DESCRI PTI ON | MAG NG APPARATUS TECHNI CAL FI ELD The

present invention relates to an i nmagi ng apparatus that
wonplearengs | i qui d di scharge heads in a recor dpag/Jhmac308925

for discharging droplets of recording liquid. . .

BACKGROUND ART An i magi ng -appar atus such as a printer,

a facsimle machine, a plotter, or a

printer/fax/copier multipapckiemachi ne may

correspond to a serial imaging apparatus that includes

a carriage having a recording head that is made up of

one or nore liquid discharge heads configured to

di scharge dropl ets of [ Loutd (e.g., ink),

for exanple. The seri%pgggggi%%b%%%g#gtus i's

configured to serially scan the carriage in a

di rection perpendicular to a conveying direction of a

recordi ng medium (also referred to as ' paper'

5 THEHNTEALt BFEBDt hough the recording nediumis not

limted to paper and may be nmade of sone ot her

sui t abl e nmEherpmdgent dmtrentitennréletdd ye ey eypapieg

recordi ng medi um according to a recording width . In
aPbheEtUe! €8at 1nie SRhital 1k FBYENgi SPRA R heads in a

configured to alternate between conveying the -~

I g [ s (N : C i
R A A R

recording or printing) . Wien bidirectional printing

that involves formng

10 BACKGRQOUND ART

An imaging apparatus such as a printer, a facsimile
machine, a plotter, or a printer/fax/copier multifunction
machine may correspond to a serial imaging apparatus that
includes a carriage having a recording head that is made up of
15 one or more liquid discharge heads configured to discharge
droplets of recording liquid (e.g., ink), for example. The
serial imaging apparatus is configured to serially scan the
carriage in a direction perpendicular to a conveying direction
of a recording medium (also referred to as ‘paper’ hereinafter
20 although the recording medium is not limited to paper and may
be made of some other suitable material), and intermittently
convey the recording medium according to a recording width.

In ofher words, the seriai imaging apparatus is configured to

alternate between conveying the recording medium and recording

25 an image on the recording medium to realize imaging (also
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an image in tw different directions , nanely an
outward direction and a homeward direction, is

woealsiiz&ds by the carriage of the serial inagi ngCT/JP2006/308925

apparatus , the order in which colors are discharged
Is reversed between the casg of recording in the
outward direction and the case of recording in the

Agaevand di LEELE Oy A £INRHEnGENSi ty unevenness may
occur in bands (bidirectional Color difference) as a

result of e difference in the color_ dischargin .
order. In @Eﬁgd?%éﬁﬁﬁé¥lQE§% us” lggqu%Ea&%yéiVé% forming
i mpl enented in order to reduce such bidirectiona

AMoFBAIGi fReFER R Eigrent dige c@%ﬁﬁﬁlr enangha fgs eutward
Lai d- Open Patent Publication No. 2001-205828 di scl oses
duregppanacnd aalomryant deestopnheddsredbizaat &y the
arranged to be symmetric to each other with respect to
carsdanni og theesdrion, iemoingetpphrheass tied ngrder in which
configured to discharge cyan (C) , nmagenta (M , and

aloh-aWa £ ¥) ai BkSatged ardnraveekati ¥etwed@r g dolsOhbra
relatively small dot, the apparatus being

- .. . ) . k . . * )
PRGBS ot MRG0 g deonaing
. d I | l. pixel dinth t
i3 FOEL FOHCEEr T KM R B W BBLR6 UPPTerertis FRIERE maY
di schargi ng _order dependi ng on_whether scanning is
AEPForRelar S t el GRS @ 8L r 6eLPBnIbf foieRRGAr @S a result of

di rection and col or unevenness caused by the

tdief fléféacenta imethl soiargidagcbedeingayrde r educedisl t
isnoted that simlar disclosures are also nmade in
ré3panesevhal cus measures are implemented in order to reduce
such bidirectional color difference.

As a first example, Japanese Laid-Open Patent
Publication No. 2001-205828 discloses an apparatus having two
sets of heads that are arranged to be symmetric to each other
with respect to a scanning direction, each set of heads being
confiéured to discharge cyan (C), magenta (M), and yéllow (Y)
inks to form a relatively large dot or a relatively small dot,
the apparatus being characterized by altering the ink
discharging order (e.g., C ™ M and M — C) in forming plural |
secondary color level pixels arranged in the raster direction
so that there will be no difference in the discharging order
depending on whether scanning is performed in the outward

direction or homeward direction and color unevenness caused by

the difference in the discharging order may be reduced. It is
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Open Patent Publication No. 2002-137421, Japanese

Lai d- OQpen Patent Publication No. 2001-96770, Japanese
woaw/epes Patent Publication No. 2001-96771, =aQWJP2006/308925

Japanese Lai d- OQpen Patent Publication No. 2001-130033.

As a second exanpl e, Japanege Laid-Open Patent

Publ i cati on No. 8-295034 discl oses an i nagi ng

. . ' fi . ; h .
rﬁg:%gf %ﬁl‘é% EE&&HQ%;@%%J_%%@eJW%%% Q?é{)nrgacg )S/]('e:rfl 5 eanese Laid-

ads respective an, magen n

rra d in_this order, _an S head havi ng .
HeIk RRrgR thBY 1%&%&“%&\9@263%521arq%\?fag%%sef ad-open
reverse order, which first and second heads are
Edteig BuPLAChbiay iRt r300 9 6dd6h deRerewk thekdsinan Pegent
the main scanning direction with an array of black
Riibddlratgenh¥ads2 00 spskl. i mndetiapenesdeldid-pandatent
second heads , the first head being used to discharge
Hulk idagfioscCHONI A@oi+13dosnut ward direction, and the
second head being used to discharge ink upon scanning

in the honpuag dsdisestd Qhp1AS FabRhtde exagl P
Japanese Laid-C%en Patentpbubliggtionehb. 26%%?%9§§fnt

apa - Cpe cat’on M. 20 j
RS ey o T O ekl S0 T v

di scharge units Tor “dirschargin
iR et of Fg 1A LGSR B3P ALSEFT du i HRPatgvely for
configured to acquire i nmage characteristics
GYRfor RAEPBR pettdi ¥R P grirragedchar Beierdmidns agid a second
i nput i mage
head having discharge heads for the above colors arranged in a
reverse order, which first and second heads are arranged to be
symmetric to each other with respect to the main scanning
direction Qith an array of black discharge heads disposed in
between.the first and second heads, the first head being used
to discharge ink upon scanning in the outward direction, and
the second head being used to discharge ink upon scanning in
the homeward direction.

As a third example, Japanese Laid-Open Patent
Publication No. 2000-79681 disclose§ an imaging apparatus
including a first head that has diséharge units for
discharging the different types of inks used in the apparatus
that are arranged in the recording medium conveying direction
and are configured to acquire image characteristics

information pertaining to image characteristics of input image

information; and a second head that has discharge units
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i nformati on; and a second head that has di scharge

unitsidentical to those of the first head that are
wanro@ngedst o be symmetric to the di scharge uni PETOP20061808925

first head; wherein recording dots based on the input

i mage information are assigned to the first head and

t he second head based on the inage characteristic

iﬁ%ﬁ%&ggﬂiﬁg {Hbéé'Bﬁ‘%hFP%Eng?BQage@ﬁgéﬂéfélé£¥54qeg to be

ti-path recording of the first head is contro d

by a,first head contral unit _ according.to first .
TPEBE G gtk es GITAHEE BBAER PRcobal TG gt el is dBREL
head i s controlled by a second head control unit
TSCOSHANAgIP DS dersfitH e ddieditRgUG ot 8RS B TG ttilpn are
exanpl e, Japanese Lai d- Open Patent Publication No.
aze0uned3reothe stimsedcad ienkj ghehsadontdtedds hased on &he
serial scanning inkjet recording apparatus in which
imakjeethheadt@tigtalc Hoxormadt baysy eachu Cor-resiho diditag

to- ink that can be discharged are arranged in

RakabtehgWhhh: I eapeGt g nt hecscatiy Ngr LR head is
wherein at |east three nozzle arrays for discharging

£ _i_nk [ i .
c%?lglrgfﬁécti}qﬂ‘f é%ﬁeésto he'tahlgl c@ﬁ@rghl 191?3?1‘9 ahﬂ:ot nﬁfg% first

er w espect to e outward scanni ng di ct1 on

and the h war d scanni,n rection, As fifth i
BRI BT SAERndtl TR CRB P ERT b 15 dtie7oRgnd head is
2001-171119 discloses _a |iquid discharge head that
COr$ERALGEsPR F iFatond ferd sRatHECSERHY A3 Hddnehae pscond
of a different type fromthe first liquid from
rgicbfrdinggdots.

As a fourth example, Japanese Laid-Open Patent
Publication No. 2001-113736 discloses an inkjet head that is
used in a serial scanning inkjet recording apparatus in which
inkjet head plural nozzle arrays each corresponding to ink
that can be discharged are arranged in parallel with respect
to the scanning direction, wherein at least three nozzle
arrays for discharging at least two types of ink are aligned
in the same order with respect to the outward scanning
direction and the homeward scanning direction.

As a fifth example, Japanese Laid-Open Patent
Publication No. 2001-171119 discloses a liquid discharge head
that discharges a first liquid and a second liquid that is of
a different type from the first liquid from differing
discharge outlets to realize recording, the liquid discharge

head including a first discharge outlet array group made up of
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di scharge outlets to realize recording, the liquid

di scharge head including a first discharge outl et
wanrow@my2smeup made up of pl ural di scharge outl et PATIR3096/308925

each having plural discharge outlets arranged at a

predeterm ned pitch in a dig-ection that is different

fromthe scanning direction which arrays are arranged

psuehit has cl@é’fg?ee shandicngr8h$shasge Mllrﬁ_:{ $19fra N8 s charge
di scharge outlet arrays are brought inline wth

YeSEeg! s, L LERLLOR o 90, 4050 ton na

.qut.l et s_havi a.simlar configuration to that of the
B L E G Sihar e ot GECRPIRY OF Bt ATAr IS AT aRgEcATe
next to the first discharge outlet array group;

APRRTPEFH THE fiadt cirserBPReiewt dEichatas qutdeps of the
includes a first discharge outlet array for

disshaeggi oytlet iamiayki que doamaglat siec dnchediwddthat-gepect to
outlet array for discharging a second |iquid; the

tBeCQ@ﬂnmﬂﬁgﬁﬁﬂﬁytﬁmbhayagﬁO@psééﬁﬂdﬂaiédhdﬁ@erQutlet array
di scharge outlet array for discharging the first

gkb@Yyi fh @3 J@l&i%%hékaéhéﬁefe@éﬂﬂﬁihe 2% if9f o

di scharging the second’liquid; and t I rst glgcharge

d,.di sch
o P R P AR TR e BT Bl e

outlet array and the third discharge outlet array are
IRRCEH tlo"’y @ﬁfﬁngfeﬁefl?xﬁnEotWée disStargecharpet Qutiet

formng the first discharge outlet array and the
AHF I HEr Y& ootheaes of shai Agrehedidnhatrasi sultdegeabnay eyroup
array are shifted in their alignnent direction so that
inhbydes a first discharge outlet array for discharging a

first liquid and a second discharge ouflet array for
discharging a second liquid; the second discharge array group
includes a third discharge outlet array for discharging the
first liquid and a fourth discharge outlet array for
discharging the second liquid; and the first discharge outlet
array group and the second discharge outlet array group are
arranged such that the first discharge outlet array and the
third discharge outlet array are adjacent to each other, and
the discharge outlets forming the first discharge outlet array
and the discharge outlets forming the third discharge outlet
array are shifted in their alignment direction so that they
complement each other with respect to the scanning direction.
As a sixth example, Japanese Laid-Open Patent

Publication No. 7-112534 discloses an imaging apparatus
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conpl enment each other with respect to the scanning
direction. As a sixth exanple, Japanese Lai d- Qpen

woeavmnk3Rebl i cati on No. 7-112534 di scl oses an pPaugpPmge/308925

appar at usi ncl udi ng nmeans for conveying a recording
medi um and a carriage having- i nk tanks and a head t hat
outputs input image information onto the recording

1R LG Ym&h 8 s 91 e nf aM-BESE M nd %@dl% a8

nozzl es being divided into at |east two nozzl groups

[ reng nk

%a%%éﬁ Fagoner a0 S Shl fabep Bl SenlB: Rampitoimace
4;% 83 266749 di scl oses,_an i magin ap ar at us that

SETFER oFe Lt AP RsHaduededh ARGt ks from
caused by the difference in the col or discharging
réigel Betwkeh othavaarzdicsebeina dbehicl ngtandthdrewar two
direction recording of a print head. However, in the
noizrzde gxaups ethiierard wonsetsedf theddSf eteatt dinge hange .
dots of differing sizes are symmetrically arranged and

the ink di sehargivehtl dsdanipd el bepLsedd TLM-IERN Patent
recording in the same ink dlscharglng order for the

P%%&%@églgﬁrﬁgnIéﬁbjy%%6bqg EQQE %%{eﬁﬂ%?%#g %?%akgtus

t he second through fourth exanp ere
%ds or nozzlec%;ra 1S Lar €,Used, for éfg%_o tward £
Pttt oY ANA t51E 1oewar dOdEFEReT of 1oy el ey 2Fhations
ink dlschggglng or der be the same, col or

Gseer Bhc r%eyf%cf@&rcebm B8R Fetor diiFharaing suefar d

direction and the honeward direction -due to vari ati ons
befgwepgp outward direction recording and homeward direction

recording of a print head.

However, in the first example where two sets of
heads thaf discharge dots of differing sizes are symmetrically
arranged and the ink discharging order is altered to realize
recording in the same ink discharging order for the outward
direction and’the homeward direction, and in the second
through fourth examples where differing heads or nozzle arrays
are used for the outward direction and the homeward direction,
even when the ink discharging order may be the same, color
differences may occur between recording in the outward
direction and the homeward direction due to variations in the
amount of ink discharged by the different heads.

In the fifth example where a liquid discharge head
is used that includes first and second discharge outlet array

groups each having plural discharge outlet arrays that are



10

15

20

amount of ink discharged by the different heads. In
the fifth exanple where a liquid discharge head is
wagew/ @8 i ncl udes first and second di schar gePOUAIP®D6/308925
array groups each having plural discharge outl et
arrays that arearranged sucjpthat correspondi ng
di scharge outlets of the discharge outlet arrays are

Hraughly fchi Aiga M ddt- o %@Hn&oﬁggg?égggggscets of the

direction, and the pitches of "t ar ge

r 0 d _the.seco di scharge .out | et
%%%%%ES‘%O%%%%% % |a${;e<? I ShOB gﬁ ot heJrn?Mgillﬁlr &§FRELT to
0 a direction perpendicular to the scanning . )
i BEEPBIAT P HieaP ot AL 1P BAEEheS QoS Ciesd déscharge
thereby result in an increase in manufacturing costs .
My lefedsrRY oeoahping whwer sepbudalli sohatas wftl@theaday group
are divided into two nozzle groups that are connected
are dhfifeednfromleadnkehert whthechapeststd er dsuRpitybag
i nk have to be provided so that the head structure

peepenascabapl t€ alird saRenli a508i rafdi dhe S tehdr € teficture
nmechani sm for positioning the head nay al so be

LelBREsCabRsh And dArge th%#%%?e{:es%g@ r&, My 8,80 in

i ncrease 1n the anount o scarded Tnk'that is

m%%ﬁ%%@%g 9nfq&xﬁ£§venting the m xing of color ink and
. ackrn

upon sinul t aneousl y perform ng nai ntenance
of the nozzles for, the color ink and the black ink. In
the seventh? e & hh&X8™BARNEN_BP rRiiadn Nog zdesdofoa head

reduce col or phase variations caused by the difference
are divided into two nozzle groups that -are connected to

different ink tanks, two mechanisms for supplying ink have to
be provided so that the head structure becomes complicated and
large, and the structure of a mechanism for positioning the
head may also be complicated and iarge. Further, there may be
an increase in the amount of discarded ink that is discharged
for preventing the mixing of colof ink and black ink upon
simultaneously performing maintenance of the nozzles for thé
color ink and the black ink.

In the seventh example where gamma correction is
used to reduce color phase variations caused by the difference
in the ink discharging order between recording in the outward
direction and the homeward direction, the gamma correction

probess may be complicated.
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in the ink discharging order between recording in the

outward direction and the honmeward direction, the
wQgansa28asr ecti on process may be conpli cat ed. DPSCUREBWURENS925

OF THE | NVENTI ON According to an enbodi nent of the

present invention, an inmagigquyg apparatus is provided

that is capable of realizing high imge quality by

preeuesnfr bhei FRethgATTeR! or difference, facilitating
instalfation adjustment of the recordi ng head, and

reduci ng | degradati on.caused by deyiations in,the .
manuf act u%‘gggﬁ%lrllq?s QFETE? ﬁ“epﬁ'e}élfe%‘?dPﬁﬁsﬁgtd}nventlon'
for,_exanple . According to,a specific enbodinment of _
aPh&VBPERENPRIRATHS orf, PARVIHEDI Hof BpbarcaRadlies of realizing
provi ded that includes: plural heads that are arranged
highgimaga geabHihdwinedering, biderémaidnadlndoddirngifference,
plural nozzle arrays that are arranged in the nain
facahhtayioky recttiadd saridnc edf ngtmedt t@f dilschaicgeding head,
droplets of recording liquids in at |east three
adtf Feaesing olide ikeirudbRfon ¥&hiQy B GRRAIAE ohisdYh dine
wherein at |east two of the nozzle arrays that are

nEA0ELOLEEY L0) RaRANGE: bheoy eLh OW L S6aIHING kUL,
are separately arranged 1n at least two O e heads;
at_least two of the nozzle arrays that are configured

eﬁgmﬁigcharge a first recording liquid of the recording

liquids in a first color other than yellow are
According to a specific embodiment of the present

iﬁvention, an iméging apparatus’is provided that includes:

plural heads that are arranged in a main scanning
direction, the heads including plurél nozzle arrays that are
arranged in the main scanning direction and configured to
discharge droplets of recording liquids in at least three
different colors including a yellow recording liquid;

wherein at least two of the nozzle arrays that are
configured to discharge the yellow recording liquid are
separately arranged in at least two of the heads;

at least two of the nozzle arrays that are

configured to discharge a first recording liquid of the

recording liquids in a first color other than'yellow are
arranged togéther in one of the heads; and

at least two of the nozzle arrays that are
configured to discharge a second recording ligquid of the

recording liquids in a second color other than yellow are
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arranged together in one of the heads ; and at |east

two of the nozzle arrays that are configured to
wdizehasye a second recording |iquid of the reeoTdP1g6/308925

liquids in a second col or other than yellow .

arearranged together in onegof the heads . In a

preferred enbodi nent, the at |east two nozzle arrays

Lonbi ggg@?%éghgfgﬁgqﬁggO&h%hglﬁg ?%ecordlng liquid are

arrang cent to eac and the at

| east  two ozzle a s, C ure dISC ar g the

second rec ?d?h%r?f%ﬁﬁ%ﬁzﬁdgoggpgﬂ % ?ﬁ:iﬁﬁ d&iqy nozzle
to each other . According to another specific

¥iad RehtlerredhetpreseherpryEhei bhrsarredmrgiing liquid are
apparatus is provided that includes : plural heads
arrangefetarpanytibdenta braieacbcahinéng ahid edtd ert, lehet two
heads i ncluding plural nozzle arrays that are arranged
riczzllBeamBays SCANTiradi rec i eshangke cthy i ded recording

di scharge droplets of recording liquids in at |east

1ikpegdhté es LAin Gl HS dan %BHQbBHt a-y edd aw Jigfeqr di ng
liquid; wherein at |least two of the nozzle arrays that

f h
?rgufgnaLgﬂéggg%gwgly arranS%d %Si%Q¥g£ﬁf%#ﬂ@ gcfotfhghe
heads.: .at | east two .,of the nozzle arrays that
PE&RFP&u%%‘Ge%l‘?ﬁ'scaﬁ‘arl&?g&nﬁ PERPATREET di @ﬁq"&&e&l SPat

the recording liquids in a first color other than
WeugRE ar e

plural heads that are arranged in a main scanning
direction, the heads including plural nozzle arrays that are
arranged in the main scanning direction and configured to
discharge droplets of recording liquids in at least three
different colors including a yellhw recording liguid;

wherein at least two of the nozzle arrays that are
configured to discharge the yellow recording liquid are
separately arranged in at least two of the heads;

at least two of the nozzle arrayé that are
configured to discharge a first recording liguid of the
recording ligquids in a first color other than yellow are
arranged to be adjacent to each other; and

at least two of the nozzle arrays that are
configured to discharge a second recording liquid of the
recording liquids in a second color other than yellow are

arranged to be adjacent to each other.



10

15

20

25

arranged to be adjacent to each other; and at | east

two of the nozzle arrays that are configured to
wdi2ewhasye a second recording liquid of the reeordP1ge/308925

liquids in a second col or other than yellow are

arranged to be adjacent tagach other.In a preferred

enbodi nent of the present invention, at |east one of

the first &ﬁcgrﬂ@&ﬂﬂewieﬁb@aqm&% Secand :eGLE Bgvention,
‘liquid corresponds to a black recording liquid. In

not h referred odi nent _qf _the. pr.esent. i,.nvention
T EaRE, OBR e  d Fes CoP R R R s ReoSRa
second recordjng liquid corresponds to at |east _one_ of
r&‘:(?;‘r”ghn?e%b‘ﬁl&i%gcqm%ﬁpﬁfldé ﬁaggnlelaa%mrﬁ@ngi qafgida In
red recording liquid, a blue recording liquid, and a
agosbRrr profer ey ldamngddmentcofdihg roeast Havepitépar r et
enbodi mrent of the present invention, the at |east two
letstthenaozf| eharfiayt cerbrdingdliguild soltarthpe theosdne
recording liquid are shifted fromeach other with

re@oR8Ehgt 0i guit IRGtHepopeEPeRdie Ul ddst Grhe fMai Byan
scanning direction by a distance equal to (1 / nunber

BooBagge, s POLRLC LBl AR 1S 8T ecorass

f
recor 0Zzle pitc

A di t hey. ferred di t of the, .
RN T RbER T S Y HeGH e At G EStY SEREFRAPT Tiauid.
transduci ng el enent or an el ectronechani cal

ACLRREedTei hy LhaH ESArrgafedpe  Hesndr &fe threbsarant

for discharging the recording |iquids.
invention, the at least two of the nozzle arrays configured to

discharge the same recording liquid are shifted from each
other with respect to a direction perpendicular to the main
scanning direction by a distance eqﬁal to (1 / number of
nozzle arrays configured to discharge the same recording
liguid) X nozzle pitch of the nozzle arrays.

According to another preferred embodiment of the
present inventién, the heads use an electrothermal transducing
element or an electromechanical transducing element configured
to generate pressure for discharging the recording liquids.

According to another preferred embodiment of the
present invention, an extent of landing position deviation
between recording liquid droplets discharged from the nozzle
arrays is arranged to be no more than 30 4m. According to
another preferred embodiment of the present invention, when an

image to be formed corresponds to an image that is normally
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According to another preferred enbodi nent of the
present invention, an extent of |anding position
wdevicatsag bet ween recording liquid droplets dPETHRI0gesN8925
fromthe nozzle arrays is arranged to be no nore than
30 b m. According to another- preferred enbodi nent of
the present invention, when an inage to be forned
& K 88ROBYSE On AN HdTBS shhab cb$a 1Rk nﬂf&ﬁyir@asﬂdzgﬂebxecond
using the first recording liquid anhd the secon
r rding, L i quid, sinul ly,.at_least on t he
e ehhTh e S IOERR . s ket T S g el ot
is refraipned frombeing used. Further, in this case,
rFHSrSFPQt T%@% d?rffg §he §PFORAdTERRTSERD - Feoidi pgrrained
liquid are preferably used sinultaneously when the
fremgbeinobes¢dr mfthidera bR §hifesasdel 8w Z6.rspREEFording
DESCRI PTI ON OF THE DRAW NGS O her objects, features
ldndiddeadt Bgessaforicheguoesénty ibyeid i ore widdfdrabageused
nore apparent fromthe foll ow ng detail ed description
swhen tbfadus Dy GAYNIRGd Qhatet Bot b8 AEEAMANS R brightness
drawings . FIG 1 is a side view of an inaging
LRRBAr agus according to an embodi ment of the present
invention;, FIG 2 is a plan view of the inmaging
apparatus shown in FIG 1 ; FIG 3 is a
cross-sectional diagramof a liquid discharge head

realizing a recordigg{head of the imaging
BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention will become more appafent from the following
‘detailed description when read in conjunction with the
accompanying drawings.

FIG. 1 is a side view of an imaging apparatus
according to an embodiment of the present invention;

FIG. 2 is a plan view of the imaging apparatus
shown in FIG. 1;

FIG. 3 is a cross—sectional diagram of a ligquid
discharge head realizing a recording head of the imaging
apparatus shown in FIG. 1 cut across a longer side of a liquid
chamber;

FIG. 4 is a cross—-sectional diagram of the liquid
discharge head shown in FIG. 3 cut across a shorter side of
the liquid chamber;

FIG. 5 is a diagram showing the recording head of
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apparatus shown in FIG 1 cut across a |longer side of
a liquid chanber; FIG 4 is a cross-sectional diagram

wofodehe3i2s qui d di scharge head shown in FIG 3 eqar/JP2006/308925

across a shorter side of the liquid chanber; FIG 5 is
a di agram showi ng the recorging head ofthe imaging
apparatus of FIG 1 viewed froma nozzle surface side;

t%leGlmﬁgiﬁ%aaﬁkbéﬁ@E idd ugkr ati efed O Qin & TRRAGEe Qhrrace
realized by nozzle arrays of the recording head shown

nklG 55 FIG 7 is a diagramillustrating
Sb|glrect|ona color difference occurring when two or

nore col ors_t ha é are each arraTEed to be di scharged
from nozzl 8LGrr Roredme  rabT Yt HW%&%é?ﬂFﬂ@ head
are used at the sane time; FIG 8 is a diagram
srrengerart neeal et & aezafebparavetobridle asicording head
difference realized when the two or nore col ors that
shogneachFdtschar ged from nozzl e arrays of the sane
l'iquid discharging head are not used at the sane tinme;

FIG 9 is mrgraphdld tﬁtarg&tamngmuéefﬂi%naﬁidgr%tt\i@ﬁal
the total anount of recording Iiquid and the inage

do28e birtBLAAS SR LN EnENOLRD SDLREOINRNEhAR! Bre
each discharged from nozzl e arrays of e sanme |liquid
eacﬁcg%£gﬁggjheaQE9%ﬁsc %r&%gdf%gmtggEzégnggiays of the same
liguid discharging head are used at the saﬁe time;

FIG. 8 is a diagram illustrating a reduction of
bidirectional color difference realized when the two or more
colors that are each discharged from nozzle arrays of the same
ligquid discharging head are not used at the same time;

FIG. 9 is a graph illustrating a relationship
between the total amount of recording liguid and the image
tone in the case where the two or more colors that are each
discharged from nozzle arrays of the same liquid discharging
head are not used at the same time;

FIG. 10 is a diagram illustrating installation
position deviations occurring between liquid discharging
heads;

FIG. 11 is a diagram illustrating landing position
deviations occurring between recording liquid droplets

discharged from nozzle arrays of the liquid discharging heads

of FIG. 10;
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FIG 10 is a diagramillustrating installation

position deviations occurring between |iquid
wdizehasysng heads ; FIG 11 is a diagramil |l usCrariongs30892s

| andi ng position deviations occurring between

recording liquid droplets djscharged fromnozzle

arrays of the liquid discharging heads of FIG 10;FIG

12 is a di ﬁ%@nﬂ!iy%bgtﬂf@g%n{ ﬁi&agkg%g%%%é;@%t&on

devi ati ons occurring i qul r'gl ng heads

e S R S o Reh BRI R

.of the extent of |anding position deviations allowed

it ay FEFPEALIRT eR3T &FGaREgeIqlial Pt FOBRREF Bh exag@issr y
evaluation in a four-color head configuration; FIG 14
is a diagrEffilldsty &t ivedple deddrdigg | éxprimlssuppl vy
systemused in the head configuration of the present
derteadi el onEl X ke iektandi agr aghdlihgShoSiitiing @eviations
recordi ng supply systemused in the head configuration

Afi kB8 €AMPAER SON LxrEmhRd EhSye 16udFi1 & BAYPPN a sensory
illustrating a head configuration according to another

FHRUTERL 1815 R LS LB AL 17 TS 3

FIG. 14 is a diagram illustrating a recording
ligquid supply system used in the head configuration of the
present embodiment;

FIG. 15 is a diagram illustrating a recording
supply systém used in the head configuration of the comparison
example;

FIG. 16 is a diagram illustrating.a head
configuration according to another embodiment of the present
invention; and

FIG. 17 1s a table indicating exemplary
determination results of the extent of landing position

deviations allowed in view of a desired image guality based on

a sensory evaluation in a six-color head configuration.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following, preferred embodiments of the
present invention are described with reference to the

accompanying drawings.
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determ nation results of the extent of |anding

position deviations allowed in view of a desired imge
wquedeizys2based on a sensory evaluation in a si RETOAPIING/308925

head configuration. BEST MODE FOR CARRYI NG QUT THE

I NVENTION I'n the follow ng,;preferred enbodi mnents of

the present invention are described wth reference to

t he accormﬁmege%%gig@%%g g'g[oggateg é%&ﬂ@%ﬁ% us

according to an e present 1n on is

Ll be Lth reference.to FIGS. 1 and 2 . 1} i
h o? éﬁmgﬁgt g\qlt—l %e P ]fesseé&s ilalé’emgéwl ot® t‘ﬂeesql?fﬁ’g%din ¥ ith
apparatus_according to the present enbodi nent and FIG
refrLeqcp) b M@ of antk 4 madiFnds appeeat ¥ taddér-dilngst 8 side
the present enbodi nent. The imagi ng apparatus of the
vilewusfr bbediradiodl ramatatgbudesoradinaneo tHeawmegesitde
boards A and IB, a guide rod 2 that is suspended
ebbbdtmant hendiBEG baarids al Alandvi&y @&f stlay ihagidg apparatus
carriage 4 that is supported by the guide rod 2 and

ackeratay Botenhslddasdieelyoliinbhe. min scanning
direction, a main scanning notor 5, a drive pulley

6A, a drivepn. ?ﬁ-&é%@@ %pg%?g‘égsgéf] e beifuds7trtahc%tdp i&ﬁ}ogg}iment

wound ar oun and the driven

.6B, the carria bei ng nmgved in.the mai p_scanning

BT BOFR of TSUE o (G0 LGP BRES 503 Iheithih o BahiiAg Fod 2
notor 5 via the timng belt 7 . The carriage 4

thALI i8eSUFRRRIMHERATVERR- Fhpdsidalrorsefls 1A and 1B, a stay 3,

a carriage 4 that is supported by the guide rod 2 and the stay
3 to slide freely in the main scanning direction, a main
scanning motor 5, a drive pulley 6A, a driven pulley 6B, and a
timing belt 7 that is wound around the drive pulley 6A and the
driven pulley 6B, the carriage 4 being moved in the main
scanning direction (see arrow of FIG. 2) by the main scanning
motor 5 via the tiﬁing belt 7.

The carriage 4 includes four heads 1la-11d realized
by liquid discharge heads that are configured to discharge
inks in colors cyan (C), magenta (M), yellow (Y), and black
(K), for example. The heads 1lla-1lld each have a nozzle
surface on which plural nozzle arrays are arranged in the main
scanning direction, each of the nozzle arrays having plural
ink discharging outlets (nozzles) aligned in a direction
perpendicular to the main scanning direction (sub scanning

direction). The nozzle surfaces of the heads l1lla-11d are
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by Iiquid discharge heads that are configured to
di scharge inks in colors cyan (C , magenta (M
w@eblen2s2¥) , and bl ack (K) , for exanple. ThePbear®o06/308925
Ila-11d each have a nozzle surface on which plura
nozzle arrays are arranged;igL the main scanning
direction, each of the nozzle arrays having plural ink
' l,et.s :(.RO e 0
d%?ggé‘%?%ﬂ%g%% ﬁﬁé‘l%?ﬁ%@%ﬁﬁ% R rée%l?’on cipe Hozz1es
nni ection no urfa es the he
By lr?ag%cg G35h 537 RAE FRULTTRG AR gns EhS
direction_ of the nozzles is directed downward. In the
heafs ol Figl He 9 AR EiVRLY heRtRTF9%-99 @Sar&ecording head
collectively referred to as recording head 11' . It is
ldoted that in the illustrated enbodi nent, the liquid
di scharge heads |la-I1d making up the recordi ng head
11 corresppndid ;mdtdd ehalieadsthdail lise e pide za@bdtinehe, the
actuator as pressure generating neans for generating

1REBS8 U st s shalge 1thbauh d diephetis ﬂﬂ@ﬂ@é%rd&ﬂg head 11

present invention is not limted to such

c‘SFPQQ}!ﬁ%E’?cE‘tto rhq(& dt A Qe'EhQ?aHQée ;ﬁdééz%ﬁ%%kﬁ&%sgéwgtor

sed. 'S note at t
recordln%ehead 11 .i ncl udes ?%drlver

28oRhELTed (T of"*8RPt ﬁo?e%?ﬁ%i‘)n% |P§ ea?sh‘éFnE%s

(flexible printer cable: FPC) 12 (see FIG 2 ) . The
dégFhrage Yawd replgtsub BarrRvas, fidie @x@sent invention is

not limited to such an embodiment, and in another example, a
thermal resistor element may be used.

Al;o, it is noted that the recording head 11
includes a driver IC, and is connected to a control unit (not
shown) wvia a harness (flexible printer cable: FPC) 12 (see FIG.
2).

The carriage 4 includes a sub tank 15 for each
color configured to supply the corresponding color ink to the
recording head 11. The corresponding color ink is supplied to
each sub tank 15 from a corresponding cartridge 10 that is
arranged in a cartridge loading unit 9 via a corresponding ink
supply tube 16. The cartridge loading unit 9 includes a
supply pump unit 17 for transferring ink within the ink
cartridge 10. The ink supply tube 16 has an intermediate
section that engages a back plate 1C by an engaging member 18

(see FIG. 2).



10

15

20

25

col or configured to supply the correspondi ng col or ink

to the recording head 11. The correspondi ng col or ink
wo0muppi28ed to each sub tank 15 from a correspondPge/308925

cartridge 10 that is arranged in a cartridge |oading

unit 9 via a correspondi ng.jigldk supply tube 16. The

cartridge loading unit 9 includes a supply punp unit

17 for trafss eﬂaig[}glgi %ﬁaﬁrgkahe_ LRech Ok Card i dg8ob0ment has

The ink supply tube 16 has an intermedi ate section

th n S ack.plate.1C by an engagj.ng nenber, .18

T A e e e e e R T
enbodi ment, has .a paper feeding part. including a paper
PRREH| A2t FRE B2t8 gdpef EFB@RiEEF?&%H(?QiiPrazéaﬁéF
feeding roller 23 for separately feeding each sheet of
sprpeatedy sfterdiaw eachhehpapert spardd iy [tacsed] pnahble apaper
separating pad 24 made of a material having a |arge
stackingnploed A1 entd thatpasadin@ngetl Xppasict 6 ft Bematerial
paper feeding roller 23 and applies a force toward the

hBapes 4 erthdly Araldt@bn28oef Ml 80ent hghd tTRG %&r@ﬁ%@&aégﬁosité
of the present enbodi nent includes a guide nenber 2

tﬁer]toggéﬁi AL 4Ne &%&%#%fggdf%lggme PGS %8?%@9 the

par 0 convey the paper to a tion beneath

recordi ng. head .11, counter roller 26, a conveying
paﬁ?ﬁegﬁ%éhﬁg €?££%§ 28rding.nenber 28 having a tip

pressuri zing collar 29, and a conveying belt 31

confi gur ed®3P hdhe ReIpRgerPRI 18 fAforhheh@rpapeE

feedi ng part

embodiment includes a guide member 25 for guiding the paper 22

fed froﬁ'the paper feeding part to convey the paper to a
position beneath the recording head 11, a counter roller 26, a
conveying guide member 27, a holding member 28 having a tip -
pressurizing collar 29, and a conveying belt 31 configured to
have the paper 22 fed from the paper feeding part
electrostatically adhered thereto for conveying the paper 22
to a position opposing the recording head 11 (see FIG. 1).

| The conveying belt 31 is a continuous belt that is
arranged around a conveying roller 32 and a tension roller 33
and is configured to rotate in a belt conveying direction (sub
scanning direction). The conveying belt 31 is charged by a
charge roller 34 while rotating in the sub scanning direction.

It is noted that the conveying belt 31 may have'a

single layer structure or a multi-layer structure (with at

least two layers). In a case where the conveying belt 31 has
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el ectrostatically adhered thereto for conveying the

paper 22 to a position opposing the recording head 11
wO2ew/1B338 1 ) . The conveying belt 31 is a CORCTHPING308925

belt that is arranged around a conveying roller 32 and

a tension roller 33 and is_configured to rotate in a

belt conveying direction (&jﬁ scanni ng direction)

- The conveying helt 31 is charged by a.char rollek,34
P PECT AT G FCEHE s B8 A S 0 . CPeS siito

noted that the conveying belt 31 may have _a single
chayert st¥ettire rees Agl and| B rchande tigde spwsth apd

| east two layers) . In a case where the conveying belt
tBérblagatise nglteideayerl tsflaveruie, ptditeiniveyadg bél &n31
conmes into contact with the paper 22 and the charge

ihghhﬁtir&?l,maaf&itdle.r eby kheagatwierdealte loayeleylisg belt 31
preferably nade of an insulating nmaterial. In a case

hﬁ@egemﬁf%iiégagﬁﬂéﬁlug%hkegth@SléyéE“ﬂHaﬂ @¥fles into contact

structure, ayer that cones i'nto contact with the

22 and t [ ] 34 ] f, bl
RIS i 12 SHSPRERLESE A LS Bty mace
does not come into contact with the}pa er. 22 and the
ofhap gt bt einpmgteripds uhipe yHirde (ﬁf (Edndheti daes not

material . The insulating material of the conveying

chmkt igo heon rarta Wwithigithel ageer s32 antdurtdiepchepgge roller 34
insulating material of the insulating |ayer of the
ieopregérgpbelad®l ofhicondbetivdasateemidlt.i - | ayer

structure may be resin such as PET, PEl, PVDF, PC

ETFE, PTFEWh®riehasiames maeterial of hate dRRSRQhg belt 31

i ncl ude

having a single layer structure or the insulating material of
the insulating layer of the conveying belt 31 which belt has a
multi-layer structure may be resin such as PET, PEI, PVDF, PC,
ETFE, PTFE, or elastomer material that does not include
conduction control material, for example. The volume
resistance of the insulating material is preferably at least
10*% Qecm and more preferably 10" Qecm. Also, the conductive
material of the conductive layer of the conveying belt 31
having a multi-layer structure may be a material made of resin
or elastomer as is described above with carbon added thereto
to realize a volume resistance preferably within a range of 10°
Qcm to 107 Qem.

The charge roller 34 comes into contact with the

insulating layer of the conveying belt 31 (in the case where

the conveying belt 31 has a multi-layer structure), and is
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conduction control material, for exanple. The vol une

resistance of the insulating material is preferably at
woOeant1212842 Wm and nore preferably 1015 Wm RACSOP20061808925

conductive material of the conductive |ayer of the

conveying belt 31 having aqgulti-layer structure may

be a material nmade of resin or elastomer as is

aHE36LLPEG FROYE WehpGaLhon. y@&d@gnqg hhedakogEegtl ze a

resist ance pre era a range o

to 10/ rge roller_34 caones _into _ contact
CHRYFYYHE THSurdri ng PAgBRLBT THRECam aPPRGBorp Bt igpds
t he case where the conveying belt 31 has a nulti-Iayer
oft e tifetionsdd axdar Péné]é%l ¢hpyse grolJE/x B¢ -t hBhe charge

rotating novenent of the conveying belt 31. A pressing
rbbdier 34 appldederbblipomadends afcdrivmiatdivat menakiakilsaving a
of the charge roller 34. The charge roller 34 is

vBLgherabl ysvmie ok actonstugl dnveinat ahi AL BaYE Nehiyh voltage)
vol unme resi stance of 106-109 Wemi D. An AC bias (high

%9' IB@QPQJ.J@ rarﬁp%'eb'a\égv@nglé‘@%dé’se & ecikodes by e, is

or  exanpl e, |s applied to the charge roll'er 34 from

an. AC blas sup |ng un % gh. volta SQUI ce .
2RR1 164 {3 % ﬁedgga OIEll'he %% %gas na?p 1%9 unit
si ne wave or a trlan uIar mave for exa

(piek erabtars Rgear §OHaTE) 28 1 ‘%ﬁﬁﬁmqegplifledeiail gbelow.

gui de nenber 35 is arranged at the rear side of the
Tb@n@@ybxﬁﬁkﬂﬁx 2] agsinepiavei on & oHesgudarnyave. t fer
printing region for the

example, but is preferably a square wave.

As is shown in FIG. 1, a guide member 35 is
arranged at the rear side of the conveying belt 31 at a
position corresponding to the printing region for the
recording head 11. The upper surface of the guide member 35
is raised toward the recording head 11 with respect to the
tangential line formed by the two rollers (conveying roller 32
and tension roller 33} supporting the éonveying belt 31 so as
to maintain the precise planarity of the conveying belt 31.

The conveying belt 31 is rotated in the belt
conveying direction (sub scanning direction) as 1s shown in
FIG. 2 by the rotation of the conveying roller 32 that is
driven to rotate by a sub scanning mofor 36, a drive belt 37,
and a timing roller 38 (see FIG. 1). It is noted that an
encoder wheel (not shown) having slits formed thereon is

attached to the rotational axis of the conveying roller 32,



recordi ng head 11. The upper surface of the guide

menber 35 is raised toward the recording head 11 with
woesaess2so the tangential [ine formed by the PGW/JIP2006/308925

rollers (conveying roller 32 and tension roller 33)-

supporting the conveying hgl¢t 31 so as to maintain the

preci se planarlty of .the conveying belt 31. The

A4 YIRSl brlotor ShALSY 1L e ReD! 1goakeukagy o

I'réctron annrn |rec Fon)as I's *5hé

rotatio the | ler 32 that
GFRCErCEs TErat Y oa BapiSt Attty dditbEnseaes Bieeh and
belt 37, and a timng roller 38 (see FIG 1) . It is
thet BHOTP g enP e Mosdes Whed| viiget FHHWIBT -having slits
formed thereon is attached to the rotational axis of
t he conveyilgp r dHeerimdgiagdappéransparerntheppateesensor
(not shown) is arranged to detect the slit of the

5 ecRpeadesnwheedluddie £nepdes twhgebiardal heaphel oveepsEs1ler 42,

maki ng up a wheel encoder. Al so, the inmagi ng apparatus

288 gh&epf@éﬁmcoqquugeag LneLdas.ia FARAERL 1 PYCKing

a delivery roller 42 and a del |very col
a de unit__for _deliveri n

ofpabet? cur ity ) ShwES, e¥o g“?iec&%fecgrgl%% fadyll to

trai 40. Further, a dual side printing unit 51 is

agee %ﬁ%ﬁyyt%?ﬁé%bed at the rear side of the frane 1
(see FIG 1) The dual side printing unit 51 is
conflguredFW6UK§be@vduéépé#dézptinﬁan;uﬂmﬁw5édlSndatachably
reverse direction through reverse

10 arranged at the rear side of the frame 1 (see FIG. 1). The

dual side printing unit 51 is configured to receive paper 22
that is carried in a reverse direction through reverse
rotation of the conveying belt 31, and turn the received paper

22 over to the other side to feed,the paper 22 once more

15 Dbetween the counter roller 26 and the conveying belt 31. Also,

a manual paper feed tray 52 is arranged at the upper side of
the dual side printing unit 51.
‘It is noted that a maintenance restoration
mechanism 61 for maintaining and restoring the nozzles of the
20 recording head 11 is arranged at a position corresponding to a
non-printing region on one side with respect to the scanning
direction of the carriage 4. The maintenance restoration
mechanism 61 includes cap members 62a-62d (also referred to as
‘cap 62’ hereinafter) for capping the nozzle surfaces of the

25 recording head 11; a wiper blade 63 corresponding to a blade



10

15

20

25

rotati on of the conveying belt 31, and turn the

recei ved paper 22 over to the other side to feed, the
woaperiz22sonce nore between the counter roll er PRE/JIJRIM6/308925

the conveying belt 31. Al so, a manual paper feed tray

52 is arranged at the uppepgsi de of the dual side

printing unit 51. It is noted that a maintenance
m%r%ééIO%&J %@pgggthﬁﬂé S B & huFRicakal phNdadddyf est,ori ng

he nozzl es e recording head 11 is arranged at a

B R T S s

€ Scanhing drrection o

carriage 4. . The mmi ntenance restogation nmechan| sm 61
diseharged CRponehvets BRSEIPY A6 &F e P EE 1 P4t caRIe

62' hereinafter) for capping the nozzle surfaces of
reterdigeprgidngsheadfaumed g maides 48edésclarye spvidiangd

to a bl adeneitiber for w ping the nozzle surfaces 1lla;
réfsrdmiligdiigchdogecxanesiver B thenbrgaert ¢xameicei \oap

liquid droplets discharged through air discharge which

658 MV RIYRdst 0ol ARGECERSOTHiNhARGUrE PEtEREI®E ddp, and
order to discharge thickened recording liquid, for
a ook e XL s&ﬁﬂgs
tﬁ% %B%%é%*bgbgnggﬁgés %?% retéﬁfF%%ecgéeégﬁgéﬁhe‘cabs
62b- 62d cqr.respond_to anis%%ge ret%p%ggn6ga S5 é%s&gvin
an air di SCitQrg8t 8edi VerC 8 Yo S eceErving rrqura g
droplets discharged through air discharge which js
Limeed Arpleds fagenreget drne ity &is BéFgB?ﬁ%% Yol det
to discharge recording liquid that is thickened during
uneebrtthdg,o image recording and is performed in order to

discharge recording liquid that is thickened during recording,
for example, is arranged at a position corresponding to a non-
printing region on the other side with respect to the scanning
direction of the carriage 4. The air discharge receiver 68
has openings 69 extending in the alignment direction of the
nozzle array of the recording head 11, for example (see FIG.
2) .

As is shown in FIG. 1, an encoder scale 72 having
slits formed thereon is arranged at the front side of the
carriage 4 along the main scanning direction, and an encoder
sensor 73 including a transparent sensor configured to detect
the slit of the encoder scale 72 is also arranged at the front
side of the carriage 4. The encoder scale 72 and the encoder
sensor 73 realize a linear encoder 74 for detecting the main

scanning position of the carriage 4.
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for exanple, is arranged at a position correspondi ng

to a non printing region on the other side wth
woesaess2so t he scanni ng direction of the carr PagaP2hos/308925

The air discharge receiver 68 has openi ngs 69

extending in the alignnment_gdirection of the nozzle

array of the recording head 11, for exanple (see Fl G

. h FI an e
havrng sIr% G$o du¥heﬁegnaﬁéggﬁ?%gﬁeggkgh %tgént
si de_ of the arriage 4 al anni n L
SHFPPREEFHC tgﬁ@o&% ggg ib‘ﬁu{g q{}ﬁ& |gﬁg%§ad realizing

transparent sensor configured to detect the slit of
thRerefevd g Staae 172 ofs tg?s HMAY R0 GEP 3 tse aFEOREING to
side of the carriage 4 . The encoder scale 72 and the
tepcptesesensdrodidhangal | Z& asl| hoeadt HrRoOHFEG.78 fiera cross-—
detecting the nmain scanning position of the carriage 4

sebkESnal Svodwl Sk & q:t@u_agr aiBchhl¢StHarld RGtARCEVEBPLREY
configuration of the liquid discharge head realizing

d&?@cEgGHer%g heRfl11:0k bRe,l 1RgiNg cﬁfé&@reél Uéng FﬁG. 4 is

accor |ng to t e present eITbOdI ment . I's note

FI G ssectl n Vi ew. 0
ahggaS%a%ectcﬂrO&a RS bR Ehe kgt osr?&%rgse. c287 848 %cross
gui d chanber and FIG 4 is a cross-sectional view

cop’ EhESFEHRR P SHarFeThesde cRf Hhe dsSitife CARFBEE| bpozzle

of a shorter side of the |liquid chanber (nozzle
adlipgmeehtddieddidron) . The illustrated liquid
dirscharge head includes a

The illustrated liquid discharge head includes a

flow path plate 101 that is created by performing anisotropic
etching on a single crystal silicon substrate, for example; a
vibrating plate 102 that is created through nickel
electroplating, for example, and is adhered to the lower
surface of the flow path plate 101; and a nozzle plate 103
that is adhered to the upper surface of the flow path plate
101. The nozzle plate 103, the flow path plate 101, and the
vibrating plate 102 form a nozzle connecting flow path 105
connected to a nozzle 104 that discharges liquid droplets (ink
droplets), a liquid chamber 106, and an ink supply opening 109
connected fo a common ligquid chamber 108 for supplying.ink to
tne liquid chamber 106, for example.

Also, the liguid discharge head includes two rows
of deposited piezoelectric elements 121 (only one row is shown

in FIG. 4) as an electromechanical transducing element
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flow path plate 101 that is created by performng

ani sotropic etching on a single crystal silicon
weubwiinae, for exanple; a vibrating plate 102PChaP2006308925

created through nickel electroplating, for exanple,

and is adhered to the | owerosurface of the flow path

plate 101; and a nozzle plate 103 that is adhered to

.
B B A e o T
bratln Iat 2 for onnecting fl ow path

AR il Y Ps S RoB P 007 e SRR oR Prtfral o ink
droplets (|nk dr opl et s) a liquid chanber 106, and an

WL HRL g Ol R§ATBST chihe il a bagecsRRBATREQUIZR that
chanber 108 for supplying ink to the liquid chanber

figss fthe rdcaepllectAlsoelements quild dilschar geté@acthat column
i ncludes two rows of deposited piezoelectric elenents

elaferton| R oreer avrbigsby@wderf-lthe $1ikz88188tric elements
el ectronechani cal transduci ng el ementcorresponding to

aPr LS IHArgARerFatl Ng. Means dahbatAlhehes 983 %éﬁt%t&%ated
V|brat|ng plate 102 and applying pressure to

nd a S rate
%ﬂ%a R ML B D AR BN, BRRREES 00t [ fiaan
d .Igggt col um ele nts 123 are ,arran ed bet ween
W]“eSJp‘? EFEEEPPL 8t enEMY Sy 1% HHERNVPHTRPS 19 noTThe
columm el ements 123 nay be created simultaneously wth
apPet st drodhecepiame ‘é%@?ﬁ%tslﬂ—lz% hrough di vi si onal

processi ng. However, a drive voltage is not applied to
t he col umThsl @denbsl&@@ric element 121 is connected to a

cable 12 (see FIG. 3) that includes a'drive circuit (not
shown) .

The peripheral portion of the vibrating plate 102
is connected to a-frame member 130, and the frame member 130
realizes a through hole portion 131, a concave portion
corresponding to the common liquid chamber 108 and an ink
supply hole 132 for supplying ink to the common liquid chamber
108 from an external unit. The frame member 130 may be made
using thermally cured resin such as epoxy resin or through
injection molding using polyphenylene sulfide, for example.

The flow path plate 101 may be formed by performing
anisotropic etching on a single crystal silicon substrate with
(110) crystal orientation using alkaline etching liquid such
as a potassium hydroxide solution, for example, to create a

concave portion and a hole portion that form the nozzle
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The piezoelectric element 121 is connected to a cable

12 (see FIG 3 ) that includes a drive circuit (not
wehoownp3s2g The peripheral portion of the vibrat pagJpioas/ss92s

102 is connected to a franme nenber 130, and the frane

menber 130 realizes a tth%%Q hol e portion 131, a

concave portion corresponding to the common liquid

chanber 108 and [ supp ol e 132 for supplyi
CPRECE e iAot L SPRnEB L RTS FPORESS SRbar haF
unit. The frame nmenber 130 nmay be nmade using thermally |
e¥aFRbe r edIGTSSiRth 48 époRyteestirlorthenPeg§RRtnjieveRbion is
nol di ng usi ng pol yphenyl ene sul fide, for exanple. The
nétohiphtdd platssich0 dnnayabelé oramtl by gidefroembndiments, a
ani sotropic etching on a single crystal silicon

s8dbsléad s tra(tblO)y ar phbabcoidieitiald @rsini BObstrate may
al kaline etching liquid such as a potassi um hydroxi de

b&80LEEd Oths fiq @FAAPLEngl e SHEALL &:0qRCRYEuBRLLLRD Afd
a hole portion that fofmthe nozzl econnecting flow

-Rath, 105 and the liauid, chagber 106, for exanpl e.
& & BaBIPLREE THE

Wever, Tt oted present invention is not
limted to_such_ an exa e, a i n other enbodi pents,
St nl eoB S S GoP L8 R OL D (T Eores: Y
substrate may be used instead of a single crystal

PSrfPEmnG (AT t9lRICE rof OFBANY z €21 P FAtOW PN hPpPaeses 101 . a

. The vibrating plate 102 may be created by performng
naonkel eptatof orfiimegxgebéet r cigpevey, prooedseropxamples, some

other metal plate or a metal and resin combined plate may be
used. It is noted that the pieéoelectric elements 121 and the
column members 123 are adhered to the vibrating plate 102 with
adhesive, and the frame member 130 is adhered to the
peripheral portion of the vibrating plafe 102 with adhesive.
The nozzle plate 103 forms a nozzle 104 having a

diameter of 10-30 uUm corresponding to each liquid chamber 106,

. and is adhered to the flow path plate 101 with adhesive. The

nozzle plate 103 is formed by depositing one or more layers as
is necessary or desired on the surface of a nozzle forming
member made of metal and arranging the upperﬁost layer to be a
water repellant layer. It is noted that the upper surface of
the nozzle plate 103 may correspond to the nozzle surface as
is described above.

The pilezoelectric element 121 is formed by

alternatingly depositing a piezoelectric material 151 and an



10

15

20

25

ni ckel plate, for exanple. However, in other exanples,
sone other netal plate or a netal and resin conbi ned
wobhetea25y be used. It is noted that the pi ezoeCeaPI006308925
el ements 121 and the columm nmenbers 123 are adhered to
the vibrating plate 102 wi_t}), adhesive, and the frane
menber 130 is adhered to the peripheral portion of the

Vi jn e, 1 Wi Lye, The n pl.ate
R i LA By Rl G & U T6sBbnpresent
correspondjing, to each Liquid chapbe 06, and is

CHABLEE T ot FEF FIGAC AT CpPht S4BT G SHATELPYE, 1§Reand a
nozzle plate 103 is fornmed by deposi;tgg one or nore
cpEyeR seH8C HE0odR daks atFapgededt r el @l tatk ogist afethf a
nozzl e form ng nmenber nmade of netal and arranging the

ruppeehostriayeliertanthd2a wateconepetddinto ladyernaltings

noted that the upper surface of the nozzle plate 103

iAB¥reel I €5poNtbded tite .Nozal ensuif neer as db despnihedhe
above. The piezoelectric elenment 121 is forned by

p?%&géfé&£fﬁﬂ3éigﬁ¥ﬁ% hbROi8 RLRELGLRLE ML Ak ngE%Q}e to

d aninternal electrode 152 (corresponding fo

.0 the present. xanpleé L1 is.noted that. _an D
HPRAFU ERa &1 BorTdde £S5 anto R kB 6l Berr e 11841
arranged at opposjted ends of  the piezoel ectric¢

cbpEheht 1421059 COIRSECETCEE APt R NRISHP S CErrREl constant
el ectrodes 152. In the illustrated exanple, the
dgPedbeetion c veaviem, the Psegontiwentios agphpt limited
pressure to ink contained wthin a correspondi ng
tpr esshraziexpplgyl dnd the piezoelectric element 121 may be

configured to apply pressure to ink contained within a
corresponding pressurizing ligquid chamber 106 using the
displacement in the piezoelectric constant d31 direction as -
well. Also, in another example, one row of the piezoelectric
element 121 may be arranged on one substrate 122.

In the illustrated liguid discharge head, for
example, by decreasing the voltage applied to the
piezoelectric element 121 with respect to a reference voltage,
the piezoelectric element 121 may contract and the vibrating
plate 102 may be lowered so that the volume of the liquid
chamber 106 may éxpand to induce ink to flow into the liquid
chamber 106. Then, the voltage applied to the piezoelectric
element 121 may be increased so that the piezoelectric element
121 may expand in the depositing direction to cause

deformation of the vibrating plate 102 in the nozzle 104
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chanber 106 using di splacenent in the piezoelectric
constant d33 direction; however, the present invention

woo0msaR328m ted to such an exanple, and the PCT/JP2006/308925

pi ezoel ectric elenment 121 may be configured to apply
pressure to ink contained wd4hin a correspondi ng
pressurizing liquid chanber 106 using the di spl acenent

%@Segfegoﬂi sﬁae%&%fai&tiﬁqp%tfa%edﬁqwf&teﬁﬁén%g@% 6 Welh this

I n anot her exanple, one rowo e plezoelectric

el ement 121 may be arr.anpged. on one substrate 122. In

e TIPUSETAT Y LT U CeRarBaT HEAH LT dreariie, Chgmbes
decreasjing the voltage applied to the piezoelectric

1P RaHrt Pe 2R T Fexhe G 61§ Péffé?%%c‘gtwetta@géf fthe

pi ezoel ectric element 121 may contract and the

ngicordinagl pirai@ na? beayilsehhoged efreon thmtnadrd.evdlodne

of the liquid chanber 106 may expand to i nduce ink to
flow into Then| iy kictianbenhe1061 tddenapphiecd ald age
applied to the piezoelectric elenent 121 may be

pikeheasedr $@ dNdhedthe Ni e2erl 661 Fhe Sl AR 1MRY e, the

expand in the depositing direction to cause

[ Iprati e 102 i n t. ozzl e, .
IR e e £ ok o FBSeBF 80 vl Tl o potion
106..In,this , .the recording |liquid contained
S HPR HHEETT (AT ROl PTBeoRRg be br et Jedatina
one or nore droplets of the recording liquid nmay be
PEPSERER geE FRRMMATRE no RS @ reault, rreprdiyncksdituid paE be
vol tage applied to the piezoelectric elenent 121 back
stuppt hedr eb etlenceiquold afembehel06 from the common liquid

chamber 108. After the vibration of the meniscus surface of
the nozzle attenuates and stabilizes, operations may be
started for realizing a next liquid droplet discharge.

It is noted that the head drive method for driving
the liquid discharge head is not limited to the above-
described example (i.e., pull-push actuation), and the pull
actuation mode or the push actuation mode may alternatively be
used, for example, depending on the manner in which the drive
waveform is applied.

In the imaging apparatus according to the present
embodiment, each sheet of paper 22 is separately fed from the
paper feeding part to be guided upward by the guide 25 in an
approximately vertical direction, inserted between the
conveying belt 31 and the counter roller 26, and conveyed

further so that the tip the fed paper 22 is guided by the
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vibrating plate 102 may be restored to its initia
position and the liquid chanber 106 nmay expand so that

wa 20gasizge pressure i s generated. As a resul t PCT/JP2006/308925
recording liquid may be supplied to the Iiquid chanber
106 fromthe common |iquidghanber 108 . After the
vibration of the neniscus surface of the nozzl e

e [ e 0 S .

oBhLEYLAL 5. Al REARL! bACSngOReLAL WSEBRLEYing

ng a next [i qui rop e ar ge.

at the head drive net dr|

bREG P S crid G SREHALPATHORS i 1 YipebY Change the
abovedescr | bed exanple (i.e., pull-push actuation),
CQﬁHeYH@Jp%}#e%ﬁﬂﬂﬁapﬁoﬁhﬁoﬁép%¥ 2 hep PRt roH 4B de

may alternatively be used, for exanple, depending on
debeeganner in which the drive waveformis applied.

In the imagi ng apparatus according to the present

enbodi nent 1t eac heheethat papetivd disd separdkel yutpdts from
fromthe paper feeding part to be guided upward by the

+gul g 8§aérbﬁﬂbr%p%59%'QBE@E¥1B@&tiﬁ*ﬁeﬂelﬁe%khgﬁ are

i nserted between the conveying belt 31 and the counter
n ey d riher so. that e t he
a?% rg%ﬁ%r Egéggﬁ'u de§ tﬁg %eco vé“ﬂﬁiz t3|1dett#g;crbe S

and ushed to rds .the conveying beIt b the_ti
a&F@§§%F+%$r&f 9SartS28PP l?ﬁ %%b T @etﬁel&8ﬁvé§rng

direction of the paper 22 by apprOX|nater 90 degrees
turpy 88 FbEVNAHAO FHSIrORVECHRDrittiara det pormefrom the

conveying belt 31; that is, positive and negative voltage
charged strips having a predetermined width are alternatingly
arranged in the sub scanning direction corresponding to thet
rotation direction of the conveying belt 31. When paper 22 is
placed on the conveying belt 31 that is alternatiﬁgly charged
with the positive and negative voltages, the paper 22 may be
adhered to the conveying belt 31 through electrostatic
attraction, and in this way, the paper 22 may be conveyed in
the sub scanning direction by the rotating movement of the
conveying belt 31.

According to the present embodiment, the recording
head 11 may be driven according to an image signal while the
carriage 4 is moved so that ink droplets may be discharged
onto the paper 22, which paper 22 is maintained still, to
thereby record one line image on the paper 22. Then, the

paper 22 is moved in the sub scanning direction by a
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the AC bias supply unit (described in detail bel ow

are alternatingly applied to the charge roller 34;
woheis/12328an al ternating voltage is applied toPCNEP2006/308925

charge roller 34. In turn, an alternating charge

vol tage pattern is fornmed ot he conveying belt 31,

that is, positive and negative voltage charged strips

ph}e&beerﬁlﬂéed&rsergﬂaée%f%w rrhgéﬁ alteratd nd Yy o ne>g<t line

arranged |n the sub scanning direction corresp ond

h tio i recti of the conve
ifiigk %a% er“forrreadied‘fﬁﬁ e PSR O Ao e o3 Ehgpal or
is.,alt q%i char ed with the 05|t|ve and
angdges el rafeFead e Hith&eeeTt 62t has
conveyi ng belt 31 through el ectrostatic attraction,
reRehPd the stergrdimie negpen 29 n@getmedxnhheye@cpmduhg
sub scanning direction by the rotating novenent of the
openueyomgi hedridRl .ankic dbredpaget 022 hies pidseired to the
enbodi nent, the recording head 11 may be driven
daceoegyngrdp AN i mage signal while the carriage 4 is
noved so that ink droplets may be discharged onto the

paper 22, ﬂQLgﬂzﬁﬁgﬁ{o%zréélﬂgiﬂ& aed Stdd f%l%%ﬁgﬁ when

thereby recor ne 1 mage on-the paper

osPAREL 02,4 FTNEd L NG S R 10 0L SELLON B e,

next I|ne i mmge may he performed. Then, when a
thecBPT G R Pl Tyl 16r FatateMaln i divansey diraetine so
rear end of the paper 22 has reached the recording
thagi the i seewutdd/ g@perhd2rveprik ngent to the dual side

printing unit 51 at which the paper 22 is turned over (so that
the back side of the paper 22 becomes the printing surface),
and the paper 22 may be inserted once more between the counter
roller 26 and the conveying belt 31 so that image recording
through timing control may be performed on the back side of
the paper 22 in the manner described above after which the
paper 22 may be delivered to the delivery tray 40.

FIGS. 5 and 6 are diagrams illustrating an
exemplary configuration of the nozzle arrays of the recording
head 11 of the imaging apparatus according to the ﬁresent
embodiment.

As is shown in FIG. 5, the recording head 11 of the
imaging apparatus according to the present embodiment includes
four heads 1la-11d that each include nozzle arrays N1 and N2

that are arranged in the main scanning direction (arrow a2
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operation is ended and the paper 22 is delivered to

the delivery tray 40. In the case of realizing dua
Wei20s/1283281t i ng, when i mage recordi ng of the frear/JBilode308925

of the paper 22 is conpleted, the conveying belt 31 is

rotated in a reverse directjon so that the recorded

paper 22 nmay be sent to the dual side printing unit 51

Lch. p | S s oV, t _the back.

S5k RO Ry 6ac DILEE R W it 3 riiEy S8R ting

nd_t he paper, 22 may he | rted opce nore between the
CBGURPEF P T | S S5 W o E 1SNV eyTTy Bel t ERERS @1t e nozzle
i mage recording through timng control may be
apEryer Nk PR Nﬁéﬂ%@&%@&en@?ziﬁ% bapdrondijsehapging liquid
manner descri bed above after which the paper 22 may be
ddebilees ethda b artee addlgneer ynt pagidéctFrCPergenatidubaar €o the
di agrams illustrating an exenplary configuration of

nibhe BeZzhEndrdiayesctdfont heubesosth gy heiatkckl cef) .t het is noted
I magi ng apparatus according to the present enbodi nent

thafs 1h Stishom ddt F2lieq %xambﬂ@,r@&@rfgéﬂbé%%%%hé%égﬁeéhfln of

i magi ng apparatus according to the présent I ment

incl four heads | la-lLld that.each include,nozzle .
S PR i har g drr afbnfN, 2ot HERyOERCE sn e
annin%%gireption arrOM/aZregresenting t he outward

SiPr SEEPOHG M oW PYr &4 e ERATRE A @ Wi Ghewdr ghese

direction in FIGS. 5 and 6 ) . Each of the nozzle
ngrera98 Ninand N2 has plural nozzles Hn for ‘
di scharging liquid
As is shown in FIG. 6, the nozzle arrays N1 and N2
of the head 1la respectively correspond to a nozzle array Y1
for discharging yeliow (Y) recording liquid droplets and a
nozzle array Ml for discharging magenta (M) recording liquid
droplets,Athe nozzle arrays N1 and N2 of the head 11b
respectively correspond to nozzle arrays Kl and K2 for
discharging black (K) recording liquid droplets, the nozzle
arrays N1 and N2 of the head llc respectively correspond to
nozzle arrays Cl and C2 for discharging cfan (C) recording
liquid droplets, and the nozzle arrays N1 and N2 of the head
11d respectively correspond to a nozzle array M2 for
discharging magenta (M) recording liquid droplets and a nozzle
array Y2 for discharging yellow (Y) recording liquid droplets.
According to the present embodiment, of the four

colors Y, M, C, and K, the nozzle arrays for discharging

recording liquids in the two colors C and K that are
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droplets that are aligned in a direction perpendicul ar
to the main scanning direction (sub scanning
wdizomsarsas) . It is noted that in the ill ustraPedJP2006/308925
exanpl e, the respective nozzles Hn of the nozzle
arrays NI and N2 are shiftegd,fromeach other in the
sub scanning direction by 1/2 the nozzle pitch of
t : z i S A in FLG. 6. the nozzle
RS IR LB s REZE TR riShtt § 1 By o
correspond to a nozzle arr | for discharging yell ow
ST SROPTI TG IR O s LARHL B0 RS i Ay LRiEEom) axe
for discharging magenta (M recording |iquid droplets,
nPﬁeSﬁﬁéfﬁéngr%ﬁ%@qqedaﬁ@-széﬁr@hb PP Hipe., the nozzle
respectively correspond to nozzle arrays Kl and K2 for
agirsykafgr ngi dtlactgifk) caetordiing drquarradrgem ens theheame
nozzle arrays NN and N2 of the head H c respectively

heaH) €SPond 4Oz 4107 Zraadisl &vs Ghsaishr&hd ahadireaRandhgdcolors
cyan (C) recording liquid droplets, and the nozzle

vRLAa¥s (M | afhdedts L8 agsdﬁgbg%grl@%ggﬁ]ﬂr\é%@d in

correspond to a nozzle arra ( arging

enta, ( ecording liquid droplets and a nozzle
dg%%§§e95 %%?é%ischarging yellow (Y) recording liquid
droplets. According to the present enbodinent, of the
four col orsRythe jresent gxgmple, i Hae Rpzale airays for
di scharging recording liquids in the two colors C and
dischatrganereyan i el preubaspapke 1o Pusitamendlead and the
deviation (i.e., likely to cause i nage degradati on due
nbazllandrngy pait idiscthevigdhiyoh)aak e(K) are arranged in the

same head, and the nozzle arrays for discharging the same
color are arranged to be adjacent to each other.

Upon focusing on the nozzles N1 of the heads 1lla-
-11d of the recording head 11, it can be appreciated that the
heads 1la-11d of the recording head 11 realize a color
arrangement order of Y, K, C, M from the upstream side of the
outward moving direction (i.e., direction of arrow a2 in FIG.
6) . Upon focusing on the nozzles N2 of the heads 1lla-11d of
the recording head 11, it can be appreciated that the heads
1la-11d of the recording head 11 realize a color arrangement
order of M, K, C, Y. In other words, the order of the colors
Y, M, and C for forming a color image 1s reversed between the
nozzle arrays N1 and the nozzle arrays N2.

In the case of forming a color image using the

colors C, M, Y or K, M, Y simultaneously with the recording
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not separately arranged in different heads (i.e., the

nozzl e arrays for discharging each color are arranged
wonodshiesranme head) . The nozzle arrays for di sedagBiong308925

the remaining colors yellow (Y) and nmagenta (M are

separately arranged in diffgyent heads . In the

present exanple, the nozzle arrays for discharging

nS¥AN{ Q<2 € MIANIRE LA %%@ sP8a% A0l d g% 08F4L fa

arrays arg|ng arée arrange
sane. head, _and t zl e arr or |schar the
SEARBING| i of PRI GRaTED BB S 8n B hor

. Upon focusing on the nozzles N of the heads Ha- H d
ipterhace@cer ditinf gl freauengarcoonpmeycnacsd Lhat

the heads |Ila-11d of the recording head 11 realize a
gepkoatad ramgenert mrodediof Yastdd ,irCg dénflenmehhery manner
upstream si de of the outward noving direction (i.e

dder ect tion @f fBdrcdweadni AhEl & sndrgiddp@rde@Csi REaPNze an
the nozzles N2 of the heads |Ila-11d of the recording

lﬁgag at i dp S P& APRr eGLat ed that the heads |la-11d
the recording head 11 realize a col or arrangenent

order of N&%/{%%ﬁ(%ase Eth othfr wor ds 3ﬁp ﬁﬁﬁ%afge

the col or %orn1arr%¥
revers d betmeen the nozzle arra&@g& and the nozzl e

1ipapsg aRrgrlets, g, dheasamgs ot cAOGE EnagEaYs| By and
the colors C, M, Yor K, M, Y sinultaneously with
Y?hen@é%b$d@ﬁ@ﬁ@héﬂlﬁnésM?s Heseke atraalso¢d, aadr 681 exre
formed in outward

shifted with respect to each other by a distance of (1/number

of nozzle arrays) X nozzle pitch (e.g., (1/2) X nozzle pitch)
so that the nozzles N1l of the nozzle arraés may be arranged
into a zigzag pattern. In this way, visual perceptibility of
color unevenness may be reduced further upon realizing
bidirectional printing.

As can be appreciated from the above descriptiqns,
according to an embodiment of the present invention an imaging
‘apparatus is provided that is capable of discharging at least
three colors including yellow in which apparatus nozzle arrays
for discharging yellow recording liquid droplets are
separately arranged in different heads, and nozzle arrays for
discharging recording liguid droplets in at least two colors
other than yellow are arranged such that the nozzle arrays for
discharging a recording liquid in each of the colors are not

divided into separate heads. According to another embodiment
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scanning and a raster fornmed in honeward scanning are

interlaced so that high frequency col or unevenness is
wqgenmsriases i n every recording raster in a conpPemaP1086/308925

manner due to the difference in the dischargi ng order

to realize an inmage that appears to be even. In this

case, the nozzle arrays that discharge liquid droplets

f € n r ac :
Roshr ey Fﬂayti‘iﬁ%n‘t B, “Rodsretnd %D?ésfa’ﬂls G Ffogied
hifted w o_each ot her st.ance of (1,

Filtinblr SIS e PP 591&%5%%%@5\‘/% drpaugAEtpYpss fin at
nozzl e pitch). so that the nozzles Nil of the nozzle

1sprhy RS TRIOhS dRGeYILRE0YRL 9% Ady WhacChe PRPAFATES| BOZZ1e
way, Vvisual perceptibility of col or unevenness may be

arsgdreefof Wisrangiog vealpwi higbididrgtlietsabrpr sapangtely
As can be appreciated fromthe above descriptions ,

aacanged non tdi Hereshotieadnt ahidtiez e sertysn¥ent H08cRdArging
I magi ng apparatus is provided that is capable of

rdb8ehahgi Nnald | B_ph kBl €8 £8LQISF INChUdisRI )8l Ee%w other
whi ch apparatus nozzl e arrays for di schargi ng yel | ow

tgsgg{égif@ww&'a%% g,ehetta BLE, 38 a.l &ly cak haegﬁgr'. N 1n

rent heads nozzl e arra s or di S¢
PRER SETt ‘jra?fﬁéﬁaibﬁg%%ﬁﬁ‘m o ?s”;%ﬁégéﬁraéé‘ae
for discharging a recording liquid in each of the
cedpsrdifferginies may be reduced, and since nozzle arrays for
discharging recording liquids in certain colors that are
vulnerable.to image degradation due to landing position
deviation of the discharged recording liquid droplets are not
divided into separate heads, installation procedures for
installing the heads may be faciliﬁated, and image degradation
due to deviations in the manufacture and installation of the
heads may be reduced.

In a preferred embodiment, since image degradation
due to landing position deviations in the discharged recording
liguid droplets may be prominent for black, the nozzle arrays
for discharging black recording liguid are not divided into
separate heads. In this way, image degradation due to
deviations in the manufacture and installation of the head may
be reduced further.

It is noted that in a case where the two colors

other than yellow (i.e., C and K in the present example) are
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di vided into separate heads. According to another

enbodi nent of the present invention, an inaging
wappwriasas i s provided that is capabl e of di schrargprge/308925

recording liquid droplets in at |east three colors

including yellow in mhich_ggparatus nozzl e arrays for

di scharging yellow liquid droplets are separately

s%{ﬁﬁfﬂ%@oﬁ&filge%{ %%t fplﬁggl&a' :Ia)‘?%% nas leﬁao@re'&a¥8f Lg%ng only

schar gi ng recordi ng ets each 0o

| eas WO | ors other than yellow are arranged to b
Oh GE et OF & di i PRBFE PRt FERES erib e ieed. Tor dgafron
perceptibility of bidirectional color differences ma
bpdirgabtert! A G IRGeMAYz2PE 2PPRS FoledeyeRar §hal s,
recording liquids in certain colors that are
colibnevadvennesd maye odeyradnt bamdsiubig dd dhei dgfference in
position deviation of the discharged recording |iquid
tHeopl etisa g end airddirv bdedeent proepaiaties eadsutward
installation procedures for installing the heads may

abectachhid eshiandy FRIEHACHEASA 1P idUetli8n as is shown
deviations in the manufacture and installation of the

iHe?9§ npy be reduced. In a preferred enmbodi nent, since
I'mage” degradation due to | anding position deviations

~in the discharged recordin I'qu'dzgro | ets, may be

prom nent for bt desPeR 'ng?#%aélr‘? 3)‘?plfn(9r CdP8Enk&r gFnghe

bl ack recording liquid are not divided into seﬁarate_
sSpBgdsimen & tipRagé degfaditd oh daé &6 the equivalent
deviations in the manufacture and installation of the
ofieddmapybdeaigatiiceddfattiberto C so that high frequency color

unevenness is generated in every recording raster in a
complementary manner to realize an image corresponding to the
image to be formed using C and K that appears to be even as is
shown in FIG. 8.

In other words, in the case of forming an image
using plural colors at the same time, the image may be formed
without using one of the at least two colors other than yellow
(i.e., C and K in the present example). In a specific example,
K may be replaced by composite black in order to form an image
that appears to be even and to thereby reduce color
differences in the formed image.

In the case of using composite black made up of
colors C, M, and Y that is the equivalent of K in addition to
C rather than using the at least two colors other than yellow,

namely C and K, the total amount of ink used may reach a total



It is noted that in a case where the two col ors other

than yellow (i.e., Cand Kin the present exanple)
wanrewiasi2s aneously used to form an i nage as oppOSEPR00E308925

using only one of C or K as is described above, a

resulting image from bidiregiional printing may not

appear to be even; that is, color unevenness may occur

a&%gg@n gyﬁoi@‘&iﬁh é$£¥ E@ Ou?uﬁ @“ﬁﬁbQﬂ%!n%a& be

theen prin ddiFection
rinti.n t he. homeward direction as is sho n FIl G
Hoa 2h "t Lo r%%Jpr&a(lnﬁ%ttgﬁdl’a?gﬁs‘?‘fﬁhéyan@“\gn e, gelor
sane tinme, a conbination of C, M, and Y that is the

degeiGal BaY }é¢ s FER IRs PedaTEnthedIa¥Bnm onesdevhat is
hi gh frequency col or unevenness is generated in every
meecbedi ag iastlywn nira FdenpPenentary manner to reali ze
an i mage corresponding to the inage to be forned using

5 Cand K thatceppeafsy ! abe gvefedbed Serbhdnt Fk@nc8 color
In other words, in the case of formng an inmage

Hsing,BLYT ale COb Oie i Adbecsamei i AR de,i TRGERY; S

formed w thout using one of the at |east two co

ther th | o t.he pr.
Bty Hef e eergiip ok i BB ksecacuy
conposlte black in order to,forman i.nmage that appears

896 BVRA AR G 0 & Heér B¢ éHﬁE%aC&oq’l%rthtﬂ foEpPeRdés Phack

the formed inage. In the case of using conposite black
Gfgdwhep Be brightness of an image to be formed using plural

10 colors is below 26. In this way, the total amount of ink used
may be prevenfed from exceeding the total amount threshold
value. The color density may reach the maximum tone level
before the total. amount threshold value is reached so that the
desired image quality may be maintained and visually

15 perceptible color unevenness may be reduced.

In the following, landing position deviations
between the recording liquid droplets occurring due to
positional deviations in the installation of the head; lla-11d
in the carriage 4 are described with reference to FIGS. 10 and

20 11. It is noted that FIG. 10 is a diagram illustrating
installation position deviations of the heads 1lla-11d, and FIG.
11 is a diagram illustrating the landing position deviations
of the recording liquid droplets discharged by the heads lla-
1id.

25 It is noted that the landing positions on a
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colors C, M, and Y that is the equivalent of Kin

addition to C rather than using the at |east two
woabwrig3aasher than yellow, nanely C and K , thecrormoe/308925

anmount of ink used may reach a total anount threshold

val ue (maxi mum anmount- of ink, that may be applied while

mei ntaining the image quality) and the color density

&Xrﬁ%aé%&@%ﬁ%@ qfh%r %E}cg%dgﬁél EAT}LJ%% to? %ﬁ:% eclls d‘?’.scharged

reached™as 1's shomn In rdingly

referred enpodi : C | or . une nness due t
FHE GhPrEPEREer (T f ERoReanaohbiof i Thaier THecoResY
har dl erceptlble when the brightness of an image is
1Bl 2BLOK as SR esEesdonp PActhomsssia d 1ot A0k QWY
when the brightness of an image to be fornmed using
iplstiraledoinrshe scayeliewe?26.. | Ant hhs ivbBlyystrdecetdokabmple, a
amount of ink used may be prevented from exceedi ng the

postial oaabuddy idtieshelfd yuak uethd heuls od @nrdens idiy eFRY on
reach the maxi numtone | evel before the total anpunt

oE'&ﬁ%%hBégwé@ll Ughd hid-gached saqt Pat, tahepo%%sam%%r Hagﬁatlon

qual ity may be maintained and visually perceptib

o%okgrlHngﬂgnQE§ EVIE% rgdg% onlgbthe ?%%%Pmn ghe heads

i fig position i ONs meen

|IQUIg ?Loplet occurrln g 05|t|onal deV|at|ons

LR &R %ta?W t3 &PS3EP élh S¥saHQR 1954 Yn ippshe sub
carriage 4 are described with reference to FIGS. 10

sgaaning firegtimn aFqung bet@eenoths heddagibmand 11d. Also,
illustrating installation position deviations of the
ohwadsthaf-thal syedaFb@tween the nozzles 1ln (nozzle pitch)

is denoted as X, the nozzle arrays Nl and N2 are shifted with
respect to each other by X/2 so that the nozzles 1ln of the
nozzle arrays N1 and N2 may realize a zigzag pattern.

The liguid droplets discharged from the heads 1lla
and 11b (droplets of Y1 and Kl) are supposed to land in line
along the main scanning direction and land at intervals of the
nozzle pitch X along the sub scanning direction. However, due
to installation deviations of the heads lla and 11lb with
respect to the carriage 4, instability in the carriage
operations, and variations in the spraying direction of each
of the nozzle arrays, for example, a deviation of x1’ in the
main scanning direction and a deviation of yl’ in the sub
scanning direction occur between the landing positions of the
droplets Y1 and Kl as is shown in FIG. 11.

Similarly, with regard to the liquid droplets



11 is a diagramillustrating the | andi ng position

devi ations of the recording |iquid droplets discharged
woyodshiesfzgads Ilalld. It is noted that the | anBCTgP2006/308925

posi tions on arecordi ng nmedium of the recording liquid

dropl ets discharged from thg nozzles H n of the heads

Ila-11d are affected by installation position

dgsxhﬁ%@&%% %%agggguma%ﬁg iﬂ?‘f_gllo%qettg Lheyy and C1),

carria str exa positi ona

t f b. ct
DATHRRH The heds 1A AanRHD, S S (e Cag &b o

of y2 in the sub scanning direction pccu[s bet ween t he
AdRBAAEIMR LaF HED ZhE aug 0SFRRRHY Hercatioanosfuyoetveen
the sub scanning direction occurs between the heads H
theahandihg Alsd, tigneenft hhese hht qsiphckdpdieweenahiewith
nozzles Hn (nozzle pitch) is denoted as X, the

5 regazdetarty s iNuidndrdbldiate shédiadad ttromesh8Cheli@®s 11a
each other by X/ 2 so that the nozzles Hn of the

ahQzzle aiFfpnedN oane1N2na®yoy eal | #& 13 +2is %Zegs RattgNpe

The I|qU|d dropl ets di scharged from'the a an

mji;llq &(sg neg{ %1%fec¥|10gngn§|g &L K?:La o%osc’) 3o| %\Hdg}g\? sub

ne a i'n-sScanni ng dlrec I'ona
|nterval of the nozzl e |tch X .alang the sub scannin
SHTTELES SHL T APe P ColtD BB ErS B1 Aoh "o P AL T oes A1E
the heads Ha and Hb with respect to the carriage 4 ,
thase aBTIRtSLtS-n the carriage operations, and variations

in the spraying direction of each of the nozzle
10 arrays, fdm edanpltherahded att ois ofobdd 'than theding

position deviations hardly occur between ligquid droplets
discharged from nozzle arrays of the same head.
Accordingly, in the present example, even when
installation position deviations occur between‘the heads 1lla-
15 11d makiné up the recording head 11, landing position
deviations between recording liquid droplets hardly occur in
the case of forming an image of a single color of K or C using
only head 1llb or head 1llc, for example. However, landing
position deviations between recording liquid droplets occur in
20 the case of forming an image of a single color of Y or M using
heads 1la and 11d or in the case of using at least two of C, M,
Y, and K at the same time.
In the following, referring to FIG. 12, a
comparison example is described in which the discharging order

25 of the recording liquids in the different colors is arranged
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mai n scanning direction and a deviation of yl ' in the

sub scanning direction occur between the | anding
woasictizems of the droplets YI and Kl as is shoraTidpP006/308925

FIG H. Simlarly, with regard to the liquid

dr opl et sdi scharged fromthesheads 1la and lie

(droplets of Yl and ) , a deviation of x2 ' in the

tRbe $RANSANY 1R QRhaRdgasdeyh atd Oé(hcpfh&%vjar}:dt E%anning.
sub scanning direction occur between the | anding

s o P, U S8, 1 WA 8

the liquid drop char ge rom

d,(droplets of Yl and ,.a devjation of x3 ' in
ﬁhetﬁ’ﬁi’ﬁ 3% %rﬁ“ff@aiﬁibﬁe&gi\%?ﬁ‘eaﬁﬁa% i REIGFRRAE3 to an
the_sub scanning direction occur between the |anding
neGEilei dRsaHiCt Hiseeapdng ovigr hClottrsrododmg;, liitruid
noted that | andi ng position deviations hardly occur
drepween, | thyi b zrlopleetmydNgchar ged Heauininez doerakpayds to a
of the same head. Accordingly, in the present exanple,
neveleWaeray NSt afdatdierhpegihbyoplsewi at) ARTREBHY 1iquid
bet ween the heads Ha- | H d making up the recording

d%ﬁg_eﬁé; 'll.}?@ddcfbgzl%oscl'xifaQnNgegfa{lﬁ%r}%é@tl%e%]@%:?%gﬁghgg to a

liquid droplets hardly occur 1 n the case of
a

SLTRE SR NG SO0k O Sl gy ol heRd b
dg:gg g\Eé Onélebergo\,\zez rga 2%%%2;%2 gojfi t ueia dheda{dogll%t Sc’:o?:?:gg;r)oilgs to a
nozzle array Y1 for discharging yellow (Y) recording liquid
droplets,‘the nozzle array N1 of the head llc corresponds to a
nozzle array Y2 for discharging yellow (Y) recording liquid
droplets, the nozzle array N2 of the head 1llc corresponds to a
nozzle array M2 for discharging magenta (M) recording liquid
droplets, the nozzle array N1 of the head 11d corresponds to a
nozzle array K2 for discharging black (K) recording liquid
droplets, and the nozzle array N2 of the head 11d corresponds
to a nozzle array C2 for discharging cyan (C) recording liquid
droplets.

It is noted that a deviation of yl in the sub
scanning .direction occurs between the heads 1lla and 1lb, a
deviation of y2 in the sub scanning direction occurs between
the heads 1lla and 1llc, and a deviation of y3 in the sub

scanning direction occurs between the heads 1la and 11d in the

present example as in the previously described example.
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the case of form ng an imge of a single color of Y or

M using heads Ha and Hd or in the case of using at
woOeawi12s32ze of C, M, Y, and K at the sane ti FeT/JPI006/308925

the following, referring to FIG 12, a conparison

exanpl e is described in whisgh the di schargi ng order of

the recording liquids in the different colors is

ar r angedt o, e 141659 91eDELYLLE: Gl YRLA S ALY, ATY

homewar d scanni ng. e conparison exanple as iIs
illustrated i,n FI 12, .the_nozzl e arr,ay N . of the -
Sﬁ%%%”ﬁa&%roercrtel%lo%g Fol8V RBTY R U rdy Fgrg sbB%scanning
di scharging cyan (C) recording liquid droplets, the
dhBOGHEPTArICEF NPT S ERe TR atPRERS 1A <P6Rds of gthe droplets
nozzl e array Kl for discharging black (K) recording
di squaxgent optaet $het headezile ard allNdusf tohanpéadlatbon
corresponds to a nozzle array M for discharging
deagebiend M rigeohdidg, | igetaodropt etrs, thcheanoizate
array N2 of the head |lib corresponds to a nozzle array

opbrflokh SCHRY HaRa¥ebhoWif Yins egoraiing ldigdbdion of each

droplets, the nozzle array NI of the head lie

o§gféga§§%g¥%té}f%¥?25% & @%%ﬂglgq fé&ﬁfﬁa%ﬁ@ﬁrgi 8viation of

recor i quid dropl et's, the“flozzl e array

EQ of the head %ie corres ogﬁs to . a nozé ea%Eray %Q ' in
%P or TR Sehdlgrhg SRRESREAOL M T E20riichg CEGaRaar opF 672!

the nozzle array N of the head Hd corresponds to a , ,
thezste 2FIMY-IQ HEPCHLSRNAPGIRPHIERR (R Feesiapngesitions
liquid droplets, and the nozzle array N2 of the head H

of tbauedpbrugslate dimokakgedrfegm Ghd dreadisséhar ghdgllic, and
cyan (C) recording liquid

a deviation of x3’ in the main scanning direction and a
deviation of y3’ in the sub scanning direction occur between
the landing positions of liquid droplets discharged from the
heads 1lla and 11d.

Thus, landing position deviations occur between
discharged recording liquid droplets in the case of forming an
image of a single coldr of C, M, Y, or K, and also in the case
of forming an image using at least two of the colors C, M, Y,
and K.

FIG. 13 is a table indicating exemplary
determinations of the extent of landing position deviations
allowed in view of image quality based on a sensory evaluation
in the comparison example with the head configuration and the

color arrangement as is described above, the allowable extent

being determined by performing a sensory evaluation and a
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droplets . It is noted that a deviation of yl in the

sub scanning .direction occurs between the heads H a
waneHk3s28 devi ation of y2 in the sub scanni ngPCT/JP2006/308925

direction occurs between the heads H a and Hc, and a

devi ation of y3 in the subhsgcanning direction occurs

between the heads Ha and Hd in the present exanple

880k b 8RR OUslY wdesSEhi BRd, exampl e Accardi pgl %%j Igsting

eviation of xI' in the main scanni'ng direction a
sub _scanni ng direction occur

d
viation of vl . in the

tggt%E%QE?QEP?%%ﬁﬁqﬁg%§g§?F%%%§'of the droplets

di scharged fromthe heads 1la _and |lib due_to

i nst al | at i%h RVl PoREe6iatRd Fedmsthe dedsi rift §1En 13,
the carriage operations and variations in the spraying
tHer dragormwfliddcs of thegeszit dkackyd) kod eyanple) are

Simlarly, a deviation of x2 ' in the main scanning
mdreetikaly and e deéficattednbpf 1a2ding mddiaisubdecanniags

direction occur between the | anding positions of

chinglaik 84 dE@pligesdiisc habgadaf nom thes keadslig)and lie,

and a deviation of x3 : in the main scanning direction

occur bet uibri e TRRETRG Boe TIoR o T qaedUafebreps che
PRBETTT o R 4T o® GBB0F 65 Vath T SORafGEd FBtbr haginece

liquid droplets in the case of form ng an i mage of a
WrhyFELT Rorimraee inptheycolers placihd Kl §8di Ayehe(C) are
mg?:elikely to be affected by landing position deviations
between the discharged recording liquid droplets realizing
these images, the recording liquid droplets in the colors
black (K) and cyaﬁ (C) are respectively arranged to be
discharged from nozzle arrays of the same heads so that
landing position deviations between recording liquid droplets
in these colors may be controlled so that the image qualify
based on the sensory evaluation may not be affected and
requirements with regard to head position adjustment may be
eased. Based on the evaluation results of FIG. 13, in the
present embodiment, a desired image quality based.on the
sensory evaluation may be obtained by arranging the nozzle
arrays of the heads such that the extent of the landing
position deviationé between recording liguid droplets

discharged from the nozzle arrays is no more than 30 gm. That

is, according to an aspect of the present embodiment, position
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of formng an imge using at |least two of the colors C

, M, Y, and K. FIG 13 is a table indicating
wexeamsphkay determ nati ons of the extent of | an#CmgP2006/308925

position deviations allowed in view of imge quality

based on a sensory eval uati®pn in the conparison

exanple with the head configuration and the col or

R LAREEAENG £ aghd hdIRRC rlllgegnabw@,mé;h%&é hURDLE be
extent being determ ned by performng a sensory

p%%%lﬁggaogo 1%%9&9 OQQQ§§B$%EJ$ Val%%&ﬁgﬁFgglmay be

sanp Create y adjustin poSsi
reC|ated fron1the t abl e of

dev |ons can be

SﬁP@. éed ﬂ%ﬂéﬁﬁbgﬁﬁﬁmb gsPEPCeTRgeds mayl Hek reryced to
and cyan (C) are nore likely to be affected by | anding
rﬁéé#??oﬁ°%%vﬁ%ﬁﬁQﬁ%§nconpared to images in magenta (M

, and yellow (Y) . In this respect, according to an
enbodi nentAocfondiercpries empthrveaspent of thensirdereat:i on

of the fact that the image qualities of images in the

eabbaifieht ACK AdQoralithoCYaful €) sahs1 Pyes Henk &loy- ts@pE@ying
af fected by | andi ng position deviations between

Sesehanrgen: hecond ngd 'r%Hbgdgﬁgpﬂ%&; 118,72 had 5 Fmﬁie_fled

i mages, "t he recordlng li'quid droplets in the co

bl ack (K) yan ¢ are.res ect|vel rr. nged be
dischargedﬁ$ronfﬁ§%z g gFréﬁsso?w?he ]¥%€ ads™ s%ge
t hat gandl osi tion devi atjons_ between recordln

PERER DY SReLE BBFRF sl a2 sk @%F@épﬁsal%ly

that the image quality
extending from a yellow sub tank 15y for supplying yellow (Y)

recording liquid to the nozzle arrays Y1 and‘YZ and a magenta
sub tank 15m for supplying magenta (M) recording liquid to the
nozzle arrays M1 and M2 each have to be divided into two
separate channels to supply their corresponding recording
ligquids to the different heads 1lla and 11d. However, supply
paths 19k and 19c respectively extending from a black sub tank
15k for supplying black (K) recording liquid to the nozzle
arrays Kl and K2 that are arranged in the same head and a cyan
sub tank 15c for supplying cyan (c) recording liquid to the
nozzle arrays Cl and C2 that are arranged in the same head
each require only one channel. It is noted that in another
embodiment, a head that has nozzle arrays for discharging
recording liquids in different colors may include plural sub
tanks 15 corresponding to the different colors. Thus, in the

above example, the heads lla and 1lld may each have two sub
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based on the sensory evaluation may not be affected

and requirenents with regard to head position
wadjpossiesesnt nay be eased. Based on the eval uat POWJIP2006/308925

results of FIG 13, in the present enbodi nent, a

desired inmage quality based;pn the sensory eval uation

may be obtai ned by arranging the nozzle arrays of the
eadsiguch that the extent of the | anding position

devi ations between recording liquid droplets

di scharged fromthe nozzle arra th

m. That is® 'gécorgmﬁﬁlfgnaﬁ 3@%2% %P§i4?)#%' § Rozf1e
enbodi 05|t|onadjustnent of the heads |ib and
AFFEYmGE ntACh Ve W6 HE2CRer kOThiR AT (FHANERE FeaREFeharge
adj usting nmechani sm nmay be sinplified and the

rgeesfbny nhipristess didderaptbecterticethd chegabiyzeecsobtof
reducti on. According to another aspect of the present

 térbedbpEntpatths dCorsitrgdk hgUE dors UEpd ys18y slemsf 06 has to be

supplying recording liquid to the recording head 11

dreydbe she®lifd ethantpesi fikeal F¥G. aﬁﬂlscﬁhgﬁﬁh'Bkaﬁé heads
14, in the present. enbodinent, supply paths 19y and

ﬁgnnmslpfgy:f%aé%yeg X ngYganglfcﬂ%@ J t%‘ﬁdkgufif)t ank 15y

for supp recordi ng to the

nozzl e arra s Yl Y2 and a en b tank 15m f or
suppl yi ng d%ﬁiéag%pWFE@oraP%EE$¥cﬁﬁbfii? eCforPpePresent
.arrays M. and M2 each have to be divided into two
lggﬁﬁgé@% Thaarardbed ¥hphl et aesnce dir &dFondPng

recording liquids to the different heads 1la and Hd.
However, sbppihe present embodiment, recording liquids in six

different colors C, M, Y, K, R, and Gor C, M, Y, K, R, and B
are used rather than using recording ligquids in four different
colors as in the previously described embodiment.

In the present embodiment, the recording head 11
includes heads 1lla-11f. The head lla includes a nozzle array
Y1l for discharging yellow (Y) recording liquid droplets and a
nozzle array Ml for discharging magenta (M) recording liquid
droplets, the head 11b includes a nozzle array Cl for
discharging cyan (C) recording liquid droplets and a nozzle
array Gl for discharging green (G) recording liquid droplets
(or a nozzle Bl for discharging blue (B) recording liquid
droplets), the head llc includes nozzle arrays Kl and K2 for
discharging black (K) recording liquid.droplets, the head 11d
includes nozzle arrays Rl and R2 for discharging red (R)

recording liquid droplets, the head lle includes a nozzle



10

15

20

25

pat hs 19k and 19c respectively extending froma bl ack
sub tank 15k for supplying black (K) recording |iquid

woaodchiesnezzl e arrays Kl and K2 that are arrangedJpPmwos/308925

the same head and a cyan sub tank 15c for supplying
cyan (c) recording liquidipthe nozzle arrays C and
C2 that are arranged in the sane head each require

é%%% Qefggaafgﬁhif4#? ;ﬁﬁegheQG h@écéfﬁeg§#f¥aﬁld droplets

dinment, a hea nozzl e arra

dlschar cor di ui. ds erent cgl or
.ﬁcFu889p¥% %? éﬂ%c¥%ﬁb§% %ngoﬁr% @%ﬁl?ﬁfQEglPﬁéilquXd
different colors. Thus, in the above exanple, the
dﬁ€§8§tF9aa%ﬂdaF¢QF4ﬁ%/®§5éM RavECT @l sgiisnrg tyan (§)

t he comparison exanple of FIG 12, the nozzle arrays
refowdtng of 1alid Ibegs eitlsa- bhd the h@&@u&ﬂﬁjﬂnmldﬂsshargezzle‘
recording liquids in different colors, and thereby,

aeael WP foe Sipplargiaighsad@next endi rgedrdimd hegail droplets
tanks 15 has to be divided into two channels (see FIG

a%é)a1nQ£z§§C£kﬁHy4Y@ef@%aa§skh§réiﬁbr§3iﬂd% QQ)eg%bgPﬁgng

with two sub tanks 15. In the follow ng, anot

[ the present invention is descrlbed with
1%g$g§e§§§£%§§ FIG 16. In the pr esent enbodinent

recordlng ui in six different colors C, ,

, JE?IH;IG 0]?75 Ata b$e ipdiceEd %r?d{e@%aéyused
rathe( than usi n ecordlng liquids in four different
despePsnakions tCPfegEé}eeWGQ‘éleO@e%@Fqlw roftiddioredevianions
the present enbodi nent, the recording head 11

.allowed in view of a desired image quality based on a sensory

evaluation in the present embodiment with the head
configuration and the color arrangement as is described above,
the allowable extent being determined by performing a sensory
evaluation and a color measurement evaluatioﬁ on a sample
created by adjusting the landing position deviations.

As can be appreciated from the table of FIG. 17,
the image qualities of images in black (KS and red (R) are
more likely to 'be affectea by landing position deviations
between the recording ligquid droplets realizing thése images
compared to the other colors. Accordingly, nozzle arrays
arranged in the same head are used to discharge liguid
droplets in the colors black (K) and red (R) so that image
degradation due to landing position deviations between
discharged recording liquid droplets in these colors may be

prevented and the image quality may be improved.
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i ncludes heads Ila-1l1f. The head 11la includes a nozzle

array Yl for discharging yellow (Y) recording |iquid
wdnopliesrsand a nozzle array M| for di schargi RGT/JP2006/308925

magenta (M recording liquid droplets, the head |Iib

i ncludes a nozzle array C_jfxr discharging cyan (C)

recording liquid droplets and a nozzle array @ for

di schar gi N1 gh&eth (Re LSeak ﬁ;cngr(\%%rgﬁ& dr o%I hets gor a
u

nozzle Bl for di schargl ng bl ue Fecor di I Ng I|

gdk ) udes zzIe arrays KI and
89%}‘?&%%% Far gl%%%%l ack%kﬁ%%c%? H’%Bdlmentsr it is
oplets.,, the i ncl udes nozzI e arra s R and

Ogﬁlg%? %?%%h%ﬁ”@vﬁae%& e%i fP%%JoiFﬂd%arTquraSqWéldpgpuétso

the head H e includes a nozzlearray & for discharging

ogheen T'HLiatdruithg PriulEcrropding @od anderztend@2ng the

for discharging blue (B) recording |iquid droplets)

spadificnidde amhay p€2stot ihseharai ngceyass(&£l1 such
recording liquid droplets, and the head H f includes a

cqorzd erary ayndVBiobor 1 gk schas gidih neRgenta+eM oﬁf%% [F30N
liquid droplets and a nozzle array Y2 for dis i ng

s¥6bd ¥ (P¥)e rOGARdI Ngliquid droplets . FIG 17 is a -
tabl e indicating exenplary deterninations of the

ext ent ofElgn%lgg1 03|t|o |at|osallovved|n Vi ew
of a desired inage quallltgh K 03 CEeRESPYS . recording
(%Iuatl on in the Eresent enbodi nent with the head

Hlafi §RUEREOLtRE e biouratdngenadt aasixscolor
descrl bed above, the all owabl e extent being determ ned
C?Rfkﬁﬂﬁﬁiﬂ@ﬁn@rﬁ depspilyed. However, the present invention

is not limited to such embodiments, and a recording head
according to another embodiment of the bresent invention may
be arranged to discharge recording liquids in seven or more
colors, for example.

Also, it is noted that although an imaging
apparatus having a printer configuration is described above,
the present invention may equally be applied to other types of
imaging apparatuses such as a multifunction imaging apparatus
having printer, fax, and copier functions. Also, it is noted
that the present invention may be applied to imaging
apparatuses using a liquid other than ink as the recording
liquid, for example.

The present application is based on and claims the
benefit of the earlier filing date'of Japanese Pateﬁt

Application No. 2005-144016 filed on May 17, 2005, the entire



eval uati on and a col or neasurenent eval uation on a
sanpl e created by adjusting the | anding position
wdevicarsans. As can be appreciated fromthe tabC®Jpi006/308925

FIG 17, the image qualities of images in black (K)
and red (R) are nore likely,4{0 be affected by |anding
position deviations betmeen the recording liquid

S c tq the other
BrE o B ofy ! RS PSR byl et e
same head are used to discharge liquid droplets in the
colors black (K) and red (R) so that inmge degradation
due to | andi ng position deviations between di scharged
recording liquid droplets in these colors may be
prevented and the image quality may be
i nproved. Al t hough the present invention is shown and
described with respect to certain preferred
enbodi nents, it is obvious that equival ents and
nodi fications will occur to others skilled in the art
upon readi ng and understandi ng the specification. The
present invention includes all such equival ents and A
nodi fications, and is limted only by the scope of the
clainms. For exanple, in'the above descriptions,
recordi ng heads with a four-color configuration and a
si x-color configuration are descri bed. However, the
present invention is not limted to such enbodi nents,
and a recordi ng head according to anot her enbodi nent
of the present invention nmay
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be arranged to discharge recording liquids in seven or
nore colors , for exanple . Also, it is noted that
wealdsaastgs an i magi ng appar at us havi ng a pri nt ePCT/JP2006/308925
configuration is described above, the present
i nvention may equally be applied to other types of
I magi ng apparatuses such as a - nultifunction inmaging
apparatus having printer, Eﬂ nd copi er functions.
Also, it is noted that the present i nventi on may be
applied to i magi ng apparatuses using a liquid other
than ink as the recording liquid, for exanple. The
present application is based on and cl ains the benefit
of the earll-i &2 £MPPHBY RERAGTLURSRA®SSSPRYent
Application No. 2005-144016 filed on May 17, 2005, the
ent i r econteemtlsiref inki ch Eﬁidmeﬂém$.hﬂedsp@ratedtigged in a
reference. CLAIM5S 1 . An imagi ng apparatus conpri sing:
mai Pl iy af rbeadsn whileh Heads iaceuvai hgngeslurbBty of
mai n scanni ng direction, the heads including a
ndd 2 ald i Qf Rozal ﬁoé‘éié‘ya?rﬂi}sc RR022kengEs aYS A€ main
arranged |n the main scanning direction and confi gured
to dISC ge dropl ets of or |ng [ | ,east
o PP eaar S A hg s e et el T or
l'iquid; wherein at | east two of the _nozzle arrays th
reFr Haid ilgerddst dndrEchRrte ﬁ%eyéﬁﬁéﬁff?%%oﬁ:%%s lnCludlng

liquid are separately arranged in at |east two of the
a hgadeow recording liquid;

wherein at least two of the nozzle arrays that are
configured to discharge the yellow recording ligquid are
separatel? arranged in at least two of the heads;

at least two of the nozzle afrays that are
configured to discharge a first recording liquid of the
recording liquids in a first color other than yellow are
arranged together in one of the heads; and

at least two of the nozzle arrays that are
configured to discharge a second recording liquid of the
recording liquids in a second color other than yellow are

arranged together in one of the heads.

2. The imaging apparatus as claimed in claim 1,
wherein
the at least two nozzle arrays configured to

discharge the first recording liquid are arranged to be
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at least two of the nozzle arrays that are configured

to discharge a first recording liquid of the recording
woi2opsiidss28n a first col or other than yell ow ar 8CT/JP2006/308925

arranged together in one of the heads ; and at |east

two of the nozzle arrays tjmt are configured to

di scharge a second recording liquid of the recording

adiiagdh@stbnedcisesand- cqlgr other than yel low are
arranged together in one of the heads. 2 . The inmaging

cppar ol Ue.gs SLATBA LA IVE iherel 0 e Bl 2o

two nozzl € arrays configu 0
d.reﬁordinﬁ quuid(fre arra&ged_to,beadjacent to each
TSERBFIC aht® t #eP Rt ITELSFOMRE hodIPi@ & f/Fadeier Gar b
to discharge the second recording |liquid are arranged
adggcpatallp ag@eit Qtdr1«ach other. 3 . An imagi ng apparat us
conprising: a plurality of heads which heads are

arranged in a main scanning direction, the heads
including a plurality of nozzle arrays which nozzle

arrays arg. akd angef g apparfRiby &AM ichgli rection and
configured to discharge droplets of recording |iquids

[ t | t j ff ' [ Ll qw,
ocordi ng 14k nereraar Toel 1St etakTopd"in o

maﬁﬁrQXQnﬁiﬁg &gf%ction, the heads including a plurality of

nozzle arrays which nozzle arrays are arranged in the main
scanning direction and configured to discharge droplets of
recording liquids in at least three different colors including
a yellow recording liquid;

wherein at least two of the nozzle arfays that are
configured to discharge the yellow recording liquid are
separately arranged in at least two of the heads;

at least two of the nozzle arrays that are
configured to discharge a first recording liquid of the
recording liguids in a first color other than yellow are
arranged to be adjacent to each other; and

at least two of the nozzle arrays that are
configured to discharge a second recording liquid of the
recording ligquids in a second color other than yellow are

arranged to be adjacent to each other.

4. The imaging apparatus as claimed in any one of
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configured to discharge the yellow recording |iquid

are separately arranged in at |east two of the heads;
wabkodemasst wo of the nozzle arrays that are coRCTgPI086308925

to discharge a first recording liquid of the recording '

liquids in a first color other than yellow are

arranged to be adj acent to each other ; and at |east

0 zle that are configured to

cl W@ghgr%gfoH eé%n&ﬂ%%%%?ﬁlng liquid of the recording

l'iquids in,a, second coI L Qf han ell ow.are

arranged £b %%aﬁﬁfﬁg%ﬁf &ﬁs%tﬁ%? N9 a4 ids gy the

apparatus as clainmed in any one ofclainms 1 through 3 ,
safaferACar i rAst iBHE FOTHKEPPRASt tP e dt Gy YSQEd nand

the second recording Iiquid corresponds to a bl ack
limddr.ding liquid. 5 . The inmagi ng apparatus as cl ai med

in any one of clains 1 through 3 , wherein at | east

one of the first recording liquid and the second

recording liquid corresponds to at |east one of a cyan

recor di ngsl i gikld O; Ay ITRP G b8! diNE1d 1R Gin &rke@ne of
recordi ng I|qU|d a bl'ue recording liquid, and a green

| clagggrqlggr ? :qgﬁ%lnaglng apparatus as cl ai med

in any one 0 rough 3 , mhereln the at

| east two of_the nozzle arra configured t
at least one of the grsg ordlng(iiquid and the

second recording liquid corresponds to at least one of a cyan
recording liquid, a magenta recording liquid, a red recording

liquid, a blue recording liquid, and a green recording liquid.

6. The imaging apparatus as claimed in any one of
claims 1 through 3, wherein

the at least two of the nozzle arrays configured to
discharge the same recording liquid are shifted from each
other with respect to a direction perpendicular to the main
scanning direction by a distance equél to (1 / nﬁmber of
nozzle arrays configufed to discharge the same recording

liquid) X nozzle pitch of the nozzle arrays.

7. The imaging apparatus as claimed in any one of
claims 1 through 3, wherein
the heads use an electrothermal transducing element

configured to generate pressure for discharging the fecording
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di scharge the sane recording liquid are shifted from
each other with respect to a direction perpendicul ar
woOaodshie3srai n scanni ng direction by a di stance equabP2006308925
(1 / nunber of nozzle arrays configured to discharge
the same recording liquid)gX-nozzle pitch of the
nozzle arrays. 7 . The inmaging apparatus as clained in
1ijfMaene of claims 1 through 3 , wherein the heads use
an el ectrothermal transducing elenment configured to
generate pressure for discharging the recordingliquids
8 . The |nag|ng apparatus as clainmed in any one of
claims 1 éhrou 3 wherein the heads use_an
el ectrone haWi1 2t P3G RRRSTG TP eABnE I 2 UMRY it iyt gne of
generate pressure for discharging the recording
clgiggi dsthrough The whangildg apparatus as clainmed in any
one of clainms 1 through 3 , wherein an extent of
| andi ng ptsetheamdslavsatdrorleetwerachasdeal ngrdrisgiticd.ng
dropl ets di scharged fromthe nozzle arrays is arranged

ellthehe BOnADGHErédary Hirerdte @Qesgﬁﬁelf&gld&&%@rlﬁbuihe
as clainmed 1n any one of clains 1 through 3 wher ei n

& i o be forned corresponds to an i mage
rHRgpe Lot} e

t hat y realized by using the first recording
I|qU|d

9. Thg imaging apparatus as claimed in any one of

claims 1 through 3, wherein

- an extent of landing position deviation between

recording liquid droplets discharged from the nozzle arrays is

arranged to be no more than 30 um.

10. The imaging apparatus as claimed in any one of
claims 1 through 3, whereiﬁ

when an image to be formed corresponds to an image
that is normally realized by using the first recording liquid
and the second recording liquid simultaneously, at least one
of the first recording liquid and the second recording liquid

is refrained from being used.

11. The imaging apparatus as claimed in claim 10,
wherein

the first recording liquid and the second recording



and the second recording |iquid sinultaneously, at

| east one of the first recording |iquid and the second
woecewridssng |iquid is refrained from bei ng usedPCLAP20061808925

i magi ng apparatus as clainmed in claim 10, wherein the

first recording liquid andgghe second recordingliquid

are used sinultaneously when the inage to be forned

1hAs P el dBbACSSMPBLONEASS1y when the image to be formed has

a brightness below 26.



