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DESCRI PTI ON | MAGE FORM NG DEVI CE AND PRI NTED MATTER
TECHNI CAL FIELD This invention relates to an i nage

wo eoogiosagodievi ce and a printed matter. More PCT/JP2007/072493

particularly, this invention relates to an inmge
form ng device including a Iqu|d di scharge head, and
a printed matter on which an image is forned by the

i mge form ng device. BACKGROUND ART There is known an
i mage form ng device, sushms@rRIErpoNnter, a fax, a
copier, a plotter or a nmulti-function peripheral

havi ng nul tiphecETegerMang NOEl/uTst | ARD (PRENYH MOMATTER
print, fax, copy, and the Iike functions), which uses

a5ﬂE@Hqug4§c@qqg§Dnechanlsn1 The liquid discharge
mechani sminciudes a recording head in which liquid

di scharge hepgs f or %ﬁ%ﬁ%ﬁ' Egldgpggl Qf regorn %a{n‘gge

liquid are arrange i s recordi ng head,

f‘%@?h'%@(&@bﬁkés %”¥b§¥g a”m%%{ggormﬁg ? he

printing)” i s carried i'schar ging- dr ops 0
| ui,d
W TECCRE tRHLn (PBast o Ry PERebT) | FETLET 0% image

forming device including a liquid discharge head,
and a printed matter on which an image is 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
ligquid 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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transported. An i mage form ng device hereinafter refers
to a device which perforns image formation by

wale®sioeasgd ng | i quid drops to a nedi um (whi ch i BCT/JP2007/072493

i nclusive of paper, yarns, fibers, textile, |eather,
metal , plastics, glass, wood,2ceranics, etc.)- |nage
formation hereinafter refers to not only formation of
i mages Wi th nmeani ngful characters, figures, etc. but

Iso f than of 5 | ; F { !
e R o

restricte

egording 0 uf dygr ik, Buto g efets dapany (1ykd whi ch

isTa 11qui € en It 71s difscharge qgui d
d'scharge devi ce h%%gﬁnafter rgters.éo a device in
PER FPGuikY dPS it 98 TG AtSeta? g8 IHGu@ ff ops,
and jt is n t_I%ntted_to a device:%Mich perforns inmge
BR8N (Worhehi deyel REAMiSyY Be it eR3pFdvi d¥8 Wi h
i quid di scharge heads are classified intg two, types:
afd&r§ Bf  t RXT e f &5f MySdevi Betign mhipdip §tics, glass,
recordi ng head provided on a carriage is noved in a
neo® Scaffinf @Ffects of - per pehBRER af Ord at SRBet
transport direction to performrecording or printing;
ahézeinklfdenereymrs to not only formation of

images with meaningful characters, figures, etc.
but also formation of images with meaningless
patterns, etc. Liguid 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 liguid
discharge head discharges liguid 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 is
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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i mage form ng device which uses a full-Iline
typerecording head in which a plurality of ejection

whodsmesnozzl es) for discharging |iquid drops BCEIJP2007/072493

arranged to cover the overall _recording region. A
l'i quid di scharge head for use~”in an image formnng
device is arranged to discharge liquid drops from
ej ection holes in order to performrecording or

PridédPEirdd BReR@Ndi gcharigenshate @fatiha Vigy dyection
di scharge head keeps on for a cértain period, thHe
Viheroskt il zEhe dy apbd idy | eehbon Neheg |
increaseé byévapogation é?l%ﬁgaggfgégtpjgggsﬁ]f§€ gs are

dizschar %Qopeaakio%fstﬁearésgga[gfen %ggﬁgﬁgw@égg gn-

state, The discharging State o iI“st'ur
head wi |l be | hoGe ibi S BetRaCpr T ing tuat PEy 1 |77
L S BT G PR Enct e o) SEAaar BLr 2edE
parr6 i P End FRBoRd To f PO 17 bRG T MGOFRahoo
nozzles with the viscosity increased is elimnated .

REGHUPRG i'0f €°FiSITHAr §& dpet BHiidHS - Japgahe’ e Modt - Open
Pat ent  Application No. 11-

discharge state of the liquid discharge head
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 i1s 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 Jjet printer in which an
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105304 discloses an ink jet printer in which anink jet
head is provided with a prelimnary discharge unit

waiosioelsey f orms prel i m nary di schargi ng of i nkp€DuP2007/072493

preventing cloggi ng of the ngzzles in the ink jet
head, in a position separaied froma recordi ng nmedi um
during the scanning of the ink jet head on the
recordi ng medi um Japanese Lai d- Open Patent

Appl i gati ofe Na. 12003 r@26178qdhsict R8s e i Ak ijeiry

recorder in which data for ejecting flushing dots from

@i@éﬁg%(g%;uﬁji%ctmgp@a spakle ARyt Qf 1 { K Hiase y

generate sed on print data for one path. A head

SASLRS Lol RS (LAY FE B f0T Y Shodhing of )
gcf%%'trg '}'tznﬁegoti% sppL! ar, f han 4 he pryi ntjng dof S akq o

0 a reécording nedi um durrng 't he scarini ng of a

carriage. A s _a result, the.flushi dot r.e. suptably
SR8 HI O ERE: SRaFE AR ) SO ngudie SurEs

t he per,iod of e path a s _needed, and .t is possible
t%F%§§&Q9tﬂ£t%:% nEmed € bri ?%go&ig%?i&$$ ding
performed even by a recorder using a conparatively

" §eUSi-zed recordi ng nedi um Moreover, Japanese

Lai d- Qpen Patent Application ) i
Japanese Laid~Open Patent Application No.

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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No. 2005-313624 discloses a liquid discharge~ ~ head
whi ch perforins a prelimnary di scharge operation

waleoosoeesad nor mal printing operation. Japanese PREI/aP20pH072493

Patent Application No. 2005-0Q07899 discl oses a
full-line ink-jet recording device in which an idle
di scharge region for performng idle discharge of
liquid drop is set up in a position separated from a

HReod diRg d189heR £ \Pmisd!£ ﬁsikéqhﬁgﬁawoa%%dﬁagi d

portion for receiving the Tiquid drops when

' i S r.f d .. a i e i-dl :
GIRChAEAD CaBEH g MRS Rl 1A n kL ekl ton.

full-1i ' ' N d t t A dl

diuschalr 32 Jlr g?%%?s egﬁ%gllltds_i@%gus%%t %gttge‘%sg}%%%féb% o
j f.0 Th f .t i ng_ head

T B8 B L Pre T R oy PEA S By s T or mi ng
head .r et [ catian, vy J

B0 Epem Pabaitt Sopl e it HAING T 2668 08686 1 58 Foses

a nethod of driving a liquid_discharge head. Japanese

% UL OPerf Phat BFE gﬂéﬁ{“ilé’aﬁ i bA1R0. 32662248966 T seAGE

an image form ng device which uses an ink in which
P Bed Spat B FclUds hReadiRePibdty separated from a

recording region. An idle‘discharge recording
ligquid portion for receiving the ligquid drops
when idle discharge is perfqrmed 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
is 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 ligquid 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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in a solvent. However, it is difficult to apply
t hei dl e di scharge nethod which perforns idle discharge

w@ pooslosasdnary di scharge) operation in a positiPOI/JP2007/072493

separated fromthe recording nmedi umduring the print
scanni ng, according to Japan&s& Lai d- Open Pat ent
Application No. 11-105304, to the full-line type inage
form ng device in which the recordi ng head i s noved.

V. i fy.t i ' f.i1he. i schar t hod
BVEN. dlélgk%%gge %ékﬁ%cglwﬁgt%hﬂedé)gr@ arg& o

nenti oné I S possi bl e, robl emthat the

pri nting speed_in such a e l\y LI i

G S BRT  ThE it Bt A Tt og ' BF Saredh e ®
the data for idle discharge (flushin ased on.th

BBt Codvh T8P SRt Bl S OIS of REUE b1g At g

Wi thin one print, path, according to Japanese Laid-Qpen
SHEEHE IATh b CREIGHE N5 C D004 P626 135 AT DR Rers WBRRAT € 5©
require the analysis _of data with little_ink
diztfAadpen t Re tyonkr BORK 68 bR dNea bt —ildl 2304, to
diSChaR%f according to image data, and the switchin
dfhehdudri veisie cuvPs witelegdieFBiadh A€ SwalBf ofim ch

for normal printing and a drive waveformfor idle
diseharego rdharefbesd the moved. Even if the

application of the idle discharge method
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
require 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.
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probl emthat the processing is conplicated and the
cost is increased remains unresol ved. DI SCLOSURE OF THE

w0 DMBRAISGN Accor di ng to one aspect of the inveP€T/or007/072493

there is disclosed an inproved i mage form ng device in
whi ch the above-descri bed problens are elininated.
According to one aspect of the invention there is

di scl osed an i nage form ng device which carries out

ig!I%cdf.(%gB%r €0 PPEY, [ 7 {,qui d di scharge head
u nism According to

one aspect . of tnﬁ.invention there is disclosed a .
printed maft&CONRMi cH° aRMSmedEPECY oPfed By dReZention,
a?gre-nentio ed image form ng device. In an enbodi nment
of e i Afertt DRLMATH 881 VidRP 5P IRdiudBS Ihef er Mk @
of the abqvenentioned problens, there is disclosed an

i AEFe- Fr Hitng e Fhc e hpi e Foe mEleEC T ikgel dprabredhamare
and includes a liquid discharge head in which a
pBoridti 2§ tefd nozzl es for discharging liquid drops are
arranged side by side, the imge formng device
conpri si ng: Az ar¥ ¢énwavied oomegemepatd ingotinithe invention
generating, within a single

there is disclosed an image forming device which
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 ligquid
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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drive cycle, a first drive waveformcontaining a drive
signal to discharge an anount of |iquiddrop used for

w0 pgoe6X80y mat i on, and a second drive wavef or m PCT/JP2007/072493

containing a drive signal to discharge an anmount of
liquid drop snaller than a~nfnirmum di scharge drop

anount used for image formation; and a head contro
unit causing the |iquid discharge head to discharge

aCC&?WB@gdo%oﬁ:&%Q?g“¥%yﬁg%fé% %Ogggéga_in

dance wt irst drive waleformfor a regi on

o, g L égaqeadlnfngh%au&%eto?e phd o

sc gr&@' to discharge e anount 8rop
r than_the m ninpum char op. anpunt

T BarE W bn AR B gt B e dar i mswsﬁle%egihoann
where an e i.s not formed. The above- tione
bR gV g L £ %%pcm?@a?eal%%ge i rtw@age
regi on where any_inage i s not forned corresepnds to
r%%?@ﬁ?ﬁo@heaﬁgh% &R hnFer tie! n¥diiim Feusing the
transported in a transport direction. The

dpbveiferfi} 8RE@ 1 Fag8 Sfadt nt Ay HevFBE IRy BB ScamPytited® T
so that the region where any image is not forned

clot gudordisopo tethe @nd ogor s <of £ @ Halai te@e- flay mat i on
regi on of the

accordance with the first drive waveform for a

region where an image is formed, and causing the
liguid 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 1s 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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“signal in the secon

mediumin a direction perpendicular to a transporting
direction in which the nediumistransported . The

wW@bwsmeasent i oned i mage form ng device nmay be chCf/iRpaoray2493

so that each of the drive sigpal in the first drive
wavef orm and the drive signal “in the second drive

wavef orm contains a pressing waveform el enent which
makes a liquid drop discharge by shrinking a liquid

chamhes eqpapi cating with one of the plurality of
nozzl es of the liquid discharge head, and a voltage

change of t r [ fs I of. A v :
I LB B R AL e R e oo

V%'affgﬁec 'E%SEJhrteé‘(?i oty wavef opip eét%‘éﬁ&i"&et he

drive Srgna t drive wavef orm

abave- nent.i_on [ e foryming device.may be conf.i gur,ed
S ot e e o o e Rty Praf o dahEdve
waveform and the drive sjignal in the second drive,
TR Bh bR He SR utl R RV et i Sdherie e ks
makes a,liquid drop discharge by shrinking a liqujd
cRELRF L8GMIAT e Ty RSP oRE oM IGR Padresi fy lofquid
nozzl es of the liquid discharge head, and a change

t OO B ILIRC R 898§ Y waveHoh fi 8erment igiuid 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
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 liquid
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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the drive signal in the second drive waveformis
| onger than a change tinme of the pressi ngwaveform

web@soesoof the drive signal in the first dri vRCT/JP2007/072493

wavef orm The above-nenti oned i mage form ng devi ce may
be configured so that each ofl& e drive signal in the
first drive waveformand the drive signal in the
second drive waveform contains a drawi ng wavef orm

et vl oy caUSes ac! Ll dashamber gumini Gating

with one of the plurality of nozzles OF the

irgGhar 98 head %gv%ﬁﬂ99ﬁu and a vol tage change of the
men

d

draw ng waveformel e of the drive signal in the
second drive,wavefaormis |arger than a vol_tage, change |,
of thecﬂamﬁ&fvé%gyﬁﬁﬁgpgééﬂe%fHﬂﬂgﬂrﬁﬂfﬁ+ﬁﬁmé%%lce
tR%'figgt driyve ma%giorn1 he above- nenti oned i mage
fOFm ngS dEVITE Ay L LBnfHfT e8 350 t At TR hIEE Hhe
dri,ve sjgnal in the first drive waveform and the drive
sFér%aJr n*Ohé B_coAd Bt i (¢ Wew eV aMif Eormaiared atieawiingve
wayef orm el ement whi ch causes a |iquid chanber
cBiRif tat Pnd Bt B Ssien8f e @l weaie f9rof orzkdsiof a
the liquid discharge head to expand, and a change tine
ofl TEfEL BiY aWiare Havar i heamleertenvhofclt headsies si grhajuid

t he
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 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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second drive waveformis shorter than a change tinme of
the drawi ng waveform el enent of thedrive signal in the

wo 200862309 ve waveform The above- nenti oned i map@er/JpP2007/072493

form ng device may be configgied so that the liquid

di scharge head is a full-ITne type recordi ng head. The
above-nenti oned i mage form ng device nmay be configured
so that the nmediumis a rolled-formnedium The

apove=eni janed i mege J of 1-8g devi ge MRYvEEGanfi gured
so that, en an idle discharge operation is perforned

to discharggylLi qw{@ﬂvegf-@%a}eg%ﬁ% girlg%ewf%g@gg{jge §8vice

i mage fornmation di sc e "head ar ges,

' ' f | OR . e ' [
MY B FRAL TR TPk ng et SR
| I t h i.nj di schar. d t.
HE8a TR of it of *0ife T Haentt SrOAR a0 SBRREL or
d f th b ti d o] , :
there | s OFSEI GRAN & PATH b S LORaGI vt ER P | g o2
IS fo&ned by the abqvenentjoned inmage form ng device

fHBulk dFSRAHH g% Qi GhRE driops TSI RE Aedidm I n

an enbodi nent of the invention which
rolled-form medium.

The above-mentioned image forming device
may be configured so that, when an idle
discharge operation is performed to discharge
liquid drops which do not contribute to image
formation, the liguid 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 liguid 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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sol ves or reduces one or nore of the abovenmenti oned
probl ens, there is disclosed an i nageform ng device

wokiosiedser ns an i mage on a nmedi um and i ncl udesPEr/IR2qui/ar2493

di scharge head in which a plurality of nozzles for
di scharging liquid drop are %%rénged side by side, the
i mge form ng device conprising: a drive waveform
generating unit generating, within a single drive

@SR ndy ThEsh Ll Nﬁi%vefQEHﬂsC%aiiﬂ{ag@ed ‘;"ofni rstmdEMEn

signal to discharge an anmount of |iqui op used for

IRge ; LIk Lan., and a ;Secqnd Ari e MAVel 8T My yhich a
d a

containing a second drive sign di scharge an

foliqu S r §.h ] Nj i arge
HEP iy B PAP R e gt Fo TR AN, T S o
unit selectin at.éea t onedof thhe fi.rst drive slgna
i T hE T S A Ralet of hi'&rd TRE d&kbRd HaRtTg
sjgnal in the second'dri%S wavef ormin response to.a
AT 6F GYRRIL T BGt futTF hE S o BEEEPTR| U&7 GREF 1%
the, liquid di scharge head, The above-nentioned i nmage
R ng TS ed g b¥ o Rgdr st B8 L AT EHE dfYGée, 2
wavef orm generating unit is arranged to generate a
ﬂ%ﬁﬁﬁt@ﬁbVetM?Y?f@ﬁmﬂ¢9@§ﬁ%mhpgi%\g##@?ﬁ#?éie
and the second drive signal being
signal to discharge an amount of liquid drop

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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i nt erposed between two of the plurality of the first
drive signals. The above-nenti oned i mage form ng device

woreysioe2seonf i gured so that the sel ecting unit PGT/JP2007/072493

arranged to select the second_drive signa

concurrently with the first Wive si gnal when form ng
an i mage. The above-nenti oned i nage form ng device may
be configured so that the drive waveform generati ng

unit is ar rﬂpgegbt@gsa%%foh@% Sf&gg% df5¥$\i\§?%2§t85mce

havi ng a waveform ment adapted to tear o

2 vaveforms fo"tear ‘off |
M bR L R O o R B ek AT P =

confiqure o th the drive wavef orm.generating,unit
57 et S0 THEECX dibenarge Ao ntea "or T R
amount of ljquid drop,snalLer than the mninmu

HR RGO Srbbht SRt EGE S nhge or MG j when
sl ower, than a di scharge drop speed of the m ninmm
dikERaFge ¥Pop BBt used for image formation.
According to the enbodi nents of the inmage form ng

devi ce of tHeei MRAYFoRentipaeshsknpre tho padfgf nflevice

idle dischar%e operation using a sinple, inexpensive
mechabiesgonfigured so that 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 ligquid 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.

According 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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BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects,
features and advantagesof the present invention wll

wheoogppspent fromthe follow ng detail ed descrP@r/iem07/072493

when reading in conjunction with the acconpanying
drawmngs. FIG 1 is a di agr‘arﬁ%h‘ovvi ng the conposition
of an inmage form ng device in an enbodi nent of the
invention. FIG 2 is a diagram showi ng the conposition

of, £a Eﬁ&oé@é@e head 4 pehhe d 8ge 1f0rgLng Aoy i-ee 0f £ rom
FIG 1. FIG 3

IS a cross-sectional viewof a liquid

di ' ; i ; r f e .
e gL gr A L3 YRR R TR bRt rRagine
di.cection of a.liquid ¢h er_of the_ liqui [

néaa o 8t P oR s B I afaotrahva ¢ 8RR g -
di schar ge hggg; m@ich const.itutes a .part of tge
recordi ng h of TFPE 2 I HEHEATaISIhgV A %t =P &I
direction qof the liquid chanber. FIG 5 is,a block
dFERRAP S g Che RorPed & i gﬁ S RIcHRT P Csyst efflof
the image formng device of FIG 1 . FIG 61 s a
bEAC 4t B§Fdm Showihg ERY TvhPESition of a printing

control part and a .
FIG. 2 is a diagram showing the

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

FIG. 3 is a cross-sectional view of a
liguid discharge head, which constitutes a part
of the recording head of FIG. 2, taken along a
longitudinal direction of a liquid chamber of
the liquid 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 is 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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head drive circuit in the control systemof FIG 5
.FIG 7 is a diagram show ng an exanple of a drive

wova008f628n? whi ch is generated by the control syBCEM2067/072493

FIG 5. FIG 8A is a diagramshowi ng an exanple of a
drive signal Pl which i s TntPuded in a first drive
wavef orm whi ch constitutes a part of the drive
waveformof FIG 7 . FIG 8B is a diagramshowi ng an

exanpl e of @rdrive ;sigpalyPkophichs i §yiined uded é)E‘aﬁple

second drive waveform that c%nstltut es a part of

\Y; \V r G

fowsn\gafalﬁégxg]aq;efg?m Wd}}f'\gé slgngl q1F¢31f9\1‘/:\/%| cﬂgr%'sthe

|ncI |naf|rst dg veformvvhich constitutes a
form

Gart 6r° heY aFsre Sav fFIG 7. FIG 9Bis a

di agram sh g exampl e, pf a driv n ch

i s include ﬁ ﬂhm%ﬁd(ﬂ#%%%ﬁW%fag ﬁ%g 2 example
constitutes a part of _the dr| e wavefor of FIG 7 .
BG 21655ve FllARMAr € % of ReSHt at Ri A &LﬂlerS‘p

di scharge control which is erforned by the i mag

flok B g HelVee WFVEfQrm W FIC@ q@ﬂ.SstJatarC@a% Part of

showi ng an exanpl e
the drive waveform of FIG. 7.

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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of the image form ng device in which inmage formation
is perfornmed by the recordi ng headusing a roll sheet.

wWO-R@@3/0aB09 s a di agram for expl ai ni ng an exanpl BCDiP2807/072493

regi on where an inmage is forned, and a regi on where
any image is not forned. FTd®13 is a di agram f or

expl ai ni ng an exanple of a region where an imge is
formed, and a region where any inmage is not formed.

Iﬁlﬁn% ailsogldisqgé@@_for expl ai ni ng an exanple of a
regio ere an image is fornmed, and a region where

oy g egast i neds B qa ore g amstonnay

an exanple o or i's generate
control. _system o n_i e _farmng.device.in
SSEBe S hr & Ree S okniiin -2 01 184 € 1 o A mee
showi ng the,rel at.ionship between a,dro ontrol signha
I aSdIThPGe 1 Op Sardtht 11 § ho L bRt maft BF OF1 G
15. FIG 17_is a_djagram show ng an_exanpl e_of, a, drive
maveforn1mhﬁ%ﬁ'iQgéeﬁérét 189 T2 ohPlol S XPL e bR 9af ™

i mage form ng device in an enbodi nent of the
iG¥eRPilch. OFl & negiprd M YPEGr A shREEHY iige formed,

and a region where any image is not formed.

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.b16 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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rel ati onship between a drop control signal and a
di scharge drop anpunt in the enbodinent of FIG1 7

WO-R@s/0d809 s a di agram showi ng an exanpl e of a BEDarRM07/072493

di scharge drive signal to cafge the recording head to
performidle discharge. FIG 0 is a diagram show ng
the conposition of an inmage form ng device in an

enbodi ment of the invention. FIG 21 i s a diagram
ghpow ng the conposition of an image form ng device in
an enbodi nent of the invention. BEST MODE FOR CARRYING
QUT THE | NENTL OBl oA deser it gt | 1B 01 yeg rof (ampLe

enbodi nents of the invention erenc

L€ ogpanyd nigqdr V%@Hirﬁgm Cagn} gaﬁa@os 0g the.

conp03|t|on of e nec *%Hn nage ormng
ey I n nent the J nyentj.on The | mge
(fj(or(]f‘ns%g(;:1 gle(?/l %%gbfpd# |esro£e%gld|3h€¥ |Cisls ﬁl 9% 1 ne
type i mage deV|ce erein a recording. head is
consti t ut ecftgé ul 21 Pné %‘?/8&51“? qﬁf‘&wdi%%hglhgee head
having hqﬁf of quzles (in which Elural nozzl es are
SFBGEF TRk T oW dMP PEVISRF BRI PGnFH ] TidCRal 10 an
embodiment of the invention.

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).



10

15

20

25

l ength larger than the width of a recording region of
a recording sheet (nedium .The image form ng device 1

w0 @068 an | mage formation part 2 inside thePCTaRpe07/072493

form ng device 1 and a trangport mechani sm 3 whi ch
transports a recording shéétﬁ3A‘nediun1tray 4 whi ch
accommodat es several recording sheets 5 is attached to
one side of the imge fornm ng device 1

Al ternatively, d;m%é-fa%%ﬁgpeﬂewg{ﬁgh ni SALEMUEE L,

not illustrated) ch supplies ar sheet
(PAY SO )0 e, mase {96/ 100 o2 T
ASVLBRT SHBRE T rDRATRe Ahar IR P AP AT o s Hib T8a to
(e PEEGI o hg=s TR OB Oy T hE e 18y HREFanTbal Fo L
whil e the recordjng sheet 5 r roll sheet) is ,
tFahS Bort o MPRet 3 earoﬁ%eg%getr%caﬁ%ﬂrnshéhﬁaé > is
formation is conpleted is delivered to a_sheet output,
tFayachiel choi 91t adled 6 A olReI %) Bergiirgedevice
image formng device 1 . As shownin FIG 2 , the
irage fldren ngtdewe t# /1 4 nepddesshhetr etepailyg hegdanism
Igﬁﬁiuﬁhis not illustrated) which supplies a roll
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 i1s formed on the
recording sheet 5 by the image formation part 2
while the recording sheet 5 (or roll sheet) 1is
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,

1llm and 1lly (which may be called collectively

recording head 11) which discharge liquid drops
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11lmand Hy (which may be called collectively
recordi ng head 11) which discharge liquid dropsof the

wae 081062309 bl ack (K), cyan (C), magenta (M andPgEIP007/072493

(Y), respectively. The reqprg%ng heads 11k, lie, 11m
and Hy are constituted by four full-line type liquid
di scharge heads, and the respective recordi ng heads 11
are attached to a head hol der (which is not

id# usheatash) owi ¥ tlb@araqaztrz:)%urér;ﬁgﬁ_ 1N, ( RRZA €8 2104u)

are formed therein) faced down. e image form ng

d8yd Coel 185y Sheyn | G i bRglydes phad n :
/recoggry dev?cgg 1gﬁ§bié%%lyggﬁgnd fg?i(%ﬁﬁgﬂﬁﬁg§gbe

wdldgd qald eciiyel vi iRl H:eaangs) r 2EQveidy 0BV iGf &) by
whi ch perform mai'nt enance an ecovery o e
f_th 1] | 11. At
PRe Tl ey BePPoriEge ik Eeh R e af T BR B (nene
. di h h .

S Rl TR sk STE el RS Adbcr 18 e TRged

i nt / devi 12 d | ati to
St oGS ARG CiHe. CHPHI TG FEnBE? C whi o S BRI I8 ed 4ED

rt of 2ﬂg mai nt enance/ recovery device 12 is made to
Eibee BRE oz zPE XA Facd AN (8P 2 heepeddt 4i AF heharTEd

therein) faced down.

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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I'n this enbodi ment, the black, cyan, nmagenta and _
yel l ow recordi ng heads 11 arearranged in this order in

wa2esqesnce fromthe upstream side of the recoPdi/mRp007/072493

sheet transporting direction discharge the liquid
drops of each color to the recordi ng sheet. However,
the arrangenent and the nunber of colors of the
recordi ng heads according to the invention are not

| Brizanged tihi statsod raetr {eaorsegpkuwcd i f¥oafl the
full-line type recording heads in which a plurality of

nopzlter eaws Al @eabianged ate @b¥eA gt ehwals may al so
be used instead. The recordi ng head and the recording

ft@ﬂu@pb&@i@gﬁ whircdesuppl i€s Hhe d85eLd NohEl liiidqwd
e

the recording ad may be fornmed into an integra

CamRAENb £0Te 4 BRY ¥ 16 £ OKLIED. BS gge@é% ggf”yﬁg% y.S-

The image formng device 1 includes a s sup _

(ROLREYEl hud ashaaLsace SEELAEOT bl ogt 4 o
sSSP oPters 5o e ARt ag VaEolh RBerHtrongo the
|LBBOLL cfechenl w03 1 Wen dhe J Toge g dext e

One or a plurality of full-line type
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 fhe 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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roll sheet is continuously delivered to the transport
mechani sm 3 by neans of the sheetsupply rollers 22.

wab@soemnsport mechani sm 3 includes the fol |l ow@nJrP2007/072493

el ements. A transporting beI§ 25 of endless type is
wound between a drive rol l'er“ttTansport roller) 23
which is rotated by the drive notor (not illustrated)
and a driven roller 24. A charging roller 2 6 is

wypded ﬁ@lggqrigegghe transporting belt 25
electrically. A guide nmenmber (platen plate) 2 7 is

provi ded topgyi @%é&gﬁb&?@%ﬁeaya@&@ﬁ' B3 %bﬂéﬁo{@i the

portion which faces the i mge rmati on part

d@éfigw}% OE'l%réré@n'ﬁs Sﬂ”@%ﬁg%%&ﬁﬁ&%%%‘i hgs of

|V|ng ro to retainther shee
eet sent fr mthe, sheet uppl art nst
Ji]drz:gve % Pi erlis nrolpeco?gﬂwee | Gi J”I‘)pl ngrc?avg?'rﬁ

I f
nﬁﬁaﬁp%ap”é%’@ Yot g G PArbi H8d 5 7 BRGVE T nEhe
di fluid k dh the t t

pepial i [Lund (10K s POt b S0 IEen

provided to electrjcally discharge the transporting
ePties 4h-addi t$RAI U FvER) ForF| 8% BY Qﬂfé"b%éﬁldde’fdo

at the downstream portion of the
charge the transporting belt 25 electrically. A

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 f£luid (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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WG b@si6sne put tray 6 .

transport nechanism 3 to deliver the recording sheet 5
(or roll sheet) on which the inmage isforned, to the

In the full-line type |PED&P2007/072493
form ng device described above, the transporting belt
25 is electrically charged a#dl The recording sheet 5
(or roll sheet) is delivered to the transporting belt
25, so that the recording sheet 5 (or roll sheet) is

34 racted 1?3 tthl% egggte@%efc Gutf OEEEB)S“ g the

transportin and s transported by th

e
rotating At, of . tRhe qtyans
|nage i's ?gﬁﬁe on { eﬁréﬁﬁggiﬁgy %&%%é ﬁngﬁgh
s of the re tiye col or, ar ed fromt
HeBratn %as&slsf? a%oveuﬂfnsfa B0 DO F e Al
formati on art recqQrdin ﬁEeet on mh ch th
imga oL Bihed}i GBRLEF Rttt he Soeatos g FRapt
. A description will, be given of an exanple of a
I?unécﬁ%%ﬁaﬁﬁ?%%éd%ﬂu@ﬁl&%%¥?9mﬁ% Bhgart of the
recording head 1 1 with reference to FIG 3 and, FIG
ArappEOBLisda RebE L5sebP itdhaF Vilsy B ARl {Pgui d
di scharge head taken along the line A-A indicated in
Rigee2 i fokomptldisdeedirdctishtracted by the

t 25

electrostatic force of the transporting belt 25
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 liguid 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
liguid discharge head taken along the line A-A
indicated in FIG. 2 in a longitudinal direction
of a ligquid chamber of the liquid discharge head

(which direction is perpendicular to the
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of a liquid chanber of the liquid discharge head
(which direction is perpendicular to thedirection of

wo b@snesad e row) . FIG 4 is a cross-secti onal PeT/ere0wf072493

the liquid discharge head ta along a latera
direction of the liquid char (which direction is
parallel to the direction of the nozzle row) . The
l'iquid discharge head includes the follow ng el enents:

agehaaseh g ade lHduhd zGhaabekwubst pate) 401s a
di aphragm pl ate 102 which is bonded to the

U%¥H§HL%@E%PBn%m3@Bé%n%fpkﬂéaiihﬁ@d’&fé@%ﬂrge
substrate) 101 and this channel plate 101; and

n‘B & PhLalsn 193w ch s bopded 0. LRe suppe fSl'{{ﬁ ce
%

e channel plate 101 (or ormed I ntegra

13%&?ﬁ8”§ha°ﬂﬂ%§m1§% LT s %eéﬁogo
h fol I :
C A LDLaLOLLOW B Sl s: g, pr sour e
t t.h I 104 fq
pResage Lo SETTUTLCRL e, WL A0Ezh oo 108 /0 o v one

which is prOV|ged as a liquid supply Rassage whi ch
¢ B

sdpptt e¥ ifhe fARMGRESF dihCRRANDL t BLEHE phédSitiGed

[ UId
chamber substrate) 101; a diaphragm plate 102

which 1s bonded to the undersurface of the
channel plate (liguid 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
liquid chamber which 1s provided as an
individual passage to communicate with nozzles
104 for discharging liquid drops; a fluid
resistance part 107 which is provided as a
liquid 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.
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chanber 106; and a danper chanber 118 which is
provi ded adjacent to a common |iquid chanber 1CElIn

wao bios/oeasiodi nent, the channel plate 101 is proPC/aeR007/072493

froman SUS substrate through nachining, punching or
etching using an acid etchi é Solution, and the
channel plate 101 forms various openings of the
pressurized liquid chanber 106, the fluid resistance

part 107 agq the; dagpelo GHAGRAT, 1i8e IoBRAGIIVCY athe

menti oned above, the channel plate 101 and the nozzle

fégé %éggfh;do%ggddiﬂp agm pdgke 137 PRy the £RrmRtyh

'og = delbec rocasting . The channel plate
may. be forne y. perforni :an| oYoV t ghis f
82§, agwyﬁwc&w%oﬁ%u PR PR A PR
orientation (110) using .alkalin t.chi ti
zateﬁna%qasalet%égﬁam Aok e Soriton ERAyL. 10
ernatively, the channel a 101 be. f . .
:éﬁirﬁgs_ avﬁﬁd{%‘éélnﬁﬁql?ﬂengésicﬁl? Si%se s%’éﬁn%)élunfﬂz%\rdn?d? quid
e diaphragmplate 102 is forned f th - d
ahekeve pl &6 i nEhwdi hyud & ilf%?lﬁaty%ﬁﬁggo%’aﬁr “Lohnand
| ayer 102b and a third | ayer 102c which are | am nated
them daspld quel aataber 1H06 5PE& S @hd Ve di aphr agm

plate 102 is produced through
As mentioned above, the channel plate

101 and the nozzle plate 103 or 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 liquid 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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el ectrocasting, for exanple. Alternatively, the
di aphragm pl ate 102 may be fornmed from al am nat ed

woreimbes2snede of a resin, such as polyi m de, anPiCEHJr0O07172493

plate, such as an SUS substrate, or forned froma
resin member, for exanple T FRe nozzle plate 103 forns
various nozzles 104 corresponding to the respective
pressurized liquid chanbers 106, and this nozzle plate

K03k g 4 @geﬁéﬁbégeﬂﬁE@nSEF§a£§sﬁﬁz?¥y@haggaﬂVe

agent. The source materials suitable orm ng the

o) | af e 3 Y. d t al ecial. s as
SRy A A B g N T an TR 2
a lyimde resin. silico and_their, conhi nation.. The
HOBPEA= SRapd of TPRE TR0 IS TION P& 3 ol A1 KE” SHADS
(or _a generally cylindrical shape or truncated cone
sHAPEPTEY: be used) , and the inside diameter of the
nozzle 104 is in a rﬁnge of 20-35_m croneters a s the
di ameter on'RRe "G #8161 RahaFRk Mt dpLfodt et Vafie® pft ch
of nozzles_ of each rowis set to 150 dpi. A )

Vi? BE4pel PéntC e rEiestP PRGN I nbP it st BRI Ewiicch

IS subjected a waterrepell ent
pressurized liguid chambers 106, and this nozzle

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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surface treatnment is provided on the nozzle surface
104N (the surface in thedi scharge direction) of the

woomsloe2spd ate 103. The water-repel |l ent-fini sh PEyar200m72493

be formed through PTFE-Ni eg%ecti c plating or

el ectrodeposit ion of fluor esin, vapor deposition of
fluororesin with evaporativity, or baking after
cIs]olve_nt spreadi ng of silicon-based resin or
ines ba I Co £l R Hbendiaphs agmapt at e 0102,
als,gghg\%r%ijnaaﬁrégg l?)rg)t d?gphrtr agmnpart 10 Aap&
correspondi ng t D 4 | U hagb
“ gf%gegrbg%%%lli%%& Rt i S
ar Wo: | ayer ryct s, fogped in the
103c2?lfglué3 dfPEﬁgﬁgég%gcg?né%éh IJ;11{)§,E\l§-§/(st{%cﬁémsecond | ayer
and . the thjr ayer 102c, . Of
%}@E&ﬁ%%?HQf% é&&n%glf 1 ¥8E%g}£tiygh§fhe ener gy
enerating unit ctuator unit) .i.s bonded to
%?Ejoéc&’?bﬁnpé?? %gmr?é§ﬁe}ﬂigfélt3‘. %?Pé’s%%%%i@%gt}(b ar
partition 106A of each pressurized |iquid chanber 106
pakiquppaft gar 8oL ts SEoriad 10 (RE FrirebSPAyd 3=
structured portion (thick portion 102B) . The
peedoel ect filueramanBaseR ahESthe Stfport parts 113

are fornmed through slit
In the diaphragm plate 102, as shown in

FIG. 3, a diaphragm part 102A corresponding to
each pressurized liquid chamber 106 ié 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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processing by half-cut dicing of a | am nated
pi ezoel ectric el ement nenber 114. The supportparts 113

W@e@sabxew pi ezoel ectric el ements, but no driveP@DIR2QH072493

is applied to the support parts 13 and they serve as a
support for the diaphragmpléfe-102. The | ani nat ed
pi ezoel ectric el ement nenber 114 is bonded to the base
menber 115. For exanple, the piezoelectric elenents

112 (pi lectric,el emen % Ke bY vyt
1T nst i%hzlggafatreer nat &% pal%)lzg%gig?eég ?:leéc ?ayern@gfsl’ea
titanate zircqnate (PRZT)_whgse thjicknes %a ri
48 202 21 £ 20 (D MIGSE, S LRSS, B LANE d e
el ectrode | ayer of silver /pall adi w#éA P%) whgse

thi CRAGSSEBEY ISBEF S & Sede AP RPEFork? br £1hat aphragn
internal electrodes are electrically connected tq the :
imbRFed el 2 el ectR 8dé 3w BRE T ormBiF & cBCiddeS EndfBen
drive signal is supplied to these electrodes via an
rrenbas el 146.1 sTheongted dERg tead Preie cBRMRRF ed s

that the recording fluid in the |iquid chanber 106 is
pressuri zedFasi reg ampilezoet bet m ke diospl @eemeit of epnts
pi ezoel ectric elenment 112 in d33 direction. ,
Al1éerngtigebyldbe rmecoe dieme hiead emddye codfl Hur ed ssgnade
that the recording fluid

by laminating alternately a pilezoelectric layer
of 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
that the recording fluid in the ligquid 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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in the liquid chamber 106 is pressurized using a
pi ezoel ectric displacenent of the piezoel ectricel enent

wai@siosesaBl direction. The recording head in tPCEIP2007/072493

enbodi nment enpl oys the configuration which utilizes

the di spl acenment of the pie ["ectric elenent 112 in
d33 direction. It is preferred that the base nenber

115 is formed using a netallic material. Wen the

%ﬁte‘%ﬁ%ﬁlt of 1 5he bage) gL 4154 s metal, it is

possi bl'e to prevent the heat accunul ati on of the

piezoelectﬁ#ﬁ%ekgqﬁng?%AE%deé ejﬁglé% %ggﬁggo%ngﬁgﬂk.

Bondi ng of piezoel ectric elenent the base
menber 115 pay be perfaor Si_ng. I g
ﬁ8%§§8VF i Fﬁgtghﬁﬁefiofoghgﬂgégg ﬁﬂ%?%%ééﬁgagﬂkn

the full-line ty cordj ng head, ., the_ temperatur .
Alee PG UBOUE 00 UG dLke CoBy. THETSd (S hERThg of2 P
the piezoelectric element 112 and the bonding strength
Pl ¥ sdtRrkaBfy. The tenperature rise inside the
recordi ng head occurs by the self-heating and the ink
tenper at ur el ¥i 46s PrepBerr e feti@ipef Beurke 8 mfember 115

rises, ink viscosity will fall and it will have
signfpirerd pafingneedegellic material. When the

material of the base member 115 is metal, it is
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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di scharging properties. Therefore, the base nenber 115
is formedusing a netallic material, to prevent the

whe@s/oeaseunul ati on by the self-heating of the PCT/JP2007/072493

pi ezoel ectric element 112. Furthernore, this allows
the degradation of the jetTi®®y Pproperties due to the
fall of such bonding strength and the fall of
recording fluid viscosity to be prevented. Mreover, a

AR MEEE 131 10 68 de P10af ne@o%%{z%’ﬁ@nitnjﬁ%i ARat

g of an epoxybas resin or enyl ene

fﬁ“éa%}n%fastﬁggg%‘i%tz%%hes &1 Eeund of puee OF LS

ragmp an adhesi ve age conmon

lLiquid chanper. 108. which s l'ies_the .recording ui d

RS TR e o ok ot BRubor M ho £ o opd e hhih s

the frame menber 117. The recording.fluid fromthe .
H iR G Sa B e IO | 6 T a6 bt plfe PEOBE Tt i e

pressurized liquid chanber 106 via the feed haole 109

B Fred A FRRe I bbhPig@ bt & 21 nEhe hassdfe” 139d the

formed in the upstream.of the fluid resistance part
Tl lad thecoufd dnfedilt hfcd paf o SIFA ACr &r di ng
fluid feed hole 119 for supplying the recording fluid
tror eMendon®en | i qui d chanmber 108

Moreover, a frame member 117 which is
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
liguid chamber 106 is formed in the frame member
117. The recording fluid from the common ligquid
chamber 108 is supplied to the pressurized
liguid 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 liguid chamber 108

externally is also formed in the frame member 17.

A portion of the wall surface of the
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externally is also formed in the frame menmber 17 A
portion of the wall surface of thecommon |iquid

w@e b@sie2809.08 i s forned by the di aphragm pl at e RORJR#00 072493

fornms the wall surface of thf l'iquid chanmber 106. The
portion which forms the wall Y urface of the common
[iquid chanber 108 is forned into a danper part 124.
The danper part 124 forns the wall part of the

| R BhNY f30Rer ShapBer 1185t G sibsertnd depRr esisyr e
fluctuation arising in the conmmon |iquid chanber 108.
t

-Q$%§gggﬁgcgﬂg¥% 15%i@%?@%ﬂf&rﬁgeEﬂ@nﬁgﬁiesurface

gh i opening ich is not illustrated. In

ol tléé%“glgjpﬁ@gﬁ%%ﬁ%%aﬂ BRI oned cahoye jWienyhhen
piezoelectric element 112 falls

S B I Ahe Bmgsheatiitis
AR o SR, AR LIS, CRRREL L ERT e
e, L dochanter 100 ALer el ep L yoLieas,
s Rt SR AERE Pén.CHE BFaph Bl B80T Ehe -
pressure fluctuation arising in the common
ligquid 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 liquid 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



10

15

20

25

102 is defornmed in the nozzle 104 direction, and the
capacity/volune of the liquid chanber 106 isdecreased,

W@ 0081060804 he recording fluid in the |iquid chardEIP200B072493

is pressurized, and a drop the recording fluid is
di scharged (ejected) fromt nozzl e 104.

Subsequent|ly, when the voltage applied to the

pi ezoel ectric elenment 112 is returned to the reference

wldagesddie doart AMpIAL Be LO2-d SnbeiAH BEE 110, LhRe
initial position, and the Ii1quid chanmber 106 is caused

R TR A RS
G914 LS Dyt 100 1] e UL CPOTBRJ4BH & on

Q$§Z|6010§Lés g clined and the nozzl e neniscus is
S i FPFey: tﬁ iquid discharge head is shifted to

subsequent operation f di schar gi a liquid dro ,
fromthe no Tgsfﬂﬂe?ﬁaﬁhhygﬁﬁoﬁﬁknyPﬁ%%ge 2Bplied
pi ezoel ectric type |iquid discharge_head whi ch uses
PikzbBPe @ § €08 hehfd Ca t BB & er gy “ge®r AGTHRFRALA tO
(actuator unit) will be described. Alternatively, a
|qQ@ige@g&ggpﬁav@hga&ﬁmgthe diaphragm plate 102

is returned to the initial position, and the
liguid chamber 106 is caused to expand. At this
time, negative pressure arises in the liquid
chamber 106, and the ligquid 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 is
shifted to subseqguent 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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anot her actuator unit, such as a thernmal head which
uses an exothermc resistor for anactuator unit, and

wW@r0081062809 ost ati ¢ head whi ch uses a s the act up€DIP200T/472493

a di aphragm and an el ectrode which generate
el ectrostatic force, may af st be used as the recording
head 11. Next, a control systemof the inmage formng
device of this enbodiment will be described wth
HOLERLE LOnFhG Dng Ar SPAMLIJSELG S hBBLophien
system'incl udes 'a marn control part ?b; constituted by
& d0 &r9co uge%agnggo%ﬁﬁﬁgksér]igﬁﬂffghm%ga an
Oornt ng "devi Ce "and i ncludes™a controF unit whic
cantrol s idle discharge operati.on accordi ta. the
IR LGS alli 5 Thr S AU EBnEroTC pAFC 02 6okt T Ehted
by a m_croconputer whic erforns printing control. In
il G T oP 7 A hege G S FELT BhG SHEgRSasba on
print processing information received froma ,
comuni cat iNAXEr r @ui $OBEE,0+ hé Yivdi S c Bt riof S parta 391
carries out various controls including a drive contro
dfo ¥mé ndt | IPHG A0l ¢ Er tHEL s acaHRIBEMT oV 1éfl PRheet
feed motor (which is not illustrated) through the
steeet riidesid notidih drefendneai tt QOHIGand a

As shown in FIG. 5, the control system

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 wvarious
controls including a drive control §f 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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print control of outputting inage data and print
control data to the printing control part 302. The main

wa@omsadsopart 301 receives a detection signal PCDMRAO072493

feed anobunt detecting circuit 306 which detects the
amount of novenent of the Grﬁéiﬁg roller 23. The main
control part 301 controls the anbunt of nobvenent and
rotating speed of the driving roller 23 based on the

recei ved detedd ipR; s ¢h¢ rBAr SxapIFp1thedeLles a
anount detecting circuit 306 detects the anount of

”H%%'?@{'Bfg] F£‘fgﬁ¥ai1Vif‘Eoﬁl°'ﬂl?é %%ety %ﬁ%‘ﬁir{‘@l &E%edcting

nunber of slits”of a rotary encoder sheet attached to

tﬁirrcoﬁflc' g ghatt A &Q%eci{tlhé“ ng J O%A\S;lnzts’ofsﬁ'ri%&nent

photosensor, and measuri ng e anouni of novenent .

Th t feed. not ' ' ' 304 _r.ot at th

SRaert T Bl Tt bIGI 1 SEuBFddbe wiTH tHE amotnt toP T cBa ™t
ived f th [ t.rol t 301 t hat the .

APV rigO RS ot S 25 1% FBELRdY RRA TP FERER M GndQt 5 ing

transported to a predeterm ned position at

, a
pEOEA @r Ritndd* p&&d: VTAE hf hlednt4dI PpEad 392 the

performs one revolution of the sheet supply roller 2 1
bfeceived detection signal.

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 recofding 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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outputting a sheet-supply notor drive conmmand to the
sheet -supply notor drive circuit 307. Themain contro

wWQa008/08309 perf orms t he mai nt enance recovery acPCDuP2067/072493

the recording head 11 by driving the drive source of
the head hol der (not illustrat¥ed) and driving the
mai nt enance/ recovery device 12 through the

mai nt enance/ recovery-device drive circuit 308. The

int.i | d
Phlalitd ng}pﬁ ecgef Rart 384 %@?%%& S rmu?lte mdé;?xel% Shgnce

anDunt 0 eed from a

6 I |, f t h
cont r o‘f g&r taa%gf[g?fhgggﬁc:h\%e ﬂ%vgg&]nﬁgg% &r iRy ng
L, t t I f
ﬁe reco%lt%gnerg&l T %gludﬁé% %Oglfé:g[} ngraez%d?n@t
. t he d f data to the head d
Pl T 3265 Hhe =B miF ng ‘Goht FOF &%n%@z?%‘aps&'t s
various signals required for transm ssion of inmage

dAEE BhAT A Ko Edgenent NgFo B ﬁhﬁmﬂﬁ&ﬁ%ﬁnaﬂ§Qhe

head drive circuit 310 . The printing control part 302

i AEIARIER L ¥ —¢}S Vé CRavEr 6V e geheeatitng3P8rt which is
constituted by a D-A converter for D/ A conversion of

the drive sPf@falppanttekmgdatoamtrol part 302 generates,

based on the amount of sheet feed 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 liguid 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
drive 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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wokiosiesed ects a drive signal

stored in ROM a voltage anplifier, a current

anplifier etc., and a drive waveform sel ecti ngunit

to be supplied tRCT/R2007/072493
head drive circuit 310. The printing control part 302
generates a drive wavef orm ¢dntai ning one or a

plurality of drive pulses (drive signals), and outputs
the drive waveformto the head drive circuit 310. The
head dri}}v.e circyit 310 _selects the drivacsignal

fraom.
P r i é%&w%? T FEci v l?Foﬁ%%ga&Hrﬁing ﬁﬁfgghed
gart 302.in ac ondance.mﬁth.%h% I mage dat a, aan
GhptPEs Bafed dPivie” Si GrdC T t et Sher dy GeRErALT hyd
unit (piezoel ectric el enents) of the,recordiggihead
£PnkEoehRa T he 3ter §F PGerRE &6 Ry DRV pYRY &S XL ri ¢
el ements) of the recording head 11 is driven to
G&tr a8 drer g et P Bi SciakgEalilguy dodr shslvenailsgs
description will be given of the printing control part
JoPr hng tSHegmaadd Jdr i 88 dciehpu R0t fet (¥ ever eirvecform
FIG 6 . As shownin FIG 6, the printing contro
par tt Be2 Hewlludesi va drineuipivef bl m generating part
401 which generates the drive waveform (comon drive
wavef orm ¢ aheiaty drpwe atittyuit 310 selects the
drive signal from the drive waveform 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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WO besloeasdd dri ve circuit 310, 2- bit

of drive pulses (drive signals) within one printing
cycle; and a data transfer part 402which outputs, to
i mage dat aPCT/JP2007/072493
(gradation signals 0 and 1 ) %ccording to the print

i mage, a clock signal, a lat? Signal (LAT), and drop
control signals MOM3. The drop control signals M-M
are supplied to the head drive circuit 310 for

Wetuest It phiels eV@éthémheé\ﬁ! tghing QN 28d iGFF39h, -
t he anal og smntch 415 (which is a switching unit in

eﬁ@@ gdé'a £& f@ﬁ&%é&@ionm@%ﬁﬁﬁgg aﬁ%@wmp

contro S|gna IS S ted to

06 A0GE, VELD 11 BELH DOngxrl @ of ihe.go op g5 ve,

maveéorn1 en any ion o vaveformshéu not’

d d f h d t r.ol
i3 abesiafhtidady (& WA Ao b o LS Ho-

gg%eforn1should be sel ected. The head drive circuit
"includes the follow ng elenents: a shift register
411 which receives a transfer cl ock ﬁshlft cl ock) and
serial imagé*Yafd o®yraaation deden2Ll6i &0 3 @dhinel )
fromthe data transfer part 402; a latch circuit 412
FOTPP At &l ngCeddte regrst rdx e val GeUgFt t Be OsHig®

regi ster 411 using the latch
requesting, for every drop, switching ON 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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signal fromthe data transfer part 402; adecoder 413
whi ch decodes the gradation data and the drop contro

wGe2@aabshd- M3 and out puts the resulting data; BCT/@r2007/072493

shifter 414 which converts the |ogic-1level voltage
signal of the decoder 413 intb The level on which an
anal og switch 415 can operate; and an anal og switch
415 which is switched on and off in accordance with

Hhe O4ERUL; PR LA éﬁca@%&ééhr&@@i ¥ed viaibhe chdgtvgl and

shifter 414. The analog swtch 415 i s connecte

srischran SeRthade Ll gl ogpdel st et

pi ezoe ; f e common s01
f ) [ r. neratijn ar.t
s Tt éhé%%?%&s&#%%ah %n%ﬁgc%nal g
i 415 | itched . ON b d t [ e .dat
R AN q?aﬁgﬂeeﬁ%issf&fﬁﬁffﬁé’?wﬁg o2 che
| ti .of th trol _si M- romthe
SERRP T ol 3L RO 1 R %01 GRAP M T Qi 8Bt ot F L6
the co n grive waveformis supplied to the .
ﬁi“@z%%gggt]r cCePereRErRF1S 7/ NBXtY ¢ Re adid YeIwavet b 4l 5

an enbodi nent of the invention will be descri bed
which is switched on and off in accordance with

the ocutput of the decoder 413 received wvia the
level shifter 414.

The analog switch 415 is connected to a
selection electrode (individual electrode) 154
cf 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 1s 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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with reference to FIG 7 .As shown in FIG 7 (a), the
drive wavef orm generating part 401 generates, within

wWor@sH6isve cycle (one printing cycle) that i s PCT/JP2007/072493

determ ned by the pixel density and the recording
sheet transport speed, a dri¥® waveform containing a
first drive waveform Pd and a second drive wavef orm Pk
intine series. The first drive waveform Pd i ncludes a

non- di scha?\x%e QEB‘&% s'ign%J_I{-O_ f70r( osCi Ltgla% iogg_i%e

meni scus of the nozzle which'is not’ lse I mage
Lon, [ it f fi+st _discharge dri .
g%na !sjg?ndrg?%ge%u%%é lglé-ljﬁg f4 odr1r d?%@hearrﬁgﬁg "t h"él\t/%ln
nount _of |iquid dr used_for_.image farmation. The
sélceon%r&ivsech%?’ﬁgedr?\B/élesi%ﬁérlt(ltr?ﬁs gé@gjn%l diRAs 18
vefornm Pk js ta discharge the anount of |iquid drop
g%ﬁ?%?lﬂ%§ %Heﬁ%ﬁiﬁ&ﬁ% sERAYEC dr G AnbiRt used
for image formation . Alternatively, the second drive
\%@?B?%ﬂ%ysﬁé% raRGEFR BT EnARRR Y @ ufariMS of
second di scharge drive signals simlar to the first

#d VRl Ravef®f M aHaehnef & heigsityed silgital vaPe-fBrand Pk

i ncl udes a waveform el enent whose voltage falls
and a second drive waveform Pk in time series.

The first drive waveform 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 P0O-P3 and Pk
includes a waveform element whose voltage falls

from the reference voltage Ve, and a waveform
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fromthe reference voltage Ve, and a wavef or nel enent
whose voltage rises fromthe | ow potential to which

wo b@swelsbage has fall en. The wavef orm el enent POT/AIWR0EH072493

the voltage V of the drive signal falls fromthe
reference voltage Ve is catl@d a drawi ng waveform

el ement, and this waveform el enent causes the

pi ezoel ectric elenment 121 to contract and causes the

it f. the |iqui 0 .ol h
Rhefah drakeh TAbSR GO Tae T 28N rERe R T ow
tenti al whi ch, t | t has f ' | ed
BREERe b PorfA BPamdn e SN YAOS WAVer 5P EeBrent
causes the piezoelectric elenment 121 tao .el ong tﬁeand
causes the ﬁ&ﬁa&’ia@e Prfrheeiﬁalﬁrbtcﬁgnﬁ”el?lfgﬁact o

contract . The drive signal P O includ in the first
(ﬂ@%EQ&WeVoPﬁI?PFS@¥%W?v§%&ﬁ@£oé%£ﬁ?c&?ﬁ%iﬁ%ﬁes

the neni scus of the nozzle w thout making |iquid drop

df 8 E Raregec e EXEHL bR 9ehe/ /r L ¥e 3 Hh&ISs 193 eI Pk
included in the first and second drive waveforns is a

dr ave fgavef elmmen tdi sthdr §itgS awBivF ardr spL ppent
expanded t he Iiguid chamber connunicatin%Amﬁth

causes the piezoelectric element 121 to contract
and causes the capacity of the liquid chamber
106 to expand.

The waveformielement 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 ligquid discharge head, and
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the nozzle of the liquid discharge head, andthereafter
shrinking the |liquid chanber. One of the drop contro

WG 2@RabsoM)- M3 shown in FIG 7 (b) is suppliedPdT/airmooe2493

data transfer part 402 to the head drive circuit 310.
The head drive circuit 310-p&Pforns the drive signal
selection to select at |east one of the drive signa
inthe first drive waveformand the drive signal in

e secand driyve .vva}éeformiﬁgrthe [ ece vedm%re contr ol

t

SGHPEPA2 T res REI DG 0t flo:‘r%l?ig THIRESHrive, the
drive signal POis selected in response to the q% p
control si gnaf MﬂD?E%I&ﬁ?%nQ%Pﬁgﬂg ﬁﬁ?ﬂ%qfl @e“3
state of the_drop contro| si %&ali., \@:{ di s r}?rgidngca
P drigh, Ffe dfi V& )siyhaF PR L8 %et Befed i @82
response to the drog control signal M, Wen ,

di sehafg hgpa Ntar 48 2drtep, thke e pde & R8I £ Cpig S10-
selected in response to the drop control signal M .
Wiea perd dr dirigr ¢ dEé rdisthadd PREfRTRE diymal Pk ¢ s
sel ected in response to the drop control signal M3
Thegaellecs ed edrti Vensitgnas eils supplti b2 dtt lpne of the

pi ezoel ectric elenment 121 of the recording head 11,
r&speet i yebyal nithichexadplss; dnéved vhegetiwrdr gmd the
drive signal in the second drive waveform in the
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 M1. 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 recording head 11, respectively.

In this example, one of the two drop

sizes: small drop and large drop is selected.
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sizes: small drop and large drop is
sel ected. Alternatively, one of three drop sizes: snal

waole@p/062809dl e drop, and | arge drop nay be sel eRPCEAP2G7/072493

di scharge the sel ected drop. An exanple of the first
di scharge drive signal Pl forldi-scharging a smal
drop, and the second di scharge drive signal Pk for

performng idle discharge will be described with
r r .Q_F 8A and _FI 8B. FIG 8A shows an
egg‘ﬁt'pﬁepe&%#ltvheei Vi S Qi Séfhécr%gree §r iVeoRi AP N3 hd

fi&st driv%I vef.orm Pd fg% fischar ing a sma] |l drop

(SR rm ] oo 8 R 8960 §OF SemeUECPortRY | BR) .

FI G, 8B shows an,ex | e of the second di scharge drive
s?&ﬂ'ﬁcwgi i+ Q hal§£g%pﬁg&ri%ev\é\?éfeo‘?ﬁwefjord]a?gchar gi ng

the amount of liquid _drop smaller than the mninmm
di scharge dfdp RBBRLS The tde vEigighatfipichaEpgdedrive
drawi ng_ wavef orm el enent al whose voltage falls from

t e gned br 8dcef 98| Cdgrcharigingvel tageléhaigervf &#and the
causing the liquid chamber 106 to expand, and causing

t Beammiscis o atrige ndzive toipoadr alk. LAt epegforming
predetermned hold tine, the drive signal Pl includes
aipriessing oleveffermill be described with reference
to FIG. 8A and FIG. 8B.

FIG. 8A 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. BB 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 liquid 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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element b | whose voltage rises by a vol tagechange
Vra, shrinking the liquid chanber 106 and di schargi ng

w@2008mesad drop fromthe nozzle. After a predet PCTIRROG/072493

hold tine, the voltage of the drive signal Pl rises to
the reference voltage VE.'Th@Zd?ive signal Pk includes
a drawi ng waveform el enent ak whose voltage falls from
the reference voltage Ve by a voltage change Vfb,

Gsh g8 thea | | G di ghanker £ 1@6 ito,gxpant, aRe LAUSHRY ang

the neni scus of the nozzle to be drawn. After a

pregeneicd fied ol b1e: 4 B0 ey Skgnal o Bl gl udes

a pressing waveformel enent ose voltage risés by

age Vi, i nkhng i quj er 106

A sendroens bR e REL Y Cifte U, P iR ber

efer.m ned.hol d, tiqe, the valta of the drive
%%%aﬁgﬁwéugé %éﬁtEgeﬁﬁ%?gn%fvgﬁFmﬁfgg?eq?eis
Q;g%grred\}hat the timng of shrinking the |iquid
cha %98106eby the rising edges of the pressing
waveform el enments b | and bk accords with the timng
of the peridtf of Tiafar §F Fbnirfc el BF L &GRS wReslrawing

ex andin%\the l'iquid chanmber 106 bg the falling edges
e fpeorm element ak whose voltage falls from the

reference voltage Ve by a voltage change Vfb,
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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drawi ng waveform el ements al and ak.In this
enbodi nent, a change tine (falling tine) Tfa of the

wale@siosagonavef orm el enent al of the drive si gneCT/B2007%072493

equal to a change tine (fall4$g_tine) Tfb of the

drawi ng waveform el ement ak ©of the drive signal Pk,
and a change tine (rising tine) Tra of the pressing
waveformelenment b | of the drive signal Pl is equa

to a changedigRi(e ishBedim@ht]r b ofhbheyressiag
waveform el enent bk of the drive signal Pk. In this

enpodi ARy . + Lhe riskRg ool tage (ol age wAdRGY rirb of

the pressing waveform el ement bk of the drive signa

(%(Vlo.ﬁe%q_l Cﬂf B% be, sMald €yt RANyA e HSiNg wWlialeto a

t age ange) Vra of the pressing waveform el ement

Féh%gtehec%%ve( iéﬂﬂ]ﬁl(rjl{;ttiﬁ%%repfb e @ﬂ%‘;{(&.ﬁhh@e

iquid drop di scharge e ‘drive signa
YRS LR LGl 88, B NSO oD (510 L
hSsERa ey [Pefald! e, (Rgs (Y9l Lage ghangRlng
Sﬁggg%gﬂkiglgﬁegg E%t?fl%%gﬂdgg@étgggggiigg is
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 Dbl
of the drive signal Pl. 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
P1.

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
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vol tage (voltage change) Vfa of the draw ng- AA -
waveform el enent al of the drive signal Pl. Thereby,

wo b@saesp speed by the drive signal Pk is increayaeb07/072493

and it is possible to dischgrge aliquid drop fromthe
nozzle certainly. Di scharge 6eﬁding of the liquid drop
di scharged by the drive signal Pk nmay arise if a high
frequency drive is performed, and the drive signal Pk

o SR rngi taklYeHsed @Sc 2 dHyeqsiignal sfemel sehargi ng
a liquid drop used for inmage formation. In this

fﬂg(?cgggrﬂt ’theéag%l]ﬁgfpt th%gﬁegidr Yy apd SespNgddrd ¥gnal Pk

L e T i
e T by in P hoag o fre Thad
seffﬁggg??tghEE5:§i:§F?s8%EY£u§ig§%Q§?§CﬁF§ES ig ?hehe
v e chiiad 4 FhenTeliiy abu ot nhErclih B e
& hercdby T aicsk HaY githF tBE14Foumt 9582 Y | é i oo oBrs'Lrﬁra]% | &F 2

than the m ni num di scharge drop anpunt. used _for
héotat fsgquency drive %s pegformed, and the Qfive

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

ITn this embodiment, each of the first
and second drive waveforms contains the pressing
waveform element which discharges a liquid drop
by shrinking the liguid 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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Mor eover, in this enbodi nent, each of the first and
second drive waveform contains thedraw ng waveform

webk@sovesomhi ch expands the |iquid chanber conmeei/aR200MEy2493

with the nozzle of the Iiquid discharge head. The
vol t age change of the draw n‘b5v\'aveform el enent of the
drive signal included in the second drive waveformis
set up to be larger than the voltage change of the

4.2, g gayglarB £ eqand &fltt%ﬁ&hyl SR8 é{}g%uded

in the first drive wave orm t here reasin

%@ﬁgﬁgfecﬁsfa@ }pesgm?m @%H@L 'wgh%e”ﬁ“ ”'nv 10%e of

dro e i e i
har. 0 used [ e forpation. I\Iext
ano%:hgr %g“‘fl& 2%9?% d?r?v S| gﬂg ePIV‘?ﬁa& ?CGI"IIAF&I
nd t he ive SI aI Pk f erform ng
i dﬁsr@bl sC 41558&% | Y2 EE TfesRr £ ?\PFh Orfgf)%ggnéjer%?e
FI G 9A and B, FI 9A shows the waveformof a
Fri9Radi FE % tRe ¥1¢ sECHINE A&vietor HepE Form is
dlschargln t he n1n|nun1d|scharge drop anount (a snal

(ﬁ%ﬁ)u@séﬁféﬁ|%ﬁ@§eﬁbﬁﬁﬁpoﬁh¢4Eplgﬁ%ﬁowqu@e of

wavef orm of a drive signal Pk in the second drive
wavef A bRy waveform element of the drive signal

included in the first drive 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. 94 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 liquid drop (a very

small drop) smaller than the minimum discharge
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wazessbasom in Fl Gs. 9A and 9B,

di schargi ng the amount of liquid drop (a very snall
drop) smaller than the m ni nrum di schargedrop anount .
t he drive si gnaPGI/Br2060y2493
Pk include drawi ng waveform el enments a | and ak whose
voltage falls fromthe referéfice voltage Ve by a
vol tage change Vfaf respectively, causing the liquid
chanber 106 to expand and causing the neni scus of the
e drawn. After a predeterm ned hold tine,
Eﬁééérﬁ&gygﬁaﬁals Pl and Pk include pressing waveform

I ts b wh [t ' t
Change. v o A ST Rg ne T Phar & 2nanter THos iy 2¥ive
di schar.gi ng-a liqui,d drop.fromthe nozzle. Affer a

o7 SHBea R TSt 0P o CEHE ot TRYB T TRe ir o8
signhals Pl and Pk .rises to the referenc | tage Ve.

4 RS Rt Grane s arh P Lt Ceharas i apEptmithe
and Tfb of the draw ng{] waveform el enents al and ak are
et LaF A Be VA kF2FENVS rBin SachodtRsie gR@R %R Vifding
times (change tinmes) Tra and Trb of the pressing

VB PG BV BRIt SChUS Iang Bkearbiged dipchgmirer 106 to

different fromeach other. Specifically, the falling
t¢¥pamfdh apd causing the meniscus of the nozzle to

be drawn. After a predetermined 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 liguid
chamber 106 and discharging a liguid 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 i1s set up to be smaller than the
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t he drawi ng waveform el enent ak of the drive signal Pk
is set up to be smaller than thefalling tinme Tfa of

wo b@scexsod ng wavef orm el ement al of the drive BCTM007/072493

Pl. The rising tine Trb of the pressing waveform
el ement bk of the drive signél7 Pk is set up to be
| arger than the rising tine Tra of the pressing
waveformelenment b | of the drive signal Pl. It is

pE%fle.Hﬁg alethe i 0kng ;0 bri nki ng_the %i ui d

chanber 106 yetheariglkn%he%géga&‘l?%e_‘”&‘@% P%én F‘_‘lement
‘iefc?f | e s b |.and bk% ccor syvllt,h_thetl,mng

\c/)\? t he gg?ﬁeo?g%%ﬁatsujrgpal’les ﬁanc Fi Sitiyt WHerktme "Trb

expandi ng_the |iquid chanber 103 by the falling edges

o?gt hn%ll%rgvxr/iensgs ef'b? ¥ &l%eent eé‘%/e%ﬁdbdk.ofngcthﬁ sdrive

exasréple he rising:ltirre(changetirre) Trb of the =

pP &$1Fh ef Dr M MBntt DICBF LEHI UE ke ap givdle Pkiping

s, set up to be larger than the rising tine (change

t FAde T 5200 % hEher d3%¢ A§ Vel eV 81viR & smerstl &mendf bheof

drive signal Pl. Thereby, the anmount of the Jiquid

dFBF A5ENEr gebgBy it Rldrive signal Pk i s smaller

than the amount of the liquid drop (small drop)

di scharged By the driefeesirgdaltPht Mireoveming bH s

exanple, the falling

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.

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 liguid 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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time (change tine) Tfb of the drawi ng waveform el enent
ak of the drive signal Pk is set up tobe smaller than

wo b@siedshd ng time (change tine) Vfa of the dr an€Ti@P2007/072493

waveform el ement al of the drive signal Pl. Thereby,
the drop discharge speed by 4%edrive signal Pk is

increased, and it i s possible to discharge a liquid
drop fromthe nozzle certainly. Di scharge bendi ng of

e Lha o € 0 4l Sehar gegy By o ec duiore shanel o PRy

e
ari se | a requency drive | S pertorned,

pvcer anel, Bda gl istln vasd e el

o hi s, enbaqdi , h of he, fi d . d
5 DT BAh Coht & A T hEB Yokl Ry TeR BT Bt SR eng

whi ch di sch es,a,liquid draqp shrinking the liqui
RSSOt i HRE 1 eeHe BB, 3t DFCERa T Fdal dhd
di scharge head.. The change tine of the pressjn

vielv et §r R RF EAeht® of Ot K- IF PG 5T gﬁa|lﬂi%wédéﬂdr<?ﬂ ™
second drive waveformto discharge the anount of

IGRy@i 8% BpesiFR TR 10Hdh- t he ni ni num di scharge drop

amount used for inmage formation is |arger than the
change ti neDof ot e ebsingl dgved br ihd ehpatiis drop

discharged by the drive signal Pk may arise if a
high frequency drive is performed, and the drive
signal Pk is not suitably used as a drive signal
for discharging a ligquid 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 ligquid 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 liquid 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 drop
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the drive signal included in the first drive waveform
to discharge the anobunt of |iquid dropused for inmge

wo orosmeiseon, and the anount of |iquid drop smal P€r/JR206mM072493

the m ni mum di scharge drop anpunt used for inage _
formation is di scharged fromMf?he nozzle. Moreover, in
thi s enbodi nent, each of the first and second drive
wavef orms contains the drawi ng wavef orm el enent which

e ds oithes hhgw dr g hamher o oMUy cat) gaegﬁﬁmeh £

nozzl e of the I'iquid discharge e?d change |re
f; drpw V m t ; ve .Si gha
DR L R T e iy BB
t ,qf . .1iqui 0 Iler than_the .m ninum
gﬂs~a?&§%¢gpq%%%n?o§§;ﬁ$8Fié%ﬁgjiﬁ%%tﬁﬁwi?
t_tha he ch e time.of the drawi ng waveform
?ln%rréélﬁ rge‘?hgéré’r“f' VERg §ifaf il uded i n thle fi rztd
drive wavetormto di schar t he amount of |i qui rop
used for i&gﬁﬁe?gﬁﬁﬁtibﬁ.qgﬁb§,eFH€°ﬁF§6ﬁ§igee&#8b of
eed_during igLe di scharge is increased, and it is
%E‘sesiEFéstto ar h%ﬁ@@n@er BBy iRBe&fIURE 6N glng

drop smaller than the m ni rum di scharge drop anount
8t 152 Y g e VROTTROTEN. © Moredter while h hex@aanps e tofe
?J&ugg'gggkber communicating with the nozzle of
the liquid dischérge 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 liquid 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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falling time Tfb of the drive signal Pk may be set up
to be the sane as the falling tine Tfa ofthe drive

waegaab2sP | by nodi fying the sl ope of the drawemJIP2007/072493

wavef orm el ement ak to be gentle as indicated by the
dotted line in FIG 9B. Insutha case, the discharge
drop speed and the drop di scharge anount by the drive
signal Pk are smaller than those of the quuid dr op

(thes N i gum rg dro unt_used f e
f or mat | on;%b Q{Lﬁ%%gl“ g% S gn%g% ftytPgt Hceh%l §g‘aﬁ%§e°f
d speed .of the unt of op snaller than
t%glpem (ﬁrﬁtxﬁ’rﬁrﬁ‘?sgﬁ‘are’g dfof Ja% u‘%%d YorPenggtle as
formptio snal | er n that of the liquid drop of
tﬁéln%f %ﬂsd‘?%cﬁgrege Bgé:t?cil ot Tfagelf @?Iﬂétl 8B - t hén
I| ui d drop by idle discharge nmay not reach the

i fig &t . thdwedép chaegpurdere sPedfeand the
dlscharge is to perform mai ntenance and recovery of

L PR BPScIRargHRg LY Ghied drdya heigfvaoln Pkt are
i S not necessary that the liquid drop by idle
dPgchat §E rderhes hideer edordhag Ishpei d MNexop t(henédl e
di scharge control performed by the image formng
davirgemafn i schabark mdmtopn dholen deasrideflon timage
reference to
formation) by the drive signal P1.

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
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 thaf the ligquid
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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wo b@soerspent dot (pi xel)

the flowhart of FIG 10. Upon start of the idle

di scharge controlof FIG 10, it is determ ned whet her

is located in a regi OPCTUNEN0E7/072493
an image is formed (SIl) . Wen the result of the

determ nation at step Sl isPhffirmative (located in

the region where an image is forned), necessary drive
signals P1-P5 are selected fromthe first drive

gaf"eﬁ‘"%m Pldg of jthe drijue %’@ﬁ(%g;&%ﬁ%%%%?ﬂtth%g LI%9% nt
ata SO that an 1nmage i s forimed on the nmedi um by

i schar gi iquidd I , mddl 1) f
AR TedniThb Read (STor ¢ Wor cheCragt TTar d nen
determ natigﬁ at Ogt ?gﬂril | is negative (not located in
9 8gitdh WREFME Gn eis forned) , the second

drive wavef orm (drive signal) Pk of t’e driv

i e .

wavef or ms "SRRI E&Sedr B offt Hd foRErgi rRArE tiop at
idle discharge) so that an idl e discharge operation is
FreBr fed biS defehar Birig Ver f lafad F edh ops, téfal Fegion
than the mni num drop used for inage formation, from
e recemdi hjaleadl £ SER)roedd rernefe sstapySHEX bV eS13
is perforned, the follow ng process will be perforned
By g he lisvelye-Por i ng dodieetefd thromenbodi déntst drive
waveform Pd of the drive waveforms based on the
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 1dle 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 812 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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In a case in which a roll sheet 35 shown in FIG 11 is
used as a nedium a recordingregion 3 6 where an i mage

w0 20080628801 and a nonrecordi ng regi on 37 wher e BPO/JP206M)E2493

is not formed alternately aﬁgear al ong a recording
sheet transporting directionP4sheet feed direction) as
shown in FIG 12. In this case, the liquid discharge
head fornms a necessary inmage on the nediumfor the

LSEPLALTS SRS S0 RY G A50e T8aEARA | B0 BB

di schar.ge head perfo i.dl e discharge for.the
ﬁo%g?ﬁgg‘rrb‘? n§ < e]g?rbnggs'?ﬂb?/rai Sthér gl?“nagg%e%ys S|
drops fromithe nozzle. In this it is possible to
SR e D | RESE Cat Fer RRC A AT AT g HOF A by
the image form ng device of this ea% dinent. In this
cHsee tt i APt BPng FefFEd eeeanﬁerfgge i s
not formed corresponds to a_region of the mediumin
whi EA CEHeo Prbdidfim § BoWRanispoFtlét: | h2a t raRspdrts case,
direction . Mdreover, in this case, when an idle
dilsehdrnigeu bgeddts ohairg ek e8Celo £FaS theN RETTTDFHI ng

region 37 where any image is not forned, the recording
heaslgél adh sthar gesdtiimen for the recording region 36

by discharging the liguid drops (large, middle,
small) thereto, and the 1liguid discharge head
performs idle discharge for the non-recording
region 37 by discharging very small drops from
the nozzle. In this way, 1t is possible to
create a printed matter on which an image is
formed by the image forming device of this
embodiment. In this case, the non-recording
region 37 where any image is 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 liguid drop smaller than the minimum

discharge drop amount used for image formation,
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amount of liquid drop smaller than the m ni mum
di scharge drop anobunt used for image formation,from

w@bdosob280he nozzl es of the recording head 11, PUBIP2a67/072493

entire imge fornmable region of the nediumin the

wi dth direction of the nedi This facilitates
creation of the idle discharge control data, and it is
possi bl e for this enbodinent to performidle discharge

%%ﬁﬁtgi USIENG: Re SiWBY, £1 eisheXpensiye rRRchBak$ head 11,
w t hout degrading the inmage quality. Mreover, 1n the

e BV, (TSl vt 3

case in eet e recordi ng nedi um

(R 42e) 4 NODRLLGOI QRO § LOLARS Jo Bothel ol drBge |9

appear 1Th bo portions o
recording region 3 6 in awdth directio f
?ﬁquﬁecijpgg&iagﬁ r S Bt PEnpor %l?lneg l(j(lg%gct&l{]o%clhr?rge
whi ch the nedi um i t,ransported, . shown in FIG 13.
IW?FF?JCa‘%%Fat'hea?quitd ﬁgs@l?asr%égﬁ@adg?ﬁr ﬁguas
necessary imge on the nedium for the recording r g;_;Lion
?%bﬁﬁld?%%ﬁa%(ﬁ r@eFﬁ@quﬁfi&edr%ﬁc(%%ﬁ%@, %%HP% on
smal 1) thereto, and the |iquid discharge head perforns
i@$ &ngi sthaige for LREFOANFEHS dNRG &6/ 3 BLERout

di scharging very small drops fromthe nozzle.
degrading the image quality.

Moreover, in the case in which the roll
sheet 35 is used as a medium (also in a case in
thch a sheet-like recording medium is used),
non-recording regions 38 where any image is 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. In this case, the liguid discharge
head forms a necessary image on the medium for
the recording region 36 by discharging the
ligquid drops (large, middle, small) thereto, and
the ligquid 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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In this case, the region where any image is not forned
corresponds to the end portion ofthe imge fornmation

wo e@sossed the mediumin a direction perpendi CBCHIPAG/072493

the transporting direction in which the nmediumis

transported. However, in a cabe of the I mage form ng

device using the full-line type recording head, the

.nozzles for which idle discharge operation may be

Retd of pRG Ar eokasl# i 6hed d &ibhe &@n'&%“e(?frﬁéag_ufn?giﬂn.a

corresponds to the end portion of the recording region

iy £ Bedidipchl eyl g, top Lh '

directionlfﬁﬁggﬁgﬁgﬁﬁgqﬂgglu%Figg?%aﬁg%%?géggﬂ%%gguch
C 1 d| e di e s ng | r.performed for the

SEEPEs s TRl PRITERN s JRe T Bng PR B bR o

used for i e farmation.. Thus, the jpage formn ,

devi ce of ft ?q%e‘é%&ddih%ma iS2 & 6i t°£|§ﬁgp&|ﬁ‘%aet ofg%%lng

serial type image form.ng device in which the

b T ey el [ frobBd I EHE v bR digeetrgma head,
rgendi&glar to the transporting, direction. Mreover,

rBEGAi $9 REOM YRIGHe THaGe Fb8 A dovPee b7 LERins

enbodi ment nmay be arranged so that the recording

FEgY oRewst et anMarhgR ties FoF éd G8edetl f othe axawal

i mage region

recording region corresponds to the end portion

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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41 where the image is actually fornmed by di scharging
liquid drops based on the i nage data, and the

w@esospbaspal regi on, surrounding the actual | nmaPET/IEQ)IWIT2493

41, is set to a nonrecording region 42 where any inage
is not formed, as shown i T R%G~14. The recording head
in this case may be arranged to performidle di scharge
operation for the non-recording region 42 by

dié&h%i%it rhggz\f% Sseflgggl frgerrgogggés g@@&gﬁ&dm dgsgri bed

ove, I mage form ng “devi ce of

this enbadi nent to perfao idl e discharg ration
L?scf%‘dag:bs]i%igg, nger%gsélnsﬂ“\?é rlreschsa%?sr%ao m%xf‘%%( he drive
wavef orm in another ggp%ﬂ%nent of the invention_WII

Fe 9RECH R AT {H P T ef ér eHER o F1E T IF nithit°

enbodi nent, the drive wavefor ho in FIG 15,(a) .,is
Jeeraced afd SRt Léd %Gthﬁ‘ﬁri %%v’é%ﬂﬁ‘igg head
generating part 401, and any of the drop control|

siynhhd SVND2FR3 BhBWR S R EFeR I (BP RF ER 4t e HRAE
same as the drop control signals M)>-M3 in the previous
ahbedhaerd§ PP eoaplored Y the dBPA 1FARSKS L paAr £egion

402, so that a necessary drive signal is selected from
t42 by bl sebefyimby tdeyheaell drops 43 thereto.

As described above, it 1s 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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drive circuit 310 in response to the drop control
signal . The drive waveform shown in FIG 15 (a)

wo paBes8y within a single drive cycle, a firseCT/JP2007/072493

di scharge drive signal PIl for discharging a liquid
drop used for inmage formattTodé a second discharge
drive signal P12 for discharging the anmount of |iquid
drop smaller than the mni mum di scharge drop anount

used for i e farmation, on-di.schar 8 d si{ gnal
P13 for fin o 5%Y%tﬁﬁ {%Qr ru@éug'%: Eerum%? Ta)
wi t hout  di schar a I| ..and_a ftirst
HREhFIARS dr|ﬁ§@+gn% %ﬁ %f%gﬁniﬁﬁg al?qgﬁ§8t
drop used for_image fornai %gt which driv nals are
EhBFRAIHT © n S s 8riogs2 - That! i §° Tt et pF pEHTY Y9of
the first discharge drive S|gnals Pl and P14 are
gehaidibedd F AR iheS dedias, 1RAP Q hEcLEhtCBirschafgeond
drive signal P13 is interposed between the first

di sekvdrageg @r idwal 6o gsdlgn L Pl Pe4. dfhefherg Hppydhe
waveformof FIG 15 (a) is used, the drive signal PI3
|amSMHmteﬁ|h1q@$QOMmppoSmﬂibﬁ®pﬁhmmr@hQn@hammum
MNO, the drive signal PIl is selected in response to
tde sdiapr gentdmod p segraln WNu,s adhefdm viemsggnadl srReit ion,
a non-discharge drive signal P13 for finely
oscillating the meniscus of the nozzle without
discharging a liguid drop, and a first discharge
drive signal P14 for discharging a ligquid 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 P14 are generated in time series, and
the second discharge drive signal P13 is
interposed between the first discharge drive
signals P11l and P1l4.

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, Pl4 are selected in response to the drop

control signal MN2, and the drive signal P12 is
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P13, P14 are selected in response to the drop contro
signal M\2, and the drive signal P12 isselected in

w0 e@posse t o the drop control signal M\3 . Fl GCL&P2007/072493

shows the relationship between the drop contro

signal s MNO- N3 and the dléc%ﬁrge drop anmount when the
sel ected drive signal is supplied to the energy
generating unit of the recording head. A's shown in

F'e@eé@ed"hfﬂ Q%rgggéegrég B fkng diLue, ti@ﬁggr'lvesn.gr&l

signal P13 is sel€ I n response t
al MO Wen discharging a small dot, the drlve
si gnal PII i's selected in response to t he drop contro
riv

i I } h I th
:: 82; s Pl 13 6SPC g ?’g s l'l?%cl%tr? i) lPé‘éﬁgPEe%teot‘fﬁén
I . e
% ch‘g%%go?ﬂgtgﬁ’?ai/esﬁgd}%r ﬁﬁ{e @glea??e% tge(rjesponse
he d I i | M . Th t rive
B oRate D R 16 Ui BhEPod BE: Ao OF bRehic 1 bT Sof

t he recordlng head 11, respectively. A s described
iR 1t Hes pFHPéH%?doftq h’ghﬁl regteagycr%ﬁ@@r@rw@g unit
nals are generated in tinme series, and the second

'fgcm?géww@lng head.

As shown in FIG. 16, when performing a
fine drive, the drive signal P13 is selected in
response to the drop control signal MO. When
discharging a small dot, the drive signal P11l is
selected in response to the drop control signal
M1. When discharging a large drop, the drive
signals P11, P13, Pl4 are selected in response
to the drop control signal M2. When performing
idle discharge, the drive signal 12 is selected
in response to the drop control signal M3. 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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signal i s interposed between two of the plurality of
the first discharge drive signals.Next, the drive

wWoR0s0sne i N anot her enbodi nent of the i nvent i PCT/A®2A007/072493

be described with reference tg FIG 17. In the
previously descri bed enbodi meft ” the second di schar ge
drive signal (Pk, P12) is not selected when performng
i mage formation. However, in this enbodi nent, the

second di saakge dfhye i 098l \ia$e28lect 8 another
concurrently mnth the first dlscharge drive signa

Eo%gu}:gg@ rllgf prge d{%@%tefan lslfhp\em a&?&@b&z

op contro

di schar | ar ge dr i s ayranged so that the
§%&%Eﬂ-%?§%ﬁ§?ﬁ%e ?IVéPgana P12 is al so selected and
t he selectefedrlve SI S .sup Iled 1.0

pi ezoel ect riB &1EfeRt %ﬂPBF%¥1 FS&&%F%S ﬁﬁ%ofiment’
Al'though a ljqujd drop is discharged b se
dFQ@ha‘%%%O&H\Féle,F 9185 VERS ‘?ri Bﬁ‘e %3&3& ot S
a liquid drop subsequently dlscharged by the first

dreF ¢ sEREFES dY hes spaﬁ§|omanugs iR ger TMaRAtHen -

speed of the drog by the second di scharge drive signa
PHpwevpe, in this embodiment, the second

discharge drive signal is 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 1is 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 liguid 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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two dots are united during flight and the influence is
not so large. This may beconsi dered that the anount of

w@2d0at06p809r op di scharged in response to the drP@I/JP2007/072493

control signal M\2 includes the amobunt of |iquid drop
di scharged by the second discharge drive signal P12.
According to this enbodi nent, the setting of the drop
control signal can be nmade sinple, and it is not

n r t it chi d_OFE t 0
cEemepars T ERRE [Hb GRS a e D P
' r rive signal wl,l be _described wth

fgﬁ%%ﬁ%@ PG drfgs.pﬂnssgesh%% the PRECE) 6 O Shcond
di_schar ge i ve_si.gnal Pk .includes a draw hg waveform
Crant 2o A SR 9ife o 4l PEST I O | D Bia el

[t Ve by a vqltage change \Wfa to expand the
?’%&Lﬁacgﬁéﬁ% rb?(o%%%gS&r%‘P hé& L §E@§pocﬁrtlﬁé signal
nozzle. After a predeterm ned hold tine, the drive
s?&ﬁ& Pk includes a pressing waveform el enent bkl

whose voltage rises by a voltage change Vrc to shrink
the liquid %Wd?]%éi‘ilm BAd tdiseharde dlmequi d dhep

setting of the drop control signal can be made
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 liguid drop
from the nozzle. The drive signal Pk includes a

drawing waveform element ak2 whose voltage falls
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fromthe nozzle. The drive signal Pk includes a
draw ng waveform el enent ak2 whose voltage fall sagain

wo 00080300 t he pressurized |iquid chanber 106 peTJR20611072493

off a part of the discharged Iiquid drop so as to be
returned to the nozzle. Afteré6@ predeterm ned hold
time, the drive signal Pk includes a pressing waveform
elenent bk2 whose voltage rises to return the liquid

nber 06 to the 0 inal state, Since the slope of
?esmrw fh%a&ﬁ@ﬁ?%ﬁ%zﬁérﬁ&@ugénq%amh§r

Ng qg dro is discharged fromthe noz zle .

, %Hgt ?agm&é#nénﬁ%ﬁttﬁ itvendishehppiged liquid
described wth reference to FIG 9B. In this

eFFSR mBft 2% hE Cdrt Y eTRAVEE BEF JeheE Bl mp pade 401AfEer

arranged so that a discharge drop speed of the anount

of [Ryare R opiamd | kplthdninke ritnemimiovschdraeadr &k
anmount used for image formation is slower than that of

t B@ g} gdieds d? op refs ¢ he gniwd vefodins chaeges nit op kenowhb s e
used for image formation. A s shown in the exanple of
t No ldr&ge waleter mof rElt@ r9BE htehel Hyiniel wanahdyer 106
generating part 401 is arranged so that the

to the original state. Since the slope of this
pressing waveform element 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 liguid
drop smaller than the minimum discharge drop
amount used for image fqrmation is slower than
that of the liquid drop of the minimum dischafge
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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falling time Tfb of the second discharge drive signha
Pk is nodified to be equal to the fallingtinme Tfa of

wo b@sfs288e di scharge drive signal Pl. Specifi cedT/yR2001&2493

sl ope of the drawi ng waveform el ement ak is nade
gentle as indicated by theddtted line in FIG 9B
Thereby, the di scharge drop speed by the drive signha
Pk is nmade sl ower while the discharge drop anount of

tt*l“i-iulfi %aﬁ' SEOR .Sffi‘%rsgcedd%cth@rggi Vaerﬂ%”a%ig%ags P1.

snal T er "than t he m ni mum di Scharge“dr op anoun se

f.or i e formation di charge%,q% the drive signal Pl.

CPSFE i thhr e o Bp “5eed 6T tNRCastURYLEE ITauRd O L™

drop small er than the m ni mum di scharge drop, anoun

FIAPFBE i4hgd & I GHFT b 1EndlS of POHFRERR o7 CHE

i quid drop of the nininun1discharg§ used for jna%e
BAon 1R fe i1 i & -drth- by Tt BEQiYechal§e TRFCRGE I

reach the recording sheet. However, the purpose of

O P dESERAgE Y stE8 FerFHe mSid he éndrleel Bnda@eovdiyer

of the nozzle by dischanging aliquid drog therefrom

mhiEendth qedéssryroatdx@p lanEvdtdrop bps dl équid

di scharge reaches the recording sheet . According to

i espedticiihemged hey the drive signal Pk is

smaller than the minimum discharge 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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recording head is caused to di scharge the anmount of
liquid drop smaller than the m ni mundi scharge drop

wa@emans2sosed for i mage formation, at a sl ow drpQT/spReen)72493

when performng idle di scharag operation, and it is
possi ble to avoid stainingt Tecordi ng sheet. Next,
anot her enbodi ment of the invention will be descri bed
wth reference to FIG 20. FIG 2 0 shows the

it ' or.m [ [h.a .
PR Al B oY FEE ShBsatarratien.
electrogg)SO ris désg%ﬁgg %Bea vicig%} of the Ede of
Bric. 7 eBard ng FhdacS BE © ind & ol ¥ &56 APBT HPng UhFt 501
is arranged to a { a charging voltage for .chargin .
(HeS h8ctT DIRPSIR £ boFe SR Bctriodb 56t S WReR T dFe =void
di schar,ge operation is perforned in this enbodi nent,
tSHe? PEAT obiB S50 Fe T ged 3P Ehe vol t age appl yi ng
unit 501. The el ectrode 500 has a | engf:h equi valent to
the | engt h @ xthe a2 ERe t o dHeepécar i ¢ Shead 1
in the | ongitudinal direction. Wen the amount of
linuea tdrop widld e et gkhs € e A dhi wikhldi sef&prndeop-©
anount used for image formation is discharged w thout
rEbghi g . FIG. 20 shows the composition of an
image forming device in an embodiment 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, thé electrode 500 is charged by
the voltage applying 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 liguid 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 ligquid drops generated by the idle discharge



the nmedium or when idle discharge is perforned, the
liquid drops generated by the idle dischargeoperation

WO b@awezmsd i n t he previously described enbodi nePCT/JR0007072493
transporting unit which is ch%rged to perform
el ectrostatic attracti on of § recordi ng sheet i s used
as the transporting belt 25, the Iiquid drops
out putted by the recording head 1 are

el setasighi qald yrchar ged By d hereRarges el (described
transporting belt 25. In this case, the voltage

[ it 5 [ ' I it
PEREDTEEEG or T harg: 5 the of 6ct reae 00 A e
Phare < OBl e FekEe (R bt A PR SE
Q% t he hargé el ect.rode_500, anghit i S %pssib e forb 1t
t %C&reéjelﬁg & %%I?m@“rﬁ £8°pr &/en secaEf%risrPgOB e °°
ljquid.d . Next, th nbodi t of .th :
| Poentiith At bE HETT bed W TRCFS dr¥ncs q oTRERT 4N
FIG 21 shows the conposition of .an inage formlué

degrle 3 n24% boaitreht t ol el + Hvémd BEEd Py hitd

enbodi nent, a suction passage 510 whi ch_has an openi ng
teheRd ¢ e@dr dilhy REaARIPPEtAM @ngEd & n2a -vi cT Ri B bF
the side of the . '

case, the voltage applying unit 501 applies the

charging voltage to the electrode 500 for
charging the electrode 500 in the polarity
opposite to the polarity of the charge of the
liquid drops, so that the ligquid 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 1

.1s arranged in a vicinity of the side of the
recording head 1, and a suction pump (suction

unit) 511 is arranged to attract liquid drops
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recording head 1 , and a suction punp (suction unit)
511 is arranged to attract liquid dropsthrough the

wag a@sioaasopassage 510. When idl e di scharge operBCT/@re00z072493

performed, the suction punp 511 is operated to attract
the liquid drops generated-by4 e idle discharge
operation. Wen idle discharge is perforned, the
liquid drops generated by the idle discharge operation

f t i .t he_previ ous de riQ?9 embodi pent.. .1t IS
p%ggﬁﬁﬁhf&h?hgegiiéﬁtbé %%%ﬁen 96 pﬁ%éﬁtaﬁ%é

sgat&g&ig of the ng%id.%rﬁgsr%y driving,.the squion
ptimy 1185 AtPFPAG-1He gt G° dropsT hr ough PRE-HCn

suction ssage 510. Th peni of the._suction,
PEETe5 50 hRsOR SAAGEH St TALERC o thife | bAGH ofirops

the nozzle row of the recording head 1 in the

| SRGIRTAERS RV r &S ohdIen dheChFREe neMs Hpedon - When
enbodi ments, the case in which the present invention

i $ddppl fégahrrEe imgrerdradAgddeviee Haviwgd terops
printer configuration has been described. _

Abegverat itedl yo vt i grieddmt dhgehta one mep hea tpPitt efloat

any of image form ng devices, including a fax, a

cepi ern amc gpneitiocd shgt ides pediphér elnb ddempmdsent It

i nvention may be applied also to an inmge
is possible for the present embodiment to
prevent the scattering of the liquid drops by
driving the suction pump 511 to attract the
liguid 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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form ng device which uses a liquid other than the
printing ink.The present invention is not limted to

w0 hesabtasoe- descri bed enbodi nents, and vari at i opGT/arad07/072493

nodi ficati ons may be nade w t hout departing fromthe
scope of the present inventi &b -The present

application is based on and clains the benefit of
priority of Japanese patent application No.

2006- 316381, ,,fil ed on venber 23, 2006, and Japanes
patent appl ildHt i BhCNE 206 P VAB5367 f1Fed%n Al ed to
2% 2007, the entire contents of which are _ .

h&Peby? RETIHoT aFEd By FerdiRPE e m@nt #E B 1A AR 3Tyl ons
form ng device which fornms an i mage on a nmedium and

i ARAUIBS I figaitd AN S chavgd heB@ds WhtdPatphemarEyng
of nozzles for discharging liquid drops are arranged
sifdeemytiedes ceprpra Bi g@:e P "e pea wakavermt gemner at i ng
unit generating, within a single drive cycle, a first
drive wavef e coneaian hgaprdrige tsigmalk st d als scharmeand
an anount of |iquid drop used for imge formation, and
acdeciond drleebwaneef Dt modorgai pirtigt @ difi VBashgradet 0

di scharge an anount of liquid drop smaller than a

mp temt disgaghhigation No. 2006-316381, filed on

November 23, 2006, and 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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drop anount used for image formation; and a head
control unit causing the |iquid discharge head to

wale@sieasge t he amopunt of |iquid drop used for POEGE2007/072493

formation in accordance with the first drive waveform
for a region where an i mage $& fornmed, and causing the
l'iquid discharge head to di scharge the anount of
liquid drop snmaller than the m ni num di scharge drop
%ﬂﬂﬁfhsin accordance with the second drive waveform
fer—a—tegi on where any image is not forned.2 . The

i mge form ng device according to claiml1 , wherein
the region where any image is not forned corresponds
to a region of the nemlﬂgin whi ch,t he nediﬁn1is

transported i n# tr%R8FortC TPrE& DRV 1S5S Yhe GhafRT™S
form ng device according to cLainLé , mherghn thg
yi oA AdRr 8Rafy TREGET s2R6t Y hBd SorFespdhdsdt o an
end portion of the inmage-formation region of_ the
fEHP GANT A Bierdckt i Bn Witk pBndi dul B atlot Yt PadnspBREiLRS
direction in which the nediumis transported. 4. The
ihage dior ¢l ag gdevd cé iantbd didrPr® elrd mIrangredeisd de
each of the drive signal in the first drive waveform
dnd sheler i vomgighalnigr t he

a drive waveform generating unit
generating, within a single drive cycle, a first
drive waveform containing a drive signal to
discharge an amount of liguid 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 liqguid
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 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.
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second drive waveform contains a pressing waveform
el ement which makes a |iquid drop discharge by

wa@booskisng a | i qui d chanmber communi cating w t hPGT@P2067/072493

the plurality of nozzles of the liquid discharge head,
and a vol tage change of the ©fessing waveform el enent
of the drive signal in the second drive waveformis
smal l er than a voltage change of the pressing waveform

el ement of .he?ﬁrei Yi%gégnaéofﬁl g;:fcﬁéégcdé’iggcorc%lng to

wavef or m formn Vi ce accor
cIa rein ea of the drlv nal in the
5 é%mdrl 've ﬁ/ave lor} m%glnd TRETEH VE veﬁg ﬁa"i‘nyn eI © is
secon drlv wavef orm contajns a pressing fo

ﬁ? TRt Bt hoarop AEScHarge e Rediun
shrln |qU|d chamber conmmunicating wth one of
e YtS |T‘ oF“%iEF‘esl%ftFﬁ‘élsr?ﬂﬁlt& i $8h&r ge head,
and a change tinme of the pressing waveform el enment of
ttHéaHFiP\Péf%l gh&eGHiPRe second drive waveformis
| onger than a change tinme of the pressing waveform
el enent of the drive signal in the first drive
waveform 6 . The inmage form ng device according to
claim1l , wher@he eavhgef fdhemdmiovedsivgmad &pctchieding to
claim 1, wherein 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 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 ligquid drop
discharge by shrinking a liquid 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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first drive waveformand the drive signal in the
second drive waveform contains a drawi ng waveform

web@smoasomhi ch causes a |iquid chanber comuni BEL/I¥G07/072493

with one of the plurality of Qo;zles of the liquid

di scharge head to expand, and~a vol tage change of the
draw ng waveform el enent of the drive signal in the
second drivewaveformis larger than a voltage change

Of ; tha dgawyng wavefmysmel enent of the drive signal in
the first drive waveform 7 . The imge form ng device

according to claim1l wherein each of the drive signa
in the first drive waveform and the drive signal in

the second gri vlengva!glfaq%rén EB%@%%@JJ@%n%MEE@ﬁ to

el ement whi ch causes a 11 qui er communi cati ng

Wc.:ﬁgi%elof J}{?%gll%raéééx %ff l’lQﬁQ %f‘rf(re.t %%%giilhgn the

di'schar ge’ hea 0 éxpan and a change fi

draw vef orm el nt of the drive,signal in-the

B o P g el Br AT TR SRS BPEL fia Lo N gR g e o he
the dra 'g waveform el enent of the drive signal in

t RE St g:r"i‘(/‘:e \W/&O’e?fg?m“ &°Fhé ifthg? P&rerﬁ%@n@evi ce
according to claim1 , wherein the I|i uid,disgharge

hE8F 95O AT (R eTpRd (Whe Chedbi BPRg Ehega.quld rop

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
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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9 . The image form ng device according to claimll
wherein the nediumis a rolled-form nmedi um 10. The

WO pgoe6X80y m ng devi ce according to claim1l , WAET/@P2007/072493

the image form ng device is arranged so that when an
i dl e di scharge operation is erformed to discharge
liquid drops which do not contribute to inmage
formation, the |iquid discharge head di scharges, over

%@ﬁkbfx@n | 180§ afj?cﬁ?ﬁb't%éﬁgiaor{{ﬁgttg%u”@ﬂggQé No i‘d the

width direction o e nedi um nt o I qui

I h 1.0 oum di s r p & o
PRI e ST o SRS VR AR o
t.he i e form.ng device.-of claim1 through
&r}%%hg?%sn% 81IJ1| u‘l“'avc?rfo%gmt'o the nmedium 12. An
i mge form ng device which forns an i nage on a nedi um
and includes a liquid discharge head in which a
plurality of nozzles for discharging liquid drop are
arranged sifte BYSsitRa9Conp? FELAY deddiSR R@FSOTHPY to
generating unit generating, wthin a single drive,
GreR el 4 £ VBe LR Ve oot 0Emidont 4Ry aiginast dn vehe
si gnal
fgrst 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 drive signal in

the first drive waveform.

8. The image forming device according to
claim 1, wherein the liguid 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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to discharge an anount of Iiquid drop used forinmage
formation, and a second drive waveform containing a

w@e@snesay i ve signal to di scharge an anount of PCT/gRe0a7/072493

drop smaller than a m ni mum di scharge drop anount used
for image formation; and a sel@cting unit selecting at
| east one of the first drive signal in the first drive
wavef orm and the second drive signal in the second

drive wavef i I fnlceShonge o Al L Sldal s % aing

out put the selecte i'gna qu

feenal Qe on wbd e IR WIROC LI NI oIARS, el e s

to claim Wwherein i ve e

uni.t_ J rranged.tq geperate a,pJurality of the first
drgirvreééggr?alss ightaﬁqﬁmwg?ﬂ S é\Lr‘lel? he1SbREGr i ve

signal _being jnterposed between two of the plurality

PSR PTPE LF) e ST QHAE 58, SHRCAAGE f S drops
deyi.ce according to claim 12, wherein the selecting
H?{’tl‘?]g gfr dhged S BBLEUT ¢ hE osddemdedivemaitgmar, the
concurrently with the first drive signal when formng
anlifaye. £5 s ghe rigfmgecrst mlhg cda gesacqoveirn@n oentire
claim 12, wherein the drive waveform

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.

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 liquid drop used for
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generating unit i s arranged to generate the second
drive wavef orm having a wavef orm el enent adapted to

wo e@s/06fsho a part of a |iquid drop discharged fPOHIR2067/072493

l'iquid discharge head. 16. The image form ng device
according to claim12, whetelh The drive waveform

generating unit is arranged so that a discharge drop
speed of the anmpunt of liquid drop snmaller than the

Tinft FUMd 5608463 Of 9B AMPUBL HHEY O 4 £BG8 P JRE O

wer than a discharge drop speé t he m ni num

@6%@@5@3&609 %@%@ﬁdmg¥398réf&ggfcggnﬁ&%hharge 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 liquid discharge head.

13. The image forming device according
to claim 12, wherein the drive waveform
generating unit i1s 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.

14. 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
to claim 12, wherein the drive
generating unit is arranged to

second drive waveform having a

PCT/JP2007/072493

device according
waveform
generate the

waveform element

adapted to tear off a part of a liguid drop

discharged from the liquid discharge head.

l6. The image forming device according

to claim 12, wherein the drive

generating unit is arranged so

waveform

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
speed of the minimum discharge

for image formation.

a discharge drop

drop amount used



