DESCRI PTI ON | MAG NG FORM NG APPARATUS TECHNI CAL FI ELD
The present invention relates generally to inmage

wo eoomoegoappar at uses, and nore particul arly toPCT/JP2006/324407

10

15

20

25

preventing nozzles that eject liquid droplets from
bei ng clogged and to increasing the speed of image
formation. BACKGROUND ART | k- j et recording

appar at uses, whi ch can perforn1recording at high

speed, can performrecorgj JQFP yn paper wthout a
speci al fixing operatlon and can be obtai ned at
relatively |low prices, have often been used for nmany
pur poses of late. Using an ink-jet head in which ink
l'iqui d chambepacand meral@eG COPPHRACALI Ng therew th

are formed, the ink-jet recording apparatus fornms an

i mge by causing ink droplets to fly fromthe nozzles
to adhere to a recordi ng nmedi um such as paper or a
fiThChyIappl WillEd.Dpressure to ink in the ink liquid
chanbers in accordance with image information. In the .
case of perf®8hei pgepeinit i imgyomt pbai ngdpées wenerally to
particular using this ink-jet recordi ng appar at us,

t hep@gar E0sRBINgC AP AR 1obt ewssS of apﬁag@f@éﬁlﬂiﬂcuhrly to

degradati on characteristic of the._ink-je
preventing nozzles that eject llquld droplets from

being clogged and to increasing the speed of image

formation.

BACKGROUND ART

Ink~jet recording apparatuses, which can
perform recording at high'speed, can perform
recording on plain paeer without a special fixing

"operation, and can be obtained at relatlvely low
prices, have often been used for many purposes of
late. Using an ink-jet head in which ink liquid
chambers and nozzles communicating therewith are
formed, the ink-jet recording apparatus forms an
image by causing ink droplets to fly from the nozzles
to adhere to a recording medium such as paper or a
film by applying pressure to ink in the ink liquid
chambers in accordance with image information.

In the case of performing printing on plain



recordi ng apparatus in the color reproducibility,
durability, lightf astness, ink drying characteristic,
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characteristic of an image. Further, it is extrenely
difficult to perform high-sp fd printing on plain
paper while satisfying all of“these characteristics.
Usual Iy, common ink used for ink-jet printing contains

nabebeds iy sirf aqref&apgk sggggn%tr . & xgofg&h@gc'o%%dges

ring agent and clo

p_rgﬁeﬁtr'a‘%ms sughe A gkxcs&bﬁlc?te ;%@Iélﬂg 8gelhdsd

ei ther dye or pignent. Conventionally, dye ink’is hore

of §8814$§d Jefr £04 ©f oRAEHS rRRGRSIEs 10f c 990Ut BBl @k -jet
devel opnent and stability However, the inmage fastness

pr epeblridd s os dp asa t i ght nf asuteneﬁﬂ@mdra\pteﬁﬁcgi&tlrlq&@,
(wat er resistance) obtained by using the dye ink are
i nfleriabni ltia vt hoseglobf asnedsly usingypygmgnthasaateristic,
coloring agent. In particular, the waterf astness is
uneeitbracingy dnlehebtasdiol usinty ¢piplexprpénting
although it is possible to nake a certain degree of
i nphaverEr IRt isi f PﬁkF@ﬁgleecoer-lm"gh%pel‘tthaﬁl e terpme 1y
|nk absorbln%ﬁga yer, Therefore, in these years, use of
he-Chd t &F%%F’By@lgﬁ'&%%ﬁﬁ oPler@FréHS 8P Edrtidh
b[ack as olorin ent ape rintin
naboBedn B ctp O Pt Rhned oot et s rehe Ber teg S des.
reduce Usually, common ink used for ink-jet
printing contains water aé its principal component,
and further includes a coloring agent and a wetting
agent for clogging prevention, such as glycerin. The
coloring agent is either dye or pigment.
Conventionally, dye ink is more often used for color
parts because of good color development and stability.
However, the imége fastness properties such as
lightfastness and waterfastness (water resistance)
obtained by using the dye ink are inferior to those
obtained by using pigment as a coloring agent. 1In
particular, the waterfastness is unsatisfactory in
the case of using plain paper although it is possible
to make a certain degree of improvement by using ink-

jet recording paper having an ink absorbing layer.

Therefore, in these years, use of pigment



the problens of the dye ink in the case of using plain
paper. Unlike dye, pignent is not soluble in water.

waemonei7ol y, pignment is usually mxed with a PCT/JP2006/324407
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di spersing agent so as to be stably dispersed in water
by di spersing to be enployed as water-based i nk By

t hus using pignent, the Iighf%’astness and wat er f
astness can be inproved. It is difficult, however, to

| sf heli f t d.
o haE Y b o P AR 2B A0 e A R 8828 B, b1oc
ot he | fage qdel co ol The
SR N R SR R L

higbehmagaddensidy , petf thEB_eP_tra‘&QliQ:re dgyeb PRERNk o 3juce
sufficient color reproducibility, and characteristics

sughe aprbopakhry ioW, ti68! @yeblagdiing t Hhecslspl 8% using
printing characteristic, and the ink drying (fixatiaqgn)
chat athephgpkirc arinhdke sayesf pdigaren tenadigheot esbh@ble in
For exanpl e, Japanese Lai d-Open Patent Applications
NowaBe £710A2Z cXxRB-rigllY,7 2p i gmeniklo i s2AGa BEp1H59xed with a
(JP2000- 355159) di scl ose recordi.ng nmethods that solve
prébsRAESLAG Rgaidses@f apetPobri B¢ afrlintd hgpenspaiim
paper using such pignent ink.According to the ink-jet .
r etREBF n§ Yt ke 6% $8Poded B %%193728728 dratak-based ink.

cont aj ni ng a .pi gnent, a_pol yner, .di spersi ng agent, and
2 PUSFRUBHFSIGh R AORipF oy BRE LightTastness and

waterfastness can be improﬁed. It is difficult,
however, to satisfy the lightfastness and
waterfastness and other image quality characteristics
at the same time. 1In particular, in the case of
performing high-speed priﬁting on plain paper, it is
difficult to obtain high image density, sufficient
color development, and sufficient color
reproducibility, and characteristics such as
’feathering, color bleeding, the duplex printing
characteristic, and thc ink drying (fixation)
characteristic are not satisfactory enough, either.

For example, Japanese Laid-~Open Patent
Applications No. 6-171072 (JP6-171072) and No. 2000-
355159 (JP2000-355159) disclose recording methods
that solve problems in the case of performing

printing on plain paper using such pigment ink.



The anmount of adhesion of solid content per unit area
on recordi ng paper at the tinme of high-duty printing
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printing unevenness due to pignent aggl oneration is
reduced regardl ess of paper ty t her eby obt ai ni ng
i mage quality of high density MAthout f eat heri ng.

Further, according to the ink-jet recordi ng nethod

i sebesed . AP2000- 285199, 20 Ik, SOUPRSLLEAN G ot oo

i nclading & pi gmen enetta npl oye et

th§npbg%ethdh§isyﬁf§ﬁﬁ th é%%ﬂﬂéﬂﬁ”% Eﬂ!h@g 4 polymer

di spersive group on its sur ace SO as

d'é@%?ék@f%dfhégh@qUSHHSaS@é§¥H éﬁhlé§§hf sTQ%ployed
amount of ejection of the ink conposition onto th

r ecRedahguRdidin sdKlespen WF tsArien ¢@n@@ﬂtrgt=_lrednﬁec area
as to prevent generation of irregular bleeding of a

pront edcomagerg grapé heaej ebked inmk cbnpbghtdonyl printing
qui ckly dried on the recordi ng nmedi um thereby

obt ai song r@ lgréchted benge eh kipghrqeiitegrdegsityo that
According to the recordi ng method disclosed in
JPBrintong, uiwyeoneast dusgite M1qm@tén@g@§:emeurﬁltmrt his
respect to size aper such -as plain paper is

extpeHERF we@@r%ﬁ%ﬁs asfgperesr iRy ofheghy e&LAG kg9

that there are i ove nts sych as, i.ncreased printing
dehEreg miﬂet@oc Redtngfrdgthdiasirt SEhEeCA

of pRELHALM N L1 A1) §9: 8N ¢fECQH ”jget"a §tofliing method
disclosed in JP2000-355159, an ink composition
including a pigment and a penetrant is employed,
where the pigment is a surface-treated pigment having
a dispersive group on its‘surface so as to be
dispersible in an aqueous. solvent by itself. The

" amount of ejection of the ink composition onto the
recording medium side per unit area is eontrolled SO
as to prevent generation of irregular bleeding of a
printed image, and the ejected ink composition is
guickly dried on the recording medium, thereby
obtaining a printed image of high printing density.

According to the recording method disclosed

in JP6-171072, the contact angle of the employed ink
with respect to sized paper such as plain paper is

extremely high, such as greater than or equal to 70°,



hi gh duty, as nuch as several tens of ng/m 2 of
adhesion of solid content per unit area is required,
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(drying) characteristic. In particular, in the case of
perform ng hi gh-speed printlgg with nultiple stacked
sheets of paper, there is the problem of paper
contanination due to ink transfer between paper

Shest Enghospidiaalye Lhisorenardiong minod Lacngt ooy

for gh-'spee r|n ere S

als P Alh bld%ﬂgﬂ%héﬁdtFsgaeeiagwa%@h@apem@%%@ in

Ite stripes | a so part or a characters

be@ﬁesea@fe tolre éiungb@r@nh@cbr@mhe]gatort hee£bpBiAG %)%(?Jér at
duty printing pendi ng On a paper type. Further,

adh agenyupki,ntad rﬂﬂi}fﬁ & enBeReliaQuitte it opf emg/iaécaﬂse

of the high contact angle, so that the probl em of
coédhebheamdﬁgsaﬂidk@byténtopem'unlﬁrmxémundamyqulred
between colors. On the other hand, the recording

met hod dbgaﬂnguhiprd$@@m0i355£598\Mﬁcﬁh@séskafixation
penetrant, is advantageous in _image quality because of
|nkd§b’yﬁ§s}s ofaneg o) st Sknce Inh@agitout ehabf  papshe case
contani nation due to ink transfer between papersheets

i sChoPegdgLEd N hiEh caReesf Pﬁél“ftdfr}ﬁ ﬁbl‘hli‘ gIHUé*paé@ae

rinti h nultl | e stack paper eets,

et B RAg rRE 1< SRREaEY o CEE hiigh. Specatoblen of
paper contamination due to ink transfer between paper
sheets. Accordingly, this recbrding method is not
suitable for high-speed printing. Further, there is
also a problem in that the background of paper
appears as white stripes in a solid part or a
charactérs part becauée of the high contact angle at
the time of 100% duty printing depending on a paper
type. Further, adjacent.printed dots remain liquid
droplets because of the high contact angle, so that
the problem of color bleeding is likely to occur at
the boundary between colors.

On the other hand, the recording method
disclosed in JP2000-355159, which uses a penetrant,
is advantageous in image quality because of ink
dryness (fixation). Since the problem of paper

contamination due to ink transfer between paper



printing. However, since the penetrant is enployed in
the ink conposition, feathering occurs at the' tinme of

w@enfoeaTong printing on plain paper the sane aBCT/IP20é6324407
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case of dye ink. In the case of plain paper in

particular, the ink also penetrates in the direction
of the depth of the paper, so’that strike-through of
the ink occurs, thus making it difficult to perform

ot PhEF et FEREM it i off B Shabasnion-
ei £her “oné ‘of "The ecor dr ig ‘Wt oS of ) _
Uiy Sabreracrary t orar G el Sl e 4 B EPr o gh It s,

chepast @klcrdisnd Mt 9Haspeed uAfidBINY @R REghD sPRREY

It is effective to enploy high-viscosity ink“in order
toptohmiaghi gt éty kiBge e@heplpinepepet ak Rn@phoyed
speed by solving the problens caused in plain paper
printthg bhykusiompddet pogpedikaitier iHoyevecursnatthehe' time
case of enploying high-viscosity ink, all nozzles in a
nonf ppemtfiong iare o ahult § hgsenop lieher norré estha same as in
printing area that are not in printing operation are

cl bggedase &Ff tdvexirlenel yndéfeadasereye plalnt panesn in
the ink is dried to be higher in viscosity around the
neRf 5Ei CHE athe oz A%, aEGPt REPEtRAF T ik hehe direction

nozzl esare nqt cl ed, it nmay be inpossjble to obtain
otabl ERPRedgpIh oF S cPRBA e hatadiery ot FBLEarBgraEn of

VetggiEXR %&pdf%,\Qlggema%g%gchﬂégkf{Eﬁfg 950%2%%0rm
duplex printing. Accordingly,’it is difficult for
either one of the‘recording methods of JP6-171072 and
JP2000-355159 to obtain a high-quality image that is
fully satisfactory in all of the above-described
characteristics in high—speéd printing on plain paper.

It is effective to employ high-viscosity ink
in order to form a high-quality image on plain paper
at high speed by solving the problems caused in plain
paper printing by using the pigment ink. However, in
the case of employing 5igh—viscosity ink, all nozzles
in a non-printing area and those of the nozzles in a
printing area that are not in printing operation are
clogged so as to extremely degrade image quality when
the ink is dried to be higher in viscosity around the

menisci of the nozzles. Further, even if the nozzles



ej ection direction), so that the image quality may b e
degraded. In order to prevent these problens, t!he
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Lai d- Open Patent Application No. 2005-41039 (JP2005-
41039) generates nultiple ejection drive pul ses and
mul tiple non-ejection drive ﬁﬁ]ses in one print cycle
The ejection drive pulses are output in time series in

or g8t helaclsdigul d dhapl ets-; e, no0c el et bgg i ve

Sés provi wi'th vi‘tbration tha SO

S'EQle%hQ%ﬁﬂﬁ%Qé}%E°858Et@%d“8hé¥é%%§9isE§EQ (dﬁoplet

non-ej ection ulse include a first signal tha

expandeia or Ee€haphemeComNi Gatd Mg hNtBe droplet
nozzl e, a“second signal that retains the expanded

st atecefi chheiipressisg) chagbenhaaf ttafe theader ghasiignalmay be
and a third signal that contracts the pressure chanber

af tegrulded.hi rth sé ghak. tbuptrfherentwittie sespeoblemst,heche

ej ection drive pulses, the interval between a drive
pulis&-gded irtexquraiegi agpdriatespulisec (piedeinnvepaaiese

is three to five tinmes the natural frequency o f the

pr bssdr@pretrareren Whappa itiatsons iNgnal 2@ hat 4 eRgands/ B2 005~
pressure chanmber communicating with a nozzle, a_second

si GhAPPRaT A tRS t RelExpasded Sttt ofrine présssy end
chanber after the first signal, and a third signa

t AP LESRPact 37 TREC B ESSUIF CHanBRI S&Ft e tMeStRIFGE cycle.

The ejection drive pulses are output in time series
in order to eject liquid droplets. The non-ejection
drive pulses provide a meniscus with vibration that
is so slight that an ink droplet is not ejected.
Each non-ejection drive pﬁlse include a first signal
that expands a pressure chamber communicating with a
nozzle, a second signal that retains the expanded
state of the pressure chémber after the first signal,
and a third signal that contracts the pressure
chamber after the third signal. Further, with
respect to the ejectidn drive pulses, the interval
between a drive pulse and its preceding drive pulse
(pulse interval) is three to five times the natural
frequency of the pressure chamber.

When a first signal that expands a pressure

chamber communicating with a nozzle, a second signal



signal are included as a non-ejection pulse in one
print cycle as shown in JP2005-4 1039, the signal

wo sngoés7ef t he non-ej ection pul se increases SOPEBJIR2006/324407
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prevent printing speed fromincreasing. Further, if
the pulse interval of nmultiple ejection drive pul ses
output in tinme series in one print cycle is three to
five times the natural frequency of the pressure
r Cc t gﬁ % i_.gnal
@P{?g ’rle(r%'creasetgwsoé(gggpgereél}c:aé:epr%t| n% ré ure

D' %my@Ea@%meﬁm sEghadi mel g é’ft%&?ﬁp S

i nvention may sol ve or che one ‘or nore o

abenstd%wt%%dcsorﬁbé eﬁﬁessé%orcdia%élo oreeenbedi mNtq
of the present invention, there is provided an inmage

fogmgﬁglara&@ra_a.tri@mcﬂwhaghaomn%femel@;ﬁ pl€se in one
above-descri bed problens are solved. According to one

enpedhrenty cdfe tdre fHiesentini OwaisoM1a3er ethe prgwiaded
an i mage form ng apparatus in which all nozzles in a
nohepgtht iorfg tareeaeom- ¢ heseioh e swzizieseanea so as to
printing area that are not in printing operation are
pr@V@M?é@ Pﬁmmukﬂmgsmeéggéaomyhﬂﬂ@Qﬁ%qm@ around t he

meni sci of the nozzles even in the case of using _
hi gh- vi scosi fyritiyer, 1f the pulse interval of multiple

ejection drive pulses output in time series in one
print cycle is three to five times the natural
frequency of the pressure chamber, one print cycle,
that is, the drivé signal length, increases so as'to

reduce printing speed.

DISCLOSURE OF THE INVENTION

Embodiments of the present invention may
solve or reduce‘one or more of the above-described
problems.

According to one embodiment of the present
invention, there 1is prbvided an image forming
apparatus in which one or more of the above-described
problems are solved.

According to one embodiment of the present
invention, there 1is provided an image forming

apparatus in which all nozzles in a non-printing area



a slight drive pulse that provides vibration to a
meni scus Wi thout causing a liquid droplet to be

wepmenedod s enpl oyed in one print cycle so as ROI/JP2006/324407
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prevent dryness from changi ng the physical properties
of the ink and adversely affecting |iquid ejection
characteristics; and higher ﬁ?|nt|ng speed is

achi eved. According to one enbodi ment of the present

| et LaBsdt G &S RoYided an J UGN B0cs cnat are

appar atus inc recor udr Ag -

'“Eékelﬁfg@fMUbe'dﬁ%&QtQBHP %%Sﬁyé%éﬂ@@&egfoﬁ q§1ng

pressure thanmber Tcormmuni cati ng th the nozzle an

copt @§EAg blyi Auid, dlayﬂn@ REBSSW @ HEenRIat 40D Parkhe
changing a volume of thée pressure chanmber; and a drive

sigoaklgenerain Gm paié €98kI gir e itng gﬂtﬁﬁ%ﬁsaogﬁlr_\fﬁ ink;
signal including nultiple drive pul ses, the drive

signal i ghtisidrg ehe o #ssthet gerendtdesn pastaviohheo a
recording head to operate so that the liquid droplets
arrerj ectied wiirtdrauthecaogzhe, awlemeiid tdheopltévetsi eal
generated by the drive signal generation part

i el edesd wist kiMPlogdgie pREnPrayd €y@kesspans dci ve
pul se causing a first one of the |iquid droplets to be

ej REFEA N lis ARG L SRat M GRBRELNEN it iRfty DFCe heproperties

. ve ul se ausi n a
gég ﬁaﬁgnCh%?ber adéggggfona?%e%ElngKﬁiqul egec ion

characteristics; and higher printing speed is
achieved. |

According to one embodiment of the preseht
inventibn, there is provided an image forming
apparatus including: a reéording head including a
nozzle from which liquid droplets are ejected, a
pressure chamber communicating with the nozzle and
containing liquid, and a pressure generation part
ghanging a volume of the pressure chamber; and a
drive signal generation part éonfigured to generate a
drive signal including'multiple drive pulses, the
drive signal causing the pressure generation part of
the recording head to operate so that the liquid
droplets are ejected from the nozzle, wherein the
drive signal generated by the drive signal generation

part includes, within a single print cycle, a



liquid droplets to be ejected w thout using the
natural vibration period of the pressure chanber, and

we2®hhghos drive pul se prevented from causi ng tIeEr/Jrko6/324407
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droplets to be ejected. According to one aspect of the
present invention, by generatj'e g a drive signal
including multiple drive pulses that causes |iquid

droplets to be ejected and a slight drive pul se that

J0P8s0AE AR A BAKLY, dL0RH, 0 P8 21 SEhed o Lhid 2

single print cy i 0SSl 0 nai nt _
NOZZh6 14N i ! €0 PHENG S@YUERy sy MRKhA LT
possi'bl e to i'ncrease the sBee and stability of .

PribirB@i ACGU i 6@ 60 anat Rele ANRCICRAMEBE, PRESIH-
i nvention, since the drive pul ses causing |iquid

dr ppkehanito diel w3 est Bdei Belidde P & esrEnNd FhikVe PWHe

that causes a liquid droplet to be ejected using the

nat iigali dvidhregtlieors peoi bd efj ea tpressitrieochaobeénganthe
non-resonant drive pul se that causes a |liquid dropl et

t onpeuspdctvad ndtt hout pesing tife that wakssiibeathamber, and
period of the pressure chanber, it is possible to form

| i uEdighdpldatisrfpal sar geegentadd froredeawsdooatt e gink
speed with stability. BRI EF DESCRI PTI ON OF THE

DRAVPRES S & Rfbjetestefeat ures and advant ages of the

resent invention will becone nore a ent from
P Rccor&%ng to one aspectp%¥ ghe present

invention, by geherating a drive signal including
multiple drive pulses that cadses liquid droplets to
be ejected and a slight drive pulse that does not
cause a liquid droplet to be ejected within a single
print cycle, it is possibie to maintain a nozzle in
the single print cycle, thus making it possible to
increase the speed and stability of printing.

" According to anbther aspect of the présent
invention, since the drive pulses causing liquid
droplets to be ejected include a resonant drive pulse
that causes a liquid droplet to be ejected using the
natural vibration period of a pressure chamber and a
non-resonant drive pulse that causes a liquid droplet
to be ejected without using the natural vibration
period of the pressure chamber, it is possible to

form liquid droplets of a large dot and a medium dot



the follow ng detail ed description when read in
conjunction with the acconpanying draw ngs, in which:
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apparatus according to an enbodi nent of the present
invention; FIG 2 is a side vjew of a nechani sm part

of the imge forni ng apparatus according to the

enbodi mrent of the present invention; FIG 3 is a plan

Vi ANy ' . of, e image form ng

ap%g,r g?ﬁé % cor dﬁig&{inogﬁéiengr% di ment of the present
invention; FIG 4 is a sectional view of part of a
recordi ng head taken along the length of a liquid
cherber DEscsafpECo0rdingnuko pRagiNdst embodi ment  of

the present invention, FIG 5 15 a sectional view of

part of the Debtenrdiolg drees, t akaBualeen@ridieadw dhbagbsaor
i quid chanber thereof according to the first

enbbdi perteoft tirtevemesent widlehdcame Fidke 6appaaepltarf rom
view of the recordi ng headaccording to the enbodi nent

of thpefpldoeniind e i bad/ dEEGriptipra wherkrdadgiam
showi ng a control unit of the imge form ng apparatus
ace®PdHAG L™ Hel iehbolie neAECBP anyd Nt e LnaFentinowhich:

FIG 8 shows %raphs for illustrating a, )
FIG." 1 is a perspective view of an image

forming apparatus according to an'embodiment of the
present inventioﬁ;

FIG. 2 is a side view of a mechanism part of
the image forming'apparatus according to the |
embodiment of the present invention;

FIG. 3 is a plaﬁ view of the mechanism part
of the image forming apparatus according to the
embodiment of the present invention;

FIG. 4 is a sectional view of part of a
recording head taken along the length of a liquid
chamber thereof according to the first embodiment of
the present invention;'

FIG. 5 is a sectional view of part of the
recording head taken along the width of a liquid
chamber thereof according to the first embodiment of
the present invention; |

FIG. 6 is a plan view of the recording head



change in neniscus velocity caused by drive pul ses
according to the enbodi nent of the present invention;

wWO-kB7/0&76hows wavef orm charts show ng a resonartT/or006324407
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pul se and a non-resonant drive pul se according to the
enbodi nent of the present |nv ntion; FIG 10 shows a
graph show ng the resonant /e pulse and the

non resonant drive pul se and a graph showi ng a change

HENisGus el ocity,accor e the e
th
% re pregent |nveﬁ?W%%d ?F&. |s%a wave orn%gﬁgpﬁlon’

ShOW' ng a driye shonal AGeps ng LG rhhe SEhed 8htrol
aveénti on; %ép 5 Fi%s ‘%nre] rEs

the present | wavef or m

of uhbe dil ¥eesi;gnals f@rﬁbﬁgcﬁé%dyaﬁdgrﬂé@bﬁdhﬁbg%o the
dot, a mediumdot,” and a small dot and vibrating a

TeShE6HS maGeoludi ﬂi_hé opfageﬁabaelwmrttmﬁ the present
invention; and FIG 13 is a waveform chart show ng

changes in t kecdr isvesiwnayrasksr domg ild stk ot 56@sht y
according to the enbodi nent of the present
|n@bangenABEﬁEdemaéxféImRRvyN@aaSEdﬂmyI¢@E&EIQNlAes
description is given below, with reference to the
aczoepanyngg tor et\nmg%mb@ﬂllaﬁn@n‘@cfdltﬁ’@wtpliﬁSWhE prEsaftion;

invention. FIG 1 is a front-side perspective view of
4 FIG. 9 shows waveform charts showing a

resonant drive pulse and a non—resonant drive pulse
according to the‘embodiment of the present invention;

FIG. 10 shows a graph showing the resonant
drive pulse and the non-resonant drive pulse and a
graph showing a change in the meniscus velocity
according to the embodimeat of the present invention;

FIG. 11 is a'waveform chart showing a drive
signal according to the embodiment of the present
invention; | |

FIG. 12 shows waveform charts of the drive
signals in the case of forming a large dot, a medium
dot, and a small dot and vibrating a meniscus
according to the embodiment of the present invention;
and

FIG. 13 is a waveform chart showing changes
in the drive signal according to ink viscosity

according to the embodiment of the present invention.



an image form ng apparatus according to the enbodi nent
of the present invention. The inage form ng apparatus

w0 moioeees an apparatus main body 1 , a paper fBenIR20@5/324407
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2 , and a paper output tray 3 . The paper feed tray 2
is attached to the apparatus main body 1 so as to
contain recording paper. The ‘paper output tray 3 is
attached to the apparatus main body 1 so as to stack
recordi ng paper on which an inmage is recorded (forned)
An upper side cover 4 is provided on the upper side

6fsﬁ§g 9BBE Foo Iy PRSYODTSG:fte AP apEnabl e and
ided in a

posi tion | ovgr 4bhan ithe dppes 5&@%%&%& %mer@@grence
of a front face 5 of the apparatus nmain body 1 so as

t ot §r PheCh clcdwdah ¢ eg f & 88l i Bigds. o@Tdﬁnﬁﬁﬁéaﬂﬁeﬂ@fbf7the
such as an operations panel including operational keys
anglrepgdheatorventsig ovi ded on the upper side of the
cartridge loading part 6 . The cartridge | oading part

6 has an opeRabl.e land d oSabhe-Eidet peasgred® one view of
itsfront side. Ink cartridges 9 as liquid replenishing
padh sivagebd camtiauhetbpata tesaelted tsii ruperd nghehe

front cover 8 . FIGS. 2 and 3 are a side view and a

pl eRbofenest @ fedrPEaspatt 16V efd Aragel Bor Fﬁ“ﬁge

ap Paratus According to the nechanlsnupart of
orming apparatus includes an apparatus maln body 1,

a paper feed tray 2, and a paper output tray 3. The‘
paper feed tray 2 is attached‘to the apparatus main-
body 1 so aa to contain recording paper. The paper
output tray 3 is attached to the apparatus main body
1 so .as to stack recording paper on which an image is
recorded (formed). An upper side cover 4 is provided
on the upper side of the apparatus main body 1 so as
to be openable and closable. A cartridge loading
part 6 is provided in a position lower than the upper
side cover 4 at one end of a front face 5 of the
apparatus main body 1 ao as to project toward the
front side. An operations part 7 such as an
operations panel including operational keys and
indicators is provided on the upper side of the
cartridge loading part 6. The cartridge loading part

6 has an openable and closable front cover 8 on its



I mage form ng apparatus, as shown in FIGS. 2 and 3 , a
carriage 13 is held by a guide rod 11, which is a

w@wiodecaresrber | ai d across between the side pl aEesIrN6/324407
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the apparatus main body 1 , and a stay 12 so as to be

slidable in the main scannin%-directions (i ndi cated by

doubl e- headed arrow in FIG "~ . A main scanning

motor 17 (FIG 7 ) causes the carriage 13 to nove and

SC carr e cannln Iye n Four,
EEohP s TRskas T rerREh: BRI et LR Rep 8 asp ino

recordi ng heads 14 for K-je

i(g)g,glegpl:%hsb%f d gﬁ%ﬁj\égﬁeol QS ey 80 éX}mg poch

magent a , are attached to
carfbAagec gsegoE;hat their nultlple i nk ejection
openings are arranged in a direction to cross the main

scanni ng diregisan® aih thajrbhe Buldel plieew nkn@j £Chian
openi ngs eject ink droplets in a downward direction.

Theieecoifdianthardadsi dd pantesyl ahe aisnage efiergyng
generation part for ejecting ink, a piezoelectric
acippavptagch @@ pidezgetecthiec melcdhmenismapéaher odl the
actuator that utilizes a phasechange due to the film
bolmaag SPIMiE RRRI AYtan, eRectsheMieriml FE6hvelsipod 3, a
el ement, a shape-nmenory alloy actuator that utilizes a
meFaF Fi 8 9fhasle %ahﬁg)eddlaxé 098 idar R i hlt ePpéFElt dse 2

and an el ec rostatl actuatoLGthat us s el ectro tatlc

f o7 CEe FBFMRRINTI % < t Het PREOPEITHE SHeddd® 13 fgvRiates of

resﬁecghggrgﬁﬁguﬂg¥%réody 1, and a stay 12 so as to be

slidable in the main scanning directions (indicated
by double-headed arrow in FIG. 3). A main scanning
motor 17 (FIG. 7) causes the carriage 13 to move and
scan -in the carriage main'scanning directions. Four
recording heads 14 formed_ofvink—jet heads that eject
ink droplets of respective colors of yellow (Y),'cyan
(C), magenta (M), énd bléck (Bk) are attached to the
carriage 13 so that their multiple ink ejection
openings afe'arranged in a direction to cross the
main scanning directions and that the multiple ink
ejection openings eject ink droplets in a downward
direction. The recording heads 14 can employ, as an
energy generation part for ejecting ink, a
piezoelectric actuator such as a piezoelectric

element, a thermal actuator that utilizes a phase



actuators. Further, sub-tanks 15, which are containers
that contain respective color inks and supply the

waezlooned7oks to the correspondi ng recordi ng heariST/ir)06/324407

10

15

20

25

are nmounted on the carriage 13. The color inks are
supplied fromthe ink cartriggfs 9 of the
correspondi ng colors to the cotrespondi ng sub-tanks 15
through corresponding ink supply tubes 16. The ink

Ca{:{ughg%eﬁu% ct%ﬂtr%g ff%fbfﬁagg}g e df;g(% [ pgé)ng an,
su&éee%gt%ﬁp&l Wakegogn%ﬂe%eme r&cggg,%ggmgm%

4 and the ink cartridges that repl eni

coawzépoadrtr&gatw ks d 91 W kh Iankné‘tpémﬁcrﬁﬁeeél Rhange
liquid supply unit. A semlunar roller (paper fe

roihero23 tdhaingeepat at eapandtieeds amaeosdli @ge@@%rstatlc
sheets 22 one by one from a paper stacking part
(paessaterpltitas) Usds odléeberpapar feeetbtcay 2Famdeaamp1e,
separation pad 24 that opposes the paper feed roller
23thadrespodieg dfeadsal érhavehandisppatiwe griezoelectric
coefficient of friction are provided as a paper feed
pa@€tRBEOCEEedi ng t he recordi ng paper sheets 22 stacked

on the paper stacking part 21. The separation pad 24

i s urged tomEPGtPﬁérpéﬁéq taRlSr dPreMiFsigge containers

Further a_conveyance gart for .c nve |ng
COl’l aln respectav color in

d“supply the
color inks to the corresponding recording heads 14,
are mounted on the carriage 13. The color inks are
supplied from the.ink cartridges 9 of the
corresponding colors to the corresponding sub-tanks
15 through corresponding ink supply tubes 16. The
ink carfridges 9 contain their respective color inks
of yellow (Y), cyan (C), magenta (M), and black (Bk).
The sub-tanks 15 fdr suppiying ink to tﬁe recording
heads 14 and the ink cartridges 9 that replenish the
corresponding sub-tanks 15 with ink form a recording
liguid supply unit.

A semilunar roller (paper feed roller) 23
that separates and feeds recording paper sheets 22
one by one from a paper stacking part (pressure

plate) 21 of the paper feed tray 2 and a separation

pad 24 that opposes the paper feed roller 23 and is



each recordi ng paper sheet 22 fed fromthe paper feed
tray 2 froma guide 25 bel ow the recordi ng heads 14,

w0 berecaaox provi ded a conveyor belt 31 for CONMENIRN2Q06/324407
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the recordi ng paper sheet 22 while having the
recordi ng paper sheet 21 electrostatically attracted
and adhered thereto, a counte¥®toller 32 for conveyi ng
the recordi ng paper sheet 22 fed fromthe paper feed
part through the guide,25 while halding the_recarding
DabRFMSHest 2> MRTTbenL R a0 Cer 61T r C55 fand e of
copyevyor. helt 3 eyance ' 0 angi_ng
th?ggg\}g&l r?gredilprléc ?gggo%@t %ep% C%Ifdfn%épgggg g%ergt

22¢fed s ypnard ifle@o%',ﬁg%aphg%'ﬂ Y eI d Cab QEB%%eioorbégythe

substantirally 90 so t recordi ng paper sheet

| SpaBeand talcfithd Nea soNY@YOr ThE tsePar &0doANpREIS 4 |
prgsgﬁre roIIert%ggurged t owar d tﬁ§*20nveyorpbelt st

si degby &owelrd ntherepbpe r34eeckuntdiele r a2 Bhatk gieng

roller 36 serving as a charging part for charging the
surface of tFarcdrereycds bel todielyanureo\pnated. f bler epntvlegring
conveyorbelt 31 is an endl ess belt engaged with and

pr egicted eloeirwbieTy P zpaveygbeertoldZerf gy tndmathengiaper feed
roller 38 so as to rotate in _a belt conveying

di Egavi én faemsovinide FEE, bglowTHd e heg 9P hgingl Iheradss 14,
is disposed in contact with the surface_| ayer of the .
cohleysr ag& PrPviidedad F@“H@ﬂQﬁzﬁ%%Fb§1t BIr SCAVITON NS

Ofthgerecording paper sheet 22 while having the
recording paper sheet 21 électrostatically attracted
and adhered theréto, a counter roller 32 for
conveying the recording paper sheet 22 fed from the
paper feed part through tﬁe guide 25 while holding
the recording paper sheet.22 between the counter
roller 32 and the conveyor belt .31, a conveyance
guide 33 for changing thé conveying diréction of the
recording paper sheet 22 fed upward in a
substantially vertical’directibn by substantially 90°
so that the recording paper sheet 22 is on and along
the conveyor belt 31, and an edge pressure roller 35
urged toward the conveyor belt 31 side by a holding
member 34. Further, a charging roller 36 serving as
a charging part for charging the surface of the

conveyor belt 31 is provided. Here, the conveyor



conveyor belt 31. A pressing force of, for exanple,
2.5 Nis applied to each end of the shaft of the

waehargéatgs rol l er 36. On the other (bottom si deCDIP206we324407
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conveyor belt 31, a guide nmenber 4 1 is disposed in a
posi tion corresponding to the area of printing by the
recordi ng heads 14. The uppéT-@Urface of the guide
menber 4 1 is positioned on the recordi ng heads 14

si QS% of 3&h§sltr galr}?ge;‘é %Q%sf%fgl ggaul%%?;"e?&’n%%ﬁ' Leg %flo%“l%ed

the"Ténsio area

DTEQELan %h%c%$ﬂ¥ﬁyprrggggr3%7i%n%&%?%%gngfogyrBHQer 38

upper surface e gul menber and gul ded, soO

thah LLatBestatdTei Mt el Bed - Wobly Y iy a¢LHEBEY onPas
separation claw 51 for separating the Tecording paper

shegbwi2ihr emnd.hes conyeyokhhelti ndl,r A paPes 6 0l PUl sposed
roller 52, and a paper output roller 53 are provideg
asia papeacautyith petd §0F fadkputatjieng dhethecovdivegor
paper sheet 22 on which recordi ng has been perforned
bybéhe Bécsiodiay thedos fdtathd papdarcutpetatiap 8fi £he
provi ded bel ow the paper output roller 52. There is a
ceroavayvar bieddl i st ahcerbeswoan fidrecd evkl 6prt hxample,
position between the paper output rollers 52 and 53

andl- Ph¥ papePrdutplitt 2 ragcl §pdaft &hse HppEttefsthek
a éggggi%goggﬁfgrp??gr on the paper output tray 3 .

On thebother (bottom) side of the conveyor
belt 31, a guide member 41 is disposed in a position
corresponding to the area of printing by the |
recording heads 14. The upper surface of the guide
member 41 is positioned oﬁ the recording heads 14
side of the tangent line of the conveyor roller 37
and the tension roller 38. As a result, in the area
of printing, the conveyor belt 31 is préssed up.by
the upper surface of the guide member 41 and guided,
so that fléthess is maintained-with high accuracy.

A separation claw 51 for separating the
recording paper sheet 22 from the conveyor belt 31, a
paper output roller 52, and a paper output roller 53
are provided as a paper output part for outputting

the recording paper sheet 22 on which recording has

been performed by the recording heads 14. The paper



Further, a duplex paper feed unit 6 1 is detachably
attached to the rear part of the apparatus nmain body 1

WO 200hescdepl ex paper feed unit 61 takes in the peEDordiany4407
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paper sheet 22 returned by the reverse rotation of the
conveyor belt 31. Then, the duplex paper feed unit 6 1
reverses the recordi ng paper -stieet 22, and feeds the

reversed recordi ng paper sheet 22 again to between the

cogg%er Il er 2 and the c e t 31. A nmnual
et Lo g L IECTH Nkl L e e gl
t h%a?%@'reézﬁa!f’ej*{héfgdlynét c21r RW tJleeft 831389%ance

enance and recovery an sm

Seﬁgtwgeﬁsﬁ%éwié@gﬂlbﬁytﬂg'EB%QQ@3%FE%EWEQB thﬁ paper
mal ntai ning and restoring thée nozzle status of t

res@t gLR0 rvaadsr 1452 safispeS @l d R HNGHHbe AOBuRBLRM ity 3
areas in the scanning directions of the carriage 13,

angloaabl ank kej ediont ¢ fkusbkng) lr=Aceptamsunenber p3bd1s on
di sposed in the other one of the non-printing areas.
Theheapepemarcagnde recayeBy nmechani sm 71 i ncl udes cap
menbers 72a, 72b, 72c, and 72d serving as capping

parts for caﬁpmmy3ﬁuaamﬁupbesupﬁaeesﬁﬁedrmmlt 61 is
correspondi ng recordi ng heads 14, a w per bl ade 73
sef9taghadly itdiaghedr Eof bhewirsiaty RaEt nefzEBe apparatus

surfaces, and a bl ank ejection (flushing) reception
néﬁ%é? ?Q 1. The duplex paper feed nit 61 takes in

the recording paper sheet 22 returned by the reverse
rotation of the conveyor belt 31. .Then, the duplex
paper feed unit 61 reverses the recording paper sheet
22, and feeds the reverséd recording paper sheet 22
again to between the counﬁer roller 32 and the
conveyor belt 31. A manual paper feed part 62 is
provided on the upper side of the duplex paper feed
unit 61. | |

Further, as shown in FIG. 3, a maintenance
and recovery mechanism 71 serﬁing as a reliability
maintenance part for maintaining and restoring the
nozzle status of the recording heads 14 is disposed
in one of non-printing areas in the scanning
directions of the carriage 13, and a blank ejection
(flushing) reception member 81 is disposed in the

other one of the non-printing areas. The maintenance



A description is given bel ow of the recordi ng heads
14, taking one of the recording heads 14 as an

wexampéeod FI G 4 is a sectional view of the reworoing/324407
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head 14 taken along the length of a |liquid chanber

thereof. FIG 5 is a sectional_ view of the recording
head 14 taken al ong the wi dtH%f a i quid chanber (or
a pressure chanber) thereof. FIG 6 is a plan view of

Thgagﬁggécor |2§‘Ch%Pﬁim zgfgggg%dgéiﬁé%im%?%?gggZ%a'

f o5 pEd |
di5ﬁﬁraggfi4%hﬁg{ﬁ%%r%§£?% 8|0Q;?£¥§H- ofﬁ% 2ﬁgﬁne
pl@&ﬁeiﬂ : t@en%zqepléﬁff&éésJ elfn%et %apﬁeygeﬁaﬁace

channel plate 141, and frame menb

Whi- €80 8 RigP sy el@hasrb@iﬁe%%,lafdelnm r&st$1{ARCas a
parts 147, and ink supply openings 149. The preSsure

chatbeng pae tsefore waispimdf €hannelzz leoruunt £6& s Ngawidt f
correspondi ng nozzl es 145 through correspondi ng nozzle
cambhankcateant icmaniEl ssH4b5q) Theepazzdresndmibenr @4 .
provided in the nozzle plate 143so as to let ink
dropl ets be 3 detsed ittHarat ht dughveThbéefllon d & eshet ance
parts 147 serve as the ink supply channels of ink
sulf)qu:‘Pé@llP@ tieadsy dskureakhnghens 6. thmer¢arrigng heads
sg£$lled froma comon_liquid chanber 148 to the fluid
sEané® FEAPLier47 FHfoufhifhé SGSERMbI hgernrE the

qugcgrggenl%%§cﬁﬁ4 taken along the length of a liquid
chamber thereof. FIG. 5 is a sectional view of the
recording head 14‘taken along the width of a liguid
chamber (or a pressure chamber) thereof. FIG. 6 is a
plan view of the recording head 14. As shown in FIGS.
4, 5, and 6, each recording head 14 includes a
.channel plate 141 formed of a single-crystal silicon
substrate, a diaphragm 142 joined to the lower face
Qf the channel plate 141, a nozzle plate 143 joined
to the upper face of the channel plate 141, and a
frame member 144, whicﬁ form pressure chambers 146,
fluid resistance parts 147, and ink supply openings
149. The pressure chambers 146 serve as ink channels
communicating with corresponding‘nozzles 145 through
corresponding nozzle communication channels 145a.

The nozzles 145 are provided in the nozzle plate 143



The common |iquid chanber 148 is provided in the frane
menber 144 so as to reserve (store) the ink to be

waeppplsEdl t o t he pressure chanbers 146. St ackeBCT/JP2006/324407
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pi ezoel ectric el ements 152 serving as

el ectromechani cal conversion elenents that are
pressure generation parts (aéyhator parts) for

appl ying pressure to ink inside the pressure chanbers

146 o] o th f f t.h ' 42
(nB0ar e "Gpdst 1"k oTFRE Lpree Lt & Iabar & 238 PFruGP-
Pl £38°LIGHH ¢ &l BBl 152 Ake 0] Nk {0 25 DaRE o

r at nmar Support pa 4 1s provided

beg%ﬁ@ye%mrafgp&e& §WR %gy%eleqi e@&e&ﬁ&t%ﬁ%ssurﬁ

el ements 152 so as to correspond to a partition wal

pachaRgkwaen «@r r epRONdhng i 3djsa@Pti dWOf Pémt B common
pressure chanbers 146. The piezoel ectric elenents 152
andi e dc ehewras r SLPPOLH pakt 1154 ares{otaRde parts 147
alternately with each other by dividing a

pi ezoehegtt tihe ecmeaspordiey iimka bl ¥ eep animagzerl 48.
performng slit processing thereon with
haThecgpdimeimnd.idihied cohanbhar ddBport paeYsdeg4iar éhe
equal in configuration to the piezoelectric elenments

154 rapgt megs sy kbt veo adscolumede BSifHpbot Er pecilige ik to

driving voltage is applied thereto. The periphera

paP® SEPPHe el dighralyfn RASSPE ICoiAGIRGYF £ hed Prane

nenber 144 with an adhesi ve agent 159 Jncludipg,a gap; o
as electromechanical conversion elements that are
pressure generation parts (actuator parts) for
applying pressure to ink inside the pressure chambers
146 are joined to the surface of the diaphragm 142 on
the side opposite to ﬁhe pressure chambers 146. The

. piezoelectric elements 152 are joined to a base
substrate 153. A columnar support parﬁ 154 1is
‘provided between each adjacent two of the
piezoelectric elements 152 so as to correspond to a
partition wall part befween corresponding adjacent
two of the pressure chambers 146. The piezoelectric
elements 152 and the columnar support parts 154 are
formed alternately with each other by dividing a

piezoelectric element member in a comb teeth manner

by performing slit processing thereon with half-cut



The frame nenber 144 includes an ink supply hole 151
for externally supplying ink to the common |iquid

webhmmber703L48. The nozzl es 145 of 10 to 35 mm i PCT/JP2006/324407
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di aneter are forned in the nozzle plate 143 so as to
correspond to the pressure chanbers 146. The nozzle
plate 143 is joined to the cifannel plate 141 with an
adhesive agent. A water-repellant |ayer subjected to

wat er-repel l.ant surface treatnent | oyi de n_the. .
rmé%?én§0rfg§§(%§iﬁw %EesPﬁpPﬁgeﬁii %o%égigégtf&%al o

af‘cSJn?th‘}%.tiM al'?c?)t}(?% Sé'ﬂg gB%ﬁé'cec z&'é”‘t&[ é‘rﬁéntga‘f:l%ﬁ o Ut

pl ezoel eéctri el enment s alternate ayers o

zi peppate skidtanale EFZlhnRez0eeaitd ©vdayess HB148aGhng
of 10 t0 50 mmin thickness and sil verpal |l adi um ( AgPd)

I Ny g1 RaheelieCtagsiei dayensrd€d . caatheofpseyehabalMpatt of
t hi ckness. The internal electrodes 162 are

el esér deabhy aepnrec? etls alj beneat eloy tiree | fidhve dualber 144
el ectrodes 163 and a common el ectrode 164, which are
endifhcenelettaxides {@xher had enedtudides)at gepdmeabes:. .
The end face el ectrode at one end face of the

pi Breefceme megiteament 4 freibed ude sdiari digtk byubal - bgtle 151
dicing into the individual electrodes 163, and the end

f aEerepBtersdd it IWRPbYhBE éR¥ fracd e ¢PBYent éd duishn
bei ng di vi ded because of restricted processing such as
cu??gﬁ536uﬁ4§b as to becone the

The nozzles 145 of 10 to 35 um in diameter

are formed in the nozzle plate 143 so as to
correspond to the pressure chambers 146. The nozzle
plate 143 is joined to the channel plate 141 with an
adhesive agent. A water—fepellant layer subjected to
water-repellant surfaee treatment is provided on the
"nozzle surface (a surface in the ejection direction;
an ejection surface) of the nozzle plate 143. Each
piezoelectric element 152 has alternate layers of
lead zirconate titanate (PZT) piezoelectric layers
161 each of 10 to 50 pm in thickness and silver-
palladium (AgPd) internal electrode layers 162 each
of several pum in thickness. The internal electrodes
162 are electrically connected alternately to
individual electrodes 163 and a common electrode 164,

which are end face electrodes (external electrodes)



common el ectrode 164 that conducts to each
pi ezoel ectric elenment 152. An FPC cable 165 is

weonneet7exl to the indi vidual el ectrode 163 of BaLiP2006/324407
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pi ezoel ectric elenment 152 by sol dering, ACF

(Ani sotropic Conductive Film_bonding, or wire bonding
in order to provide a drive é%ﬁhal thereto. A driver
circuit (driver 1C for applying a drive waveform
selectlvel tQ ea | electr| enment 1

cothetP8d® geesach Ig f@Se&ﬁ?rtt 2°b8nﬁ6‘ﬁj face
L O N e R

el ectro y way

elggt rodgt! @i%rl%gorpafwigaénlmqvwdasl oéléégrgdes 163,

pi ezoel ectric el ements For exanple, if rive

Waygf ot Ae( @nRulfae /ol f 89€rBhel@tt @ RO Miet SeABPKLE] is
to one of the piezoelectric elenent 152 in accordance

W phe@leheear dintgh Bgiay Hviled eearLidy deadeds rilusd
configured, a displacenent in a stacking direction
ocecHvseERihlkye spicdz oes ectitt Engl enentsdl 5Ps stoo asetoapplthe
pressure to ink in the correspondi ng pressure chanber
l4Gomnant ke editasideaght 4 42hasocomaluate e esaahe
increases to eject an ink droplet fromthe
coptespehachd oA emans. 15Rer edint &1EC azalkphe épéctiiSon
of the ink droplet ends, the ink pressure in_th

pr%%%ﬂ?@t@ﬁlar?&ertfﬂelra%wésgéé &3 aHatO%e nkat Péeeach

piezoelectric element 152 by solderlng,.ACF
(Anisotropic Conductive‘Film)'bonding, or wire
bonding in order fo provide a drive signal thereto.
A driver circuit (driver IC) for applying a drive
waveform selectively to eéch piezoelectric element
152 is connected to each FPC cable 165. Further, the
.common electrode 164 is connected to the ground (GND)
electrodes of the FPC cables 165 by way of the
electrode layers provided in end parts of the
piezoelectric elements'152. |

For example, if a drive waveform (a pulse
voltage of 10 to 50 V) is applied to one of the
piezoelectric element 152 in accordance with a
recording signal in the recording head 14 thus
configured, a displacement in a stacking direction

occurs in the piezoelectric element 152 so as to



pressure is generated in the pressure chanber 146 by
the inertia of ink flow and the di scharge process of

wo bw7ded7ve pul se, thus proceeding to an ink fiPdT/mmR006/324407
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(supplying) process. At this point, ink supplied from
the correspondi ng sub-tank 15 flows into the common
iquid chanber 148, and f1 ow& 37 om t he comon liquid
chanber 148 to pass through the ink supply opening 149
and tEe fluid resi stanc SO as to

pr 88Bar e PERETIET 179, %h& e °sr1rs‘?%\%%’édb89t pfffﬁ%re
ef{:ﬁ%b}é% hry @tJ ’\fé}“ﬁféé ”Qlaﬁﬁ'r ??A 1p4rf33¥<59tﬁ'{a@r qheon

er e ecti on, serv S resi'stance

reﬁkeggngebxméég@steesegecJ%@{ af pr edr@éflé%' 5de e

an appropriate fluid resistance of the fluid

re@b%@@g@d@ﬁrﬁg IMdzz1& 1gs5pOSTl@dOc 8 1KE @he
bal ance between the attenuation of residual pressure

vi bfattapnand ahefihk HikBple:o drkhd, ithésiprspirklsedr®e in
reduce tine required before proceeding to the next ink.

dr opkeprejsactiengclopebati 0np deatrdasesa slvi vhatyal eieBwrive
ink enployed in this inmage form ng apparatus is forned

of preesuerams genppyaead (a sélef girgrrwiagchagent )L46@ by
first wetting agent, a second wetting agent, a soluble
or@hﬁi énesitientol abnlanf barcasd ridve ohi eChargacpancess of

ol or. glycaol ether of a carbon nunber greater _than
t%augplyg e, thus proceeding to an ink filling

(supplying) process. At this point, ink supplied

from the corresponding Sub—tahk 15 flows into the
common liquid chamber 148, and flows from the common
ligquid chamber 148 to pass through the ink supply
opening 149 and the fluid’resistance part 142 so as

to fill the pressure ohamber 146. The fluid
resistance part 147 is effective in attenuating
residual pressure vibration after ejection, while
eerving as resistance to refilling by surface tehsion.
Therefore, by selecting an appropriate fluid
resistance of the fluid resistance part 147, it is
possible to strike a balance between the attenuation
of residual pressure vibration and a refill time, so
that it is possible to reduce time required before
proceeding to the next ink droplet ejecting operation,

that is, a drive cycle.



enul sion, a preservative, a pH adjustor, and pure
wat er. The pignent, which is enployed as a coloring

wagenoed7ey printing, and the solvent for di sSOPVI/IRROGEI4407
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di spersing the pignent are enployed as essentia
conponents. The wetting agents, the surfactant, the

emul sion, the preservative,'é%ﬁ'the pH adj ustor are

enpl oyed as additives. The first and second wetting
agents are m.xed.in arder to.utili t .
charapteris??é% 6{’e§?&\ﬁ¥??nénagéﬁf g%?%%)formlng

[ PEhLLEALE Y SO GO0E ] Okox [RSAMATEN o] gndAL (2 selt-
li ed to particular types, and i norganic pignents

anﬂigﬁggaﬁﬁgM¢1 ISt £aNabe i ¥sed weAS iNWrI998he, a second
pignments, in addition to titaniumoxide and iron

oxvdet i agr BoRnd ,ackss spapi acbugac iky Joven Pt BAdSnionic
such as the contact, furnace, and- thernal processes |
cadir brotsedi cFunid®ict ast or ganiyo lpicgmeyt gcohzether of a
pi gments (including azo | akes, insoluble azo pignents,
conaehsat hamba&zo qrigmieatr sthandochelgteel azo @ighent s)

pol ycyclicpi gments (such as phthal ocyani ne pi gnents,
peepi &AROPI gie MLS S PeYyhonepi gmet £didm e aquéndneure

pi gment s, %uinaqridone pi gments, di oxazine pignents,

t ¥ df A8 go ThicgmeriRe Nt soVRdshi Ane™R e sasafdcoloring

qui nopht hal one pignents), dye chelates (such as basi.c
dy%g?:ﬁél 2955 PEid &t U d%/’édc\H/BFatsé’é)",e’}ﬁ tf%r p‘?@ﬁéﬁﬁé’}ng

niéﬂgsgispersing tﬁe pigment are employed as essential
components. The wetting agenté, the surfactant, the
emulsion, the preservative, and the pH adjustor are
employed as additives. The first and second wetting
agents are mixed in order to utilize the
characteristics of each wetting agent and to
facilitate viscosity control.

The pigment is ﬁot limited to particular
types, and inorganic pigments and organic pigments
can be used. As inorganic pigments, in addition to
titanium oxide and iron oxide, carbon blacks
manufactured by known methods such as the contact,
furnace, and thermal processes can be used. Further,
as organic pigments, azo pigments (including azo
lakes, insoluble azo pigments, condensation azo

pigments, and chelate azo pigments), polycyclic



pi gnents, and aniline black may be enployed. O these
pi gnents, those having good affinity with water are

weeeiesand y enpl oyed. Preferably, the pignent PEI/iEees/324407
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than or equal to 0.05 mnmto 10 nm, nore preferably
| ess than or equal to 1 nmm, and nost preferably |ess
than or equal to 0.16 mMmin particle size. Further,
the | oad of pignent as a coloring agent in the ink is

SHEAEREALY SRV e SRt Ee P B EREES B ons

f o, i i
R S LR e B i NS L PR
bl 46k nachanniele bb fGken B8t 2k SUCH B SPPREAL S| ¥h i@ ndigo

pi gment bl ack 11), “and titanium oxi de; and organic

pi gIBRALHtSYCh AsiRdbl i ABnBl dakyr(Gt s pi ghenfubhaghtHalone
Specific exanples of the pigments for other colors

I npiyslen€ls.) ,pidyenthyebkew I si(fAstaydbdoicFye3 chellhdtes
(di sazo yell ow AAA), 13, 14, 17, 24, 34, 35, 37, 42
(yehHowciidordyoxicleg¢ 1 ab8s) 55ni8k0 §Biqrikshgp peltirowdR) ,

95, 97, 98, 100, 101, 104, 108, 109, 110, 117, 120,
138igmrates3;arc |1anpl gnenblecinga s be 189mpigyedz, 36,

43, and 51, C|. pignent red1, 2, 3, 5, 17, 22
(brilliant f&ft rens #igmentszithege FBVingedhafent

red %éB éBa}I)),, 4&_2:2 égermanent red 2B Calzﬁ%2 48: 3'

(pBffdRémy riid R Sry) arggPaed P EAYSE (M) ),
Preferably, the pigment is less than or equal to 0.05
pum to 10 um, more preferably iess fhan or equal to 1
pm, and most preferably less than or equal to 0.16 um
in particle size. Further, the load of pigment as a
coloring agent in the ink.is preferably about 6 to 20
wt%, and more preferably about 8 to 12 wt%.

Specific examples of the pigment for biack

color include carbon blaéks (C.I. pigment black 7)
such as furnace black, lampblack, acetylene black,

channel black; metals such as copper, iron (C.I.

pigment black 11), and titanium oxide; and organic

pigments such as aniline black (C.I. pigment black 1).

Specific examples of the pigments for other

colors include C.I. pigment yellow 1 (fast yellow G),

3, 12 (disazo yellow AAA), 13, 14, 17, 24, 34, 35, 37,

42 (yellow iron oxide), 53, 55, 81, 83 (disazo yellow



49:1, 52:2, 53:1, 57:1 (brilliant carm ne 6B), 60:1,
63:1, 63:2, 64:1, 81 (rhodam ne 6G | ake), 83, 88, 101

w@ eooboetzbear ), 104, 105, 106, 108 (cadm um r ed)pCTLiE2006/324407

10

15

20

25

114, 122 (qui nacri done magenta), 123, 146, 149, 166,
168, 170, 172, 177, 178, 179, 185, 190, 193, 209, and
219; CI. pignent violet 1 (?%Bdanine | ake), 3, 5:1
16, 19, 23, and 38; C 1. pigment blue 1, 2, 15

ht hal anji-ne u , -1, 12, 13
§S’%%Ea| SYan He foa ', %@11}30% éa‘?]es'eo?o%hdlé&' ddd -
C. i nt N, . - 8, 1and ,36.
I ni%%lgi ?lggr'}, agﬁ%%%ﬁ g?rie%f s,glmec t z]a\c%ear%g%rr%ht %g(f c}r%’ 17

exagpl g3, cankom) Whose, syifAeas ¥R treat edywith Resin,
so as to be dispersible in"water, and surface treated

pi gEDL 8i6her fesdMeartatbpnpihaving 3 f ungtiongkrmanent
group such as a sulfone group or a carboxyl group

added 2B t(Bei)n ,surfarespspmasehe hedizpercaple ug:3’

wat er can al so be enpl oyed. Further, pignents ,

entppsnbéated inedn ZBocapsul,esA &0d aspeombaetitspesdi BBe (Mn) ),

in water may al so be enpl oyed. According to a preferred

moti2: bf PRe 2i-nk Znpl oyedli hbrhld iiamdgecdonimagéB), 60:1,

apparatus, it is preferable that the pignment for black

i &3 bér i A8 dded® 4t i k! asrhoprEAER & skks) onBBiq8fd 101

obfai ed g i spersin éhe i.g t in an aqueous

sol ¥@ntoh %ﬁ 'a%dygpéag'nglE@egﬁBBH&ﬁ%QW%éheﬁﬁﬁbke§12r

of11he 152 (quinacridone magenta), 123, 146, 149, 166,
l1e8, 170, 172, 177, 178, 179, 185, 190, 193, 209, and
219; C.I. pigment violet 1 (rhodamine lake), 3, 5:1,
l6, 19, 23, and 38; C.I. pigment blue 1, 2, 15
{phthalocyanine blue R), 15:1, 15:2, 15:3
(phthalocyanine blue E), 16/.17:1' 56, 60, and 63;
and C.I. pigment green.1, 4, 7,.8, 10, 17, 18, and 36.

In addition, graft pigments, which are

pigments (for example, carbon) whose surfaces are
treated with resin so as to be dispersible in water,
and surface treated pigments (for example, carbon)
having a functional group such as a sulfone group or
a carboxyl group added to their surfaces so as to be
dispersible in water can also be employed. Further,

pigments encapsulated in microcapsules so as to be

dispersible in water may also be employed.



di spersing agent include polyacrylic acid,
pol ynet hacrylic acid, acrylic acid-acrylonitrile

weopobsaTey , Vi nyl acetate-acryl ate copol yner s, PeDIB2hocz324407
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aci d-al kyl acryl ate copol yners, styrene-acrylic acid
copol ynmer, styrene- nethacrylgf acid copol yner,
styrene-acrylic acid-al kyl p1ate copol yners,
styrene-nEthacryIic aci d-al kyl acrylate copol ymers,

styrene- @Hﬁ Qsltr}’#e{‘e gCPyF. r%%odn?c?cﬁéﬂé@e"ch iDk

styrene- ene-ac acid-a acr

coeﬁt;%we%» i Wiene- mgsec f%%anfgopéwﬁfétusy' me' is

napht hafene-mal ei ¢ aci d”copol yner’,

acgt-atestiiylena £HOPOh ¥ NBE gmé W'f&c%ﬁé@kf 2hky baCiithc1uded
vi nyl et hyl ene copol yner, vinyl acetate-naleate

coppl YARN $is \d Nyl graeet alie spleeisayre i Wi  0pbtEikled angd

vi nyl acetate-acrylic acid copolyner. These copol yners
arélppe&emﬂg)mﬁb(hmbmenEO;ﬁo&m|nnue¢mefeoabbmt5dHth a
to 30,000, and nost preferably 7,000 to 15,000 in
vvedghpea'\serrmg@mJt@cul Arefeirgistd ‘eptrnmbesint ot he

addi tion of thedispersing agent may be suitably
dedépRiened Ngs 43Rt asnchedpi pednadry ktabhgidi sper sed

and other effects are not |ost. The pignent- dlsper3|ve
ag@ﬁﬂ-ym&ttuh@qrsvlplr%f%%eryapﬁymé? raa:rﬂg% pErylonds ride

1: 3, and nnrexpreferabl n the range of 1 0.125 to

1: SOPPhE™STopd %’?%Jn %‘Fety-ﬁéepuadﬁféﬂta egPRRlgmers, acrylic

acid-alkyl acrylate copolymers, styrene-acrylic acid
copolymer, styrene—methacrYlié acid copolymer,
styrene-acrylic¢ aéid—alkyl acrylate copolymers,
styrene-methacrylic acid-alkyl acrylate copolymers,
styrene-g-methyl styrene—écrylic acid copolymer,
styrene-a-methyl styrene-acrylic acid-alkyl acrylate
" copolymers, styrene-maleic acid copolymer, vinyl
naphthalene-maleic acid éopolymer, vinyl acetate-
ethylene copolymer, vinyl acetate-fatty acid vinyl-
ethylene copblymer, vinyl acetate-maleate copolymers,
vinyl acetate—crotonic‘acid copolymer, and vinyl
acetate-acrylic acid copolymer.
These copolymers are preferably 3,000 to
50,000, more preferably 5,000 to 30,000, and most
preferably 7,000 to 15,000 in weight average

molecular weight. The amount of addition of the



coloring agent to the total weight of the recording
ink is 6 wW%to 20 wt% The particles of the pignent

wae®7beses t han or equal to 0.05 nmmto 0.16 nm PAT/IP2006/324407
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particle size and are dispersed in water by a

di spersing agent. The dispersing agent is a pol ymer

di sperser having a nnlecular*%%ight of 5,000 to

100, 000. Image quality is inproved by using a
pyrrolidone derivative articyl ar,|l - rolidone, .as
D8 SReE 3R o e Nay PRl Y P LEpsEnas B
Regar di.ng .t f i st ' t 0 tt

agen: g s e "EEpbEY MBler {0 SRATDENRE Welbors
exappl fott Ne Jtol | oph Ogp WahentSoliW & Of 8anigene! YoLS
are usea so that the i%E@has théHﬁtsired phégical s
Preperkr@s13nd i stk e¥gAgedoler amaimge siried, ahtdhaugh
some i nks enploy water therein as-a liquid nedium It

i sSpakserp®si blre d19e us@ngBOodr 1MW .61 28 tdheses.

wat er - sol ubl e organic solvents in mxture . Specific
exanpl es of The wetdpawt agend$ ahet pe gvetrer -soeédbke a
organi ¢ sol vent include pol yhydric al cohols such as
ethglemnéngl yosnt di @t byeehetgllyowight i @f hyhensecording
gl ycol , propyl ene glycol, dipropylene glycol, _
tripkopyl éné'td Yol 20 t Efaet AYicema i yebes @éxfhenigment
gl ycol , polyethylene glycol, polypropylene glycol, 1

, 5apentasedithan 1or ednekahiedifol0> gy cle? o@;%G pm in

particle size and are dispersed in water by a
dispersing agent. The dispersing agent is a polymer
disperser having é molecular weight of 5,000 to
100,000. 1Image gquality is improved by using a

pyrrolidone derivative, particularly 2-pyrrolidone,

as at least one of the water-soluble organic solvents.

Regarding the first wetting agent, the
second wetting ageht, and the water—solﬁble organic
solvent, for example, the following water-soluble
organic solvents are used so that the ink has the
desired physical propefties and is prevented from
being dried, although some inks employ water therein
as a liquid medium. It is also possible to use two
or more of these water-soluble organic solvents in
mixture.

Specific examples of the wetting agents and



1, 2 ,6-hexanetriol, 1,2 ,4-butahetriol , 1,2, 3-
butanetriol, and petriol; polyhydric al cohol alkyl

wetrhenss7eaich as et hyl ene gl ycol nonoet hyl et hePCT/IP2006/324407
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et hyl ene gl ycol nonobutyl ether, diethylene glyco
nmononet hyl et her, diethyleneé%*ycol nonoet hyl et her,
di et hyl ene gl ycol nonobutyl &ther, tetraethyl ene

gl ycol nononet hyl ether, and propyl ene glyco

nmonoet h et her,; .pol yhydric al cqohal _.ar; rs such . .
aéP%?hV¥gﬁ§_&3hﬁﬁi?%#l%ﬁ@ﬁ?ls ?H@?”éﬁy %f%@%eﬁgiy%ydrlc
gl 0 I £t T QLLY - Gont ai ni

et OB RR ST st R Bh e g P anel e yico
2-py1 £ohidane. N oxyr SLOYEne2- AWl | deN8ropyiene
3-di net hyl i m dazol i di none,  and e-caprol actany am des

Sﬁhyé@lfOﬁ:@@r%yl%rﬁ@t@yw:o%”&@t@%etﬂﬂﬂlé\he lycol,

|rnetﬁylfornan1de; am nes such-as nonoet hano am ne,
diletd habehangng.cdl, eddppet agieae ruasihylpel ppropylene
di et hyl am ne, and triethyl am ne; sulfur-containing ,
conppaonidls SUShpeEntdimed ybl sullf éxhexarsmadfwl anelyardol,
t hi odi et hanol ; propyl ene carbonate; and

ethy? ehebarbordtra ol ,Of 1 t Aedebotgasite isol veht 3, 3-

di et hyl ene gl ycol, thiodiethanol, polyethylene %cho
200uBdnetripdy hArsheP Rt 2ol ; gryyésiriq algohol alkyl
6- hexanetriol, 1 ,2,4-butanetriol , petrio

1,5t hehEafl@iolrs 2L e0e| doyeolampnoethyl ether,

Iwé%%9¥gﬁ%_gX§%%f(¥g§%gﬂgy9rggﬁg&gddiethylene glycol

monomethyl ether, diethylene glycol monoethyl ether,
diethylene glycol monobutyl ether, tetraethylene |
glycol monomethyl ether, and propylene glycol
monoethyl ether; polyhydric alcohol aryl ethers such
as ethylene glycol moﬁophenyl ether and ethylene
glycol monobenzyl ether; nitrogen-containing
heterocyclic compounds such as 2-pyrrolidone, N-
methyl—Z-pyrrolidone, N-hydroxyethyl-2-pyrrolidone,
1,3—dimethylimidazolidinone, and e-caprolactam; amides
such as formamide, N-methylformamide, and N, N-
dimethylformamide; amines such as monoethanolamine,
diethanolamine, triethanolamine, monoethylamine,
diethylamine, and triethylamine; sulfur-containing
compounds such as dimetyl sulfoxide, sulfolane, and

thiodiethanol; propylene carbonate; and ethylene



in particular. These organic solvents are excellently
effective in terns of solubility and prevention of

w@EDor/oe7ext i on characteristics due to noi st ur ePCT/IP2006/324407
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evaporation. Qther preferable exanples of the wetting

agents are those contai ning a sacchari de. Exanpl es of

the sacchari des include nnnoé%%charldes

di sacchari des, oligosacchari des (|nclud|ng
ggggg%rldes and tetrasaccharides) , and

pol'ysacc arides. Of t hose, glucose, mannose, fructose,
ribose, Xy|@§etﬁg§g”@ §nlgag% 'nﬁiggﬁylene glycol,
cel | obi ose, | actose, rose treha ose

mat ObHl QIR AL pr;%ﬁy@l%@leﬁ%r %lﬂ%lys?@@h@b'odes are
broadl y |nterpreted and are used for the neaning

i nekudic Rg 1suRs taneesl ﬁxgi?b@&io\M ,del y2 j e-RnakHhe: rSah
as a-cyclodextrin and cellul ose. Further, derlvatlves

of 1t hede bsacatewrd Ok, i pétudelr,educﬂmrsw@ﬁéalaﬂ,t fze-
above-descri bed saccharides (for  exanple, sugar
aIpphobliWMnﬂwian@xmfmSSBngQ4@yxﬁn&ﬁdwnéoamnl@ddﬂ&ired
2 (CHOH) nCH2OH, where n is an integer of 2 to 5);

oxidi @édtglﬁgld{asr of Thesabovededs issevemtehariedes (for
exanpl e, aldonic_acids and uronic acids); am no acids;
anBXERild eatilys e fﬁﬁ@%h@%rlaléémms|Q¥Fﬁ%¥@ba%P§Y|@nd

particul ar.. EX | es of 'the sugar al cohol include
nHPFFVSPtéﬁ@ kﬁ??ﬁ ejection” characteristics due to

moisture evaporation.

Other preferable'examples of the wetting
agents are those éontaining a saccharide. Examples
of the saccharides include monosaccharides,
disaccharides, oligosacchérides (including
trisaccﬁarides and tefrasaccharides), and

" polysaccharides. Of those, glucose, mannose,
fructose, ribose, Xylose; arabinose, gaia;tose,
maltose, cellobiose, lactose, sucrose, trehalose, and
maltotriosé are preferable. Here, polysaccharides
are broadly interpreted, and are used for the meaning
including substances existing widely in nature, such
as a-cyclodextrin and cellulose. Further,
derivatives of these saccharides include reducing
sugars of the above-described saccharides (for

example, sugar alcohol, which is expressed by the



The content of the saccharide is preferably in the
range of 0.1 to 40 wt% and nore preferably in the

WO z00ge66dé3 0. 5 to 30 Wt % of the ink conpositi OreCTiir006/324407
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surfactant is not limted in particular. Exanples of
the anionic surfactant include

polyoxyethylenealkyletheracef%}es dodecyl benzenesul f
onat es, Iaurylates and pol yoxyet hyl eneal kyl et her sul f

OBy B8Ry &t hyaas y%@?ﬁe?@f*%ﬂ ERE ot SR5s! Byiidsra
poh%@é %&h%{ %ﬁiVF angx %39%&H§§5§§§65f the above—
enea

pol yoxyet h phenyl et her,
pOB%@é&%%@B(%EE&%&L?HbQG f%ﬂdexample, aldonic ac1ds and
pol yoxyet hyl eneal kyl amide . It-is possible to use each

of uk-haiabeverdescrabhedosdehiact;anind i fidependenil.y. THe
is al so possible to use two or nore of the

abevedeseridagtb sut § aptafits albn ecarbipeat € bouldke swW¥aGeles
tension of ink used in the inmage form ng apparatus is
anoifndée cfugrenedfadhoh iintcd yskpersliparelcaharlsprbitol.

i ndi cating dynam c surfacetension in a short period of
tine |ess thé’ﬂileorCCéqu%ﬂltthoﬁéesé@maaﬂ@ tor pueiferably
of a surface, and accordingly is different fromstatic
suFﬂaé@eté@§9ﬁ1%%a@uieaoagQﬂ%§?4rﬁﬁ%fmgé?upéﬁﬂﬁ¥%ﬁly in

t he surface. y. conventional kno neasurenent net hod
nay Seré”‘r‘r‘[ﬂeoﬁ gl bAg38s ¥ite %Vg}b I HRXcEpApIeS igfion -

The surfactant is not limited in particular.
Examples of the anionic'surfactant include
polyoxyethylenealkyletheracetates,
dodecylbenzenesulfonates, laurylates, and
polyoxyethylenealkyletheréulfates. Examples of the
nonionic surfactant includé‘polyoxyethylenealkylether,
polyoxyethylenealkylester, polyoxyethylenesorvitane
fatty acid ester, polyoxyethylenealkylphenylether,
polyoxyethylenealkylamine, and
polyoxyethylénealkylamide. It-is possible to use
each of the above-described surfactants independently.
It is also possible to use two or more of the above-
described surfactants in combination.

The surface tension of ink used in the image
forming apparatus is an index of penetration into

paper, particularly indicating dynamic surface



nmeasuri ng dynam c surface tension in one second or
| ess, such as the one disclosed in Japanese Lai d- Open

wdaratoenée7éppl i cati on No. 63-31237. Here, the supdELR006/324407
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tension is neasured using a Wl helny plate
tensioneter. Preferably, the rface tension is |l ess
than or equal to 40 ml/m 2, & nore preferably | ess
than or equal to 35 mi/m2 . This val ue range makes it

bl | | fixatd dy
po%éhgtlg’ﬁt gtnobgaé £xc e&%g%jhé%gﬁtl;ng{ A0ds Ewal%gé’trheerqual

charac I cs. Regarding or . glyco

of [ e a r Lght, jt
a8 U e O e o o 4 2B

| east o nef1 ey d | @ FyeVaher r3QiniR e P0t Yoh raad edloel i on
et her having a solubility between 0.1 and | ess than

4. hewbUricdl 2 Ghoat ehet 67t Bathatadiowei ght tBE Ehe face.

recording ink, the wetting characteristic of the i nki

W Bhyr espeeintticorea 1 henowh skearentenent nmpetved aagd be

ejection stability and frequency stability are

obempheded tas ehang aasnmhhe awwdnwid dfs ackipabbe. of

Forexanpl e, 2-ethyl-1 ,3-hexanediol has a solubility

of Mgagurdpg gonamie Supfacer itepsian |in 3opet gacdingl or

has a solubility of 2.0% (25 0C). A penetrant having a

sol66PKi Sy Fetdedm®. Anandipedesthni . S2RR ISR 25id-Open

wager is low.in soJubility 3u§ g t he_advant age of an

ex%?‘gﬁv'é?l%y‘n‘lﬁﬁpglh"Cbae"rﬂs‘?’?arfl-?on6 Aar 2§S7e'ri 1§ Ee thd®surface
tension is measured using a Wilhelmy plate
tensiometer. Preferably, the‘surféce tension is less
than or equal to 40 mJ/m?, and more preferably less
than or equal to 35 mJ/mz. This value range makes it
possible to obtain excellent fixation and drying
characteristics.

Regarding the polyol or glycol ether of a
carbon number greater than or equal to eight, it has
been found that by adding 0.1 to 10.0 wt% of at least

~one of partiélly water-soluble-polyol and glycol
ether having a solubility between 0.1 and less than
4.5 wt% in 25 °C water to the total weight of the
recording ink, the wetting characteristic of the ink
with respect to a thermal element is improved and

ejection stability and frequency stability are

obtained with even a small amount of addition. For



Accordingly, it is possible to make an ink having an
extrenely high penetration characteristic by conbining

we2Eenat7oant having a solubility between 0.1 ardi/irses/324407
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than 4.5 wt%in 25 0C water with another solvent or
with a surfactant. Further, it _is preferable that the
ink used in the imge forningy%pparatus contain a
resin enul sion as an additive. The resin enul sion

AR A T TR I e o
[ [ . I f .
TR B0 R e
eEbTina i A0SR E Rase T ool gl AU AnRY 0L 200

acLyh nphyren A egl fs nBUtlgFQse%MS@%f@%i%”gn 25 °C
and styrene-based resins. ACcor ing to a preferre
moggt et tile 1igak iof $bispembedi meitt hddeckieshlvhttage of

preferably a polymer having a hydrophilic part and a

hydnophakiemear thidhurpbret rale opardiadtecise zésofic.

theresin conponent is not limted in particular as

| oAgcasdtihg liyesiit cosppoertibdan tioomma ke ®@muiskohaving an

However, the particle size is preferably |less than or

eqeat repedlyolni dis e eme t aa ievr €h@refei el ytavoby 5 to

100 nm_ The resin enul sion may be prepared by m xing

r eSPRPBBANIGC e P& e Hr dRE ePaVilR Is G Stk it pgkekeeen 0.1

with a ‘ ,
and less than 4.5 wt% in 25 °C water with another
solvent or with a'surfaCtant.‘

Further, it is preferable that the ink used
in the image forming apparatus contain a resin
emulsion as an additive. The resin emulsion herein
refers to an emulsion that has water as a continuous
phase and such a resin component as described below
as a dispersed phase. Examples of the resin
component of the dispersed phase include acrylic

~resins, vinyl acetate-based résins, styrene-
butadiene-based resins, vinyl chloride-~based resins,
acryl-styrene-based resins, butadiene-based resins,
and styrene-based resins. According to a preferred
mode of the ink of this embodiment, the resin is

preferably a polymer having a hydrophilic part and a

hydrophobic part. Further, the particle size of the



surfactant. For exanple, an enulsion of an acrylic
resin or styrene-acryl-based resin may be prepared by

woneooraes7¢aret h) acrylic acid ester or styrene arcr/frreedse4407
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acrylic acid ester, and in sone cases, a surfactant
with water. In general, the resin conponent-surfactant
m xture ratio is preferably i3t he range of 10:1 to
5:1. If the anpbunt of use of the surfactant falls

short.of the §pove-descr#bfd rrange,. the emulsion is
ent
e 6F‘ﬁ§F%h

| €85° B PRYPAOIRY T O R ETELSLRR LS ong

f]g%éa% ntrejb{ir?xggrﬁ OREPtth%a °%f’<$ixqe§%r ie?ﬁ%é?ﬁrg?i inziowever,

preterabl e because the waterf astnes

t epls Egr@%rl%a%eizcg 1he,peretLahion sharaed 87 st kqudh to

the Ink tends to degrade. An appropriate ratio of

Wad 1861t 0158Sinh asaridiensl Spgreed rRitase nosponsnt oofi olghem .
emul sion is 60 to 400 parts by weight, preferably 100

t oTRO0rpanihs ey el ghtma pf beapeeppared Wy paf £ $nhy resin

wei ght of resin. Exanples of the resin enulsion that
argacoimies alityhawa tab) einnebmee ddssrn, gedg&EEhBB2 wartth a
E- 5002 (styrene-acryl-based resin enul sions,

medwf fecbead -by Nppomamalat €. emuldord ®Bbnevatca@llc
(an acrylic resin enul sion, manufactured by Dai N ppon

| Nke Rl ChefityAeNqTRCYY 1 Bopsedt r5454 (way be prepared by

styrene-acryl -based resin enul si on, nmanufactured by
uﬂu¥&590ﬁmﬁﬁw)£&fyllc acid ester or .styrene and

(meth)acrylic acid ester, and in some cases, a
surfactant with water. "~ 1In geheral, the resin
component—surfacﬁant mixture ratio is preferably in
the range of 10:1 to 5:1. If the amount of use of
the surfactant falls shorf of the above—described
range, the emulsion is less'easily’formed. On the
other hand, using the surfactant in excess of the
above—described.rénge is‘not preferable because the
waterfastness of the ink tends to decrease or the
penetratioh characteristic of ‘the ink tends to
degrade. |

An appropriate ratio of water to resin as
the dispersed phase component of the emulsion is 60
to 400 parts by weight, preferably 100 to 200 parts
by weight, of water per 100 parts by weight of resin.

Examples of the resin emulsion that are commercially



Chemicals Inc.), SAE-1014 (a styrene-acryl-based resin
emul si on, manufactured by Zeon Corp.), and Sai vi nol

WEK020&7¢an acrylic resin enul sion, manufact ursdr/iBeo06/324407

10

15

20

25

Sai den Chemical Industry Co., Ltd.) . The resin

enmul sion is contained so that he resi n conponent
thereof is preferably 0.1 to ¥ w% nore preferably 1
to 25 wt% of the ink. The resin enul sion as descri bed

abgtgéﬁatﬁteehgfrg QREE L1 8L ot NGK e fith And, 9BL 8G3LI NG,

of preve ] ng penetratiron o

col Q| @%n%Qm@}mbs@det%%' Ji xadh on ﬂgnﬁéactﬁlred by

CO| orrng conponent onto a recordi ng nmat eri al

SONEphYRePAfnt &b N, eNtlsShONESRIJAR £OG1 | @QnO\é%rryQJ.c
record| ng material, thereby produci ng the effect of

| MpEY NG rdu&s I A5) smaﬂﬁeat:@ufrrelcptupm@i PippbadInk and
material . Further, preservatives-and fungicides such
ascseduumlcbehyﬂtro)apemaheoaso<$|4m s battyeresedaumya—based
pyri di net hi ol - 1- oxi de, sodi um benzoi c acid, andsodi um
peneadhl @quhsirmt maqnbéaus@cteﬁis kgddda i VBEPPANS Tnfke ot
adj ustor, any substance that can adjust pHto 7 or

hi @h@mlmatlmdtncad)ver%ﬂylaflﬂedta R Y PN @ 02 BEY prbgsest

may be used. Exanples of the pH adjustor include

ant g4 Ns GEN 145l A et MARBE ARTENE ©gh P ¥ r%%‘tfhaﬁ%}fam meand

al kal.i .nme tlal Igtyzddom des such .as

aivino (an acrylic resin emulsion,

manufactured by Saiden Chemical Industry Co., Ltd.).
The resin emulsion is contained so‘that the resin
component thereof.is preferably 0.1 to 40 wt%, more
preferably 1 to 25 wt%, of the ink.

The resin emulsion as described above has
the probe;ty of thickening énd aggregating, and has

" the effect of preventing penetration of a colorihg

component and promoting fixation of a coloring
component onto a recording material. Further, some
types of résin emulsions form a coating over a
recording material, thereby producing the effect of
improving the resistance to friction of printed
material.

Further, preservatives and fungicides such
as sodium dehydroacetate, sodium sorbate, sodium 2-

pyridinethiol-1-oxide, sodium benzoic acid, and



['ithium hydroxi de, sodi um hydroxi de, and potassi um
hydr oxi de; ammoni um hydr oxi de; quaternary anmoni um

whymrosdzee; quat ernary phosphoni um hydr oxi de; BITIIP2006/324407
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al kali nmetal carbonates such as |ithium carbonate,
sodi um car bonat e, and pot assi gwcarbonate. As a
chel ati ng reagent, for exain%j'ethylenedianine
tetra-sodiumacetate, nitrilo tri-sodium acetate

hygéﬁi‘%ﬁﬁ 'necta‘B‘rlf‘é‘?glﬁﬁ@kB‘i ﬁnraii%' %cédi&ggécggaggdir%j.lves.

di et hyl enetriam ne penta-sodi um acetate, .and ura

di'SOdiU”Tapﬁkak%énﬁmk%ﬁf§§90r6§aﬂwj§ﬂggtaﬁeé that can
exanpl e, acid sulfite, sodiumthiosulfate, amobni um

t hhaglighye®l ate,7 dbtSPREARY! amFHYUIM At ErE8] yt @lfffecting
nitric acid pentaerythritol, and di cycl ohexyl anmoni um

ni inkt eompye hardaisetedFh&y Pel sisdil odix sthpyeamoFh@aMapH
a control unit 100 of the inmge form ng apparatus ‘
acedidetgrt a ndlisdenboidngentucRefasy rd gt hanél&@mine and
the control unit 100 includes a control part 101, a
schnhthadoilvaigzg 1 dbRalanted aledy drexedpar suths.as
Thecontrol part 101 includes a main control part 104,

a hoshivm &y (49 F) sedsumg hyidgoagiedpar @ndopotassium
pulsg i nterval storage Eart-lQ?, and a drive signal .
geRBF APKIA Spart™MYBL U hBY AEPH 1C6rit 812 [aF 12 154 2REYRAgeN™
t he eratjon of the entire apparatus.. The host 1/F
108y @R EKagds T Y271 BTHY 0P FPRPORI T Y FERE 108/ and

alkali metal carbonates such as lithium carbonate,
sodium carbonate, and pbtassiuﬁ carbonate. As a.
chelating reagent; for example, ethylenediamine
tetra-sodium acetate, nitrilo tri-sodium acetate,
hydroxyethylethylenediamine tri-sodium acetate,
diethylénetriamine penta—sodium acetate, and uramil
di-sodium acetate may be used. As antirust, for‘
example, acid suifite, sddium thiosulfate( ammonium
thiodiglycolate, diisopropylammonium nitrite, tetra
nitric acid pentaerythritol, and dicyclohexylammonium
nitrite may be used.

FIG. 7 is a block diagram showing a control
unit 100 of the image forming apparatus according to
this embodiment. Referring to FIG. 7, the control
unit 100 includes a control part 101, a scanning

drive part 102, and a head drive part 103. The



with a host apparatus. The storage part 106 stores
information transmtted from various control prograns

wamd7néohost apparatus. The drive signal generci/iranoe/324407
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part 108 generates a drive signal including drive

pul ses and a slight drive pulse, and outputs the drive
signal to the head drive parT3103. The drive pul ses
cause an ink droplet to be ejected fromthe

¢ ?éh@%‘%}%{ﬁ&"%ﬁﬁﬁﬁiﬁéiﬁgl‘é%ﬁia?ﬁ%@?%%%%ﬁa%ﬂa”?@4f .
1on S AR e T LT PE A R b RE DA 5 e

i nkikRshde the, co5& ?ﬁgeggggg,praerﬁéus eqghamber (146

wi t hout causing anh ink et to be ejected. "The

SCgBRkRGtAldrY HPRF 11402 | $HeORMEGE ecbhOrbhepa®ith 104
scanni ng notor 17 and a sub scanning notor 18. The -

headndgiese Hied toddBat soaoBFeatrd 4ot 1 he apparditng . The
heads 14. The main control part 104 is connected to

t heosperlath diss paxthadngekn at va hiastey ob £ efi e€birmg taron nktems
dropl et fronthe nozzle 145 of the recording head 14,

i fwihé iankhdst ejeraedtisom The dzzt@gedbaby dféd drtiomes
pul se P as shown in (a) of FIG 8 , the neniscus
velbéprpadiiamet FaRsnhsited tiremprexsieeschapbacll4g-ograms
perfornms danped vibration according to the natural .

vi BR&t t5i® JEtT o PRPAEREUSr es e LhirbePigngl generation
RE%SQE‘Q%&‘%é&QrateS a drive signal including drive |
pulses and a slight drive pulée, and outputs the
drive signal to the head drive part 103. The drive
pulses cause an ink dropiet to be ejected from the
corresponding nozzle 145 according to a print signal
transmitted from the main. control part 104 and pulse
intervals stored in the pulse interval storage part
107. The slight drive pulse vibrates the meniscus of
ink inside the corresponding pressure chamber 146
without causing an ink droplet to be ejected. The
scanning drive part 102 is connected to the main
scanning motor 17 and a sub scanning motor 18. The
head drive part 103 is connected to the recording
heads 14. The main control part 104 is connected to

the operations part 7.

In the case of ejecting an ink droplet from



of FIG 8 , the drive pul ses generated and out put by
the drive signal generation part 108 to eject an ink

walzpbet’of rom t he nozzl e 145 incl ude a resonaneCTIIR2065/324407
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pulse Pr (FIG 9 ) that resonates with the natural

vi bration period Tc of the pressure chanber 146 of the
recordi ng head 14 and a non- TESonant drive pul se Pn
(FIG 9 ) that does not resonate with the natural

vi%gtlggér%rlﬁ% TS o%]éhg E We reipibey  146. II%:lnk

resonan I've pulse I reaS| ng the VO

| rs Q%tgﬁo ﬁ]mgbcyhémhgkggﬁaﬂﬂSmf:fjr&pé ecﬁrfilgcgﬁqskéy P

prece drive pul'se and an 1 nk dropl

eJ £stedohn anse(%qndoﬂrw@ pyl, S%h%umseeﬁmstvgnskqtlynof
air . The pulse interval reférs to the interval

betmeeing dhisveiePWIse pPesaUse Ichlanite el £ esé edofrin@m
the nozzle 145 of the recording head and its preceding

drdaeppdl sébrAs ishowccorfifg 9o, thepulstural evyblration
for generating the resonant drive pulse Pr that

r egsonaddsoi tthet premtwral chiabbat drl ger iRelferofingheo (b)
pressure chanber 146 ((a) of FIG 9 ) and a pul se

i eBrFAG- TR f shegeheree i PuleRe AemaiasSimndr pusput by
pul se Pn that does not resonate with the natural

vi bhrat #5h VEesSiigd afe Qﬁn%@tbpésmret IPthbe? dascE(py ink

are prestore he puyl se interval
ot b eha e STo Ao et Se Ay araidR & festnant drive

pulse Pr (FIG. 9) that resonates with the natural
vibration period Tc of the preésuré chamber 146 of
the recording head 14 and a non-resonant drive pulse
Pn (FIG. 9) that does not resonate with the natural
vibration period Tc of thé pressure chamber 146. The
resonant drive pulse Pr is for increasing the volume

"of an ink droplet by uniting an ink droplet ejected
by a first (preceding) dfive pulse and an ink droplet
ejected by a second drive pulse subsequent thereto in
air.

The pulse interval refers to the interval
between a drive pulse to cause ink to be ejected from
the nozzle 145 of the recording head and its
preceding drive pulse. As shown in FIG. 9, a pulse
interval Tr for generating the resonant drive pulse

Pr that resonates with the natural vibration period



stored in the pulse interval storage part 107 is

defined as Tr = mx Tc (m< 2), for exanple, Tr = (2Tc
W®20)/066803 Wi t h respect to the natural vibrati orcpano@d24407

Tc of the pressure chanber 146, that is, the vibration

period Tc of the meniscus velgcity at the time of

causing ink to be ejected fromthe nozzle 145 by one

drive pulse. The puI se interval Tn is defined as a

106! Beegbl ULELe, ol hhesrauk el o At gl ada
T
TS D o P S o o

' ”dP%E' puhate Eirhecrpé*& SoL it gbvalrelbri st &efi prdting the
range of Tn = (m /3) x Tc to Tn = (m+ 2/3) x Tc.

Fbﬁ@tukbll%ﬂﬁﬁéﬂfﬂmﬂﬁefbab Me< of ftfe thiee § Ohk8WChGMbe r
reason. The resonant drive pulse Pr is caused to

5 resgpatebat cined. the peakppesitiorets m—tﬂespoﬂstehe
meni scus velocity change as shown in (b) of FIG 8 .
Howeveryvailf sttoerassgrant dbi7ve mhiesepLPlseiesinaassaltd"r
resonate at thepeak position m= 3 , the position in a
vwaseboem fior tdeuns e hentesyaants tdriage ppase PO 7t és
resonate is distant, that is, the pulse interval Tr is
Ioﬁgfinﬁdsarmla"mqim *n%@sémbEeZt)_o it epsamBpeedTr = (2Tc
Accordingly, the pulse interval Tr for the resonant
driv@- pul 86 Piiftdh da P athelCashtr nats@lrcvihrataop

10Wlth reSp%thf)the pressure chamber 146, that is, the
vibration period Tc of the meﬁiscus velocity at the‘
time of causing ihk to be ejected from the nozzle 145
by one drive pulse. The'pulse interval Tn is defined
as '‘a ‘non-integral multiplé of the natural vibration

15 period Tc, for example, in ﬁhe range of Tn = (m +

"1/4) x Tc to Tn = (m + 3/4) x Tc, that is, in thé

antiphase area of the natural vibration of the
pressure chamber 146. 1In particular, the pulse
interval Tn is defined in the range of Tn = (m + 1/3)

20 x Tc to Tn = (m + 2/3) x Tc. Here, it is determined
that m £ 2 for the following reason. The resonant
drive pulse Pr is caused to resonate at one of the
peak positions m = 1-3 of the meniscus velocity
change as shown in (b) of FIG. 8. However, if the

25 resonant drive pulse Pr is caused to resonate at the



the natural vibration period Tc of the pressure
chanber 146, thereby increasing printing speed. If

wordovo@l7es r esonant drive pul ses Pr are gener at®sor/ine006/324407
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sequence, the nmeniscus velocity by a resonant drive
pul se Pr is affected by the ‘%ylscus velocity by its
preceding resonant drive puls Pr so as to gradually
|ncrease For exanple if mis determned as m= 2 ,

? gne %I%e ntervag T{hfor qﬁekg{égg hgaggegnan%or
a

ve p 'l $" det &f m ned P& nd-t
{:&ﬁg lng.T“&hfor egafé}?éﬁ{'89+§/'aep25 GESP”@@trQELFK%te is

§Etern1ned /3) Tc and as

(8A§§I8n@5 QW@M71§‘t@ﬁedth%esuﬁﬁﬂrﬁglr@§°ﬂ§nﬁoﬁﬁd thus
non-resonant drive pul ses of (a) of FIG 10, th

menaREHG Vel QGigys Pibloetbesaiarta sl i3t ddl SeABE:o&laﬁngly,
t he non-resonant drive pul se Pn changes as shown in .

(bjhef phllGe Lihtdrwvd heTeaserotheausisughamk dpibe pulse Pr
ej ected by sequentially generating only the resonant
drivedptiesed nfrd wwleTr m==m2x, TehgmmaEhixcusi viel pespycaf to
the fourth dropl et isexcessively greater than that of
t hehehhad udedplveib zat showneiraodo )T ofo fFitthe 1Preshuge
maki ng i nk ejection unstable. Accordingly, this is not
fo@hﬁmaeﬁ 4416 U TP Bf HPEL RSN BE It Ehei EBSBEt t o
sel ect a valu% %Pﬁeter than two as m.in the case_of

0

driving using tiRl ¢ cEDRARENHr Avd ViSuIREL $7S Fhj &re

magenera%ed in sequence, the meniscus velocity by a

resonant drive pulse Pr is affected by the meniscus
velocity by its preceding resonant drive pulse Pr so
as to gradually increase; For example, if m is
determined as m = 2, and fhe pulse interval Tr for
generating the resonant dri&e pulse Pr is determined
as Tr = 2Tc and the pulse interval Tn for generating
the non-resonant dfive pelse Pn is determined as Tn =
(7/3)Tc and as Tn = (8/3)Tc as shown in the drive
signal of resonant and non—resonant drive pulses of
(a) of FIG. 10, the meniscus velocity by the resonant
drive pulse Pr and the non-resonant drive pulse Pn
changes as shown in (b) of FIG. 10. In the case of
causing ink to be ejected by sequentially generating
only the resonant drive pulses Pr under m = 2, the

meniscus velocity of the fourth droplet is



drive wavel ength lengthy, thus nmaking it inpossible to
i ncrease speed. Therefore, according to this
wenbhodéarent, the ink is ejected up to the thirecTimpbet24407
usi ng the non-resonant drive pul se Pn, thereby
suppressi ng the nmeni scus velo {ity at the time of
ejection of the fourth droplet®using the resonant
drive pulse Pr of m= 2 and ensuring stability. In
O Q8EEQ PR C52e LEE, TRILACHS, MOI 8 Lo AL ni0E IR Ol s

ejectlon usi F éSonan rive pul se Pr

p FHE\G%' il Q?)tr &?n?fg“ 19 t@%@%éﬁ?ﬁ@aﬂkkd% \éectl n

se Pnis ermined to be in the ant T phase reao

t hgngabwial. vi REabir@ln flyt he 1pf §S$4r @ thasber }.é@’tlcal use.
which is the range of (m+ 1/4) x Tc to Tn = (m

3/ thexekord N Pasté cylsaho Elhoadeﬂb’i)tTCthmsé&é%)tTCa v%ﬁue
a result, the meniscus velocity is suppressed so that
5|tgt&ap@&3ﬂﬁ&httw@nssrm ShaMHetqeséumfhar;vhh@-mﬂﬁhg

interval Tn is reduced so that it is possible to

i nenéaséher irtsonpaspeddivéhauliss Bn. t hBhtasmadfes the

suppressing the nmeniscus velocity at the tinmeof

ej deiven wasigendieh r bebaahty  ditihpes pildken@r ipy impossible
| oyi ng the non-resonant drive pulse Pn, if the sane

ph Qelﬁﬁéf%ﬁ?tqﬁﬁe%f t RBeredeiant %ﬁ?%@dbﬂgséoPﬁh%ﬁ

used IS not OSSI le to s ss the ni s
VePBEPESEN tncE AT nbh B 8 BIECHES MRr B of B £ 15Ul se

10 1 ngenyal T4l gteﬁsfgaangets%%a% 5839028k 15 pn,

thereby suppressing'the'meniséus velocity at the time
of ejection of thé fourth droplet using the resonant
drive pulée Pr of m = 2 and ensuring stability. In
order to suppress the meniscus velocity at the time
15 of ejection using the resonént drive pulse Pr, the
| " pulse interval Tn for generating the non-resonant
drive pulse Pn is determined to be in the antiphase
area of the natural vibration of the pressure chamber
. 146, which ié the range of Tn = (m + 1/4) x Tc to Tn =
20 (m + 3/4) x Tc, in particular, Tn = (7/3)Tc to (8/3)Tc
As a result, the meniscus velocity is suppressed so
that it is possible to ensure stability. Further,
the pulse interval Tn is reduced so that it is
possible to increase printing speed. That is, in the

25 case of suppressing the meniscus velocity at the time



drive pulse Pn is determned to be in the antiphase
area of the natural vibration of the pressure chanber

wddm7/osdoxh is the range of Tn = (m+ 1/4) x TeCT/&P2006/324407
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(m+ 3/4) x Tc. The scanning drive part 102 drives the
mai n scanning notor 17 and the sub scanning notor 18
based on a control signal fetf 47 om the main contro
part 104. The head drive part 103 drives each

regpr dng.ead g, paced-on.a e l.ogal pouLRUL.f i

the drrve sign era

de [ i [ [ _ (MY} 1 epated 4
CRERRABYEAE ndl S Pl sBndtl B Bep A Ca e

f OE BhBY pAR TR O & NenheCcerditiE PaResnsheelridPpulse
causing ink droplets to be ejected fromthe nozzles

14profi st he ggcardi g headpot4ibld i $uBgeeE8r AhRy
apparatus. The drive signal generated in the drive
si gaak sgeseredloni par bt1lGshd ncimdes fmetd gt Lot i v&herefore,
pul ses Pl and P3 through P7 that cause ejection ofink

dr bpkeps lard imtstighl @ni ferpyese RX that tkebnahesesonant
nmeni scus W t hout causing ejection of an ink dropl et

wi dhiieopa isd fin cie| dehsraiowd ite the Waveher anchiahase
of FIG 11. The drive_pulses Pl and P3 through P7

i neF8de Ofultthigpine Fesdhakit Pdpiti@p R s prrFpagure chamber

i ncreases the volune of an ink droplet using _
6, which is the range of Tn = (m + 1/4) x Tc to Tn

(m + 3/4) x Tc. |
The scanning drive pért 102 drives the main
scanning motor 17 and the sub scanning motor 18 based
on a control signal fed from the main control part
104. . The head drive part 103 drives each recording
head 14 based on a drive signal output from the drive
" signal generation part 108.

Next, a description is given of a drive
signal generated in the drive signal generation part
108 in the‘cése of forming an'image on the recording
paper sheet 22 by causing ink droplets to be ejected
from the nozzles 145 of the recording heads 14 in
this image forming apparatus.

The drive signal generated in the drive
signal generation part 108 includes multiple drive

pulses Pl and P3 through P7 that cause ejection of



the resonance of the pressure chanber 146 and one or
nore non-resonant drive pulses Pn that do not utilize

wo b@7vegenance of the pressure chanber 146. ThBCT/JP2006/324407
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wavef orm of each drive pul se includes a waveform

el enent Pa that expands ' the pressure chanber 146, a
wavef orm el enent Pb that retd*ﬁs t he expanded state of
the pressure chanmber 146, and a waveform el enent Pc

h h de nb 46. Th
ar 10 SPHRAE Gorturac  oRbAPE 108 BTN L ofe biaior o

p%% $akQgl %e@g%%agg vslegsgtl%%dgar@ggcgg@g%nwotéﬂ h

prln S|gnal or a si

tr@ﬂﬁ”ﬁ'&:b‘ﬁq ftrQJHErli‘Pn”BhQ 89@%'%0' cyRard d94snEQh in the

exanpl e, when the print signal- PSI for a large

traasarblad di0m the magn @@ntrqiheoafﬁla@%ulaesslmgfgnd
drive pulse P2 and the drive pulses P3 through P7 are

OUPBUEhaBughOWT | in¢ hedwamalenplehards@iafa) defivel Gulses
12. \When the print signal Ps2 for a nmediumdot is

t rapsohtted ffareadde thenvoantneolo phaar LOK, dtbpl@m1w31ng
pul ses P4 through P6 are output as shown in(b) of FIG
12th@hersomenmd mf stigpaprPs3ufrer chamm ¥ 66 hed one or
transmtted fromthe main control part 104, the drive
pungEepPRons IQAAN AsIShBANPUA SES) BT W 49, nPhusitidize
S|ngle dot is formed by multiple pul ses outgut from

the arwéogu% ‘@%n%l?%tPBﬁsﬁé‘rrte Wenhe RctbPdandde

MA&QVE er%wgy égldrfﬁe puise %%cludes a waveform
element Pa that expands the pressure chamber 146, a
waveform element Pb that retains the expanded state
of the pressure chamber 146, and a waveform element
Pc that contracts the expended pressure chamber 146.
The drive signal generation'part 108 outputs one or
more pulses to the head drive part 103 in accordance
with a print signai Psl,APSZ, or Ps3 or a‘signal Ps4
.transmitted from the main control part 104. For
example, when the print signal-Psl for a large dot is
transmitted from the main control part 104, the
slight drive pulse P2 and the drive pulses P3 through
P7 are output as shown in the waveform chart of (a)
of FIG. 12. When the print signal Ps2 for a medium
dot is transmitted from the main control part 104,

the drive pulses P4 through P6 are output as shown in



Ps3. Further, when the signal Ps4 that causes the
meni scus to vibrate without ejection of an ink droplet

W0 sootmeatedri tted fromthe main control part 104pCT/R2006/324407
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slight drive pulse P2 is output as shown in (d) of
FIG 12. When this slight drive pulse P2 is output in
the drive signal generation'ﬁéﬁt 108, the head drive
part 103 provides only vibration to ink inside the

V1=t ghRToars .1%&9%}?29%@?%225%%% e @ﬁzz' €s

r a
na non-printing area an € nozzl es

14§méfladBEiE@'ﬂléﬂ§ﬁﬁ%@@& E%an%é!hégﬁrE&Han}npart

operation so as to vibrate the menisci generated it
t hese, nerel a3 1145 pdhes epy prever dﬂ)é§m§$§WQl999V@g of

due to ink drying. For exanple,. when a drive signa
forréormbng ahedi umslbigl e avtputs fAicomddeodrinMe@tiple
signal generation part 108 as shown in (b) of FIG 12,

a pulsesi nktguaplfoton stleg edr edef samridie qezetet14h byrt
the first drive pulse P4, and thereafter a second ink
drbp8 etni scejpactaado rohtlh hehaopzlietl46 dnal hesl, Ps2, or
seconddri ve pulse P5, which is a_resonant drive pul se
PrPdt puFuathere plise theepignatr Padertdhat headppgethe
pul se P4 and the drive pulse P5 are equal in )
pdfamkEers HowAidrathevehobft fISCHIRD REoh@ LRK

droplet ejected by the drive pulse P5 can be greater
{HEROR ABTyiodi T3 91 ERECH ™ | TS dF 8PP okt baBy = 104,

the slight drive pulse P2 is output as shown in (d)
of FIG. 12. When this slight drive pulse P2 is
output in the drive signal genération part 108, the
head drive part 103 provides only vibration to ink
inside the pressure chambérs 146 corresponding to all
the nozzles 145 in a non—printing area and those of

" the nozzles 145 in a printing area that are not in
printing operation so as to vibrate the menisci
generated in these nozzles 145, thereby preventing
nozzle clogging due to ink dfying. |

For example,'when a drive signal for forming

a medium dot is output from the drive signal
generation part 108 as shown in (b) of FIG. 12, a
first ink droplet is ejected from the nozzle 145 by
the first drive pulse P4, and thereafter a second ink

droplet is ejected from the nozzle 145 by the second



the drive pulse P4 by using the vibration of the
pressure chanber 146 remai ning after the ejection of

wo be706a763 i nk dropl et by the drive pul se P4 .pdhep2006/324407
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second ink droplet ejected by the drive pulse P5 is
conbined with the first ink droplet ej ected by the
drive pulse P4 in air. Furthé@ the drive signa
generation part 108 out put s the drive pul se P5, which

ar BV R Y, B Bt R S TS S LY REp bl e e
| GEEATENG I3R! 10 B CSTULS s NG thasspsonange (of o

t he p essure erefore, IS possiblet

ej 861 san pianks iy ol &4 9 et sm's@ g Lme tdghainiphhe
case of causing ejection solely by the drive pulse P5

| nphhhfestkat.e, HoudWwéd, | Bhedkepleiids saused tecbad ink
ej ected fromthe nozzl e 145 by the third drive pul se

P6dsopastt @ jlee teoitibpethei tiitvike mecondP$ nkadr bpl @ireater
whi ch has been conbined with the first ink droplet,

betbar Eaedivied aoritheof etbedifng sgaperk sheeple®, ejected by
thereby formng a mediumdot on the recording
papeesHsaeve2pulSieickRd the vhing dheveriuraeies p§ 4he
nonresonant drive pulse Pn, the third drive pul se P6
doRESABH I Gt |qhazf§>%el4éséﬁaﬁé@l@rg tqwfetew esR@r 8 JeR&deey of

146. Accor di ngl t he. ej ected ink is resistant to
ej BREi SA TSI ittty AHPREEF sPYefBroyiteite RUtRe Fédsondite

dréggoggl%%kmagéglépeeggé£ d%by%he drive pulse P5 is

combined with the first ink drpplet ejected by the
drive pulse P4 in'air. Further, the drive signal
generation part 108 outputs the drive pulse P5, which
is a resonant drive pulse.Pr, after outputting the
drive pplse P4 to thevhead drive part 103, thereby
increasing ejection pressure using the resonance of
the pressure chambér 146. Therefore, it is possible
to eject an ink droplet greater in volume than in the
case of caﬁsing ejection solely by the drive pulse P5.
In this state, a third ink droplet is caused to be
ejected from the nozzle 145 by the third drive pulse
P6 so as to be combined with the second ink droplet,
which has been combined with the first ink droplet,
before landing on the recording paper sheet 22,

thereby forming a medium dot on the recording paper



pul se P6 as for the second drive pulse P5 results in
too good efficiency, so that the residual vibration of

wo be7noertoscus after ink droplet ejection beconBssI/ire006/324407
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| arge. Accordingly, if the ink viscosity is low, it is
not possible to prevent the e 46; cted ink droplet from
bei ng curved. Therefore, in order to prevent this, the
non-resonant pulse Pn is enployed as the third drive

?E%s ?6 g?ﬂegp (%%Qp?gtsg n?y an 3{ ed ?oégﬁgb%agon
'apgsahﬁggf@gg%g THUDed pRS! Lhan (it ey £ peor guﬂge P6

paper s when a drive signa

foggtagnat! &raa O &ﬁeOHEEHBafnrc@ndﬂ"eché Gafee%g&l@'
generation part 108 as shown in no i nk

dr eRbfbeirs 1@jeaCt et dyrd gl i, stth@rle/ﬁm@elm hecause
the first drive pulse P2 |s a slight drive pul se.

Horeyebtant it® polsdblent ourrdnease Theet vios unmempfl ogment
ink droplet to be ejected by vibrating the neni scusof

t hef nohel eebthmanitt dt ireedpileeplirse£ 2, tamdt bausi Wy iavre
ink droplet to be ejected with the second drive pul se
P3pihsehP$ asatfer Fihe heecoatlt drisjeuibhgetRe tessflts in
ink droplet fromthe nozzle 145 with the second drive
puFee P30ody efdddiiceh Ak, dFeplkeati £hg eﬁ%ﬂd\e%mvméatlon

nozzle 145 by the third drive
of the me&%scus a%ter 1n¥ droplet ejection becomes

too large. Accordingly, if the ink viscosity is low,
it i1s not possible to prevent'the éjected ink droplet"
from being curved. Therefore, in order to prevent
this, the non-resonant pulse Pn is employed as the
third drlve pulse P6. |

An ink droplet of a predetermined size can
thus be formed with efficiency and caused to stably
land at a predetermined ﬁosition on the recording
paper sheet 22.

Fufther, when a drive signal for forming a
large dot is output from the drive signal generation
part 108 as shown in (a) of FIG. 12, no ink droplet
is ejected by the first drive pulse P2 because the
first drive pulse P2 is a slight drive pulse.
However, it is possible to increase the volume of an

ink droplet to be ejected by vibrating the meniscus



pulse P 4 so as to be conbined with the first ink
droplet in air. In this state, a third ink droplet is

wepmenedof rom t he nozzl e 145 by the fourth drirer/mebees24407
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P5 so as to be conbined with the second ink dropl et

united to the first ink dropl in air, thereby

i ncreasing volunme. Next, a fourth ink droplet and a
fifth ink droplet are ejected fromthe nozzle 145 by

thefifth j t S Xt i I P7,
S5LEHHD 5 k52,8 2 B o 80 VP

an
respec ets are conbi'ned one

afggﬁsa%%t{faﬁ{ et of £, aadi @gl M e e Fi Pl RARCsecond

sheet 22, ereby formng a | arge dot on the recording

paget veheetl 2. pHi Ngethhe shiaght. driwecipetsealP2elrs
included in these pulses for formng a | arge dot, no

drévecsiigralt Henp hsdledhgatedpied ershi ghé fbizv@e 145
pul se P2 is required during printing, thus causing no

hi ndtantéet Gduigin speedeppuitsien®3, Eusecandr ivikngiroplet
signal having the drive pulses P | and P3 through P7

t oieasdecsjesttfimam of hé nkdeapleetld Sary ttee sthghd dirmiwe
pul se P2 to vibrate a meniscus w thout ejection of an

| NRUYEBPIPEt SMi ta3f nt@nkeepeppbined & ikh geher Al sati dnthe
drive signal generation part 108. The vibration of the
nefif SEL§ taflterd 6 ectﬁ’ﬁgtP‘hF? gtddicet @ Wik hr€héngr dreplet

bul ses Pl and F3,{ouof BT and ihe vilyraton of the
pulse P5 so as tb be combined with the second ink
droplet united to the first ink droplet in air,
thereby increasing volume. Next, a fourth ink
droplet and a fifth ink droplet are ejected from the
nozzle 145 by the fifth drive pulse P6 and the sixth
drive puise P7, respeétively. Thus, the ink droplets

.are combined one after another before landing on.the
recording paper sheet 22, thereby forming a large dot
on the recording paper sheet 22. Since the slight
~drive pulse P2 is included in these pulses for
forming a large dot, né drive signal length dedicated
to the slight drive pulse P2 is required during
printing, thus causing no hindrance to high-speed
printing.

Thus, a driving signal having the drive

pulses Pl and P3 through P7 to cause ejection of ink



with the slight drive pulse P2 differ depending on ink
viscosity. Wien the ink viscosity is high, the

woedoraédren has a small anplitude. In order to FEN/JH20060824407
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this meniscus vibration in a predeterm ned condition,
the peak values of the drive pulses Pl and P3 through
P7 and the slight drive pulséBPZ are selected or
determned in accordance with the ink viscosity, that
vi scosj ty of %nk i n_ an anbi ?pga ronne
cha

SRAPERCR: anch Phes Liovt ﬁrM\‘?efpél tt%fvagfééaes a

iR e s A R R T T
cayse bheqen s 19 iég@kxtgabrgt @15 4Pl bibial

possible to n1an I n roplet of a predetermn

V%é&@@raE%hh? rt 1106, al $RePOSSiRia I st abhy¥ REaY&Rus
the nozzles 145 from bei ng cl ogged. According to one

e@ﬂ@éﬁee? cek ithe iflesepbpi BYentiian tHereriseppaviséed p1
an image form ng apparatus including: a recordi ng head

| nehdldPRgtamrezzgire HT ammaht b biiguiad idmopd £t sharmeniscus
ej ected, a pressure chanber conmunicating with the
nozztle ahd cdntgditnidgive guudiseak@ difrfessudepending on .
generation part changing the volune of the pressure
chimbevisgndid ydri Vihen ghlae gekevatsions pay t L@oht ohur &dne

to generate a drive S|€nal including multiple drive
pufssatipe has a small amplitude.” In order to

maintain this meniscus vibration in a predetermined
condition, the peak values of fhe drive pulses Pl and"
P3 through P7 and the slight drive pulse P2 are
selected or determined in accordance with the ink
viscosity, that is, the viscosity of ink in an
ambient environment, as shown in FIG. 13, which is a
"waveform chart of drive signals at the time of ink
viscosities of 2 mPa-s, 10 mPa-s, and 20 mPa-s. As a
result, itAis possible to cause the meniscus to
stably vibrate so that it is possible to form an ink
droplet of a predetermined volume. Further, it is
also possible to stably prevent the nozzles 145 from
being clogged.
According to one embodiment of the present

invention, there is provided an image forming

apparatus including: a recording head including a



drive signal causing the pressure generation part of
the recording head to operate so that the liquid

walzopbet’es are ej ected fromthe nozzle, wherei nPdTEP2006/324407
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drive signal generated by the drive signal generation
part includes, within a single print cycle, a resonant
drive pul se causing a first o of the [iquid droplets
to be ejected using the natural vibration period of

hanber, d I
it eeso i bon Rl S?r%”@ ”ttdsré'pwv 2 Sitetpg. 2
t th t t d of
FlEFL $2ute: Dial o 28T, Vo0 B8EEAL Y

pr@aﬁegﬁﬂﬁ mﬁgﬁsangaﬁae gk dr %qJeetheﬁ@rgslshega%dc
g’ faip

According t one aspect o e present” I nventi on,

geresALi A ahd W shangk tn%lP@é@%dﬂétémﬁﬁb@&IV%nd a
pul ses " that causes liquid droplets to be ejected and a

sldghvedsiy@ apulfend hat i daepanet iRy @réd qgbdgenerate a
droplet to be ejected within a single print cycle, it

| sdpbssi bligntad neictwding ma2zlie lientdrei wé ngh £spsi, Ntthe
cycle, thus naking it possible to increase the speed

andir svYabiliiong lofcgurs mg nghe Apcesdiung tageadvé hépnagpedt of
of the present invention, since the drive pul ses

cauisé nger:pef@qldlq:lrltﬁﬁcét‘@pt@p@@aéjee@tcecthmt‘el ulde 3diquid
resonant drive pul se that causes a I|%_|d droplet to
bedé?@éﬁéé @§q“f1?ﬁ$ed from the nozz wherein the

drive signal generated by the drive signal generation
part includes, within a'singlé priﬁt cycle, a
resonant drive puise causing a first one of the
liquid droplets to be ejected using the natural
vibration period of the pressure chamber, a non-
resonanf drive pulse causing a second one of the

"-liquid droplets to be ejected without using the
natural vibration period of the pressure chamber, and
a slight drive pulse prevented from causing the ink
droplets té be ejected.

According to one aspect of the present
invention, by generating a drive signal including
multiple drive pulses that causes liquid droplets to
be ejected and a slight drive pulse that does not
cause a liquid droplet to be ejected within a single

print cycle, it is possible to maintain a nozzle in



natural vibration period of a pressure chanber and a
non-resonant drive pul se that causes a |iquid dropl et

w0 oobeseprct ed wi t hout using the natural vibraedDIP2006/324407
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period of the pressure chanber, it is possible to form
liquid droplets of a |arge doi.and a nedi um dot at

hi gh speed with stability. Additionally, in the inmage
form ng apparatus as set forth above, the drive signa
ge at.i. ar rmne th i pt al,
be?&éetrsl l?]%el%r e%ro%}g%t gg%?\eié Eﬁlusse%aaﬂgi %ﬁeigf S?éé‘; »léjr]ieveto
puk I-ecedj r n Iyl piE S LR
o' TRe “hatural® wrbr ot snoperrod or  her pr sentraa™"
chanber so thatdhe iyl 88 LAbehwd! a%?ééc&f'&ﬁ dhe=pPekent
Tc, where Tr is the pulse interval, Tc is the natura

vi bhatneiopsriiched the Aressupm idwdibesusangd Miig i
value | ess than or equal to two. As a result, the
putisepiletter wal B ¢ $eceddcedcimdeat tésodsapeassidilve tpulse
i ncrease printing speed. Additionally, in the imge

f ot it hg capsarsatausl bgusat dopille tabov &y e t dpedt ede usiigralthe
generation part nay determ ne the pul se interval
behakbiatllh¢ gitesomaperdpdve fpd s eamsubpechbhmblesr and a
drive pul ses precedi ng the non-resonant drive pul se

wi BANFEssesentto AV faPut 8F FhetatGaoms perfodignicheroplet

ressure . . . . .
P to ge ejected without using the natural vibration

respect

period of the préssure chamber, it is possible to
form liquid droplets of a large dot and a medium dot
at high speed with stability.

Additionally, in the image forming apparatus
as set forth above, the drive signal generation part
may determine the pulse intérval between the resonant

~drive pulse and one of the drive pulses preceding the
resonant drive pulse witﬁ respect to the naturai
vibration period of the pressure chamber so that the
pulse intervél satisfies Tr =‘m x Tc, where Tr is the
pulse interval, Tc is the natural vibration period of
the pressure chamber, and m is a value less than or
equal to two.

As a result, the pulse interval Tr is
reduced so that it is possible to increase printing

speed.



chanber so that the pulse interval is in the range of
Tn = (m+ 1/4) x Tc to (m+ 3/4) x Tc, particularly Tn

Wo200Mma6743 3) X Tc to (m+ 2/3) x Tc, where Tn PGI/iH2606/324407

pul se interval, Tc is the natural vibration period of

the pressure chanber, and mis a value | ess than or

equal to two. Thus, the nenistus velocity in the case

of successively ejecting ink droplets is suppressed

usi ng a non- t jye I .her epy [N

U9, & 1on- ASRARAN L1 ¥ B £he LHELADI AL Moparacus
prigtspg $RS8%: éﬁ%%é'OEEE'ﬁmﬂdét{de&PgﬁeBQngﬁ%n part

apparatus as set forth a ove, the_ rive signa
gengyabieer e MBYe dsh €81 R @ fidStbduhseni pher valn -

- between the resonant drive pul se and one of the drive
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puteesnphecediing: thel §€sananbn@ iofe ik ser i &hphasrect

to the natural vibration period of the pressure y

charbeedsagt hate trienfresbnpulcselrinteerpal ssavi shi egsPect

= 2Tc 0.5 nms, and may determ ne a second pul se

i nter thebetwsera it hel hoat t esopanti od iofe phe serasduaee

of the drive pulses preceding the non-resonant drive

pufBem@eih sceddet thethelaat dndlenfa ats ohn peheodasige of

the pressure chanber so that the second pulse interva

i sTRN=t K& rfadde Jofx THF =tgTéM3+t 8/8Vc/3 Tavhepar fichdarly Tn

the first pulse interval, Tn_is the second pul se

infeﬁWar 1/3) x Tc to (m + 2/3) x Tc, where Tn is the
pulse interval, Tc is the natural vibration period of
the pressure chamber, and m is a value less than or
equal to two.

Thus, the meniscus velocity in the case of
successively ejecting ink droplets is suppressed
using a non-resonant drive pulse, thereby ensuring
stability. As a result, it is possible to increase
printing speed.

Additionally, in the image forming apparatus
as set forth'above, the drive signal generation part
may determine a first pulse interval between the
resonant drive pulse and one of the drive pulses
preceding the resonant drive pulse with respect to
the natural vibration period of the pressure chamber

so that the first pulse interval satisfies Tr = 2Tc %

0.5 ps, and may determine a second pulse interval



and Tc is the natural vibration period of the pressure
chanber. A s aresult, it is possible to perform

whe@hbeegquency driving with stability. Additi orel/iBepo6/324407
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the drive signal generation part may generate the
drive signal having a different conbination of the
drive pul ses depending on a | 4t signal for formng a
single dot. As a result, it is possible to stably form

a lLiguid drapl et of si ze accardi a_print
Si igjﬁglw.ee,&d& S orh%rlll—f/,gsf’ﬁaf‘ﬁe Srege oirgne naggpﬁgreatoufs the

as 45&t, of g{l:eke‘?!fgylgecé!??ngr Lye ﬂ&ﬂﬁ%e?ﬁﬂgﬁet EQQv%ag%L{lse

may gene rive si"gnal” havi e non-reson

dri,Ye hP 38, d dieds aﬁséyn@_fthlﬁemt he ¥ ESONEAT pEki Ve RI¥ SEhe

As a result, it is possible to stably forman i1 nmage

of pgeed uGlealdHambyr SYPPERSS! RGd Mo coiidi pg1ek amterval is
ejected liquid droplet. Additionally, in the inmage

f ohi RGeappaIRs usasTset figeyl3 aloverctbe dheve girgnal the

generation part may generate the slight drive pul se so

t hati rshe pllight idteveagyl sk i s ptoel detandnguidslet iiplteerval,

drive pul ses causing the ink droplets to be ejected

wi 8hidn Tiche ssitritg entvnelcydbea tamh megr gedeprat dhene of

the drive pulses with the neniscus of the nozzle being
pressure chamber.

As a result, it is possible to perform high-
frequency driving with stability.

Additionally, the drive éignal generation -
part may generate the drive signal having a different
combination of the drive pulses depending on a print
signal for forming a single dot.

As a result, it,iébpossible to stably form a

* liguid droplet of a size according to a print signal.

Additibnélly, in the image forming apparatus
as set forth above, the drive signal generation part
may generate‘the drive signal having the non-resonant
drive pulse immediately after the resonant drive
pulse.

As a result, it is possible to stably form
an image of good quality by suppressing the curving

of an ejected liguid droplet.

Additionally, in the image forming apparatus



vibrated by the slight drive pulse. As aresult, it is
possible to increase the volunme of a liquid droplet

wepmechedod rom a nozzle. Additionally, in the |iPEDEP2006/324407
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form ng apparatus as set forth above, each of the

drive pul ses and the slight drive pul se generated in

the drive signal generation'ﬁ%?T may include a first
wavef orm el enment expandi ng the pressure chanber so

that th ni.scus of the nozzle is .dr in_ toward the
SITB BF Lt RESTEERN L ChalBePTaNg 3 SAboh AT Part
el n r.acti pan I re.c e As
e e A e e i i

anglfﬁﬁﬂrhggQ%:?gf?@?iéngg?b@hkﬁgéﬂgﬁﬁimulti le drive

Addi tronal |y, he i mag orm ng apparatus as set

f%&bségoﬁﬁustil?ﬁ% diyei §kgRabpaeney atd e P EcEBY within
change a peak val ue of each oF the drive pul ses and

t hensl sghgler ipre rpul Sgci g, agaar danceysridtatdeone of the
viscosity of the liquid in a use environnent, and the

| i quidenpy lbase wai thi stlosi hgnak csnied sche 20z aPa- beAsnig
aresult, it is possible to stably vibrate a meniscus
sovibaated by pdssibleghb foimeapulqfdd droplet of a
predeterm ned volume. Further, it is also possible to
prevent a no2gl @ fmesei nit cleggegsitide pgreskmgrease the

invention is not limted to the '
volume of a liquid droplet ejected from a nozzle.

Additiénally, in the image forming apparatus
as set forth above, each of thé drive pulses and the
slight drive pulse generated in the drive signal
generatioﬁ part may include a first waveform element
expanding the pressure chémber so that the meniscus
of the ﬁozzlé is drawn in,téward the side of the
pressure chamber and a second waveform element
contracting the exbanded.pressure chamberi

As a result, it is possible to ensure nozzle
maintenancé and a further increase in printing speed.

Additionally; in the image forming apparatus
as set forth above, the drive signal generation part
may change a peak value of each of the drive pulses
and the slight drive pulse in accordance with the

viscosity of the liquid in a use environment, and the

liquid may have a viscosity of 2 mPas to 20 mPa-s.



specifically disclosed enbodi nrent, and vari ati ons and
nodi fi cati ons may be nade wi thout departing fromthe

WG 2mpecads t he present invention. The present PCT/JP2006/324407

10

application is based on Japanese Priority Patent
Appl i cations No. 2005-350090,‘£iled on Decenber 5 ,

2005, and No. 2006-273543, fi1%d on Cctober 5 , 2006,

the entire contents of which are hereby incorporated

by referencen(lLAl “é%ds%ItA”i%”?ge Bg!rs'l‘b'l% a@&a§@£§§
conprising: a recordi ng hea FRcPu ing a.nozzle" F&m

why eB LU PR ELS B0CRLECR0S A PUESPUIE ERAMAG 4
comunicating wth the nozzle and containing |iquid,

ang; guRHe SFHA LENSF af | PR BB L YRR Neb Puel UM yQfcher,

t he pressure chanber; and a drive signal generation

pait eenktilgw gbdHigeaetat pravidntve Ssignalei pebmdibRg riy
plurality of drive pulses, the drive signal causing

t helpygesiure generation part of the recording head to
operate so that the liquid droplets are ejected from
the nozzl e, ®her @inesdret dinvensiignallsgerer ak Bdibgdt he the
drive signal generation part includes, within a single
prépecéyeically rdisymbdsedr eppogiiimen teahdgvariptdons and
one of the liquid droplets to he ejected using a

nafafaf ietiaiomperbedratiet Hé thds #eP2haiBer frem the

scope of the present invention.

The présent application is based on Japanese
Priority Patent Applications No. 2005-350090, filed
on December 5, 2005, and No. 2006-273543, filed on
October 5, 2006, the entire contents of which are

hereby incorporated by reference.



non-resonant drive pul se causing a second one of the
liquid droplets to be ejected w thout using the

watoowed703/i brati on period of the pressure chanber/ypacm24407
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a slight drive pulse prevented from causing the ink
droplets to be ejected. 2 . The inmage formng

apparatus as claimedin claim?’, wherein the drive

signal generation part determ nes a pulse interval

bet ween the resonant drive %wA @nd one of the drive

pul ses preceding the resonant drive pulse with respect

to the natural vibration period of the pressure

chanber so that' the pulse interval satisfies Tr = mx
Tc, where Triis the DMge EBLRRVA apbardstdde B8hPLalsing:
vi bration period of the pressure chanber, and mis a

val ue | ess tharedordited hO@atiWanc3 udithe d Mmgezier Firde
apparatus as claimed in claiml1 , wherein the drive

si ghathgénendtd air gal ¢t debeeneiesteepul sepraseuvral chamber
bet ween the non-resonant drive pul se and one of the ‘
dr commpolised igyeoedi gt hhe nper-lresurhntont d ¥pipgl d6 quid,
with respect to the natural vibration period of the
pr@8durePEkSMEre stERpaRtiRE Palrde GARIVAY fsvPAume of
range of Tn = (m+ 1/4) x Tc.to (m+ 3/4) x Tc, where
TntRE PRESSWTSe GHABPSEF, a7 i s the natural vibration

peri od of the pressure chapber, and .mis a value_less
t han or equap 56Hxﬁ)81gna geheration part configured to

generate a drive‘signal including a plurality of
drive pulses,.the drive'signal‘cauéing the pressure:
generation part of the recordihg head to operate so
that the liquid droplets are ejected from the nozzle,
wherein the dri?e signal generated by the
drive signal generation part includes, within a
".single print cycle, a resonant drive pulse causing a
first one of the liquid droplets to be ejected ﬁsing

a natural vibration period of the pressure chamber, a

- non-resonant drive pulse causing a second one of the

liquid droplets to be ejected without using the
natural vibration period of the pressure chamber, and
a slight drive pulse prevented from causing the ink

droplets to be ejected.

2. The image forming apparatus as claimed



The image form ng apparatus as clainmed in claim1 |,
wherein the drive signal generation part determ nes a

w@nlosmeed7od er val between the non-resonant dri vePQuire06/324407
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and one of the drive pul ses precedi ng t henon-resonant
drive pulse with respect to gﬂf natural vibration
period of the pressure chanbet”'so that the pul se
|nterval is in arange of Tn = (m+ 1/3) x Tc to (n1+

?ura \Mﬁer‘ﬁ]eT eirsi' %H Bf%ﬁ%% Isrﬁ. a}/fl %%A_:é;ﬁ népart

rétlon PEFI 0 ure

maéterm%ké% le%fg@anEe?gléﬂl btewevz& Bhe FQ@oh%‘?%e

formng apparatus as clained in claim1l , wherein

drayevsi gnals gl adhOno pathedelrard nasl Seél p%tec@ah%% the
i nterval between the resonant drive pul se and one of

t hee dbhuatpdrses pheredi Rgcthhecsgseanio dihyenpuhgal
with respect to the natural vibration period of the

presisnaeiochampeari b éhathehpreisssirepuilsanb@t eswvalthat' the
satisfies Tr = 2Tc 0.5 nms, and determ nes a second ‘
pubsesentatealvdletswetens £ hesnor- Fesonaric drilverpullge is the
and one of the drive pul ses preceding the non-resonant
drpvespuliageriviel + bpets tbet hatwgiadr AikFdkaehoperiod of
peri od of the pressure chanber so that the second

put3@ PREEPVAIE iCNaTMPRALr affe B l?na—VPTJc‘}% tesgTéhan or

wher e 1 is the first pulse interval, Tn is the second
pufdBainter F&1°- and Tc is the natural vibration peri od
of the

3. The image'forming apbaratus as claimed
in claim 1, wherein the drive signal generation part
determines a pulse interval between the non-resonant
drive pulse and one of thé drive pulses preceding the
non-resonant. drive puise with respect to the natural
vibration period of the pressure chamber so that the
pulse interval is in a rénge of Tn = (m +.1/4) x Tc to
(m + 3/4) x Tc, where Tn is the pulse interval, Tc is

~the natural vibration period of the pressure chamber,

and m is a value less than or equal to two.

4. The image forming apparatus as claimed
in claim 1, wherein the drive signal generation part
determines a pulse interval between the non-resonant

drive pulse and one of the drive pulses preceding the



pressure chanber. 6 . The inmage form ng apparatus as
claimedin claiml1l , wherein the drive signa

w@eneneat7dion part generates the drive signal harimgr2a06/324407
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di fferent conbination of the drive pul ses dependi ng on
a print signal for formng a sjngle dot. 7 . The image
form ng apparatus as claimed3i claim1 , Wherein the
drive' signal generation part generates the drive

9091 (R0, N O EgiRnnns il e vmd ety )
aPPi‘E?B‘E%o%Sg%!ﬁd@dof nfLa ?‘e]ss’ux‘ﬁé"eérférﬁtﬁéilesgr Y&t the
si gnal "generation parf generatés the slight drive

P ??Sfégiy&%trvtﬂe iséiﬂll?tad%\é%ep‘&éeﬁ(ﬁs:p( V#dﬁ?ﬁm%”%c to

rive pulses causing'the ink droplets to'be
ej et fedzz@t)hlxn e ol eTRr 5Bt +GEChRy 1 S0d; gEBRLaheS tc is
one of the drive pulses wth a neniscus of the nozzle
bethg wvikmataad Voo tdrei shi gbtrididi & miHseprssutbe chamber,
i mage form ng apparatus as clained in claim1l ,
whanéi m eéach ofaltye Hesvetpahses amhdahetsl tght drive
pul se generated in the drive signal generation part
includes a first waveform el enent expandi ng the
pressure chanber so that a neniscus ofthe nozzle is
drawn in toward &hsi denaget herPiegs @P@ ddnberaanglgimed

second_wavef orm el enent contracting the )
in claim 1, wherein the drive signal generation part

determines a firét pulse interval between the
resonant drive pulse and one of thé drive pulses
preceding the resbnant drive pulse with respect to
the natural vibration period of the pressure chamber
so that the first pulse iﬁterval satisfies Tr = 2Tc *

0.5 pus, and determines a seéond pulse interval between

" the non~resonant drive pulse and one of the drive
pulses preceding the nonQresonant drive pulse with
respect to the natural vibration period of the
pressure chamber so that the second pulse interval is
in a range of Tn = 7Tc/3 to 8Tc/3, where Tr is the
first pulse interval, Tn is the second pulse interval,
and Tc is the natural vibration period of the

pressure chamber.

6. The image forming apparatus as claimed



expanded pressure chanmber. 10. The image form ng
apparatus as clained in claiml1l , wherein the drive

wee@mnaée7gener ati on part changes a peak val ue ofCEaERNOG324407
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the drive pul ses and the slight drive pulse in
accordance with a viscosity %g'jhe liquid in a use
environnent. 11. The inage f 1 Nng apparatus as
claimed in claim1 , wherein the liquid has a

Vi $£08h EY r0f1 2 JHA:Si4 Ot RQ AR3% signal generation part
generates the drive signal having a different
combination of the drive pulses depending on a print

signal for forming a single dot.

7. The image formiﬁg apparatus as claimed
in claim 1, wherein the drive signal generation part
generates the d:ive signél having the non-resonant
drive pulse immediately after the'resonant drive

pulse.

8; The‘image forming apparatus as claimed
in claim 1, wherein the drive signal generation part
generates the slight drive pulse so that the slight
drive pﬁlse is provided amoﬁg multiple drive pulses

- causing the ink droplets to be ejected within the
single print cycle} and generates one of the drive
pulses with a meniscus of the nozzle being vibrated

by the slight drive pulse.

9. The image forming apparatus as claimed
in claim 1, wherein each of the drive pulses and the
slight drive pulse generated in the drive signal
generation part includes a first waveform element

expanding the pressure chamber so that a meniscus of
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the nozzle is drawn in toward a side of the pressure
chamber and a second waveform element contracting the

expanded pressure chamber.

10. The image forming apparatus as claimed
in claim 1, wherein the drivé signal generation part
changes a peak value of each of the drive pulses and
the slight drive pulse in accordance with a viscosity

of the liquid in a use environment.

11. The image forming apparatus as claimed-

in claim 1, wherein the liquid has a viscosity of 2

mPa-s to 20 mPa:'s.



