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MD 2008/062809 PCT/ JP2007/ 072493 DESCRI PTI ON | MAGE
M NG DEVI CE AND PRI NTED MATTER TECHNI CAL FI ELD

““%%?ngﬁVentlon relates to an image 5 form nddéePea/072493

and a printed matter. Mdre —particularly, this

invention relates to an image form ng device including

a liquid discharge head, and a printed natter on

which an inmage is formed by the i mage form ng devi ce.

10 BACKGROUND ART Ther eDiES (b RA TN i nage fornlng
device, such as a printer, a fax, a copier, a plotter
or a mﬂtilﬂﬁﬁﬁiE@R%#Nﬁh@ﬂﬁlﬁEWA@DWERIQWEDiMﬁ@EER
form ng functions (including print, fax, 15 copy, and

t BEQHXBCAINCEIBAL) , which uses a |iquid discharge
mechani sm The liquid discharge nmechani smincludes a
recordi ng h&adi s ninwhdchibinqut &l ditschat ge dreatls afger

di scharging drops of recording liquid are arranged.
WEphei2Dn trhidse v beer ding heads ihage hermaid on (high is
inclusive of image recording and printing) is carried
opt Mtyi di1seher gi n& 11 9ps nefed Be o e€ONEItWs f kWi i i Akh ge
to a medium (recording sheet) while the nedi um

(E@Qﬁﬁﬂzﬁgg SEeetl | $ncAd1ARSROT 18y WO ZD08LRE2809 headq,
PCT/ JP2007/ 072493

and a printed matter on which an image 1is formed

by the image forming device.

BACKGROUND ART

There is known an image forming device,
such as a printer, a fax, a copier, a plotter or
a multi-function peripheral having multiple
image forming functions (including print, fax,
copy, and the like functions), which uses a
liquid discharge mechanism. The liguid
discharge mechanism includes a recording head in
which liquid discharge heads for discharging
drops of recording liquid are arranged. With
this recording head, image formation (which is
inclusive of image recording and printing) is
carried out by discharging drops of the
recording fluid (ink) to a medium (recording
sheet) while the medium (recording sheet) is

transported.
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2 An image form ng device hereinafter refers to a

QB&Q&% ghlch perforns i mage formation by d| %H@&9h9@7zw3

|qu rops to a nedium (which is inclusive

paper, yarns, 5 fibers, textipl e, |eather, netal,

pl astics, gl ass, mood, ceramcs, etc.). |lmage
formation hereinafter refers to not only formation of
i mages with meaningful characters, figures, etc. but
al so formathnniskdemesmving mﬁmiﬁghﬁgrqgn@ﬁﬁérns
etc. Liquid hereinafter is not restricted to a
meebedisng:- 6| ai devicek,wibich medefortos ahpafdali d which
is aliquid state when it is discharged. A liquid
dischargeonebiycael 1 heheimaf hgr riefedd tdrapdeviceai n
which a liquid 15 di scharge head di scharges |iquid
dro@sumantwht ch si sotidd ukedrd ood gevpee ,Witahns,
perfornms i mage formation. The image forn1ng devi ces

Foyeded Wkhktilgyi d dhsehar genhieads arglelasisééiedylass,
into two 20 types: a serial type inage form ng device

o8BI, Che ar h@GAI 4] ng thead, pravidlgd G Amaarrdage is
noved in a main scanning direction perpendicular to a

%ﬂ??%ﬂﬂé@@@@*r@fé%g”ﬁw B%ﬂ“%ﬁ@@“fé?ﬁ@%&&ﬂ @'t

printing; and a full-line type 25 i'nmage form ng device

%%Qﬁ%g‘%g%%é%ahlﬁegfuge MR 20Q¥ 06280 1 qures, etc.

but also formation of images with meaningless
patterns, etc. Liquid hereinafter is not
restricted to a recording fluid or ink, but
refers to any fluid which is a liquid state when
it is discharged. A liquid discharge device
hereinafter refers to a device in which a liquid
discharge head discharges ligquid drops, and it
is not limited to a device which performs image
formation.

The image forming devices provided with
liquid discharge heads are classified into two
types: a serial type image forming device in
which a recording head provided on a carriage 1is
moved in a main scanning direction perpendicular
to a sheet transport direction to perform
recording or printing; and a full-line type

image forming device which uses a full-line type
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3 recording head in which a plurality of ejection

“Kﬁﬂbganggpzzles) for discharging liquid dropslqﬁg 2007/072493

arranged to cover the overall recording region.

liquid discharge head for use3ia an 5 image form ng
device is arranged to discharge Iliquid drops from
ejection holes in order to performrecording or
printing, If _a nqn- discharge state of ;the |iquid .

df §EAr %nﬂeﬁfaaeéﬂsw%lﬂﬁ 2 Pétid hiferiof, efigetion
viscosity of 10 the liquid in the ejection holes is

i RerESelnBy 2 k9 8pofR ¥ of igich AsJddl Y ehd dwt @, drfonheare
di scharge operation is started fromthe non- discharge
stat@ndad dischavgimgtseatceofaille racaddindi stagbed .
with the increased viscosity 15 and the liquid

di schar ge hdad ivitidbelimoperapt eheatl fhe prsating an
quality will deteriorate. To avoid this, idle

di melgs géooperrag i deviincahiich atrquigedr aps diestairge
fluid) that are not used for inmage formation are

di $ghairded rfopsn fhemozzkes 20ni & oles § onred aad 1t heo
recording fluid remaining in the nozzles with the

vpeeEw iy rRUEEedd Sorebirinat ad . Regar & ngohdl e
di scharge operation, Japanese Lai d-Open Patent

Appkictad + g8 @%aﬂé'dgiQQ@3%th§@(@f§dﬂhf§% &a g
printer in which an WD 2008/ 062809 PCT/ JP2007/ 072493
keeps on for a certain period, the viscosity of
the liquid in the ejection holes is increased by
evaporation of the solvent, etc. If the
discharge operation is started from the non-
discharge state, the discharging state of the
head is disturbed with the increased viscosity
and the liquid discharge head will be inoperable
and the printing quality will deteriorate. To
avoid this, idle discharge operation in which
liquid drops (waste fluid) that are not used for
image formation are discharged from the nozzles
is performed and the récording fluid remaining
in the nozzles with the viscosity increased is
eliminated.

Regarding idle discharge operation,
Japanese Laid-Open Patent Application No. 11-

105304 discloses an ink jet printer in which an
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ink jet head is provided with a prelimnary

wo%g@@g@e unit which perforns prelimnary di‘gggrﬂ%&?,%%ws

or preventing clogging of the nozzl
ink jet head, in a position 5 separated froma
recordi ng mediumduring the scanning of the ink jet
head on the recording nedi.um Japanese Lai d-Qpen
Pat ent Application No.  2001-026123 discloses an ink
jBk rJeQ:%rg@raq ni 30 DR EhAG4E Wi bR & eBErAg 1 D8RIty
dots froma nozzle for ejecting a small anount of ink
d & s cerred at ath based oph ppiemtf dans fRFedd@ipag by A
head driving unit perforns a printing operation in
dtecotdangé ng tdift henkdaf arwher eve ngringi og- d&g dotgs @E
wel |l as flushing dots smaller than the printing dots
ahe ejertédd ola rdoorinkg edi hmadur iimg 4 hposdanneng
of a carriage. As a result, the flushing dots are
Stbl=abd yeg) et ed fr ome tbe dismal meadouft dRjethipngdhe
nozzl e during the period 20 of one path as needed, and
§tanh PR§SIdH eche aspuURe d hakathemormR P&EBtddihg
operation is perforned even by a recorder using a
fapaiRti vely large sized recordi ng nmedium Moreover
Japanese Lai d-OQpen Patent Application 25 No.

2005- 313624 ,di5CL 0563, gLl A LSRRI N s cation No.
2008/ 062809 PCTI JP2007/ 072493

2001~-026123 discloses an ink jet recorder in
which data for ejecting flushing dots from a
nozzle for ejecting a small amount of ink is
generated based on print data for one path. A
head driving unit performs a printing operation
in accordance with the data wherein printing
dots as well as flushing dots smaller than the
printing dots are ejected to a recording medium
during the scanning of a carriage. As a result,
the flushing dots are suitably ejected from the
small-amount ejecting nozzle during the period
of one path as needed, and it is possible to
assure that the normél printing operation is
performed even by a recorder using a
comparatively large sized recording medium.
Moreover, Japanese Laid-Open Patent Application

No. 2005-313624 discloses a liquid discharge
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- 5 head which perfornms a prelimnary discharge

woB6y/@bs9n during a nornal printing opelrationa,g_T/C;B%oggg,nw3

apanese Lai d- Open Patent Application No. 20

di scloses a full-line ink-4et -15 recording device in
which an idle discharge region for performng idle

di scharge of liquid drop is set up in a position
separated froma_ recording region. An idle discharge
Reeor dikyCh iRRF GOFAHT | dnPAGL + B4 Hgdrrec P pEEISd
drops 10 when idle discharge is perforned is arranged
?PRe el PBI W 5BHarkgen P E8iedn. PALNEchREI AP BEad L Uhi t
including a full-line ink jet head is noved or
rotated td2PRASH eldilsthapge rBgitemt afwrticpsgion No.
caused to performidl e discharge operation. 15
2085edf@ @B 2 X i sedorsit agahe@dl liniltine detkrped to
the recording region by perfornmng a head returning
vpeoatd ong Meebver ,idaparnede bai d-dpendRadehbrge
Application No. 2001-105589 discloses a nethod 20 of
debvdiolg dold e dfdirschagge dieadd ilapeaese Lafd-1@upnid
Pat ent Application No. 2002-248766 discloses an i nage
flebp ngs dewitcenphiigh HSES san i bAK Jdpwhiathe §h&rged a
particles are distributed in a solvent. 25 However,

i:éciosf:cﬂifxgi %%ib?x aPPAY ther MW0330084 862809 ccording
PC PLJP2007/ 072493

liquid portion for receiving the liguid drops
when idle discharge is performed is arranged in
the idle discharge region. A recording head
unit including a full-line ink jet head is moved
or rotated to the idle discharge region, and it
1s caused to perform idle discharge operation.
Thereafter, the recording head unit is returned
to the recording region by performing a head
returning operation.

Moreover, Japanese Laid-Open Patent
Application No. 2001-105589 discloses a method
of driving a liquid discharge head. Japanese
Laid-Open Patent Application No. 2002-248766
discloses an image forming device which uses an
ink in which charged particles are distributed
in a solvent.

However, it is difficult to apply the
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0584

6 idle discharge nethod which perforns idle

disg%gr e (prelimnary discharge) operation in_a
167 separated fromthe recording nediun$CaHPﬁwaW”“B

the print scanning, according to Japanese 5 Laid-Qpen
Patent Application No. 11-105304, to the full-line
type image form ng device in which the recordi ng head
is noved. Even if the application of the idle

i d ehat Yechatrtpsl mesrit ¢ dnedh iabove crsf possi bl @l et he
problemthat 10 the printing speed in such a case
&xsanetye f(@tslianmasyuntiesohwedye Thedaltetion in a
di scharge nethod which generates the data for idle

fbschar ge Gldgishhng)ld based et ke P kAL rdpt AeBdrumwne
path and 15 perforns idle discharge within one print

Rathng agaer HAgnto JaRARasey | abddPeainaf epb Japanese
Application No, 2001-026123 and others, would require

ihe Ygi SPaPE%H%t aMpihddtibe ik, diischesges theo

generation of the data for idle 20 discharge according

LR mge: datg,c apq ddes naidchlan olo! B fLbue n wpicn
AR L R Mt A S S
GRPLSHT 05400 20081062808 FTP TBF000Fo TS0
mentioned above is possible, the problem that
the printing speed in such a case extremely
falls remains unresolved.

The idle discharge method which
generates the data for idle discharge (flushing)
based on the print data for one path and
performs idle discharge within one print path,
according to Japanese Laid-Open Patent
Application No. 2001-026123 and others, would
regquire the analysis of data with little ink
discharge, the generation of the data for idle
discharge according to image data, and the
switching of the drive circuits which generate a
drive waveform for normal printing and a drive
waveform for idle discharge. Therefore, the
problem that the processing is complicated and

the cost is increased remains unresolved.



10

15

20

25

7 DI SCLOSURE OF THE | NVENTI ON Accordi ng to one aspect

“Kpﬂm&&ﬁgbnvgntion, there is disclosed an inpﬁQﬁg%gmwwnﬁn

i mage formng device in which the above-descri

problems are 5 elimnated._ According to one aspect of

the invention there is disclosed an imge form ng

device which carries out idle discharge operation of

a liquid discharge head using a sinple, inexpensive

10! fedtY BR Ot cBHEI Al YBNGOMspect of the invention

there is disclosed a printed matter on which an image

isfornedRWCDmaﬂﬂ@VEanméomxbéﬂagmffeh@rmnvention,

device. 15 In an enbodi nent of the invention which

sohees ofsrddscelso sae arn Mg wfveke ahoye- MERLkened

probl ems, there is disclosed an inmage forning device

whe ch cfeorid  ah i drRgeh@N &b BRE Uk sand h 88! WdeShBems are

liquid discharge head in which a 20 plurality of

rorzmesd®eddi scharging liquid drops are arranged

side by side, the image formng device conprising: a

dri ve wavelegh (gafeg L%, Hal b HSOEEAU 0y W LY Pede s on

single drive cycle,"a fILSt drive wave orP1Fpn ahnqgg
risv, ks I di n unt o igu

N OSeT Sootno” by yes 80 Y o359y & e BT Py e il on

carries out idle discharge operation of a liquid

discharge head using a simple, inexpensive
mechanism.

According to one aspect of the invention
there is disclosed a printed matter on which an
image is formed by the above-mentioned image
forming device.

In an embodiment of the invention which
solves or reduces one or more of the above-
mentioned problems, there is disclosed an image
forming device which forms an image on a medium
and includes a liquid discharge head in which a
plurality of nozzles for discharging liguid
drops are arranged side by side, the image
forming device comprising: a drive waveform
generating unit generating, within a single
drive cycle, a first drive waveform containing a

drive signal to discharge an amount of liquid
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8 drop used for image formation, and a second drive

wonugbsm contai ning a drive signal to di schaicaepashr/o72493

amount of liquid drop smaller than a mninmm
di scharge drop anount used-f®r-image 5 formati on; and
a head control unit causing the |Iiquid discharge head
to discharge the anobunt of Iliquid drop used for inage
%g%pation in accordancs W th the firs& drive waveform
§PFa UPEG or° hndFE SR R F&Ofor ridld ahd® &g
the 10 liquid discharge head to dj scharge the_anount
FLT qURY G OB s i} oF LPHAN t Re O T Fumidi RERarg
géop amount in accordance with the second drive

PER FPPor T RBGIVOHE whdr ek hAY LidredeoPs St L 1egr felyan
15 The, above-nentioned i mage form ng device may be
QoA HyLPER HlspR IR AafrnapReret anged nhge isnaege
formed corresponds to a region of the nediumin which
fhemadiom/i sandamspgoeadd dantgotly anspor tcali s éotd onhe
20 The above-nentioned i mage form ng device my be
togfi ydr dd ssoh & hate thheadedi ondiserlea ngy timagemcumbt o f
formed corresponds to an and portion of the
iLdeget d odiraip onseeyi HorofiMmdige Medimatimra threcti on
perpendicular to a 25 transporting direction in which
the oedaumd sw WOh20084 063809t PEr B/ IP2QQHDF2AB3 for a

region where an image is formed, and causing the
liquid discharge head to discharge the amount of
liguid drop smaller than the minimum discharge
drop amount in accordance with the second drive
waveform for a region where any image is not
formed.

The above-mentioned image forming device
may be configuréd so that the region where any
image is not formed corresponds to a region of
the medium in which the medium is transported in
a transport direction.

The above-mentioned image forming device
may be configured so that the region where any
image is not formed corresponds to an end
portion of the image-formation region of the
medium in a direction perpendicular to a

transporting direction in which the medium is
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9 transported. The above-nentioned i mage form ng

woteus/eRsoomay be configured so that each of th%&ﬁﬁé®7/072493

signal in the first drive waveform and the drive
signal in the second drive wéeform contains a
pressing waveform el enent which makes a liquid drop
di scharge by shrinking a |iquid chanber conmmunicati ng

' Qnhe the plurality of nozzles of the liquid
g#%g a d%gﬁggg, and a 10 vol tage change of the

ressin formelenment of the drive signal in the
- gecond grﬂﬁ\?ﬁ\?@%’ﬁ—n}%ﬂ%ﬁﬁﬂg tRa? @glrf“dg‘ég device

chang% of the pressing waveform el enent of the drive
STg¥alP s nCPRe ¥TPEEdriQeth@terdrm 15 Thee drive
above-nentioned i mage form ng device nmay be

cHORIPGUr etiNs G haf 1eadth dritie Wavedosngaald i hehalrive
first drive waveformand the drive signal in the

SBEBRG ldr i e bk ef scATdndFiing: awapresSeing amvesdma a

el ement which nmakes a liquid 20 drop di scharge by

shr £ 86 iy avlaivps d rohanbemne ndombhictatmhagew téd dhewafd
the plurality of nozzles of the liquid discharge

héadp ahds ahachpagb vt ister oh kiheg paedsi aqgivavst onbe r

el enent of the drive signal in the second drive

vevehonrm ¢t i2hy | wager ¢hanox chaage 1w Ae1aft $ her

pressi ng WD 2908i 062809 Pc7T% FP20{ 17, 19724433

nozzles of the liquid discharge head, and a
voltage change of the pressing waveform element
of the drive signal in the second drive waveform
is smaller than a voltage change of the pressing
waveform element of the drive signal in the
first drive waveform.

The above-mentioned image forming device
may be configured so that each of the drive
signal in the first drive waveform and the drive
signal in the second drive waveform contains a
pressing waveform element which makes a liguid
drop discharge by shrinking a liquid chamber
communicating with one of the plurality of
nozzles of the liquid discharge head, and a
change time of the pressing waveform element of
the drive signal in the second drive waveform is

longer than a change time of the pressing
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10 waveform el enment of the drive signal in the first

wodoogyw28w@vef orm The above-nenti oned i mage f°‘?@‘rﬂ§2007/072493

device may be configured so that each of the drive 5
signal in the first drive waveéferm and the drive
signal in the second drive waveform contains a
drawi ng waveform el enent which causes a |liquid

r nicating with one of the plurality of

%gs?rg?mﬁgmqrh%i gfdi%léﬂa Feaditrad dwparde and

Vol gl;aggr changﬂe of the drawi ng waveform el enent of
the" ari ve Y Gndi2YREPA& - second drive waveformis
| arger than a voltage change of the draw ng waveform
el enent of the 2@AXR-Begiat ongd Henagestf drinteg device
wavef orm 15 The above-nentioned i mage form ng device
FERY bRec SR §iigetr 89 SlPattkath esfchhe fdrive dsignal in
the first drive waveformand the drive signal in the
Selcond Ldrdiy et ey of or mtc ot hires wea v dfawmga wavefios N rive
el ement which causes a liquid 20 chanber communi cati ng
Witdnahe ot the pacahid ydrbirenozztvescafmt benldfwhd 5
di scharge head to expand, and a change tine of the
diawhgg weved dommel eente of kel ¢l i vesd @8ak i1 48 g
second drive waveformis shorter than a change 257tine

ggixggggggmo%zggw&@mgelﬁﬂem AfetBe WR 2008/062809
of nozzles of the liquid discharge head to
expand, and a voltage change of the drawing
waveform element of the drive signal in the
second drive waveform is larger than a voltage
change of the drawing waveform element of the
drive signal in the first drive waveform.

The above-mentioned image forming device
may be configured so that each of the drive
signal in the first drive waveform and the drive
signal in the second drive waveform contains a
drawing waveform element which causes a liquid
chamber communicating with one of the plurality
of nozzles of the liquid discharge head to
expand, and a change time of the drawing
waveform element of the drive signal in the

second drive waveform is shorter than a change

time of the drawing waveform element of the
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- i drive signal in the first drive waveform The

woPhY&28@Nnt i oned image form ng device nmay beperypr007/072493

configured so that the liquid discharge head is a

full-line type recordi ng kedd. -5 The above-nenti oned
i mage form ng device may be configured so that the
mediumis a rolled-formnedium The above-nenti oned

,mage forn._ng, devi , be_canf,igured so.that, when
In LR oS 1L chr d Sperdid bn it Ger ¥ oFREL T

di scharge _Liquid drops which dg not contribute to .

i mage for M&S ot OVRe B QLIPS chfiafts hEggming device
di scharges, _over an entire imge formable regi on of
PRY DRdFORFHIBTGHL FOditPett i 5R ofl + A Lfedi LA aves e5
amount of liquid drop smaller than the m nimum
Arschat §e adrfopl amdute tobsh EBREGH FERE dfeade

i nvention which solves or reduces one or nore of the
above- nenfheneabprebiresst itdreed isalisclfosmiinag device
printed 20 matter on which an inage is forned by the
mboves e newtri Hined rievhgeof dihrd hgtievimedtmough a

di scharging of liquid drops to the medium In an

epflddB drefoof mbeiiuwenti on which solves or reduces

one or nore of the above 25 nentioned problens, there

i s di scl osetheanabovge nVikh 2QQ8 882803 LETEIRZOOL 40 62493 e
may be configured so that, when an idle
discharge operation is performed to discharge
ligquid drops which do not contribute to image
formation, the ligquid discharge head discharges,
over an entire image formable region of the
medium in a width direction of the medium, the
amount of liquid drop smaller than the minimum
discharge drop amount.

In an embodiment of the invention which
solves or reduces one or more of the above-
mentioned problems, there is disclosed a printed
matter on which an image is formed by the above-
mentioned image forming device through
discharging of liquid drops to the medium.

In an embodiment of the invention which

solves or reduces one or more of the above-

mentioned problems, there is disclosed an image
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- 12 formng device which forns an image on a nmedi um

wods/ddagdoudes a |iquid discharge head in whi chhdy/yp2007/072493

plurality of nozzles for discharging liquid drop are
arranged side by side, the ili#age form ng 5 device
conprising: a drive waveformgenerating unit
generating, wWthin a single drive cycl e, a first

v contai nj ng. irst drive to. .,
g AR ACERR I e R qOLﬁIanFab Lhse ror Rritpeium
IIO nd a second d 0 maveg containing a
ecoﬁfaﬁ =% §n 1?%ldm %ﬁ G& En ﬁéﬁnlﬂfﬂh%ﬁgda
drop s kler %ha m ni_mum di, schar ge drop_ anount
Bd&F 3 |Yna% n gPofChndis et egdnd Lhpuid drop
selecting Ieast one of the first drive signal in
BRE 13 FEENES Ar Poe eV Bf i and titRe Be@wl Berweng
signal in the second drive waveformin response to a
E6MIree Sioghar i sid put purdniee selasee £d rdy i yen egiagnah g
to the liquid discharge head. The above-nentioned
Phdge $onsinmt dodi.caviRdimya be igant & gdneidv soctyhate | he
drive waveform generating unit is arranged to
gemertat rd vel weald fyrmf cdret &insitnglr bve ist ghalds i ve
time series, and the second drive signal being
shgerpbsed betvetrniye® ah throphw abft ¥ icfuibed
first drive signals. WD 2008/ 062909 PCT/ JP2007/ 072493
used for image formation, and a second drive
waveform containing a second drive signal to
discharge an amount of liquid drop smaller than
a minimum discharge drop amount used for image
formation; and a selecting unit selecting at
least one of the first drive signal in the first
drive waveform and the second drive signal in
the second drive waveform in response to a
control signal, to output the selected drive
signal to the liguid discharge head.

The above-mentioned image forming device
may be configured so that the drive waveform
generating unit is arranged to generate a
plurality of the first drive signals in time
series, and the second drive signal being

interposed between two of the plurality of the

first drive signals.
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- 13 The above-nentioned i nage form ng device may be

wocabd/dcasoed so that the selecting unit is ar rpgRgeshob 872493

sel ect the second drive signal concurrently with the
first drive signal when 5-fdBm—ng an i nmage. The
above-nentioned i mage form ng device may be
configured so that the drive waveform generating unit

is arranged,.to generate the second drive wavefor ,
havi n- o vaS FRPeaHiRs 16 Tt 45 RN oRe Mevice
art of aliguid drop discharged fromthe |iquid, .

5F¥cﬁﬁg€° JuF aﬁﬁvghﬁ%t%aﬁxF?ﬁ§&$¥%9mWﬁ}t 1s

device may be configured so that the drive waveform
YEASTH B Ag i Feile @ r hRGe P 26°Tht AR idieschhgge 15
drop speed of the anmount of liquid drop smaller than
€R8 9K AF fvh WY stRdrTyet Bepof andiintd bed fsorgnpfagihen
formation is slower than a discharge drop speed of
faemimgmam diselgerge drop anount used for inmage
formati on. 20 According to the enbodi nents of the

i mge forniChe devpere ofiebhe dmwéntinngei formipgssidrece
to performidle discharge operation using a sinple,
mnagxfens v freg hani & ns o BRINZR: DERCRI PTEON GFaTEEorm
DRAW NGS 25 Ot her objects, features and advant ages VEB
2008/06080Yy RChWR2009/ 8%2483ged to generate the
second drive waveform having a waveform element
adapted to tear off a part of a liquid drop
discharged from the liquid discharge head.

The above-mentioned image forming device
may be configured so that the drive waveform
generating unit is arranged so that a discharge
drop speed of the amount of liquid drop smaller
than the minimum discharge drop amount used for
image formation is slower than a discharge drop
speed of the minimum discharge drop amount used
for image formation.

Accorxrding to the embodiments of the
image forming device of the invention, it is
possible to perform idle discharge operation

using a simple, inexpensive mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages
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14 of the present invention will be apparent from the

wof 2bd/ekgdg detail ed description when readi ng pc/gp2007/072493

conjunction with the acconpanying drawings. FIG 1 is
a di agram showi ng the 5 conpdsi ti on of an i mage
formng device in an enbodi nent of the invention.

FIG 2 is a diagramshowi ng the conposition of a

recording head in the i e formng device of FI 1.
o Pre$rERen] LS ATR B et Do o HRER e g o
I.schar head, ich constitutes, a part f the ,
S@E%r%ioﬁgl%ﬂéa‘%rgﬁl%él%‘? t S&FC BB A I‘”gﬁ?d?tﬁ&i%’aﬂing
direction of a liquid chanber of the |iquid discharge
HeadCoTs) ¥R EF 1P 1 sW4 th o8B es &G FoRRIA Y ek Jofd ¥ AEINGS .

l'iquid discharge head, which constitutes a part of
the recordif§Chedd Bf A Gi29rEdkendhalvohgIathsat er al
direction of the liquid chamber. FIG 5 is a block

di agpam ishbainng £ hen 20nggrpdsi rnonpfdavése roh an
systemof the image formng device of FIG |. FIG 6
iembobligrdén ti agf arhshawh mgnttheon conposi ti on of a
printing control part and a head drive circuit in the
control sysrem.of2 FL& a 25i&gr\¥mh 26868106280% he

PC T/ JP2007Y072493

composition of a recording head in the image
forming device of FIG. 1.

FIG. 3 1is a cross-sectional view of a
liquid discharge head, which constitutes a part
cof the recording head of FIG. 2, taken along a
longitudinal direction of a liquid chamber of
the ligquid discharge head.

FIG. 4 is a cross-sectional view of the
liquid discharge head, which constitutes a part
of the recording head of FIG. 2, taken along a
lateral direction of the ligquid chamber.

FIG. 5 is a block diagram showing the
composition of a control system of the image
forming device of FIG. 1.

FIG. 6 1s a block diagram showing the
composition of a printing control part and a

head drive circuit in the control system of FIG.

5.
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- 15 FIG 7 is a diagramshow ng an exanple of a

w0y 6s2%@vef orm which is generated by the coqkﬁ%bﬂmwwn&n

systemof FIG 5. FIG BAis a diagramshow ng an
exanple 5 of a drive sigmall3l-which is included in a
first drive waveform which constitutes a part of the
drive waveformof FIG 7. FIG BB is a diagram show ng
an exanpl e dr.i ve si.gnal Pk ich,is included
glghv % f

a 10 secon v et ofhAHEE M IR V EBde 2 FEAMRE S
the drive waveformof FI G, 7. FIG. 9A i s a diagram
S0Vl nYTAN exARBEE OBR HidrFhe is g%%PeP”la%iicm sthe
included in a first drive waveform which constitutes
Sopdriobf st ¥ AR @f vEI®aveformof FIG 7. FIG 9B is

a di agram showi ng an exanple of a drive signal Pk
whi ch is i RdGdeBAi i & asddan@r arm \iah evieXDr ant lgatample
constitutes a part of the drive waveformof FIG 7.

o B Glrig& ssaghlaolwchar wh behexpd ai nicigadedl iiqui &

drop di scharge control which is performed by the
Ereget f drdive) dewieccko ofn MG ch. ddfistlitutsea di ggaam of
showi ng an exanple of the imge form ng device in
vwhiec hd t trege waved@omhi of iBI@Eer formed by the recording
head WD 2008/ 062809 PCT/ J220071072393

FIG. 8B is a diagram showing an example
of a drive signal Pk which is included in a
second drive waveform that constitutes a part of
the drive waveform of FIG. 7.

FIG. 9A is a diagram showing an example
of a drive signal Pl which is included in a
first drive waveform which constitutes a part of
the drive waveform of FIG. 7.

FIG. 9B is a diagram showing an example
of a drive signal Pk which is included in a
second drive waveform that constitutes a part of
the drive waveform of FIG. 7.

FIG. 10 is a flowchart for explaining a
liquid drop discharge control which is performed
by the image forming device of FIG. 1.

FIG. 11 is a diagram showing an example

of the image forming device in which image

formation is performed by the recording head
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using a roll sheet, FG 12 is a diagram for expl aining

w@fbosﬁ&?ﬂ?pl e of a region where an image is for 2?02)322493

a reglion where any inmage is not fornmed. 5 FlI

di agram for expl ai ning an- exanpl e of a region where
an image is formed, and a region where any image is
not fornmed. FIG 14 is a diagramfor explaining an
exanpl e of a region where an image is formed, i and a
R&digh ahérelh yhisflge is not formed. FIG 15 is a

di agram showi ng an exanple of a drive waveform which
is generat &Gy &2 icontrdiayseamictr ap Xiegyeniordr A
device in an enbodi nent of the invention, 15 FIG 16
e aaril agrdm 3howiaigpen hehard atinonghag ehet sweée rneld op
control signal and a discharge drop anount in the
enidodi neetg iofn FvBerd5ankl Gmadge sia dicagr forstewd ng
an exanple 21 of a drive waveform which is generated
by a contrdGsysBemofaadiamgent ot ngxdeVatea iiny agn
enbodi nent of t1 e invention. G 18 is a diagram

sheampbet ke & ekald oashivp Heéwaen Bmdigep LoONficdmed,
signal and a 25 discharge drop anmount in the
%g{*&pdé MeRlg i0dn Fliése MO 2008/ 0R23Q9 PEThMAO0F4Q#2AP3 -

FIG. 14 is a diagram for explaining an
example of a region where an image is formed,
and a region where any image is not formed.

FIG. 15 is a diagram showing an example
of'a drive waveform which is generated by a
control system of an image forming device in an
embodiment of the invention.

FIG.‘16 is a diagram showing the
relationship between a drop control signal and a
discharge drop amount in the embodiment of FIG.
15.

FIG. 17 is a diagram showing an example
of a drive waveform which is generated by a
control system of an image forming device in an
embodiment of the invention.

FIG. 18 is a diagram showing the
relationship between a drop control signal and a

discharge drop amount in the embodiment of FIG.
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17, FIG 19 is a diagram show ng an exanple of a

WOERROHEssh scharge drive signal to cause the r 609572493

head to performidle discharge. FIG 200 is a diagram
showi ng the conposition of 1ah -+ nage form ng device in
an enbodiment of the invention. FIG 21 is a diagram
showi ng the conposition of an inage form ng device in
%2 10 enbodi nent of the invention. BEST MODE: FOR
RRYI NG OQUT THE | NVENTION A description will be
gi ven of di pent,s of the invention with reference
to the ac an??nd%ﬂ%mﬂﬁﬁﬂri§ BReWing andea iR e
s%gmﬁng t he cgnposition of the mechanical part of an
Prage SPEPRDEHSRRRT IR & EWBodi hene loft@hgause the
i nvention. The image form ng device 1 of this
BRSO FeRY ikead R | Perd® 1) pé dlmgdiserimnge .20
devi ce wherein a recording head is constituted by a
full-l1ine Fyfe |12Quile dt seiapeanesh twiingg thews of
nozzles (in which plural nozzles are arrayed in each
£OmP and thavi ngfadmnynagd nab roiengt Helvar ger itthammt he
wi dth of a recording 25 region of a recordi ng sheet
émbdi dihewWd 2008t062808vRE TJo02Q07/.072493 19

FIG. 21 is a diagram showing the
composition of an image forming device in an
embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

A description will be given of
embodiments of the invention with reference to
the accompanying drawings.

FIG. 1 is a diagram showing the
composition of the mechanical part of an image
forming device in an embodiment of the invention.

The image forming device 1 of this
embodiment is a full-line type image forming
device wherein a recording head is constituted
by a full-line type liquid discharge head having
rows of nozzles (in which plural nozzles are
arrayed in each row) and having a longitudinal
length larger than the width of a recording

region of a recording sheet (medium).
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The image form ng device 1 includes an inmage

wo RbdfFkabRn part 2 inside the imge formng dewi&8,de7/072493

and a transport nechanism 3 which transports a
recordi ng sheet. A medium-togy-4 5 which accommopdat es
several recording sheets 5is attached to one side of
the image formng device 1. Alternatively, a
roll-sheet_supply nechanism (which is not

i || ustrat eBRewHitRISUFR TBENG @BV L Chebt 1O REESF Gin
medium) to the image 10 formation part 2 may be .
aleschefordadnkosi da B 2t He' § Helge Flenilmp devifeeming
In the image form ng device 1, a recording sheet 5
devires | lshewt )af torandpontediamianysn i3 wapgh ed to
the transport 15 nechanism 3, and an inmage is forned
bmatrteportcorali ngcshedi ng ph¢ hé .i nefemfeat ani G guar ¢
2 while the recording sheet 5 (or roll sheet) is
whdrdpos tedmmddarecor deng 51 i eetc brdfiey $heetigrmfeis
formation is conpleted is delivered to a 20 sheet

atittpithédayxr S heeCchs i deabtractied tiomdhe fiheing deevfice
the image form ng device 1. As shown. in FIG 2, the

LN agel £ ermagi vdaw Ceal rdicl udes d hesigaor ¢di fg deads sm
ilk, 11c, IIlmand Ily (which may be called

¢l €chi Y8l Yn 2P Kacol gt RG thedd Lh); ¥hi Gh b $6Barge ro11
I'i quid drops WO 20081062809 PGI/JP20071072493 19
sheet (rolled-form medium) to the image
formation part 2 may be attached to one side of
the image forming device 1. |

In the image forming device 1, a
recording sheet 5 (or roll sheet) from the
medium tray 4 is supplied to the transport
mechanism 3, and an image is formed on the
recording sheet 5 by the image formation part 2
while the recording sheet 5 (or roll sheet) is
transported. The recording sheet 5 after the
image formation is completed is delivered to a
sheet output tray 6 which is attached to the
other side of the image forming device 1.

As shown in FIG. 2, the image forming
device 1 includes the recording heads 11k, 1lilc,
1lm and 11y (which may be called collectively

recording head 11) which discharge liquid drops
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of the color of black (1C), cyan (C, magenta (M and
WO%?J)(J/&?QOQY) , respectively. The recording hea??T}ﬂ%mm“”
[of -1'I'ne

Imand fly are constituted by four fu
type liquid discharge headsl%anrd 5 the respective
recordi ng heads 11 are attached to a head hol der
(which is not illustrated) with the nozzle surface

104N.(nozzles 10 re for therein aced down. The
?ﬁa&@% or fi- g o%éi géalcﬁsr@ﬂmmcyﬁnlozée M2 g FBEFdesM)
mai,nt e ce/recovery devices 12k, 12c, 12m and 12y
A 1 R Whd That | E§SRBFFEcts bBly The recording

mai nt enance/ recovery device 12) which perform

hafAtenahke dnd reddverynef the aga feophande ot ethedy
respective recording heads 11. 15 At the tinme of
bepforfibhte ladi it b@rcel bgeriad i dh s dfarpe respdsti vend
recordi ng heads, such as a purging process and a

eI meIPpecesyet hecarddndi nyehdad 111 ame tdetached
mai nt enance/ recovery device 12 are noved relative to
rach dtded, haddi@f t(whtappiing nenberl Whisthrated) with
constitutes a part of the nmintenance/recovery device

tRei siomzleet @ ufhseet e NZZ(reo sHnfacel 824N 0& Fhemed
recording head 11. In this enbodinent, the bl ack,

tyatteir?p Aa@geId adand, yel | ow recordi ng heads 11 are WO
2008/ 062809 PC, T/ JP2007/072493 - 20

The image forming device 1 as shown in
FIG. 1 includes maintenance/recovery devices 12k,
12¢c, 12m and 12y (which may be called
collectively maintenance/recovery device 12)
which perform maintenance and recovery of the
performance of the respective recording heads 11.
At the time of performance maintenance operation
of the respective recording heads, such as a
purging process and a wiping process, the
recording head 11 and the maintenance/recovery
device 12 are moved relative to each other, and
the capping member which constitutes a part of
the maintenance/recovery device 12 is made to
face the nozzle surface 104N of the recording
head 11.

In this embodiment, the black, cyan,

magenta and yellow recording heads 11 are
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arranged in this order .in a sequence fromthe

“mpg@@&ggﬁgside of the recordi ng sheet tranSpQRﬁ%ﬁanm7mm3

direction to discharge the liquid drops of each col or
to the recording sheet. 5 Fo#€ver, the arrangement and
t he nunber of colors of the recordi ng heads accordi ng
to the invention are not limted to this enbodi nent.

Queran e g Yool 44y20L Jall L Lie, (Yae,. 1 gcor dfngy neads

in which a plurality of nozzle "1

Ap Giluh LA 3RS 28 RS ATRE, TREEE e

recordi ng head and t he € rtridgg

' Les the recordin f%uid to the recording
ﬁggégﬁﬁﬁgé&a%n%%aﬂc PN Hht PSP ToRBodift b e

15 fornmed . as separate conponents. The image

%J?orrﬂ?g %ngﬁéé’q ‘FﬂgPﬁde"soat BB COUH I cilteptal
3$ich separates one sheet fromthe recording sheets 5

YR Stedi g & rBy T AN IR Blipsih @s thife Bhade oofhe
i mge formng 20 device | at a time, and sheet supply
(P Fers 22f Whichr aepininghd eshdet aaee hd iransportthe
mechani sm 3. \Wen the inmage formng device 1 is
ProVEadd. ot B fchan @ 61 IL-ighebe dsuppl ¢ hiex hanbsrd imental |
sheet is continuously delivered to the 25 transport
nmechani sm Pbg mrars pi urtel sheeto MOLAQAA0XL 062809y PET/
2007,/ Qr2493 - 21
recording heads in which a plurality of nozzle
rows are arranged at given intervals may also be
used instead. The recording head and the
_recording fluid cartridge which supplies the
recording fluid to the recording head may be
formed into an integral component or they are
formed as separate components.

The image forming device 1 includes a
sheet supply roller 21 which separates one sheet
from the recording sheets 5 of the medium tray 4
and supplies the sheet to the image forming
device 1 at a time, and sheet supply rollers 22
which deliver the sheet to the transport
mechanism 3. When the image forming device 1 is
provided with the roll-sheet supply mechanism, a

roll sheet is continuously delivered to the

transport mechanism 3 by means of the sheet
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supply rollers 22; The transport nmechani sm 3 incl udes

t | om ng el enents. A transporting belt /
Oefri}gaf/osfzgds) Pﬁ/ﬁ£007/072493

ess type is wound between a drive roller
(transport roller) 23 whichojs +otated by the drive
notor (not illustrated) and a driven roller 24. A
charging roller 26 is provided to charge the
transporting belt 25 electrically. A guide nenber
EHPREY pratiedr27 4% provided to 15 guide the
transporting belt 25 in the portion which faces the
inagefcwnﬁ%QNﬁbaﬂﬁHPrﬁ meet @ pilrge r 3l Leyc Pgdes the
arranged opposite to the driving roller 23 to retain
fhd reedndi mlehesttss (& troahsgwetingsdneler @h thé
sheet supply 15 part, against the drive roller 23. A
pecorels ag t fd el d swivpe ngdménbieweeor x| dariveg bbaddedr 29
which 1is nade of a porous material is a clearing unit
praviedotra reobie # he2Becaitlechg ifd urdt@tyd Bherhag
to the transporting belt 25. And an 20 electric

dirsehargetiot | eho30 i31pavidedd)o aghect rdeaklen
di scharge the transportino belt 25. In addition,

deliivery2mol | efs o3l AgenRy ovbded rato ghe sdg;y@éb&%?éﬂ to
portion of the transport mechanism 3 to deliver 'the

E8GAGlNgn 25 Shelly Srfoh d b Sheet Lianphichythe  »
i mage i s WO 2008/0&5809 Pég/JP2007 072493 - 22 _.
guide member (platen plate) 27 is provided to
guide the transporting belt 25 in the portion
which faces the image formation part 2. A
retaining roller 28 is arranged opposite to the
driving roller 23 to retain the recording sheet
5 (or roll sheet), sent from the sheet supply
part, against the drive roller 23. A recording
fluid wiping member (or cleaning blade) 29 which
is made of a porous material is a cleaning unit
provided to remove the recording fluid (ink)
adhering to the transporting belt 25. And an
electric discharge roller 30 is provided to
electrically discharge the transporting belt 25.
In addition, delivery rollers 31 are
provided at the downstream portion of the

transport mechanism 3 to deliver the recording

sheet 5 (or roll'sheet) on which the image is
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formed, to the sheet output tray 6. In the full-Iline

wolXhosheRge formng device described above, tl %/Jpéom/ﬁn”:’
[ and the

transporting belt. 25 1is electrically charge
recording sheet 5 5 (or rokb sheet) is delivered to
the transporting belt 25, so that the recording sheet
5 (or roll sheet) Is attracted by the electrostatic
force of the transporting belt 25 and_.it is

fPaFssdrt 8@ yh ehé vt bt PR BdberditY 16 -of the

transporting belt 25. An image is formed on the
recordi ng sRedtheyfifel +1gnied Wypps Idtagehd& TeBpBEt i ve
col ors discharged fromthe recording heads Ilk, I|lc,
demiarel e ofibhd dlpaye f orlhat itormpapprkt ifgebelt 25
recordi ng sheet on 15 which the image is forned is

del iadez etirtiacd hdy siteetgeut pamdt tde 6reAcdedtnigptsiiomet
will be given of an exanple of a liquid discharge
Begd mhtoh 1 cohakitt)ut £s agiad veafed heor edos di ng head

11 with 20 reference to FIG 3 and FIG 4. FIG 3 is a

erasssseetiiangl peilew 25, t ks thaw doldesaehar gedhieas
taken along the line A-A indicated in FIG 2 in a

karaid ugi nalr dbpeat i ORee@f) ai ki quitrgharberpof tihe
liquid discharge head 25 (which direction is
_e%fze,?@:%%%'aai 1 £0 £lfiec ¥0020084 862800, B o/ P28 712498 5
and it is transported by the rotating movement
of the transporting belt 25. An image is formed
on the recording sheet by the liguid drops of
the respective colors discharged from the
recording heads 11k, 1llc, 1lm and 1lly of the
image formation part 2. The recording sheet on
which the image is formed is delivered to the
sheet output tray 6.

A description will be given of an
example of a liquid discharge head which
constitutes a part of the recording head 11 with
reference to FIG. 3 and FIG. 4.

FIG. 3 is a cross—~sectional view of the
liquid discharge head taken along the line A-A
indicated in FIG. 2 in a longitudinal direction
of a liquid chamber of the liquid discharge head

(which direction is perpendicular to the



10

15

20

25

direction of the nozzle row). FIG 4 is a

Bssnspct i onal view of the liquid discharge ,
wo gsz Pﬁ?%go%/gpws

taken along a lateral direction of the 1liqui

(which direction is parallel 280-5 the direction of the
nozzle row). The liquid discharge head includes the
follow ng el enments: a channel plate (liquid chanber
substrate) 101; di aphragm pl ate 10 ich js bonded
S B e o R PERING DnnePFFat S (35 o d
chanber sub Lratei 101 and _ this channel plate 101;
anlC8 HoFe P&t YoFVwAifcHF e Bafetdt 6 ttehapgs
surface of the channel_plate 101 (or formed

iMEBGr 13 YoR B YME AchhAREIL 3t aflé TEAY 105 Mbr Ebger
the channel plate 101, the diaphragmplate 102 and
thedidzy | ehpmdar 109hicehstdiitgetiios fofl pwmrgyllel to
el enents: a pressurized |iquid chanmber which is

pebei dghidrastdwn i adi vbeah ogsbage ow) conmuni cate with
nozzles 20 104 for discharging liquid drops; a fluid
resi stance phet li0Juwki chi sshproye daedaads anclligdeéd the
supply passage which supplies the ink (recording
ffaldowdnthe jymsatird zed ldhpnde 1chandee 1061 gand a
danper chanber 118 which is 25 provided adjacent to a

conamibd i guut schagben 1081 ;WA 2848462888 plate 102
PCT/ JP20071072493 - 24

which is bonded to the undersurface of the
channel plate (ligquid chamber substrate) 101 and
this channel plate 101; and a nozzle plate 103
which is bonded to the upper surface of the
channel plate 101 (or formed integrally with the
channel plate 101).

Moreover, the channel plate 101, the
diaphragm plate 102 and the nozzle plate 103
constitute the following elements: a pressurized
ligquid chamber which is provided as an
individual passage to communicate with nozzles
104 for discharging liguid drops; a fluid
resistance part 107 which is provided as a
liguid supply passage which supplies the ink

(recording fluid) to the pressurized liquid

chamber 106; and a damper chamber 118 which is

provided adjacent to a common liquid chamber 108.



In this enbodi nent, the channel plate 1.01 is

woRhedisesd froman SUS substrate through machipgir@sgg7/072493

punchi ng or etching using an acid etching solution,
and the channel plate 10} 24 of ns vari ous openi ngs of
the pressurized liquid chanber 106, the fluid

resi stance part 107 and the danper chanber 113,
respectively. As mentioned above, .t he chann I

101 and t Hé! nb22e %P%Pglfb%n r’ t%englﬁm%%%w %fgé‘?e
plate 102 nmay be forned together through

18 %ect Fodds? FHEG e drhEr eRarfl SB|Sat%ug6%I?Fa"yeb§hrr%Fﬁé‘d

by perform ng ani.sotr.opic etching of, a single,
nergisialingg | | pom Subsor &t ot HiRTaM SRS 28 &Rt gti on
(110) using al kaline etching 15 sol ution, such as a
efint s siquns b} utdane soidittbr qhapne AR briat i Vely,

the channel plate 101 may be forned using a , ,
frhohesenst L bus reseningss shdwthe Prgssurditred liquid
di aphragm plate 102 is forned froma three--1|ayered
JH&KBke | B0 6, 2Ahénclludiagre issancyepatda 04 and
second | ayer 102b and a third | ayer 102c which are

dreei Aatase rf roratberl iusd chesbertltte B¢ .de, and the
di aphragm pl ate 102 i s produced.through

el ectrocast i Naerft0f c8¥NPABO VA t eERat idted ynetlhep PEte
di aphragm pl ate 102 nmay be formed froma WO

12@98§91Q?89ﬂepq$QE?L%O%AQZ%@%03 3 the diaphragm

plate 102 may be formed together through
electrocasting. The channel plate 101 may be
formed by performing anisotropic etching of a
single crystal silicon substrate of crystal face
orientation (110) using alkaline etching
solution, such as a potassium hydroxide solution
(KOH) . Alternatively, the channel plate 101 may
be formed using a photosensitive resin.

As shown in FIG. 3, the diaphragm plate
102 is formed from a three-layered nickel plate
including a first layer 102a, a second layer
102b and a third layer 102c which are laminated
from the ligquid chamber 106 side, and the
diaphragm plate 102 is produced through
electrocasting, for example. Alternatively, the

diaphragm plate 102 may be formed from a
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| am nat ed nenber nmade of a resin, such as polyinide,

WO?B&/(%Z tal plate, such as an SUS substratepc@/5p2007/072493

ormed froma resin nmenber, for exanple. The nozzle
plate 103 fornms various rozA es 104 corresponding to
the respective pressurized |iquid chanbers 1066, and
this nozzle plate 103 is bonded to the channel plate
101.. b an adhesi ve agent. 10 The source terials
%amﬁﬂgﬁeﬂmmemeﬁmrwa Re Hoz3| &Siate B0 HafSincl ude
a nmetal material, such as stainless steel and njckel,
molydanhdgat e ndl 2 JUehads Rl Béleyi nfWehr &3 nan SUS
silicon, and their conbination. 15 The internal shape
oubiHer a6£zl ecL0F Gmed Hotom| ke shape M(&rbar, for
generally cylindrical. shape or truncated cone shape
eupmelased), and the inside dianeter of the nozzle
104 is in a range of 20-35 micr:neters as the
di anet er offh20 nbezdigddepdhtan LAB dropmeutdaet i oTise
pitch of nozzles of each rowis set to 150 dpi. A
natzer: e epeld £ntofrmd shohayietig( net thel usdspeed)i whi ch
is subjected a water- repellent surface treatnent is
pred sled ione d he 12 Nezzhexswet-acel A04Ea(ddet burs agezizile

t he WO 2008/ 062809 PCT; JP2007/072393 26 -
plate 103 is bonded to the channel plate 101 by
an adhesive agent.

The source materials suitable for
forming the nozzle plate 103 may include a metal
material, such as stainless steel and nickel, a
resin material, such as a polyimide resin,
silicon, and their combination.

The internal shape of the nozzle 104 is
a horn-like shape (or a generally cylindrical
shape or tiuncated cone shape may be used), and
the inside diameter of the nozzle 104 is in a
range of 20-35 micrometers as the diameter on
the side of an ink drop outlet. The pitch of
nozzles of each row is set to 150 dpi.

A water-repellent-finish layer (not
illustrated) which is subjected a water-
repellent surface treatment is provided on the

nozzle surface 104N (the surface in the
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di scharge direction) of the nozzle plate 103. The
~-f.epellent-finish |ayer may be forned
Wdlﬁ[l@%?({geut ectic plating or electrodepositi gﬂéﬁg&%nﬁ;
fluororesin, vapor 5 deposidéd onh of fluororesin with
evaporativity, or baking after solvent spreadi ng of
silicon-based resin or fluorine-based resin etc. In
the di aphragm plate 102, as shown in_FIG 3, a
ddisapihe agm pakrero2rosdr rieEpbh@ mPEsLeiP take 103-
pressurized liquid chanber 106 is formed by the first
Thay eva 162 r ape lal pnojdctn bahpakd v ¢@2 Ma vf bewot @ FEpSt
structure is formed in the mddle of the diaphragm
thardugBTIP DYELNE sevtrdt dgepla02bgamict he third
| ayer 102c. Each of the 15 piezoelectric elenments 112
ehi €breansp o buttel ¢ he o fenkl gy ryenesani,ngvapiotr (act uat or
unit) is bonded to the projection part 1023,
deasPes titveh Y o fCoff T @spentk sgnt ar bt hartidpomatlbii by, or
each pressurized liquid chanber 106, the support 20

A {ndl3 f e rbyiedena thgrihreenbaye siducismiedased
porti on (thick portion 1023). The piezoel ectric

SENtS 142,,3700; 4 Be b S4pRonte Pant $£1d3 are formed
through slit processing by half-cut dicing of a

e oo G Rk A pben i
FIG. 3, a diaphragm part 102A corresponding to
each pressurized liquid chamber 106 is formed by
the first layer 102a, and a projection part 102B
of two-layer structure is formed in the middle
of the diaphragm part 102A by the second layer
102b and the third layer 102c. Each of the
piezoelectric elements 112 which constitute the
energy generating unit (actuator unit) is bonded
to the projection part 102B, respectively.

Corresponding to a partition 106A of
each pressurized liquid chamber 106, the support
part 113 is bonded to the three-layer structured
portion (thick portion 102B).

The piezoelectric elements 112 and the
support parts 113 are formed through slit
processing by half-cut dicing of a laminated

piezoelectric element member 114. The support
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parts 113 are al so piezoelectric elenments, but no

woHob&289l tage is applied to the support part§CT%§ﬂﬁ%qn“B

they serve as a support for the diaphragm plate 1

The | am nat ed pi ezoel ectri-c2gl eitent 5 nmenber 114 |s
bonded to the base nmenber 115. For exanple, the

pi ezoel ectric elenments 112 (piezoelectric el enent
menber 114) are made by lam nating alternately a
PR&EACE| 88 ixT RaydrSO oP Lokl tPCdnat € AYBARLES ( PZFF
whose thickness IQ per layer is in a range of 10-50
Aecrbpever 370l hadsani f ne@mbl c6l dce r 68€ |YyBPGTt parts
silver/pall adium (AgPd) whose thickness per layer is
§éverradl mihcywneeerse Fhe a nteppalrt efedt rodes draphragm
electrically connected to the 15 individual electrode
pic tdel@@nmonTeleecl andeat @dd pa @z ded ssiignak islement
supplied to these electrodes via an FPC cable 116 The
meeds el ng 1heagd smiyo westi gus etdheo b4 bat mdmebeecdrdbng
fluid in the Iiquid chanber 20 106 is pressurized
using a pi gzoel egbnicl di splreceperRtz o1k ric elements
pi ezoel ectric element 112 in d33 direction.

@ﬂ?”Fﬁyé%%aleU%%i@C%WEﬁ@nth%%%ﬂﬁk(Emﬁbgﬁf@ f&de

t hat e recordlng fluid in the liquid chanber 106 is
Sfé'fnh. n%ﬁt@?:ﬁ@é@g gmez%e%pée%err&eat 1gfver
e pi ezoe ect 24E08/ 062809 PCTY, 1P200 7 %®©72493

%% lead titanate zirconate (PZT) whose thickness
per layer is in a range of 10-50 micrometers,
and an internal electrode layer of
silver/palladium (AgPd) whose thickness per
layer is several micrometers. The internal
electrodes are electrically connected to the
individual electrode and the common electrode,
and a drive signal is supplied to these
electiodes via an FPC cable 116.

The recording head may configured so
£hat the recording fluid in the liguid chamber
106 is pressurized using a piezoelectric
displacement of the piezoelectric element 112 in
d33 direction. Alternatively, the recording
head may configured so that the recording fluid
in the liquid chamber 106 is pressurized using a

piezoelectric displacement of the piezoelectric
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element 112 in d31 direction. The recording head in

Wotﬂﬂhzf()ﬁ?ﬁfﬁ"di ment enploys the configuration Woicqiypa007/072403

utirlizes the displacenent of the piezoelectric
element 112 in 5 d33 direckBor, it is preferred that
t he base nmenber 115 is formed using a netallic
material. When the material of the base nmenber 115 is
netal, it is possihble to prevent the heat

kel tat L ofnt A8 P pr&Sdet @Btric el etent. 112 by
the self-heating thereof. Bonding of the ,

pi ezoel ect Fhe dieperdimarhgadt ke BdsesS nemRe 415 Hay
be performed using an adhesive agent. However, when
ehp lawsbsheofceninmmi satAioeaybd ds hidhez #6l IEh ¢ ne
15 type recording head, the. tenperature rises to

- Gbeutl 406mdayr ee§ CHy phe me¢lelodaringedfenpat 112 in

pi ezoel ectric elenment 112 and the bonding strength

#aBl sixesertkialhy. The tenperature rise inside the 20
recordi ng head occurs by the self-heating and the ink

t enper at ur g tr iisespramfk f fethechbemearat bees ofmenber 115
rises, ink viscosity will “all and it will have

skonidimant uofhuencesean 1 i scharig ng apr opewhicas. t A%
Therefore, the base nenber 115 is fornmed WO

ﬁg@yfﬁgﬁo%fxﬁhép%ggéoﬁ%ﬁ@erZQ15 is metal, it 4is

possible to prevent the heat accumulation of the
piezoelectric element 112 by the self-heating
thereof. Bonding of the piezoelectric element
112 and the base member 115 may be performed
using an adhesive agent. However, when the
number of channels increases as in the full-line
type recording head, the temperature rises to
about 100 degrees C by the self-heating of the
piezoelectric element 112 and the bonding
strength falls remarkably.

The temperature rise inside the
recording head occurs by the self-heating and
the ink temperature rises, and if the
temperature of ink rises, ink viscosity will
fall and it will have significant influences on
discharging properties.

Therefore, the base member 115 is formed
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using a netallic material, to prevent the heat

“Kﬂﬁﬁﬁﬁy%@tion by the self-heating of the pie§e§hgﬁ%%h&MB
e

enent "112. Furthernore, this allows the degradation
of the jetti'ng properties-52due to the fall of such
bondi ng strength and the fall of recording fluid
viscosity to be prevented. Mreover, a frame nenber
117 which is forned through injection nolding of an
@paRE qom&%ﬁﬁl#@ymﬁ%ﬁrmﬂ&phémﬂﬁm@vgm#itgei@eat
bonded to the circunference of the di aphragm plate 102
dycamabhgdiore hyerithe Asedfiromekitqui @ eFartee 108
whi ch supplies the recording fluid to each
piesagleed r 16 kilgumenthdriber 10811 sheemyedei n tihies
frame nenber 117. The recording fluid fromthe comon
dlquivs thanbdkegi@fldtsisnppf etdhteo betimesspriozatdrties
l'iquid chanmber 106 via the feed hole 109 forned in

the dapbhagntplat & f02ucthe pasisage $tGaddgtar maddi Ahe
the upstreamof the fluid resistance part 107, and

the if | 6Ed rlcasd sHamee PAGHE dLOFisBodLEQr dHdgbEl Ui d feed
hol e 119 for supplying the recording fluid to the

Seun L baui d chamber 108 externally is also forned
in the frame nmenber 17. 25 A portion of the wal

surface of yphe, Y.20081082809. PRVGRA07/ 972 1931 30 1 5

formed through injection molding of an epoxy-
based resin or polyphenylene sulfite is bonded
to the circumference of the diaphragm plate 102
by an adhesive agent.

A common liquid chamber 108 which
supplies the recording fluid to each pressurized
liquid chamber 106 is formed in the frame member
117. The recording fluid from the common liquid
chamber 108 is supplied to the pressurized
ligquid chamber 106 via the feed hole 109 formed
in the diaphragm plate 102, the passage 110
formed in the upstream of the fluid resistance
part 107, and the fluid resistance part 107. A
recording fluid feed hole 119 for supplying the
recording fluid to the common liquid chamber 108
externally is also formed in the frame member 17.

A portion of the wall surface of the
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conmmon |iquid chanber 108 is forned by the diaphragm

WO%@SI@Z%S,OZ which forns the wall surface of ?E‘?/Ji’%o‘a’f/.b%ws

chanber 106. The portion which arns the wall "surface
of the common liquid ;a chaBber 108 is forned into a
danper part 124. The danper part 124 forns the wal
part of the adjoining danper chanber 118 to absorb
the pressure fluctuation_arjsing_jn th 0

¢ PRTIT ciﬁé%’érdlﬁg.a“% rd&%@erlﬁhmeﬁl Ym;PFlﬁ open
to the atnosphere through the air openjng mﬂ&ch S
AbepPiT gty Rt el A GHheVPiGh df @i an& Hengl surface
nmenti oned above, when the voltage applied to the
pfeidet edligici @l k@b ear2 1104 1 s fifgm PRE tEsP R efdyighi e
voltage Va, the piezoelectric element 112 is caused
forountthet wahé divaphragmax i shecaueraory HegEel, so
that the capacity of pressurized Iiquid chanber 106
thaepandaed @ands thernak fillows entdamhed iRprd dhddber
106. 20 After that, when the voltage applied to the

phezath@plerr cpelrenmee 4 1702 ms sehe tihel lpiezoel ecf ribe
el enent 112 is caused to expand in the | am nation

digyest h 9Rg Themgieaphs AR At 81810201 abdef obmedha n t he
nozzle 104 direction, and 25 the capacity/vol une cf

BESALGULS chantela S055 0 200D DA2E0R comnor
liquid chamber 108. The damper chamber 118 is
open to the atmosphere through the air opening
which is not illustrated.

In the liquid discharge head mentioned
above, when the voltage applied to the
piezoelectric element 112 falls from the
reference voltage Ve, the piezoelectric element
112 is caused to contract, the diaphragm 2 is
caused to descend, so that the capacity of
pressurized ligquid chamber 106 is expanded and
the ink flows into the liguid chamber 106.

After that, when the voltage applied to the
piezoelectric element 112 rises, the
piezoelectric element 112 is caused to expand in
the lamination direction. The diaphragm plate

102 is deformed in the nozzle 104 direction, and

the capacity/volume of the liquid chamber 106 is
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decreased, so that the recording fluid in the Iliquid

C 106 is pressurized, and a drop of t
WOFQ@Z@S{"H C e : : Iﬁ%{rﬂgzoomnws

g fluid is discharged (ejected) from
nozzl e :1044. w Subsequently; when. the voltage
applied to the piezoelectric: elenent 112 is returned
to the reference voltage, the diaphragmplate 102 is
returned to the initial position, and the |iquid
¢hamsersd06 s chbedd mee%mrd;\tnq hfduid tfrethe
negative pressure arises in the liquid chanber 106,
bhduink thguomibexhadferi 406 riess sueflidqd @d WQ¢1aean@ngf
fluid fromthe conmon |iquid chanber 103. After
vBei ldext® pdiafg t e wiehi ssuslicfichhegdd ez et2dd iBrom
declined and the nozzle neniscus is stabilized, the
theuinb gz sehar@e.head is shifted to subsequent
operation for discharging a liquid drop fromthe

nozzl e 104. sm 46 eardiod) madian t BA ePivZDElaREd rhpp 12 d
type liquid discharge head which uses piezoelectric

€benBit spas Ade) eeerdyc 9enepd h8g 1 1uni § s(acd akeled to
unit) will be described. Alternatively, a liquid

gdhechas gerbead UgbNa 2 §BO Rl 2GLURTIOL WM tp 1 84EN Bg2a

thermal head 25 whi ch uses an exotherm ¢ reS|stor for

25 WRA0PRL2809 T/ IR2QAH 072833 £ 88n, and the

liguid chamber 106 is caused to expand. At this
time, negative pressure arises in the ligquid
chamber 106, and the liquid chamber 106 is
refilled with recording fluid from the common
liguid chamber 108.

After oscillation of the meniscus of the
nozzle 104 is declined and the nozzle meniscus
is stabilized, the liquid discharge head 1is
shifted to subsequent operation for discharging
a liquid drop from the nozzle 104.

In this embodiment, the piezoelectric
type liquid discharge head which uses
piezoelectric elements as the energy generating
unit (actuator unit) will be described.
Alternatively, a liquid discharge head using
another actuator unit, such as a thermal head

which uses an exothermic resistor for an
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actuator unit, and an electrostatic head which uses

ctuator unit a diaphragmand an el ectrode
W(ﬁiblt)%/ﬁﬁsﬁ déerPa(g)g/ 72493

generate el ectrostatic force, may al s¢

as the recording head 11. _53Mext, a control system of
the image form ng device of this enbodinment will be
described with reference to FIG 5. As shown in FIG
5, the control system includes a main control part
30t woheti twted, bpndOaa rilegotommit 2t ivhilcha dontirots
the entire image form ng device and includes a contro
usiets whsclthaoattaolast o dl enditschardjes phefeaim oand an
according to the invention, and a printing contro
partct308dec arisi thutesh by aa ani el ecaiipoikea the Ciorce,
perfornms 15 printing control. In order to form an
nEB0E DB ca HeeCREEidth s Sheed based Dimpr ida @r eaessi ng
information received froma comunication circuit
300, the prixt coatiInPabl Ilsecan €8 Qe VAREGYS 20
control s |ncludﬁng a drive control of the driving

I 3 LV : QJ f. e or
ForEh f AP b DA T ared) The Soonro fe "Shicet SFeed

t [ | LGUI ; it gontrol of
g%tﬁ???’ﬁ\gei%‘ég gﬁéggﬁé‘aép?iﬁ? %r ég(’)n?’r'ol data to the

printing cqontr rt, 30 WO 2008/.062809
Bt apogov Gy ARl gy Frel® S0P Rt ro1 systen

includes a main control part 301 constituted by

a microcomputer which controls the entire image

forming device and includes a control unit which
controls idle discharge operation according to
the invention, and a printing control part 302
constituted by a microcomputer which performs
printing control.

In order to form an image on a recording
sheet based on print processing information
received from a communication circuit 300, the
main control part 301 carries out various
controls including a drive control df the
driving roller 23, a drive control of a sheet
feed motor (which is not illustrated) through
the sheet feed motor drive circuit 304, and a
print control of outputting image data and print

control data to the printing control part 302.
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The main control part 301 receives a detection signa

fr feed anobunt detecting <circuit 306 ich
Woozfg&g%‘%@%t he anount of novement of the drivif T?‘BFQO%/WM%

23. The main control part 5 391l controls the anount of
novenent and rotating speed of the driving roller 23
based on the received detection signal. For exanpl e,
the feed anmbunt detecting circuit 306 detects the
amount of rMvere@infcondErhe @Ent ngOdolfeeedyay a
readi ng the nunber of slits of a rotary encoder sheet
atebebdéd am shgnabt diriany thaf tf @&dt Renaenti Wetoetktdmg
23, using a photosensor, and neasuring the anmount of
movepwritt 38 6Theh Bbhhetddteedtmottoiedameuctr ofi tm8G4ment
rotates the sheet feed notor in accordance wth the

a®ulheofd f £@d npcebuad f r 8.t heThei mLoNt celntpadl part
301, so that the driving roller 23 is rotated and a

reeor didip seet tset CASPREt &k ROviehen Pr ede! erstaeding
position at a predetermined speed. The main contro

£e30k perher e 098 ng e¥ghutd Pn26f Ygeghest eHBplY
roller 21 by outputting a sheet-supply notor drive

R s B

For example, the feed amount detecting
circuit 306 detects the amount of movement of
the driving roller 23 by reading the number of
slits of a rotary encoder sheet attached to the
rotating shaft of the driving roller 23, using a
photosensor, and measuring the amount of
movement.

The sheet feed motor drive circuit 304
rotates the sheet feed motor in accordance with
the amount of feed received from the main
control part 301, so that the driving roller 23
is rotated and a recording sheet is transported
to a predetermined position at a predetermined
speed.

The main control part 301 performs one
revolution of the sheet supply roller 21 by
outputting a sheet-supply motor drive command to

the sheet-supply motor drive circuit 307. The
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mai n control part 301 perforns the maintenance

recovery action of the recording head 11 by
o Qe

drivi
YA source of the head hol der (not i|PS§@¥§$Z®3*”3

and driving the naintenance, 4,5_recovery device 12

t hrough the mai ntenance/ recovery-dev.ics drive
circuit 308. The printing control part :302 generates,
based on the anobunt of sheet feed fromthe feed

amalnt cdetecbilngpairitcd @1 3pe raisirhbe tdoat meli de & el
fromthe main control part 301, the drive waveform
da¢ aofverr Wr aeitigt he fenek gy rgeneratiinkg heBid 11 b

(pi ezoel ectric elenents) of the recording head 1l to

disthamge thquidk dvepso@ndet rANSEhEs hdh8 HdV&er (not
waveform data to the head drive 15 circuit 310. The

P i Duishg £0a8N 0la Par 1 3021 nQUtdHE Sm4ard OUs S aoal s

required for transm ssion 6f inage data an

e i cOf 1bh ] SSiQn
AR N e e R e L

e R By S R ok REEL BB Conver oi on of
Lo, 1V sk Lt daba oot SN g,
%[é#%g\é\% e;gggdf%%llgﬁ%%ggog‘os%%oe%0%%880 from the feed
amount detecting circuit 306 and the control
signal from the main control part 301, the drive
waveform data for driving the energy generating
unit (piezoelectric elements) of the recording
head 11 to discharge ligquid drops, and transmits
the drive waveform data to the head drive
circuit 310. The printing control part 302
outputs various signals required for
transmission of image data and acknowledgement
of the transmission, to the head drive circuit
310.

The printing control part 302 includes a
grive waveform generating part which is
constituted by a D-A converter for D/A
conversion of the drive signal pattern data
stored in ROM, a voltage amplifier, a current

amplifier etc., and a drive waveform selecting
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unit which selects a drive signal to be supplied to

t drive circuit 310. The printing
W%@E""gﬁgﬁ) rates a drive waveform containing oﬁ’g[@{m@%ﬁ“”

plurality of drive pulses_5;(drive signals), and

out puts the drive waveform to the head drive circuit
310. The head drive circuit 310 selects the drive
signal fromthe drive waveformreceived fromthe

phift ivigl cantyol epard 302 rinvacearndentett0 et Buphel ied
i mage data, and supplies the drive signal to the

eoergie gesadatd Agvienid i rcpiiezoshect richel genhsk nef
the recording head 11, so that the energy generating

dBht r{ Di gaeal egpi Geherarsy af dheveeerl#é hg rhead
15 11 is driven to generate energy to discharge

&by gE ABS o ﬂ?xb’r 3 dBSe P 0y Wt abg Wi veR1@fe 4 he

printing contr part 302 and thé head drive “circuit

égfyéhsi'%gfg etéhglguékﬁg %%éh8W1JQ ﬁggefbrm

e printi g con {ol part udes: "a dri

g@veefhog nhggraef@m% PELLAQL whigch gener at es the

rrve wave ommn ri‘-ve wavef OFI’T) cont al ni ng a

D5 pri nt | hRGy 185 Callf Y Bt 11 Gher o L part 02 Aot re
éog%/eOGS??O%aplch/f%?)2001?}]1'37%14r913ve3%aveform received
from the printing control part 302 in accordance
with the image data, and supplies the drive
signal to the energy generating unit
(piezoelectric elements) of the recording head
11, so that the energy generating unit
(piezoelectric elements) of the recording head
11 is driven to generate energy to discharge
ligquid drops.

Next, a description will be given of the
printing control part 302 and the head drive
circuit 310 with reference to FIG. 6.

As shown in FIG. 6, the printing control
part 302 includes: a drive waveform generating
part 401 which generates the drive waveform
(common drive waveform) containing a plurality
of drive pulses (drive signals) within one

printing cycle; and a data transfer part 402
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whi ch outputs, to the head drive circuit 310, 2- bit
e data (gradation signals 0 and 1) according t

I | 0
quggﬂﬂzfg‘}?t i mge, a clock signal, a latch sidd(IF2007/072493

(LAT), and drop control signg s MO> 5 M3. The drop
control signals MO-MB are supplied to the head drive
circuit 310 for requesting, for every drop, swtching
ON and OFF of the analog switch 415 (which is a

whiltcdhi @gt Pt sini £ o nthhe hesad diiives cicriouiwi 816)L0 The ~
state of each drop control signal is shifted to H
batelinfOhp idrecdodamdetuidih sHerprl st iongarcgcle of
the conmon drive waveformwhen any portion of the
aacefmd imghdwd dthet feisel exiede ,andl thedlb stagaf a
each drop control signal is shifted to L level (OFF)

hhercra poghizn of.atthe, wavef o Abpshash €-ba sel gakads mo-
The head drive circuit 310 includes the follow ng
@Benents: a shift register 411 which 20 receives a
transfer clock (shift clock) and serial inmage data

(gr adat i onrdat aiy Iobidn peh1 chiapnelys frpmne, dat a

transfer part 402;"a latch circ chi ng

SEER T RN WALNe ot (Do Ly e serell
298 5 0,3008£ 002807, PG RF2007/ 107249, 3 15 "0R' and oFF
of the analog switch 415 (which is a switching
unit in the head drive circuit 310). The state
of each drop control signal is shifted to H
level (ON) in accordance with the printing cycle
of the common drive waveform when any portion of
the waveform should not be selected, and the
state of each drop control signal is shifted to
L level (OFF) when a portion of the waveform
should be selected.

The head drive circuit 310 includes the
following elements: a shift register 411 which
receives a transfer clock (shift clock) and
serial image data (gradation data: 2 bits per
channel) from the data transfer part 402; a
latch circuit 412 for latching each registration
value of the shift register 411 using the latch

signal from the data transfer part 402; a
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decoder 413 whi ch decodes the gradation data and the

trol signal SIGM and outputs the resulting =
W(g%’t%g/?&g& h e1>CT/JP2007%72493

evel shifter 414 which converts t
| ogi c-1 evel voltage signal- of; the 5 decoder 413 into
the |l evel on which an analog switch 415 can operate;
and an anal og switch 415 which is switched on and off
in accordance with the output of the decoder 41.3
fecqdRE Vild tvbidlevdpcsiid s et el 4g ra@afhieonnaledge and
switch 415 is connected to a selection el ectrode
thedidrdnalcan ecodode) g4 B0 -¢ek hapiezaet patrsi cthe
el enent 121, and the comon drive waveform fromthe
deisvel Wanegf atart agerer heivegl pahtl f4Qr i 8 1siupphiet to the
analog 15 switch 415. Wen the analog switch 415 is

swintwdhets @ dased on- 1 be d Mage 1dai e (gragas ion Mdag g}
transferred serially and the resulting data of the

derigdd rsidgral snMy Mhéraadde decogel chl3in 2Qnthes o
drive signal. which is selected fromthe conmon.

duiivecmayefsoren hs oxwphiced tonkhe o péﬁé‘ledcicé%iict ch 415
el enent 121. Next, the drive waveformin a

oty 2 B o B 22 A0
th%SOutput of the decoder 413 received via the
level shifter 414.

The analog switch 415 is connected to a
selection electrode (individual electrode) 154
of each piezoelectric element 121, and the
common drive waveform from the drive waveform
generating part 401 is supplied to the analog
switch 415.

When the analog switch 415 is switched
ON based on the image data (gradation data)
transferred serially and the resulting data of
the control signals MO-M3 from the decoder 413,
the drive signal which is selected from the
common drive waveform is supplied to the
piezoelectric element 121.

Next, the drive waveform in an
embodiment of the invention will be described

with reference to FIG. 7.
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As shown in FIG 7 (a), the drive waveform generating

wog@r)gr{?ég)& generates, within one drive cycle (P%g 20071072455

I'ng cycle) that is determ ned by the pi
density and the 5 recordingsgheet transport speed, a
drive waveformcontaining a first drive waveform Pd
and a second drive waveform Pk in tinme series. The
first drive waveform Pd includes a non-discharge
drive signaF PGdwn dsciFL&t.i ny (20 ,t heheenistus of
the nozzle which is not used for image formation, and
wapledratmnt gegfe faktsing dpsahar 4@ ldrigaee siagnes s fvdrti lven
pul ses) P1-P3 for discharging the anount of |iquid
dnep dusedef aryc 1l enged or patimbinghe: gecend ehagharge
drive 15 signal (the second drive waveform Pk is to
desehai geetihes prourd ©f xkilqui&ndriap, sarld eshthan the
m ni mum di scharge drop anount used for inage

teewatd DRg AH&spativeh¥pdie seeend, dui e wayef orm
20 may be arranged to include a plurality of second

Whoeas 88 diunea $hanal sasidnt & ihe géi%ggaﬁm¥d

wavef orm Each of the drive signals PO

inel ydese a5 eégwee'ﬁgg%tggems dchiﬁa%%Tr&é' ls%izess.

fromthe reference voltage and a wavefor m
2008/ 06280?h€4'fj%glaood?équéll%vaavg%orm Pd includes a

non-discharge drive signal PO for oscillating
the meniscus of the nozzle which is not used for
image formation, and a plurality of first
discharge drive signals (drive pulses) P1-P3 for
discharging the amount of liquid drop used for
image formation. The second discharge drive
signal (the second drive waveform) Pk is to
discharge the amount of liquid drop smaller than
the minimum discharge drop amount used for image
formation.

Alternatively, the second drive waveform
may be arranged to include a plurality of second
discharge drive signals similar to the first
drive waveform.

Each of the drive signals P0-P3 and Pk
includes a waveform element whose voltage falls

from the reference voltage Ve, and a waveform



el ement whose voltage rises frost: the low potentia

t ' the voltage has fallen. The wavefo
Woizﬁ()%?c the voltage V of the drive signal f%@@?@gﬁu%

the 5 reference voltage \esigs-called a draw ng
waveform el enent, and this waveform el enment causes
the piezoelectric elenent 121 to contract and causes
the capacity of the liquid chanber 106 to expand. 10
Fhemsavef oihm w$ emeritt aies& voesadae 9nsésie 0 t he | ow
potential to which the voltage has fallen is called a
poéssiniavaves owiniedlenthie, vaht ade shasvef ok edl enent
causes the piezoelectric elenent 121 to el ongate and
causes 15 rhe capaeifiorof etlleenénguiich chhnlsdr 10€ to
contract. The drive signal. PQincluded in the first

doiles yavef o M tHe i Sraver i yegnalef baml sshi ebm the
oscillates the neniscus of the nozzle 20 w t hout

pald dge hic@Ui o dear &li gehargec afacdd oh drew dihigve
signals Pi-P3 and Pk included in the first and second

ﬁ%iweﬁfwgmef@wﬁeinst 2 ghidve: hvavef OF 8rbam désehasgtng a
iquid drop by expanded the liquid chanber

ST B R A v SR T TR
éﬁg)causes the capacity of the ligquid chamber
106 to expand.

The waveform'element whose voltage rises
from the low potential to which the voltage has
fallen is called a pressing waveform element,
and this waveform element causes the
piezoelectric element 121 to elongate and causes
the capacity of the liguid chamber 106 to
contract.

The drive signal PO included in the
first drive waveform Pd is a drive waveform
which oscillates the meniscus of the nozzle
without making liguid drop discharge. Each of
the drive signals P1-P3 and Pk included in the
first and second drive waveforms is a drive
waveform for discharging a liquid drop by
expanded the liquid chamber communicating with

the nozzle of the liquid discharge head, and
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thereafter shrinking the |liquid chanber. One of the

WO% GSQatrol signals MO>M shown in FIG 7 Q??{QJP%O‘%(W“”

supplied fromthe data transfer part 402 to

drive circuit 310. 5. The_hgad_drive circuit 310
perfornms the drive signal selection to select at

| east one of the drive signal in the first drive
wavef orm and the drive signal in the second drive
waeefar fit eir tdier i nécien ¢y ed hay opigaontd othsimgrat - 10 For
exanpl e, when performng a fine drive, the drive
signal PO pseselfctad idirobesponsectlo $ hgndriop HORIM DI
signal MO (selection is done by the L |evel state of

thewrr op cand rol sirgnak). Mhep 1dieshargmogt Aesrd tals
drop, the drive signal P1 is selected in response to

the Ay pprecydrel 4190Mneb Mhe WHBRd disehar gk Ngca il@rgeo.,

drop, the drive signals Pl1- P3 are selected in

FRSPANSE 4t %fﬁeﬂh&&&ﬁ%%los'@@@foﬁ-s WigB drive

performng I arge, the 20 drive signal Pk is

érﬁleq%gée dsieq£§§98%s%5ost§q%cgr QR CPQ%%?JO c?igg”%f Mhe

ected drive sign IS supplie
BESAELBEL SheTEe JEL0L Whe g EoRdiagclandd s
S53Srbes i 0R Al 3e, g0 Lo, el 80O 1 cho
received drop control signal.

For example, when performing a fine
drive, the drive signal PO is selected in
response to the drop control signal MO
(selection is done by the L level state of the
drop control signal). When discharging a small
drop, the drive signal Pl is selected in
response to the drop control signal M1l. When
discharging a large drop, the drive signals Pl-
P3 are selected in response to the drop control
signal M2. When performing idle discharge, the
drive signal Pk is selected in response to the
drop control signal M3. The selected drive
signal is supplied to the piezoelectric element
121 of the recoxrding head 11, respectively.

In this example, one of the two drop

sizes: small drop and large drop is selected.
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Al ternatively, one of three drop sizes: small drop,
m ddl e drop, and large drop may be selected to

WO 28%e t he sel ected drop. An exanpl e of tRETHPPNF/072493

di scharge drive signal PL_f& di schargjng a snal
drop, and the second discha %e drive signal Pk for
performng idle discharge will be described with
reference to FIG 8A and FIG 9B. FIG 8A shows an

axarpke aafivhe f,i rehe H¥ di Bekas gerdy vei skbgnal sRa 1in
the first drive waveform Pd for discharging a smal

HOPp (amidaLBum byl gk opaused Helod RIS be

formation). FIG 8B shows an exanple of the second

d sehares) dEbver St gRalr X Ehet NS 8l diikg, . 15
wavef orm for discharging the anmount of |iquid drop

smal | er th tp%% @ﬂiéﬁgaffgierQEOF&'é@HHtheTer.ive

. . a igu
drive signa né?u es a drawi ng waveform el“enen

T 4053° 2P B ARG T Ak W FRGCa Thimaare

T e

dte, e oL ek udes, ol jrssstpg evelgrn 28, oo
RO R P0G PR (gRI%3 - 42

FIG. BA shows an example of the first
discharge drive signal Pl in the first drive
waveform Pd for discharging a small drop (a
minimum liquid drop used for image formation).

FIG. 8B shows an example of the second
discharge drive signal Pk in the second drive
waveform for discharging the amount of liquid
drop smaller than the minimum discharge drop
amount.

The drive signal Pl includes a drawing
waveform element al whose voltage falls from the
reference voltage Ve by a voltage change V£fa,
causing the liguid chamber 106 to expand, and
causing the meniscus of the nozzle to be drawn.

After a predetermined hold time, the
drive signal Pl includes a pressing waveform

element bl whose voltage rises by a voltage
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change Vra, shrinking the |iquid chanber 106 and

wodi 389123?5(@ ng a liquid drop fromthe nozzle. Afpgrq.?.]\l;gom/mu%

pPed erm ned hold tinme, the voltage of the

signal Pl rises to the refeugnce 5 voltage Ve. The
drive signal Pk includes a drawing waveform el enent
ak whose voltage falls fromthe reference voltage Ve

by a voltage change Vfb, causing the |liquid chanber
‘iéér‘t%e eXpand SRY 1P ERIsitRE t hé avekd setiempernd 06 and
nozzle to be drawn. After a predeterm ned hold tine,
EReChRTIE NG ghal ipe} AcPddes Erpmesthag nexefer.m

el enment bk whose voltage rises by a voltage change
HEbewhri piade treminedd hohbdbédmds ahe 1Boltage of
di scharging a liquid drop fromthe nozzle. After a
phedeatei menedi dokd tR ey itskess vobt ages of e fidee dideve
signal Pk rises to the reference voltage Ve. It is
préftexgedvighat the timng of 20 shrinking the liquid
chanber 106 by the rising edges of the pressing

wavef orm efarendsibl atgnbk acgords WiaBst he GirEivithg
of the period of natural resonance arising when

eApIED Ag eembhauid chades 406 dygthe fad ki &\%ﬁ{#g%ﬁe

of the 25 drawi ng waveform el enents al and ak.

ﬁ@@@%ﬁﬁ@ggJﬁﬂ%é%QXVéOE%“Q vé%tage change V£fb,

causing the liquid chamber 106 to expand and
causing the meniscus of the nozzle to be drawn.

After a predetermined hold time, the
drive signal Pk includes a pressing waveform
element bk whose voltage rises by a voltage
change Vrb, shrinking the liquid chamber 106 and
discharging a liquid drop from the nozzle.
After a predetermined hold time, the voltage of
the drive signal Pk rises to the reference
voltage Ve,

It is preferred that the timing of
shrinking the liquid chamber 106 by the rising
edges of the pressing waveform elements bl and
bk accords with the timing of the period of
natural resonance arising when expanding the
liquid chamber 106 by the falling edges of the

drawing waveform elements al and ak.
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In this enbodi nent, a change tine (falling tine) Tfa
of the drawing waveform elenent at of the driy

WOLYHUP%1 i s equal to a change tine (falli né’cf'ﬁ% 07/072493

Tfb of the drawing 5 wavetoum el enent ak of the drive
signal Pk, and a change tinme (rising tinme) Tra of the
pressing waveformelenent bi of the drive signal Pl
is equal to a change tine (rising tinme) Trb of the
pressi ng wadefdrhs eFERAIEIBRIGT - t Re dY3NESsitghRP 10
Pk. In this enbodi nent, the rising voltage vol t age
chadded nyr 5 igie } h8 oy e’5i g va¥ ERGH R I eFaTENE OBR of
the drive signal Pk is set up to be smaller than the
eileiman voktlagef (bl adeivy® chaage)l Wa dfs thauprlessPng
waveform el ement bl of the drive signal P1l. Thereby,
therameuntiref (fhé limai ¢ idrep difdchafged dydiclaerdrgve
signal Pk is smaller than the discharge of the liquid
daaR f sl le smph tdi sk harfgech by dirhievdr sveyrsa §nalk , 28nd
P1. Moreover, in this enbodinment, the falling voltage
éVQ:|Haﬁx§JﬁeC|ta.iﬂﬁl@) (Wibs ofigt Reimdy awing wavefios meelesenh g
ak of the drive signal Pk is set up to be larger than

fhe d @b biing 1 2Rl tiggeo(tvol k age ehwage) gfialofet hes
drawi ng WD 2008/ 062809 PCT/ JP2007/ 072493 ~ 44 _

equal to a change time (rising time) Trb of the
pressing waveform element bk of the drive signal
Pk.

In this embodiment, the rising voltage
(voltage change) Vrb of the pressing waveform
element bk of the drive signal Pk is set up to
be smaller than the rising voltage (voltage
change) Vra of the pressing waveform element bl
of the drive signal Pl1. Thereby, the amount of
the liguid drop discharged by the drive signal
Pk is smaller than the discharge of the liquid
drop (small drop) discharged by the drive signal
P1l.

Moreover, in this embodiment, the
falling voltage (voltage change) Vfb of the
drawing waveform element ak of the drive signal
Pk is set up to be larger than the falling

voltage (voltage change) Vfa of the drawing



10

15

20

25

waveform el ement al of the drive signal Pl. Thereby,

t speed by the drive signal Pk is ingr
\vogﬂ@m%%ﬁﬁs possible to discharge a liquid dr%ﬁ%ﬁigﬂwwn“B

the nozzle certainly, 5 D sgharge bending of the
liquid drop discharged by the, dr:i_ve signal Pk may
arise if a high frequency drive is perfornmed, and the
drive signal Pk is not suitably used as a drive
wEimBP T ¥ 6t L arsdtiar gt ng fa TRGuidr HY 8p Siseforf ¥ nage
10 formation. In this enbodi nent, each of the first
Tarer seyondc el v opvepears konttdl asdtie predsingl Pk
wavef orm el ement whi ch di scharges a liquid drop by
ishrimkicregn ¢ @€, | iapd ditharbhep osainhiec 419 ndl 85 hi raet Ive
nozzle of the liquid discharge head. The voltage
1changd afrdbe fpreassthg wevebdemcekémentlpt the drive
signal included in the second drive waveformis set

up to be gymétaerddapeble vl baget hbarigeywi dt krop
pressi ng waveform 20 el ement of the drive signa

dinctydedida bRe thérgridréveiwaveiorn hhgrelyise if a
di scharging the anount of |liquid drop snaller than

nil¥eh Mei S8 ndi s chak 9@ df pptihimesed 406 itRgedrive
formati on. Mireover, in this enbodi rent, each of 25

eabieoath, OGN 5L pur gpmenictns vbetgo
for discharging a ligquid drop used for image
formation.

In this embodiment, each of the first
and second drive waveforms contains the pressing
waveform element which discharges a liquid drop
by shrinking the liquid chamber communicating
with the nozzle of the liquid discharge head.
The voltage change of the pressing waveform
element of the drive signal included in the
second drive waveform is set up to be smaller
than the voltage change of the pressing waveform
element of the drive signal included in the
first drive waveform, thereby discharging the
amount of liguid drop smaller than the minimum
discharge drop amount used for image formation.

Moreover, in this embodiment, each of

the first and second drive waveform contains the
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draw ng waveform el enent whi ch expands the quuid

er communi cating with the nozzle of the
woigI

¥4tYe head. The voltage change of the dFﬁWﬂﬁ&mW“n“B

wavef orm el ement of the drjvyg 5 signal included in the
second drive waveformis set up to be larger than the
vol tage change of the drawi ng waveform el enent of the
drive signal included. in the first drive waveform
dnensbyg wrsrefisinmy ¢ hemdirsthahgeldr eppspees aned | 0

di scharging certainly the anmount of liquid drop
Shgiiied thembbe mommumidistchagges Ut Bp ta®UAb z A1s€do £
for imge formati on. Next, another exanple of the

thievel i qugral d Pk clhor r gesahar @i ng T s mebll 1 98, c@f%?@e
15 drive signal Pk for performng idle discharge w

b€ dassr dbeds whh weferenee & DekldG t 94rand, e Fh91v9é3
FIG 9A shows the waveform of a drive signal

s§hgfd 1 st ndriveewaviet of fePd & 06 n20 &if 'éawégﬁgft

m ni mrum di scharge drop anount (a drop for

£ BRO&, b OL BRI ONy SRl (G - Ok %@P“@h%h%mgg Rt aedr|¥e

signal” Pk in the second drive wavef or m

@h%etﬂghﬁ%e#hﬁﬁg% mm:aléngé“ ISC é %}f 2Ss:ll.Tgnal

e mnimim

ggg%&§@§0%JKQ£%P¥¥¥%Q7%¥¥%e waveform, thereby

increasing the discharge drop speed and
discharging certainly the amount of liquid drop
smaller than the minimum discharge drop amount
used for image formation.

Next, another example of the drive
signal Pl for discharging a small drop, and the
drive signal Pk for performing idle discharge
will be described with reference to FIG. 9A and
FIG. 9B.

FIG. 9A shows the waveform of a drive
signal Pl in the first drive waveform Pd for
discharging the minimum discharge drop amount (a
small drop) used for image formation.

FIG. 9B shows the waveform of a drive
signal Pk in the second drive waveform for
discharging the amount of ligquid drop (a very

small drop) smaller than the minimum discharge
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drop amount. As shown in FIGs. 9A and 9P, the drive
nals Pl and Pk include drawi ng waveform el ene

‘Woép &%k whose voltage falls fromthe 5 refgpgﬂggmwwn“”

vol tage Ve by a voltage cna%%e_Vfa respectively,
causing the liquid chanber 6 to expand and causing
the neni scus of the nozzle to be drawn. After a
predeterm ned hold tinme, the drive signals P1 and Pk
dmolpudempuessi ng 10 waveform el enents bl and bk whose
voltage rises by a voltage change Vra, shrinking the
liquid chagbeyhdfe and Brschargpngrad| e@yi ot Weod firee
the nozzle. After a predeternmined hold tine, the

¥aldrages o 1t hendr inie shenalse P randi iy rises§£d3nt 0 the
reference voltage Ve. In this exanple, the falling

é'l@ﬁen{‘éh%@eahkim%?]} wha Andv il Dfet e O 3WEAGM the
wavef orm el enments at and ak are set up to be

9'efffeef§HE S?‘l%%‘?jb oy het, B’ a%‘dvbflecéégé' N 44 BRS \?@a .

(change tinmes) Tra and Tr the pressing waveform

SEAPL AP LR AR R M BRSPS 0%
SLAI19 SRETOLTSLEToD i ol LIS, e 28 AP P
ggrlgggngcg%%%% a gzedetermined hold time, the
drive signals Pl and Pk include pressing
waveform elements bl and bk whose voltage rises
by a voltage change Vra, shrinking the liquid
chamber 106 and discharging a liquid drop from
the nozzle. After a predetermined hold time,
the voltage of the drive signals Pl and Pk rises
to the reference voltage Ve.

In this example, the falling times
(change times) Tfa and Tfb of the drawing
waveform elements al and ak are set up to be
different from each other, and the rising times
(change times) Tra and Trb of the pressing
waveform elements bl and bk are set up to be
different from each other.

Specifically, the falling time Tfb of

the drawing waveform element ak of the drive

signal Pk is set up to be smaller than the
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falling tinme Tfa of the drawi ng waveformelenment a

rive signal Pt, The rising tinme Trb
Wﬂ%&%@@?ﬂ% wavef orm el ement bk of the drive sﬁgﬁgkggQM7%w3

is set up to be larger than yhe_rising 5 tinme Tra of

the pressing waveform el enent bl of the drive signa

Pl. It is preferred that the timng of shrinking the
liquid chanber 1-06 by the rising edges of the
pr233iimg wadareorBf el efent bebld mme 10 bkasedarts wiltdhent
the timng of the period of natural resonance arising
vihenoéxpamei dg the sliignadl eanberhk6r by ithe € ahli Mgrb
edges of the drawi ng waveform el enents al and ak. In

thf stbeanptes stiegr insivgf birfe {ThaRge: BR WAy hIr B of ve
the pressing waveform el enent bk of the drive signa

'sPkgnalseRkupst os b€ hay ges bham bR #iShAG WHE rising
(change: tine) "bra of the pressing waveform el enent

biimé thea dbifve isé 9Bde s £in gThel €RY o the of, 1t h
l'iquid drop 2CO disgharged By t he dﬁﬁve %?gna .tP&lié?f

Yred | g i ¥dan itfigs ampunt of the liquid drop (small
drop) discharged by the drive signal Pi. Moreover, in

R Y e e

t he draw ng wavef enment ak o
%ﬁggg%ﬁ%éig?g4%PqLQdM%gg%§é?2§%%I%& the rising
edges of the pressing waveform elements bl and
bk accords with the timing of the period of
natural rescnance arising when expanding the
liquid chamber 106 by the falling edges of the
drawing waveform elements al and ak.

In this example, the rising time (change
time) Trb of the pressing waveform element bk of
the drive signal Pk is set up to be larger than
the rising time (change time) Tra of the
pressing waveform element bl of the drive signal
Pl. Thereby, the amount of the liquid drop
discharged by the drive signal Pk is smaller
than the amount of the liquid drop (small drop)
discharged by the drive signal P1.

Moreover, in this example, the falling
time (change time) Tfb of the drawing waveform

element ak of the drive signal Pk is set up to
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be smaller than the falling tinme (change tinme) Vfa of

t i ng waveformelenent al of the driv ' .
og%ﬁs/t%ﬁ)‘ﬁ" 2@?&%'7/072493

ereby, the drop discharge speed by th
signal Pk is increased, ard4g8it-is possible to
di scharge a liquid drop from the nozzle certainly.
Di scharge bending of the liquid drop discharged by
the drive signal Pk may arise if a high frequency
Bei v a 51ger foRABd thmdLadd Hrpvd mesiGhaner il mee
suitably used as a drive signal for discharging a
ViEguif dEbe udeavidrg i vage fesmnmalionenth ahi f the
enbodi nent, each of the first and second drive
danisfor migora hi BS .t heTheessing tise wavelordd sicdmeng e
whi ch di scharges a liquid drop by shrinking the |iquid
sbardi®r byorrhuai datiing swigia l h@ knoizg| é nafreheeld quadd
di scharge head. The change tine of the pressing
navefor poaleneht tf dhe adrda vgesignal gunicd udedd nf tbhe
second drive 20 waveformto di scharge the anount of
th@uiglbdrzape sarldeinihan the m ni mum di scharge drop
anmount used for inage formation is |arger than the
change timpiofchBe g¥ esshad vgvefrorim gl anentiaf d
drive signal incIué@% in théﬂ?irst drivemggﬁmaveféﬁﬁ1
aqs%ﬁsngeﬂf bhe wuat iQfe | Eqidh dr e W g0Q8/106280%
PCTJ. TP20071072493 - 49

high frequency drive is performed, and the drive

rrve

signal Pk is not suitably used as a drive signal
for discharging a liquid drop used for image
formation.

In this embodiment, each of the first
and second drive waveform contains the pressing
waveform element which discharges a liquid drop
by shrinking the liquid chamber communicating
with the nozzle of the liguid discharge head.
The change time of the pressing waveform element
of the drive signal included in the second drive
waveform to discharge the amount of liguid drop
smaller than the minimum discharge drop amount
used for image formation is larger than the
change time of the pressing waveform element of
the drive signal included in the first drive

waveform to discharge the amount of liquid dzrop
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used for image formation, and the anount of [|iquid

wcﬂio@é?%?g@' I er than the m ni num di scharge dr ORI /072493

used for image formation is discharged fromthe

nozzl e. 5 Moreover, in thi-s4enmkodi nent, each of the
first and second drive waveforns contains the draw ng
wavef orm el enent whi ch expands the |iquid chanber

communi cati.n mﬁt&,the ngzzle of _the liquid discharge
Ragd The &I‘f%n B fiE"RF 1P0 ¢ handr aik Aig amRieR br Mt

:El.erre_n(%\,agf the drive si Enal included in the second
Ve SaS &P nF18 L i 5chlcde the anbuhmust diggihddgep
smal ler than the mninmum di scharge drop anmount used
RBPP rARUNortaeForf 95 dmeder folrma therchasge time
of the 15 drawi ng waveform el enent of the drive signal
fhEchreEg A tieon ridte dnioeez Wavef ormto  di scharge the
amount of liquid drop used for image formation. Thus,
t he di schafgeedroprspeed tturd ngmbdlcei méachargechs o f
increased, and it is 20 possible to discharge

et dimtytt hendnmperntood dldigue dwarapr srald esohan 4 e
m ni mum di scharge drop anount used for image

tbenatd oninkbresverforn themexaphweh PEnFldGp §Bdst hehe
falling time Tfb of the drive signal Pk may be 25 set

e St g, VT TR, g
tRdi i fgi bheySEOR. e head. The change time of
the drawing waveform element of the drive signal
included in the second drive waveform to
discharge the amount of liquid drop smaller than
the minimum discharge drop amount used for image
formation is smaller than the change time of the
drawing waveform element of the drive signal
included in the first drive waveform to
discharge the amount of ligquid drop used for
image formation. Thus, the discharge drop speed
during idle discharge is increased, and it is
possible to discharge certainly the amount of
liquid drop smaller than the minimum discharge
drop amount used for image formation.

Moreover, in the example of FIG. 9B, the

falling time Tfb of the drive signal Pk may be

set up to be the same as the falling time Tfa of
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t he drawi ng waveform el enent ak to be gentle as

wo 2068/6:3808d by the dotted line in FIG 9B. In pg4GB@R7/072493

case, the discharge drop speed and the 5 drop

di scharge anount by the drivggsignal Pk are smaller
than those of the liquid drop (the m ninmum discharge
drop anount used for inage fornmation) by the drive
signal Pl. If the discharge drop speed of the 10
drdand ¥V ¢ §dignatof sl eod hie thei mbhepe of
di scharge drop anount used for image formation is
skfaf| erahhnot mavefanre eleumiantdrak ofot be genitemas
di scharge used for inmage formation, the [liquid drop
biyn ddica i dchar gehenyl oot ededcinéhd nlSFIecordB ng In
sheet. However, the purpose of idle discharge is to
per Ebr m ned stenanice ahics cRa@\s Ydrofp tfgereZzi 8dbthe
di scharging a liquid drop therefrom It is not

nécepsariys ¢hatr ddeahiodin € bgr aph 8Y dirdl e disSchasde pk are
reaches the recording 20 sheet. Next, the idle

dmsharsge €pahr adhoBer foF meﬁelblyl { Be iidmge ofPr mAg

device of this enbodi nent w be described wth

mef 85 8NGE & s cther fowchapt a?rfov%ﬁgogés/o%%gg&gpofmﬁtg%t

of the idle dischafge control

THEAYLTE S e Sei9l BGadE 110 Seterm ne

If the discharge drop speed of the
amount of liquid drop smaller than the minimum
'discharge drop amount gsed for image formation
is smaller than that of the liquid drop of the
minimum discharge used for image formation, the
liquid drop by idle discharge may not reach the
recording sheet. However, the purpose of idle
discharge is to perform maintenance and recovery
of the nozzle by discharging a liquid drop
therefrom. It is not necessary thaE the liquid
drop by idle discharge reaches the recording
sheet.

Next, the idle discharge control
performed by the image forming device of this
embodiment will be described with reference to

the flowchart of FIG. 10.

Upon start of the idle discharge control
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dot (pixel) is located in a region where an imnage is

f S11). Wen the result of the determn tlon
WOBZ%@{@QSO 11 is affirmative (located in the reé’ 3””007/072493

where an inmage is forned),. B ?cessary drive signals

P1-PS are selected fromthe first drive waveform Pd

of the drive waveforns based on the inmge data so

that an image is fornmed on the 10 medi um by

@f sélidF gi b, | iiqui dsdribpsefimarmged wiaedher snakl cfroant

the recording head (S12). Wen the result of the

dleter(m haeilon i¢ IbemtAd i negatdgreofinothd peataed in

the region where an image is fornmed), the second

Tmbye 1bswavefmpsa (drive.signal) Pk of the drive

waveforns is sel ected based on the control data (for

idl e dischange) S0t hals@nti Je dhechas g8 rrOPes 8o at
is perforned by discharging very small drops, snaller

dhap tde mind niprdrep, Used f o120 Hd@aenf At iy on
fron1the recordi ng head (S13). After the step SI2 or

Bl s
gag%lg?nblllﬂb Sa‘c:%se éﬁ]e"éﬂ{e‘:% §ro%|tﬁ%ee§ ts\%i)rlve

used asS a ne recor

ang?ﬁfgogggf)gdf Oc;éreg%oow OYﬁrgeﬁswave orrrngglboapsg ngrlerEh

image data so that an image is formed on the
medium by discharging liguid drops (large,
middle, small) from the recording head (S12).

When the result of the determination at
step S11 is negative (not located in the region
where an image is formed), the second drive
waveform (drive .signal) Pk of the drive
waveforms 1s selected based on the control data
(for idle discharge) so that an idle discharge
operation is performed by discharging very small
drops, smaller than the minimum drop used for
image formation, from the recording head (S13).

After the step S12 or S13 is performed,
the following process will be performed by the
image forming device of this embodiment.

In a case in which a roll sheet 35 shown

in FIG. 11 is used as a medium, a recording
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recordi ng region 37 where any inmage is not forned

wo@obﬁ&&%e' y appear along a recording sheet BTHE007/072493

transporting direction (sheet feed 5 directio
shown in FIG 12. In this_case, the liquid discharge
head fornms a necessary image on the nmediumfor the
recording region 36 by discharging the |iquid drops
(large, mddle, small) thereto, and the liquid
degdlvar gdbhedte 16 pey fonagd dle dicthadgerdfdrat heon-—
non-recording region 37 by discharging very snall
decpsrdiom ndwinazA k. wherndi snwayimagel sipossitble to
create a printed matter on which an image is forned
by rivleed | aage 108 fely deypea ©f allbirsy 16 erdmwdrdemtg | n
this case, the non-recording region 37 where any

ERRGe: | sragisd O ARG g COL FesPoNda t OsiRekegiPiecal the
mediumin which the mediumis transported in a

&&@Eﬁ@ibn(ﬂé§CEHHWnZQnMFﬁ@Ve%2'n tthi st ease.cawen
an idle dlscharge operation is performed for the non-

E;“eorﬁi 91‘&1“996192%7 L ET 8 AIY s 8 MicebaRTRM,

e recording head 11" di scharges t e amount of [ quid

%%g;{”@h' &hd h{ﬂ% M nk%'x{;\;’)mé% 5 %%gggg&?g di.aR Rual

use I mage Tornmati on

NP2007, gh)724§§1 S oAl at-dbhe nezalgs, ohidsie,

gcordlng
small) thereto, and the liguid discharge head

performs idle discharge for the non-recording
region 37 by discharging very small drops from
the nozzle. In this way, it 1s possible to
create a printed matter on which an image 1is
formed by the image forming device of this
embodiment. In this case, the non-recording
region 37 where any image 1s not formed
corresponds to a region of the medium in which
the medium is transported in a transport
direction.

Moreover, in this case, when an idle
discharge operation is performed for the non-
recording region 37 where any image is not
formed, the recording head 11 discharges the
amount of liquid drop smaller than the minimum

discharge drop amount used for image formation,
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over an entire inmage formable region of the nediumin

wdfbﬁs/wz%h direction of the nmedium This faci IPiCtI%tpg

creation of the idle discharge 5 control data, an@mioz2493
IS possible for this enbedsgert to performidle

di scharge operation wusing a sinple, inexpensive
mechani sm w thout degrading t' ne image quality.
Moreover, in the case in which the roll 10 sheet 35

fsomsedlas of nEBUNRPHSE Fn Of chEE iTeCRfitng head 11,

sheet.-like recording nmediumis _used non-recording
pEGiTosN38NfHere AMAJandeinrahde FRFAOR sappédrein
both end portions of the recording region 36 in as
nedtihuimi focttion widtie 4¢3 nedtdeme? pelBlicunafituan a
transporting direction in which the nediumis
Tharspbated,lastskovwmrent ifkiG of3.tha tkils cddschihege
liquid discharge head forns a necessary inage on the
peditmo 1Lf arat 4 heametotf di dgs regisen 186e by odi stharsgi ng
the 20 liquid drops (large, mddle, small; thereto,
ambodhrehitqut 8 @iescharge ihknd perdonasgdgdl éperation
di scharge for the non-recording region 38 by

disSGhar gi RO vSL ¥ , SMiah b x@eaPsi e0md B anazeh . Wit KHUS
case, the region where any image 25 is not forned

SR ) Baod ™ 8% R 25  ormati on region of
theIEMiu”Mdkébver, in the case in which the roll
sheet 35 is used as a medium (also in a case in
which a sheet-like recording medium is used),
non-recording regions 38 where any image 1s not
formed appear in both end portions of the
recording region 36 in a width direction of the
medium perpendicular to a transporting direction
in which the medium is transported, as shown in
FIG. 13. 1In this case, the liquid discharge
head forms a necessary image on the medium for
the recording region 36 by discharging the
liguid drops (large, middle, small) thereto, and
the liguid discharge head performs idle
discharge for the non-recording region 38 by
discharging very small drops from the nozzle.

In this case, the region where any image

is not formed corresponds to the end portion of
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direction perpendicular to the transporting direction

Wdé%aowggdg the mediumis transported. However, ﬁﬁ{ﬁ%‘%‘%?ﬂ%

I'mage formng 5 device using the full-

type recording head, the~ ®azzles for which idle
di scharge operation may be perforned are restricted
if the non- recording region corresponds to the end

rtion of the recording region in the direction 10
ggﬁpdﬂﬁﬁﬁl£°¥%aFW93rﬁﬁﬂiﬁ@iﬁ§'&h@cmaﬂﬂum iwhizh
the mediumis transported. in such a case, idle
it sEfHr ani @Weaﬁg}'@%éﬁ ot ereti hfeort the s pozkzliesy of
the full-line type recording head which are used for
d irgrgec ¥ e mattirorw h Tinds, thke nisd i mage 4 ot miangs plevitesi of
this enbodi ment suitably applied to the serial type
i mage forlongwev) cen nawhiacke th€ reror g dead rirSing
noved in the width direction perpendicular to the

dearisporushg ofi rleet ifanl 1 2Q ivs eey@fe tBEJREORE Mhad,
head in the inmage formng device of this enbodi nent

thy bwzaleangdslrseHnah el & eaeHNYr I PP VAR £, AN
image is formed is set to an actual 1 nmage region 41

mber &d heeiriRaambs actdiakby f Of ppd Py; 25 schardi ng
Iiguid r%ps based onh the inageggata,léf)ggfhﬁg 2809

EEE%H§®@519€Q¥@n bé%&@g%éﬁgsp@aF@ﬁgmeﬂggbg%tion
surroundi ng the
of the recording region in the direction
perpendicular to the transporting direction in
which the medium is transported. In such a case,
idle discharge is no longer performed for the
nozzles of the full-line type recording head
which are used for image formation. Thus, the
image forming device of this embodiment is
suitably applied to the serial type image
forming device in which the recording head is
moved in the width direction perpendicular to
the transporting direction.

Moreover, the'recording head in the
image forming device of this embodiment may be
arranged so that the recording region where an
image is formed is set to an actual image region

41 where the image is actually formed by

discharging liquid drops based on the image data,
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actual image region 41, is set to a non- recording

W6Fﬁ%§/&?80§2 where any inmage is not forned, as P%tf%f%omnws

4. The recording head in this case nay bé
arranged to performidle _disgcharge operation for the
non-recordi ng region 42 by discharging very snall
drops 43 thereto. As described above, it is possible
for the inmage form ng device of this enbodinment to
apdperiier peindieh dirschar @ ioper asivort asneg-reo st sl e,

i nexpensi ve mechani sm Next, the drive waveformin
antttel lewysli negtiof #Ae ihwestitonted lal rhendescri bed
with. reference to FiG 15. 15 In this enbodi nent, the
deicver avbuef arey ishow? i whiele 4n%y (iapage gewenatted and
outputted by the drive waveform generating part 401,

asdmedy afs tdifodhopi ORI SiugnalBh ¥NSIMSraievwn head
FIG 15 (b) (which are the sane as the drop 20 contro

shonral SsMea¥ | mag;heb@r aveusgegmhosli peRtiors idle
outputted by the data transfer part 402, so that a

AeGRSSALY drd yeraitgneh floxr SRbecifd-feomihendf iVe€gion
wavef orm by the head drive circuit 310 in response

R R TR e T L
FIG 15 (ahs described above, it is possible for
the image forming device of this embodiment to
perform idle discharge operation using a simple,
inexpensive mechanism.

Next, the drive waveform in another
embodiment of the invention will be described
with reference to FIG. 15.

In this embodiment, the drive waveform
shown in FIG. 15 (a) is generated and outputted
by the drive waveform generating part 401, and
any of the drop control signals MNO-MN3 shown in
FIG. 15 (b) (which are the same as the drop
control signals MO-M3 in the previous
embodiment) is outputted by the data transfer
part 402, so that a necessary drive signal is
selected from the drive waveform by the head
drive circuit 310 in response to the drop

control signal.
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includes, within a single drive cycle, a first

' e drive signal 211 for discharging a_liquid
woﬁ%o@%@&ﬁ@) §§ﬁéﬁ3@7/072493

used for imge formation, a second 5 di
drive signal P12 for discharging the anmount of |iquid
drop smaller than the m nimum di scharge drop anount
used for image formation, a non-discharge drive
signal P13 for finely oscillating the neniscus of the
nozzle witiig dfidischavgifigra Isitopwd dnoEI@ndis (a)
first discharge drive signal P14 for discharging a

bingi Wdersop wiused f of sregeléodwmivencywieh @riverst
signals are generated in tine series. That is, the

il ahbbyofdthedigsyndilschanger SF i Me sdigabs nlp F11
and P14 are generated in tine series, and the second

@f&$ﬁ&9%f%ﬁV§§%dm§brpg%é§eifBFﬁQ@%%hPeEM§€bBH%
first discharge drive signals P11 and P14. \Wen the

Gwééﬁﬁg SFﬁEEQ%Fgggnﬁ?(9i2 %%£qu%§kf%pgﬁgi¥ﬁe

sl gn i s select response to t

PEEEoR Ty areD Bheda et PiRar S pi SFkEE
BOGEaR B $P i ning: SEHG A% AMAAS oF G ph "
L TR asiRgtel TR Lo e, contie,

oscillating the meniscus of the nozzle without
discharging a liguid drop, and a first discharge
drive signal Pl4 for discharging a liquid drop
used for image formation, which drive signals
are generated in time series. That is, the
plurality of the first discharge drive signals
P11 and Pl4 are generated in time series, and
the second discharge drive signal P13 is
interposed between the first discharge drive
signals P11l and Pl4.

When the drive waveform of FIG. 15 (a)
is used, the drive signal P13 is selected in
response to the drop control signals MNO, the
drive signal Pll is selected in response to the
drop control signal MN1, the drive signals P11,
P13, P14 are selected in response to the drop

control signal MN2, and the drive signal P12 is



~

3 FIG 16 shows the relationship between the
"% control signals .i MI~O MJS and ";;"e:
dlscharge drop anmount when he sel eccad drive s i |
nal As supplied to the ene 6y generating unit he
recordi ng head. As shown in E |G 16, when perform ng
a fine drive, the drive signal P13 is selected in
response co the drop control signal
Sedsehayi “hy @ Rmarf b8t Fhene T \Fé’ré‘%]@‘h]al S%ﬁﬁa#s
sel ected in response to the drop control signa
MNI§'“eT) 1 Wen discharging a _large drop, the drive
signals P11, P13, P14 are selected in response to the
drop confrol §|gﬁQOWW%FhQME%lﬁéﬂpaﬁﬁ#ﬁgb%?ﬂ%?n
di scharge, the drive signal Pl' is selectee in
h@e%&?séjqutlf% %%%EaéénMNQI D%%r?a} NN e The

elected, drive _:<r,<l s;ti T X tc; he
dlﬁF@ﬁﬁﬂQﬂﬁ#Q& %W%%%Ftwﬁﬁnlt&ﬁt%ﬁiQ%%%ﬁd@ﬁbVﬁead 11,
respectively. AAs descri bed above, the plurallty

signal g twm#%@ 8P SERETr GE AW & X yaF sh@renit
generated in tine series, and the second di scharge

ofdfinge TeSiHRING shPABer posed between two of the
plurality of the firs; discharge drive signals. WO
2008F062809 PCT/HF2007F 072493 Perg@rming a

fine drive, the drive signal P13 is selected in
response to the drop control signal MNO. When
discharging a small dot, the drive signal P11 is
selected in response to the drop control signal
MN1. When discharging a large drop, the drive
signals P11, P13, P14 are selected in response
to the drop control signal MN2. When performing
idle discharge, the drive signal P12 is selected
in response to the drop control signal MN3. The
selected drive signal is supplied to the
piezoelectric element 121 of the recording head
11, respectively.

As described above, the plurality of the
first discharge drive signals are generated in
time series, and the second discharge drive
signal is interposed between two of the

plurality of the first discharge drive signals.
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Next, the drive waveformin another enbodi nent of the

wdﬁym%(@n will be described wth reference tperhbe%07/072493

In the previously described enbodi ment, 5 the
second di scharge drive signdi8 (Pk, P12) is not
sel ected when performng i mage formation. However, in
this enbodi nent, the second discharge drive signal is

sel ect ed concurren wi,th the first dLschar drive
si gnal wheR SEBt peﬁh%n?ﬁévgmﬁévﬁ el o A %&ﬁ% in

FIG 17 (b) and FIG 18, the,6 drop,contro
FEP AN LBRAL i Ag £ Ar 48 VIR bp O "é%i ngedl %S?m&bgﬁg
second di scharge drive signal P12 is al so sel ected
#id he el seneet ddo dFilfe stdnal is supplied to the

pi ezoel ectric elenment 121 of the recording head 11.

Al t hough a1t quhe¢ dropviie wh Sghaefeer biped hembechigent,
di scharge drive signal P12 at this 20 tine, the speed
Mh@.BemmnﬂddaﬁQMbsggmmrhyahsxgamyuiBy,tmﬁibrgﬁ
drop discharge drive signal P14 is |arger than the
speedsefl ddiee dr ogh e hy ptehef seodndy diselter gEodmarieion.
signal P12. The two dots are united during flight and
thew@beirm)f | Ugnearis Balbsdihanrge, Thies sayobhel WO

20081062009 PC LI SP20071072493 59

discharge drive signal 1s selected concurrently
with the first discharge drive signal when
performing image formation.

As shown in FIG. 17 (b) and FIG. 18, the
drop control signal MN2 for discharging a large
drop is arranged so that the second discharge
drive signal P12 is also selected and the
selected drive signal is supplied to the
piezoelectric element 121 of the recording head
11.

Although a liquid drop is discharged by
the second discharge drive signal P12 at this
time, the speed of a ligquid drop subsequently
discharged by the first drop discharge drive
signal P14 is larger than the speed of the drop
by the second discharge drive signal P12. The
two dots are united during flight and the

influence is not so large. This may be
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consi dered that the amount. of a large drop

wdﬂoﬁ%@ﬁ(ﬁed in response to the drop control §;gq.@35?0h/}g%493

i ncludes the anmobunt of liquid drop discharge

second di scharge drive signralsg 5 212. According to
this enbodi nent, the setting of the drop contro
signal. can be made sinple, and it is not necessary
to repeat switching ON and. OFF of the drop control
s‘F%ﬂélld%EeﬁﬂéFé'}aNe%the aRBONEEt erdn el f dched Se@ond

di scharge drive signal will be described wth

r&t 8FEFcRILE HITG e3P s shéwn theFld3 op9carhiersdcond
15 discharge drive signal Pk includes a draw ng
wavenarim ¥N@nemc hkidesphosbevamage tf ab £ s1firpm dt kiecop
reference voltage Ve by a voltage change Vfa to
ekpand aheeli qur dtbleanbecob@ @bdcdraamg & he riMesi $dUgnal
of the nozzle. After a predeterm ned 20 hold tine, the
d#1%e signal Pk includes a pressing waveform el enent
bkl whose voltage rises by a voltage change Vrc to

shrink the Attguidi cgamhert 486 andpdigsghange a hiquid
drop fromthe nozzle. The drive signal Pk includes a

2 deaW 9o wave! O Al emeph | |
3008/ 062509 PCTI 9P200 /07245?@%%%%"}{9 BRge bel ka0

simple, and it is not necessary to repeat
switching ON and OFF of the drop control signal
MN2.

Next, another example of the second
discharge drive signal will be described with
reference to FIG. 19.

As shown in FIG. 19, the second
discharge drive signal Pk includes a drawing
waveform element akl whose voltage falls from
the reference voltage Ve by a voltage change Vfa
to expand the liquid chamber 106 and draw the
meniscus of the nozzle. After a predetermined
hold time, the drive signal Pk includes a
pressing waveform element bkl whose voltage
rises by a voltage change Vrc to shrink the
liquid chamber 106 and discharge a liquid drop
from the nozzle. The drive signal Pk includes a

drawing waveform element ak2 whose voltage falls
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again to expand the pressurized |liquid chanber 106

woibk/d8go of f a part of the discharged |iqui dPC‘f‘fJ?ﬂ)o%nws
a

as to be returned to the nozzle. After

predeterm ned hold time, theg@rive signal Pk 5

i ncludes a pressing waveform el enent bk2 whose

voltage rises to return the liquid chanber 106 to the
original state. Since the slope of this pressing
vaYetsr iy el emamngk2hs pude gfent lzeyd nbigfuwird hehamber
liquid drop is discharged fromthe 10 nozzle. Next,
andPhem @nbediment fofa tiherti nventihen i kkhber gleacnihedid
with reference to FIG 93. In this enbodi nent, the

dirop wavehsr mo 1begenetrakinrgl padt t44 hs 2 Tanged Soe r
that a discharge drop speed of the anpbunt of l|iquid

dr op rentd t erniiheadt he 1d ntAwe di seharge: grop iéﬂﬁthk
used for image formation is slower than that of the

|ﬂmuﬂ@dﬁ@pa0bﬁ@§smd§rWHV@ﬁ@Pﬁr@iémﬁHEmﬁf@DHW se

used for inmage formation. As shown in the exanple o

el deigee rwavef of m ofg iRl G 98-t he anéiteﬁe Vr?%igﬁ:imr}gOG

generating part 401 is arranged so't

g b oL ite, secand dlccha g e, 25,590l o U .

nodi fied to be equa g

%;JEE%%@7%gyg@§rm—é%ément bk2 is made gentle, no

further liquid drop is discharged from the
nozzle,

Next, another embodiment of the
invention will be described with reference to
FIG. 9B.

In this embodiment, the drive waveform
generating part 401 is arranged so that a
discharge drop speed of the amount of liquid
drop smaller than the minimum discharge drop
amount used for image formation is slower than
that of the liquid drop of the minimum discharge
drop amount used for image formation.

As shown in the example of the drive
waveform of FIG. 9B, the drive waveform
generating part 401 is arranged so that the
falling time Tfb of the second discharge drive

signal Pk is modified to be equal to the falling
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time Tfa of the first discharge drive signal PIl.

WO%%&%JZ gal Iy, the slope of the draw ng wavef (B’Ejrf}dP%q07/872493

ak is made gentle as indicated by th
line in FIG 9B. Thereby, _tge discharge 5 drop speed
by the drive signal. Pk is nmade slower while the
di scharge drop anount of the liquid drop discharged
by the drive signal Pk is smaller than the m ni num
dimehdifHe dfopthmofitrstsed §ohainmpyedidrvmt s0gnal P1.
di scharged by the drive 10 signal Pl. If the
fpschdrheadrlgp, spbed oioplke o fimblne @f aliiquy dwarapE o rm
smaller than the mi.ninum discharge drop anmount used
¢ bemearageakorinat narle i geandld es st handi batt ©f bie the
liquid drop of the 15 m ni num di scharge used for inage

dotmmid ohinteheinl iFqud d dBap byhieddsb di sehad geimmh H8he
reach the recording sheet, However, the purpose of

ddbe Shselange ithd 0y PeKLOrdR FRiant epaNGes afmgdree@yswxér
of the nozzle by discharging a liquid drop 2

Jaﬁ@rl%f roRe 1di &8nRdtgHeqessar ymbhatt t Be Iﬂ}gﬁeet i (PR

y |dIe di scharge reaches the recordi ngg

Y APICLe 1 bLs POShEeL, 1 ihe o 1oRanding head Is

cau he anount I qui rop

%@?%&éﬁog%%%zgg?r%?HgEW%ZQQ@éEggg% drop amount

used for image formation discharged by the drive
signal P1l.

If the discharge drop speed of the
amount of liquid drop smaller than the minimum
discharge drop amount used for image formation
is smaller than that of the liquid drop of the
minimum discharge used for image formation, the
liguid drop by idle discharge may not reach the
recording sheet. However, the purpose of idle
discharge is to perform maintenance and recovery
of the nozzle by discharging a liquid drop
therefrom. It is not necessary that the liquid
drop by idle discharge reaches the recording
sheet.

According to this embodiment, the
recording head is caused to discharge the amount

of liguid drop smaller than the minimum
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di scharge drop anount used for inmage formation, at a

woslooedgp speed, when performing idle di SCh%ﬁﬁPzwmnws
e

operation, and it is possible to avoid staining t
recordi ng sheet. 5 Next, ana@zher enbodi nent of the
invention will be described with reference to FIG

20. FIG 20 shows the conposition of an inmage form ng
device in an enbodi nent of the Jinvention. 10 in this
LRSS MEEE, BRI 8'0RE S0ve s ol shBase | hogmation,
vicinity of the side of the recording head 1, and a
96| Bagel appldF g gHeedprorhienapraanfed i @pplt e
charging voltage for charging the el ectrode 500 to
dhe argeodr 806t Isnwhemd di & dischasgelbper d4td oaviesid
performed in this enbodinent, the electrode 500 is
sharigetin gy thdereddmgénap@lyerd .unit 501. The

el ectrode. 500 has a length equivalent to the |ength
of the noXzkxet roaneftide reedosding:rieadfl et he 20

| ongi tudi nal direction. Wien the anmount of liquid drop

$awidret 1 ohhani L he bd nd gy i seAanget Hr of fapemicdl: dsed
for inmage formation is discharged without reaching

the nezloym EEGwh@DiﬁhawﬂS@Hér%bﬁ?oﬁﬂﬁﬁéﬁe%fzén
the liquid drops generated by the idle discharge WO

2RRH O6280h Y/ HRAPOLL042493n Ghbodiment of the

invention.

In this embodiment, an electrode 500 is
disposed in a vicinity of the side of the
recording head 1, and a voltage applying unit
501 is arranged to apply a charging voltage for
charging the electrode 500 to the electrode 500.
When idle discharge operation is performed in
this embodiment, the electrode 500 is charged by
the voltage appiying unit 501. The electrode
500 has a length equivalent to the length of the
nozzle row of the recording head 1 in the
longitudinal direction.

When the amount of liquid drop smaller
than the minimum discharge drop amount used for
image formation is discharged without reaching
the medium, or when idle discharge is performed,

the liquid drops generated by the idle discharge
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operation float as in the previously described

woelsbdsthepnt . | f a transporting unit which is pehabaRd 072493

to pe.r.formelectrostatic attraction of a recordi ng
sheet is used as the transpd&rding belt 5 25, the
liquid drops outputted by the recording head. ]. are
el ectrostatically charged by the charge of the

L I L i h I ,
BB RG in T B0 pal £8s ThE EGHSY PR Vbl g T boPrk

el ectrode 500 fqr_ 13 barging the e ectrode 5Q0 .in.,the
BB L b pos e o Era PopEAIT of e BRare bF
the liquid drops, so that the liquid drops are

S geed 1y PRE IMaPg8d.© &F Eetigiel SoRt hR@GRioRsof 2
possi bl e for the present enbodinent to |5 prevent
SCRBALAG ofherd | Fguiid i ops. tiNext rameprating belt
enbodi ment of the invention will be described with
péferehee tpquid) drpps2outpnttd2by Shoes ndeording
conposition of an image form ng device in an

arerodli dre@tr of eflkect 20 sitmtent add.y | ahelige énbadi ieat, a
suction passage 510 which has an opening to the

cécor deng fheadel t tsnaprcangedg malvi dhity Iaf theés
side of the recording head 1, and a suction punp
cad | ot h2b woilttaddlaipp ayiangathie @draepbdidysdthe

drops WD 2008/ 062809 PCT/ JP2007/ 072493 - 64
charging voltage to the electrode 500 for
charging the electrode 500 in the polarity
opposite to the polarity of the charge of the
liqguid drops, so that the liquid drops are
attracted by the charged electrode 500, and it
is possible for the present embodiment to
prevent scattering of the liquid drops.

Next, another embodiment of the
invention will be described with reference to
FIG. 21. FIG. 21 shows the composition of .an
image forming device in an embodiment of the
invention.

In this embodiment, a suction passage

510 which has an opening to the recording head

.1ls arranged in a vicinity of the side of the

recording head 1, and a suction pump (suction

unit) 511 is arranged to attract liguid drops
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t hrough the suction passage 510. Wen idle discharge

woohes/@bs@n IS performed, the suction punp 511,da-§P200t7,ﬁ72493
y e

operated to attract the liquid drops generate

i dl e di scharge operation. Wea + idle discharge is
performed, the liquid drops generated by the idle

di scharge operation float as in the previously

descri bed enbodinment. it is possible for the present
enbbarPENt tRE FTevEAPT RASEAA%r PAQ -of Then ixale
drops by 10 driving the suction punp 511 to attract
theS Chidig @ ePspsa ERedughs t Be hermed pasbages Bedion
The openi ng of the suction passage 510 has a |length
ajurpalbdnt L6 tdrekeffch ©b et nezi echeowisfuitHedrops
recording head 1 in the longitudinal 15 direction. In
tden albeves debtyl oned embosli deéstcharhe caseatiavhi.ch When
the present invention is applied to the imge form ng
diei ee dhiazyc hg ride i miecer f oo d gut-dld ohihas de€hops
descri bed. Alternatively, 20 the present invention may

hee applateddt Byanyhef idlIegeileih pgdeypeestids! wdidw
a fax, a copier, and a multi-function peripheral. The

R SSeAt thavemrd Polay Pedappld fdeal SnbedamdABIe Tt
form ng device which uses a liquid other than 25 the

Ard npbrds i Bke WD 2008/ 962802 ACTLARROBT Q3498 65

prevent the scattering of the liquid drops by
driving the suction pump 511 to attract the
liquid drops through the suction passage 510.
The opening of the suction passage 510 has a
length equivalent to the length of the nozzle
row of the recording head 1 in the longitudinal
direction.

In the above-mentioned embodiments, the
case in which the present invention is applied
to the image forming device having the printer
configuration has been described. Alternatively,
the present invention may be applied to any of
image forming devices, including a fax, a copier,
and a multi-function peripheral. The present
invention may be applied also to an image
forming device which uses a liquid other than

the printing ink.
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The present inventionis not limted to the

wo2BRYR$48sSCri bed embodi nents, and variations paRfpi007/072493

nodi fications, nmay be nade wi thout departing rom
the scope of the present invggtion. 5 The present
application is based on and clains the benefit of
priority of Japanese patent application No.
2006- 316381, filed or, Novenmber 23, 2006, and
Japanese pdilkat prappehtatirone Ne.1 @007s216386,L ifnl eddorto
August 22, 10 2007, the entire contents of which are
herebpbdneodperat ttchly embeddntentW) 20081062809tions
PCTI JP20071072493 66 CLAIMS 1. An image form ng
davdl ceowhi £h charidn sama yrelge ot de Medi b ard d&ghudesng
a liquid 5 discharge head in which a plurality of
NzE@hes hd 05 cdipse haEgidlge | paeishk gt OpsRE £ targ@Nged
side by side, conprising: a drive waveform generati ng
unit generglbng.y o ERIN St AGA dbhve £YSheed ShM $ihd
10 drive waveformcontaining a drive signal to
di sehai0e- 28 s ef 44 ayid frpp used Bgﬁaﬁé@ge
formati on, and a second drive waveform containing a

| Ve S ; ' ar. a u i Qui r
R S e B e S

_ a mnimm rop’ anmount “uséd
fﬁ%vbﬂ%ﬁ%fggmﬂigaé,mgkd Japanese patent
application No. 2007-216336, filed on August 22,

2007, the entire contents of which are hereby

incorporated by reference.
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a head control unit causing the liquid discharge head

wd Roslb@shar ge the amount of liquid drop used fqr 4,

formation in accordance with the first drive mavegggﬁyss
for a region where an 20 idmge i s formed, and causing
the liquid discharge head to discharge the anount of
l[iquid drop smaller than the m ni num di scharge drop
amount in accordance with the second drive waveform
egi on where any inmage is not 25 fornmed. WO
2008/ 062809 PCT/ JP2007/ 072493 - 67 2. The image
form ng device according to claiml1, wherein the
region where any image is not formed corresponds to a
regi on of fhe Aredimmge nfwhirchnghdemwdcemulsich forms
transported in a 5 transport direction. 3. The inmage
for Mmggdeirces ameat tiing drod  £hailmde sweer i gutite
region where any inmage is not formed corresponds to

dl tifla patket irona af ithewhiQH ragpihoraBtican ¢ egindr Hles
the mediumin a direction perpendicular to a

FloansPOE LG g dhiecti g il ARbeh tdeemMadiMihbed side
transported. 4. The inmage formng device according to

1% od ah|, 1o hskeidy ggch of the drive signal in the
first drive waveformand the drive signal in the

second driye yayeLon ] LORLANSyBnRESSI BY unit
generating, within a single drive cycle, a first
drive waveform containing a drive signal to
discharge an amount of liquid drop used for
image formation, and a second drive waveform
containing a drive signal to discharge an amount
of liquid drop smaller than a minimum discharge
drop amount used for image formation; and

a head control unit causing the liquid
discharge head to discharge the amount of liquid
drop used for image formation in accordance with
the first drive waveform for a region where an
image is formed, and capsing the liquid
discharge head to discharge the amount of liguid
drop smaller than the minimum discharge drop
amount in accordance with the second drive
waveform for a region where any image is not

formed.
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wavef orm el ement which nmakes a liquid drop discharge

“mp%0§m?&ﬁking a liquid chanber 20 connunicatthwﬁﬁ&Pm7mm3

one of the plurality of nozzles of the liqu

di scharge head, and a voltgge_-change of the pressing
wavef orm el ement of the drive signal in the second
drive waveform is smaller than a voltage change of

the pressing 25 waveform el enment of the drive signa

in the WO 20081082809 e £IR2007407240Bce6RcEddrdting to
drive waveform 5. The inmage form ng device accordi ng
c€dalidt al m ¥haweria tkachegfithewdre ve singnaimamd hes

5 first drive waveformand the drive signal in the
Betonib dmievie awavekbapoodst ditsaargesshng favyREomB dium
el ement which nakes a liquid drop discharge by

shriwid ob aHd quediohanber tconERIc@EENG W §h one of
the plurality of 10 nozzles of the liquid discharge

beadhspadta dichapge 4 e of the pressing wavef orm
element of the drive signal in the second drive

waveformis |onger than a change tine of the pressing
wavef orm el ement of the drive signal in the 15 first

drive wavefor my 8. ; i Qr o j.C
to claiml, mhere%ﬁnggiHggﬁnﬁﬁggh?gvggé%g%§?9§%agﬁ§9 ke
EhESn 0} Ve avel armR0d he gh Ve 8L andh " 1% i
not formed corresponds to an end portion of the
image-formation region of the medium in a

direction perpendicular to a transporting

direction in which the medium is transported.

4. The image forming device according to
claim 1, wherein each of the drive signal in the
first drive waveform and the drive signal in the
second drive waveform contains a pressing
waveform element which makes a liquid drop
discharge by shrinking a liguid chamber
communicating with one of the plurality of
nozzles of the liquid discharge head, and a
voltage change of the pressing waveform element
of the drive signal in the second drive waveform
is smaller than a voltage change of the pressing

waveform element of the drive signal in the
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Woaoﬁﬂggé%ogv\hi ch causes a liquid chanber comuni cat

20 second drive waveform contains a drawi ng waveform

in

of the plurality of nozzles of the GTEERY7/072493
di scharge head to expand, - asggl @ vol tage change of the
draw ng waveform 25 el enent of the drive signal in the
second drive WD 24) 08/ 062809 PCT /JP2007/0', 2493 69
waveformis larger than a voltage change of the
drighf Rg i ERoMA &P BAER- of the drive signal in the
first drive waveform, 5 7. The imge form ng device
according to claim1l1, wherein each of the drive
signal. in the first drive waveform and the drive
signal in the Thecdmladei vio navefprdaevdmtai ascarding to
draw ng waveform el enent which causes a |iquid chanber
Hl xbmmini cahieng: Wt baate of tties pHuriate t y igha hoznl eshe
of the liquid discharge head to expand, and a change

tHiesef dihevdr avivngrvavefonm tlemantivod shegrmdiveén the
signal in the second drive waveformis shorter than a

hangad ideiek thevddodmavweba teveEoam el eerntn @f the
drive signal in the first drive waveform S. e

WEREE Flodiil 89 Ml £ RACH, dhRKd® aChaidhia Whessi n

the liquid discharge head is a 20 full-line type
{&;f@éﬂ'a@gé‘eﬁ?r shrif%&in49g hofqung dayifmeAccording
communicating with one of the plurality of
nozzles of the liquid discharge head, and a
change time of the pressing waveform element of
the drive signal in the second drive waveform is
longer than a change time of the pressing

waveform element of the drive signal in the

first drive waveform.

6. The image forming device according to
claim 1, wherein each of the drive signal in the
first drive waveform and the drive signal in the
second drive waveform contains a drawing
waveform element which causes a liquid chamber
communicating with one of the plurality of
nozzles of the liquid discharge head to expand,
and a voltage change of the drawing waveform

element of the drive signal in the second drive
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claiml, wherein the nediumis a rolled-form medium

woZ08/69244908/ 062809 PCTI JP2007/ 072493 - 70 10 PC?])?’2007/072493

i mage form ng device according to claim1, whe

the i mage form ng devi ce i-s 6%+ anged so that when an
idle discharge operation is perfornmed to discharge
liquid drops 5 mhich do not contribute to inage
formation, the i qui d di scharge head di scharges, over
YA VENR P FB Hﬁm@@rﬁﬁ¥mBPéqrﬁlHﬁkﬁagﬁeQRﬁﬁﬂm|Qfathe
wi dth direction of the nedium_ the anmount of |iquid

dF Gy ‘Sl Mérv @ hanm Hel Aeintune di ddhar g8 idropsignal in
amount. 11. A printed matter on which an image is

£ Bl by tt h’brfﬁﬁg@f&%eﬁiqmndevi ce of claim1 through
di scharging of liquid drops to the 15 nedium 12. An

i mge form ng device which forns an inmge on a nedi um
and includes a liquid discharge head in which a
plurality @f ribzel éma2fef dodisnbardgingcki @gbidodidmg to
are arranged side by side, conprising: a drive
wawefmor n, genes aking edth gBNehat idgi vei ti gna1siingl he

drive cycle, a first drive waveform containing a
fliirsdt dikrier Si@WARe form and the drive signal in the
second drive waveform contains a drawing
waveform element which causes a liquid chamber
communicating with one of the plurality of
nozzles of the liquid discharge head to expand,
and a change  time of the drawing waveform
element of the drive signal in the second drive
waveform is shorter than a change time of the

drawing waveform element of the drive signal in

the first drive waveform.

8. The image forming device according to

claim 1, wherein the liquid discharge head is a

‘full-line type recording head.

9. The image forming device according to
claim 1, wherein the medium is a rolled-form

medium.
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25 to discharge an anmount of liquid drop used for WO

woRRod&>8p2809 PCTI JP2007/ 072393 71 a inmge f‘i@%&ﬂ/onms
ond drive

and a second drive waveform containing a sec

signal to discharge an amouryfg of [iquid drop smaller
than a mnimum discharge drop anobunt used for inmage
formation.; 5 and a selecting unit selecting at |east
one of the first drive signal in the first drive

wavef or m and0th& RRcoAR i vO B Enal d4niERe asecodd ng
drive waveformin response to a control 10 signal, to
ouPp@tl 3 he del etltededrn vehsi gimhgko feheiniquiddvice is
di scharge head. 13. The inmage form ng device according
t DT ERA TS D2 s onhtelr @itn whhen deiry el ddeefdt scha meaer at i ng
unit is arranged to generate a plurality of the first
PPesadi ymal § 5 rpeirfe rsedi e dnd dthergecandgdiidveirops
signal being interposed between. two of the plurality

ofhikd dorsbtdrévatsignate 20 1lfhagdierbmge: i barnnge
devi ce according to claim12, wherein the selecting

uni tuiisl @i sahgeyg o heed @cl fthenseend, dpie: shgnalnt i re
concurrently with the first drive signal when 25
fotagRy BHOrin@®Ae region of the medium in a width
direction of the medium, the amount of liguid

drop smaller than the minimum discharge drop

amount.

11. A printed matter on which an image
is formed by the image forming device of claim 1

through discharging of liquid drops to the

medium.

12. An image forming device which forms
an image on a medium and includes a liquid
discharge head in which a plurality of nozzles
for discharging liquid drop are arranged side by
side, comprising:

a drive waveform generating unit
generating, within a single drive cycle, a first
drive waveform containing a first drive signal

to discharge an amount of liguid drop used for



WO 2608/ 062809 P - UH20(c) 7/ 0724=)3 72 15. The i mage

] evice according to claim12, ;herei ’It/.ﬁ%007/072493
“Kggﬁggaﬁgeeforn1 generating unit is arranged té?
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generate the 5 second driwe aaweform having a
waveform el ement adapted to tear off a part of a
l'iquid drop discharged fromthe |iquid discharge
head. 16. The jmage form ng device according 10 to
tPFigf 15° THAt 2P R rt Endda viee Gavest of il vge e deifimrmini t
is arranged so that a discharge drop speed of the
GRBIHRLBE NG i Be@opd sAwldes  stilgma L heonidd seinarge an
di scharge drop anount used for image formation is
3NEWETE t Adn IR quiiscidrge dmoplls rspeednofa thendimimum
di scharge drop anount used for inmage formation,
discharge drop amount used for image formation;

and

a selecting unit selecting at least one
of the first drive signal in the first drive
waveform and the second drive signal in the
second drive waveform in response to a control
signal, to output the selected drive signal to

the ligquid discharge head.

13. The image forming device according
to claim 12, wherein the drive waveform
generating unit is arranged to generate a
plurality of the first drive signals in time
series, and the second drive signal being
interposed between two of the plurality of the

first drive signals.

l4. The image forming device according
to claim 12, wherein the selecting unit is

arranged to select the second drive signal

‘concurrently with the first drive signal when

forming an image.
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15. The image forming device according
to claim 12, wherein the drive waveform
generating unit is arranged to generate the
second drive waveform having a waveform element
adapted to tear off a part of a liquid drop

discharged from the liquid discharge head.

16. The image forming device according
to claim 12, wherein the drive waveform
generating unit is arranged so that a discharge
drop speed of the amount of liquid drop smaller
than the minimum discharge drop amount used for
image formation is slower than a discharge drop
speed of the minimum discharge drop amount used

for image formation.

PCT/JP2007/072493



