those available as commercial products may be used.

Examples of commercially available resin emulsions
include Microgel E-1002, E~5002 (styrene-acrylic resin
emulsion, Nippon Paint Co., Ltd.); VONCOAT 4001 (acrylic
resin emulsion, Dainippon Ink and Chemicals, Incorporated);
VONCOAT 5454 (styrene~acrylic resin emulsion, Dainippon Ink

and Chemicals, Incorporated); SAE~1014 (styrene-acrylic
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hydr oxybenzyl ) benzene, and
tetraki s[ net hyl ene-3(3',5" -di -

W@ apa7/0ps8Y | - 4' - hydr oxyphenyl ) pr opi onat e] met hanecT/ 2906/322325

Exanpl es of am ne anti oxi dants include phenyl-0 WO

2007/ 052832 PCT/ JP2006/ 322325 -90 napht hyl ani ne,

a- napht hyl am ne, N, N -di - ég?butyl p-

Rheny! anedi am n dhphep MR8, -
e B BB VR oG R0y (acrvic

2,6-di- tert- but -Creso

yI 6- er eno drox anisol, ,
%%’ dflrﬂﬁt%y éne Gz %H%mf £ tlgp? E¥ %ﬂenof -1 Primal
4, 4 liden |s(3 nmet hy I-6 tert-but Iphenol)
Ly 2'th|p(’5% {3 THA 1 t@%lrbuwm\@h%%@m,) Rohm and Haas
tetrakls[nethylene 3(3 5-di -
GosmaBty INan G HAd reBGHtesRA ) pd 6P ohat ey et hangicand resin,
1,1, 3-
Tonyios ( 2e ety - Aodydr oxyh.5-t estd buBphphenyd yopt are+hi@ryiate
Exanpl es of sul fur antioxi dants include
pdillyanigtiy 1r3.s3 ' ehiuadiiphophanate, cdistreany. )

thlodlproplonate lauryl stearyl thlodlproplonate .
di myri st ykBe3naskh pionate, . di steary
tthdefOplgng?% %Qgﬁgﬁga ?oggnggg g?%lhgcgogarthles in

A A 2 SR T o o

% b trIISOdeﬁy ghosphlte trllauryl

pFF fhe éﬁos%%??%gn d 3t r PRBNYAY preny®nd pHodiihee. preferably
Exanpl es of ultraviol et absorbers include a 20
bﬁéﬁ?@ﬁhéﬂdﬁﬁjul@raV|6V@¥1a%@®rméﬁs Relerrbepicazd] ethe resin
ultravi ol et absorber, a salicylate ultraviol et
maﬁgépbéthéescyanoh©$qlahenuKInav%plEheahﬁﬂmberem@qgh@h may

ni ckel conpl ex

not be able to prevent clogging or may not be able to
improve ink jet stability. When the mass percentage of the
resin microparticles is more than 50 %, the preservation
stability of the ink may be reduced.

Examples of antiseptics or fungicides include 1,2~
benzisothiazolin—3;on, sodium dehydroacetate, sodium
sorbate, 2-pyridinethiol-l-oxide sodium, sodium benzoate,
and pentachlorophenol sodium.

Any pH adjuster that does not have negative
effects on an ink and adjust the pHE of an ink to 7 or
higher may be used depending on the purpose.

Examples of pH adjusters include amines such as

diethanolamine and triethanolamine; hydroxides of alkali

metals such as lithium hydroxide, sodium hydroxide, and
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salt ultraviol et absorber. Exanples of benzophenone
ultravi ol et absorbers 25 include

WQ 252653/ - 4- n- oct oxybenzophenone, 2- hydr oxy- 4av/06/322325
2007/ 052832 PCT/ JP2006/ 322325 -91 dodecyl oxy
benzophenone, 2, 4-di hydroxybenzophenone, 2-
hydr oxy- 4- net hoxybenzophenotte, and 2, 2',4,4' -
JAtd YA oxyheszophenang: é—mmllae@e@f o@eraq%arll 182QL8a1s such

ul travi ol et” absorbers 5 includ e

(2'"”5%{‘3@%? ﬁ\n,gggaﬁd%gty'%e AARNZOLELBEOLE: fyaroxide,

nyl nzotri-azo
%y%é% ﬁ%ésé&oéﬁﬁﬁ) Q?QXl&Q?”E°£££§é°£§rbgﬁgte, sodium
but yl - hyl phenyl ) - 5-chl or obenzotri azol e. Exanpl es
Cﬁr}%(%ﬂait@yl @t HAteRA oI Cayserddr-s 10 i ncl ude phenyl
salicylate, p-tert-butylphenylsalicylate, and
p- oct yl phBrghpakscyfatestEiahphbesoot dyaioder pleatidc sulfite,
ul travi ol et absorbers include
seidiyr 2- cyanos3l3atdi, phenyhashyhat e, gmwtdilgidrcolic acid,
cyano- 3- net hyl - 3- ( p- met hoxyphenyl ) acryl ate, and

AUt s }&5éﬁﬁﬁH&dﬁ}m@1V£1§e§ppentaerythrltol tetranltrate,
nethoxyphenyl)acrylate Exanp es of nickel conplex

t rher ude
E%?%Qi f?’o§%§% hgﬁﬁ(iiﬁfﬁi f 2' -
Ui obi s(4 Ler L octul phal al o) but v 060l ekel (L) ncs g

oc Iphalate) 2- et hyl hex Ian1nen|ckel(ll) 20 and
eqﬁdbbpg%qogeﬂqntlox1 ants) amine ant10x1dants, sulfur

octylphalate)tr|ethanolan1nen|ckel(II) An i nk
aaddordidegtiso amdembodinhemu sofanthegidegast may be used.

Examples of phenolic antioxidants (including
hindered phenol éntioxidants) include butylated

hydroxyanisole, 2,6-di-tert-butyl-4-ethylphenol, stearyl-f-

(3,5-di-tert-butyi-4-hydroxyphenyl)propionate, 2,2~
methylenebis {4-methyl-6-tert-butylphenol), 2,27~
methylenebis(4d~ethyl~6-tert-butylphencl), 4,4" -
butylidenbis (3-methyl-é~tert-butylphenol), 3,9%-bis{l,1-

dimethyl-2-[f-{(3~tert-butyl-4~-hydroxy-5-methylphenyl)
propionyloxytlethyll}2, 4,8,10-tetraixaspiro{5, 5lundecane,
1,1,3~-tris{Z2-methyl-4-hydroxy-5-tert~butylphenyl)butane,
1,3,5-trimethyl-2,4,6-tris(3,5~di-tert~butyl-4-
hydroxybenzyl)benzene, and tetrakisimethylene-3(3’,5"-di~
tert—butyl—4’—hydroxyphenyl)propionate]methane.

Examples of amine antioxidants include phenyl-p-



i nvention contains at |east water, a colorant, and a
hunmectant, and nay al so include a penetrant, a

wfapsint, 25 and ot her conponents. To prepar@iraiveg322325
i nk, the above WD 2007/ 052832 PCT/JP2006/ 322325 -92

conponents are dispersed or dissolved in an aqueous
medium The solution may & stirred if needed. To

[ [ : compQn I npl e, and.mll, a
SR rnate. ol R R VLo AP i B P SR B ey Lo
| trasound di.spersin chi ne may, be used. To stir .

DSy IEr TR nab i~ AT F T D R AL i gine, | 2, 6-dli-
stirring bl ades, magnetic stirrer, or a high-speed
LEr&persVAgPmEcRSRe rmay be Zudedi-Aeri-bEipydpheard of 20 2,4~
C, the viscosity of an ink 1is preferably between 1
dangtB3@ lcPsteatidbmbye ~-pheherdabl y Mot pBtyeerx Pamikb 20 2,27 -
cPs. Wen the viscosity is higher than 20 cPs, ink

5 mieehyltabblist(y-nmeyhbe-redegedbutRappldnefl)jgn ink is 4,4’ -
preferably between 7 and 10. Col ors of inks include,

phyy 1Raknbk Bl(Bedet Ay 1V el aW: - iRgaRERncaYan, and blagky s (3-
A multi-color inmage can be forned 15 with two or nore .

|
m%gh?&—%U%%rfﬁﬁﬁﬁphpﬁ8h8%%gg?9e %égggﬁisggggﬁd1%%Ebgkg?sndi—

col or n-an e ment SCri aBove,

[ ogessing apparatus . .includes a_printer driver
CERSTEPS VA"t pPOGY RO REPNEYL) RG OF *EOREG B thager N 1. 1. 3-
an i mage 20_processing net hod according to an
téﬁﬁéaF%@ﬁpyéf4FH¥dEPé§éﬁfte?ﬁv@#ﬁWéﬁbeHd%é@éﬁﬁnﬁt is
possible to include a unit for performng the inage
10 processi Ngraepkod i n @h i neyd fuor mi ngntioxidants include

dilauryl3, 3’ -thiodipropionate, distearyl thiodipropionate,
lauryl stearyl thiodipropionate, dimyristyl3, 3’ -
thiodipropionate, distearylp,p’ - thiodipropionatg, 2~
mercaptobenzoimidazole, and dilauryl sulfide.

15 Examples of phosphorus antioxidants include
triphenyl phosphite, octadecyl phosphite, triisodecyl
phosphite, trilauryl trithiophosphite, and trinonyl phenyl
phosphate.

Examples of ultraviolet absorbers include a

20  benzophenone ultraviolet absorber, a benzotriazole
ultraviolet absorber, a salicylate ultraviolet absorber, a
cyanoacrylate ultraviolet absorber, and a nickel complex
salt ultraviclet absorber.

Examples of benzophenone ultraviolet absorbers

25 include 2-hydroxy-4-~n-octoxybenzophenone, 2-hydroxy~4-n-



apparatus. Also, it is possible to include an
application specific integrated circuit (ASIC) for
wWQen7osasBng an i mage WO 2007/ 052832 PCT/ JP2006¢ @R A386%/322325
-93 processing nethod according to an enbodi nent of
the present invention in an inage form ng apparatus.
- An exenpl ary i nmage forning*ﬁbparatus (mul tifunction
[ r avi [ of i ' H.recordin
%ﬁ%ﬁgé%%ﬁﬁanéﬂgu%%g§%¥9?§ deé@ﬁ|§§?4§3Q§ﬁ%ﬁ?ﬁ?ﬁ%eé%ne' 2=
hreCIeren_c_t FIGb21. FIG 21 is a draw ng , ,
1 ﬁﬁﬁ%zai@é}QQﬁy LEMRGIIS on of t he®BRenpl ary i2mdge 44’ -
form ng apparatus. The body 1001 of the exenplary
G FHr R D 25 &% i ncl udes an i mage for ni ng
unit 1002 for formng 10 an image and a sub-scanni ng
conveyi ngEganplee030f{t Hesezowoizonponentistariolet absorbers
collectively called a printer engine unit). 1In the
5 iexanplear - i bbgeyf oony g appat adbusylpeenydl PgnBdidazole, 2-
(paper sheets) 1005 are fed one by one from a paper
feediyitroynis 2 Al H, 109 B 10f i 408 Hody 3093, _ﬁqg,?iroxy..

sub-scanning 15 conveying unit 1003 conveys the pap

sh j [ I ng e 4mpge_fqQrm ng. unjt
005 THE I Thad P Tor I ag Gart 1008 1517 qoraarape - tert-
onta t.he er. sheet 005 .and .t hereby, forns (records)
hﬁﬁyﬁhébe?gﬁﬁg%p%ﬁ@y&§§§Fé%ﬁ%ﬁﬂbgﬂﬂéi%&9%%%&%eﬂ via a

paper conveying/ejecting unit 20 1006 onto a paper

catch traf*087eat tHe uppéicyitaéeof therap foogbsorbers

The exenpl ary image form ng apparatus also includes
10 igsliudgge Beadhini ngsahieylate, f op-$eatmiong vdphiempdealicylate,

and p-coctylphenylsalicylate.

Examples of cyanocacrylate ultraviolet absorbers
include  ethyl-2-cyano-3,3’-diphenylacrylate,  methyl-2-
cyano-3-methyl-3- (p-methoxyphenyl)acrylate, and butyl-2-~

15  cyano-3-metyl-3-(p~ methoxyphenyl}acrylate.
Examples of nickel complex salt ultraviolet

absorkers include nickelbis{octylphenyl)sulfide, 2,2 -

tiobis(4-tert-octylphalate)~n~butylaminenickel {(II), 2,27 -
tiobis(4d-tert- octylphalate)-2-ethylhexylaminenickel (I1),
20 and 2,2’ -tiobis{d4-tert-

octylphalate)triethanclaminenickel (II).

An ink according to an embodiment of the present
invention contains at least water, a colorant, and a
humectant, and may also include a penetrant, a surfactant,

25 and other components., To prepare an ink, the above



The i mage scanning unit 1011 is positioned above the
paper 25 catch tray 1007 of the body 1001 and is used
WG W07/0§2832 | mage WO 2007/ 052832 PCT/ JP2006/ 322323 /IP2@4/322325
(print data) to be fornmed by the imge formng unit
1002. The image scanni ng %%it 1011 includes a
scanning optical system I0%5 including a light source
a Bl pekQkdy SEAdUY, pidhC S um.
c%%%éngﬁgﬁu .ﬁBC%F rorséaé%% 5 andp%%?7%ha§%o§¥§%§HB medium
|l ass 1012; a lens,1019:. and. an d canhj ng, .
Tgﬁenﬁﬂ u%bﬁﬁ. e E@an%?%%r%%tﬁégrggggﬁéﬁm1@§5Q§ﬁ?@rse the
the scanning optical system 1018 ve and scan a
COBBGRER S orf hE e LSt Gl T2l afdPREIPRAGRT, @ Pall
scanni ng el enent 1020 receives the scanned i mage of .
rtifd ,dotupehttashaksmager 18N sivdidlasopie | digjee 5§ §dl machine
is digitized, processed, and then printed. The inmage
5 maganbenguesdt 1041 atbko it udeslwaigressi ngogivatle stirring
1010 above the contact glass 1012 to hold down a
ndeeumRNt halhagexeapkaidgi Magedd Of MMy PPat atusi M0 or a
15 includes an interface for receiving print data -
i-nel_udj f: ' t oy by the image
hﬁ%%h% Sﬁﬁhfggﬁ%ﬁgfjg?ghg%ggglgagfh% network froma
host, for rocessin

apparatUSAEE%HQ%gbﬁ%gEnggg%HE@LEEU?%WEf%+s ?%%%%s?%gan ink
AP SRS RS R b S
digital canera. The image formng unit 1002 is a
10 bstresre 2 il £9%d cHyas "aes) fhiear iEGeSigur dtS o e Haen 20
of an ink jet recording
cPs, ink jet stability may be reduced.
The pH of an ink is preferably between 7 and 10.
Colors of inks include, but not limited to{ yvellow,
magenta, cyan, and black. A multi-color image can be formed
15 with two or more color inks. A full-color image can be
formed with the four color ink.
In an embodiment described above, an image
processing apparatus includes a printer driver that is a
program for causing a computer to perform an image
20 processing method according to an embodiment of the present
invention. However, it is possible to include a unit for
performing the image processing method in an image forming

apparatus. Also, it is possible to include an application

specific integrated circuit (ASIC) for performing an image



apparatus (imge form ng apparatus) described above.

The 25 inmage formng unit 1002 includes a carriage
waeas/isisat i s WO 2007/ 052832 PC1/J112006/ 322328c1/383806/322325

movable in the main scanning direction' (the direction

that is orthogonal to thgdggper conveyi ng direction);

a guide rod 1021 that qui ~the carriage 1023; and

' 4 including one.or.nore |iquid
§R008 8 08 N8AR0 0 (e IO D 2 Moo TS, (fifite present
iﬁ%éi@ggliQﬁid drgfs 0 different colors. In the

FO i hGFUn 29D 0L BT RE T4 S or med by

I e
jetting liquid drops fromthe recording heads 1024 on

the carri &fe e¥erplamyi émaige Beirmgngoeemapptascarri age
scanning nechanisn1in the main scanning direction, 10
W} tel fugesti i trhel maper leheiety 00t irthe Paperink et
conveying direction (sub scanning direction) by the
5 rsudvistianniaga GOL MY awdéaﬂeqo&-s Heid Bae) NG5 e
unit 1002 may be configured as a line type that uses
ddfa-dridee theads; . The reeor din %ngi- lude ., .
. Q£h%a %ﬁ% )%Y%%g%¥%qbﬁg-the

arrays of nozzles 15 for jetting bla

cQﬁﬁﬁRF@aQM% and .yel | H& i.nks. The. recordi ng heads
1024 %are supplied \% te%\gt :aparéloll&aqen SR ?@%%%'
1025 on taﬁ cgrriagg iOZ?. The sub_tanks 1025 are
suppl i ed WER"PHRE ¢8Por OF nk§et AkBUBA2FIkimggppEy réibes
not shown) from detachable ink cartridges 20 (main
XA LF0 26 G detfe Ao dypateo formiads wh igcdftizngor forming
conveying unit 1003 includes a conveying roller 1032
10 agsd@age andr iaveubolsicanniagdicioverying ent1033;3 athese two
endl ess conveyor belt 1031 stretched
components are collectively called a printer engine unit).
In the exemplary image forming apparatus, recording media
(paper sheets) 1005 are fed one by one from a paper feeding
unit 1004 at the bottom of the body 1001, the Sub~scanning
15 conveying unit 1003 conveys the paper sheet 1005 in a
position facing the image forming unit 1002, the image
forming unit 1002 jets liguid drops onto the paper sheet
1005 and thereby forms (records) an image, then the paper
sheet 1005 is ejected via a paper conveying/ejecting unit
20 1006 onto a paper catch tray 1007 at the upper side of the
body 1001.
The exemplary image forming apparatus also
includes an image scanning unit 1011 for scanning an image.

The image scanning unit 1011 is positioned above the paper

25 catch tray 1007 of the body 1001 and is used to input image
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bet ween the conveying roller 1032 and the driven

roller 25 1033, which conveyor belt 1031 changes the
w@lkoeosasen of the WO 2007/ 052832 PCT/ JP2006/ 3282328°2006862325

paper sheet 1005 fed fromthe paper feeding unit 1004

approxi mately 90 degrees and then conveys the paper

sheet 1005 in a positiontacing the image form ng

WY 7 Wt B @ WL e bR +3HR34male WG u%@tgilz@%z.

or charging the S surface of the conveyor -belt 10

I%}Zél ?Lp ] iqc.;c 2 nqlf'l' d % n]iTQS %_ 0 3.flo trir?g:liiu?f.ﬁ%g é‘at & a%%q\ﬁ%ﬁ %)Irptt ical

I'n an area taclng orm ng

1002; ressing roller 1036 f ing t
SHdain L608 DHE By el T 6B T2 476 g or

facing the conveying roller 1032; and conveying 10

10814 /els st ifGr opaidiadg sowtt efhd Oddpdincdivsdnal 095 roys 1016
whi ch an i mage has been forned by the i mage form ng

andl t100002 a @ortthe tpapers cAMeyi rg/lejnectlidid ;urntd E906mage
The conveyor belt 1031 of the sub scanning conveying

dd3irin 1H0 3 lieSnnitr Ned 0.n MHhe s nSeaniptg cdilr egidtem 1185 and
by the conveying roller 1032 that is rotated by a sub

tIEANHNG TR Qptkl3h \Q;P/%t%rﬁ 1100 PRl 2hEBZ A A document
timng roller 1133. The paper feeding unit 1004 is

renmva fromit A1 i.ncl ud

FETH P o HOF halt oig =150 ke s Sroeped gment
aper feed roller 1042 and a friction, pad 1043 for

ARG Gon e A5 TS L2008 arfd ™ FISBHRISG t HémiBhdnage

by one fromthe paper feed tray 1041, and paper

sdeipeyi g e giMasies stiodw lusied Heiitdssst, mRacEsseshr and then

printed. The image scanning unit 1011 also includes a
pressing plate 1010 above the contact glass 1012 to hold
down a document.

The exemplary image forming apparatus also
includes an interface for receiving print data including
data of an image to be formed by the image forming unit
1002 via a cable or a network from a host, for example, an
information processing apparatus such as a personal
computer for processing an image, an image reading
apparatus such as an image scanner, and an imaging
apparatus such as a digital camera.

The image forming unit 1002 is a shuttle type and
has a similar configuration to that of an ink jet recording
apparatus (image forming apparatus) described above. The

image forming unit 1002 includes a carriage 1023 that is



conveyi ng the paper sheet 1005 to the sub scanning 25
conveying unit 1003. The paper feed roller 1042 is

WO ottanes3iN0 2007/ 052832 PCT/ JP2006/ 322325 - 97p®dY 5130061322325
paper feed notor 1141 such as an HB stepping notor via
a paper feed clutch (not shown). The paper conveying
rollers 1044 are al so rotat%%“by t he paper feed notor

ddddo1 e, PaREmeanveyl fole aeliag WOl (4006 Jncludes

5 paper conveyi ng/ejecting ers 1 and
convewi ng t aper_sheet 1005 on. which an i nage has .
Jbsg(rebn‘&yk#oﬁao rr%%;e tgon?f:%peaﬁaearpec%n(i/oéﬁf‘f%ré? L9 ¥V erks guide
10 3(§ggé§%fer %{ecting rollers 1064 for ejecting the
‘poéjge]r Y o549 thfe Goaperd dat’dd® 1 end ooEto k) nan heads
exenmplary control unit of the exenplary inmage formng
Hpariatids diniownd med ieeteovi wui rdafagr erede Hemdsheach
bl ock di agram shown in FIG 22. The control unit 1200

5 lawingles mmywmiaf catalels Wi k240 d Qri ganrt Idlddng i he
entire operations of the exenplary 15 iInmage form ng

HATR RIS .c ol STRITH GOt Hela dinids 1Ak ifaglud U,
1201; a ROM 1202 for storinéﬁg 6?bg%§%1for ggﬁgigg 1m§ge

iihedd 201 e 9um A I9FRge RGeS IBL0G ] heaas

according to an enmpo the "prese
o o LEite 200 Y B Fventigns B Beda
c:data; a RAM 1203 for tenporarily storing image data; a
ASH-NPIPa P o AP CPERVRAML D1 308 f1Rdn Sepainieddatiaection,
even when the power is off; and an ASIC 1205 that
10 whddeodpedimgg&her 5essi nhestcR0&S in the paper conveying
direction (sub scanning direction).by the sub scanning
-conveying unit 1003. The image forming unit 1002 may be
configured as a ling type that uses line-type heads.

The recording heads 1024 include arrays of nozzles

15 for jetting black (K), cyan {C), magenta (M), and yellow
(Y) inks. The recording heads 1024 are supplied with the
color inks form sub-tanks 102% on the carriage 1053. The
sub tanks 1025 are supplied with the color inks through ink
supply tubes {not shown) from detachable ink cartridges

20 {main tanks) 1026 in the body 1001.

The sub scanning conveying unit 1003 includes a
conveying roller 1032 used as a drive roller; a driven
roller 1033; an endless conveyor belt 1031 stretched
between the conveying roller 1032 and the driven roller

~

25. 1033, which conveyor belt 1031 changes the direction of the



hal ft one processing on i mage data. WO 2007/ 052832
PCT/ JP2006/ 322325 -98 The control unit 1200 al so
WO HOr03882 an external |/ F 1211 for sendi ng/ r em@Eiipzmg/322325
data and signals between the main control unit 1210
and a host such as an inforpmation processing
appar atus used as an i nag€ ptocessi ng apparatus; 5 a
rJ r aly Auni ' ' iver, f
?%5%?ﬁ§|%%%gqfﬁ§‘3%%%%%%?5qﬁ%iggﬁ%ﬁgigﬁggﬁgfﬁﬁgééﬁ%ﬁﬁb
motor . driving unjt (motor. driver) 1213 far,_drivin
P g gt R Fh Pl e the e sheet
1023; a sub scanning notor driving unit 1214 for
1895vitRg & mesdis oro I$GmT Ademdtggel fornind ageit fées a
nmotor driving unit 1215 for driving the paper feed
ogtrer nil 41 1e rpderd sejtecvibdgh ot &C driiad Mpunitart2isy the
for driving a paper ejecting notor 1103 that drives
5 stualflagks din tthee dqeaperycromedy ndg/3a] det iapgl et slQPBdea 1035
dupl ex unit driving unit 1217 for driving a 15 dupl ex
foeediung MRt ehel Lohddalr tei1ves 03l i) S mA AW %y the

unit (not shown); a nmintenance/ cl eani ng notor driVving

1%'1%'8% f%%%rﬁ nf .runqrti ‘iio'?)@ ;a an%irréts%'l%g;‘: qjocll lee%niﬁ% E)wq.‘toq.‘r

t hat rives a recording hea

BEAS SR ng it 218 o Samsl iy S S0 R e Hp T 4

t he qharg%gg roller 1034. The control unit. 1200 )
I EPSHEFTndArded & hSolcondicy 1@ inAildg i3 4idranfegonveying
1222 for driving solenoids (SOL) 1206; a clutch
10 redilgicsg 1@si7t L0224 oo ngr iovitn ¢ hee lpegteno rmdpest i1005 on which
clutches 1107 used for paper feeding; and a
an image has been formed by the image forming unit 1002 to
the paper conveying/ejecting unit 1006.
The conveyor belt 1031 of the sub scanning
conveying unit 1003 is turned in the sub scanning direction
15 by the conveying roller 1032 that is rotated by a sub
scanning motor 1131 via a timing belt 1132 and a timing
roller 1133.
The paper feeding unit 1004 is removable from the
boedy 1001 and includes a paper feed tray 1041 for holding
20  the paper sheets 1005; a paper feed roller 1042 and a
friction pad 1043 for separating the paper sheets 1005 and
feeding them cne by cne from the paper feed tray 1041; and
paper conveying rollers 1044 used as resist rollers for

conveying the paper sheet 1005 to the sub scanning

25 conveying unit 1003. The paper feed roller 1042 is rotated
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WO 2007/ 052832 PCT/ JP2006/ 322325 -99 scanner contro
unit 1225 for controlling the image scanning unit

WQAoMYesZBhe mai n control unit 1210 receives a datRahRBI2325

signal froma tenperature sensor 1108 that detects the
5 tenperature on the conveyor belt 1031. Although the
main control unit 1210 alst/ Teceives detection

3 P MBI S ADOSE APIRPS S AR

e mai n control "uni

key in s fram.,and A sends di spl information to an
aoﬁyeﬁpa@ﬁp d%??f%icgﬁw A TOOFYs dne RERSId oY 1 nhe
operations/display unit 1109 includes keys such as
TS Wdyhs adifd 3d Spy inRtt adtest ke ardpadi fsiesl sotor 1141.
Further, the main control unit 1210 receives an

out put si §hal pépaksepniegimg/kiresingnoader 10061 ihatudes
15 detecting the travel distance and the novenent

repead cofh vishe ngdarjkicage gl 323,1 eand 1406 10Wnput o920l r

(pulse) froma rotary encoder 1102 for detecting the

dornar\é%li-ngdit?hfea%%e%n%hte@% 1Rve BN 1 SRee S rOf: [ihf h%se been

conveyor belt 1031. Based on the <correlationof t

f. S| | t [ . .ynj t 121
DU, S0 R R EaN S A BRI SR paper

t.he  mai n_scanni tqQr 1027 and thereby to ve the
SISFRge 12025” Sanf Catbs SORE St SBmKIARG FmtEt 1005 to
t%riving unit 1214'to drive the sub scanni ng notor

F3P2RRT CREFSDYT2E0 1#8Ve the conveyor belt 1031 for

conveyi ng the paper 25 sheet 1005.
An exemplary control unit of the exemplary image

forming apparatus is outlined below with reference to the
block diagram shown in FIG. 22.

The control unit 1200 includes a main control unit
1210 for controlling the entire operations of the exemplary
image forming apparatus. The main control unit 1210
includes a CPU 1201; a ROM 1202 for storing a program for
causing the CPU 1é01 to perform an image processigg method
according to an embodiment of the present invention, other
programs, a dither matrix according to an embodiment of the
present invention, and fixed data; a RAM 1203 for
temporarily storing image data; a non-volatile memory
(NVRAM) 1204 that retains data even when the power is off;
and an ASIC 1205 that performs image processing such as

halftone processing on image data.



10

15

20

WD 2007/ 052832 PCT/ JP2006/ 322325 -100 An exenpl ary
image formng process in the exenplary imge form ng

woapparasirts i s descri bed bel ow. The AC bi as amaiTyiregs/322325

unit 1219 applies an alternating voltage, which is a
hi gh voltage of a rectangul ar wave having 5 positive
and negative peaks, to the%harging roller 1034. The

char gi ng §R%Iggn@%§ﬂ 5999F505n§98§0?ﬁéfﬁd$@tQnagggﬁgnal

i nsul ating Tayer (Surface layer e conveyor

1031 har ges the insul at.ing | r. and forns

I{g}Q&;ﬁhzﬁ dseﬁgépgﬂigpf}gﬁggggé gn&n% signals between the
negativel y-charged areas alternately 10 in thejgaper_
nediv GPIntg Odi ra@é?-i 3R 10agng red@St, SHGR- @8i POy fnformation
electric fields are fornmed on the conveyor belt 1031.
ptoecsapeg sbeetrat@ss ussd ed farommalye papgeesséedi mgpparatus;
unit 1004 into the space between the conveying roller
al®33 nrardntthe 1pnessi ne 12olinen 3G, aahdather: ipleacdtbon

the 15 conveyor belt 1031 where non-uniformelectric

binelds 1308 +her Fedo e PaRedsSheet ; 18054l IRSEANY motor
pol ari zed "al ong the directions of the electric .

cfliglidsy her ahy Al Lacted 0 s he GomMaXanDel bnalg3l

veyed ‘as the convé elt rotates.
Wi | e the paper e 005 is intermttentl nveye
B R S eor O PEGR T Ve T GG e d0L S P
jet drops of recording |iquids according to print data
SERETHRSr &8y oo e VA Y drt e GFa st Vgt MRogsP
Then, the paper sheet 1005 is separated by a
ssepariatd mytolrawlddd WOrRGGH (5288 MopRCE JRA006Y8B22825 1215

for driving the paper feed motor 1141; a paper ejecting
motor driving unit 1216 for driving a paper ejecting motor
1103 that drives rolleré in the paper conveying/ejec?ing
unit 1006; a duplex unit driving unit 1217 for driving a
duplex feeding motor 1104 that drives rollers in a duplex
unit (not shown)}; a maintenance/cleaning motor driving unit
1218 for driving é maintenance/cleaning motor 1105 that
drives a recording head maintenance/cleaning mechanism (not
shown) » and an AC bias applying unit 1219 for applying an
AC bias to the charging roller 1034.

The control unit 1200 further includes a sclenoid
driving unit (driver) 1222 for driving solenocids (SOL)
1206; a clutch driving unit 1224 for driving

electromagnetic clutches 1107 used for paper feeding; and a



-101 ejected into the paper catch tray 1007 by the

paper conveying/ejecting unit 1006. Wen printing (or
wampyisrg)2z an i nage by the exenplary inmage forrGnmp2006/322325

apparatus on a paper such as gloss 5 paper on which

liquid drops do not spread snDotth but cl unp

t oget her, occurrences of pré%]ens such as beadi ng and

JONG d U, Gan 108 ieduced, and the, (qualhi;l trasg e lma

(copied) image can be inproved by processing ina

data . wth ge processing nethod using a dlther
%ﬁﬁqq5p%fﬂﬁkchgﬁhg to an enbodi nent of the present

i nvention. [Enbodi ments Detallsg enbodi nent s of t he
present |ﬁ@§nFP6ﬁ §PEtr@dstpibed-bll SRCCHEREY &r defRETion
present invention is not |imted to the speC|f|caIIy
sdigged loferpre pb ddimpera u rks SePrsaparidiGfornt etafstedds -the
Preparation of dispersion of polyner mcroparticles

5  teopteatatiing coppére phirhead yaoy dod lne 1f gne il theyprte pare neain
di spersion of polynmer mcroparticles containing a

&HRpe piikalhgoyaRing pid@Eites the @didm Aiglal 20 rom
flask with a nechanical stirrer, a thernonmeter, a

aﬂeﬁerp%%s%q% ' rt'he&sé ngeE}s@rsr %fﬂ%ntlttbc%d ang i@y 6l opp) rngso,

funnel r'epl aced ficiently wth nltrogen gas;

t.h fI
tdl ef%alz;lé}rﬁalsﬁ la Sdlmllh%a lcbV\ld c%lﬁﬂersyz/l& tJhn cry g‘frongf%d
t S 25 h I
Lt b R o EHPAC AR a it

PCT/ JP2006/ 322325
10 1109 on the body 1001. The operations/display unit 1109

includes keys such as numeric keys and a print start key
and displays.
Further, the main contrel unit 1210 receives an

output gignal {(pulse) from a linear encoder 1101 for

15 detecting the travel distance and the movement speed of the
carriage 1023, and an output signal (pulse) from a rotary
encoder 1102 for détecting the travel distance and the
movement speed of the conveyor belt 1031. Based on the
correlation of the output signals, the main control unit

20 1210 causes the main scanning motor driving unit 1213 to
drive the main scanning motor 1027 and thereby to move the
carriage 1023; and causes the sub scanning motor driving
unit 1214 to drive the sub scanning motor 1131 énd thereby
to move the conveyor belt 1031 for conveying the paper

25 sheet 1005.



-102 brand nane: AS-6), and 0.4 g of mercaptoethanol;

and the tenperature was raised to 65 C. Then, a m xed
wenloovixwse of 100.8 g styrene, 25.2 g of acrylrar/meom3223235

108.0 g of lauryl nethacrylate, 36.0 g of

pol yet hyl ene gl ycol nethacrylate 5 60.0 g of

hydr oxyet hyl nethacrylate - 138) of styrene nmacroner

( Toagosei n 0
nercaptoe?ﬁgnoﬁﬁbgazy ggzggEméﬁﬁe?%OF ?eron%PFile
and .18.0 . of t hy, h | ketone wa dr| ed
THRICIE T AUEE% G B AHRS F 10 e g:%dprﬂeﬂf%s}rhe
conpleted, a n1xed solutlon of 0.8 ¢ of
24 biasdiapstlngingaleyioni A9 ermid e ap glsrernadimg voltage,
et hyl ketone was dripped into the 1L flask for 0.5
widurs i sThee hriegulvadigegsoladt isonawds naatldre dvafver hevhiowr
at the tenperature of 65 C, 0.8 g of

5 rasahiisdl neichyamlErenigdd s o ws addediing the lexr 1034.
solution, and.then the solution was matured further

Y chlQng Afdiale 4 hey Teastd M StioPRE G038t &1 an
net hyl eth% ketone was put into the IL flask. As a

sy ﬁ%ﬁé BT AP A, SRRl e
0 E h
%éﬁﬁrgﬁ’l SO Uthl’l V\ﬁSjV%yrle a%ltS\Ag: t ver

chnonatography (standard pol ystyrene, solvent
Restirtapdnofdmged Fie Rasiah e dge Irsl ecaas E\Aé‘iegrrﬂately
was 15, 000. Next, 28 g of the obtained polyner

10 igolaitd gape26 qpnyay iofg cbipprart ight-hdlocy aifisve ipi graantuniform
13.6 g of 1 nol/L WD 2007/ 052832 PCT/ JP2006/ 322325
electric fields are formed on the conveyor belt 1031.

The paper sheet 1005 is fed from the paper feeding

unit 1004 into the spacé between the conveying roller 1032
and the pressing roller 1036, and then placed on the

15 conveyor belt 1031 where non-uniform electric fields are
formed. The paper sheet 1005 is instantly polarizgd along
the directions of £he electric fields, thereby attracted to
the conveyor belt 1031, and conveyed as the conveyor belt
1031 roctates.

20 While the paper sheet 1005 is intermittently
conveyed by the conveyor belt 1031, the recording heads
1024 jet drops of recording liguids according to print data
and thereby forms an image on the paper sheet 1005. Then,

the paper sheet 1005 is separated by a separating claw and



-103 pot assi um hydroxi de sol ution, 20 g of nethyl

et hyl ketone, and 30 g of ion-exchanged water were
woneos2aid stirred sufficiently. The resul ti rRET/IP2006/322325

subst ance was kneaded 20 tines wusing the Tripole Roll

MI11l (Noritake Co., Limtec Prand 5 nane: NR-84A) .

The obt ai ned paste was put~ H 200 g of ion- exchanged

é%géﬂeénﬁkég'ﬂﬁéﬂkaﬂ@¥tﬁﬁtéﬂfﬁﬁaﬂ“ﬂﬂUﬁ3Eyutﬁguﬁﬂ et N

tthe liquid was distilled away by using an evaporator

o svp%rm%}é:{ﬁ‘f%lqp 9,/f ppd(?/é‘rer mcroparticle

cyan col or was obtai ned. The solid

content of_the pal yner 10 mcropartlc e di sper
ves 20,0 MRS Wer dge ‘HAVCT G e B dfetr o
of the polynmner m croparticles in the polyne
ETﬁQﬂRﬂﬁaW igrage di epersd GHPRAS? st el RARHF aSLﬁ-a?tﬁ*%l%loss
size distribution analyzer (Mcrotrac UPA, Nikkiso
5 @psr land.Wwhidhel ayerdgirodd grarmtd o] s ok aetreroiaky I3ut
nm (Preparati.on exanple 2) Preparation of dispersion

Ifur® | yEst het CrOPAlt @t @ss contmt ot gndi sdiyd s beadlng and
qui nacridone pi gnent A pol yner mcr opartl cle

H RPN FOE M e MBOEM &4 &Qdca{@r? Pf epAr£bi fhted

substantially the sane manner as pr epar ati on

f&%gﬂééaog) ]irmae(ﬁ(&ecpgmtkg@th:trﬁnfévef '&Egﬂ 5@&&%}%%‘9&9 used,

a’ copper ocyani |gnent
ra article diangter 0
Bt offar fwac%spwﬂf%lrb%wﬁg Tafipsar P Dahatrix
di spersi on was neasured with_ a particle size
10 affedrqdibid i oh WD ST bBIBR 0 PETY PRt ER2dpsention.

{Embodiments]

Detailed embodiments of the present inventicn are
described below. However, the present invention 'is not
limited to the specifically disclosed embodiments.

15 (Preparation example 1)

- Preparation of dispersion of polymex
microparticles coﬁtaining copper phthalocyanine pigment-

To prepare a dispersion of polymer microparticles
containing a copper phthalocyanine pigment, the air in a 1L

20 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 1L 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

25 methacrylate, 4.0 g of styrene macromer (Toagosei Co., Ltd.,
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-104 anal yzer (Mcrotrac UPA, Ni kkiso Co;, Ltd.). The
average particle dianmeter was 127 nm (Preparation
W@RHIHPW3B) - Preparation of dispersion of pol ydBlir2ohs322325
m croparticles contai ning nonoazo yell ow pi gnent A
pol ynmer m croparticle dispersion with a yellow color
was prepared in substantiarly2the same nanner as the
t

ratian qggargql e e t . Pi nt
%%P%wﬂ%ﬁle'was us€d %fﬁgt é‘%gdoo? g%t:olpg)\%%%app%?%%%hi Aad the
1{)i ment. 10 The average particle diameter (D50% of
ST er T cf Bpafti dfe®d nCthel Bt yner mixed solution of

jcroparticle dispersion was neasured with a particle
J;TC}DZ.GS o7 sEFYBEEFonZ aRaldy A I kot raei UPALORE Rkigs@f lauryl
Co., Ltd.). The average particle dianmeter was 76 nm
M- NFmapatat i onbeRampl ef4)pPnepandtdren. gbfcdl Spetsiirylate,
of carbon black processed with sulfonating agent To

fr.dpage af canpiwobyacky i sparnsanlak?) 936102 g of styrene
commerci ally avail abl e carbon bl ack pignent (Printex

8rone20 Degussadi wWas , Imi xads i n gRg, i ngﬁngsu'ﬁs‘l'e%{lf531% g of

the solution was micro-dispersed with a beads m

G SEATAOIYT £, 96) CPog NS GG RSP 1o, anc

and then the solution®was §
40- 150 he obt.ained slurry was ,put in 1000 m of
Y e K ren v hrke Ehit Cirbr fsibhad Dato the 1% flask
fcenkrif%%ed at 12,000 rpm As a result, a
Sir FacePHESred WO 2007/ 052832 PCT/ JP2006/ 322325

After the dripping was completed, a mixed solution
of 0.8 g of azobisdimethylvaleronitrile and 18.0 g of
methyl ethyl ketone was dripped into the 1L flask for 0.5
hours. The resulting solution was matured for 1 hour at the
temperature of 65 C, 0.8 g of azobisdimethylvaleronitrile
was added to the solution, and then the solution was
matured further for 1 hour. After the reaction stopped, 364
g of methyl ethyl ketone was put into the 1L fiask. As &
result, 800 g of polymer solution with a concentration of
50 mass% was obtained. A portion of the obtained polymer
sclution was dried and its weight-average molecular weight
(Mw} was measured by gel permeation chromatography
{standard: polystyrene, solvent: tetrahydrofuran). The
weight-average molecular weight was 15, 000.

Next, 28 g of the obtained polymer sclution, 26 g

of copper phthalocyanine pigment, 13.6 g of 1 mol/L



-105 carbon bl ack wet cake was obtai ned. The obt ai ned
carbon bl ack wet cake was di spersed again in 2,000 n
W(p007/6M832%exchanged wat er; the pH of the sol ut iR§IHT/JRA6/322325

adjusted with lithium hydroxide; the solution was
desal t ed/ condensed 5 usi ng ultrafilter; and then the
solution was filtered with nylon filter with an

MG AP Of 1 b AR €60 0fit 108, Mo AS & NesSHh 1 @tﬁ;)@c'ketone,
carbon dispersion with a pignment “concentration of 10

s% wa, al ned r rticle di te -
*%%goé? 6? ?ﬁt Efg ﬁﬁggggg¥§ic e;ﬁ?ﬂh?%g c§%%%§ ﬁ%g%kStlrred
di_sper,si was_neasured ,wth article size .
ST o aHAT y SEPU L b ottt aPRe MkKFteadsd 20 times
Ltd.). The average particle dianmeter was 80 nm
USROG e ? oA TéRaApl ol -Mpf pdyderefase Gfan i hkmitsdrobrand
produce a cyan ink, 20.0 mass% of the dispersion of

5  rpolewneBiRA Prlopaflhé cbksatoatiapbashg @aasoppdr in 200 g of ion-
pht hal ocyani ne pi gnent prepared in the preparation

sxPled vatZdr Oanass¥ieted- metdiylyll, 3:toplt akedbot, aB8d0 water
mass% of glycerin, 2.0 nmass% of 2-ethyl-1, :

13 hmeanediPla e a8 204 ofwhp- BPOuEPHR0RN) HS@dra%or. As

a fluorinated surfactant, Q.2 mass% of Proxel L

2518, e ) SR By BBAERCEof B
SR ST Do AR g ol 32, 1081 e

25 menbrane filter with an average pore diameter of

10 mg.og qiinr WS B0 6283 2 TPERS) BROO6 F3EE325
The average particle diameter (D50%) of the
polymer microparticles in the polymer microparticle
dispersion was measured with a particle size distribution
analyzer (Microtrac UPA, Nikkiso Co., Ltd.). The average
15 particle diameter was 93 nm.
{Preparation example 2)
- Preéaration of dispersion of polymer
microparticles containing dimethyl quinacridone pigment-
A polymer microparticle dispersion with magenta
20 color was prepared in substantially the same manner as the
preparation example 1, except that C. I. Pigment Red 122
was used instead of a copper phthalocyanine pigment.
The average particle diameter (D50%) of the
polymer microparticles in the polymer micropa;ticle

25 dispersion was measured with a particle size distribution
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-106 (Production exanple 2) - Production of nmagenta
ink To produce a nmagenta ink, 20.0 nmass% of

WQ9p8:28%%0n  of pol ymer microparticles contai MGR§Pa66/322325
di met hyl 5 qui nacri done pignent prepared in the
preparation exanple 2, 22.°% 1SS % of
3-net hyl -1, 3-but anedi ol , 9. ss% of glycerin, 2.0

dTPaslé/ﬁé&f QMQEB}{S'tch %mxaﬂﬁ‘ﬂ"}c@,'&so 2c5. mesxy. yof 1% 3Qrerage

(DuPont) used as a fluorinated surfactant, ‘0. 2 mass%

r I d as an antlseptlc or a 10
- oxe dl%ést%ms > ngiv URE!

fungi Ci de 1-am no- 2, 3- propanedi ol, and a

certai n annunt of t| .on- excha % % water were nixed (100
mass% i n ‘tOERPFAtARE CRE WXt dre was filtered using a

menbrane filter with an average pore diameter of 0.8

um (Produact i onFeREdtEeeB) 155 PrHRRITVIPDI yef| owpolymer
ink To produce a yellow ink, 20.0 nmass% of the

rfi e asi tore 1of's wryumirnirﬂq:m:pmatzcclse@mtmmwa

nonoazo yellow pignment prepared in the preparation

exanpl e 3a Zb5memsa¥cobpdr oethyl dls@}etrlﬁlmdbi)&h 8 yellow
mass% of glycerin, 2.0 20 nmass% of 2-ethyl -

é%ﬁ&%aﬂ§9|ﬁfepgrédn§§5%ﬁﬁktﬁ%ﬁ¥¥ll%[%E@néamésﬁgnﬁéraas the

fluorinated surfactant, mass% of Proxel

0.2
RS g SPREOCs LnBlgde. Ak 7
oLl Y, o o expharand e st et gl (00
i ”e“"”a”%hm Aveagy S Gattidle S dtanatar” (D50%) of the
polymer microparticles in the polymer microparticle
dispersion was measured with a particle size distribution
analyzer (Microtrac UPA, Nikkisco Co., Ltd.). The‘avexage
particle diameter was 76 nm.

(Preparation example 4)

- Preparation. of dispersion of carbon black
processed with suifonating agent -

To prepare a carbon black dispersion, 150 g of a
commercially available carbon black pigment (Printex #85,
Degussa) was mixed in 400 ml of sulfolane; the sclution was
micro-dispersed with a beads mill; 15 g of amidosulfuric
acid was added to the solution; and then the solution was
stirred for 10 hours at 140-150 “C. The obtained slurry was
put in 1000 ml of ion-exchanged water, and the solution was

~

centrifuged at 12,000 rpm. As a result, a surface-treated
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-107 filter with an average pore dianeter of 0.8 u m

WéProduction exanple 4) - Production of black ink To

PYIHEB3A bl ack ink, 20.0 mass% of the car bonpcByBbegiersas
di spersion prepared in the preparation exanple 4,

22.5 mass% of 3-nethy|-1,3-$ﬁ%anediol, 7.5 mass% of
glycerin, 2.0 mass% of 2-pyrtolidone, 2.0 mass% of

Zasidyl bl%ck?’"b‘@;&(ar&%dd'eo' wad- %Mﬁ%@f %§é30 %%%Qtel)carbon

used as a fluorinated surfactant, 0.2 mass% o0

\. (Avecia 1 sed. ntiseptic_or )
l%luanég]{\c%glé, %%%e nglgs%%%%gﬁﬁggle%e,aga% %ince%’tagi(?% Dioupf ion-
of .ion, exchanged water were mxed (100 nmass%in
TR0 Ente RB mREumS! vl FPET SROditiSimgias ABdbeaRd with
filter with an average pore dianmeter of 0.8 gm The
Sifrivigee therdi onsdeind Wirscogpinesonf whe i dlesalt®d/condensed
produced in the production exanples 1 through 4 were

Uidasur ed okt eickided beldowhdhe ttesukbbiuaienshey® iflitered
table 1. <Measurenent of viscosity> The viscosities

waftH he riyksn Wef B seasuFiedaat 298 2? Wit b4 o
Vi sconeter of Toki Sangyo Co., f%g? 8one igﬂgkgrxqg.l~lim'

AR45 60&pmy +af t§r_tﬁégwukﬁ§)30n<wsg§gég??85 O\Bit?'rl{';faac%igment

tension> The static surface tensi I nks wer

:g$ﬁ% f ; Wi a surface t.ensjoneter (CBVP-Z
0 &g%%tlg%l%%fgpfg%%s§cﬁ%ﬁcg %@Ffmf*d.) using a

pIatinun1BLate. WD 2007/ 052832 PCT/ JP2006/ 322325
€ average particle diameter (D50%) of +the

microparticles in the carbon black dispersion was measured
with a particle size distribution analyzer (Microtrac UPA,
Nikkiso Co., Ltd.). The average particle diameter was 80 nm.

(Production example 1)

~ Production of cyan ink -

To produce a c¢yan ink, 20.0 mass% of the
dispersion of polymer microparticles containing_ & copper
phthalocyanine piément prepared in the preparation example
1, 23.0 mass® of 3-methyl-1,3~butanediocl, 8.0 mass% of
glycerin, 2.0 mass% of 2-ethyl-1, 3-hexanediol, 2.5 masss
of FS-300 (DuPont) used as a fluorinated surfactant, 0.2
mass% of Proxel LV (Avecia KK) used as an antiseptic or a
fungicide, 0.5 mass% of Z2-amino-2-ethyl-1, 3-propanediol,
and a certain amount of ion-exchanged water were mixed {100
mass®% in total); and the mixture was filtered using a

membrane filter with an average pore diameter of 0.8 M,
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-108- [Table 1) Viscosity Surface (nPa.s) tension
(MY m Production 8.05 25.4 exanple 1 Production 8.09

WQ3004/052%anpl e 2 Production 8.11 25.7 exanpl er@r/ar2006/322325

Production 8.24 25.4 exanple 4 - Production of base
material 5 A base material with a grammge of 79 g/ nR
was produced using a fourdtPhrer from 0.3 mass%

slurry rrad(et»,lcgdu toq{i&agn'&tﬂe formula below. In the

Size press step o t he paper nmaki ng process, an
oxi di zed stﬂ;ch sql uti on. was q&gLi d on the base
il é_n

material . THe S99 Coritedt=%t 0 oxidi zed starch

on the base material was 1.0 g/ n2. Leaf bl eached kraft

pul p (LBKPC §0F s Nt e Dl gdohedl 44 ataspul@f dispersion
(NBKP) 20 mass% Precipitated cal cium carbonate (brand

panme: PERYVIRY, CkuianapKogyol€s., ldahbaiklmmss¥%a 15 dimethyl
Alumi num sul fate 1.0 nass% Anphoteric starch (brand

qahesc £adod 105 ghkppopriberbtidin the mass¥ration example 2,
22.5 mass$ of 3~methyi-~1, 3-butanediol, 9.0 mass$ of
glycerin, 2.0 mass% of 2-ethyl-1l, 3-hexanedicl, 2.5 mass$
of FS5-300 (DuPont) used as a fluorinated surfactant, 0.2
mass® of Proxel LV'(Avecia KK} ‘used as an antiseptic or a
fungicide, 0.5 mass% of 1l-~amino-2,3-propanediol, and a
certain amount of icon-exchanged water were mixed (100 mass$
in total); and the mixture was filtered using a membrane
filter with an average pore diameter of 0.8 pum,

(Production example 3)

- Production of yellow ink -

To produce a vyellow ink, 20.0 mass% of the
dispersion of polymer microparticles containing a &mnoazo
yellow pigment prepared in the preparation example 3, 24.5
mass% of 3-methyl-1,3-butanediol, 8 mass% of glycerin, 2.0
mass% of 2-ethyl-1, 3-~hexanediol, 2.5 mass% of FS~300
(DuPont) wused as a fluorinated surfactant, 0.2 mass% of
Proxel LV (Avecia KK) used as an antiseptic or a fungicide,
0.5 mass% of 2-amino-2-methyl-1,3-propanedicl, and g

certain amount of ion-exchanged water were mixed (100 mass$%

in total); and the mixture was filtered using a membrane
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Neutral rosin size (brand nanme: NeuSize M 10, Harinma
Chemcals, Inc.) 0.3 mass% WO 2007/ 052832

WOPEE/GR2106/ 322325 -109 Retention aid (brand REAe2006/322325

NR- 11LS, HYMO Co., Ltd.) 0.02 mass% (Production
exanple 9) - Production of rOe7cordi ng nediuml1 5 A
coating liquid with a sol i'dt%Gntent  concentration of

S$AS P, | 4N eAQ M5 %, g0f , £l ay used
fggtgé%pi &r?e\gﬁt%nl r?%%:ﬁa?% ?655/& 97:L mfss% of partLiL cl es have
a diameter _of .2 u.mor Ler; 30 mass% of heavy
cal ci um cé?%ﬁg gl\?\ﬁnt ﬁxéﬁgg\%ﬁ%\ge particle dianmeter 10

of 1.1 a m _8 mass% of styrene-hutadi ene copol ymer
enul si on, - GEdUS518R & h\ééfa\?g, Wt A a

glass-transition tenperature (Tg) of -5 C 1 mass% of
phosphor i Ecesradudeed: shhrek; 10kp ZPadsHmBTsTaPti e carbon
stearate used as an aid; and water. To produce the

meedr didngpeediom lprépereddt aimedhelbpreptiragibnquixkmple 4,
was applied on both sides of the above base nateri al

280 4 haha 8s9/ N fof sohbédhgoRt eRtbotahbeicdat i Mg s | igusds of
adheres to each side using a blade coater; and the -

{,er driedyby, beb1 aibnaNd2 0 masss of 2-ethyl-
g*Sitaf%:erca'enzoff;ﬂreﬁélgés( Product%g}b,n exan'pPe 10) 50355 © ethy

SRl e cr d TRl 2 A AL LA o o o
qplaloq%l%pr%%:eg?/a%}lgg%%%rggﬁng$§% m%fss%l 2 £ u]?):egng Evpi(%gglgtia KK)
used as an antiseptic or a fungicide, 0.2 mass% of choline,
and a certain amount of ion-exchanged water were mixed (100
mass% in total); and the mixture was filtered using a
membrane filter with an average pore diameter of 0.8 pum.

The surface tensions and viscosities of the inks
produced in the production examples 1 through 4 were
measured as described below. The results are shown in table
1.

<Measurement of viscosity>

The viscosities of the inks were measured at 25 C
with the R-500 Viscometer of Toki Sangyo Co., Ltd. (cone 1°
347 x R24, 60rpm, after 3 minutes).

<Measurement of surface tension>

The static surface tensions of inks were measured
at 25 °C with a surface tensiometer (CBVP-Z of Kyowa

Interface Science Co., Ltd.) using a platinum plate.
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15

particles have a dianmeter of 2 u mor smaller; 30
mass% of 25 heavy cal ci um carbonate with an average
WQHFHEI882 di anet er WO 2007/ 052832 PCT/ JP2006/ 3B2B&82006/322325
-110 of 1.1 gm 7 nmass% of .styrene- but adi ene copol yner
ermul sion, used as an adhesjve, with a
gl ass-transition tenperatu?%OBITg) of -5 C 0.7 mass%
aphosphoric esterified starch; 0.5.mass% of cal ci um
Stearate used as an aid; and water. 5 To pr.oduce the
recordi ng nmedium 2, the obtained coating |iquid was
applied on both sides of the above base material so
that 8 g/n? ofysetsdiepntent] ghrEhgecoating] Iiquid
adheres to eachy,sjdgyusing a plade,goater; and the
base material| was dried by hpt @i/ﬁ) and
[Pf"&fdé’di Ocrllld‘ew CQJ'O%G (Firrst—e @Igauan%m—)?l'ﬁ( set,
recorJH‘ medi uhj ~and i nage recdrding - By a
SRR -bnak—ret-hod,—an—i-nk set 1 F the cyan

=

oRveRt-onal-—inet-h : rade.--Up-0]
Fafidyitokiited |i % Yhe productipfi®ekanple 1, the mnagenta
kS dticed n the productibn example 2. the 15
Regddus 3ok prioBluk®ed in the produéti on exanp|e 3, and
gdmmpls atk i nk produced in the production ekanple 4
Bvashyprtepar ed.; 812dges were prkbted on the recording
grethpim U wWth the ink set 1 (largest ink drpp size: 18
pl) at an 1nmagé resolution of 600 dpi using a 300 dpi
i mge forming 20 dpparatus having nozzles with a
nozzl e resolution of 384 according to an enbodi nent of
t he present Prodaetiion. cthéaseotraltearmadnt- of i nk per
unit area for a secondary color was I|limted to 140 %
and sol i dAcabase | mages iand ehel act efsamige of 79 g/m® was

produced using a fourdriniér from 0.3 mass% slurry made of

materials in the formula below. In the size press step of

the papermaking process, an oxidized starch solution was

applied on the base material. The so0lid content of the
2

oxidized starch on the base material was 1.0 g/m°.

Leaf bleached kraft pulp {(LBKP) 80 mass%

Needle bleached kraft pulp (NBKP) 20 mass%
Precipitated calcium carbonate (brand name: TP-121,
Okutama Kogyo Co., Ltd.) | 10 mass$
Aluminum sulfate 1.0 mass%

Amphoteric starch (brand name: Cato3210, Nippon NSC
Ltd.) 1.0 mass%
Neutral rosin size (brand name: NeuSize M-10, Harima

Chemicals, Inc.) 0.3 mass%
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formed. 25 (Conparative exanple 1) WO 2007/ 052832
PCT/ JP2006/ 322325 ~-ill - Ink set, recordi ng nedi um

WQae7iopsde recording - Inages were fornmed in  pCI/IP006/322325

substantially the same manner as the first
enbodi nent, except that a commercially available
coat ed paper for offset pr|%Q?ng (brand nane: 5 Aurora

ggaketgﬁé?yﬁggld %Q%angﬁgge QDQTLEapQQMbnggstitﬁs

was used as a recordi ng ned
(Conparative exanple 2) - Ink set, record| g di u
and i mage recording - | mages were forned iﬁ‘ogemasg%
substantlalgy the same 10 manner as the first
enbodi ment'F 1 Qh &y rcially available matt
coated paper for ink jet printing (brand nane:
Super fi ne,~ Saiokiactgson Comsercading nead wrsdd -as a
recordi ng medium (Second enbodi nent) 15 - Ink set,
recor di ngArediaumtiangd | meggui@cording - hnageﬁlware content
formed in substantially the sane manner as the first

EIHOh TR L ore XS EP Ot h sdhews eCprdiangedmBd) UM 21 MES 70 masss
used as a recording nedlun1 (Third enbodi nent) 20 -

dfk sef, (eeqrding gediym.,and i Gfa%%lcgcoE?bpg 87 énassa of

| mages mere ormed I n su stantl sane- nan
first enbo pt that a co rciall

th
5%5%%3)5 LT ed éﬁ@?EFE geé@ngwﬁ?rﬁ@ ?Braﬁg mass% of

heggy calcium carbonate with an average particle diameter
of 1.1 um; 8 mass% of styrene-butadiene copolymer emulsion,
used as an adhesive, with a glass-transition temperature
(Tg) of -5 C; 1 mass% of phosphoric esterified starch; 0.5
mass% of calcium stearafe used as an aid; and water.

To produce the recording medium 1, the obtained
coating liquid was applied on both sides of the above base
material so that 8 g/m’ of solid content of the coating
liguid adheres to‘each side using a .blade coateg; and the
base material was dried by hot air and supercalendered.

(Production example 10)

— Production of recording medium 2 -

A coating liguid with a solid content
concentration of 60 mass% was produced by m;xing 70 mass$
of clay wused as a pigment in which clay 97 mass% of
particles have a diameter of 2 um or smaller; 30 mass% of

neavy calcium carbonate with an average particle diameter



Space DX, grammage = 56 g/ nR, N ppon Paper Industries
Co., 25 Ltd.) (hereafter called a recordi ng nedi um 3)

WK 7@88a2 as a WO 2007/ 052832 PCT/ JP2006/ 3223 2% 1/38bdd7322325
recordi ng nmedium (Conparative exanple 3) - Ink set,
recordi ng nmedi um and i mage_recording - |nmages were
formed in substantially thelsGme 5 manner as the

Frstq e digment, € ink set 2 de up of
%£e§b§a%Q?nk préﬁﬁ%§%$%$%{é§%ﬁglJ%#f%ﬁaé%> @ney emulsion,
en [ r.duced.in the production. exanple 6,

‘%%e:d 3%% o%/vﬁi r?k%ﬁr%& Feed iRt i BESSBEfFSHSéQaﬁﬂ g-emperature
and the b|Q&k i nk_produced in the production exanple
WasChsed. “10 ¢ chnpassti vt eR]a%PgOn}C- estlerddtied starch;

recordi ng nmedium and image recording - |nages were
¥ of feP 3 Sz lantimal 3 seatet s aneed meher aisdt hend iwster .
enbodi ment, except that the ink set 2 and a

5  commerci alfby pvaikadl eheoatech pdpes fieriaff S8t the obtained
printing (brand nane: Aurora Coat, grammage = 104.7

@lading N ppeis Rager abpdustr i®s eth ddidkq M@rQh%S%%fve base

instead of the ink set 1 and the recording nediuml1.,

n{£eQparat kye @xanpge 95)5%2- | LEK S8ty r@c?rg{.grrrléggion@d%gg] coating

and i mage recording - nages wer e

tant i t sa manner as the first
ISP AR08 A0 R THe et % PlddF coaters and the
commerci ally avail able matt coated paper for ink jet
D5 r(l@rylar‘i“&‘snéwézeds&ﬁferffqtnélrs@p Tpsgiralendered.

Cor por ati on)
10 (First embodiment)

— Ink set, recording medium, and image recording -

By a conventional method, an ink set 1 made up of

the cyan ink produced in the production example 1, the

magenta ink produced in the production example 2, the

15 yellow ink produced in the production "example 3, and the

black ink produced in the production example 4 was prepared.

Images were printed on the recording medium 1 with

the ink set 1 ({(largest ink drop size: 18 pl) at an image

resolution of 600 dpi using a 300 dpi image forming

20  apparatus having nozzles with a nozzle resolution of 384

according to an embodiment of the present invention. The

total amount of ink per unit area for a secondary color was

limited to 140 % and solid-color images and characters were
formed.

25 (Comparative example 1)
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were used instead of the ink set 1 and the recording
medium 25 1. WD 2007/052832 PCl'/JP2006/ 322325 -113

WQomiparsati ve exanple 6) - Ink set, recordi ng medirine/322325

and i mage recording - Imges were formed in
substantially the sane nanyfi as the first
enbodi nent, except that the*ink set 2 5 and the

recording rediumed Waredisethd nad@adh Ofaddie ke S&leodiing -

and the recording nedium1l. For each of the recording

medi um 1, {fe,decording cJEANM 2, e Leeqrding  cne  sone

medi um 3, an e recording nmedia use e

conparative _exanples 4 and 5, the amount of 10 .
TPRRET ePPedSure Ak iU THRE anBUREPbT thRknss craEipreially
cyan_ ink produced in the production exanple 1 were
weashilele acoadestr PBRgrbef oW UsiiREa dydafiiedscdhnang name:
absorptoneter. The results are shown in table 2.
Mhisorafopatachrefmebe reddrdihg MmEdi pbort Heapel5 Industries
recordi ng medium 2, and the recording nedia used in

the, Todpardds viesexadPl £srdcandi by mdei@anpunt of
transferred cyan ink produced in the production

exanpl e 5 mRsJRasurRd ¢.a8fAgscr) bed bel ow using a
dynam ¢ scanni ng absorptoneter. = The results are shown

in table 3. <\kas . 0 ts .of, t.ransferred .,
pure water éﬁ%ﬁ%@ﬁn%%hg\m%wgéeﬁgﬁg% §%§kﬁ“ﬁ§e recording -
absorpto er> For'eachH§I t he above recordi ng nedia,

the amount®39H t FPETEF erf B Pur € hat B HRP ¥ nthe  same

were neasured usin , .
manner as the first embodiment, except that a commercially

available matt coated paper for ink ijet printing (brand
name: Superfine, Seiko Epson Corporation) was used as a
recording medium.

(Second embodiment)

-~ Ink set, recording medium, and image recording -~

Images were formed in substantially the same
manner as the first embodiment, except that the recording
medium 2 was used as a recording medium.

{Third embodiment)

- Ink set, recording medium, and image recording -

Images were formed in substantially the same
manner as the first embodiment, except that a commercially
available coated paper for gravure printing (brand name:
Space DX, grammage = 56 g/mz, Nippon Paper Industrie§ Co.,

Ltd.) (hereafter called a recording medium 3} was used as a
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a dynam c scanni ng absorptoneter (K350 series, type D,

25 Kyowa Co., Ltd.). The anpbunts of transferred pure
WOe0210524%d WO 2007/ 052832 PCT/ JP2006/ 322325  -PXIAIPGYW(322325

ink at a contact tine of 100 nms and 400 ns were

obt ai ned by interpol ati on,__‘lulsi'_ng the transferred

anounts neasured at tine points around each contact

Add¥:dinkpbleridlm Recordi ng Pure water Cyan ink
(production nedia exanple 1) Contact Contact Contact

Contact ticBRnal@QikMyxafi@@et ye: 100 tine: 400 ns
ms nms N Recording 10.1 M/ m20.2 mM/m7.2 m/m 14-.

m/m nediu R or%i § %i / %8. [m.14.6 _nml /[ m. _
10.4 ol fm" mE G2 REESF ?Hé 5fofy; A B Reloyding
mM/m8.8 mM/m nmedium 3 Con'p%rat_ive 2.8 mM/m
i - 4-m 1-/ AEPP?SH PRES. 1 TREFRE exdBnplSedlbrtenigartdti véhe same
41.0 M/m44.8 mM/m38.1 mM/m46.2 mM/m example 5 5
Margisie 33 Récordiryt negbadopanti nlexgardduthaon aexaipt eset 2
5) Contact tine: 100 Contact tine: 400
made up of the cyan ink produced in the production example
5, the magenta ink produced in the production example 6,
the yellow ink produced in the productiocn example 7, and
the black ink produced in the production example 8 was used.

(Comparative example 4)

- Ink set, recording medium, and image recording -

Images were formed in substantially the same
manner as the first embodiment, except that the ink set 2
and a commercially available coated paper for offset
printing (brand name: Aurora Coat, grammage = 104.7 g/m?,
Nippon Paper Industries Co., Ltd.) were used instead of the
ink set 1 and the recording medium 1.,

(Comparative example 5)

- Ink set, recording medium, and image recording -

Images were formed in substantially the same
manner as the first embodiment, except that the ink set 2
and a commercially available matt cocated paper for ink jet
printing (brand name: Superfine, Seiko Epson Corporation)

were used instead of the ink set 1 and the recording medium

1.
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ms ms Recording nedium2.7 mM/m4.1 m/m 1 Recording
medium 3.8 M/ m5.6 mM/m 2 Conparative 0.6 mM/maO0.9
waorkdomosasexanpl e 4 Conparative 31.3 m/nR 36. 8 pi1/582006/322325
exanple 5 The quality of the images printed in the
first through third enbodi nents and the conparative
exanples 1 10 through 6 viet € eval uat ed in terrrshof
beadi ng, blcegiNGt iSRUL MBS fnd gl ossiness. The
oot 13 ars Mo LIRS IRET®, B00 J0077 052837 f ‘
PCT/ JP2006/ 3 -115- <Beadi ng> The degr.ee o ,
beadi ng in t%%é( gs%itﬁt & C&F@el%’gsg}ei%gunbola&dgiwg@ wgsording -
eval uated by eye observation according to the
eval uat i o&“%ﬁgietser &2 6el GRITST Evidl udty dyGlerla) the same
No beading is observed and inmage is evenly printed.
TBERINBeadi n§hes fSinsghtenbebiesvied. exCept Beaditngtis ink set 2
clearly observed. 10 DD: Excessive beading is
aolsberhedrecording medium 2 were used instead of the ink set

1 and the recofding medium 1.

For each of the recording medium 1, the recording
medium 2, the recording medium 3, and the recording media
used in the compafative examples 4 and 5, the amount of
transferred pure water and the amount of transferred cyan
ink produced in the production example 1 were measured as
described below using a dynamic scanning absorptometer. The
results are shown in table 2.

Alsgc, for each of the recording medium 1, the
recording medium 2, and the recording media used in the
comparative examples 4 and 5, the amount of transferred
cyan ink produced‘in the production example 5 was measured
as described below using a dynamic scanning absorptometer.
The results are shown in table 3.

<Measurement of amounts of transferred pure water
and cyan ink with dynamic scanning absorptometer>

For each of the above recording media, the amounts
of transferred pure water and cyan ink were measured using
a dynamic scanning absorptometer (K350 series, type D,

Kyowa Co., Ltd.). The amounts of transferred pure water and



<Bl eedi ng> The degree of bl eeding of the printed black
characters in the yell ow background was eval uat ed by
W@ge7/063882r vat i on according to the eval uati on eri/i@nieas22325
bel ow. 15 [Evaluation criterial] AA: No bleeding is
observed and characters are 3:I early printed. BB:
Bleeding is slightly observed:” CC. Bleeding is
Sge@r livsxobger ved 20 0P  Exsess e 1pleedy ngaﬂé
served and outlines of characters are blurre
SRy r T f s n the rinted
|nagégﬂ§a§§Pev£€ Qgg%ggyggy e 1Ig$ EFontﬁ%%%EﬁFﬁﬁgtc?mounts
t he evaluation 25 criteria below. W 2007/052832
mﬁf‘ﬁ“h"ﬁ%o% FFH PO FRUCRTTh CHHERTFE af B No

S ur rrark i s observed. BB: Spur nmarks are observed

300 ms were

CC. Spur marks are cI early observed DD
1| V I S—are UUDC'I A = T
I% ofhgr%e oFaygoséF%gss of the pr ﬁéfsa llﬁggé?r\%gcuon
evall uat ed bvy—eve-—observation accor ~heﬁﬁmp 4
eval uation | crPEaFFa beIQSWtafCFO[ EvhFQRERSA critentact
time: 100 time: time: 100 |time: 400
ms ms ms ms

Recording 10.1 ml/m® [20.2 ml/m° | 7.2 ml/m® |14.8 mi/m?

medium 1

Recording 25.2 mi/m* [ 28.5 ml/m? | 14.6 ml/m? |19.4 ml/m?

medium 2

Recording |10.4 ml/m® |21.8 ml/m® | 6.4 ml/m®> |8.8 ml/m’

medium 3

Comparative [ 2.8 ml/m* [3.4 ml/m® 2.7 ml/m® |3.1 ml/m

example 4

Comparative | 41.0 ml/m” {44.8 ml/m? | 38.1 ml/m° | 46.2 ml/m?

example 5

5

[Table 3]

Recording media Cyan ink (production example 5)
Contact time: 100 | Contact time: 400
ms ms

Recording medium 2.7 ml/m? 4.1 ml/mé

1

Recording medium 3.8 ml/m? 5.6 ml/m°

2

Comparative 0.6 ml/m° 0.9 ml/m?

example 4

Comparative 31.3 ml/m? 36.8 ml/m?

example 5

The guality of the images printed in the first

through third embodiments and the comparative examples 1

10 through 6 were evaluated in terms of beading, bleeding,

spur marks,

4.

and glossiness.

The results are shown in_table




AA: I mages are highly glossy. BB: Images are glossy.

CC. Images are not glossy. 15 [Table 4] Beadi ng
W(BPWaEP2882 Spur mark G ossiness First BB BB BB@RIP2006/322325
enbodi nent Second AA AA AA-BB enbodi nent Third BB BB
BB AA enbodi ment Conpar at_i_g DD CC DD BB Exanple 1
Conparative AA AA AA CC Ex ﬁ%]'e 2 Conparative DD DD

DD BB Exami®iihdSonparative CC CC CC BB Exanple 4
Conparative DD DD DD BB Exanple 5 Conparative AA AA

AA CC Ex 7 [ dP2 §/ 22325 .
i 00, S5 100 5L LRI IO o s
é&ﬁég EHB% I%%gs%vgihé{gdcggt%Jgr@bg%rngfénmgkggid?ng to
the evaluation criteria below.

5 [Evaluation criteria]

AA: No beading 1s observed and image is evenly

printed.
BB: Beading is slightly observed.
CC: Beadiﬁg is clearly observed.
10 DD: Excessive beading is observed.

<Bleeding>
The degree of bleeding of the printed black
characters in the yellbw background was evaluated.by eye
observation according to the evaluation criteria below.
15 [Evaluation criteria)
AA: No bleeding 1is observed and characters are
clearly printed.
BB: Bleeding is slightly observed.
CC: Bleeding is clearly observed.
20 DD: Excessive bleeding is observed and ocutlines of
characters are blurred.
<Spur marks>
The degree of spur marks in the printed images was
evaluated by eye observation according to the evalgation

25 criteria below.
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15

colorant, and a hunectant and having a surface tension
5 between 20 and 35 nVmat 25 C, and a recording

Woreossshe anount of ink transferred onto whe@hip2006/322325

recordi ng medi um neasured. by a dynam ¢ scanni ng
absorptoneter is between 4 _ and 15 m/nR2 at a contact
time of 100 ms and between 7%hd 20 m/n2 at a

contact tim&a0f,a400n"% WekLei43ed as an ink 10
recordi ng medi um set. Conpared with the ink-recording

medi um setys .uged .in.t onpar.at.i xanmpl es 1 through
6, the in Jrﬁgoﬁg?ﬁgﬁﬁggigﬁ]?éﬁ§%§§§d in the first

t hr ough E%Lr enbodigents shgmed excel .l ent eval uati on
results if- 't ePHS BFYBEaditfig  BFedarng l 1epGr Ymar ks,
and gl ossiness. 15 According to an enbodi nent of the
present FRveRPREnMaz kg aler cAeEELY @PSkraed.DD: Excessive
concentration type dot arrangenent order is used when
sayoumaskts Baldf tosedvevel is | ower than a
predeterm ned threshold level, and a dither matrix
with a di spepssonesype dot arrangenent order is used
20 when an output halftone level is equal to or higher .
than FheTﬁéeQ€%§ég‘Bﬁdqﬁ6%§§H85g bevehe ﬁ%g%t%dwqhg%%s was
makes it possible to forma concentratio ype

l-f 1 t te screen. angl.e, while ,
eg%&&?%%?%ggﬁrgﬁ%%néﬂéﬁgﬁg%§8%|é%ﬁFH%L%H% b8adiliy evaluation
Cgg%sed bé &%ncentration of dots by 25 using a

'sE&PSi i tybe dot arrangenment order for higher WO
2007/ 052832 PCT/ JP2006/ 322325 -118- output hal ftone
| evel s. THEVPA+B3BAPN| AveRerdAlis not limted to the
specifically disclosed enbodi nents, and variati ons and

AA: Images are highly glossy.

BB: Images are glossy.

CC: Images are not glossy.

[Table 4]

Beading Bleeding Spur mark | Glossiness
First BB BB BB BB .
embodiment
Second AA AA AR BB
embodiment
Third BB BB BB AR
embodiment
Comparative | DD CC DD BB
Example 1
Comparative | AA AR AR ccC
Example 2
Cemparative | DD DD DD BB
Example 3
Comparative | CC CC CcC BB
Example 4
Comparative | DD LD DD BR
Example 5
Comparative | AA AA AA ccC
Example 6
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nodi ficati ons may be nade w t hout departing fromthe
scope 5 of the present invention. The present
WaRHI7/082882 on i s based on Japanese Priority Appli/si@hodiniizs
No. 2005-318669, filed on Novenber 1, 2005 and
Japanese Priority Applicatlff No. 2006-279108, filed
on Cctober 12, 2006, the en fe contents of which are
10 hereby incorporated herein by reference. -119-
CLAIM5 1. Adither matrix used in halftone - processing
for converid ngedapiied TROS, dat 8,ha g M i pput it fgrough

halftone l'evel s into output |mage data vi'ng

alftone | evel wherei n. a concentration
pe di %%)dﬂk X i §° us%%ﬁ CHHS 1t he P rat BRR tuhenter,  a
a ut halftone | evel is mnthln a range of input

‘? | &7 s 2coPPBSPBREE NGt &R VEMPuE 18uhbREe orteension
| evel that is lower than a predetern1ned t hreshol d
beﬁmﬂem'QQJ&nd 351mN/mndta26|dberandnaty@eo&uhm@rmedlum the
matrix is wused as the dither matrix when the input
daldntonef evielk | radstdnreal r ange ofwHinput haldipl medium
| evel s corresponding to an output hal ftone | evel that

riaanual b9 er J}brﬁ?ﬁctgéﬂnﬁbﬁ% 1D predehermned, bgtween 4

t hreshol d Ievel T, multiple submatrices are arrang

driy the ﬁl?ﬁeﬁﬂ:Q?téé%?gétat§ﬁée%@ QRQJﬁwﬁA%$$hé?tween 7 and

overlap and w t hout eavi ng space in
g L RS R A R
reuc%q:alrnlgcesmea 1eurr%lsesdetas t(E]oempared with the ink-recording
medium sets used in the comparative examples 1 through 86,
the ink-recording medium sets used in the first through
third embodiments showed excellent evaluation results in
terms Qf beading, bleeding, spur marks, and glossiness.
According to an embodiment of the present
invention, a dither matrix with a concentration type dot
arrangement order is used when an output halftone‘level is
lower than a predetermined threshold level, and a dither
matrix with a dispersion type dot arrangement order is used
when an output halftone level is equal to or higher than
the predetermined threshold level. Such a method makes it
possible to form a concentration type halftone dot pattern
and screen angle, while preventing problems such as

bleeding and beading caused by concentration of dots by

using a dispersion type dot arrangement order for higher



submatri ces when the input halftone level is within a
range of input halftone |evels corresponding to an
W0 03283hal ftone | evel that is |ower than theCT/iaP2006/322325
predetermned threshold level T; and 25 dispersion
type submatrices are used g¢he -120- submatrices
when the input halftone Ieve][ is wthin a range of
dutpuit hed ffitomee |Jeanet lss correspondi ng t'o an out put
hal ftone | evel that is equal to or higher than the
pr edet er nThed pirBresholidveevalonT 1 s5n3t Tha:idiclihel, the
matrix as clarnmed in claim 1, wherein, V\,hen the i nput
haldtane 1eyel; d asndiR half tone ] el 1

range of i nput Cs]]ftone eve co’rrespon

| s Ul put halftone Iev 0 he

rr!(:})(S%Lcen qt rr{ayp S dbsittt r"ijt r?‘eef)&ﬁ%&ﬂ 9% diiie scope

| ev ii’f is used thr oughout t he concentration

ﬁg‘ ﬁr?éitnrq dé¥erfiothe dither matrix as clained in

cI aim 15 2, wherein, when the input halftone level is

a hi ghest Thﬁnpuﬁsﬁaltf Bppéikevébni nsabrandeoonf Jupputse

hal ftone | evels corresponding to one of the N(M> N -
PxiZjricyt poip lhalaftieme Nd el 06 - Haiab Qne iafedt gy NdMmpdY 1,

> 2) output halftone levels is used throughout the

290maihid JePand@ el prilke-idivi hefp MRl erafiCl BigmA 47y 03,

claim 1, wherein the submatrices are arranged in such
faN @& U8F October 12, 2006, the entire contents of which are

10 hereby incorporated herein by reference.
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that dots are dispersed in the dither matrix. 25 5.
The dither matrix as clainmed in claim-121- 1, wherein
the submatrices are arranged in such an order that a
threshol d value in one of the submatrices does not
i mredi ately follow or precede a threshold value in
anot her one of the subnafiiPees which anot her one of
the submatrices 5 is adjagﬁﬂ% %o the one of the
submatrices. 6. The dithe ¥Pix as claimed in claim
1, wherein the submatrices are arranged in such an
order that the dither matri x obtains high-pass filter
10 characteristics. 7. An inmage processing method of
perfornmhg i nage procksditgeomiimepe weed of el frege,
wherein the i mage processing includes hal ftone
prpeesessyngotScbhatrisnpeihpuiednbgengadadhbbengMmsknput
made of the dither nmatrix as clained in claim1l. 8.

haTRechERgEyRIQCERTLNGuRBLAOIrAS. BLBEMRAVERChAM .y > 2)
erein, when the inmage is a color 20 |nagg avi ng

wh
ou?éh%igéigggbgrlgbgﬂgs,w%e%%nverted di t her mask, which

y convéerting sai'd dither mask by one or
nore of conversion nmethods inc¢luding rotation,
axi symmet rFCERvefsion, tune €+ EReY afdbhi® | s udeedfes the
any one of the color planes. 25 -122- 9. The inmge
diphgéeggﬁﬁéxnybﬁ@dagsinput halftone level is within a

range of input halftone levels corresponding te an output
halftone level that is lower than a predetermined threshold
level T (N > T > 1), and a dispersion type dither matrix is
used as the dither matrix when the input halftone level is
within a range of input halftone levels corresponding to an
output halfteone level that is equal to or higher than the
predetermined threshold level T;

multiple submatrices are arranged in the dither
matrix at a screen angle without overlap and without
leaving space in the dither matrix so that output pixels
form a halftone dot pattern or screen lines;

concentration type submatrices are used as the
submatrices when the input halftone level is within a range
of input halftone levels corresponding to an cutput
halftone level that is lower than the predetermined

threshold level T; and

dispersion type submatrices are used as the
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clainmed in claim8, wherein a reversed dither nask

which 1is created by reversing a dot arrangenent order

of said dither nask for each output hal ftone |evel,

is used for any 5 one of the color planes. 10. An

I mage processi ng net hod 9% perform ng i mage

processi ng on i nage data % an i mage, wherein 10 the
subrERge] d¥ H GASSH Nthé nﬁxﬁ;ﬁﬁiﬁshilﬁf{é@@el@f@]?%& Agthihak ksnge

performed using a dither mask made of the dither

of r@r‘iﬁdﬁ‘ 1851 £ hdrede b £ @cbﬂéspéﬁ‘ﬁ?ﬂn& heo QRQSuP%u

col or I mage having CMYK col or anes, each o

bnatr ces h s_a shape by 15. conbl n Iarge
ha PGl € Shd ie bt 1 ETeET ahg o T8 PAHahRer That
a_corner of the Iar e rectangle and a corner of the
Pr%ﬁﬁﬂ¢IW%%?%n@¢%e%?% dnledrtatt with each other and a
side of the |large rectangle and a side of the snal
rectangle are in contact with each other; and 20 a
transl ated dither mask, which is created by
transl ati.ng said dithgie rpiskn@nNenDrr IW0rLs | ¢ NEBmed 8n claim
vertical direction, is used for each of the CWK col or

1, PLiROESin 25.:0dn dRHE LRBGE H@@@éﬁéngemh@g gshlg;%ést

caumdln ca|m7 erein the image I1s to be onm
ng_apparat us _i.n¢ludin ecar
mﬁﬁ RO ot € ot Bt ran%ecgrfd%ﬁau - SRaefs
g S orned on,such a recordlng
corre pondlng to a highest output ha ftone level (T — 1) of
d P

the concentration type submatrices, the output halftone
level (T -~ 1) is used throughout the concentration type

submatrices.

3. The dither matrix as claimed in claim
2, wherein, when the input halftone level is a highest
input halftone level in a range of input halftone levels
corresponding to one of the W (M > N > 2) output halftone
levels, said one of the N (M > N > 2} output halftone

levels is used throughout the submatrices.

4. The dither matrix as claimed in claim
1, wherein the submatrices are arranged in such an order

that dots are dispersed in the dither matrix.

5. ' The dither matrix as claimed in claim
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that the drops of the recording liquid do not spread
snoot hly but clunp together thereon. 12. The i nage
processing nethod as clainmed in claim1l, wherein the
recordi ng nmediumis conposed of a base material and
at | east one coating layer fornmed on a side of the
base material; when the reédrdi ng mediumis brought

i nto_contact ith.the recording liquid for 100 ns i
1 gt i SR i o G0 Hahd T vidb S ETh R 5 e
of the recording liquid is transferred onto the

m /2
thede 8r ¢ Shediduma 1a%d Whél s 1R ridteorhbimg edigidags not

brought into contact wth the recording liquid for
imggQisg eily tied lemviarommEmeds a 23T eaitb 18D wakrLe biet weerther

3 and 50 mM/nm2 of the recording liquid is transferred
orent@ tthe recol=dirigaredininh Ehothher idmge Pracessivightrices

nmethod as clainmed in claim1l, wherein the recording

1 SRAHERAE GMReRed A & hase sumerialeand at | east
one coating layer formed on a side of -124- the base

material; when the recording mediumis brought into
contact wth pure water for 100 nms in an environnent
of 230 C and 50 %RH, tween. .2 and 45 m /nR2 of the . ,
pure watér is 5 transtér (BTG At ¥ dordigiged in claim
medi um_ and when the recording nmediumis brought into
Lrcottsgin iiheh suangiupicsintare f P rAogedrslp nsedle an order
envi ronnent of 23- C
that the dither matrix obtains high-pass filter

characteristics.

7. An image processing method of
performing image processing on image data of an image,
wherein the image processing includes halftone processing
that is performed using a dither mask made of the dither

matrix as claimed in claim 1.

8. The image processing method as
claimed in claim 7, wherein, when the image is a color
image having multiple color planes, a converfed dither mask,
which is created by converting said dither mask by one or
more of conversion methods including rotation, axisymmetric
inversion, and translation, is used for any one of the

color planes.
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and 50 %RH, between 3 and 50 ml/n2 of the pure water
is transferred onto the recording nmedium 10 14. The
i mage processing nmethod as claimed in claim12,
wherein a solid content of the coating |ayer on the
base material is between 0.5 and 20.0 g/ n2. 15 15. The
i mage processing nmethod aszZ2ciaimed in claim 12,
wher ei n g grammage of %he.recording nediun1i§ ﬁgtmeen
50 and 250 g/n2. 16. A'StoPage REGFGRThAYi RGCEBRpafer
20 readabl e code enbodied therein for causing a ‘
claoRpdt el £o2iPeffoMREEREN Rade VEreess siltgereflicd aghich
claimed in claim7. 17. An inmage processing apparatus
isi pekadiengban remege ipgoee sSitn g rumintg epenfti guded tod said
perform 25 the inmage processing nethod as clained in

dichairmmésk- £22- ebh ARtiprage = gruvnRg 1apRaratids used for any
i ncluding an i mage processing unit configured to

Ongeg&o%@btQ%lbqa%%anggqcessing met hod as clained in
' 5 19.

claim?7. I mage form ng system conprising:

the i mage processing apparatus as clainmed in claim
17; and an imge form ng apparatus including a
recording 10 head that jets drops of a recording
liquid anfl-thereby foffs *BRIENRGECEH SA PebEi8PrAg Of
medi um

performing image processing on image data of an image,

wherein

the image processing includes halftone processing
that is performed using a dither mask made of the dither
matrix as claimed in claim 1;

when the image is a color image having CMYX color
planes, each of the submatrices 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

a translated dither mask, which is created by
translating said dither mask one or more lines in a
vertical direction, is used for each of the CMYK color

planes.

11. The image processing method as



-123 -
claimed in claim 7, wherein the image is to be formed by an
image forming apparatus including a recording head that
jets drops of a recording liquid; and

the image is formed on such a recording medium

that the drops of the recording liguid do not spread

smoothly but clump together thereon.

12. The image processing method as
claimed in claim 11, wherein

the recording medium is composed of a base
material and at least one coating layer formed on a side of
the base material;

when the recording medium is brought into contact
with the recording liquid for 100 ms in an environment of
23°C and 50 %RH, between 2 and 40 ml/m® of the recording
liquid is transferred onto the recording medium; and

when the recording medium is brought into contact
with the recording liguid for 400 ms in the environment of

23°C and 50 $%RH, between 3 and 50 ml/m® of the recording

ligquid is transferred onto the recording medium.

13. The image processing method as
claimed in claim 11, wherein
the recording medium is composed of a base

material and at least one coating layer formed on a side of
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-124-

the base material;

when the recording medium is brought into contact
with pure water for 100 ms in an environment of 23C ang
50 $RH, between 2 and 45 ml/m’ of the pure water is
transferred onto the recording medium; and

when the recording medium is brought into contact
with the pure watexr for 400 ms in the environment of 23C
and 50 %RH, between 3 and 50 ml/m? of the pure water is

transferred onto the recoxrding medium.

14. The image processing method as
claimed in claim 12, wherein a solid content of the coating

layer on the base material is between 0.5 and 20.0 g/m?.

15. The image processing method as
claimed in claim 12, wherein a grammage of the recording

medium is between 50 and 250 g/m?.

16. A storage medium having computer
readable code embodied therein for causing a computer to

perform the image processing method as claimed in claim 7.

17. An image processing apparatus
including an image processing unit configured to perform

the image processing method as claimed in claim 7.
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18. An image forming apparatus including
an image processing unit configured te perform the image

processing method as claimed in claim 7.

15. An image forming system, comprising:

the image processing apparatus as claimed in claim
17; and

an image forming apparatus including a recording
head that jets drops of a recording liquid and thereby

forms an image on a recording medium.



