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FI ELD The present invention generally relates to a
dither matrix, an inmage prgfgssing nmet hod, a storage

medi um an i nage processi ng apparatus, an inmage

form ng apparatus, and apesERI®TIONT Ng .Ssystem
BACKGROUND ART An ink jet recording apparatus is an
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5 onto paper (not linmted to a sheet of paper but also
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an image processing apparatus, an image forming apparatus,

10 and an image forming system.

BACKGROUND ART

An ink je; recording apparatus is an image.forming
apparatus that uses one or more liquid drop jet heads as
15 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
20 onto 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, rq&géging sheet,
‘recording material, medium, or the like), and thereby forms

25 (records or prints) an image on the paper.



10

15

20

25

form for exanple, four types (or halftone |evels) of
dots: no dot, a small-size dot, a nmediumsize dot, and

wa@200a08p831 ze dot. However, these four types of PCDIROETR2325

not enough to reproduce a-l arge nunber of gradation
| evel s. Therefore, to reproguce a |arge nunber of
gradation | evels, dither methods are used. In a dither

met hod, hahfdrones iane Jeapnedaaeii iy agfpaﬁﬁatbﬁ h densid Yo
nDduIatlon (intensity nodul ati on) and area’ coverage
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val ue of a pixel at a coofdi nate point Is conpare

t co ndi n eshold val ue. | dlt
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or 0 (not printed or not |Ilun1nated b sed on the
$5%1 $°T0f HME Emparheth. TaHF sEYREhdf ePAbF e3re not enough
obtai ning binarized data for area coverage nodul ati on
By Femio & | Fr I avgerer t9f varadat ben plgee s nTherefore,
i mage data with threshold values in a dither matrix
tamdreprerdicr e ermbye snimigdr speeghr pdacessi hgve s sodither

there are dither nethods that use three or nore

e ess £8Pl Bn ANENtHOF hdghed, | NBDELhéd apei nk
jet recording apparatus that can formdots in three
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classified i'nto O ot) , 1 (small-size dot)
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In a binary dither method, the density value of a
pixel at a coordinate point is compared with a
corresponding threshold value in a dither matrix and
binarized into 1 (printed or illuminated) or 0 (not printed
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
into 0 (no dot), 1 (small-size dot), 2 (medium-size dot),
or 3 (large-size dot).

There are many types of dither matrices. For



There are many types of dither matrices. Forexanpl e,

Bayer dither matrix, randomdither matrix, and
whbwensassse dither matrix are wel |l - known. TheseCTir2aey322325

matrices are designed so that dots are not

concentrated in an area but,uniformy distributed in

area coverage nodul ati on, a%d therefore are call ed

SHSRET S %?&pﬁltﬁéﬁ%aﬁf‘ﬂe PhRasth t AEFHERtHAELSx, and
cal l ed concentration types that are designed so that

HKHéL fé&Q§f€HEf%$£9r§£Q£BQ ﬁbffrﬁﬁﬁﬁnpoTﬁesngfther

exanp e, ere is a concentration type d mat ri x
trices.are qiraqgﬁd to forma scr

“é#gﬁlece%a? IR 1 SR o by PR s et Nt o SFESRFearge in

vi si bl e when printed and hi de unevenness in inage
HerR ey Rafusdft Bormbiv Phaper IR ti2 R L EdIVWEPYEREIRg
accuracy. Therefore, concentration type dither

5 muliaesonr eandl dehgrafedeespecicalllpd dispersicgraltypes. Also,
printing. Patent docunent 1 discloses a nethod of
fireacki A g G ek ot Bl ek ¢ hea 1 Ieed ré¢oneedier of 1 dhr egbes dthat
values with which pixels in nulti-level inage data are -

LR £y €Y Can Ve d ¢ tder SNA £ -dV@dnt FRPEd dat Guhdt® Bertain
hal ftone i mage. This nethod |ncludes steps of a)

SSLA Ml NG ! ofe: 42 r £8L8n of h
predetern1n %Fi?#%tonea eve s andﬂ% §%%reat|ngy?% dither
k. wth the halftone dot patterns obt ined_in

%n%srllx JSI% ewhlc SLhar‘let%%Jhceesdo%repale (2%0 form a gcreen

10 angle.
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.
Therefo;e, concentration type dither matrices are widely
15 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.
20 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
determined independently for each halftone level.

~

25 Patent document 2 discloses a method of preparing



determ ned i ndependently for each hal ftone |evel.

Pat ent docunent 2 di scloses a nethod of preparing-Aa
whadof7 82882 pr ocessi ng mask used in a tone repr oRPMLIP2006/322325

met hod i n which, when converting a nulti-tone inmage

dot by dot into binarized 9oy _ mul ti-level inmage data

using a dither matrix, parts of the nmulti-tone inage

AMHAL B GRSt de ozl d Ynadle el ed déhd oFdp Podhd€ion
based pattern having a predeterm ned direction and

ARId P Lih A0e cplumerdat da haye hﬁmlpﬁéo%{ L{agge dot by

characteri stics. The hal ftone processing nas

Si, ed 9 that the | pattern cI udes dots
({jet gllla WS A HCH C}onl znﬁe&\?\ﬁlt H eaverleglérﬁa engéseaqu%%lc%g dither
matrix of dots forrred a conbi nati on of multipassing
T i G 1 %, R a1 RN SACERD QORI |
Japanese Pat ent Application Publication No.

5 dEges-tuerEy qPaieifteddcunfem 2 | Lingpdisrd matgrrn having a
Application Publication No. 2005-001221 Although
rovEsTE maEiri enh dipes tidrhemdraitthaoe pdrabee aady ardragest s to
descri bed above, they have di sadvantages too. For

FeXATH ig5h Whess oI ey @i dmge Usi s arldikhg Bftone
recordi ng apparatus, concentration of dots or

RN RY 1Rl 10T4 rﬁ%é ool %@%H?cy 1?1{9@“316”9:.l U Plttern

underm ne fi xati on of the i nk

includes dots that always synchronize with a recording
10 sequence matrix of dots formed by a combination of
multipassing and interlacing of a serial head.
[Patent document 1] Japanese Patent Application
Publication No. 2003-046777
[Patent document 2] Japanese Patent Application
15 Publication No. 2005-001221
Although concentration type dither matrices have
advantages as descfibed above, they have disadvantages too.
For example, when forming an image using an ink jet
recording apparatus, concentration of dots or concentration
20 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

25 amount of ink is used, it is preferable to concentrate dots.



It is possible to design a concentration type dither

matri x so that dots are not concentrated excessively.
wolonwewsas32 i N hi ghli ght parts of an i mage, si NCECDIR2006322325

smal | amount of ink is used, it is preferable to

concentrate dots.On the other hand, in shadow parts,

concentrated dots may cause’ probl ens. These two
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type dither matrix in parts with a |ow halftone | evel.
However, BdisRg &Ncéncenttest 93 Seyp®a@erher nkaddos net
parts with a mddle or hi gh hal ftone | evel may cause
5 smmeaddmodithlbe dref tthe mnfomnd t educeongreramagely difficult
quality. To reproduce snooth gradation using a dither

t@tdienly heovanbaie afutfasatyioth lavel Ofsdde 4iddheted
matri x nust be larger than that of input pixels.
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10 matrix in parts with a middle or high halftone level may
cause some dots to be left blank and reduce the image
quality.

To reproduce smooth gradation using a dithe;
matrix, the number of gradation levels of the dither matrix

15 must be larger than that of input pixels. Generally, theré
are two methods to increase the number of gradation levels.
A first method is to increase the size of a submatrix. A
second method is to use multiple submatrices as a unit and
thereby to increase the total number of dots. In the first

20 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

25 without decreasing the screen frequency. Since the dot
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screen frequency decreases. Therefore, the first
method is not suitable to produce a high-resol ution

wo pg®esas81 h a | arge nunber of gradation | evel sPCThER006/322325

second nmet hod nmakes it possible to increase the nunber
of gradation |evels w thout_decreasing the screen
frequency. Since the dot ar e&s (the nunbers of dots

Henes atal) afmsdral # | §98s afen Nl t S Ways gmné@f@ceé fare

the rati o between submatrices mnth a | arde nunber of

Lgﬂ%? t Eg{“ﬁg
u%aﬁﬁ&gé% esrérngegal V\fit n%‘%a ter n 00K glf&ﬁgériées with
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processed using a same dlther nask secondary or
gHrs doi g aélqeeﬁnewebyrwqﬂdpﬂnwgtmrf tiege ook like

patterns of different colors. Wen an inmage is forned
asiefwuech a net hod on a paper on which i nk does not
spread snoothly, irregular white spots may be left in

t he i mage 1and, méthad egdrte ddlerd pag@egualfl tay deSor image,
reduced. Also, when an inmage is fornmed with a printing -

ARRATA! US dMyvhingedy @ Sorddagis cgﬁa% | ssteter i oo dYusing a

t he order of over |l appi ng i nks, suc a met hod may cause

J}HT? % Dls%%'o%%;igya dT}{E%ﬂé\P/ng\é Tg]fe formed by

pr esenjt | nve | on provi matri x
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image is formed using such a method on a paper on 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 invention provides a dither matrix, an
image processing method, a storage 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



I mage formng systemthat substantially obviates one

or nore problens caused by the |[imtations and
wale@wadsmet ages of the related art. Enbodi nent pET/8#2606/322325

present invention provides a dither matrix, an inmage

processing nethod that uses_thedither matrix,  a

st orage nmedi um having a program stored therein for

SAUM NG B COIPUL e+ & 0 Perd it hea § IBges B PSESSh NPt ored
nmet hod, an i nmage processing apparatus for® performng

he 1. r ocessi ' ] :
TP o? B e R e e PP Y e,
and an jmage form ng systemincluding the i nage
RAQRARRI TR MG 20 PGh T R 1O rARRE BPpar af 06
An enbodi ment of the present invention provides a _
RE Eferming ribe uderpe PTRFTI DY groldeedi iy f grage forming
converting input inmage data having M input hal ftone
5 dppeststisitfoouweuformeye e airtrge nyrde€M tnd mehgd, and
out put halftone levels. In the halftone processing, a

LONGRIY S aft &1 Ay Py s drh elndRiding i Shelstth s phecesls § hed
matri x when an input halftone level is within a range

Hpd PUts hald tane 1evel seSaffes PosEh AP £ 9, an out put
hal ftone level that is |ower than a predeterm ned

t hreshol d . , di S|
it hor el SnetiEint, b1 che) o AR (AP hidA%es &

‘%Q ut halftone leye] is wthin a raqgg%of %££Ut y

o rTeR vl & Sr 1 SO Il (07 S DUl pUt Rl FOBFerting
level that is equal to _ _

10 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

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 the dither matrix when the input 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 threshold level T.

BRIEF DESCRIPTION OF THE DRAWINGS

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

25 outputting image data generated by an image processing
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or higher than the predeternmined threshold level T .
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a side

webmvasisemal vi ew of mechanical parts of an exsrmirIgs/322325

i mage form ng apparatus for outputting i mage data
generated by an i mage processi ngnet hod according to an
enbodi nent of the present Thvention; FIG 2 is a plan

e B PTadher BCH A CAL LS BEOMo # Ne i Cpréséntg_l Ghvéntion;

IS a cross-sectional view of an exenplary recording

head of t xe I.yir@ﬂgf.'gprat ken

al ong thetﬁl%éfigt oJTasr a’li qgui d S{%]F?'n‘oe?;§ %I%é Iﬂélcégﬁcal parts
cross-sectional view of the exenplary recording head

$RREh W Fkft e width of the liquid chamber; FIG 5 is

a block diagramillustrating an exenplary control unit

of the exd&d-ary ifmde FIHSHTRPEHP RN ustew| of @n sexemplary
bl ock diagramillustrating an exenplary i mage form ng

syt i rex ¢ tre@icngofo Elme ersbadipiety ofimege pfeseitg apparatus
invention; FIG 7 is a block diagramillustrating an

X Sl Ohd NBPE EOPES Sd N apPQiBd Ush&ibdhe exenpl ary
image formng system FIG 8 is a block diagram

i1 lustratigig the fyngt bopak-copti gLt L9BWOL AR he exemplary
exenplary printer driver
recording head taken along the width of the liquid chamber;

FIG. 5 is a block diagram illustrating an
exemplary control unit of the exemplary image forming
apparatus;

FIG. 6 1is a Dblock diagram illustrating an
exemplary image forming system according to an embodiment
of the present invention;

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

FIG. 8 1is 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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according to an enbodi ment of the present invention;
FIG 9 is a block diagramillustrating another
wo evesseal configuration of the exenpl ary priPtEIP2006/322325
driver according to an enbodi nent of the present
invention; FIG 10 is a blogck diagramillustrating
exenpl ary i mage processi ng by the exenplary printer
dvey; shown inFIG 8; FIG 11 is a draw ng
illTustrating exenplary dither matrices according to an

enbodi men f the.pres Js t4110/L E j .
dr aw ng stﬁg\%i'nélie%gnp %%@ﬁ%o%tvﬁtgggl%#%ﬁ?@ary dither
exenpl ary dither. matrices shown in FIG  11; FlI 13 is
mAtrGfiSg BSEATEo HesdA bea%neeg#jofjﬁg‘e&enpcf r)C/;tBFt hérresent
matrices shown in FIG 12; FIG 14 is a drawi ng used
¥yedes@ibe an exenpl ary concentration type dither

matri x and an exenpl ary di spersion type dither matrix;

FIG 15 i §1&.drldni hg Bl ldrswiatd nghewiexerpeapyary threshold
transition process froma concentration type dot

VR IR EilTe ' h D refldmpd 108 18y CHSTes 1S int of s dsovad riangenent1l;
order; FIG 16 is a drawing illustrating another :

exenpl ary piransid i 00 Br ae8eS nhl UV GANCEAEEALHONChYPRE the
dot arrangenent order to a diSpersion type dot

éygﬁ5¥§¥gﬂgither matrices shown in FIG. 12;

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

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

FIG. 16 1is .a drawing illustrating another
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 among multiple submatrices;

FIGs. 18A though 18D are drawings illustrating a
base dither matrix, a rotated dither matrix, an inverted
dither mgtrix, and a translated dither matrix;

FIG. 19 is a drawing illustrating a base dither
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order; FIG 17 is a drawing illustrating an exenpl ary
dot arrangenent order anong nultiple submatrices;
Wo-b@83/05288A t hough 18D are draw ngs il ustrati nBCHRIIRAE#322325
dither matrix, a rotated dither matrix, an inverted
dither matrix, and a translgted dither matrix; FIG 19
is a draw ng |IIustrat|ng A %ase dithermatrix and a
I X jhay, e t angene
ordle ng% 2m‘%l%o%8ho’g%%§§%e glggv%nﬁ%s 191? B%)thsilﬁg dot
the behaV| oroﬁg i nk drops on papers of different
% a draMAng illustrating the

conflguratlon of _an exe y e fornmn par.at us

accor di ngF€&San Ebodimre i2‘0 2“? rees%ﬁ?wgﬂggntll istrating
and FIG 22 is a block diagramillustrating an

thee @i gomf cinkifrorss qrh@aéa@rrﬁpuaﬁydwg@@e%rww:
appar atus. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

Pref erredFa@gbodi 1izant s iof t he présewtingnventlilorstaeeing the
descri bed below with reference to the acconpanying

Bt A0S t Ah exefpl &y éregpléeynm Agagppafalrius il apparatus
out putting i mage data generated by using an exenplary -

d PP AES S BB NG AC GO i j&%@@%%n Sfand
the present invention 1s described below wth
referenceF&%‘FIQQ 1J§Pd a block diagram illustrating an

exemplary control unit of the exemplary image forming

apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invenﬁion 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 embodiment of the 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 1is supported by a guiding unit, which includes a
guide rod 1 and a guide rail 2 laid between right and }eft

sideboards (not shown), so as to be able to slide in the
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FIG 2. FIG 1 is a side elevational view of

nmechani cal parts of the exenplary inmage form ng
wappansasss. FIG 2 is a plan view of the mechamtTa#2006/322325

parts shown in FIG 1 . In the exenplary inmage formng

apparatus, a carriage 3 is gfpported by a gui di ng

unit, which includes a guide rod 1 and a guide rail 2

d Al gk besneen: rﬂwta%é efha Sh deboak fisy (@Pfeé@%&ﬂ‘% , shown

so as to be able to slide in thedlrectlons -of the

J.Ir?]r% (ém'ﬂuﬁéc {]ag%g 3 ef% 'I%‘\?gd Sﬂ?"‘@hé r}nf:'_rg;‘ sgannlng

e carr’iage he” mal n- scanni ng
di rectjons by a najn scannj notor 4 via a
ST G bbb R TRt o § A RS ahtiahd bele S
driven pulley 6B shown in FIG 2 . On the carriage 3
Foretesham I Retiern 2 etk YR gt hbaiséFyandca Jrivemdeykley 6B
(collectively called recording heads 7 for brevity
stdrorimhigfG cot or di stinction is not nade) nmade up of
liquid drop jet heads for jetting ink drops of yell ow

(Y) , cyawmn @he Jdmgdanige (V) formrgkadpek (fQumrrecording
nount ed. The recordi ng heads 7 are arranged so that an -

4@y Bf, Ik 18, nozal ge ploinect 2601 i b8 he@dsedording
forms & rlght angle with the main scanni ng directions,

B L A S RE °¥Q%%?%°%§9ﬁ€a%él@9ﬁ% b oot
ﬁ%ﬁgefsu %1g$2ﬁ€?{¥% 1 3'%oé°5e9 ngg S Pgr §§§¥£§ Egk
drops of yellow (Y), cyan (C), magenta (M), and black (K)
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 the main scanning directions, and ipk
drops are Jjetted downward.

Each of the liquid drop jet heads forming the
recording heads 7 includes a pressure-generating unit for
generating pressure to jet liquid 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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pressure-generating unit, a piezoelectric actuator

such as a piezoelectric elenent, a thermal actuator
wagiongsassui d fil m boiling caused by an el ect retharoed/322325

converting el ement such as a heat elenent, a shape

menory al |l oy actuator using tal phase changes caused

by tenperature changes, or ah el ectrostatic actuator

| teldci gl | £d hes &5 8 v 526 ha b Gk do
F S e O s L e PR b s ol ez s

ol or.. . The recordi h 7. be conposed of oneor
#ﬁﬁeg??%ﬁﬁ% %ﬁ%ﬁ?f%@kﬁgggéreggﬁyhaving arrays of
nozzles for jetting different color,inks.. The carri age
3 8l S0 i nAINHES SRIE ke LG GAHSAS) ISP CATIS | KO

to the recording heads 7 . The subtanks 8 are supplied
SHRIML X Dred ks F1lotn b e affk@OYEHRI cl282 @5 dfesThe ngub-
shown) through ink supply tubes 9 . The exenplary

tareige § came nguppbbedtwstlal ol onclukle st sopapeinteadkag(ink
unit for feeding paper sheets 12 stacked on a paper

Sdaeki dge ) ateof pslesshNgciptadgy ddk ofupp Pppetbésed.
tray 10. The paper feeding unit includes a crescent

rol ler (papgs &:eedh1raly emagh3 ﬁ&rmi%@oagfﬁiaf&déﬂeawer

sheets 12 and feedi ng them™one by orie fromthe paper
FLeA08 £1515 1 1z B8 SEEET ALk 8- 006hd biagt Lle: 12
NI ISt cost el en,, The cemralinggo 26 =11 o
paper feed tray 10. The paper feeding unit includes a
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 é 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 exemblary 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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The exenpl ary i mage form ng apparatus al so includes a
conveying unit for conveying the paper sheet 12 fed

wo eawmosise2 paper feeding unit to a position undecT/sHee06/322325
recordi ng heads 7 . The conveying unit includes a
gui de 15 that guides the paper sheet 12 fed fromthe
paper feeding unit, a convé@gT belt 21 that

%Lf&é r%ﬁt@{é@a&ﬂé’n@éé r?&éﬁoﬁ@a%@%e@y SOMVEYS the

aper eet 12, a counter roller that presses the

aper, sheet agai ns e e 2 .
PR o e TR e hely Htna hdn pihSsinatety

23 that_ changes approxi nately 90 degrees, t direction
W HeR bapetP 140 Xz n‘§1¥ e%la%%’br%}%?%tﬂfyls [514%n the
vertically upward so that the paper sheet 12 is laid
NSO ARy 0t 1 bed tPAsSs nPriesst ndf padd 2 Peggisng roller
pressing roller 25 biased by the pressing part 24

2 Dvied as d¢dheb e ortveymre eing 2da rThed exewpt dryhe negeveyor belt
form ng apparatus al so includes a charging roller 26

ipr Thargtdgp1dwey sidgeef ofmihe sopyveyois beléo 2incTh@es a
conveyor belt 21 is an endless belt and is stretched :

1 Ve & SOTWEYS §19e 8Pl dBS r Zm@neth @ $@Psi00 EPILRE E8nveyor
The Tonveyor belt 21 i1s turned in the paper conveying

difgcéion (sub scanning direction) shown in FIG 2 by
?%e conveying roller 27 rotated by a sub scanni ng

A gui do. 28 s SRR ko 1 e O IIE ee 31 4 45
stretched between a conveying roller 27 and a tension
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 scanniqg
motor 31 via a timing belt 32 and a timing roller 33. A
guide 29 is provided under the conveyor belt 21 in a
position corresponding to the image forming area of the
recording 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 ro£ation 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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position corresponding to the image form ng area of
the recording heads 7 . The charging roller 26 is

w@omrnsssrd so as to contact the surface of thECT/JP2006/322325

conveyor belt 21 and to rotate according to the
rotation of the conveyor belt 21. A's shown in FIG 2
, the exenplary inmage form apparatus al so i ncl udes

a rotary epeodglm3t & Y E AL, ARS8
slit wheel 34 atf%bﬁg tgagﬁg axisqgfaﬁﬁg'conveying et

rolle 7 necad r o

o fed GG S I e T s G iy sheet
paratus further includes a paper ejecting unit for,

I 66t MY ThehagIS AR PEFTbIF SPTTIERMY oo FRee B

recorded by the recording heads 7 . The paper ejecting

hefds i hel e PaPshaste Sl ditHy 1@ Bas fprsheet

separating the paper sheet 12 fromthe conveyor belt

Knamtpaperclawedl Mmpr ddmrd2ina Pepgrapgeciiegt 12 from

roller 53, and a paper catch tray 54 for receiving the

ejec@typpperbsieetl 12 phphipleledtiig SPol ke tet achabbaper
attached to the back of the exenplary imge form ng .

AHySroter BP| e to et akpsch e tde PAPESr She&diving
I2 that” is conveyed backward by the conveyor belt 21

RS R EEIINAE 02 0 Do Ler T BT
Zg?fezgétﬁf%ﬁpﬁﬁi %%%Qt%% E%”d%£5%%£@T§‘g% éé%gfngthe
back of the exemplary image forming apparatus. The duplex
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 belt 21.

Also, as shown in FIG. 2, a recording head
maintenance/cleanihg mechanism 56 is 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 recording heads 7.

The recording head maintenance/cleaning mechanism
56 includes caps 57 for covering the nozzle surfaces of 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.
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Al so, as shown in FIG 2 , a recording head
mai nt enance/ cl eani ng nechanism56 is provided in a

woonrosasse2 forming area to the right of the caretT/apeos/322325

33. The recordi ng head mai nt enance/ cl eani ng nechani sm
56 mai ntains and cl eans thgﬁyozzles of the recording
heads 7 . The recordi ng he mai nt enance/ cl eani ng

nmechani Sﬁt%ﬁthedegt@ﬁ@lﬁ@@s 1RéqbOFoeaYaL Rgphhathezzl e
surfaces of the recording h g , a W per bl ade 58

JdHs Véi/%é?:ggaéf‘%e%o&ﬁbeeds%ﬁ ,Sa:r}'genpgsaﬂzséé%%b?eéﬂg( 12 are

recei receiving in purglng

SR nPH Ao TGP e dan R e i 10

paper sheets 12 are separated and fed one by one from

thee spRRgratesbPanely sheet N dépdiegt aPRyapeatrll 12

is fed approximtely vertically upward and gui ded by
vehve igna ldey Mpvianc arlie gplatssl et wden dihiede oy elporo bidle space
21 and the counter roller 22 so as to be conveyed
Hatudwar ,tHhedreadidrg edge 2f drie teperowmttest AR Ier 22 so
gui ded by the conveying gui de 23 and pressed by the

4 8SSIgYW dJefe ¥R he;r@m\é%\@irngbeédg@lof agvk thefer ‘

the direction 'of the paper sheet 12 i's changed

%%S%yl L}%Blhsﬁ: g%dj%%{)ﬁttq%old%ur#‘{y }esc@gbeda{]za%&)lﬁsessed by

gx‘teefe’srsﬁg{cilr nﬁﬁ%&fl ¢ ac%estﬁeo c:tonvecﬁpoarr q:) % rﬁ le ncg then
the direction of the paper sheet 12 is changed
approximately 90 degrees.

At this stage, an AC bias applying unit of a
control unit described later applies alternating voltages
to the charging roller 26 by alternately outputting
positive and negative voltages. As a result, positively and
negatively charged strips with a constant width are formed
alternately in the paper conveying direction (sub‘scanning
dirgction) on the surface of the conveyor belt 21. When the
paper sheet 12 is conveyed onto the charged conveyor belt
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
carriagg 3 in the main scanning directions (outbound and

inbound directions shown by the arrows in FIG. 2) according



positive and negative voltages. As a result,

positively and negatively charged strips with a
w@onshsass2 Wi dth are forned alternately in the pep#r2006/322325

conveying direction (sub scanning direction) on the

surface of the conveyor beli 21. When the paper sheet

12 is conveyed onto the cha %ed conveyor belt 21, the

R g1 et @cisosimt i eadpy, addd acd@slrdOat Nene of
conveyor elt 21 and thereby conveyed in the sub

urgs :
recor ng&}]é %é&aﬁe%?%%?}ﬁ%s Er%é‘ftlsn%&t%]e %a ?%—ggleon'
in t mai n_sc nn|n irections -
i R R RS Shobi 1 SHeer e St HREs ¢ ppgeitied
accordingto an inmage signal to jet ink drops, and
Hednr ey 13Me Oie e % hieS p’“a‘?feﬁ‘r%%etwﬁ?nt%a’fe?%rdmg
paused at a position. Then, the paper sheet 12 is
5 cumdesfedrf i idrerl aDISpiaC$iq!1@'jl dindigrelnandthahet hextipottom
line is recorded. When a recording conpletion signa

adge off gited papk cadhert t Athd herdmthiedn Edgeimdge hBorming
paper sheet 12 has reached the image formng area is

dRGE1 Ve tre By XM &I xdBOEr ¥ (IR G PRI 8§ USpparatus
tern1nates the image formng process and ejects the

?ﬂ@ 1 z!ié’etf‘@rrPfrP&r LRLE 1?(% éﬂf ectd G40l SXper

prlntlng, ter an"inmage Ts forne pper side

a si of the aper sheet 2 on h an imge is
é}ber‘?ﬁeﬁljr%ﬁ % tHP Papet s ee]faﬁi the paper sheet

12 is fed_into the duplex unit 61 by turning the
10 In duplex printing, after ‘an image is formed on

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.

lWhen 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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conveyor belt 21 in the reverse direction, the paper
sheet 12 is reversed (so that the underside of the

w@apenssbret 12 faces upward) and fed agai n i NPEI/II2E06/322325

space between the counter roller 22 and the conveyor
belt 21, the paper sheet 1 $§ conveyed by the
conveyor belt 21 at controlted tinings as described

@ |dfs BN ddmagecd sn iy iddian dhenmdessioes and thereby
t he paper sheet 12 is ejected onto the paper catch

{ pl.arys.,i ] ar
14 Brgens, MR MRS dal IR U8 BRPETRLEE the
t he recordi ng, head nmai nt enance/ cl eani chani sm 56.
AR RIS, P b SUF 1Sis D (T R I haRre
heads 7 are covered bythe caps 57 to retain noisture
BictIpned gy | iRl IHEdoE PhHrave RUBRYSS ¢ Broghihg
caused by dried ink. Wth the recordi ng heads 7 capped
delhearted dapstiBY nazml evovwt fac e 0o S udte drRePrdin@psads 7
dried ink or air bubbles. The ink adhered to the
duzir e tird asssodiddenaet aratimgrhwads i/s durped) dHf oy the
recordi ng head nmai ntenance is w ped off by the wi per

wilgide a5, DO ©ofolrd NG ndrege fidde NBorming

process, ink is jetted in order to clean the nozzles.
b dde ghovs, AP Uil S8 sl e
TRNLINE MRS ST
recording heads 7 is maintained.

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 liquid chamber {along the
nozzle array).

The exemplary liquid drop jet head includes a
channel plate 101 formed, for example, by anisotropicélly
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 nozzle



FIG 3 is a cross-sectional view of the exenplary
liquid drop jet head taken along the length of its

wo epaiosksshanber. FIG 4 is a cross-sectional vPENIR006/322325
the exenplary recording head taken along the w dth of
its liquid chanber (along tﬂg nozzl e array) . The
exenplary liquid drop jet head includes a channe

0 At £, 100 foried 5 &i07q eXAWL e(i by @PbSOf I Opi £kt Ve

etching a single-crystal silicon substrate; a

' ' P 2 r . for I s
B Rt T T A B o rale 10 3r2iquid
t.he cha | ate 101; and a nozzle plate 103 bonded ,
SR Db T dra i SRR e b Rashel S fluid
plate 101, the vibrating plate 102, and the nozzle
I ot T AW L ar SRR sgane b 59 B0 hospRIDUNg oink to
jetting liquid drops (ink drops), a nozzle connecting

5 thmanhejuidschaskngl Q@ tdred nozziek 194pp by | dppming 109
chanber 106 used as a pressure-generating chanber, a
Téadthd esd sd atsrendrarliqeippdyarthennedy. 107 for
supplying ink to the liquid chanber 106, and an ink

supply opeen@ ki 1la83di1Ng i@ dMMRA HHH G IGRANBRI udes
108. The exenplary liquid drop jet head al so includes

£y ﬂf%s?ié;fsi%a\?\&m%ele% Iﬁ%&egiie&ﬁ%? EIGEN S 121 (GMY one

gr:c?:Lne hani cal conversign elenentarend used_as
T o JERG? gt tini§) (AR GATT ThT T TIpreRkar ze

10 éc)r]#vérr]s:{ohrue ellli.eqrtlljelr(ljtsChaannc?elgselcg)Gas a pressure-generating unit
(actuator unit) to pressurize ink in the liquid 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 a
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) is connected to the piezoelectric elements
121.

The peripheral part of the vibrating plate 102 is

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

25 through hole 131 for housing an actuator unit including the



by deformng the vibrating plate 102; and a base plate
122 on which the piezoelectric elenents 121 are fi xed.
w@edones2831 he pi ezoel ectric el enments 121, suppoPCBIFA®/322325
are provided. The supports .123 are forned at the sane
time when a piezoelectric erial is processed to
formthe piezoelectric elenmehts 121. Since no driving

p‘i@icﬁﬂ%diﬁ:l@@l&&r{@s the, SHRPAIHS desd dheded Ust2, a
function as supportlng parts. A FPC cabl'e 126 haV|ng a

HIRE L ol e e ﬂ%ﬁmpe'r%ﬁi%}ﬁf%ﬁﬁ nk

of the Vi br;#@n Iastﬂe%) Oygﬁiﬁi 131nd d toﬁ%{‘{ﬁi@ﬁ? 'fo the

hou3|n an actuator unit including theplezoelectrlc
cEImIgEntist i ghembier Pffe pihe derafp pary eeisiud@feaet,
the conmon |iquid chanber 108, and an ink supply hole

5 f132 éhxmmpsigplayitiepe imds dtrtamg hree st steh tas taTe eIHIDIresin
l'iquid chanber 108. The franme part 130 is nmade of, for
X PRl yhen laidresaifidey drebifostead |Bs @ epoxonh rn&S]ldﬁ.ng.
or pol yphenyl ene sul fide and fornmed by injection

mol di ng. ‘the reeess apd hehe iR khe %ﬂ%%ﬁ%h l%k% 10% used
used as the nozzle connecting channel 105 and th

C I ng a Si ng Oénq-%rcscglt%g 2 }{%%I%Cég% lgj’%sa[q%{a?%{é\f\ﬁ £ CYuld chamber

1(%)r6ysatraeI foorrlmeenc} %t}} %r}u(slo]tor)opulsc!a g%Ly etching a single-crystal
10 silicon substrate with a crystal orientation (110) using an

alkaline etching liquid such as a potassium hydroxide

solution (KOH). The material for the channel plate 101 is

not limited to a single-crystal silicon substrate, but a

stainless steel substrate, a photosensitive resin, or the
15 like may also be used.

The vibrating plate 102 is formed, for example, by
electroforming a nickel plate. The material for the
vibrating plate 102 is not limited to a nickel plate, but
other types of metal plates or a laminated plate made of a

20 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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al kal i ne etching liquid such as a potassi um hydr oxi de

solution (KOH) . The material for the channel plate
wdom7iosesemt limted to a single-crystal silicopCT/JP2006/322325

substrate, but a stainless.steel substrate, a

phot osensitive resin, or th i ke may al so be used.

The vi brating plate 102 i§'(%?ned, for exanple, by

el ectrof opfLng 53 Akckehtpl abs. _fEE}glsrr%%r @l hQr e with a

vibrating plate 102 is not Iimted to a nickel plate,

ut ot her types of netal plates_or.a lLam nate ate
et @ 6l e ana B2 Chedfn thRara ey Sragbges 106.
used. The piezoelectric ele ts 1 and the s orts
Thes ngzE Yo idedt & ol%el%/ibaﬂé{g%ﬂgtopf@tee Rgk (Lt 101
adhesive, and the vibrating plate 102 is bonded to the
witdnampadhessioran tThemardies iRl thhel GbAA angsiaatky 1p3rming

forms the nozzle 104 with a dianmeter of 10-30 mmfor
leaeir sofort Hthd igui thahanber siok06.e Trermiory Inea tpg wital 1@8le of
is bonded to the channel plate 101 with an adhesi ve.

al A2 12027 ITh 1t B- Y. 1% yEde Dyt Bl d gyledtse 103 hies made
surface of a nozzle forming material made of a netal. .

e t‘,&!{-eryosllﬁ @Vl ofdihe-npzzl e plate 103 is nmade of

a water repellent material. The nozzle plate 103 as

descri bed,above has excel| ent ter, _repgl or_.i
apel | onch) SandCRAPo! 12 Ean 2o menk Shsa i g 2BdVe  has

nor mal shape even when
excellent pwater repeffency

{(or ink repellency) and
therefore can form ink drops of a normal shape even when an
ink with a low surface tension is used. More specifically,
a water repellent 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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ink wwth a | ow surface tension is used. Mre

specifically, a water repellent |ayer reduces the
wowrdrakissi ty of a nozzle plate and nmakes it poBST/i2006/322325

for an ink with a |l ow surface tension to normally form

a meniscus. A normally forgff meni scus prevents the

ink frombeing drawn to one“side, prevents bendi ng of

Bﬁhningaﬁ%é?@?&e@ﬂ@a&@%&ﬁ@%'H%%%bééep8§skﬁkeﬂﬂ%ge density,

accurate orma dot. en an image is forned on a

Legardlng, e H gl 2 Jpyed ndgabpogption rate, the
0 0 atly

posi ti ohal? accuracy s gr ffects the

qual ity of the image. ]n_ other rds, .on a recordin .
Tedi um wi P A0S i Lkor piFondPAES PRk ARGRE ddiekes it
not spread snmoothly. Therefore, if the positiona

ree¥aky 6P dorsn| dotew, Widhehpaht LT aiPaRg@ccuracy even
form ng area on the recordi ng nediumnay not be filled

wiyth heannk idkopshaarichg asa a tesul sprfagebe teafstidy;ankerevents
The parts | eftblank cause irregularity or decrease of
ihesduege: gendd y deviddsker elfy degyadedéheityngeand thereby
quality. A nozzle plate as descri bed above nmakes it -

Rosst ble to fommdots \Eiotrh‘ll hi ghigashhhenal aGEyacy¥ven on a

even wi th an ink having a | ow sufface tensSion;

BEYER TR TN S\ epsm Slryernas droaily

| ik absor PR YAEELORTd 18t STt 12 Aot a ] o
;Eéggg{ggkric element (PZT in this embodiment) formed 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 ;f the
piezoelectric element 121 in the d31 direction. Also, the
exemplary liquid drop jet head may be configured so that

one array of the piezoelectric elements 121 is provided on

one base plate 122.
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pi ezoel ectric element (PZT in this enbodi nent) forned
by alternately stacking a piezoelectric material 151

wapn7assdnt er nal el ectrode 152. The ends of t hBCT/JP2006/322325

internal electrodes 121 are exposed alternately on one
or the other side of the pigzoelectric elenment 121 and
are connected to an indivi | electrode 153 and a

comon el eqt kede oLadh lb&ythﬁﬁug@bgﬂkﬁﬁﬁht e d Menfigured
the |iquid chanber 186 iS pressurized by the

e | LRI 5 I e
Egégﬁ%%%gggg%ﬁngéang#sggﬁgggﬁg%éﬁé%)/Ii dﬁ%ﬁyﬁ?gﬁh?et
head be confi gure 0 pressurize e, ink in_the
QSRR S Ty 14 1 G e B qhe 1EddEnce
pi ezoel ectric el ement. 121 in the d31 direction. Also,
RHESdepl e IRIRAE BT jete RN el b VO Gt eafd
so that one array of the piezoelectric elenments 121 is
gErume latheo v idme tiase plate UMD e mike exsigidr yehe qidume
drop jet head configured as described above, when the
aMldage iappld ethdnbdhel (¥ ezotendes C i d2deswslt, ink
decreased bel ow a reference potential, the .

i f7Pal A Mire el el dhsontTest sy waisesltdee applied
vibrating plate 102 to nove upward, the volunme of the

U R a1 2 L ot
Rai%gzlc)ie“afl.decttorj.tcheelpcainleezﬁqcel1eff ré}?paerllaesnefrtl tjﬁze1 éls’reigf?{oer?sfrg’which
the layers of the piezoelectric element 121 are stacked and
causes the vibrating plate 102 to deform toward the nozzle
104, the volume of the liquid chamber 106 decreases, the
ink in the liquid chamber 106 is pressurized, and, as a
result,.ink drops are jetted 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, the liquid
chamber 106 expands and thereby generates a negative
pressure, and, as a result, ink flows into the liquid
chamber 106 from the common liquid chamber 108. After the
vibration of the meniscus surface of the nozzle 104
decreases and the nozzle 104 stabilizes, the next liquid
drop jetting process is started.

The method of driving the exemplary liquid drop

jet head is not limited to the method described above.
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pi ezoel ectric elenment 121 expands in the direction in

which the layers of the piezoelectric elenent 121 are
waet@ckss3and causes the vibrating plate 102 t orCEIR2006/322325

toward the nozzle 104, the volune of the liquid

chanber 106 decreases, the égk in the liquid chanber

106 is pressurized, and, result, ink drops are

jetted from thepazale &&ﬁrowl%lt@%quﬂﬁ@@ 'aix%ﬂ image

to the piezoelectric el ement 121 is returned to t he

eference of en o)
bt e R T s e S e
and t her eb enerates a gative pressure, and, as a

Rf td l??%é% %h@yqr&% ?ﬂg a$QUid chamber 106 from the
connDn liquid chanmber 108. After the vibration of the
meni scus dinef gcataiolt MeifoZAlk irgd WWes easdy did thrr
nozzl e 104 stabilizes, the next liquid drop jetting
qurocesk] iy stlae taut 1 fheopetdiotons of | Miegexémplary image
exenplary liquid drop jet head is not limted to the
ety dessd i degs AboVEOMIL X efpt as tyo EDMG 't ogibdrhs of o be
the exenplary image form ng apparatus is outlined

é%?éé%é’&t referenserip 4he ek £iAgHaashown RiM 203 for

FIG 5 . e control unit 200 includes a CPU 211 for
troll .
tcer(?rgpcgro? nég{](g%lpaé {ﬁa&é’%% %v&%f‘g g%(%%&ﬁLyolatlle

proarams, Jo.pe cxect o 108, PU231 A Siler [Lgse,
and an ASIC 205 that performs, for example, signal
processing and a sort operation on image data and handles
input/output signals for controlling the exemplary image
forming apparatus.

The control unit 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/O 213 for receiving detection

signals from encoder sensors 35 and 43 and a temperature
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tenporarily storing inmage data, a rewitable
non-vol atile nenory 204 that retains data even when

wo bm7psser is off, and an ASI C 205 t hat perf or PET/JH#2006/322325

exanpl e, signal processing and a sort operation on
I mage data and handl es inp%%éputput signals for
controlling the exenplary iTvage form ng apparatus .

S SOMUTD! AN o200 Al S ddred udes, afy exighnad i dd Fard@6

for sending/receiving data and signals to/from a host
10} aprint_go nj ] di dat ;
el e ot &, 0%t SR BBl Bbegga unic 200.
recordi ng_heads 7 an [ vef orm generatin it
for genergg?nﬁx&FF@éqm§J$¥5¥ﬁ%?ﬁh at< 'R%h‘%%ﬁ'gQF)
IC) 208 for driving the recording heads 7 , a notor
RRGSAYRP A AN R AR Taorvidy idi FRP Y heO Tred meslestmni nr erbt Bre ghost
and the sub scanning notor 31, an AC bias applying
it THE Hamt ajdd yiang ke aC o formax idre wheres sing
roller 26, and an I/0O 213 for receiving detection
Hghad sud ramrenodepasenamls Snputk 43 anditage reading
t enper at uresensor 215. An operations panel 214 for :

IS 1, Sl SR O SR i e
SN 7o R S ES e A 2 ot or &

0l or et G4 PrAGESHIG RO alyn SCD AL 9T AA e ano
asncaaln;zeers: tahne Ipnz.zﬂigrlltngdaatpapairnatalllSreceive buffer of the external
I/F 206, causes the ASIC 205 to perform image processing
and a sort operation 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 prinf control unit 207 transfers the image
data as serial data to the head driver 208. The print
control 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 control unit 207 includes a D/A
converter for converting drive signal pattern data stored

in the ROM 202 from digital to analog, a drive waveform

generating unit including a voltage amplifier and a current
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such as a digital canmera, or the like. The CPU 201 of
the control unit 200 reads out and anal yzes the print

wa@l240a/05283n recei ve buffer of the external |/F POBJP2006/322325

causes the ASIC 205 to performinage processing and a
sort operation on the print_ data, and transfers inage
data in the print data vi adte print control unit 107

Ahtia diead (v &l 208, HAl {40 Aol ald i ot T or
printing the 1 mage ‘are generated by a printer driver

3Q1 af, the hpst 300 as.descrihed | ater. The prnint
SRR CDUF (PRI Thed e e T W ihgad
data to the head driver 208. The print control unit |
SO eFutdii-s e RSt erc AL il hganesaticsh & mrive
image data is transferred, a latch signal, and an ink
wirveE coontmegle sipgredl] qreaske istgy i )sa ol AhievehesideR § vedr two
208. Also, the print control unit 207 includes a DA
omserd elrifvey padsees t(diwl i sdegrsd lgnial goad tearttpudad ache drive
stored in the ROM 202 fromdigital to analog, a drive

WS i@ Raf At i Wi dvdmciosli ng a vol tage anplifier
and a currentanplifier, and a drive waveform sel ecting -

un o 3RECRLLRY g@i@reir\/%o%a\é‘f%gri@st Q-85S UBRAAd L0

the head driver The print ntrol unit

S B T LB S AT Y S
signals) , and outputs the drive waveformto the head
e rie) 1 aggit 207 selectively to the piezoelectric elements
121 according to one line (one scan by the recording heads
7) of the image data input as serial data, and thereby
drives the recording heads 7. The recording heads 7 can
form dots of different sizes, for example, a large-size dot,
a medium-size dot, or a small-size dot, according to a
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
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)

for the sub scanning motor 31 based on speed detection and
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The head driver 208 applies drive signals constituting
the drive waveform supplied fromthe print contro

w@zior/ 02832 sel ectively to the piezoel ectric el emenimoda2iR2325
according to one line (one scan by the recordi ng heads
7 ) of the imge data input_as serial data, and
t hereby drives the recordi?%ﬁheads 7 . The recording

gbeﬁaldélgn Cc?é‘té@{mrgg&}asl%s AUdd LN 15) Zéaémpiﬂ{? eXafPl &t ion

a large-size dot, medi um si ze dot,” or a small-size

dat cordi.ng to a drive pul selected, The CPU 2

% ScefJI Oé%d%{l%r?r\l/%o%%ﬁ pﬁﬁn%aﬁ 3%5 (%%onti r%lr?/% ﬁé)e?%?g r 36
the main scanni ng notor 4 based on speed detection gng
Pusi B dARIRT APV AUTS Bt o HeH byY SHAPT i Py ned trom a
detection pulse fromthe encoder sensor 43 of a linear

st rspee rand feesh t ey e r ahidl osind R U Yethe aneierr
obtai ned froma stored speed and position profile, and
daisiesy turel tr2 00 by | b ivge wehd AT dcamrivg ndieormad3h using
scanni ng notor 4 using the cal cul ated control val ue.

NS Gatdhe GRE 2nead culates, a drive output val ue

(control value) for the sub scanning notor 31 based on -

speed det a6t iR @dRQSIiki0n GRRALILT YAES AN an

by sanpling a cti"on pul se fromthé encoder sensor

35 of the rotary encoder . 36, and ee e .
T et A a A AEE 0 A S imept of
and position profile, %%%'@@us s the notor drivin

&if PP HITRRSTHe AR bt oTE HSYsTHETPLary

image forming apparatus is described 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
invention.

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
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_

memories are connected by a bus. Also, a storage apparatus



the cal cul ated control value. An exenplary image
form ng systemincluding an i nage processi ng apparatus
w@emwonshissy t o an enbodi nent of the present i nvECIL/iRM06/322325
and the above descri bed exenplary inmage formng
apparatus is described belowwth reference to FIG 6
The exenplary image processi ng apparatus includes a

ROU A8 ToF aca«@r{&lac PR d& &S T AR alks 1 dBgerd disk,
rnlng nethod an enbodi nent of the present

JvSRlOnod LN, depprintl ons bel Q. a0 Lk d Sfeynoara, a

recor ng appat a S use

S 8, SRR, SO s

processi ng apparatuses 400 such as personal conputers
{RLrenRREPHFIVY efn QP | VNS0T FRREIE 2 05t g erdpRa i um
processi ng apparatuses 400 via interfaces or a

5 swthvar.ar rogthieca Ivedfies praxce ssinmp appdratasiide; fages to the
shown in FIG 7 , a CPU 401, and a ROM 402 and a RAM

K3, US etk Hasr MefDrd aSe £l cioect atk byl aFouso7 AAso, a
st orage apparatus406 nade of a magnetic storage device

St M ddisk AL dPUts @RPA Atge 40dd AU an
a nouse and a keyboard, a nonitor 405 such as an LCD

té%égﬂ_aEHEE &gcg&%ﬁaJgugﬁnﬂ(F%Hg4¥ké“§§”égﬁﬁ%é{§5 to

Ing a orage ne
the bus.

10 The storage apparatus 406 of the image processing
apparatus 400 stores image processing programs including a
program of an embodiment of the present invention. The
image processing programs are read from a storage medium by
the storage medium reading apparatus or downloaded from a

15 network such as the Internet, and installed in the storage
apparatus 406. The image.processing programs enable the
image processing abparatus 400 to perform image processing
as described below. The image processing programs may be
configured to run on an operating system. Also, the image

20 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 of the

~~

25 present invention.
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such as an optical disk are connected via interfaces
to the bus. Further, an external interface (1/F) 407

wo e0o7/088BLNi cati on with a network such as the Ppe/aret322325
and an external apparatus such as an USB device is
connected to the bus . The storage apparatus 406 of
t he i mage processing apparé@%@ 400 stores image

processi n% %fﬂ:q_?lﬁ:%qs dN&yding & Prey 'Ha%fen%l’eocessing

enbodi nmen e present invention. The’l

rocessi ng ogr are read froma storage I u .
B i iR A A Tt unac
froma network such as the Internet, and installed in

4} Sk R EDHET athR GOCT THRA TRl PraResdity 410, which

prograns enabl e the inmage processing apparatus 400 to
ez forovidede Horoosssnmpke ast s o3l brkb biet dwl oTher ¢ gegfe,
processi ng prograns nay be configured to run on an

et atth e Qorsey st @M mdth oo r tdiies p hagy et @ridoe s ge gr ogm aimsage
may be a part of an application program FIG 8 is a

P ackngi A amidd uptFathi 9 ddwe Eonet i HPdtem to a CMY color
configuration of an exenplary inage processing program -

%g#&her 4 %%sgé% C%%Pr(%ﬁ‘i&lﬂ%&’é‘r t%@éf’%&nc{?&ﬁgﬁéﬁl@cm

ar at'us ng to an enbodi ment o

rese invention. rinter driver, 41 the_i mage
iR eth? bt T M Thel TRES 0 Sl hnaednerruces
nodule (CVWM _unit 412 that converts_the col or SPace of
t’?%g@“%% fl (CY&pi dppgenta, and yellow, a total amount

control unit 414 that corrects a CMYK signal used 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



are provided, for exanple, froman application
program fromthe one for nonitor display to the one

wo o7/asessage form ng apparatus (from an RGB cedDIP2006/322325
systemto a CWMY col or systen) , a black
generation/under color renpval (BG UCR) unit 413 that
cal cul ates the anount of b4tk and reduces the amount

e W@{Elﬁwt@le Q@cd’ﬂilcrﬁ%"h@adso.t aln aPU\ L CODE 'Ptom the

unit 414 at corrects a K signal used as a record

control_signal accordjng to t [
G TG UEEa Ub T it | e byl oh | el CHERr 500.
form ng apparatus,_ a gamma correction unit 415 tha
corrects ﬁn§@ﬁﬁo@@p&P%d§P9VFolF@ﬁFe@FQﬂ%§Slng may be
characteristics of an inmage formn aqgaratus.or user
prefarmegtt on & oo g @miRT {THe Y sfngQ/m) that? ek ag gekock
an i mage according to the resolution of an inmage

5 dixgrany dppastatatsing tted ffwnet oot ssomi gura t 44 of
i ncluding multi-valued and singl eval ued matrices for

SRS | igengBgey dit inttor had ftanedadrPirig efd slat@mbediment
be formed by recording heads, a rasterization unit 417 -

##ﬁghéﬂpéégghgfﬁ%Jgﬂ{f&mp dot pattern data fromthe
al ft [ '

one processing unit 416 into portions each

portion cqir gspond) ng, 19008 Sean And @asigns ots, iy

each portion-o thé halftone dot "pattern
DO, o 0 S SSL AP Deaftae £ P A0 L 0T A8

10 LISIE)JF)’C LiAZ ’aratl togt;{]ean?gt?r\llte éonr?greofrgr?ietsslllg ’ naar%/dbg gamma
correction unit 425 that 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

15 ink jet printer 500 includes a zooming unit (not shown)
that enlarges an image according to the resolution of an
image forming appératus; a halftone processing unit 516
including multi-valued and single-valued matrices (dither
masks) for converting image data to halftone dot pattern

20 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



performed on the ink jet printer 500. FIG 9 is a
bl ock diagramillustrating the functiona

wa@onfjospssat i on of anot her exenplary printer drP@BIP2006/322325
according to an enbodi ment of the present invention.
In FIG 9, a printer driver_ 421 of the inmage
processi ng appar at us 400 iTtdudes a CM unit 422, a

it , t t t ' : ; :
e 4 L R i e A T unit
t sane _functigns as. the unit hown 44, FIG 8 . The
5r}'rh7|e Ater” <iS V& 4 Rigdts 9 onccreost 2‘1&" J‘:Aénrmjgde17 ‘data to the
ink jet printer 500. A printer controller 511 (contro
uni t 200) 18f aphemgqr Pépcﬁ§§ﬁP€rm§68°9néF&8é§l g to an
zoom ng unit (not shown) that enlarges an i mage
exdoutigiany taf tihe messAant odmwsEntaen nRpt i dhve mypinter
apparatus; a halftone processing unit 516 including
5 dailvdr v luesthowrd isi rigjlGe- \ealaretl avetarikcigsa t(idirt heff ttesksyinter

for converting i mage data to hal ftone dot pattern data

dra ke forimethdHegr iditg headsiolant & rasefwzaid G, 9
unit 517 that divides the halftone dot pattern data .

nfeara;g%tﬂe JalTf Eone i OGRS NG U Dbl dt o 0 d | MSumed

h portion correspondi ng to one scan, and assigns

ot,s ,i.n each partion .of t hal ft .ot te 1
ttq]c?t( ﬁ%len égeqcofpﬁlhne%eercor [ nqgo Seg‘gjset. dl%ﬁzlou ep u{"(hs%&s to
fromthe rasterization unit 517 is sent to the, print
RIS Bt T 49 #F T iREge (RGeS mEthdtRte - !

according to an . .
10 other words, print data from, for example, an application

n

program being executed on the image processing apparatus
400 are converted into multi-valued halftone dot pattern
data (print image data) that can be printed on the ipk jet
printer 500 and rasterized by the printer driver 411 of the

15 image processing apparatus 400. The rasterized halftone dot
pattern data are sent to the ink jet printer 500 and
printed.

In the image processing apparatus 400, image or

character print data (for example, data describing the

20 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

25 description language.



10

15

20

enbodi nent of the present invention, both the printer
driver 411 shown in FIG 8 and a conbi nati on of the

w@eionvEas3xri ver 421 and the printer control | erPGiP2006/322325

shown in FIG 9 may work well. In the descriptions
below, it is assunmed that the ink jet printer 500 does
not include functions to generate hal ftone dot pattern

data fromppr gtrl(fl&t Aathh sehely Wor 4% RN ndptdatfa 3Bmory
for exanple, an appl |cat|on program bei ng executed on

e pr.ocessin ! ve
lrﬁjﬁr}arﬁ\%gﬁe[fgcpmaﬁ 1one lgl‘fer pat it not(ﬁ{ap lnnt #é@g AP& *o
data) that can be printed op the i i nter 500
B Y A ok by (AR b U S ThePathen data
processi ng apparatus 400. The rasterized hal ftone dot
gratamtimaddia Hre gt i Rd b @nessed @ f shnesmd
printed. In the i mage processi ng apparatus 400, inage
specifareattior e npridat alqfor Wxanptle patmt dists i dreagto
the positions, thicknesses, and shapes of lines to be

greiG dehrLot &had 2 desicd |c¥1:brﬁgafﬁ'd Sintsd z2esl fode dot pattern
positions of characters to be recorded) from an

AR 1 5atd O AROTH Y ORSH ALINY SYSLERMES of
tenmpor ar | y S ored In a draw ng data nenory. The print

B L LG 4 %P2 et piden B aniaog. TIi

anal yzed by a ra e iz en the rint data are to
corrggpond ng out §gntyggta sto eé {n ghe fﬁa

' processing apparatus 400. When the print data are to 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.



print lines, it is converted into halftone dot pattern
data according to the positions and thi cknesses of

wo coeesspeci fied in the print data. Wien t he pramiP2deti2325
are to print characters, it is converted into hal ftone
dot pattern data according t he positions and
t hi cknesses of characters specified in the print dat a

by ret ri e noiait eIpand Beuddding iRl dlaiay
in the imge r05§§5|ng%apparatu§' 00. Wen the pf?%t

dat ar ey ec
oJrR/eerlt eaglt a]If one do]t gpd;?etﬂe%]%@egsa%lng %%%érgtus 400 is
ocess is perforned on th al ftone dot attern

%%t%eéatﬁn%otce o ittt (e dr F1G.

pattern data are stored in a raster data menory. In

1thi s step, the image processing apparatus 400

rasterizes print data into hal ftone dot pattern data

usi ng an @thelnogomalingr iich sttoruddtiemniise dutgeudo ddimatres.

A s descri bed above, image processing includes col or

dFPTageEdn [ e@sm Nthr{in@ VN daganpBo 84 B8d | @baratus
processing, halftone processing such as dithering and .

s‘ﬂcft?roﬁj'if | Q%ha NS G OF 18QYR nt APy L Of & afrpunt

contr he haIftone dot pattern data stored in the

SR BRI S B0 A BIA0ES, g
(%fiz%égﬁiﬁ %ﬁfdgt}edtpr{étn%féll Vle{ af‘rnllol%feé@etgzpe g§eterm1n1ng
step 601. Each of the objects, character image data 602,
line image data 603, graphiqs 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.
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described wth reference to a bl ock diagram shown in

FIG 10. Wien a print instruction is output from an
wW@pploE&s1 on program runni ng on a data processPCnIP2006/322325

apparatus such as a personal conputer, the printer

driver 411 determ nes the tﬁses of objects in an input

(i mage data) 600 of the print instruction in an

obj ect -t Ypg qeleHTHR0 SRR ka R of dN&.0kiketS,
character image data 602, |1ne i mage data 603,

raphi cs. 1 mage .dat a, 604, and_bi Fopge. d 05, ..
ARSI et g S B8 S2E 35 T AP Bert Srmea.
t he character inage data 603 the line i e data 60

AP He® f SR oL ol (ORI S BT B st PRgoL0re:

step 606 is first performed. On the character inmage

et ar 60%) ust g ovt emt @21 ng? steke O teh B UgreRrt g3, 2
609, a total anount control step 611, a gama

ROMUERt s10p S22, 6 3rotenl] amaolrat actrerral t fieep ng25, a gamma
(hal ftone processing) step 615 are further perforned.

Qi et { dmest smos2 dlat an®08n adtirdhed PE BPHi6s (mAUEt ehad a
604, a color matching step 608, a BG UCR step 610, a -

3 P83k s AIMDINt S CONtEDT SEEPEBlhe A O8I efhEQN 5L EPi tmap

614, and a graphics dithering (halftone processing)

00 Q40P L IS RO (BTS00 O RS, DA TR o
5%55 ggf,ig éé éﬁ gﬁg&é@f&g'step 632, a color matching 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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When the bitmap i nage data 605 have nore than two
colors, a color adjusting step 622, a col or matching

wWGeL@p/0883, a BG UCR step 624, a total anount CPBCIL/IRM006/322325

step 625, a gamm correction step 626, and an error
di ffusion (hal ftone processing) step 627 are further
perfornmed. When the bitnap’?%ﬁge data 605 have one or

tuo col or aneARLumge L0iaRkn0-ohen 3L & olaone

adj usting ste color matching step a or an

I ndex| ess processing .step 633b. (processing where no
R TRE T & ST 4 B e e et as
total ampunt control step 625, a gamma correction step
EFETIRRE #PViGor di ffusion (hal ftone processing) step
627 are further perfornmed. Al so, the line inmge data
603 and t Beegpdphivc sliitingge Mdaird c68G4 ag@P sk ngr dee$ed
through a different processing path that branches to
aibdGheattep Bahe Iprddurst dasesntfiodn canangld drer PR dbeefow
641, the color. adjusting step 632 and the subsequent

wiltaP S dipfd ardgreeia, tihe dHAudHrege. det@ 608 ahda t he
graphi cs image data 604. After the above processing,

%Aer&éﬁ&ﬁh%‘g}éan@rﬁﬁ%@a[ﬁ%ga%éﬂ 4 8 S NG e Set

I mage data. A rasterizing Step (not shovin) 1s

r f.or ned t conbi ned i.mge ,data and t i ma
rgaa M9 se t :}Lezanl? n‘i‘agagr YO nsghoa"%)lp% at uesnF] 8 ?@%%%?hdd

invention relates to hal ftaqone i ,
values in the exemplary dither matrices. FIG. 13 is a

drawing used to 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 of 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.
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processing using a dither matrix in imge processing
as descri bed above. Exenplary dither nmatrices

w@emwonshissy t o an enbodi nent of the present i nvECIL/iRM06/322325

are described below with reference to FIGs. 11 through
14. FIG 11 is a schematic diagramillustrating the
exenplary dither matrices. "R 12 is a dramﬁng

showi ng e r I l.u [

it her ot 68 %%5%'*—‘9’ S e ety RS, 5o
one o f e e dlther trlces homn |n FI.G
% hts cfﬁﬁ]ﬁ i etd Jtnvedj slcorr}’be aen e&téﬁbtt halELZone
concentration type subnatrlx and an e | ary

lvsdersi éh R sifbrfdt AinRUE THé“"’If%eco]r%ﬁ‘%tp%‘é]déedi R¥

the exenplary imge form ng apparatus described above
campaabirey tthg dtalftpriad whlops dh the eeixgkesith
smal | -si ze, nediumsize, and | argesize. This neans the

avergy pond i i geh Ferho Iny vedparsatirs titse adl tthdo maetpr ook €700.
four halftone levels (no dot = 0, snallsize dot =1

WRH WRS A fUne valud ay0ectsd 2680t s 3ldwalSitian a
liquid drops of three sizes. The exenplary dither

r r f
TR FE R RS %srz't%%"sgﬁagﬂ o pres
ll_sﬁéfrl ! dlthe%lggfftoggnlevefﬁ 5ixé¥“becomes

0. When the value of the pixel is lower than a
corresponding threshold value in the medium-size dot dither

matrix 702, the output halftone level of the pixel becomes

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

corresponding threshold value in the large-size dot Qither
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 pixel 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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and a large-size dot dither matrix 703.1n the
exenpl ary i mage processing according to an enbodi nent

wmboovhsspr esent i nvention, the output halftonerdEyRboad22325

a pixel in an input inmage is determ ned by conparing
the hal ftone value of the pixel wth correspondi ng
threshol d values in the ditTHer matrices 700. Wen the

hal f t one E%EU% %ﬁlLQQZ%i@@t I8 thewemathak @01 is made up of
cor respondi ng {lr eshol'd value in the small-size dot

dither, matrix 701, t ut put e |ev of .
“Eﬁ%(tejtpjbeec%%%a%rl.dwgﬁl fh eﬂ%/eal %@E%ﬁt‘to&h%e Di ;Helr ?%I%?tg%/\}é?te
than a correspondin ,threshold,va} e in the .
the A s 2 Hotdek tcr%etrh%tr?%cf%z, YAt TR 2 Dngnits
| evel of the pixel beconmes 1 . Wen the val ue of the
yietelplacimmetotthan a ko rsresbontd 3/y 4 eddhrer vagteixn701.
the | arge-size dot dither matrix 703, the output

Tred fatonee | vkl anfaddengritkedf bdvonesortat rWen The dateemine
of the pixel is larger than a corresponding threshold

yalderidhd ot PO S eardtsciddrerl ivads i xn 703 $Mgll-size
out put halftone | evel of the pixel becomes 3 . In this

%@ﬂﬁ’r@ﬂéml.mﬁé Xshd S sudiSerix 711 is

r matrix is defined as a

01,
table of threshal d val ues havi 2 o) 2
300 PRl 0 £ oL AL VLSS RV 20 F UL 06, 25 e
%S;Igg?ﬁ)qze o]gi}?t'ﬁ:l;lt gc;eagrénkgqt ré‘%( c‘!u?y nsol%agel nil.}gaeéj ct:a?n Zgifl Zghe Fgrgall—

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.
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dither matrix may be 20 x 40, 40 x 40, or 256 X
256. The smal |l -size dot dither matrix 701 is made up of

woredoviofdsse2 submatri ces 711. The submatrices 711PCT/JP2006/322325

constitute the small-size dot dither matrix 701 and
are used as units when placing dots in the small-size
dot dither matrix 701. The‘%ﬁépe and arrangenent of

the submatyiiGes LI ety nea hal idans .ol Aald &ld

and screen li1nes in the small-size er matrix
701. The shape.of fhe submatrix 711 is not limified to
TREPIRER | M Esi" 11 T OUH A3 O BRp R 1 For
can be of any shape that can fill the smallsize_dot |
PR ek | & GOU I FRRIRMAerPEPET 4 ndehP s2BFrbBYR ARdt 11

the submatrix 711 is conposed of a square of 6 x 6
dotending soxdpmref ojedngtpigot themd dbshaneescfeen a center
angle of sin (6/2) . The nediumsize dot dither matrix
p@Znandandieih aargyetise z eddot a cir d hgememt r oxdFH3 does ahse

made up of submatrices 721 and submatrices 732,

PESPEEt bRt nud@d1 @riRngeeal OFaleF Ssatdudd a center point.
concentration type submatri x and a di spersion type :

%ﬁéﬁ?%{%ﬁéfﬁfbgffgééb§§b£§%9ﬁkm‘f@rT@& ﬁf@?.&@%%éﬁéy be

concen ion type submatrix shown'in

4, dots are.arranged so,as to concentrate around a .
B CHOTRA S neY PRV P aFeptr S ore (Jpd B¢ flaced in
submatri x shown in Fl 14, dots are arranged so as ,
FHot ¥k oredht Fai e Hthe entire dither matfix to have high-

pass filter characteristics; or dots may be placed in
random order. Any dot arrangement order that can form a
concentrated or dispersed dot arrangement pattern may be
used.

As described abové, the dither matrices 700 are
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-
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

halftone levels are converted into output image data having
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di sperse . There are several ways to determ ne the dot
arrangenent order in a concentration type submatri x.

wa-e00785@apl e, in a dot arrangenment order, dot SPEX/&2006/322325

pl aced i n ascendi ng order of geonetric |inear
di stances froma center point; and in another dot
arrangenent order, dots are’$l aced cont | nuously in

¥ PiM & prder) Qf@ef»gg& h LM Sle PUALs I acdi{é&@gdﬁa@fbn type

type subnmatri X, r exanpl e, dots may be place
cording to the Bayer, patter;.dots e pl.aced 4
Cg(% St ﬁ{naﬁntc a?fscg%/r tlhsg Eh clirfeordic%tgéﬁy trm ar]T %xt?%e hiae\r/]veels of

hi ghpass filter characteristics; or dots be pl aced

4 i SRS G . (AL S A ARen Tt der (1 HERCET 5128
forma concentrated or di spersed dot arrangenent

deet)t erh trer hel Qv . then derddntiP abowrd theshekérlevel T
matri ces 700 are designed to be used in imge

(@ ocesst g whier ecHicuresauimpld, Hal# tne drevel sdiswpedmtonr type
O, small-size dot = 1 , nediunsize dot = 2 ,

do G- Sl orddr e wsRll. fdn ddedighierhapt tdreeslevel
700, the submatrices 711 of the 'snmall-size dot dither

d£t3r o AQL-Ands the RUBMBIHACess duff (& B 4Bt Z8han the

t dither Tmtrix 711 are concentration type

submatri ces; qu t he ri ges 731 of the |arge-dot
S eererrrrnajtnrelck S;}lroefé(jiblrsg}geerlsﬁg'n type subnmatri ces.

Accordingly, in a ditherin rocess using the
gM%re preéise Y a% %m%odimen o) t%e present

invention provides a dither matrix used in hélftone
processing 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 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
halftone level that is egual 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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dither matrices 700 where input inmage data having M

i nput hal ftone levels are converted into output inmge
wa@l240a/0528%2 NngN (M > N > 2 ) out put hal ftone | evet'BJP2806/322325

concentration type dot arrangenent order is used for

out put halftone levels of O (= no dot), 1 (=

smal | -size dot), and 2 (:'ﬁ¥ﬁ1un}size dot) that are

r j d i s oT o
e i B A R R i SO yen @
dot . arrange t order, js used.fo n tput hal ftone
ATt L e & 1t i (e
hi gher than the predeternm ned threshold level T . Mre
PreRgLBign WP Stef % He pIREMS iMRftigier matrix
provides a dither matrix used in hal ftone processing
whemn ddvey eimtiuty halfloneadgy adatis hetitnign M ipfrAetermined
hal ftone | evels into output inmage data having N (M > N

rarjed ctimputhaldifoed dwetesls lasdimndultfd are output
processing, a.concentration type dither matrix is used

RS Atkhditdhrdl reddd X AN i tiaddonedrevgle i s
within a range of input hal ftone | evel s corresponding

i that is lower than a
%ﬁégﬁgégﬁéﬁé%h?k%%sEof%qlef% T(N>T>1), and a

di spersion_type.dither matrix is used as._t i ther
it WhaR e i BIEeRArPEae Peyer e RN & IEEn gt

of input halftone |'evel s corresponding t n_out put
FTHFNGTRET V9] ThatS (SR UAT t %roqﬁl%r%?h% iPigevels

predeterm ned threshold level T . In other words, in
hgmause concentrating small dots provides favorable

effects; and a dispersion 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, threshold 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
submatrices are arranged at a screen angle with no space
between them and without overlap so that output pixels form
a halftone dot pattern or screen lines. Also, according to

an embodiment of the present invention, submatrices with a
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hal ft one processing, a concentration type dither
matrix is used as the dither matri x when an i nput

wohalofness2 | evel is within a predeterm ned rangeCDiP2006/322325

i nput hal ftone | evel sassigned to an output hal ftone
| evel that is lower than a predeterm ned threshold
level T (N>T > 1), and a dispersion type dither

%[%Héﬁ‘tf i%%{edcygge %d&f%{gé@r{d X mhen 4he Jsr@c;ﬂfor an

tone level in a predetermned range o

i nput, halftone levels .assigned t out put_ hal ft on

Ci%q%é“}t t gt’lo§1eeq]uea‘fejt ota}lo‘—"?C %isggle?&?ﬁ?;%nh%rhga pf AL fifinea
predeterm ned threshold level T . In still other

tdreRho kil dotdntratdth SYRRA ke rdride i it refet 19 type
used for |ow output halftone | evel s because

dn camarganents rtdetcize prerd desr fav oruliput digbkiene level
and a dispersion type dot arrangenent order is used

frort highequelpuio hat fHiortet evtedrs tier qussdetomnoeintedtimgeshold
| arge dots causes problens such as bl eeding and

headi ng. 1HL 4 HiSkedThiodi gBsE ib Pe CEOSICRMEN & | @dhddper&oton
arrangenent order is swtched to a dispersion type dot

r o
ARSI I LA PP LIRS CRE aidle.
level T =3 ).. However the_ thres d level  T,i f
VIR S sy iriq e nd, (ot IR CEd fHE arld BedBing
used as the threshold level ' T . As described, above, in
FEHFIhRY rRATTS Herloh r@fe 1P RAGA e %SR%%’SIOI‘I type

v
present invention, nultiple
dot arrangement order for high halftone levels. Therefore,

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
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
halftone level that is equal to or higher than the
predetermined threshold level T. In other words,
concentration type submatrices are used as the submatrices
when the input halftone level is within a predetermined
range oﬁ input halftone levels assigned to an output

halftone level that is lower than the predetermined



submatrices are arranged at a screen angle with no
space between them and w thout overlap so that output
w@eooglos2s8pr m a hal ftone dot pattern or screen PCTIER006/322325

Al so, according to an enbodi nent of the present

i nvention, submatrices with aconcentration type dot
arrangenent order are used %61 an out put hal ftone

?thqyee%hcfll@tlé iolgﬁraﬁc;]%%ﬂﬁ% sypdeddduesiiold are used
eve , and s dot

ubmatrices wth a di'spersion type do

arrangenent_order are used f.or autut_hal ft one, s
‘—‘]se\%? ﬁ“g;?mﬁtsmecﬁfalw}{e& gtr%%ilg e]‘;ﬁntt}]a;in e Aevel%s within
predeterm ned threshol d | evel .. This kes it .
SRR S AT A A ForRle kRS &é%m%ﬁ%\fﬁﬁ ptigned to
pattern with a certain screen angle, while preventing
oy obi st e tend | st ng hardd ife ®AURYL deused Ibigher than
concentration of dots by using a dispersion type dot

5 tafe gpgeterdrnoiosi floredhiqgld hadvdlorie. | evel s. Ther ef or e,
using a dither. matri x according to an enbodi nent of
the present sid)Vvaridodd ingPrev esotege efihalditmentMyfe the
precisely, concentration type submatrices are used as
gl HPNBiFd Sef phamdda Py Bl Hd ONGASVRL e B s a
W thin a range of input halftopne | evel s correspondi ng
t.0.an out put, halftone level. that is t
R T e S R s SR P g of
submatrices are used as the submatri.cy vvshen the |

T G T R 1S 3 BN o TS ettt Ralftone

| evel s corresponding to an output hal ftone | evel that
10 Yeysdgudl +tollorohitgiercanrantaiion type submatrices, the

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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predeterm ned threshold level T . In other words,
concentration type subnmatrices are used as the

waemmmsasszes when the input hal ftone | evel is BT/hP2006322325

predet erm ned range of input halftone | evel s assigned
to an out put hal ftone |evel %hat is lower than the
pr edet er m nedt hreshol d | eved 4T ; and di spersion type

%&%’@Jﬂzﬁ%@rﬁy%ﬁﬁ @%taﬁaﬁubmagé | &85 ghere nﬁawpytvol

ftone level Iis wthin a predeternlned range of

%I‘écse h%hﬁla\{lgrc?arkeri)?aﬁ][soafsﬁ %ﬁe an %‘%p&gt h@:’.{ﬁ@f]ematrlx

'S "equ

redet ermi.ned threshol eveI . A
Bt TR GHRoc R Cor ¢ Het pr etk %Jn%s}egn?%%@#n%r%%%df

i nput hal ftone level is a highest input halftone |evel
and af g e’ eyulmRer Fanbel ofme Gt~ b3 ¢ tdies | @Y%l are used.

assigned to a highest output halftone level (T - 1)
of the eohocehtiled | oondegmper stuiomttypesdot her vangement stage,
hal ftone level (T - I ) is used throughout the

o cAnad 4 00 1YPei $SUbBléd oeSth Afhexeedl @fiysize dots 804
transition pr ocess from a concentration type dot

i ot 1 I { RO OGNS

Ehles ceorg)oéjfrna?ﬁ] emear§t dsets§ ébeg c?lgér)ﬁ/%%s%%rglgff% ftt.éflrl)g dot

arrangenen order used one
|l evel that |s e to or hi gher than 3, Iar eS| e
pattern 1is %ormé%‘w1th large 9 ots by usi submatrix

731 of the large-size dot dither matrix 703, over the
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 fil;ed
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



dot) (dispersion type dot arrangenent stage) and a
concentration type dot arrangenent order is used for
wooiopos2sbal ft one | evel s that are | ower than 3 PCT/JP2006/322325
(concentration type dot arrangenent stage) . In the .
concentration type dot arrangenent stage, a
concentration type hal f t orie* Jot pattern is formed by

&%%&ﬁﬁf Xl oo 5%&@4 ﬁi&%rﬁ&g diddhery of

e submatrix 721 e nedi um si ze

di t her trix 702, the submatrix 711

tgl’iealqoré?%t ]so%déypa eCi:Stsedrranngcfmit it therubrmt rix
721, nmediumsize dots 804 are used.. At the end of t he
concent r a6k ﬁfpéwlﬁﬂaﬁﬁéﬁéﬁﬁ%géocﬁ% from a
submatrix 721 is filled with the nmediumsize dots 804
cantentha fiame yivg  qoelt tarrRIEnBe et fardasd. tq i tdhiespersion
di spersion type dot arrangenent stage, a dispersion

5  dyee dd famrengaterpatdster i iss fdrsradived thd aowgesddt s by
using the submatrix 731 of the | arge-size dot dither

fEdd D30 oves. tiw. hal ftone dot pattern 805 where
all the cells are filled with the nediumsize dots

804. At the;end Qb hhe 't%%%r 3itQR w%ﬁfé%ts NALARFERN

stage, the submatrix 7 Is filled wt arge si ze

ots and a hal ft.on dot atte 80
%cacgo%'sd'l nag TGS e ethon O{(%q'he rgrréens%gr?é nven??e for
as described above, a subnatrlx is fi w th dot

e AR Aeta bt e e ety i 0 Erarion

10 type dot arrangement stage for output halftone level 2
(medium-size dot), and a dispersion type 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 stage for output
15 halftone level 1, a concentration type halftone dot pattern
is formed with small-size dots by using the subma;rix 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-
20 size dots and a halftone dot pattern 814 is formed. In the
concentration type dot arrangement stage for output
halftone 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

25 concentration type dot arrangement stage for output
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concentration type to a dispersion type. This nmakes it
possi bl e to reproduce the maxi num density possible

wowdo/oses3put put hal ftone | evel at which dot PCT/JP2006/322325

concentration does not cause problens. Al so, since the
submatrix is filled with dofs before the dot
arrangenent orders are switctied froma concentration

HP& 4 Qéveﬁp?; SiL tYRGnattr i SREM Slsonfltmréedi%th medium-

arrangenent order can be determ ned i ndependently of

40s. cpncentia] on faps dofoa 4&1@&%150% L A

I'on process ‘from'a cOncen ra ion ty
dot arrangenment order to a dis erS| on
HrREIFERTht T RUSOT QAT ERARL %ff%%r%tael%one
FIG 16. This exenplary tran3|t| on process has three
lsveglesd, @ cbimmEnsian RS gealddions rdafgaadiie st abe formed
output halftone level 1 (snmall-size dot) , a
vCiartc gt - saine &yt ddy arsianmg ertentswsineger >0r7 Dutq@litthe
hal ftone | evel. 2 (nediumsize dot) , and a dispersion

Lames -dntz Ardangener siageif oro putputeal dionet | evel 3
(large-size dot) . At the end of each stage,

%gfatdsfl&?st ee ddd led- WMot Sstddb thg: cangsnt r ﬁéi@{br{e

t arrangenent stage for output hal ftone level 1

SN LRI oL ol AL 3B ke
TohCORTAGBIF (e RAACSHT dhforicht L STHIE Tor out put
or out put

In this example, 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 typg 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 halftone 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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hal ftone level 1, the submatrix 711 is filled with
smal | size dots and a hal ftone dot pattern 814 is

wo eoomesks3i n t he concentration type dot arrangeP@&niP2006/322325

stage for output halftone level 2 , a concentration
type halftone dot pattern is formed with nedi umsize
dots by using the submat ris¢ 721 of the nmedi umsize dot

di tg ds&r%t % @%héﬁt réepcer e)?duplf tgﬁ%i&f%esntal}?té%pjze

arrangeman age Tor output ftone
thesub X 721 is filled wth ne i ze dots and
HoaRerrotd G P A 9 IR 1 e meain Hze
di spersion type dot arrangement stage for out

dedl ftiden aadirix 702 Angems o idfpe Il 4Un Ja%@er matrix

pattern is fornmed with | arge-size dots by using the
damatrix 731 of the | arge-size dot dither matrix 703.

At the end of the dispersion type dot arrangenent

stage for rautpet diahiciror@tlréwel703 sholve dubmrata.i X773 Hots
is filled with |large-size dots and a hal ftone dot

fal A L6 4 StHéJ'@TBﬁnaﬂﬁéJB s7exail the aﬁr&eﬁcm@f@bted by

above, asubrratr|X|sf| ed with dots (a uniform

[
az:tctleec{]r é.?ngeorr k?%@%r rfdM tﬁh'{}ﬁg r réﬂo%%}ﬁtdot

concen | on angenent st age put

hal ft one | evel t?td"trehg'?ﬂ oncentqréi% Iﬁgl t%leeelsegfecié%%

bef ore svvitc_hl n fromthe concentration type, dot
idy ¥@re qlkERAT IS i v Aadriviage

di spersion type dot arrangenent stage for output
shadnfatoniecd evEll Jare not selected successively. In other

words, adjoining submatrices 711 do not have consecutive
threshold values.

As described ébove, 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 look 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
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Forming a uniformpattern at each output hal ftone
| evel nmekes it possible to increase dot coverage on

w@apeans2as2 a | ow hal ftone | evel, and thereby prBvEIHR2806/322325

occurrences of irregular white spots in an inage
formed on a paper on which | pk does not spread
snoot hly. An exenpl ary dot ™ & Tangenent order anong

thiy °! N Lo ond, .
%ﬁ%@ﬁ&ﬁg& BEES SONSLH thMd Pk asihhbern rrpt@.h el8§, which

wwth reference to FIG 17. .In 't

1$aesscré;4g%ﬂ§P DELOV, 108 %ﬁé& e dt difhes DRipLx 4]
$Usedas an exanpt e. Ver, %1 he de Cription also
applie o0 the mediumsize dot dither matrjx 702 and
4S8 A oA T herhelts 1 S TOREOT e HeE e (RS of a
matri x 701 shown in FIG 17, dots are placed in the _
pnatinags. 7ihe | i drdicrhe hdiabi by Pyown ripeflG. 18B is
nunbers 1 through 10. In this exenplary dot

areamgbient raraeing ttiee schpmtdi thesr Mdtaie %@ degedes
alternately in oblique directions so that adjoining

ST €esTHd li verted Setiest ehstincesisowel yn FIG. 18C is
ot her words, adjoining submatrices 711 do not have

SAUSELH D Y €5 A PSS 0 VAl Wiese At (K188 Ghd ety aDPNRetrically
according to an enbodi nment of the present invention,

SRS, U AL YORLR PPt 2 L panetaces
éiotrhngg n?gggleé nsl’%)v?r? Pr?tFng.Oklélgkfs acxteeé(tt_eucrl eby translating
the base matrix 5 dots downward.

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 801 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

another color plane, halftone dot patterns of the two color

planes do no overlap in halftone levels equal to or lower



The arrangenment of submatrices is not limted to that
descri bed above as | ong as dots are not concentrated

wo oofeas2 of a dither matrix. For exanpl e, SUBIEIR0@ER2325
may be arranged in random order or in an order that
causes the dither matrix to ?ave hi gh-pass filter
characteristics. Dither 4 ces used for a color

M@gecrh@e/i@@ HaH £ gh & &9& Wath S M@ WeSEL I HER of the
bel ow. Exenplary dlther matrices shomn in FIGs. 18B

rou 5?% t i nverting,
ér%ré%??a In ase %H%ﬁh? r|x shown in FIG
18A, WhIC e d| natrlx i.s pr r ed descri bed
above. %@aﬁ%& R Vit PRERS b e Mg Gt Created
col or planes of a color imge. The rotated di t her

batrete s IWertdnagey straatalting 3 P2t ngt ther
base dither matrix 90 degrees cl ockw se. The inverted

5 rnhthieresraty idd Sheommatr e H8C LG epres e byot arrangement
inverting the base dither matrix symetrically with

sespectat® dded Vst i calocefl&ies ide. a Theldrx amdagé,eddots of
dither matrix shown in FIG 18D is created by

41 enstatd N ides hase watfdXnda dgt sz doywmerd. oFF1ap too

exanple a dlther matrix as shown in FIG 11 may be

’d?%h eﬂ%&ﬁ‘ﬁl @%ri&( <9£ iﬂ?fe cyan:Sal oL Pl {)‘ﬁé,ivary

rices nmagenta, and y

ERE N LN N

10 method makes it possible to increase dot coverage on paper,
to prevent occurrences of i;regular white spots in an image,
and thereby to improve image quality.

In the embodiments described above, each sgbmatrix
is shaped like a.combination of two squares of different

15 sizes. However, a submatrix can be of any shape that can
fill 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

20 changing the size of rectangles. Also, using vertically
shifted patterns for color 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

25 formed on a paper (recording medium) on which liquid drops
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respectively. FIG 19 is a drawing illustrating a base

dither matrix and a dither matrix having an opposite
waloto7asa8angenent order to that of the base di ter/Jr2006/322325

matrix. As shown in FIG 19, dots are placed in

opposi te dot arrangenent orggrs in a base dither

matri x 801 and a dither x 802. Wien the base

ghther opieiX 8QdotR1¥sHe: fOrufp o@é@ét@ééneuémgtgedlther

dither matrix 802 is used for another color plane,

W?éf$£”§c98 d??%tgén £@i$¥ﬁ%cgfo{h$o§£§%% 1L ?ﬁgention

OVerTap in ohe S equal to or

one dot atterns 900, where 50_% of _the_dither
For R LACER Brofete fig hpﬁ%‘fjs‘gm SRDULLET FHel SbEVELS-
when dither matrices created by rotating, inverting,
Banpbes| of | PRPAr Dashtli swek FRaFaceer byt H¢shere described
matri ces havi ng opposite dot arrangenent orders are
hskow fwititotefepéreest of FEGE 0l D0A | nimgeygllo? 8C of
different colors can be forned so as not to overlap
too nuch. SUAE sdetgupkakes di Heess Weadind ardgeér on its
secondary or higher color without changing its hue.

A 582 cSULhY &5 fel bod, MBkeSe kimPpssi Bbe §9a$@§é6§§§n995g of
coverage on paper, to prevent occurrences of irregul ar

I AT R g
@%ﬁt ;@%nnghapgﬁamé@egge{@' Nl on Pl LupeSOaes.
include POD Gloss Coat (0ji paper Co., Ltd.), Super MI 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; 20B<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 paper,
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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sizes. However, a submatrix can be of any shape that

can fill a dither matrix w thout overlap. For exanpl e,
w@2®alosms2 i X can be shaped |i ke a conbi nati on BET/IR2006/322325

rectangl es of different sizes. The screen angle and

screen frequency of a halftone dot pattern can be

adj ust ed by changlng the si%% of rectangl es. Al so,

using vergicall %agial it e:@g%@’ﬁﬁ%@”ﬁleﬁqlﬁmc QleQl Y ﬁ@ %o an

makes it p055| to-produce a-color inage W ess

T o B ”Jiévgenotnw}”pgégfoer%?é T8 i base

nmedi un). on whi ch I|qU|d dr opsdo not read smnoot hly

T e T R b FetIRAT NG IRy SF i ey sr’ﬁ YOTHE YR rfbf tigre
an enbodi nent of the present invention for hal ftone
herssc apdiang gr o Vi ldes  Bdrrefdxdnnl aff eqaprdampiediwt may
papers with such characteristics are described bel ow
heivten adefigrience tlayd®Es. 20A t hrough 20C. An of f set
paper, which has a coating layer on its surface and is

used, for «@saephatei@irigravure printing of magazi nes,
is an exanpl e of a paper (recording mediun) having the

above cha St | s, of fiset o n )
PCD @ OSSV%% BUbS! hfste XAD! Gy pf 96t pagar SebBolude  pase

N:eorpl r!l. t%lnrg%uz{);: %ﬁeogurplbts% gdf %?%es %ZEgDéﬁé{ample, a

the beh V|or of i nk drops on Si
heet o% paper malknly B af wood fibers and a nonwoven

fabric mainly made of wood and synthetic fibers may be used.

A sheet of paper may be made of wood pulp or
recycled pulp. Examples of wood pulp are leaf bleached
kraft pulp (LBKP), needie bleached kraft pulp (NBKP)V, NBSP,
LBSP, GE, and TMP.

As materials of recycled pulp, recycled papers in
the list of standard qualities 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 used 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; coated papers such as art paper, ultra-
lightweight coated paper, and matt paper; and non-coated
papers such as bond paper, color bond paper, note paper,

letter paper, warpping paper, fancy paper, medium quality
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gl oss paper; 20B shows the behavior on a plain paper;
and 20C shows the behavior on a gl oss paper. Wen ink

walempesB3are jetted onto a silk gl oss paper, tPer/inekos/322325

drops D do not spread and are isolated from each
other. On a plain paper, the ink drops D spread and
bl eed. On a gl oss paper, t el T nk drops D do not spread

ee ' he H?cﬁ:gro | ai RARES t Y
p?arfo dt egegggh?g%éh ot her égﬁ?g’thsgl case rol?é?cg glﬁ‘?ﬁpg' simili
| oss paper. Instead, .adjoining_ink drops D tend t
RARRTy {QBGEREP GRd Il GRIRE ovePRI B dT TR Ubeadthg) 2oV
An exenpl ary paper (recording nediunm, according to
SRRy ¢S tHREDrigtEnti FURANE i On 115 FREIRYIHEP -
bel ow. An exenpl ary recordi ng medi um accordi ng to an
enmbodi nentNoghafliy , preseyrleqivenlPoi si snagshpegedhef &pllowing
base material and a coating |layer on at |east one side
fofud hecdmse material. Also, the exenplary recording
medi um may have additional |ayers. <Base material >

Var i ous mater inalse fIRy- e nds ed diplo ft r asegreickid alsed paper

dependi ng on the purpose of paper. For exanple, a

f@@?tf9£e?§p§5dw@ ﬁ&dgi OI?MD@ggRiQﬁgsfﬁﬁ%fS by using a

nonwoven fabric mai'nly made of wo and synthetic

fihers, e used. . A sheet. of, paper e made of
%Cgbawn%‘yoﬁ)oﬁceecfcrf%oa p'%l‘%r.‘l Bt 63 B R%0od pul p are

| eaf bl eached kraft pulp (LBKP), needle PI eacntlwe‘gi#r af]J:;orei N
pul p (NBK#P) Néspgust removing step o remo g g
substances (such as plastic) and dust in the used 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



LBSP, GP, and TWMP. As materials of recycled pulp,
recycled papers in the list of standard qualities of

wo ewyobma2 papers of the Paper Recycling PronotPONJIP2006/322325
Center may be used. For exanple, chem cal pulp or
hi gh-yield pul p made of recycl ed papers may be used as
the base material. Such recycled papers include

&{1'&5 er, PApeLs1 $4ah, 2% iRRN- SO SehCOMPYLRInPRBE e, aluminum
t er mal paper, and pressure-sensitive paper; OA papers

I h
B SR YRR EAN ST

non coated papers .such,as bond pa
TalperatSrot SYBEHEL 19 eft Fcﬁape?gu&éﬂ%l %Y%% ge'f arfcyimina,

paper medi um qual i t ypaper, newspaper, woody paper,
kmﬁhﬂphﬂn@n fZ%@#%t65|nmPgn9§bé$ Séﬁboﬂﬁﬁﬁe rén magnesium
paper, and m |k cartons. The above substances may be

5 hgkthtievdi enduadh y corgami accopthgmehiconsudor @wl | gtyrene plastic
recycled pulp is made by the follow ng four steps: (1)

fefidrati ngcsyepcof bpeaktng dowpigsedtpaper gdaliyethylene,
fibers and separating ink fromthe fibers by using a

IHEFUES%HEH 14,01 ¢ and rasghem eal hB1amPHEPefes{®) Ahe above

V|ng step of renDV|ng forei gn substances

31T 0 D Y

step of exellln he i
P Ag an g %e%na éfafggt%%ent used when producing

10 the base material, a neutral rosin size used for neutral
papermaking, alkenyl succinic anhydride (ASA), alkyl ketene
dimer (AKD), or a petroleum resin size may be used.
Especially, a neutral rosin size and alkenyl succinic
anhydride are preferable. Alkyl ketene dimer has a high

15 sizing effect and therefore provides an enough 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

20 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

25 an inorganic pigment and an organic pigment may be used.
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by a surfactant fromthe fibers by using a flotation
nmet hod or a cl eaning nethod. (4) A bleaching nethod of

whbmaokissy t he fibers by oxidization or reductPONIP2¥#I22325

m xi ng recycled pulp with wood pul p, the percentage of
recycled pulp is preferably 40 % or |ower so that
produced paper does not curl?after recording. A s an

internal &Ll het hgRase I al '
oy el Bk ehchendl hahasg, et shestycBs O bonate,

subst ances e. used _a ite. pi t; .

SA RS g G, 20 o e Bolh s el P LpuiBitpe; gmorphous
car bonat e, heavy cal ¢ci um carbonate, kaolin, clay,
HaliCarcal & U R f atd PRI UM St Fon e, "EPRERIHR carbonate,
di oxi de, zincoxide, zinc sulfide, zinc carbonate,

tsidtani wshi tdiosdded nuad ehinedt ehvdrakdficeogaledmh, hydrate,
calciumsilicate, nmagnesiumsilicate, synthetic

n&d driecal, ural uydi raure hy di oxi dgdratiniena,od | ¢ihbphdne, may be used
zeol ite, magnesi um carbonate, or magnesi um hydrat e;

29 Ch M 10 9P £c Pb Deeht SUEBpasislyyeneaplast pgovides a high
pi gnent, acrylic plastic pignent, polyethylene, )

JILOCansHLEe WiGR I6SI Bo Undel 81 Nk, rE8ERet T AAOVENG is

Subst ances may be used individually or in conmbination.

As an intern si,zi ng agent used when producing the
9&%%? %ﬂqﬁﬁ,e€§$%ﬁnral rosin size used for neutral

paper maki ng,. al kenyl succipi ¢ anhydrids (A -+ (ALK e,
delaminated kaolin, calcined kaolin, and engineered kaolin
made by surface modification. To provide a high gloss
surface, the mass percentage of a type of kaolin, in which
80 or more mass percent of particles have a diameter_of 2 u
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 mégs percent
or more. If the mass ratio of kaolin is lower than 50,
sufficient glossiness may not be obtained. There 1is no
specific limit to the amount of kaolin. However, when the
fluidity and the thickening property of kaolin under a high
shearing force are taken into account, the mass ratio of
kaolin is preferably 90 or lower in terms of coatability.

As an organic pigment, a water-soluble dispersion

of, for example, styrene-acrylic copolymer particles,
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dinmer (AKD) , or a petroleumresin size may be used.
Especially, a neutral rosin size and al kenyl succinic

waelvydsisse are preferable. Al kyl ketene di ner PeEBJIR2006/322325

hi gh sizing effect and therefore provides an enough
sizing effect wwth a smal | unt. However, since
al kyl ketene dimer reduces the friction coefficient of

épggzeer%{gn{a%g@aﬁer{eecor d&&gopﬁasf (mediauml o1 ekeCOor didlg ystyrene

usi ng al kyl ketene dimer may cause a slip

when. bei ng conve [N [ ] c [ a :
BT IR 1 a5er 50 T hEe e P s £ LR 8 Par B8 MR Tt awove
and a binder, and nay al so contain a, surfactant and
L © GHASERATHD. ML BF JIert? SASHAGEM v pi gment

or a mxture of an inorganic pi gnent and an organic

pi gnent mEyrebeangedt FAf eranpPEIaRES| iR oSN, 1Meablye total
cal ci um carbonate, precipitated cal ci um carbonate,

ansduri tuno S ulpfiighnen tanior ptioels cealtiicg, ldyan nas piredeiramly 2-20
whi te, magnesi um car bonate, titani um di oxide, al um num

sl oxkdeental anunedyadiial epi gaghesagmdystiatisad ZzeB6ve has a
hydr oxi de, or chlorite my be used as an inorganic

%?é%%%ﬁc E§B@§k@|Bbwé@0£h5nmfﬁgge§faeﬂ{gﬁnggeﬁﬁic pigment

urface simlar~“to that of an offset paper and’is

h f I Th .
87 SE8E5 L8] YA e 1S YRS UM R, Bhpiing 2aver

kaol i n, and engi neer aolin
having a gooéngcoata%Qlﬁty. If the mass percentage of an

organic pigment is less than 2 percent, a desired effect is
not obtained. If the mass percentage of an organic pigment
is more than 20 percent, the fluidity of a coating liquid
becomes too low aqd, as a result, the efficiency of a
coating process decreases and the operational «costs
increase.

Organic pigments can be divided into several types
acéording 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 1liquid, 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 prefgrably

used.



made by surface nodification. To provide a high gloss

surface, the nmass percentage of a type of kaolin, in
wobiochsBE2 or nore mass percent of particl es harer/aP2006/322325

diameter of 2 mmor lower, in the total amount of

kaolin is preferably 50 per%ent or nore. The amount of

kaolin in the total amount™ ¥t~ pi gnent in the coating

layer is preferableyt-pQmss-Larcent v%'té@-rseoldﬂlé hesin or a

mass ratio of kaolinis lower than 50, sufficlent

|,0SSi hess na obt aj ne Therg | CIfI
V?atrﬁ]i ({130 Py %ntrg%fl kao‘f‘Ynqj \[}g\?gr SAvﬁg SCB’% of water-
f|UIdIt nd t he thickening pro t of kaol i n under a
%gmf"é’rc}éear‘és‘?%ké% eﬁtc[}"éi:c&?nt BhePpRQse. For

ratlo of kaolin is preferably 90 or lower in terms of

soaakd 4 i thhe Afoddopigani vapegmbaseda Rasépssonalyl e used:

di spersion of, for exanple, styrene-acrylic copol ymer

5 malr;tﬁoi;és,aﬂy:o@nd—;buhadhced@fbmbolm@vipwhialleshol such as

pol ystyrene particles, or polyethylene particles my
216l disefbd it Absyey 01 AN 61pbBBRNt TatEYBecdSed dd polyvinyl
conbi nati on. The anpunt of an organic pignent in the :

Jfg§ﬂofnount09f Pi RNt 1 Bdder Gaat | Ngpbayghni3 alcohol;

preferably 2-20 mass percent. An organic pignméent as

Sqgfé%?%n%?ovgoﬁg%lgxﬁpgﬁﬁé%ﬁl9& éty |0m8§1%9g8 tggﬁyV1nyl

an |norgan| ere ore provi

thl éb}qvqr?%, 4‘?Csh?€0%£0 A gawli}? ]al,fgone -vinyl acetate

10 copolymer, vinyl pyrrolidone-dimethylaminoethyl

methacrylate copolymer, quaternized vinyl pyrrolidone-

dimethylaminocethyl methacrylate copolymer, or vinyl

pyrrolidone-methacrylamide propyl trimethyl ammonium

chloride copolymer; cellulose such as carboxymethyl

15 cellulose, hydroxyethyl cellulose,
hydroxypropylcellulose; modified cellulose such

cationized hydroxyethyl cellulose; polyester, polyacrylic

acid (ester), melamine resin, or modified versions of these

substances; synthetic resin made of polyester-polyeurethane

20 copolymer; and other substances such as poly(metha)acrylic

acid, poly (metha)acrylamide, oxidized starch,

phosphorylated starch, self-denatured starch, cationized

starch, other modified starches, polyethylene oxide,

polyacrylic acid soda, and alginic acid soda. The above

25 substances may be used individually or in combination.
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organic pignent is less than 2 percent, a desired
effect is not obtained. If the nass percentage of an

w@e@ansas3pi gnent is nore than 20 percent, the PCTIIRNM006/322325

of a coating liquid beconmes too |ow and, as a result,

the efficiency of a coatingsgéocess decreases and the
operational costs i ncrease- gani c pignents can be

di vi ded i nfg-gevenal Lypee aceREdhRges? t;ttwv%ail d®ohol,
shapes: solid-shape, owshape, and doughnut - shape.

hol |
cTaot aoCh—!rﬁ/cfiﬁeQPOd b %)g??gngft Weegl'i:.la%ogl OSS! Q?ecSeZtnal—modified

coat abi ,and fl a coating I'iqui

organj c pi nt havi ng hol | ow shaped rticles with a
SR BOFLeRLSORODT O LHBREETR RORT GHLh e aRmavaroigeester-
di ameter of between 0.2 and 3.0 mmis preferable. As
rplhisidesthansatepobiBed R&Si ItSReGrakler abrgfesedlas ia terms
wat er - based resin, a water-soluble resin or a
afatierk-cibspernsifire raesin may be used. Any type of

wat er based resin may be used dependi ng on the purpose.

For exanplpgy tihgod oblfowdige wed BspdasHsl ¢ egeBInMayaPebe used
used: polyvinyl al cohol; a nodified polyvinyl alcoho
RYEh B AP Ne R Abh rb68e POEYY BYhm@h€0hehe following water-
cation-nodi fied polyvinyl alcohol, or acetal-nodif ied

0l yVi I c l.; _pol et e; Ly Vi .
%%%é%#%%%ﬁ%; ggﬁégff' %Q% qu P@%@. n¥$lyv1nyl acetate,

fie ol yVi ny

ethylene-polyvinyl acetate copolymer, polystyrene, styrene-

(metha)acrylic ester copolymer, (metha)acrylic ester
polymer, polyvinyl acetate-(metha)acrylic acid (ester)
copolymer, styrene-butadiene copolymer, an ethylene-

propylene copolymer, polyvinyl ether, and siliconejacrylic
copolymer. A water-dispersible resin may contain a cross-
linking agent such as methylol melamine, methylol
hydroxypropylene urea, or 1isocyanate. 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—bqsed resin in the coating layer is determined so

~

that the liquid-absorption rate of a recording medium falls
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pyrrolidone such as polyvinyl pyrrolidone-vinyl
acet ate copol yner, vinyl

w@goorobisdone- di net hyl am noet hyl net hacryl at e cpEDIB20e4/322325

quat er ni zed vi nyl pyrrolidonedinethylaninoethyl
met hacryl at e copol yner, ényl
pyrrolldone nethacrylan1de % opyl trinmethyl anmmoni um

&I#§H+ YA®le ££hdal ose such as carboxynethyl
ose, droxyethyl ceIIquse or

hydroxypfgﬁg' o8 L0sera il 68 SAldulose SO A%, whetner
cationi ze ydroxy ose yester

pol yacrylic acid (ester nelan1ne resin nndlfle .
Yr fMohs df ?%%Js%ms%bs‘i’% ¢ Sy I‘je%I Ehadd ot 1S
pol yest er - pol yeur et hane copolyner and ot her

epibsemktes Bfch sxampiley ( RELRAY Yack§l i BeaELarypopyines that
(rmetha) acryl am de, oxidized starch, phosphoryl ated
s¢arich, wieh f -slehfdnied staupsd, ce i lovr wkd srewesd, or amino
ot her nodified starches, polyethyl ene oxide,

PEOYSET BiFi & a@iﬂeé’@dalyeami‘ ahgi acddacdygk soda.a Theter- soluble
above substances may be used individually or in

f&ﬂb'Qﬁh‘qnnﬁﬁoQQSB@ﬁb§90%§ﬂﬁﬂbséﬁnQﬁsmoﬂgh¥¥'nXhlgomer, or
alcoho cation-nodified pol yV|nyI al coho

f ér ”%‘jéfq{lsgag%?é}ég”yémﬁé E(El yﬁé Clhe used Among

uret hane terpo yeurethane copol ymer
es eC|aIIy referabl n ter [ absorption_r
% PP hEPEREdi Cisbr & HPELYRSF n iay SHE-LgEgary  Stmonium
de endlng on the furpose For exanple, the follow ng
erafepesRepiel preferable.

As a cationic organic compound, the following

substances may Dbe used: dimethylamine-epichlorohydrin
polycondensate, dimethylamine—ammonia—epichlo;ohydrin
condensate, poly (trimethyl aminoethyl-methacrylate
methylsulfate), diallylamine hydrochloride-acrylamide

copolymer, poly (diallylamine hydrochloride-sulfur dioxide),

polyallylamine hydrochlorid, poly (allylamine hydrochlorid-

diallylamine hydrochloride), acrylamide-diallylamine
copolymer, polyvinylamine copolymer, dicyandiamide,
dicyandiamide-ammonium chloride-urea-formaldehyde

condensate, polyalkylene polyamine-dicyandiamide ammonium
salt consensate, dimethyl diallyl ammonium chloride, poly
diallyl methyl amine hydrochloride, poly (diallyl dimethyl
ammonium chloride), poly (diallyl dimethyl ammonium

chloride-sulfur dioxide), poly (diallyl dimethyl ammonium
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resins may be used: polyvinyl acetate,
et hyl ene- pol yvi nyl acetate copol yner, pol ystyrene,

waopreses32 (et ha) acrylic ester copol ynmer, (nmerdE)P2006/322325

acrylic ester polyner, polyvinyl acetate- (netha)
acrylic acid (ester) copol yner, styrene-butadi ene
copol yner, an et hyl enepr opy Ene copol ynmer, pol yvi nyl

ﬁ%ﬁ J§@ﬂ§ﬁii§°”e agh Yl C CoH?&¥8@ﬁlof&de . .derivative),

sperS| e resin nay contain a crosslinking

%@ﬁﬁ@g& —p Saeﬁ\t/ﬁyl 1meg$‘1¥ mO(r:];‘an tlﬁ'&’klcsholorlde copolymer,
sel fcrosslinki ng copol yner_ cont.ai ni ng a un

FTINA T~ 2 A A AR e el uSBd s 1399\59%%158&8&59@9%1%&
resin. Two or nore of the water-dispersible resins
pielgerti Hekeaboiee nmay s hyded istinehe sdpBivaf@veThe Aush as
ratio of the water-based resin to the pignment in the
xoatlagi daypoliysepr efeerdabhyd 2f 160 polie@hideniandenvalkylene
preferably 3:100 to 50:100. The anmpunt of the

deled - bagedapsskn subsithe cegatiaig bayesedsidatieimuaady or in
so that the |iquid-absorption rate of a recording
dediyndallswithin a preferable range. Wien a

wat er - di spersi bl e colorant is used, whether to mx a

cationic ()Irtgaaﬁcn;é%f %in the b| gger IS oapc% 91% organic

For exanpl'e Tor |ary an1nes % hat® vea

with sul fonic grou ar box r am no. grau .
HAMRPRG e‘tﬁ‘t}ay oP aﬁo grd %e .ﬁg wateh &6 Lfglrf‘get%ylamme-
epichlorohydrin polycondensate or polyallylamine

hydrochlorid and a cationic organic compound with a
relatively-high molecular weight such as poly (diallyl
dimethyl ammonium chloride) in combination. Compareq with a
case where only one cationic organic compound 1is used,
using cationic organic compounds in combination improves
image density and reduces feathering.

The equivalent weight of cation in a cationic
organic compound obtained by the colloid titration method
(performed using polyvinyl potassium sulfate and toluidine
blue) is preferably between 3 and 8 meg/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 measurement of the equivalent weight of

cation, the cationic organic compound is diluted with
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ink, and forminsoluble salt; or a nononmer, oligoner,
or polynmer of quarternary ammoni um salt nay be used.

wa@ewngsaskem an ol i gomrer and a pol ynmer of quarPEr/oe20§6/322325

amoni um salt are especially preferable. As a cationic
organi c conmpound, the follow ng substances may be
used: dinethylanine-epichltﬁ%hydrin pol ycondensat e,

-ig@iﬁ%@%ﬂ NesAIII00) ae epi ch,ar gezgai aoﬁ%%n;@; ecshe’ocgd’lution

rime am noet hyl - met hacryl ate nmethylsul fate

di al | yl am ne hydrochl or.i de: acr,yl am de copol yne oly
KRR o T T AT A S (e oh i Ho)Be et orihea;

pol yal | yl am ne hydraochlorid, poly (allylamne . ,
hydr ochi offit@di 8Fly| daPREL Ry dPeeRl off dehe cationic organic
acryl am de-di al | yl anmi ne copol ymer, pol yvinyl ani_ne
copsiyrreris dprgtetiilahy dectdeepafdBamndeZafnerivim If the dry
chl ori de-urea-formal dehyde condensate, polyal kyl ene

deposind neasl cyantdhantdeiamonongasakt coopsensaties lower than
di met hyl diallyl anmmoni um chloride, poly diallyl

0ed hyd /i@ neulrrdicaehhor iiggrRementdi ald ylirhiget idnsity and

ammoni um chl oride) , poly (diallyl dimethyl amroni um

Mﬂé%i%édﬂd:et?igc?g:jﬁ’?featﬁ%ﬁ’ﬂ(&“rﬂ%%’ﬂo@i}f@te?é’}llieved.

amoni unchl ori | am ne hydrochl ori de

derivativ acryl am de-di al.lyl, dinethyl anqgniun1 .

chi or 1 de &1 OFY . SRRl tality | ARy abkn ST91 CaRerging on
hydr ochl ori de copol'yner, polgeth | eni m ne, )
tetohy PERPRSRe dePT vaRAIP Such?as ISR afiidd 355idfiter , @ cation

and nodi fi ed pol yet hyl eni m ne al kyl ene
surfactant, an amphoteric surfactant, or a nonionic

surfactant may be used. Among the above surfactants, a
nonionic surfactant 1is especially preferable. Adding a
surfactant improves wafer resistance and density' cof an
image, and thereby reduces bleeding.

For example, the following nonionic surfactants
may be used: higher . alcohol 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 alkanolamine fatty acid amide. The above



oxi de. The above substances may be used individually

or in conbination. It is preferable to use a cationic
w@e@ansas3zonpound with a | ow nol ecul ar wei ght BCDbP2a66/322325

di met hyl am neepi chl or ohydri n pol ycondensate or

pol yal | yl am ne hydrochl orid and a cationic organic

conpound with a rel ati veI y ] gh nol ecul ar wei ght such

I%Eogﬂce(sd'ngﬁ} We qlgggf R Uy oy ord Q:ec)mﬂf‘natlon

i nation. “Conmpare ' 'a case ‘where onl y one

cat| oni c conp ed n tiqnic e
organi c cgﬁg85¥§ %Jg%%? IZt #%n r}oerr%v%:sL%? e 2 specific
density and reduces feat heri_n The e t wei ght
toPecatdish iahva datRoniad o%ﬁ’%é’ %ﬂ@ogm 3’ used
the colloid titration nethod (perforrred usin

dedendimgd potrassitie sultfgresend t dlas di exagiile), | s glycerol,
preferably between 3 and 8 neq/g. Wth an equi val ent

5  twdingdtth yilro ligreomdheye rergs e tyidh rdrhye ,depesibdi tvdls,s adr t learcose
cationic organic conpound falls within a preferable

AN dded hegtRapen&nBRi 4of adibecequbyabenmadel @it ﬁﬁplac1ng
cation, the cationic organic conpound is diluted

#Qgtsta | atg wﬁée 0:3ud h@itﬁhgﬁogmﬁeﬂéerﬁm&tEach as

uti on beco . mass percen control 1s
SR ol eSS B, L G W ense one
égggi' sgau£g%1%yy is not affected. The percentage of the
10 replaced part is preferably 50 percent or lower. The
hydrophile-lipophile balance (HLB) of a nonionic surfactant
is preferably between 4 and 15, and more preferably between
7 and 13.
The mass ratio of the surfactant to the cationic
15 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

20 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

25 a coating liquid or by applying a coating liquid to the
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deposit mass of the cationic organic conmpound is | ower
than 0.3 g/m 2, sufficient inprovenent in inmge

walengisag3and sufficient reduction in featheri neCTrEB20OwR22325

be achi eved. Any type of surfactant may be used
dependi ng on the purpose. &g exanpl e, an anion
surfactant, a cation surfactant, an anphoteric

bgégéc af&%@@ﬁ:iagr ap HPNILQRY Clﬁﬂfé@ﬁ&@ﬂénm%’r bgpi§dation of a
Anong the above surfactants, a nonlonlc surfactant is

SO LSTSL F  LOLE ol A R  ooess

reduces bl eedjn For exa he f I |0VVI ng noni onic
TR AR FhgS bRESERG: EE@E&%P@BESF SERYI BRESSY| de PLade
adduct, al kyl phenol ethyl ene oxi de adduct, fatty acid
Céftart)ﬁlreneaom adauer, F8l yaAyEr ik idiec oFioRt B AS t yractd curtain
ester ethylene oxi de adduct, higher aliphatic am ne
aﬂdqéﬁﬂmaymbdeuadducwsiﬁ@taycaannambdeleBhybeweeaﬁhd@ gate
adduct, fatty oil ethyl ene oxide adduct, ethylene

mldesﬁﬁéiulst:egé fat, apotivipt Olﬂydﬁlﬁe@yﬂﬁé ptBykeretached to
oxi de adduct, gI ycerol fatty acid ester,

?ggsacfr‘%{ Hl‘?‘le fabty ta@l di BSE&EnaSObPI EQ' a?;%i)iéé\f‘lon of a

ester, sucrose fatty acid ester, polyhydric

h I L et k
SR AR AR SUBEc Ly, 36 Cine process
|n conblna n. Pol ¥3¥dr|c aIcohoI i's not Ilmtedtoa

s it %3k of pol yhydric al cohol may

be used

There is no specific limit to the amount of a
coating liquid on the base material. However, the solid
content of a coating liquid on the base material 1is
preferably between 0.5 and 20 g/m?, and more preferably
between 1 and 15 g/m?*. When the solid content of a coating
liquid on the base material is less than 0.5 g/m?, the ink-
absorption rate of the paper is reduced and, as a result,
ink overflow and bleeding may occur. When the solid content
of a coating liquid on the base material is more than 20
g/mz, the paper is not easily folded or becomes unsuitable
for handwriting.

After the impregnation or application of a coating
liquid, the coating 1liquid 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



10

15

20

25

dependi ng on the purpose. For exanple, glycerol,

trinmet hyl ol propane, pentaerythrite, sorbitol, or
wamocosms3zay be used. Et hyl ene oxi de adduct mapChaPaedz2325

by replacing a part of ethylene oxide with an al kyl ene

oxi de such as propyl ene oxi de or butylene oxide to the

extent that the water sol U'bﬂ‘lty is not affected. The

er,ce of . t r e a ' f I 0
b%é%&%@%? |%%?$‘6Tﬁlgéﬁ§d%oﬁghﬁ’§[ Bonh PRRpadR eand other

(HLB) of a nonionic . surfactant. i referably between_4
TRWE 155, PSRECTRr 6O Fanly . BetiheR™s ST 1307 THeS rdgger o
ratio of the surfactant to the cationi¢c organic

hedifrsund the pPefer abtyeriabo andt 1¢fooPagkd heyer- Also, a
preferably 0.1:100 to 1:100. O her conponents may al so

e taedttsidr e ol dyeer coay | pg bageided Phetbgt eoatilgt liayer. Each
advant ageous effects are not undermnm ned. Exanples of

ot heheC onPPeent maiynchadeagdisdd/esfsumte adagreral oni multiple
powder, a pH adjuster, an antiseptic agent, and an

lagyélog(_i dant. The nethod of form ng the coating |ayer

is not limted to a specific nethod. For exanple, the

coating | ayer. my: be,  opmeg by, i MEeonaliagLie heSSun, any

material with a coating liquid or Ly applying a
AT | OFappl P Rat Bt o n CSAUE,y PRRGFa, for offset
é??géﬁn;ug? %%5%J¥gwggiég£gé,S%é%iggeif’preferable liquid-
absorption rate as described above may be used.

When the exemplary recording medium was brought
into contact with an ink according to an embodiment of the
present invention 'for' 100 ms, the amount of ;he ink
transferred onto the exemplary recording medium measured by
a dynamic scanning absorptometer was between 2 and 40 ml/m?.
This value is preferably between 3 and 30 ml/m?. The amount
of pure water tfansferred 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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a gate roll size press, a filmtransfer size press, a

bl ade coater, a rod coater, an air knife coater, or a
wa@orasas3roat er may be used. Using a conventi OPel/JE0@@322325

press, a gate roll size press, or a filmtransfer size

press attached to a paper nmmchine for the inpregnation

or application of a coati nt %Tquid may i nprove the

efdd Céc%{‘&é’c@f%lbﬁ RRLOGGSS ANy Aaﬂegoef&ﬁe?mgs&%@hkeof the

ere 1s no specific limt to the "anount o coat | ng

| iquid on the hase teri However, the salid :
pcrd%eé’% of At nd%ﬁ qu orﬁnst’heecﬁjéase SR aIOfi S the ink
preferably between 0.5 and_ 20 g/ nR2, and nore,

hease Ritee SREMRE2BY nPSCOREANFhBedMg measured by
content of a coating liquid on the base material is )
d elymantiah @GN ahsnrptietsor pta vrbgtateenf3 tared 50 ml/m®.
paper is reduced and, as a result, ink overflow and
Tiieediaigierays osceferdhep bhewsohi d eanlt dift mdf/mg. The amount
coating liquid on the base material is nore than 20

& Mpurlheypaper tsangteeassl yohebdeth®r HeG@RSy recording
unsui table for handwiting. After the inpregnation or .

ﬁ%ﬁﬁ%ﬁ*ﬂ&?@ egnﬁaeeaEEﬁgldf“ﬂdb hde; SORLLRE hhAY between 3
may The t

e dried. enperature for this drying process

i S ferably_between 100 _.and, 250 t i,s t 2
CLERELR s A PR T R e S R I

medi um may_al hav k | '
base nate%pgps%gﬁg %mﬁggg ofa¥%%n% e&Q%db%%hngwg@gr or ink

at a contact time of 400 ms is smaller than the preferable
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 aﬁount of a
ligquid absorbed during a very short period of time. The
dynamic scanning absorptometer directly reads the
absorption speed of a 1liquid from the movement of a
meniscus in a capillary and automatically measures the
amount of 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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| ayers between the base material and the coating |ayer
or between the base material and the back |ayer. Al so,
w@2rosxmel i ve | ayer nay be provided on the coap@TgP2006/322325
| ayer. Each of the layers nmay be conposed of one |ayer
or nultiple layers . In addition to an ink jet
recordi ng nedi um any recdﬁﬁ?hg medi um for exanple
:Qat. Rapes r fs LAGi N ravyur e qRId It
ﬁ%%@‘.l%{gj a pr erfs%{(’;blégl iﬁ%i grg%lg%rp ?gﬁtgat é‘gasn%cgg%trsiab d
above may be used. W . ex | a [ rdi di um
R g B St o Sont SETMArEFaanT! i anEET G % R Mo
enbodi nrent of the present _invention for 1Q0 s, th
PHes\FHE T etk i!ﬁﬂt?%ﬂsfeﬁed bEtedt hé ngy head that
recordi ng nmedi um neasured by a dynam c scanni ng
salpsdristsondiquigastbet Ween tBsdnd Sa0pdHe/ mig. JpnBeghpde via a
is preferably between 3 and 30 ml/m 2. The anount of
Tefflenat eredgt snsfedr edradenatrke exens aryor etbedi nppillary.
medi um at a contact tinme of 100 ns is preferably
RALWERh? argk 45 tHd M Zerdidu®or e ipy ef enabl y dgiveeiryd  are
and 30 m/m 2. When the anount of transferred pure .
a‘{?cto‘la'r{a lcd 1K, b PB4 2G tdbrfreo_éiéQQ RRonisS S8t €k he
than the preferable rangé, beading may occur. Wen the
amount i larger_than the pr.ef erabl e range h .
et S R reataey RN i SR S e hl (K 5Pnar oS,
a preferable dianeter.
type D, Kyowa Co., Ltd.) was used to measure the amount of

The

above

transferred pure water 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 preferably 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/mz, 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.



10

15

20

25

When the exenpl ary recordi ng medi um was broughtinto

contact with an ink according to an enbodi nent of the
w@e@s®ess3i nventi on for 400 ns, the anount of tPeT/iTk06/322325

transferred onto the exenplary recordi ng nedi um

measured by a dynam c scaQQ%?g absor pt onet er was

between 3 and 50 m/m 2 . s value is preferably

bet ween 4yand ,4Qnme/x@n%1-arrT,h & @M R0 1R g_i‘éﬁfi‘?f)

transferred onto the exenplfary recording nediumat a

SRR ot iy S IR R IR e A

When the anmount of transferred pure water or ink at a
®Yime of 400 ms is smaller than the preferable

range, drying property becones insufficient and spur

mar ks nay <apgeéar. Wien the anount is |larger than the

pref erabl e range, bl eeding my occur and the

gl ossi nes&nofirdn acegedafig etodrineemeyd bezroneofowhe present

Dynam ¢ scanni ng absor ptoneter (DSA: JAPAN TAPPI

iHARMAlon Vadorea s My 194kt pmrati,92,a Si@geiedit, and a
Kuga) is an apparatus that can accurately neasure the

ﬁg@&farp{, aa#l%qﬂgg)_ ahser bef1didd NP BeMBEYaRROrty pset{rianQ:tant,

of tinme. The dynafm c scanni ng absorptoneter directly

é&g%ﬁj}q§é%%§%ﬁgﬁé§[speed of aliquid fromthe

novemnen neni scus in a capillary and
automati cally neasures the anmount. of the

| i id .,
absor bed. ThRb TRELACE Y I Piohaged® i Kith dFSerdiRg to an

dynam ¢ scanni ng absorptoneter scans the .
embodiment of the present invention 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 reducedt When the
surface tension 5f an ink 1s 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 TC.

- Colorant -

As a colorant, a pigment, a dye, and colored
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test sanple by noving an |iquid-absorbing head
spirally over the test sanple and thereby neasures the

wa@nwans286f t hel i qui d absorbed at as many poi nt BCESP2006/322325

necessary. The scanning speed is automatically changed
according to a predeterm ned pattern. Aliquid
suppl yi ng head t hat suppliééSTiquid to the test sanple

L%%rtfcﬁgfggtrﬁ vha @%J&f irﬁ’cﬁ‘i&I&f%%ﬁf@P‘ 14 3\9&@{53%&9?

e capl ary. ositions o € neniscus Int

capi || aryreas: ?Feoalgtg tpie%cérg:!g.lr ledset eCr‘E ead ubé/o@sn c?:fgstaé]%?%:gon liquid

a
sensor. | nert ,  a nam<c S

absorgtoneten (K350 ser.i es, t1pe D, Kyowa Co., Ltdﬂg

*NasPe @@eromﬁc@ag@@éttlﬁéeéw&ﬂﬁ{ O arkt et FRECpGr idment or
water or ink. The anmpbunt of transferred pure water or
anfyatas zonvherant nks apradorawly ous4do ns i s obtai ned

by interpolation, using the transferred anounts

measur ed atCdritesi rmioigit sirargduired eesch neenisacthdt ne. cdherant is
nmeasur enent was perforned in an environnmenta

EoRsb PR O 23 OG@ango POmERHmithe i mgss ,0f ad colorant is
recordi ng medi um according to an enbodi nent of the :

%g@ﬁwiﬁyeﬁgggpgh R’ ﬁfi%lrrgg'axt %tl\@%eno@ﬁmh?%wever, a

en’t ge 1§ s than 50 g/n?, the
styength of the _paper becones.l ow and the paper_ na
SSIFERT P kB BFfea and: SrUer Wt athen B #sorbed
grammge is nore than 250 g/ nR, the strength,of the ,
Papero bate M TPRAGH HEDe ite M6YbeRE afofigefRed in an

paper conveyi ng path of
emulsion as long as the resulting 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-insoluble” 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‘%: is less
than a mass rafio of 10:100 (colorant:water). Also,
“dissolve” means that no separation or sediment of a
colorant i1s 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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an i mage form ng apparatus and may be jammed. Next, an

exenplary ink (recording |iquid) according to an
wenioasasent of the present invention is descriPemJP2006/322325

<Ink> An ink according to an enbodi nent of the present

I nvention contains at |east water, a colorant, and a

hunmectant, and nmay al so i ncPlde a penetrant, a

. ~Jh fi i
%%rgaggggit aggggﬁqﬁro%%ﬁpgﬂ%g%?n%%t@g?ugﬁ 68 LRNSIAbEnce of

an I nk atcording pr esent

V1% R BRI BREOP el B0t e SOTARG 3QorR particle

When the surface tension of an ink is |ess than 15

PR tehelfemoalsi 1Hhan of - he hBzzI©3A 1A% 7Y t R8 GHegged or
beconmes too high. As a result, ink drops nmay not be
dotoeddence heprgnt b eethagl maynay coe brhEFeedr di ng

medi um of this enbodinment, and ink jet .stability may

be reduceds Mhenolbeast f dorr texsnphe of aawateir—Hsolvirle dye,
than 40 MV m the penetration capability of the ink is

dedygedscheadiengiy@y accCafspansket kigedr ybngat ipEghe@yt may be
becone | onger. The surface tension of an ink is

feagur &g, 8%3%_5?12{31'}25&\%& anaurf agestensd o Eeris(f;gx.?e)efe.rable

exanpl e, Interface Science ., Lt

J\.A{ilt I%e%mgl aotf' ngbmsgwl:lgc%gifgtg ta%@peéﬁéal‘gﬁlfgtizo%.c A pigment is
preferable in terﬁs of the light resistance of an image
formed.

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/l1 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 1light resistance is
preferable.

For example, the following acid dyes and food dyes
may be used: C. I. Acid Yellow 17, 23, 42, 44, 73, 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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- Colorant - As a colorant, a pignment, a dye, and
col oredparticles may be used individually or in

w@emwhioseasi on. As col ored particles, an aqueousPCT/JP2006/322325

di spersion liquid of polyner mcroparticles containing
at |least a pignent or a dye,?s a colorant is
preferably used "Contai nin in this case neans that

of orany ¢s encapsylgted in the pol yner
i croparticles, a colorant is absorbed by  t he pol yner

mcroparticles, or both 1 | rant. M t
be necessarl y ERERD gUIaﬁggmﬁ%%br A % % 5y p%VQQ may be

ticl but I
R He-  Ho. 1BURTY nBel R ;Spersegfereéﬂ c fsﬁl%’abﬁé

for the present invention. Any water-insoluble or

I6br | Y3%at A2s0lldélie ol or aRiredht Redn he &bsdrbéd by7, 20,
pol ymer mcroparticles may be used dependi ng on the

A8 pRBL. 39WABEr, - igisol 8b) e89or 225e0rd3/7 mat er IsolDillegt Orange
in this case indicates that the maxi rum anmount of a

2@ F@ntet hatogancdi ssobyeetd Batier 1at 23 tegnuey,atam,e 25, 71,
of 20 Cis less than a nmass ratio of 10:100 (col orant

gt ep) gl s@7 "dbgsolye” ABaNs that neosepapati ghorc. 1.
sedlnent o "a colorant i< idenfified onthe surface or

I
Sl gl the,ael dondy o sizeogtion, The veum, 1ss

col ored artlcle contalnln a colorant is
{&lorpd p ) g

For example, the following 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, &5, 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, 68,
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, 18, 85, 92, 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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preferably between 0.01 and 0.16 mmin an ink. Wen
the vol une average particle dianmeter is less than 0.01

woreowr/0528Be fl ui dity of polynmer microparticl es PEeDoreees/322325

very high and,as a result, bleeding may occur or the
l'ight resistance of the ink may becone | ow. Wen the
vol une average particle dianeter is nore than 0.16 mm

grAPE B b el puse i s gl S oleide

ed. As a col orant, npl e,
wat er - sol ubl e dye n oi,-s . dye, [ r .
or a pi grrel%% rrea}{?@elanSe%e A?]J)glp({)‘?ls%%/u%Pergﬁéggngﬁg%%ts may
di sperse dye is preferable i.n terns,qQf absorbabilit
nd USREAPSEE BERSHT /1 Grent o8 pP&RaPabl o& 17t tRr figdonate,
the light resistance of an inmage forned. To be _
befrijugn epinl fa s opBadippmp dI¥ARIX ifeor opariie| ¥6¢llowe cadmium
anmount of a dye soluble in an organic solvent, such as
medeet oheosel weritlow,s pndf eraatilon 2glackr rfowag atdempr ecarbon
preferably between 20 and 600 g/1. A s a water-soluble

ik ai Sly@sgat g1y zpdedsraplaci dadpon dldickeChrdyiicedl by a
basic dye, a reactive dye, or a food dye in the Color .

ddH%?%ﬂm%epﬁo&§e@ EoReral h¥en8ddyeWid heREBRa1 method may

wat er -resi stance and high |ight resistance is
e|reuf er bl e. For exanple, the follow ng acid dyes and
00t yes may be used: C. | . Acid Yellow 17, 23, 42,

44, 79, 1%%2(%6110Qing organic pigments, for example, may
be wused: azo pigment, polycyclic pigment, dye chelate,
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 pigmeﬁt,
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 combination.



| . Acid Red 1, 8, 13, 14, 18, 26, 27, 35, 37, 42,
52, 82, 87, 89, 92, 97, 106, 111, 114, 115, 134, 186,

wWQ@4®7/0284 289; C . | . Acid Blue 9 , 29, 45, PCT/IJR465/322325
C. | . Acid Black 1 , 2 , [, 24, 26, 94; C.
Food Yellow 3 , 4 ; C. . Food Red 7,9, 14; and C

| . Food Bl ack 1 , 2 . Fﬁ? ‘exanpl e, the foll ow ng

di rect dyes may b | c o
24, 26, 3 44$ 5§l%§§d fgb | Sory RIS Qi Flowing

Di rect Red 1 17, 2 9, .80, 8
RBPMIY-S SRy E??uﬁfd a Cff?%%tgﬁfange&%G P Pl@?en% Black
102; C. | . Direct Blue 1.,.2 15, 22 25

g, wachggs frrnege d.2cks3, oy, bll@‘ék 289etyhane £l|ackr or
. Direct Black 19, 22, 32, 38, 51, 56, 71, 74, 75, 77,
dehnelsdhlagu: eomeéﬁéﬁépephgmemunswwhn@5be§peeaye§ron (C.
may be used: C. | . Basic Yellow1 , 2, 11, 13, 14,

IL5, Pi8medt, HcR41125, @B, t3%an32m 36xidd®, pAbmetf,; and an
49, 51, 53, 63, 64, 65, 67, 70, 73, 77, 87, 91; C. |

orRasic dafheht shibh las a1 it Wi&cid2, 23, 24, 27,
29, 35, 36, 38, 39, 46, 49, 51, 52, 54, 59, 68, 69,

70, 73, 78,82, 1 4, 5109, B ’
13 5%‘or7 9@1%59 1&9 b ﬂ%}% e%iaméllSe, 4‘;}%& ’Ei‘}dﬂefl.ow1ng

By 663&2&159%%370 1517%f2§‘%”‘fg?e by PoERE verlon

Ba5|c Bl ack

eae%nve2d§8§sﬁﬁ9 Belggagéaé Ilghgééf i%e ggac@43 34, 335,

4 , 7, 11, 12, 17; C. .
37, 42 (yellow iron ox1de) 53, 55, 74, 81, 83 (Disa:zo

Yellow HR), 95, 97, 98, 100, 101, 104, 108, 109, 110, 117,
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 a 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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Reactive Yellow 1 , 5, 11, 13, 14, 20, 21, 22, 25,
40, 47, 51, 55, 65, 67; C. | . Reactive Red 1 , 14,

wdad 2007858326, 32, 37, 44, 46, 55, 60, 66, 74, T7TBCT/®006/322325

97, and C. | . Reactive Blue 1, 2, 7, 14, 15, 23,
32, 35, 38, 41, 63, 80, 95._Any pignent, either an
i norgani ¢ pi gnent or anorgéH?t pi gnent, nmay be used

n&lj ng; 904t h%sp'ér p(%f)cha’i%r 3)%5!{@ &1 dderf ol hew 19:1, 56,

e
|norgan|c pi ghent e use tani um oxi de; iro
4@? aIC|un1carbonate barium sul fate, al um num

droxi de, bariumyellow, cadm umred, chrone yell ow,
and carbon bl ack. Ampng them carbon bl ack is
espeC|aIIf°§n§%ﬂQﬁﬁ%aC@%?B%nSBFBC@§;ﬁ%ﬁhm%ﬁe%9'aand blue,
contact nethod, a furnace nethod, or a thermal nethod
Ty keanpdé. Thléef&qlomwﬂg?%r@é@m@nﬁisgn@ﬁYs,befoF—lSGd: c. I.
exanpl e, may be used: azo pignent, polycyclic pignent,
Ehygneartiel Ré@, 1AV r d 9di,grad; 0L t Tos®igmgrentQrange 43; C. I.
aniline black. Especially, azo pigment and polycyclic

P g e Y ef ergpl e23 A3 BN 870 @I INEMdigiit Green7, 36.
exanpl e, azo | ake plgnent i nsol ubl e azo plgnent .

condensed y @zoéplggFgﬁengr chel éifu&h%%§ﬂﬁ{ﬁgnaﬁlgﬁent is

used. As a polycy C pignent, for exa

BP0V o BLATE L, PELULEDERLATENL s BE VNS one cype
G RN R R A DRI B R0
atomic group to its 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 volume average particle diameter of a self-
dispersing pigment is preferably between 0.01 and 0.l16 um
in an ink.

Examples of anionic hydrophilic groups include -
COOM, -SO03M, -PO3HM, -PO3M2, -SO2NH2, and -SO2NHCOR (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

-803M attached to its surface is especially preferable.
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15

be used. A s a dye chelate, for exanple, basic dye
chel ate or acid dye chelate nay be used. A pignent of

wanpy7osdsezr , for exanple, a black pigment or a BOL/@R2006/322325

pi gnent, nay be used dependi ng on the purpose. The
above substances may be usegllnd|V|duaIIy or in
conbi nation. For a black ink,"for exanple, the

fol | ow ng sRigiRRLS é@ya@ﬁamie%etaalcsarb@aleb@é& (52 M in the
Pi gnent Bl ack 11) such as fur nace bI ack, lamp bl ack

I r I [

rg%ﬁﬁy Sngggpgfgupgoﬁ ?%ﬁ@% ! nent %?ééﬂ il)Bd9ﬂ§§Ea531um

i tanji um oxi_de nment; and an organi c_pi gnent such

THIRE bl Ak, PR el F’WPﬁRmsfor”&]a"}% "mpRgrethyl
foll ow ng pi gnents may be used: C . | |, grrent Yel | ow
Yr imeity e |amsprdum, 3 moil?e(tﬁyéazerYeFFbW}ANA) ammoniym, and
17, 23, 24, 34, 35, 37, 42 (yellow iron oxide), 53,
Iﬁﬂ;onmhmql 88x( mrsiarzath\ﬁeldlov\amr,li@@, gp, @fst,aql@OrCOONa to
101, 104, 108, 109, 110, 117, 120, 128, 138, 150, 153.
s aumdgest aof nh d@roexpiphentt hend othewebyg pignmebtain an
may be used: C . . Pigmrent Red 1, 2, 3, 5, 17, .

rd | ri 3 8
s oy ook fol) Cg%;r#;,ﬁm‘éea%sfféaﬁ%ample'

S T B 0 b o (IO

wf@ﬁ éaazdnfg%Jéaﬁg 2, 64:1, 81

or

As a cationic hydrophilic group, a quaternary
ammonium group 1is preferable. Especially, quaternary
ammonium groups represented by the formulas shown below are
preferable. A colorant containing a pigment with any one of
the qugternary ammonium groups attached to its surface is

preferably used.



(Rhodam ne 6G | ake), 83, 88, 92, 101 (col cothar) |,
104, 105, 106, 108 (cadm umred), 112, 114, 122

wdq@ liomes28y2 qui nacridone) , 123, 146, 149, 166,PdB&2006/322325
170, 172, 177, 178, 179, 185, 190, 193, 209, 219. For
a cyan ink, for exanple, the follow ng pignments may be
used: C. | . Pignment Blue’3-, 2 , 15 (Copper
Pht hal ocyani ne Blue R), 15:1, 15:2, 15:3
(Pht hal ocyanineBlue G , 15 :4, 15 : 6 (Phthal ocyani ne
Blue E) , 16, 17 :1, 56, 60 , 63 . For neutral colors
such as red, rten,&ﬁgd bl ue, for exanple, the

foll owi ng pidgiedts niy3be used: C. | . Pignent Red
177, 194, 224 C . | . Pig Orange 43; C. | .

Pi gnent Vi ol Nt — 23 7\ nd C. | . Pignent

G een7, 36. pi g persing pignment is
preferable. A self- dlsperS|ng |g has at | east one

type of hydrophilic group attached directly or via
anot her ato )c @up.to |ts/s ace, and is therefore
stably di spési bte —r2Heou [ a di spersing agent.
Especial |y, amYonic sekf-di Nrsﬁhd5p|gnent such as
an ani oni ¢ sel fdispersing pignent or a cationic

sel f-di spersj pi gnent i s preferable. The vol une
aver age pa @ INf@iHgd; of a sel fdi spersing pi gnent
i s preferabl yY5étween 0.01 and 0.16 min an ink.

@— CH, —"N(CH, ),
«@ COCH, —'N(CH, ),
OO0

@» cocH,—N )

Any method may be used to produce a cationic self-

dispersing carbon black having a hydrophilic group
depending on the purpose. For example, to attach an N-
ethyl-pyridyl group represented by the formula shown below,
a carbon black 1is processed with 3-amino-N-ethylpyridium

bromide.
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Exanpl es of ani onic hydrophilic groups include - COOM
-SBM - PBHM - PGBM2, -S2NH2, and - SO2NHCOR (in the

wo ooomos®s2 M i ndi cates a hydrogen atom al kal i PereIR2096/322325
amoni um or organi c amoni um and R indicates an
al kyl group with 1-12 carbon atons, a phenyl group
with or without a substitu&ht group, or a naphthyl
group with or without a substituent group) . A color
pigment with - or -SOBM attached to its surface is
especi al | y_pfef & abl e. Exanpl es of alkali metals
i ndi cat ed by\ M. kgﬁ hydr ophi li ¢ groups include
lithium sodiom ai 9ot assi um Exanpl es of organic
amoni uns i ncl ude nononet hyl or trimethyl amoni um
nonoet hyl or triethyl ammoni um and nononet hanol or
t ri met hamolhyainmophildme Boroatt ady HE0ENE aahadchd s urfeacairface
of a color pignent and thereby to obtain an anionic

o0 £0l30r cRPHEOBRN1dNe ¢ohorafv@ent ait®mitorgexappl &s such an
oxi di zed with sodi um hypochlorite, sulfonated, or

a{5ﬁ§59g5$%%h 95§2%wdﬂﬁfgﬁtan/§l@yfa§£88bcwmfﬂrqpmdiéé;bon

group, aternary ammoni um group i S preferable.

oGRS A1 s LA 0L L BEOUPE f SRR Do,

I'ow aré prefera

BT G buBEOHPY HEPBAOE Qi BOBGr PacbRSE T T SR may
used. Any net hod may be used to produce a cationic
beehsedspErsmpdassr somuinadki ddvinlg @ hydrephilic grayp and
an atomic group to be attached to the surface of a carbon
black include -C2H4COOM (M indicates alkali metal or
guaternary ammonium), -PhSO3M (Ph indicates a phenyl group
and M indicates alka}i metal or quaternary ammonium), and -
C5H1O0NH3+.

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, karaya gum, locust bean gum,
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 polymers usable as pigment

dispersing agents include cellulose polymers such as methyl
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dependi ng on the purpose. For exanple, to attach an
Net hyl - pyridyl group represented by the fornmula shown

wedoamns2832 car bon bl ack is processed with PCT/JP2006/322325

3-am no- N-et hyl pyri di um brom de. A hydrophilic group
may be attached to the surface of a carbon bl ack via
anot her atom c group. As suth an atonic group, for

I an L gro ' -12 , a
éﬁ%ﬁ%ﬁéﬁﬁbupaéfg%lor g?%ﬁgggsé'subg i?&gg%E3 oup,%ﬁiﬁylose'

napht hyl graoup w r._w thout .a sub ent ou )
%J)E%’&Xfr‘%é’gm gﬁéqgg%ienat i BRE ofc%%é/d%g%%li]ﬁc Screglﬁ%ulose’
and an atom c group to be attached to the surface of ah

T oh BrdyRericl Bl - GHaCAMY™ FRIPEEYBS TR, $Earch and
nmetal or quaternary amonium) , -PhSO3M (Ph indicates

st ptemyglycolpc ard il i seflica esanbk fisawasich| peokymers such as
quat ernary ammoni un) , and - C5HLONH3+. Al so, a

sodiment &iehestse onahd qupdopiyibna pigdyent diespers nglginate.
agent may be used. Natural hydrophilic polyners usable

S tHaent fHispeisd NG A0 s dclgidmettgetdirsing agents
pol ymers such ‘as acacia gum tragacanth gum goor gum -

dﬁ)’c@e gl’”‘pin| cus o?%ﬁl_@rgum sfl ﬂbi nogal %ﬂpvirﬁ)}?fti y1cohol,

1
and qui nce s€eed sta seaweed pol yners such as

SV B LRILA0oDRN, AU PORCL AOLIR) PELKERLS scrynic
gg;gﬁ?ighcgoggnﬁékf%gggéfﬁgfggh%giygggb ggide, polyacrylic
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 cationic 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 carboxyl group and made up of a
homopolymer of acrylic acid, methacrylic acid, or styrene
acrylic acid ana a monomer having a hydrophilic group is
especially preferable.

The weight-average molecular weight of the above

copolymer 1is preferably between 3,000-50,000 and more

preferably between 7,000-15,000.
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dextran. Sem synthetic pol yners usabl e as pi gnent
di spersing agents include cellul ose polyners such as

worztongsased | ul ose, et hyl cellul ose, hydroxyet hyPCT/JP2006/322325

cel | ul ose, hydroxypropyl cellul ose, and carboxynet hyl
cellul ose; starch polynmers such as sodi um
carboxynethyl starch and st&?th gl ycolic acid sodiun

and seawe gg”fgg&@ £Sa S??&Hg&@'%bn%t%fgg%r51ng agent

propyl ene g yco esters alginate nt heti c- pol'yners

R BREresalth 28 oIS ot 2 cangl 203 46 MO preferably

ponV|nyIp rrolldone and ponV|nyI net hyl et her;

RRYWESE 1 3 non- crossl i nked polyacrylanlde
polyacryllc aC|d, aIkaI| metal salt of polyacrylic

aci d, and Tt enzs$ ulplea cenfagse @Er?li@of Bt in an ink is
wat er - sol ubl e styrene-mal ei c acid resin; water-soluble

i e reepihy hisd eneenckylaind ri€si %, aatemosel phleferably between
vi nyl napht hal ene-mal ei ¢ aci d resin,

Pobyyi yl pyrypthdens; méb%abbrﬁéhﬁbg%abE @&f didorant is lower
naphthalenesulfonlc acid formalin condensate; polyners -

ng & Sght einelﬁgt ge%ﬁ functionale §HQAURSUYGH A5 the ink

qua%ernary amoni um Oor an a no group as a side chaln,

and nat ur al mer, uch as sheII m .
RTINS e t% n FﬁF?&&ﬁceat£§P88xy|ISFBSgSanan f 1mage
up of a honog ymer' of ,acrylic acid, nethacryllc a %_
3PnSIYY chrl o wwesaeﬁatxnéaa FoSet HaeTg N and bleeding.

hydrophilic group is especially preferable.
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 ink becomes low. Drops of such an ink with high
viscosity do not spread smoothly and lead to low image
density.

- Humectant -

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 heterogyclic

compounds, amides, amines, sulfur-containing compounds,
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The wei ght - aver age nol ecul ar wei ght of the above

copol ynmer is preferably between 3, 000-50,000 and nore
weemiesabl y bet ween 7, 000- 15, 000. The mass r at i BCD§P2806/322325

pignment to a dispersing agent is preferably between

1:0.06 and 1:3, and nore pre erably between 1:0.125

and 1: 3. The mass percentage’ of a colorant in an ink

[Jr%tp\%l%fng abl - eiween Grand ekp enaNG AN AU ES el Y above
be en 8 and 12 % . Wen the nass percentage of a

TR e P AL s IR I T 0, LG B0GLD 0.

i 'scosi e 1n owtintin

strength results in |ow i density .and | ow
viscosityEﬁE?péﬁﬁsé’ ea?kgﬁgﬁﬁlgnf%ﬁg il nRhBAS REhylene
mass percentage of a colorant is nore than 15 %, the
dlvcadri edigtrylent ghycel ogtrhethyienes ddwced i mey&thylene
recordi ng apparatus. Al so, the viscosity of the ink

dlecwigs vepylywgbpybehe as alyesult, fhé-peopansdiod, 1,3-
capability of .the ink becomes |l ow. Drops of such an
Hutenddibihi gh mviseasidnedieonot  spheathydmigtRpuwankdiol, 1, 3-
lead to | ow i mage density. - Hunectant - Any hunectant -

ﬂ?@@éﬁ%&%ﬁﬁi deperdingtQRetR®1pUr PPSE-hERENEXABD] €, A ycerol,
pol'yol conpound, a | actam conpound, a urea conpound,

2 Apacehanide my 19 used Ml WAl 1Y 97 [fputanetriol,
and petriol.

Examples of polyhydric alcohol alkyl ethers
include ethylene glycol monoethyl ether, ethylene glycol
monobutyl ether, diethylene glycol monomethyl ether,
diethylene glycol ' monoethyl 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 e-caprolactam.

Examples of amides include formamide, N-

methylformamide, and N,N-dimethylformamide.

Examples of amines include monoethanolamine,
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Exanpl es of pol yol conpounds include pol yhydric
al cohol s, pol yhydric al cohol al kyl ethers, polyhydric

w@bmohsds3ar yl et hers, nitrogen contai ni ng het erBClIi20a/322325

conpounds, am des, am nes, .sul fur-containing
conmpounds, propyl ene carbonate, and ethyl ene carbonate.
The above substances may be’ lised individually or in

U o) O S ) 0101 TR e

, diethylene glycol, triethylene

I ycol., _pol yet hyl ene, gl | .. pol ypropyl ene glycol, 1
é%ggh Tﬂ?aaqﬁﬁléhﬁiiéQﬁ% " 1 ,4-butanedi ol

3- et hyl - 3-hutanediol,_ 1, 3- gro apnediol, 1 )
,5-pentan§§quleP , 8fhexdhéBr of° b?gﬁéP%I,C%mP%Pnds include
, 6- hexanetriol, 1 ,2 ,4-butanetriol, 1 ,2
digndnitiahesul Dixidawd petfobine HanglEsiediguhgnydric

al cohol al kyl ethers include ethyl ene glycol nonoethyl

et her, ethyloenre gltyeal, nonbbut yfoklbeingdi etllyseameces  have
gl ycol nononet hyl ether, diethylene glycol nonoethyl

é%&%ileﬂﬁze%Bih%ﬁQiﬁPyQﬂhinB@ﬁEE&EHaQth@ﬂﬁects in preventing
tetraet hyl ene gl ycol nononet hyl ether, and propyl ene

Shypalsfmoges vl et pFEamBh gl Bubiydl Cobstilion o

nonophenyl ether

S0 505, Y b RREES T e S PO R 0, etnyene
gﬁ;@%f?”'5§é@ﬂ§fgﬁéﬁagiyc§1ﬁyd£?§ % 9¥gﬁé_ glycol, propylene
glycol, 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-hexanediol, 2—methyl—2,4—pent§nediol,
polyethylene glycol, 1,2,4-butanetriol, 1,2,6-hexanetriol,
thiodiglycol, 2-pyrrolidone, N-methyl-2-pyrrolidone, and N-
hydroxyethyl-2-pyrrolidone.

As a lactam compound, for example, at least any
one of the following 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

50 %, and more preferably between 1 and 20 %.
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pyrrolidone, 2-pyrrolidone, 1,3-dinethyl
i m dazol i di none, and e-caprol actam Exanples of am des

wo b oske3f or mani de, Nnet hyl f ormmam de, and PCT/JP2006/322325

N, N- di et hyl f or mami de. Exanpl es of am nes incl ude
nonoet hanol am ne, di et hanol ami ne, triethanol am ne,
nonoet hyl am ne, diethylan1?%§‘and triethylam ne.

Exanpl es %faﬁgg%%i'Sgntgé éﬂgrfgngUﬂﬂ§lﬁ&E”Lﬂgﬁosaccharide,

di met hyl su ul ane, and thi odi et-hano

ng .them the.foll ow subst anc Vv xcel lent .
AR5 oAb RBP FET AR L Pac s T iEE o S g etharide  and
degradation of ink jet perfornmance caused by, ) )
ERIARTRRTRAT e Ivoi RUNE 361D AR herBtDr etlb%e? erdfyifgratives.
gl ycerin, ethylene glycol, diethylene glycol,

Amoreg hyhenealgbyeolsaqutepsiidatd glhyjesosedi prapypene fructose,
gl ycol, tripropylene glycol, 1,3- butanediol, 2

ridus anrdioke, 1 ardbimicaredi phlaSt ot hylmallto3e, cellobiose,
but anediol, 1 ,3-propanediol, 1 ,5-pentanediol, :

i£dtaed hyl eBgcagb¥edl, krebrsh@srnedi odnd 2- nebhbtZiose are
4- pent anedi ol , pol yethyl ene glycol, 1,2

%f%f%4§$f%%L%&d&%m%#&f@ggfa@%ﬁﬂiloséﬁ”@%ﬁ@&%S@Ectone; and

-pyrro nme 2-pyrrolidone, an
rroli a | actam conpound,

Nhydr oxyet hyl - 2- done .
r‘i‘%e/toe?earﬁﬁee,e%&ecf’g%]s]ty al?}ry/ef]oer}%a% “the foll owing may be
Kfﬁgdrg;gé%ﬁ&gégg%%q@$¥gth é’g%é@éé%?hégoﬁﬁi a broad sense

and may include substances found in nature such as a -
cyclodextrin and cellulose.

Examples of saccharide derivatives include
reducing sugar (for example, sugar glcohol:
HOCHZ (CHOH) nCHZ0H [n is an integer between 2 and 5]),
oxidized saccharide (for example, aldonic acid and uronic
acid), amino acid, and thioacid. Among the above saccharide
derivatives, a gugar alcohol 1is especially preferable.
Examples of sugar alcohols include maltitol and sorbitol.

The mass- percentage of a humectant in an ink is
preferably between 10 and 50 %, and more preferably between
20 and 35 %. 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 -



caprolactam A s a urea conpound, for exanple, at
| east any one of the follow ng my be used: urea,
wao hioonsxay et hyl eneurea, and 1 PCT/JP2006/322325
, 3-di met hyl - 2-i m dazol i di none. The nass percent age of
a urea conpound in an ink is preferably between 0.5
and 50 %, and nore preferéﬁ?y between 1 and 20 %

Exanpl es zf sac 'gg tlnckg? ¢charj d -solubl
dlsaccharlg g %%gggcc arfid inclu ﬁﬁ@ trlsaggtfﬁi g nose

and tetra acchar S2 ar L de dt
i r%mwﬁ% s BB et eat rar Paull gl Bogdyool ether
mannose fructose r|bose Xy Iose ar abj nose,
CRHRRINSS g2 el e o g ed ceIEIS@l§|C6§é Yrac o%%iy%bc%@@ound with 8
trehal ose, and nmaltotriose are preferable; and
ol tidmse, catvd t ozeomyy| UeBNOR acBHEO lanetivglt osempognd  is
especially preferable. Polysaccharides are sacchari des
prefedaad sense and may include substances found in
nature such as a - cyclodextrin and cel |l ul ose.
Exanpl es ghesacehari gemgeri vati vesrboe! ugeoiedust Nt polyol
sugar (for exanple, sugar al cohol: HOCH2 (CHCOH) nCH20H

t n Z
%gﬁéﬁ%ﬁg&#g ?8@& Qﬁ%ﬂe% %%ﬁﬁ#éﬂétrg%igh Sggablllty of the

or exanpl e, c acid and nic acid

ani no Cld nd th aC|d the a e sacch
%ﬁ§|93¥|3§§bwfsbﬁﬁP FeoRBF - i g&espeg|a q¥lp?eyeﬁ%aé¥%atlon
Exanpl es of sugar dl cohol s |nclude nal tit ol %
lgity may “smear a recording medium 1in du ex printing.

Also, since such an ink do not spread smoothly 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 imageimay become low.

Examples of polyol compounds with 8 or more carbon
atoms include 2-ethyl-1l, 3-hexanediol (solubility: 4.2 %
(25 C)) and 2,2,4-trimethyl-1,3-pentanediol (solubility:

2.0 (25 C))

o

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
monoethyl ether, ethylene glycol monobutyl ether,
diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol monobutyl ether,
tetraethylene glycol monomethyl ether, and propylene glycol

monoethyl ether; and polyhydric alcohol aryl ethers such as



The mass percentage of a humectant in an ink is
preferably between 10 and 50 %, and nore preferably
whedoress320 and 35 % . Wen the amount of a huPE€DIR006/322325
is very small, nozzles tend to easily dry and the ink
jet performance is reduced. Wen the anount of a
hunectant is too |arge, t P Qi scosity of the ink nmay
00 - - en an :
g oo CoP P b an o ol vert auckradege  hveol
ol yol campound or a glycol ether conmpound may be
Me%@eﬁ%ﬁ@: a pol yol conpound with 8 oryrmre
carbon atons or a glycol ether compound is greferabl &
When the ALREE of %b%ﬂeﬁ%ghﬁ of I holtfol RBnFSRIE
iIs less than 8 , the penetration capability of the ink .
preme thegunein nenf fingi. efoweXer, nikKhg t3mewnE pefier @engtrant 1is
capability may snear a recording medi umin dupl ex
5 gydfdragly Allsstwedmcee sucharah i2tk dwmswt mpread:, and more
snoothly on a recordi ng nmedi um sone pixels may be

drefde RIBINK, bt &S @ 3 sl 110 s Husdiden®f characters

may be reduced and the density of an i nage may becone

of a

| ow. Exanpl | yol_ conpounds with 8 or nore

car bon at orrs%%lrtr?;alogﬁéﬁz et hyl -1, 3-hexanedi ol

(solubility: 4.2 % (25 QC a 2 4-11] hyl - |

3- pent anez%é’l (Séloﬁftf%lzclaint%y: )“?&o &%( 2515%8 ) )%eﬁé?&lr}y& 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 of 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-diol, and 3,5-dimethyl-1l-hexin-3-o0l. For example,
the following acetylene glycol surfactants are available as
commercialized products: Surfynol 104, 82, 465, 435, TG

25 (Air Products and Chemicals, Inc.).
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Any gl ycol ether conpound may be used depending on the
pur pose. Exanpl es of glycol ether conpounds include

w@edoylyxssi ¢ al cohol al kyl ethers such as et hyl BCIBIP2006/322325

gl ycol nonoet hyl ether, ethylene glycol nonobutyl
et her, diethylene glycol nononethyl ether, diethylene
gl ycol nonoet hyl ether, di%ﬁhylene gl ycol nonobut vyl

et her, tetg%&?g?élser@f gg,ﬁ@?&é@f@ngahfgc%ﬂ%, i ude lauryl

propyl ene @ nonoet et her; and pol yhydric

al cohol aryl ethers_suc se n I I Q nyl .

B BFOP LIRS enetaryto ABRoh or el SRy Winethyl
no specific Iimt to the anpunt of a penetrapt in an
hefiainoweverndt he 1@t ofd ¥Eﬁﬁ%¥%§hyfs pSSFéﬂEGPy More
between 0.1 and 20 mass percent, and nore preferably

s aieticdl By anexenpless pér cemphotetief ggenfactanpy include
surfactant may be used dependi ng on the purpose. For

lexargl edimetianl oamsnef agtdat , mgrnsnydn dimefthgtlammiren oxide,
anphoteric surfactant, or a fluorinated surfactant may

dhedsed. dkxanpkes aiimni erigyl f attrapdsotyedigle lauryl amine
pol yoxyet hyl ene al kyl ether acetate, .

ey eI L oo A ettt omine
£§¥fgﬁ §¥££€§§fgiﬁyinfégggngg§t%E%gﬁne, and dimethyl lauryl
betaine. |

Especially, surfactants represented by chemical
formulas (I), (II), (II1), (IV), (V), and (VI) shown below
are preferable.

(I)

R1-0- (CH2CH20) 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, quaternary ammonium, quaternary
phosphonium, or alkanolamine.

(I1)

CH,C00 — R?

MO, SCHCO00 — R?

In chemical formula (II), R2 indicates an alkyl

group with 5-16 carbon atoms. The alkyl group may be
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gl ycol surfactant, polyoxyethylene al kyl ether,
pol yoxyet hyl ene al kyl phenyl ether, polyoxyethyl ene

wa@bdoyhsxmst er, and pol yoxyet hyl ene sorbitan fategr/aeoes/322325

ester. Exanples of acetylene glycol surfactants
i ncl ude 2, 4, 7, 9-tetranethyl-5-desine-4, 7-diol, 3
b- di net hyl - 4- octi ne- 3, 6-hot, and 3

hy, 0 l& ¢ ' :
s, %%% fiafed  Shinl DOheXITToR, [ {RLAAY Mimoniun,
commerci al i roducts: Surf noI 104ﬂ 82, 465, 485,
e e é?zﬁﬁﬁ et it 2N fRmyn e?EXarrpI es of
arrphot eric surfactants include | auryl am no
propi onat I 4Tduryl di nmethyl betaine, stearyl dinethyl
bet ai ne, and | auryl dihydroxyethyl betaine. Mre

specifically, exanples of anphoteric surfactants

i ncl udey | AN di et h I ani ne oxide, nyristyl dinethyl
am ne Rxide, ) 2T&GH, @Ha@®rY  ani ne oxi de,

di hydr oxy . lauryl am ne oxi de, polyoxyethyl ene

coconut oil al kyl di nethyl am ne oxide, dinethylal kyl
(coconut) betaine, and dinmethyl |auryl betaine.

Especi al | %‘[in) SU{({I%E_@% g )ﬁq:r ent e@/}?ﬁf cherp\§al Rdlcate; a

fornmul as nd (V)
ow ar.e refﬁgrab

b
S A pretar ot A8 B RolORRC DORRN Wen 614

carbon atoms. The alkyl group may be branched. k is an
integer between 5 and 20.
(IV)

R4- (OCH2CH2) jOH

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.

(V)

CH,

H— (OCH, CH,), —(OCHCH, ), —

In chemical formula (V), R6 indicates a
hydrocarbon radical, for example, an alkyl group with 6-14
carbon atoms. The alkyl group may be branched. L and p are
integers between 1 and 20.

(VI)



10

group with 6-14 carbon atons. The al kyl group may be
branched, h is an integer between 3 and 12. M

wo p7o50885 al kal i netal ion, quaternary ammoni BXO§/JP2006/322325
quat er nary phosphoni um or al kanolamne. (11) In

chem cal

formula (11), R2 indicates an al kyl group

with 5-16 carbon atonms. THE 3l kyl group may
bebranched. Mindicates alkali netal ion, quaternary

(ren)
hydr ocar bbn

6- 14 &t fIMCHy &hF.C Fhe alicH,

In

anmoni um%ﬁuat %fl_rary pho oq?#m or al kanol am ne.

radi cal, for !exa e, an al kyl group with

&m a3forrrulz1 )3 R 3 indicates a
|
%‘V‘@dp may be branched, k

is an integer Hetween 5 dnd 20. (IV) R4-(OCH2CH2) jOH
In chemical foQmla (1V)O R4 indicates a hydrocarbon

radical, for exanple, anlalkyl group with 6-14 carbon
atonms, | is ahGHht\eger en 5 and 20. (V) CH3 H
(OCH2CH2) L - ( Yd 4 R{In chemical fornula (V) ,

R 6 indi categ &Hyydroc rSlvb‘Q radi cal, for exanple, an

al kyl

group W tlh
o) o I/,
I I
. H H

In chemical formula (VI), gq and r are integers

between 0 and 40.

(I)

and

The surfactants represented by chemical formulas

(II) are shown in free acid forms below.

(I-1):CH3(CH2)120(CH2CH20) 3CH2COOH
(I-2):CH3(CH2)120(CH2CH20) 4CH2COOH
(I-3):CH3(CH2)120(CH2CH20) 5CH2COCH

(I-4):CH3(CH2)120(CH2CH20) 6CH2COOH

(1-5) - CHy (GH,),GHO (CH,GH,0) (CH,CO0H
CH3

(1-6) - CH; (CH,) CHO (CH,CH,0) (GH,COOK
(CH,) ;CH,



carbon atons. The al kyl group may be branched. L and p

are integers between 1 and 20. (VI)CH, CH CH3 CH3 | |
WO 20H858BCH2 C - C=C- CCH2 CHCH3 | H H I n chemirads/322325

formula (M) , g and r are integers between 0 and 40.

The surfactants represented by chem cal formulas (I)

and (lI1) are shown in free4¢id forms bel ow. (1-1)

: CH3(CH2) 12Q( CH2CH20) 3CH2COCH (1-2) -

: CH3( CH2) 120( CH2CH20) 4CH2COH ( zig H—’B

: CH3( CH2) 12Q( CH2CH20) 5CH2COH ( (CH2

12CXCI—|2CH20) 6CH2COOH ( 12, )

1,1C|—|O(g—in lHIO/)/?"; j-6 . CHS3

(CH 2 ) ClFDCHZCH OSCHZCOOH(CHZ)SC
H3CH (aB)2 (1 1-HD,S COOCHCH(I}HCH

CH, CH,

CHS
GHZCOO(|3HCHZCHZCHZCH3
H0,5 — GHCOOGHCH,CH, CH, Ot
CH,

(11-2):

CH(CH,),

CHZCOO(I}ICH (CH,)

0,5 —CHOOCHCH (CH,)
CH(CH,),

(H1-3):

CH,CO0CH,CH,CH (CH) ,

(11-4): ,
HO,S—CHCOOCH,CH,CH (CH,) ,

5 A fluorinated surfactant represented by chemical
formula (A) below is preferably used.

CF3CF2 (CF2CF2)m—CH2CH20 (CH2CH20) nH ...cccceeee.. ()

In chemical formula (A), m indicates an integer

10 between 0 and 10, and n indicates an integer between 1 and

~

40. j is an integer between 1 and 40.
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92 CU OU QU CHn CH (CH 3 ) 2 HO, S; 4- C, HOOOCCHHCCHH( (
CCH | CH (CHJ 3 ' 2 CH2COOCH2CH2CH (CH3) 2

WOHIRFOOOCH 2CH2CH (CH3) 2 A fluori nated surPEDIRN06/322325

represented by chemical forrmula (A) belowis
preferably used. CF3CF2 (CF2CF2) m CH2CH2Q( CH2CH20) nH
(A) In chemcal fornula (A785'm i ndi cates an i nteger

bet ween Qm%;ﬁ s angde n gi‘@bfﬁﬁ&ée&n lsm:%gercah%t veiftihde  a
'S n 0]

and 40. I nt eger between 1 and 40. Exanpl es

éelf# Llf’ﬁn%g%@ﬂéfrfac%ﬁ%rbllg%éejr uoroallk y’Irosl'ar&%refluoroalkyl
é’é’r&%?r?er”ﬂorcﬁs‘uaq%édi?L;’%'eﬁéivsﬁ?ﬁagggéEEﬁSt ehgSPRSEIE’  ester
compound, a perfluoroalkyl ethylene oxide adduct, and a
polyoxyalkylene ether polymer compound having a
perfluorcalkylether group as a side chain. 2Among them, a
polyoxyalkylene ether polymer compound having a
perfluorocalkylether group as a side chain has a low foaming
property and a iow fluorine compound bioaccumulation
potential and is therefore especially preferable in terms
of safety.

Examples of perfluorocalkyl sulfonic acid compounds
include perfluorocalkyl sulfonic acid and perfluqroalkyl
sulfonate.

Examples of perfluorocalkyl <carvone compounds
include perfluorocalkyl carboxylic acid and perfluoroalkyl
carboxylate.

Examples of perfluoroalkyl phosphoric ester
compounds include perfluorocalkyl phosphoric ester and salt
of perfluorocalkyl phosphoric ester.

Examples of polyoxyalkylene ether polymer
compounds having a perfluorocalkylether group as a side
chain include a polyoxyalkylene 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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pol yoxyal kyl ene et her pol ymer conpound having a

per fl uoroal kyl et her group as a side chain. Anong them
w@2@alyaszyal kyl ene et her pol yner conpound havi Pgr/aP2006/322325

perfl uoroal kyl ether group as a side chain has a | ow

foam ng property and a | ow f] uori ne conpound

bi oaccunul ati on potenti al HRTis therefore especial ly

' f | ;
éﬁgﬁ#ﬁﬁg&é%%&%ééﬁﬁgo oG kY a Examlesiqf, and a salt of a

I ¢ ‘aci d conpounds i ncl-ude

rfluoraqalkyl sulfonic 1 d_and | yor oal ky|
Fg ¥oh4t .y¥%§%p?%%65fPﬁ%&?@&o&ﬁ#ﬁ%& %a fgg§%oroalkylether
compounds i ncl ude perfluoroal kyl carboxylic acid and
TEUR 7 calde Ardidkyl ate . Exanpl es of
perfl uoroal kyl phosphoric ester conpounds include .
per f | uor o&okpit eghokph®r iaf estéEsankh s&he opbove fluorinated
per fl uoroal kyl phosphoric ester. Exanples of
ot fepayai ey | enencdtdesy pdliymer Negnpouhds MedA,ng alH3CH2CHZ2O0H,
perfl uoroal kyl ether group as a side chain include a

NIyt Jot ene BiderH @i aawrotayi ng a

perfluoroal kyl ether group as a side chain, a sulfate

ester sal t10f,,8BRlyoxyal kyLens: 6t hefe AU Y M NaAVHBY present
aperf luoroal kyl ether group as a side chain, and a

PRl B BENEL S-G9 8S DOLMIEE oD BUGBUBEL may e
used. |

Commercially available fluorinated surfactants
include Surflon S-111, S$-112, S-113, s-121, S-131, S-132,
§-141, S-145 (Asahi Glass Co., Ltd.); Fluorad FC-93, FC-95,
FC-98, FC-129, FC-135, FC-170C, FC-430, FC-431 (Sum;tomo 3M
Limited); Megafac F-470, F1405, F-474 (Dainippon Ink and
Chemicals, Incorporated); Zonyl TBS, FSP, FSA, FSN-100, FSN,
Fso0-100, FSO, FS-300, UR (DuPont); FT-110, FT-250, FT-251,
FT-400S, FT-150, FT-400SW (NEOS Co. Ltd.); and PF-151N
(Omnova Solutions, Inc.). Among themn, in terms of
reliability and color development, Zonyl FSN, FSO-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 light
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Counter ions of salts in the above fluorinated
surfactants include Li, Na, K, NH4, NH3CH2CH2OH, NH2

w@ ai2a586H) 2, and NH (CH2CH2OH) 3 . Fl uori nat eBCT/JP2006/322325
surfactants created for the present invention or those
avai |l abl e as commerci al praoducts may be used.
Commercially avail able fl ydtimated surfactants include
urfian g H, S-112, S-113, S-121, S-131, S 132,

sg-ffiﬁ 145 (Asahi dass Co., Ltd.): Fluorad FC 93,
FC-95, FC-98, FG 129, FC-135, FC-170C, FC-430, FC 431
(Sumi t ono 3%195%}%1 BEYY S 1RBgaf ac F-470, F1405, F-474

(Dai ni ppon I nk and Chem c¢al s, , | ncorporated);, Zonyl, .
TeS, FSP. AFSACSEBN. THBLSEeN, FBONUEE S0 )drﬂss- ingr resin
(DuPont) ; FT-HO FT-250, FT-251, FT-400S, FT- 150,
TREAQESWIANEGS de. Wed#ey; aAd PF-aohLp@wdyvaohase and may
Solutions, Inc.). Anong them in terns of reliability

cot el @r diesps ropimenta gefanydudiSNy s ESG U ¢zt FSO

(DuPont) are especially preferable. [ O her conponents]
Exanpl es oheOtgls gRIReMEALS I0F ahd Medinthmidodittticles as
are not limted to, a resin enulsion, a pH adjuster, .

SreBAAERL) ST | UORERLYE, g dgel b et Bhulsion 1
parbesfoerrba rl’y a detawe!eirthtﬁ)t aba{r{d. 280 3 .Reslilrne erg"&esriaogr% " particle
diameter of the’ résin. microparticies, especially for ink
jet recording apparatuses, 1is preferably between 10 and
1000 nm, and more preferably between 20 and 300 nm.

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, 1Incorporated); SAE-1014 (styrene-acrylic
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A resin emulsion is made by dispersing resin
mcroparticles in water as a conti nuous phase and may
wa@onrasas3n di spersing agent such as a surfact antT/JPRoes/322325
mass percentage of the resin mcroparticles as a
conmponent of the disperse phase in a resin enmulsion is
preferably between 10 and % . The average particle

L‘Qs%.'ﬁetéfrﬁufglcgrlﬂe mémncgkgwseighw egalséﬂsw alkl-¥ 0lo0r (acrylic
|nk j et recording apparatuses, is preferably between

and. 1000. nm and r abl n 20 30Q,_.
AR ALLARON, SR CLBRELEE 0% 0ELYED 20,80 ) 0% i
i ncl ude, but noé limted to, acrylic_resin, V|n

MeZat e Aeshh t3F%6het ¢ esFRS1Byt 8BHERECResi ﬁOhm and Haas
styrene-butadi ene resin, vinyl chloride resin,
Cs:tny:raém-,ad\‘a}mq:rylesﬁiwxa%thr9588 dRFryshe sddilgone resin,
Especially, acrylic silicone resin is preferable .

TRegd nIpkulMfigansCaor eatladl .flor &hé phdsknt (navepli oetdracrylate
those avail abl e as commerci al products nmay be used.

goaATe e Ssretfi rt NG | Wiamaid ad e asid. )enul si ons
i nclude M crogel E-1002, E-5002 (styrene-acrylic resin

enmul si on, 1NePRAR sPRBlefR agellcd rheVANSAT 1A particles in

(acrylic resin enulfsion, Dainippon Ink and Chem cal s,

LAR" BhRHL 1 VONOQAT, 454, (TXLENEaACRYL] GESE &, more

Ingo
enmursron, |n|ppon In | n¢or orated)
SAE- 10 rene icresip enulsio
RSP E " Sa | o §R‘d2030(at'rylapg firther preferably

between 1 and 10 $%. When the mass percentage of the resin
microparticles is less than 0.1 %, the resin emulsion may
not be able to prevent clogging or may not be able to
improve ink jet stability. When the mass percentage of the
resin microparticles 1is 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-1l-oxide sodium, sodium benzoate,
and pentachlorophenol sodium.

Any pH adjuster that does not have negative
effects on an ink and adjust the pH 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



resin enul sion, Saiden Chem cal Industry Co., Ltd.);

Primal AC-22, AC- 61 ( acrylic resin emulsion, Rohm
w@om7meeRs2 Conpany) ; Nanocryl SBCX- 2821, 3689 ¥@DIB2o322325

silicone resin, Toyo Ink Mg. Co., Ltd.); and #3070

(et hyl et hacryl ate polyner_resi n enmul si on, M kuni

Color Ltd.). , The nass per%%nt age of the resin

@eﬁv\ﬁiﬁﬂ'ﬁbﬁfokfgé resid) enthshoPes SoRr ef Brap! ymetalg such

, hore preferably between 0.5 an

20 % . and further preferab 10 %

Ahen r‘truﬂg 8Ss &)1 191 en éjgé ofé'%lﬂgg}r%\%?g ma%ﬁgrﬁé}lﬂ clhé/drOdee’
is less than 0.1 %, the resin. emu n may not be
G TR [ RANTPRIBYYR nYBF OFhSE no 15813& &3R5y Sodium
ink jet stability. Wen the nmass percentage of the
qagionaticor el thatass iuwn reaeie 50 %, the
preservation stability of the ink may be reduced.

5 Exanpl es @kaaptlieseptfi ansar ifnlmdiidicdes inmdlag@e dlgiztic sulfite,
benzi sot hi azol.i n- 3-on, sodi um dehydr oacetate, sodi um
Suhat e, 2hewsudimelhi ol - kmAshdamsodi ¢ oS0l ydblic acid,
benzoat e, and pentachl orophenol sodium Any pH

&%A&b;édl%&@ha%mﬂ@ﬁfu Oleﬂee %Ht\é%r@ftfh@:qtt%lort@&a&ktrate,

e pH an ink fo 7 or higher may be used
endi n Jur pose., a__rgﬂl es of pH adjusters
Cgcglucey&rﬁ exsy sucrrﬁn 5 e?Ext A4HoT ani ne and
tr| et hanol am ne; /dr oxi des

antlo idants, phengalc antioxidants (including

10 hindered phenol antioxidants), amine antioxidants, sulfur
antioxidants, and phosphorus antioxidants may be used.

Examples of phenolic antioxidants (including

hindered phenol éntioxidants) include bgtylated

hydroxyanisole, 2,6-di-tert-butyl-4-ethylphenol, stearyl-§-

15 (3,5-di-tert-butyl-4-hydroxyphenyl)propionate, 2,2"-
methylenebis (4-methyl-6-tert-butylphenol), 2,2" -
methylenebis (4-ethyl-6-tert-butylphenol), 4,4’ -
butylidenbis (3-methyl-6-tert-butylphenol), 3,9-bis[1,1-

dimethyl-2-[p-(3-tert-butyl-4-hydroxy-5-methylphenyl)

20 propionyloxytlethyll2,4,8,10-tetraixaspiro(5,5]undecane,
1,1,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane,
1,3,5-trimethyl-2,4,6-tris (3, 5-di-tert-butyl-4-
hydroxybenzyl)benzene, and tetrakis[methylene-3(3’,5’'-di-
tert—bu§y1—4’—hydroxyphenyl)propionate]methane.

25 Examples of amine antioxidants include phenyl-f-



metal s such as |ithium hydroxide, sodi um hydroxi de,

andpot assi um hydr oxi de; and car bonates of al kal
wortoahs28s2ich as amoni um hydr oxi de, quat er nar yPEIIR006/322325

hydr oxi de, quaternary phosphoni um hydroxide, |ithium

carbonat e, sodi um carbonate, and potassi um carbonate.

Exanpl es of rust |nh|b|tor ganlude acidic sulfite,

(E%éﬁpf lefate &TQHYﬁghglycw'M}iﬁﬁ—'ec butyl-p-

diti Sopr opyl dnnonlun1 pent'aerythrito

tetranitr and yclohex . s
SRR C ey § o AN SNY aRt Bh T Aer DerhgRine” 2, 6-a

hlndered phenol ant|OX|dant2% am ne ant|OX|dants

tQu U tahrRnG ea&tls, and sHoT R Y RS ey 24

be used. Exanpl es of phenollc anti oxi dants (including

chiinrectgryeld- Qo] - baritviloyphdenstls) | nekrtidéhparoksuaedsol, 2,2'-

hydr oxyani sole, 2 ,b-di-tert-butyl -4-ethyl phenol,

5 mﬁﬂﬁyﬁéneﬂik64{ﬁhtﬁykﬁ64ﬁﬁﬁt+hugy}phdnamxwyphenyl) 4,4' -
propi onate, 2,2'- nethyl enebis

t 6 tRmetind ehenal Jo thyl enebi-ghiobis (3-
%ékigﬁﬁﬁﬂblt%rt butylphenol),uEF%Fﬁeﬁiﬁx$ldgﬂbls e lS(

rﬁdesc#gah_fg/it-zeﬁm{_mﬁwamn,ol ) e SideknyEene-3 (3, 5-di-
ety & d Ry tpﬂlyir%her%ﬁgdn@ee@ga'n%”y' ¥, 13-

3 tris (2-nethyl-4- hydroxy 5-tert-but but ane,
i3 (et MO AT SR 3G v R R YRR .

hydr oxybenzyl ) benzene, and tetrakls [nethylene 3 (3
10 .5 '-diteExamples of sulfur antioxidants include

dilauryl3, 3’ -thiodipropionate, distearyl thiodipropionate,
lauryl stearyl thiodipropionate, dimyristyl3, 3’ -
thiodipropionate, distearylf,p’- thiodipropionate, 2-
mercaptobenzoimidazole, and dilauryl sulfide.

15 Examples of phosphorus antioxidants include
triphenyl phosphite, octadecyl phosphite, t;iisodecyl
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 ultraviolet absorber.

Examples of Dbenzophenone ultraviolet absorbers

~

25 include 2-hydroxy-4-n-octoxybenzophenone, 2-hydroxy-4-n-
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butyl -4' -hydroxyphenyl) propionate] nethane. Exanples
of am ne anti oxi dants include phenyl- b-naphthyl am ne,

w@200ap0ka86y/ | am ne, N , N PCT/JP2006/322325

"-di -sec-butyl - pphenyl enedi.am ne, N, N
' - di phenyl - p- phenyl enedi am ne, 2,6-ditert-

. butyl -p-cresol, 2 ,b-di-teT?lbutyIphenol, 2,

4-
%%d?%wn%%)g;/t Be '{Bﬁryéﬁd}{genol 2 wdﬁlwﬂ ;10 henone, 2~

| enebi s (4-net’hyl -6-tert-butyl’phe ,
4. 4' - butylidenbis (3-mnethyl-6-tert-butyl.phenol) , , '
Qﬁqfo%x 4(ﬂﬁé§?%¥bﬁé§?%ﬁ%Q§l%ﬁt-butylpﬁéﬁol) : 2,27 ,4,4

tetrakis [nethylene-3 (3, 5-ditert-

YR SAD YA RXRERQRIMERAS - propi onate] net hane, and

1,1,3- tris (2-nmethyl-4-hydroxy-5-tert-butyl phenyl)

but ane. BEta@pipdesof oful perzahriaxpPdantelireyieket absorbers
di lauryl 3, 3 '-thiodipropionate, distearyl

irdlodder api(ahahgdrbavrjl' -seearpbtyhpbdnpilopeonateiazole, 2-
dimyristyl 3, 3 '- thiodipropionate, distearyl b,Db'-

i gy ¥ Spj -ONelrgs t 1y 1 PRSIGEAP e tor 14 £lez®) e, and(2' -hydroxy-
di | auryl sulfide. Exanples of phosphorus antioxidants -

%ff%iﬁﬁﬁi%ﬁéﬁﬁﬂﬁgéIﬁggﬁﬁ?%%fﬂifs%@?ff?hﬁgzﬁzgg%%fiiyEﬁkftert'
OO D TR (RIS Dens AN e (7 TaiA 6 B absor ber.
L LS LY O Aot BB apsoriers
absor ber, and a nickel conpl ex

include phenyl salicylate, p-tert-butylphenylsalicylate,
and p-octylphenylsalicylate.

Examples of cyanoacrylate ultraviolet absorbers
include ethyl—Z-cyan6—3,3’—diphenylacrylate, mgthyl—2—
cyano-3-methyl-3-(p-methoxyphenyl)acrylate, and butyl-2-
cyano-3-metyl-3-(p- methoxyphenyl)acrylate.

Examples of nickel complex salt ultraviolet
absorbers include nickelbis (octylphenyl)sulfide, 2,2"-
tiobis(4-tert-octylphalate)-n-butylaminenickel (II), 2,2" -
tiobis (4-tert- octylphalate)-2-ethylhexylaminenickel (II),
and 2,2"-tiobis(4-tert-
octylphalate)triethanolaminenickel (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,

and other components. To prepare an 1ink, the above



salt ultraviol et absorber. Exanples of benzophenone
ul travi ol et absorbers include
wQ@20vydsa83y - 4- n- oct oxybenzophenone, , PCT/JP2006/322325
2- hydr oxy- 4- ndodecyl oxy benzophenone, 2
, 4- di hydr oxybenzophenone, 2-
hydroxy 4- nethoxybenzophenéﬁ% and 2 ,2', 4,4 -

lﬂ%{ﬂlj avi gclr et %sor%ﬁﬁkﬁﬁﬁggﬁg&ﬁeef ﬁgegglg;?@?%%%se medium.
Tﬁeag%ﬁig%ﬁéﬂslrﬁ?g% hrot PELEERE " Beddhyq E§3r3h¥perse the

' -oct oxyphe g benzotrlazole and_2- (2'- hydroxy-3
COmMRANIHSy| -1 '€ R&?ph%n??? -Bléhy oPobSRSGEN LS e @ Pall
. Exanpl es of salicylate ultraviol et absorbers include
mpHdny| a s peiloyl athakert et - bt YW phersowed | dyspessiagd machine
p- octyl phenyl salicylate . Exanples of cyanoacrylate
5 Iruzlj r e oluetedabsumbessi'rnctlmele sbhyti@ncyamo-rridal stirring
' -di phenyl acryl ate, nethyl-2- cyano- 3-net hyl - 3-

r&ﬂﬂﬁﬁkﬁoﬁ%ﬁﬂ§ﬁﬂ|Et&%&ih@tebléB@sttMégﬁetlc stirrer, or a
cyano 3-nmetyl -3- (p- nethoxyphenyl) acryl ate. Exanpl es -

TR SR R et o i
t -n-b
(o Lort ooyl phalale) Lo s gnen guet (1) 22 o o

Il 2 2 '.
{5 AT e §and 30 oS, har%c?‘ﬁee preferably

10 between 2 and 20 cPs. When the viscosity is higher than 20
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{ yellow,
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
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An ink according to an enbodi nent of the present

i nvention contains at |east water, a colorant, and a
wheoveosast , and nmay al so i nclude a penetrant, BCT/JP2006/322325

surfactant, and ot her conponents. To prepare an ink,

t he aboveconponents are dispersed or dissolved in an

aqueous nedium The solutioirmay be stirred i f needed.

pTP%cqé§§lef{g3 end o & Wéﬁ%rﬁg T S mén a0 Ml present

onogeni zer, a palnt shaker, or an

ultr sound dIS erS| chin ed. To stir the
TH Ut If $ {m%$ﬁn§ﬁ%ﬁy elhaf%/lng stirring
blades, nagnetlc stirrer speed dlsperS|ng
machi ne nay! @é‘%@rYAtméagteer%ﬁ“&?’& ERFRIZFYE t he
viscosity of an ink is preferably between 1 and 30

sl t bfienalolen printenl yhaeive eI BiRN200E RN Wkenjet
the viscosity is higher than 20 cPs, ink jet stability
egyo ki e dyoyeric a e ol of @opiek is geedeiladd yodbéweenth
7 and 10. Colors of inks include, but not Iimted to,

yetd B cdge it BG . CyRN, FEnd bl ark. a Adrauing cpigﬁstf@@;eng the
can be fornmed with two or nore color inks. A

éé{tﬁfﬂggldm&@ G20 Ded O IBd Whddk tASrh oM é:g%gfatus

an enbodi nent descri bed above, an 1Tmg

process! g SPRLA) UG ANES, LSl drjiel éoﬂrznglgg
prosessing, e hod, aseording 1,20, SThOR MBS Of e
an image and a sub-scanning conveying unit 1003 (these two
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 ﬁeeding
unit 1Q04 at the bottom of the body 1001, the sub-scanning
conveying unit 1003 conveys the paper sheet 1005 in a
position facing the image forming unit 1002, the image
forming unit 1002 jets liquid 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
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

catch tray 1007 of the body 1001 and is used to input image



i nvention. However, it is possible to include a unit

for perform ng the i mage processing nethod in an i nage
wo omoseg3nppar atus. Al so, it is possible to i nedTIREB22325

application specific integrated circuit (ASIC) for

perform ng an i mageprocessi ng net hod according to an

enbodi nent of the present'T%@bntion in an i mge

ERHGARDATA b AR At |RGR M, unit 1002,

pparatus (rultifunction printer) having functions of
n i.nk jet r rdi ng . t (o]oY] i.S .
s P50 AT L ot arancd ettt Bt o sptical
a drawing illustrating the confiqgurat.i of the
e é#ﬁ% YBME fy Lot UK CorHe oﬁpcfl(ﬁ)]‘.mo‘?ror
the exenplary image formng apparatus includes an
1i0dge o eyaAng-NehioPtEGER fsarstest fiHP dnglngien i zrors 1016
sub-scanni ng conveying unit 1003 (these two conmponents
5 ardke 1ddl7ec ioceltpataldletssa IRzt er lengi A 1y tgnd dm image
the exenplary i nmage form ng apparatus, recording nedia

ddeapan ¢ haeimn t10@P Aar eded it ing o fdomsy eper1015 and
feeding unit 1004 at the bottom of the body 1001, the -

%h%g'm&bg SRNVEM NG, dinind 11008 R e thePaP&iocument

et 10051 n.a position facing the image formng unit

10 t he i e .farm ni ¢ jsets liguid drop
Fnids (TR eas 10 e (S oy IO LD gment
n i mage,. then the '‘paper sheet 1005.is ejected via a
12k P GHHER TjRSAITHRS (iA2eL 606 IR GO iR hih image
tray 1007 at the upper side of the
10 signal. The image signal is digitized, processed, 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
15 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
20 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

25 image forming unit 1002 includes a carriage 1023 that is



body 1001. The exenplary inmage form ng apparatus al so
i ncl udes an i mage scanning unit 1011 for scanning an

wo pmges28The | mage scanning unit 1011 is positiPCEIP2006/322325
above the paper catch tray 1007 of the body 1001 and
is used to input inage(prin% data) to be fornmed by the
image formng unit 1002. Th 5Tnage scanning unit 1011

hECABIES; A SLAME 1Y APLA LAl g Syst&Ea AR5 (EHE! 40E DGk fon that
[1ght source 1013 and a mirror 1014; a scanning

oi . : : _ 1017:
e N el I I I S e

I 1Q020. Thy ' tical t 015 .th
SETH, Ut USRI AR R WP SGIC o SoLi Peads
on the contact glass 1012; and the i mge scanni ng

B Zrechuding g 55 Rgiee skkdined JFRR)eJdF herds each

docunment as an inage signal. The inmage signal is

5 hhvging zedsays czsseak lendfetheietprimy ebiquie dnege of
scanning unit 1011 al so includes a pressing plate 1010
abpferdde coreel T asse 1y of dwrththglowni 8 TOC2 e image
The exenpl ary i mage form ng apparatus al so i ncludes an

i Nt ERCE T3 dOChlY I TP d Mr 838 ar b aie! ik N d8t @ heads
an image to be forned by the inmage formng unit 100

Jlb’dn?4 S E Ofy A el Vs K3 T Tl éh h19§tl?]e{r% VAL &0

ormat1 on processi ng apparatus such as”a perso

co ter for ocessi,ng an im an i nmage readi ng. .
car Jl.'lage scan J{ng mecha%lsm in gteﬁe maln 9cann1ng glrectlon,

10 while feeding the paper sheet 1005 in the paper conveying
direction (sub scanning dirgction).by the sub scanning
'conveying unit 1003. The image forming unit 1002 may be
configured as a line 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 1025 on the carriage 1023. 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



apparatus such as an inmage scanner, and an inmagi ng

apparatus such as a digital canmera. The imge formng
waQeior/03BB2 is a shuttle type and has a si m | arPCT/JP2006/322325

configuration to that of an ink jet recording

apparatus (imge form ng 02(saaratus) descri bed above.

The i mage forning unit 1002°%ncl udes a carriage 1023

Oafbaé 'ssr{@ q?oé Ned fB?M:rfeCto td}:&g Al eatd am {{ Meoos

ection I s or thogona paper" conveylng

di rectjon ui de rod 1021 .t hat gqui des t.he carriage
aﬁﬁrsoxg%gerl&g%g NEEGER %é:épﬁrhc(f TG orieS PRt oot
|i%¥ld drop jet, heads each havj ng arra s, of nozzles
O jiet 13 pPsigen oY d‘fh%ulff?aeqeen’%'m%}%? sinth {9 2

i mge formng unit 1002, an image is formed by jetting
dHapg ichgropsldr o 34e trcecfdrmmgame%@jsbnmﬁ@h ¢ierging the
carriage 1023, which is being noved by a carriage

5 SoafHdd o hechant@ivd yoit Hee Inmi 10 3 aini ayopp i edcta omuide 1035
whil e feeding the paper sheet 1005 in the paper

EONVRYH dith &I £18CTE My d PP ISR 1Y Ji i 864 | &Pda b¥aéey the
sub scannihg conveying unit 1003. The |nage form ng .

ﬁ%ri @&&%@%Jﬂ? eromozgurae Pés%ea Nealy, @P i L5es

t'ype he recor 4 includ

SRS (W Seher yar Tt () ms%erf@%%%%d. ngf%e%%%l in

1024 are su plled with the color inks fornlsub
3 (2% ol ¥het 2@FRT dlgee 19257 ST Y SRR R T X Conveymg

supplied with the color inks through ink
10 rollers 1037 for sending out the paper sheet 1005 on which

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
body 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 one by one 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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supply tubes (not shown) from detachabl e ink
cartridges (main tanks) 1026 in the body 1001. The sub

wazmnni2ssp conveyi ng unit 1003 i ncl udes a conveBiTiEP2006/322325

roller 1032 used as a drive roller; a driven roller
1033; an endl ess conveyor belt 1031 stretched between
the conveying roller 1032 @hd t he driven roller 1033,

bt hieaggjpag%%ﬁ%%d 1 o 1031 changes: 4 he, dig etd 9 Y motor via

05 fed fromthe paper feeding unit

1004 approxjmately 9 eqre an conv

DR TR 1008 Th P Poa TaH T e e 1y the
formng unit 702; a charging. roller 1034, t ich an
IR KM A s (HERRY dd 1o b SRS aeT 1141
1031 is applied; a guide 1035 for quiding the conveyor

bel t 1031The @APgregohIEYAGI/8a Sictdde oM Agdpniincludes
1002; a pressing roller 1036 for pressing the paper

perent  ddi0ke timd fegj exonivey aro lolet s 10341 iandh Hos2 tion
facing the conveying roller 1032; and conveyi ng

dHJSFind Gde fpesensghidir ouios hen papech sdreeimd@d5ha6n been
whi ch an i mage has been formed by the inage formng

. -O . . . . . ) r
ted 00 d %%{%Frt %e%l?{qlﬁé’jé@l{ﬁicfcféfﬂeﬁg”iOé@%d pape

e conveyor he sub stanni ng conveyi ng

it 1003 | t i . 5 )
PRSI T T Tt ekt T et o el Yoos o
cann t 1131 vj i m bel
éhé;ﬁégnggaﬁgqjﬁﬁﬁy\Q6%5%tl'ﬂ ng belt 1132 and a

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 cont;ol 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 1201 to perform an image processing 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.



The paper feeding unit 1004 is renovable fromthe body
1001 and includes a paper feed tray 1041 for hol ding

wo b@7/053387 sheets 1005; a paper feed roll er 10BCT/awpdoa322325
friction pad 1043 for separating the paper sheets 1005
and feeding themone by one fromthe paper feed tray
1041; and paper conveying T Ters 1044 used as resi st

rol lers far canyeying 'utt“qito RaRRY 2Neel nJcQ%etdso ragr[‘ leeéfc%%al

scanni ng conveyl ng uni The paper fee

1042 s rotatedby, a paper. feed tor_ 1141 suc s _an

L iRy AL AT (e AT i giote Shetigen the
The paper conveyiqﬁlrollers 1044 are also rotated by

meen papHitdledtn Hot b0 12nd FHOPapich as an information
conveyi ng/ejecting unit 1006 incl udes paper

monveys Yl g ratgs alded 24 081 M d Q5o tes s topvaypagatus;
t he paper sheet 1005 on which an i mage has been

5 J |tk @itk pEpain CoMVEY: el edindos rodd@rér 1068 aad
paper ejecting rollers 1064 for ejecting the paper

Shgeto 100y thd hee RAREIng al&dud rey2 4004 . md¥h eXEaRh BRY motor

control unit of the exenplary inmage form ng apparatus
is.outlined b i1 . er t he. k. dj am
Sttty O B AR FOPPEE, 90 80 PLEF [ ch 2k
mai n control unj 210 for controlling the entire
ST IS (W2 Brdint dTSTERedes 1o o S aphas f R 5P
The main control unit 1210 includes a CPU 1201; a ROM
SRy ¥ IeF @ﬁ?ﬁ?rﬁf%y¥ﬂ%g¥%ﬁﬁf%@l4 for driving the sub

10 scanning motor 1131; a paper feed motor driving unit 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

15 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

20 AC bias to the charging roller 1034.

The control unit 1200 further includes a solenoid
driving unit (driver) 1222 for driving solenoids (SOL)
1206; a clutch driving unit 1224 for driving

electromagnetic clutches 1107 used for paper feeding; and a
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causing the CPU 1201 to perform an i mage processing
nmet hod according to an enbodi nent of the present

WO pwensisen, ot her progranms, a dither matrix aceor/ag20gp/322325

to an enbodi ment of the present invention, and fixed
data; a RAM 1203 for tenporgﬁily storing i mage data; a
non-vol atile menory (NVRAMZA1204 that retains data

sgaé%hé/@eébrtmlpqyﬂt | 598 T 0andhan: A G 205 thak ge

ornms 1 mage processing such as hal ftone processSing
on i mage data..The control unit 1200 al so includes an
TRk EVR=] Tor sending/receiving data and
signal s between .t he mai n_cont.rol y it 1210 and a, host, .
such as arffienFBRAGOH Bilodeedi 1 Leppatat e Lk dare G on
I mage processing apparatus; a print control unit 1212
§¥gnadi figpra herinRRTalerr e oyesmt rbl 0§ fghathedeerat @i Bl
heads 1024; a main scanning notor driving unit (notor
tchmipveer § t U o1 orhelrean ey er ree it st@dihi gl tindegh 102§ main
that noves the carriage 1023; a sub scanni ng notor

cHAvido Wit 1203 {080 drédye ged e Sedbt S6@NEH difa IOt O om
1131; a paper feed notor driving unit 1215 for driving

305 PRIl MG dd4drd PAPRINOLESA| NG FREOT 30, Also,

riving unit 1216 for driving a paper ejecting notor

103 that _dr.i 0 i . e .
iR el Pt T Pu ot G R sy it G 2
unit 1217 for driving a dqplex f eedi ng, not or, 1104 t hat
IR CTRIRY S P IR U (HIOEe SHOWR L Sglay unit
mai nt enance/ cl eani ng notor driving unit .

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 control unit 1210 receives an
output.signal (pulse) from a linear encoder 1101 for
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
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 and thereby
to move the conveyor belt 1031 for conveying the paper

sheet 1005.
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1218 for driving a maintenance/cl eaning notor 1105
that drives a recordi ng head nai nt enance/ cl eani ng

wore@hasissm (not shown) ; and an AC bi as appl yi PQI/are6/322325

1219 for applying an AC bias to the charging roller
1034. The control unit 1200 further includes a
solenoid driving unit (drivE¥9- 1222 for driving

sol enoi ds ,(.S ; |_ut Livi [ 224 . f or
driving eﬁéc%%%nlé%g ign%ﬁ%tgﬁgglfﬁb ﬁ%%ﬁ£?églégﬁEr
feeding; and ascanner control unit, 1225 for

TERRIANY g9t §HEYLS ERRATR thitS Hrecthee hglov- The
control unit 1210 receives a detection signal froma
AGepersatantl BieHs oin i 02 } hAPRIck st tan the ¢ Eiplelnd ureltage,
on the conveyor belt 1031. Although the main contro
wnicdh 121G &lisgh rezkiacgs adfbtectddrasijwret svdveomat ey
sensors, those sensors are omtted in FIG 30. Al so,

gdEl ki) foltnedativd deklis f eneittes KeyrgimpyitsofYem 1034.
and sends display information to an operations/display

Y tcl';léligggirﬁf Adrer bodyo IPUrouldie: RS AtdEd &l SPL@Y an

unit 11 incl udes keys such as nuneric keys and a

arint_.start j t [ .
BT 1 kol e urd o (i ami pgne 1051
oM e Sleete Uak G dsea et tarel

and an output signdl (pulse) froma rotary
positively-charged and negatively-charged areas alternately

in the paper conveying direction. As a result, non-uniform
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
conveyor belt 1031 where non-uniform electric fields are
formed. The paper sheet 1005 is instantly polarizgd along
the directions of fhe electric fields, thereby attracted to
the conveyor belt 1031, and conveyed as the conveyor belt
1031 rotates.

While the paper sheet 1005 is intermittently
conveyed by the conveyor belt 1031, the recording heads
1024 jet drops of recording liquids 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
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encoder 1102 for detecting the travel distance and the
novenent speed of the conveyor belt 1031. Based on the
wa@eooresmsi on of the output signals, the nain cRCIL/IRM006/322325
unit 1210 causes the main scanning notor driving unit
1213 to drive the main scang&gg not or 1027 and t hereby
to nove the carriage 1023;" ~causes the sub scanning
ri Yt &9 Hoi 4c4 OcHlr £ ¥8y t 180 B Uy SERAN
o T e ey e e Mo Y ot By P9854

for._conveyin he pape t 1005. An exenpl ary i nmage
?%ﬁ?ﬁ?%ﬁ%g%%%%élﬁ% ?ﬁ%{eigﬁglary i mage form ng

apparatus i s described bel ow. The AC bias applyin
ani t 1219 WSt SRR { P &AM R e maHT Y |

high voltage of a rectangul ar wave having positive and
evefer l ey peakge formhed cRRPYTHGUP oPNed RABAY FHeh as gloss
charging roller 1034 brought into contact with an

paysant abh mghiayetigsidf dceps agernoofspheadosmeybhl pebtt
1031 charges the insulating |ayer and forns

Stimp- sbgPee pPSbEEN e ¥nebar gedp ool rgat ¥kl ¥scbaagefly and
areas alternately in the paper conveying direction. As -

A&SPhhy BOR-YBI FosMeheshi €ndi ghasi 8o f 0L NBEi ARed
the conveyor belt 1031. The paper "sheet” 1005 is fed

h i Ng. Unj 4 i .
LLOLARP  RBRES, LEFRE0 DL 00y  BLotDEi 0028 Rase coo
roller 1036, and then glacegyon t he convgygﬁebelt 1031

Hhieh AMoHIRAE { BF AT EPeLEY i BEFRE diSL4PE 2 r matrix

according to an embodiment of the present invention.

[Embodiments]

Detailed embodiments of the present invention are
described below. However, the present invention ’is not
limited to the specifically disclosed embodiments.

(Preparation example 1)

- Preparation of dispersion of polymer
microparticles coﬂtaining copper phthalocyanine pigment-

To prepare a dispersion of polymer microparticles
containing a copper phthalocyanine pigment, the air in a 1L
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

methacrylate, 4.0 g of styrene macromer (Toagosei Co., Ltd.

14
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formed. The paper sheet 1005 is instantly polarized

along the directions of the electric fields, thereby
wa@tdorasaserl t o the conveyor belt 1031, and convRyEIP2a66/322325

the conveyor belt 1031 rotates. Wil e the paper sheet

1005 is intermttently conveyed by the conveyor belt

1031, the recordi ng heads 1béﬁ'jet drops of recording

i quid corfding to i at a an
A BRRER e Bl b e TR e R E  and the
1005 i s separated by a separatd | aw andej,ected i_nto,
E%@pm@%r%’a‘féﬁ Fﬁég\éefoéfp tﬁg-gp@b%?r 2"miked sollition of
conveying/ejectin% unit 1006. When prinptin %Pr

EPy8 ng) SEHTPREge @y%t%%&e%ﬂé%%%{g‘évfgp rAgg of lauryl
apparatus on a paper such as gl oss paper on which

the thack yltaps, dééndt gpréadshyritiidernrut gélygap methacrylate,
t oget her, occurrences of problenms such as beadi ng and

tONE jgunpfcanyfeoxedungll anskliferyletiety 3&. 0a pri afedstyrene
(copi ed) image can be inproved by processing inmge

Rt fod £ N (8Ba5BBEE RINCesStdg, NBt-hAd wsid aasliéners.e g of
matri x according to an enbodi nent of the present

AR L EoTa e ) kel SRR cHE 0e, ana
B SRELGHTHEIAY ek By ROk o St bl ool A s 1o
for 2.5 hours. |

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 hou; 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 flask. As a
result, 800 g of polymer solution with a concentration of
50 mass% was obtained. A portion of the obtained polymer
solution 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 solution, 26 g

of copper phthalocyanine pigment, 13.6 g of 1 mol/L
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Preparation of dispersion of polynmer mcroparticles
cont ai ni ng copper phthal ocyani ne pigment- To prepare a

wale@pessson of pol ynmer mcroparticles contai ni PQI/aP2006/322325

copper phthal ocyani ne pignent, the air in a IL flask
with a nmechanical stirrer, a thernoneter, a nitrogen
gas inlet tube, a reflux tub%3‘and a dropplng funne

¥$§S§£Qhﬁcﬁgd§gL Bglg%ﬁf¥ ghghégjt#ogfnmgﬂgyétQ§g#H_ ketone,

was charged w yrene
acryljc acid, 12. f lauryl thacr | at e, of ..
éphygeﬁﬁfgﬁﬁﬁﬂé%éﬁﬁ%%%il5? 0F1§%V¥eﬁ§d‘ stirred
macr oner (Toagosei ... Ltd. brand nane AS- 6

@Jﬁfvgcwnwcaﬁheetnﬁw&tmgnoswetqr&ﬁoe‘f%%u.keeﬁé@d %0 times
raised to 65 0C . Then, a m xed solution of 100.8 ¢
uﬂ@n@néhezanlgykﬁ &@lylMéléd&NO:mﬁaKEgCQf,Iédmwted, brand
nmet hacryl ate, 36.0 g of polyethylene glyco

mEidACHRl agR) . 60n8 gbafimedr passtchylagrepiraciyl 206, g of ion-
36.0 g of styr.ene macroner (Toagosei Co., Ltd., brand

SR n A Bl at 8r 6 a8 dOfs iBF Pt aed hapol et By # &e@%ne and water
azobi sdi met hyl val eronitrile, and 18.0 g of net hyl

eghyﬂekgégnfdmﬁésdﬁﬁeEEleat%wgg b#é %ﬁeﬁpr %%ﬁbrator As

our's e drlpplng was C a m xe

SSHHE8, e Wfla? %ﬁ%%ﬁ@%@fé'aﬁ'bgegn:d;l:sao'e%s%a wien 2
fl ask for 0.5 hours. The resul ting sol ution ma%
R 68108 VBhRtainefe LBRpSCIns CUTHEE 0BT, theg golymer

of azobi sdi nethylvaleronitrile
microparticle dispersion was 20.0 mass%.

The average particle diameter (D50%) of the
polymer microparticles in the polymer microparticle
dispersion was measured with a particle size dist;ibution
analyzer (Microtrac UPA, Nikkiso Co., Ltd.). The average
particle diameter was 93 nm.

(Preparation example 2)

- Preéaration of dispersion of polymer
microparticles containing dimethyl quinacridone pigment-

A polymer microparticle dispersion with magenta
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 microparticle

dispersion was measured with a particle size distribution
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was added to the solution, and then the sol ution was

matured further for 1 hour. After the reaction
wGetoppsas32 364 g of nmethyl ethyl ketone was putPCTIRR00d22325

IL flask. As a result, 800.g of polymer solution with

a concentration of 50 mass% was obtai ned. A portion of

t he obt ai ned pol yner sol utibh%was dried and its

gﬁég% 9V?&ﬂ%%oE%%%PUb§A Q@Ly eg%gﬁ%a gﬁf%ure%hgy average

ermeat I on chr omat ogr ystyrene,
| ven etra drofur The wei ght - average
%Jc %rém?ﬁ L \wh3s 1@%0@“ Next 28 g of the
obt ai ned pol ynmer sol ution, q@of copper

pht hal ocy afiteRPaRaHet e *ENRG %) f 1 nol /Lpotassi um

hydr oxi de solution, 20 g o f nethyl ethyl ketone, and

30 g o f ion- eRchaﬂgedlmaterCMbre M sperahonst i ofed Dpolymer
sufficiently. The resulting substance was kneaded 2 0

i eBSpast hgl éhecdnt poh endRahdndbtd (&bLoOv akegient -

Limted, brand nanme: NR-84A) . The obtai ned paste was

put in 20Q gy @l%mé?nﬁﬁ%E@@ﬁ%@ﬂﬁﬁéﬂdfﬁﬁbﬁéidﬂedlth a yellow
Met hyl et hyl one and water in the liquid was

é%é%élag? g éaQ%du%dK%ﬁgE§%ﬁ¥¥g ég th@ §aﬁerﬁéﬁﬂer as the

m cropartic er SI on w t a cyan

r was o sol | nt.e y
m%ﬁ%mwsxafﬂegsr; oA D00 s s s34 e e LLow 74
particle dianmeter %DBOO of the g | ymer .
Weerepediieresadnothd poPHRErPhtR %ﬁ%Y?PbP% B 9BERE+ on
was nmeasured with a particle size distribution

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
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 solution 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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anal yzer (Mcrotrac UPA, N kkiso Co., Ltd.). The

average particle dianeter was 93 run. (Preparation
we@x@mpsm32 ) Preparation of dispersion of pol yP@r/Jr2006/322325

m croparticles containing dinmethyl quinacridone

pi gment- A polynmer mcroparticle dispersion with

magent a col or was prepared‘1%5§ubstantialIy t he sane

TR g%lac&hewgggg;%@ | gD sexanpd ndd ; %%epa&g%e& .carbon

nment  Red was used 1 nstead o a -copper

ht hal ocyani ne pi gnent,. The average. particle,di aneter .
fioEion NEEr GAEe bt eR L APEFSRar (1 B PR (He0 Dbl JHher OF on-
m croparticle dispersion was neasured with a particle )
effohanged r vBLET on&Rgl yibr O MEEEOtTAL PR FRRkASGUeged with

Ltd.). The average particle dianeter was 127 ran.

{Prrepan at hpdrexidet e 8he Psepatarion vest disperstdfrondensed
f polyner mcroparticles containing nonoazo yel | ow

W DNt AL pphFiBte i craaphr thehe dheperdiveion thaa filtered
yel | ow col or was prepared in substantially the sane

#@EWE%gﬁ%ﬁ?ﬁgg?FE@Pa&QEhoﬁneé%@H%%elpoﬂ@“ﬁﬂgméﬁgﬂ 6%-1.;Lm.

_ ow 74 was used instead o f a copper

AL, Sgutine 0 PRl Koy RS, mial et o ment
mcroparticle dispersion vas. measured,with a particle

The 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 cyan ink, 20.0 mass% of the
dispersion of polymer microparticles containing‘ a copper
phthalocyanine piément prepared in the preparation example
1, 23.0 mass% of 3-methyl-1,3-butanediol, 8.0 mass% of
glycerin, 2.0 mass% of 2-ethyl-1, 3-hexanediol, 2.5 mass%
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 2-amino-2-ethyl-1,3-propanediol,
and a certain amount of ion-exchanged water were mixed (100

mass$ 1in total); and the mixture was filtered using a

membrane filter with an average pore diameter of 0.8 um.
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anal yzer (Mcrotrac UPA, Ni kkiso Co., Ltd.). The
average particle dianeter was 7 6 nm (Preparation

wexanps»e3z ) Preparation o f dispersion o f cardniP2006/322325

bl ack processed with sul fonating agent - To prepare a
car bon bl ack di spersion, 150 g of a comercially
avai | abl e carbon bl ack pi gme®P~(Printex #85, Degussa)

was m xed | I I ane; the solution was
m cro-di sp(e%ksoéﬁgl%ﬁ%n %){)ae sef %)I [; 15 g of

am dosul furic acid was ded tq the . solution; and then

the ol ut irorf RS &F FAITF hAlFs “at 140.150 C .

The obtained slurry was put in 1000 ml o f , ,

i on- exchafgedrrdwie amMAIES AT o VIR ¢ F ugbspersion
at 12,000 rpm A s a result, a surface-treatedcarbon

bf ack pedtymeake wascobparhédleFhe obardigiguingar boa bl adkmethyl
wet cake was dispersed again in 2,000 m of

henexehadges pagrentt peepHretl tihe thel yrepamsasion example 2,
adjusted with |ithium hydroxi de; the solution was

desal t ediscendensed ugich A Ul I afidaRdicand toep thesss of
solution was filtered with a nylon filter with an -

aver age por.e ~di er _of L \S, a ke . bk ac o
%Q%%%llaipsgépsing‘gr?%&s t ﬁ%a %i%&%ﬁc’ongeﬁg%é??gﬁggf lizo' > masss

% ined., Th icle di
SEoda 0D L PhIRARr bpaed) S8 PRESH B DR actant, 0.2

di spersion was neasured with a particle size , ,
Ba86%i Bt iFaPxedal Y efAVRFéRoEKAC UgSd as an antiseptic or a

fungicide, 0.5 mass% of l-amino-2, 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 um.

(Production example 3)

- Production of yellow ink -

To produce a yellow ink, 20.0 masg% of the
dispersion of polymer microparticles containing a &wnoazo
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) used 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-propanediol, and a
certain amount of ion-exchanged water were mixed (IOQ mass$

in total); and the mixture was filtered using a membrane
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Ni kki so Co., Ltd.). The average particle dianeter was
80 nm (Production exanple 1 ) - Production of cyan
WO 2074053862 pr oduce a cyan ink, 20.0 nmass% of t hBCT/JP2006/322325
di spersi on of polynmer mcroparticles containing a
copper phthal ocyani ne pignent_prepared in the
preparation exanple 1 , 23 80 frass% of  3- net hyl -1,

-put anedi.ol , 8 % i ss% of
ST g e RS BLe BHUERU B L D I M o

used as a fPI u%ri nat ed surfg]c%ta4 t, 0.2 mass% of Proxel

LV (Aveci a PEI?) W@ a S AT PAT | eptic or a fungicide,

0.5 mass% of 2-ami no-2-ethyl-I, 3-propanediol, and a

certai n amoFFeIICticR & kadfgd Wd{)ér were ni xed (100

mass% in total) ; and the m xture was filtered using a
menbr ane fIid twroduice anbaackagakpordd i aneser of ¢he rgarbon
m . (Production exanple 2 ) - Production of magenta ink
bld®k praddpee sd omgprepairek, 20. GChmsp¥ephrdiciper sepample 4,
of polynmer mcroparticles containing a dinethyl

i pacpidane pgnestyprkepared3i-puthaepieparat? o mass% of
exanple 2 , 22.5 mass% of 3-nethyl -1, 3-butanediol, .

S0, TEpteRoShAges Be 2RSSR B Wby of 2-sony-
oo ahed aunack it 0.3 TRESAL Y Bl (G o
éﬁuéffﬁg{ggZéugfgégggg?dBQE’ﬁggééiof Proxel LV (Avecia 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 um.

The surface tensions and viscosities of the inks
produced 1in 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°
34" 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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and the mxture was filtered using a

worzovhosass2 f il ter with an average pore di anet er POF/JI20&/3TR325

(Production

exanple 3 )

Production of yellow ink -

To produce a yellow ink, 20,0 mass% of the dispersion
of polynmer mcroparticles E%ﬂ?éining a nonoazo yel |l ow

PLGgERt P

gl ycerin,

repared in the preparati on exanple 3 ,
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lack ink, 20.0
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ack ink -
rbon bl ack

Brepecsion pr
&Ramp has3 % of

cPatéd in the p
3-nethyl -1, 3-

réparati on exam
put anediol, 7.5

bl e 4
mass% of

glygett bon2. 0] B0g8% of 2-pyrfabi.done, 2.0 mass% of
2x&hpye-41 , B-hexanediol, 2{5 mass% of FS- 800
(DaPont) Used as a fruorinated surfactant, 0.2 mass%
of Proxel LV (Avecia KK) '

- Production of base material -

A base material with a grammage of 79 g/m2 was
produced using a fourdriniér from 0.3 mass% slurry made of
materials in the formula below. In the size press step of
an oxidized starch solution was

the papermaking process,

applied on the base material. The solid content of the

oxidized starch on the base material was 1.0 g/m.

Leaf bleached kraft ﬁulp (LBKP) 80 mass$%

Needle bleached kraft pulp (NBKP) 20 mass%
Precipitated calcium carbonate (brand name: TP-121,
Okutama Kogyo Co., Ltd.) 10 mass3

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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used as an antiseptic or a fungicide, 0.2 nmass% of
choline, and a certain anount of ion-exchanged water

wowrg/omsxed (100 mass% in total) ; and the m xXPCr/eP2088322325

filtered using a nenbrane filter with an average pore
di aneter of 0.8 mm . The sgg%ace t ensi ons and
viscosities of the inks produced in the production

eXﬂﬁBk@ﬁF}ohhmagf@b%aﬂer ﬁaﬂsasme@mg dasepi bed, @%how
The results are shown in table 1 . asur enent of

vi scosity> The viscosities of the i nks wer a d
at 25 Cwith the R-500 Visconmeter of Toki é%y%g%%;

Ltd. (cone 1 34" x after 3 mnutes) .
<Measur ene@ﬁr%u%tt}rqrht?é‘atr%%o%> The static surfzelce
tensions of inks were neasured at 25 C with a surface
t ensi onet er RICBYRZ @f oy FRFQr ity aeadisy ehce Co.
Ltd.) using a platinumplate.[Table 1] - Production of

base materd al codtiagse nhiguidl wwiitha grammegelisf 79content
g/ m2 was produced using a fourdrinier fromO0.3 nass%

SoMEENt FREEONT offata i B Ss4 NnwhBe graydudel by owixlifAgt D masss
si ze press step of the papernmaki ng process, an

8§'QE%§$ sil£h 30! yti gnoyasg: apph i ed, i, tha RASE7 masss of

mat er The solid content of the oxidized Starch on

éQ?tEg esnﬁgsglg d%g%e er %ﬁgQZ uxn or smaller; 30 mass% of

heavy 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
liquid adheres to‘each side using a .blade coater; and the
base material was dried by hot air and supercalendered.

(Production example 10)

- Production of recording medium 2 -

A coating liquid with a solid content
concentration of 60 mass% was produced by mixing 70 mass$%
of clay used as a pigment in which clay 97 mass% of
particles have a diameter of 2 um or smaller; 30 ma;s% of

heavy calcium carbonate with an average particle diameter
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Leaf bl eached kraft pulp (LBKP) 80 nmass% Needl e
bl eached kraft pulp (NBKP) 20 nass% Preci pitated

w@adociosessrar bonat e (brand nane: TP-121, Okut aneCHORpYaEs/322325

Co., Ltd.) 10 mass% Al um num sul fate 1.0 nmass%
Amphoteric starch (brand naﬁ' Cat 03210, Ni ppon NSC
Ltd. ) 1.0 mass% Neutral ro 'P}"si ze (brand nane:

usi ze, M.l [ pwéa%g - : 3 ;
ﬁgsgb/éeftclﬁ't i()}oﬁll_%réd%r?%r an %%knizbdN{I%CIhI)eLrge, ?—Ol\Pl\;E)l%ger emulsion,
Ltd.) Q.02 ss% (.Production ex l.e_ -..Pr.oduct |
BF<TF eEor d??]gaarfdtse}l |Sl(Jlr§1;el' -%%\ltgoa iﬁggﬁlgqﬁlrénvs\ﬁlgﬁ%gl S%J-frlﬂgerature
content concgntration of 60 nmass% was produced by,
M) n§L70 IraSsho 8f TcimRF Sk ettt aBResp @ﬁgﬁt qqifevﬁﬁ%i‘?d starch;
clay 97 mass% of particles have a dianmeter of 2 mm or
S ndl hass? 30f neakgs v peaeyatal eredh 2arddnaie’ wape Water.
average particle diameter of 1.1 mm; 8 mass% of
st yrene- biltcadpenducepdiharereenunishgn magsiesh ag, arthe obtained
adhesive, wth a glass-transition tenperature (Tg) of

cSating 11igas%0 @k sphagphard coresbethf sedest dfcighd.dbove base
mass% of cal cium stearate used as an aid; and water.

nQcOFpdvced henrecqr dingz megi wpiliq thetebkai §8dthe coating
coating liquid was applied on both sides of the above

Pf%gid adheres to each side using a blade coater; and the

base material was dgied by hot air and supercalendered.
(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
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 wusing a 300 dpi image forming
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.

(Comparative example 1)
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material so that 8 g/n2 of solid content of the
coating liquid adheres to each side using a bl ade

w@eoavmes2s3and t he base material was dried by hopCEHIR206a1322325

super cal endered. (Production exanple 10) - Production
of recording nmedium2 - A c?mi ng liquid wwth a solid
content concentration of 60 Ss% was produced by

m xi ng 70 megpdoLft Cl Ay s eth At AirgMBIHd | vk Ghecording -
clay 97 mass% of particles have a di aneter of m m or

smal | er; % e ci C 9@%5 WM 1h

aver age p?ﬁ%ssz érrf%t szlélo]%rg%l irjrn[In %Elr%ass o%)%{\ﬂy “the  same
st yrene- but adi ene copol r_emnul sion, us s an .
BERBSTvas Wi th o S OGHEERE on SRERBE, STire { TEgmBFCially
-5 0C; 0.7 mass% of phosphoric esterified starch; 0.5
adableble ctaatinf sPareat efasedB55eh AdNEAR® wabepnd name:
To produce the recordi ng nedi um 2 t he obt ai ned
BoabragCbagui dreamagpplH ad o ot siltigpm? Rdpenbbydustries
base material so that 8 g/nm2 of solid content of the

coa} ingdl qukd asdberes soreashdshdemsding.a bl ade

coater; and the base material was dried by hot air and

super cal engesgoh - {H JSte .ol nent) - Ink set,

recording nmedium and inmage recording - By a

ok produced e The prbticr S iare 4R s flaiking -
I nk prOdUCIenga&ensthwee‘a erOdeglgnileog e{(r?npél%éztanéfaelly the same
manner as the first embodiment, except that a commercially
available matt coated paper for ink jet 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 1in 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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yell ow i nk produced in the production exanple 3 , and
the black ink produced in the production exanple 4 was

w@e@pasme2z | mages were printed on the recordi nECTERPOI22325

1 with the ink set 1 (largest ink drop size: 18 pi) at
an i mage resol ution of 600 | using a 300 dpi inmage
form ng apparatus having nozzt'es with a nozzle

FESP MAPmadi @84 according to an embodi ment of the
present invention. The total anount of ink-per unit

area for qc§$§%H%&&%ec%&%%Fﬁ@§ h\imted to 140 % and
| a

sol i d-col or ges and C actg s were forned.

(Conparative exanple 1 )- l.nk set,. recordjng nedi um .

and i mage T &8¢t §rg £ &é§9m9%§lF5Pw€@4lﬁ%age recording -
substantially the same manner as the first enbodi nent,
except thdMmagecomvsrE alfiopm@dai 1idbl &WodiasH ipdpler fidre same
of fset printing (brand nane: Aurora Coat, grammage =

ddthefr garP thd pponstPapebodidesty i esxd@pt, thdt) amasink set 2
used as a recording nmedium (Conparative exanple 2 ) -

ndte sgh , ofegpedidi@nmedikinronicédugs taeordidiiction example
| mmges were forned in substantially the sane manner as -

g hechir $ta RIARQHI DRRL o @XeRRIG LAt tRCOPPBICEEL b le 6,
avaFIabIg’watt cggteg paper for iﬁkéjet printing Sxampe

tfjrgeggg}g%Tgﬁf;icn%gﬁ%&ﬁg%gﬁ%inkotﬁé’s%208%@%% ' OPAn¥BS 7, and
the black ink prodﬁced 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 iqk set 2
and a commercially available coated paper for offset
printing (brand name: Aurora Coat, grammage = 104.7 g/m?,
Nippon Paper Industries Cé., 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 coated 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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(Second enbodi nent) - Ink set, recording nmedium and
i mge recording - Images were forned in substantially

WO bw795e882 manner as the first enbodi nent, exceptT/iia66/322325

the recording nmedium 2 was.used as a recordi ng nedi um
(Third enbodi ment) - Ink sei 3recordlng medi um and
i mge recording - |Inmges we % formed in substantially

the sane nIYMYardt itie ddanpl1eerodi ment, except that a
connercialﬁy avai | abl e coated paper for gravure

printing (br _
Ni ppon Papeﬁﬁﬂgégétrles %ganBXHgQ{ {ﬂerea fer ééqu%frdlng
recordi ng dium 3 was. used, as, arec i n

(Conpar at (IS mieres SEOITR " gat . SR i i e same
and i mage recording - es were forned in

TR AngFalthye t@ﬂé%n@%‘%ﬁé@n%s ereepitr sthagnbelde méRk, set 2
except that an ink set 2 nade up of the cyan ink

o duredrénotdéngroddeuinod wraspheesd insheadagehtteng nink set

produced in the production exanple 6 , the yellow ink

pragiicete i re¢dedri@duediwn exanple 7 , and the bl ack
i nk produced in the production exanple 8 was used.

(Conpar at ingy QP! &f 4t e - réBJSr@?B? &%@Qh@i\' ng r@d Uf%cordlng
and i mage recording - Imges were for in

ﬁ%&@&ﬁ”&iaHﬁétEE%5¥H%hg 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.

Also, 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



manner

as the first enbodi nent,

except that the ink

set 2 and a conmmercially avail abl e coat ed paper for

w@bdogmes28pr i nti ng (brand name: Aurora Coat,
104.7 g/ n2, Ni ppon Paper
used instead of the ink set

J?

| ndustri es Co.

Ltd.)

gr aPCTEER2066/322325

wer e

and the recordlng medi um

1 . (Conparative exanple 5 I nk set, recording
égﬁ%kumn]@ngt' MBI Jneeetdi Agma |6@9Q@O\Neﬁ1§ fOraedJoN ms were
stantially the sane manner as the first .enbodi nent,
Cef’t cﬁh%fy ttﬂﬁté?{%oﬁh n@Nd, & ¢ @"'ﬁrc'gké}{a%%k' éb'ﬁnounts
'toat e paper fet printing (
S%ferflne Sej ko Epson Cbrg $t|o wer e used i nst ead
THeeq At skt™e B the T e tary time.
(Cbnparatlve exanple 6 ) - Ink set, recording nedium
HﬁﬂDlﬁn@b recordlng - I mages were formed in
uuol. lll.l a|| I.IIC b I maeaTret adS I.II UII
$ ?%at ng %égt 2 and the r%Jb”aFF& ﬁ%ddaﬁlon
used |ns_t_earl of the ink set rl rdina
medi um 1. FofoB&@Rtof trﬁp?%%%?danQﬂﬁﬁﬁﬁﬁ [ tamtact
recordi ng npditlid:2 100t het FeeortP hg] ﬁéﬂﬁﬁnﬂé”{ hREmehed00
recordi ng nediSa used i|n B$e conpq{'ﬂﬁve exanpl p8S4 and ,
BecotdiEnanoIA0 .af mlrads)f20 r2dubime |Watemlamd t he4.8 ml/m
maxdineh Df tfansferred clyan i nk produced in the
pEesitgingn ¢xanpl el¥mier2s neasu/ed [a%.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 nms
Recording medium 2.7 ml/m* 4.1 ml/m?
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 quality 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
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descri bed bel ow using a dynam c scanni ng
absorptoneter. The results are shown in table 2 .

wab@oe/p5d8er each of the recording medium 1 , thBECT/JP2006/322325

recording medium 2 , and the recording medi a used in
the conparative exanples 4 igg , the anmount of
transferred cyan ink produc I'n the production
exanpl e 5 y@sydmapured as described bel ow using a
dynam c scanni ng absorptoneter. The results: are shown

in table 3, d&§€§n Iﬁgnhegﬁ ggﬁﬁ%t%ﬂy: ffHEgéﬂéf%%n solid-

pure wat er” an am c sc
iorptoneter> For eich of, the above recor

HECLOTRES J12% r GREFBRFEE BUF S ¥t 8P5868ag ﬂ i&}ﬁFordlng to
mere measured using a dynam c scanni ng absorptoneter
tkasevaktupbiont gpeteriakhehdvweo., Ltd.). The ampounts
of transferred pure water andcyan ink at a contact
time of 10[EvalsuanicorOdrimerimr e obt ai ned by
i nterpol ation, using the transferred anounts neasured
at tinme paai sNar syl aaghieondeed riddre andlabhege lis evenly
Recordi ng Pure water Cyan ink (production nedia
ﬁggﬂpég 1 ) Contact Contact Contact Contact tine: 100

ime: 400 tinme: 100 tinme: 400 ms ms ms ms

Recor ding g0 B dldfRQ@ 29-A MR P dodesPdan 2 14.8 m/m

2

CC: Beadiﬁg is clearly observed.

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.

[Evaluation criteria]

AA: No bleeding is observed and characters are
clearly printed.

BB: Bleeding is slightly: observed.

CC: Bleeding is clearly observed.

DD: Excessive bleeding is observed and outlines of
characters are blurred.

<Spur marks>

The degree of spur marks in the printed images was
evaluated by eye observation according to the evalgation

criteria below.



medium 1 Recording 25.2 M/m2 28.5 M/m2 14.6 mM/m2
19.4 mM/m 2 nmedium 2 Recording 10.4 mM/m21.8 mM/m2
wW®20b7/052862 2 8.8 m / m 2 medi um 3 Conparative 2. BCTiIP20062322325
3.4mM/m2.7 M/m2 3.1 mM/m2 exanple 4 Conparative
41.0 M/m2 44.8 m/m2 38;£ 1/m2 46.2 m/m?2

exanple 5 [Table 3 ] Record% nmedi a Cyan i nk.

(product i qEweXaEH &P Jri€¥Hiagt time: - 100 Contact ti
: 400 ms ms Recording nedium2.7 mM/m2 4.1 mM/m?2
0.6

Recor di g aRd DB R 5.5 B Compar at i ve

exanple 4 Conparative 31.3 m/m2
36.8 mM/m2 e le 5,The quality of the i es
printed i .'hé%ﬁ)rr ﬁartkﬁr &Jrg G S|€)r/rc'1’ee gdﬂ%ﬁt s" and the

conparative exanples 1 _
CC: Spur marks are clearly observed.DD: Excessive

ne
1

5 spur marks are observed.
<Glossiness>
The degree of glossiness of the printed images was
evaluated by eye observation according to the evaluation
criteria below.
10 [Evaluation criterial
AA: Images are highly g;ossy.
BB: Images are glossy.

CC: Images are not glossy.

15 [Table 4]

Beading Bleeding Spur mark |Glossiness

First BB BB BB BB .
embodiment

Second AA AA AA BB
embodiment

Third BB BB BB AA
embodiment

Comparative | DD CC DD BB
Example 1

Comparative | AA AR A7 ccC
Example 2

Comparative | DD DD DD BB
Example 3

Comparative | CC cC CcC BB
Example 4

Comparative | DD DD DD BB
Example 5

Comparative | AA ARL AA CC
Example 6
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through 6 were evaluated in terns of beading,
bl eedi ng, spur nmarks, and gl ossiness. The results are

W@ bawwosasee t abl e 4 . <Beadi ng> The degree of bearTigP2005/322325

the printed green solidcol or i mage was eval uated by
eye observation according tp,the evaluation criteria
bel ow. [Evaluation criteriaf ~AA. No beading is
observed and inmage is evenly printed. BB: Beading is
slightly observed. CC. Beading is clearly observed.

DD:. ExcessjVve ' i erved.  <Bl eedi ng>
degree of e%dlgﬁlgigo(?dt ﬁﬁgg‘?r n;izld ebaf(gé:kgghgggcyé%ssﬁ prhrough

e St Rk ound s el el o By erg o0,

[Evaluation criterial] AA: No bleeding is observed and ,
ehberditler s 3k @ eBHP§ChRMht 2Nd BBaBinkkdigngSisface tension
slightly observed. CC. Bleeding is clearly observed.

R wéc e28i sedbBsedNrin as @BséCvednand ceddmEsnigfmedium the
characters are blurred.

amount of ink transferred onto which recording medium

measured by a dynamic scanning absorptometer is between 4
and 15 ml/m? at a contact time of 100 ms and between 7 and
20 ml/m?® at a contéct time of 400 ms were used as an ink-
recording medium set. Compared with the ink-recording
medium sets used in the cqmparative examples 1 through 6,
the ink-recording medium sets used in the first through
third embodiments showéd excellent evaluation resglts 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



<Spur mar ks> The degree of spur marks in the printed
i mges was eval uated by eye observation according to

wo b@7esymBuati on criteria bel ow [ Eval uation criPer/ieo6/322325
AA: No spur mark is observed. BB: Spur marks are
observed slightly. CC  Spur rks are clearly
observed. DD: Excessive spu?’[rﬁar ks are observed.

&Qp@@lﬁ@ﬁﬁ@oﬂ'@eléi\egxge of gl ossiness of the printed
i mges was eval uated by eye observation according to

the evalu [ [sBv tyi ter
AA: | rmgeilt Har 23 %ég;ﬁ]rﬁ{ q]‘%?st&\%nBéL% EHrﬁ;itz;elslq)f{a':Lrt(eE_:rdg 1gasstf/}le
bed

descr
St TR St o fadriaet Ffaten 14 TFBFBbbT R el
an_ | nk containing at Ieast wat er colorant, and a
Tt et e IP‘%Y/IkP]% %a‘é,%rWJaElé°¥%n§? HERSeBFOB ot hpdscope
35 nMVmat 25 C, and a recordi ng nmedi umthe anount of
5  ohkthe apedsentedinvent i ch recor di ng medi um measur ed
by a dynam c scanni ng absorptoneter is between 4 and
15 M/ m 2 Tale g remsractapp Inesadfi ok smbaged! et Wesgrenkse

and :
Priority Application No. 2005-318669, filed on November 1,
2005 and Japanese Priority Application No. 2006-279108,

filed on October 12, 2006, the entire contents of which are

10 hereby incorporated herein by reference.
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20 M/ m2 at a contact tine of 400 ns were used as an
i nkrecordi ng nedi um set. Conpared wth the

wo 207082862 di ng medi um sets used in the conpar aPCwaEP2006/322325

exanples 1 through 6 , the ink-recording nediumsets

used in the first through third enbodi nents showed
excel | ent eval uation resul T$1Pn terms of beadi ng,

bl eedi ng, spur marks, and gtpspigess. -According to an
enbodi nent of the present invention, a dither matrix

with a concentration type dot arrangenent order is

used when an output halftone level is |lower than a
predeterm ned threshold | evel, apd a . dither nmatrix )

with a di sherfsiGiERSHddtih4saefedta € RrQRRYsing for
when an output halftone |level is equal to or higher

thave rhengr eopver ihaee dhteshavingeleinpatichadfhenfodevels
nmakes it possible to forma concentration type

hat 6 t onepdot ipagéedatandasingel &Mgbel whi) eoutput halftone
preventing probl ens such as bl eedi ng and beadi ng

CEHSES, byh&epaCHNLT 8bheBnotatlobs bypysdpghardingpeisi 08 used
type dot arrangenment order for higheroutput halftone

£§V€$§i%%F$§Pg§§@FixiQHSHt59nihﬁuﬂoﬁaifﬂgﬁgdlEQeﬁhﬁs wi£hin

speci cl osed enbodi nents, and variations and
DOORRASPLECTR TR RECTRAE VAL 0V CHFRRELLRAHEOTH IR oucpue
RPHLGAL) 9013 Dased, an, dagancac PLI SLLLY, A0RLEA' LAlesona
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 halftone level that is equal to or higher than the

predetermined threshold level T.

2. The dither matrix as claimed in claim 1,
wherein

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 output

halftone level that is lower than the predetermined



2005 and Japanese Priority Application No.

2006- 279108, filed on October 12, 2006, the entire
wa@oenresss2 of whi ch are hereby incorporated herBCTIIRRP06/322325

reference. CLAIM5S 1 . A dither matrix used in halftone

processing for. converting i_ggbxg i mage data having M

i nput halftone levels into put image data having N

EM-SsN, Pg 21dvoutput s hal ftone | evel s, wherein a
concentration type dither matrix is used as the dither

matri x when I t el _ds. wthi
of i nput ﬁ%]%gofn%%%ev ser c%{b?nealst?(;lﬁécﬁ g:n ga %%o J;Ang%ﬁaf%a{}gee
hal ftone level that is | ower n_ a predetern ned,
Pivestoreet cvaen e Soadthal PBOS PESEE SETelERip, gorange
dither matrix is used as the dither matrix when the
Phpirpwal habiecnevieve ks WP RFASRORAREE BP aRpautput
hal ft one | evel s correspondi ng to an output hal ftone

5 halvftondatevsleguat i egual gherorhahghée than the
predeterm ned threshold level T . 2 . The dither
pBddid Xe BBl S Al tRbesoTd alavdl, Twherein nmul tiple
submatrices are arranged in the dither matrix at a

screen angl e wi thout overlap and w thout | eaving space
in the dither matrix so that output pixels forma

hal ft t t ! ' > t j
tspe gzgrm%?'r ilggets ag{%he&;érgacgrgﬁ{]hgeé su rrlan?%]glgg é\rlﬁéellnn(l)[%{e

$£%¥gig?l£ﬁggetﬂgvfépﬁg Mgigégng igggf is a highest input

10 halftone level in a range of input halftone levels
corresponding to a highest putput halftone level (T - 1) of
the concentration type submatrices, the output halftone
level (T - 1) is used throughout the concentration type
submatrices.

15

4. The dither matrix as claimed in claim 3,
wherein, when the‘input halftone level is a highest input
halftone level in a range of input halftone levels
corresponding to one of the N (M > N > 2) output halftone

20 levels, said one of the N (M > N > 2) output halftone

levels is used throughout the submatrices.

5. The dither matrix as claimed in claim 2,
wherein the submatrices are arranged in such an order that

25 dots are dispersed in the dither matrix.
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of input halftone |evels corresponding to an out put
hal ftone level that is |ower than the

w@emdesmsi nedt hreshol d | evel T ; and di sper si BCT/IB2065/322325

submatrices are used as the submatrices when the input
hal ftone level is within a £€£ge of input halftone

| evel s corresponding to an put hal ftone | evel that

is equal to or higher than the predeterm ned threshold
level T . 3 . The dither matrix as claimed in claim2

et P o S AP A G AR L R TLghes)

i nput halftone I'n"a range of "1 nput

| evel s corres onding to a highest output hal ftone
TR 7 1B | SSBR L er L oo SRR B 1 Jhes Ubriy PEdeT that
the output halftone level (T - I ) is used throughout

3 Heheomeehd redlon igpens Ehe cewbmatriqpe dpefepot
natrlx as clained in claim3 , wherein, when the input
irerhéd oaee 1 pvEdllew aohi ghesede nputhhesfio bdheva buel innanother
range of input halftone |evels corresponding to one of

die OF (Mhe Mubm2t iees puthidial 41 Ofige t eved Sof Sehd @ﬁll@m@frlces
the N(M> N> 2 ) output halftone levels is used

1hrouplodtts the SHONBLE | 68Sche sudherditder matrix as

claimed in claim?2 , wherein the subnatrices are
arranged in such an order that dots are dispersed in
the dither matrix.6 . The dither matrix as clained in

claim2 " 7. The dither matrix as claimed in claim 2,

wherein the submatrices are arranged in such an order that

the dither matrix obtains high-pass filter characteristics.

8. 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.

9. The image processing method as claimed in claim
8, wherein, when the image is a color image having multiple
color planes, a converted 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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wherein the submatrices are arranged in such an order
that a threshold value in one of the submatrices does

waedo7iomseri atel y foll ow or precede a threshol dPoBIR2B0G/322325

anot her one of the submatrices which another one of

the submatrices is adjacenglag_the one of the
submatrices. 7 . The dither trix as clainmed in claim
2, wherei t ke, SURRLL IR S rRf MO ids MY in
order that the dither matri x obtali ns high-pass filter
LIRS Rl iChy B +LPo L DBGCAPLRLESRLO0 WAIOH €L created
perforning 1 mage processing on inage data of an T nmage,
wherei n the i mage processin% %ncl des alftgn h K
BY RO T AT S DEFToI TR LsP TR @ (Pt o nd kPR
of the dither matrix as clained in claim1 . 9 . The
Fomgea ¢ R hgh #bf Fode ake ¥ hi nkd ##eel P gny one of the
wherein, when the inmage is a color inmage having

oeler pplamsd or pl anes, a converted dither mask, which

is created by converting said dither mask by one or

nore of conversion nethods including rotation,

axi symmetric inversion, and translation, is used for

any one of; it hey£aligd!mngse ddngl i i HRO & PrRCERSiHthg image

method as clained in claim?9 , erein a reversed
i k i i eated b ersi dot
GrolEds e fon MIhede | 32 €L OB Sol i QU ghOBe B O

B?;Légne %%&?Gméé%l5¥§%£§giégnﬁﬁ%(% Jstggif¥gﬁg processing

that is performed using a dither mask made of the dither
matrix as claimed in claim 2;

when the image is a color image having CMYK color
planes, each of the subﬁatrices has a shape made by _
combining a largé 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.

12. The image processing method as claimed in

~

claim 8, wherein the image is to be formed by an image



11. An inmage processing nmethod of perform ng inmage
processing on i nage data of an inmage, wherein the
WO pag®sssncessi ng i ncl udes hal ftone processi ngp¢har2006322325

performed using a dither mask made of the dither
matrix as clained in claim2_; when the image is a
col or i mage havi ng CMYK coTJo:f?"pI anes, each of the

[ i ) I :
f%&?@%lag?%] a%mal PE {88 €a BYe SOOI MY NP2 | BRYE Sets

rectangle in such a manner that
corner of éhéar%ar e rectan Ircladand a corner of the
I9 cﬁarng(‘fe &7 i okt act™ Wi th each other and a
side of the large rectangle and a side of the snmall .
rect angl e "8 ¥R IortadiOTRiath OBa St Rerfe Catdifg medium
transl ated dither mask, which is created by
tthrathsthe | deprsi of dihédereemsdinhel vTuimbrdo | halesspread
vertical direction, is used for each of the CWK col or
5 guesEsly dix dhenp nagee phec esse rgpmet hod as clained in
claim8 , wherein the image is to be fornmed by an
i mgef orm ng apparatus including a recordi ng head that
jets drops of a recording liquid; and the imge is

formed on4suc rs [ Jedi; r ; .
t he recor&?ﬁgmh%qdﬁ%%rfgﬁr% sprlg1 d%%%glgtk{:%ysdtﬁ%slc udn'pln

%Jto%l%ﬁ‘rggi tW er eon. 13. The i nmage processing nethod as

in
the recording medium is composed of a base
10 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 environmegt of
23°C and 50 %$RH, between 2 and 40 ml/m® of the recording
15 1liquid is transferred onto the recording medium; and
when the recording medium is brought into contact
with the recording‘liquid for 400 ms in the environment of
23°C and 50 %RH, between 3 and 50 ml/m? of the recording
liquid is transferred onto the commercial printing paper.
20
14. The image processing method as claimed in
claim 12, wherein
the recording medium is composed of a base
material and at least one coating layer formed on a side of

25 the base material;
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claim 12, wherein the recording nediumis conposed of
a base material and at |east one coating |ayer forned

wo@mod/0sisse of the base material; when the recopdi/mpoos/322325

medi umis brought into contact with the recording
l[iquid for 100 nms in an enyi%ggnent of 23C and 50 %&RH,
between 2 and 40 m/m 2 of recording liquid is

transf err gghantihd hedacoindh rgedmeh Ug- sl nlrtl@@ contact

recordi ng nedlun1|s brought into contact w

recordln i.d r n_ih o]
B S %Sasfi%ﬁsﬁ'? s%. 5 and

i S transf rre C rcial printin
i@ ’#ﬁ 1RSHRET | frad p? B e ke BT ds n
claim 12, wherein the recordlng medi umi s conposed of
BrapsEe REer PAFO ahlie aFeFRBEIINGNBEE 6¥FF ngnfayer f or med
on a side of the base material;when the recording
medi um i s-whemougie ﬁenqrdingzmﬂdxumrﬁqnhnpwgh@rimtw contact
100 ms in an environnent of 230C and 50 %=H, between 2

weh 46h&1 pire whtéherdur eovaher ihstheassterbpaslent 6 23°C
the recordi ng nmedi um and when the recording nmediumis

brought s Rt OpEORLEST 3 WL EA EhemPUne Yatele Rl L4008 i 1
the envi ronment of 23C and 50 o%RH, between 3 and 50

915H§§e9£e&hgnggr€h¥@f§£o£§1ng medium.

15. The image processing method as claimed in
claim 13, wherein a solid content of the coating layer on

the base material is between 0.5 and 20.0 g/m?.

16. The image processing method as claimed in
claim 13, wherein a grammage of the recording medium is

between 50 and 250 g/m?®.

17. A storage medium having computer readable code
embodied therein for causing a computer to perform the

image processing method as claimed in claim 8.

18. An image processing apparatus including an
image processing unit configured to perform the image

processing method as claimed in claim 8.
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transferred onto the recordi ng nmedium 15. The i nmage
processing nmethod as clained in claim13, wherein a

waelordsxsent ent of the coating |ayer on the baseCT/JP2006/322325

material is between 0.5 and 20.0 g/ n2. 16. The inage
processi ng nethod as clained_in claim13, wherein a
grammage of the recording medPUm i s between 50 and 250

g/ 2. 17. 1A stgr age fedi i hay | 4% HURW e dRa9AR) €n image

code enbodied thereih for causing a conputer to

n h S
%?ééé’n S R o B0 S RS e PP par e s TFie Baprgosing
mage_pr cessin t.copnfigured to performthe
P R ceberRgd ndh ote i Tt almed in ol ai e 19 An
|nage form ng appar at us |ncluding an i mage processing
unit configured to performthe inmage processing nethod
as clained in claim8 . 20. An imge form ng system
conpri si ng0.t e iimegee praoeiss) gy sippar atangp s iobad med
in claim18; and an inmage form ng apparatus including
a recordi ntheheathddalirddiss HPppperac UL ey dilnﬂldlédluird claim
and thereby fornms an image on a recordi ng nedi um

18; 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.



