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DESCRI PTI ON LI QUI D DI SCHARGE APPARATUS AND | MAGE
FORM NG APPARATUS TECHNI CAL FI ELD The present
WO pwensisoe rel ates to a |iquid di scharge appar BET/SPAEISIS07
includes a liquid discharge head and an i mage form ng
appar atus . BACKGROUND ART ‘An i mage form ng appar at us
such as a printer, a facsinile_nmachine, a copier, or a
mul ti functi on machi ne na}mﬁggIgTF@ﬁuid di schar ge
apparatus that includes a recording head with liquid
di scharge heads that discharge droplets of recording
liquid that are adhered to a nmedium (also referred to
as | paper' LIQUGPdDRGCHARIIEIIAPPARAIUSt AWDSIMAGEERGRMIaAIG
herei nafter) being conveyed within the i mage formnm ng
mpaatigs to form (record, print) an inmage on the
medium ‘It is noted that in the follow ng
descriptions, imge form ng apparatus ' nmay refer to
any apparatus that is capable of perform ng inage
%ﬁ&f%fﬂiL°@§Eibions by di scharging liquid onto a nedi um
stuchas paper;,- thread, fiber, fabric, |leather, netal,
plastic, glass, wood, ¢or ceramc paterial. Al so,, i
"i mage for Mg PTREGIF eF RYS G QFehELarPRgta @ liquid discharge
meani ngf ul i mage such as characters or graphic on a
ERANARUSS thalt! iaslydeeratliid feashagbeskeidreayel aychmage
as a pattern on a nedium for exanple. Also, l|iquid
oy appedaitgei.d di schar ge

BACKGROUND ART

An image forming apparatus such as a printer, a
facsimile machine, a copier, or a multifunction machine may
use a liquid discharge apparatus that includes a recording
head with liquid discharge heads that discharge droplets of
recording liquid that are adhered to a medium (also referred
to as ‘paper’ ‘recording medium’, or ‘transfer material’
hereinafter) being conveyed within the image forming apparatus
to form (record, print) an image on the medium.

It is noted that in the following descriptions,
‘image forming apparatus’ may refer to any apparatus that is
capable of performing image forming opgrations by discharging
liquid onto a medium such as paper, thread, fiber, fabric,
leather, metal, plastic, glass, wood, or ceramicAmaterial.

Also, ‘image forming’ may refer to generating a meaningful
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apparatus is not limted to ink or a recording liquid
and nmay be any type of fluid that is discharged by a
WO p@pai1absdé schar ge apparatus. Al so, |iquid di scPer/greo07/059807
apparatus' refers to any apparatus that is capabl e of
di scharging liquid froma—Rrqui d di scharge head and is
not limted to that used for form ng an inmage .
igage otisch eshighgyestare df serauid foor aenadlimeaarveliages
form ng apparatus including a |liquid discharge
gappasainus avntdaninglieds disshargeheads patperh osin Hmwdium,
| evel printing. For exanple, Japanese Lai d-Open Patent
fBubLk&abion Ngsogoaiiqgﬂé03§%éﬁfﬂy Qﬁ%slﬂauiﬂagﬁscharge
form ng apparatus that includes a |iquid dropl et v
- : r : r
B £ R S e
means for cantract.i nd expandi ng the pressur .
o RRT ot natap. SRS U | L Y 8 S misharae
for generating plural drive pulses within one printing
ABBRFBHIS whétdon  héIPidr diseharase méétaéﬁeifag%ﬁ to ‘any
within one printing period areselectively supplied to
aphera g thati sehapgabheadt sdisdimrdinguildadidpfeems fliguid
differing sizes may be di scharged. Japanese Lai d- Open
dRatbatgdPuidad anidod sNoot 10id P06 Ccditdelcosesdafor forming an
multi-level multiplex inkjet recordi ng apparatus that
itsgs.plural inks of the same color wth
di fferingconcentrations . Japanese Lai d-OQpen Patent
PUbl'Cat'GW&J*%uslkéggzgézeg'%E%‘H%%%l%g%ﬁ'@Ekngnabling an

apparatus that uses a head t recor
image forming apparatus including a liquid discharge apparatus
with liquid discharge heads to perform gray level printing.
For example, Japanese Laid-Open Patent Publication No. 2005-
041039 discloses an image forming apparatus that includes a
liquid droplet discharge head having a pressure generating
chamber that is connected to a nozzle and pressure generating
means for contracting and expanding the pressure generating
chamber, and drive signal generating means for generating
plural drive pulses within one printing period, wherein the
plural drive pulses generated within one printing period are
selectively supplied to the ligquid discharge head so that
liquid droplets of differing sizes may be discharged.

Japanese Laid-Open Patent Publication No. 10-129010
discloses a multi-level multiplex inkjet recording apparatus

that uses plural inks of the same color with differing
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at least two types of dots with differing dot
dianeters in a manner such that a dot with a |arger

wale@nassre of the differing types of dots is rePOraRdozi59807

a first position, which is _determ ned based on a
rel ative positioning with &spect to a printing
object, and a dot with a smaller dianmeter of the
COPFEBEFAGLPYPes of dots is recorded at a second
position that is different fromthe first position.
Japanese PaspamedNo La3e48568 Ratedapandsieatdaod- ®penll-207947
Pat ent Publication No. 2002-321394 al so di scl ose
diekabedst echrimiesy bebaeaabki Aga@raed evelkapr that NBecords
However, in the case of using a liquid discharge head
althakadk SERar gfsed S aBkst ReLR B £y Wk adbhE€LEDGin &
concentrations (Japanese Lai d-Open Pat'ent Publication

0- 9 or i i I schar ge havi . .
m%%?? eé“%ﬁa?&%eé%ﬁﬁﬁgg&?ﬁq%ig£§?%€|eé% E?de féﬁ%n%lfferlng
sizes (J nese Lai d- en Pagent Publ.ication No, .
850952358 SR B TERe R qn H BT s PR g Healinney be
increased. In this respect, the technique as is
deitsemdsed PasSdpahés&clatdyepees Pat@HmoPyBithc aeFBACNOto 2
2005- 041039 may be preferable which invol ves
rgéméiagi o aed, autdoat dohgwatlr & vemailahesf oilamienel udf nghe
plural drive signals within one drive period (one
dqirfifetring pepeodf doiel eet reebydsdppt \H r@cbhd position that
drivesignals to the Iiquid discharge head to enable
itsheilriraubd dE sGhange rhead Hosdisgharge liquid droplets
of different sizes/quantities, and conbining plura

droplets Oﬁaﬁ@@%é@'ﬁitent No. 3648598 and Japanese Laid-Open
Patent Publication No. 2002-321394 also disclose related
techniques for enabling gray level printing.

However, in the case of using a liquid discharge

head that discharges inks of the same color with differing

- concentrations (Japanese Laid-Open Patent Publication No. 10-

129010) or a liquid discharge head having nozzles that
discharge liquid droplets of differing sizes (Japanese Laid-
Open Patent Publication No. 11-207947), cost of the liguid
discharge head may be increased.

In this respect, the technique as is disclosed in
Japanese Laid-Open Patent Publication No. 2005-041039 ﬁay be
preferable which involves generating and outputting a drive
waveform including plural drive signals within one drive

period (one printing period), selectively supplying the drive
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plural droplets on the sane position to formdots of
different sizes. It is noted that there is a grow ng
wa@leowansssfor i ncreasing the |iquid anmount adj usPeEIR2007/059807
range for formng liquid droplets in a variety of
sizes in the inmge forn1ng‘%pparatus Speci fically,
eneratlon of a larger droplet_is_in demand for
ﬁg 1 EBFlel‘F‘fﬁfgéiléﬁﬁ‘aﬁgﬁeF%%@oW Fnap lemgheef iquid
is in demand for increasing the inage

dr ageoheaqintq Misghegpectliquhe GrepIrimbert ofiffheent
signal for selecting drive signals of the drive
sdepesl/ queminhyibe, | awet erspdniogi ptueas elidia JHsnber apblying
conmbi nations of drive signals that may be sel ect ed,
PlefragXaEpbeet o iale safet Bb8iE8SE. t4 N AURRE 8F different
signal lines has to be increased as well so that th
Laenrkiguration of the |iquid discharge head may becone
conplicated, for exanple. DI SCLOSURE OF THE. | NVENTI ON
Enbodi ment s_of the ent .invention relate to a
l'i qui d dlsgﬁar '%%%%: tbﬁﬁ? 18 Lapapigpdemand for
di schar |qU|d droplet in a w der range of sizes
Wcrfﬁaalgg % G FREPEn2ARYTEIN T RGeS giom Agrming
apparat us including such a Iiquid discharge apparatus
likarldi drenpabs elbfa femdehy afhsgheualn thhe magge forming
According to one enbodi nent of the present invention,
applairqtiizd . di Spdat Hecdiyar gbusrasion o ded dryatr amsbyaesis in

demand for forming a solid image and generation of a smaller
droplet is in demand for increasing the image resolution.

In this respect, the bit number of the signal for
selecting drive signals of the drive waveform may be increased
to increase the number of combinations of drive signals that
may be selected, for example. However, in this case, the
number of signal lines has to be increased as well so that the
configuration of the liquid discharge head may become

complicated, for example.

DISCLOSURE OF THE INVENTION

Embodiments of the present invention relate to a
liquid discharge apparatus that is capable of discharging a
liquid droplet in a wider range of sizes with a simple
configuration, and an image forming apparatus including such a

liquid discharge apparatus that is capable of forming a high
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a liquid discharge head configured to di scharge plural
types of liquid droplets ; a drive waveform generating
waieior/1838md | gured to generate and out put a dri VECT/JP2007/059807
waveformincluding a first drive signal group nade up
of one or nore drive signéﬁ%‘and a second drive signa
group nmade up of one or nore drive signals within one
WElFEYpePRSR: a control signal output unit that
outputs first control signals for controlling
sel ecti on dfceohdinyy ite aiegrmbedfientheof itlst poeiseat
signal group and second control signals for
icorntabhi ng Sadneot idincdfrybeagbavensd gnals-oofi deRethat
second drive signal group; and a drive unit that
igubsst he drive waveform the first control signals,
and the second control signals, selects one or nnre

drive S|gngl i%&fﬁnéi h%%é%ehéég £ O u%égi%% FSB%rge

dr|ve si gnal oup an second drl

g ghe f|r t cont db igga[s and the second contro
uﬁﬁ I yp%ﬁdo Ke-§&Fécted drive signals to

the liquid dlscharge head. According to another

embodi nent 20fr1¥R Hefad pRPeR T WH G megd itvraiinge
apparatus is provided thatincludes a liquid discharge
agmearieusndcewiRithg tdrime wabefdreninagfudimg pr éseat drive
invention. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is
sigpenspectp veades ani off eneobrafotdBdive signals and a second

drive signal group made up of one or more drive signals within
one drive period;

a control signal output unit that outputs first
control signals for controlling selection of the drive signals
of the first drive signal group and second control signals for
controlling selection of the drive signals of the second drive
signal group; and

a drive unit that inputs the drive waveform, the
first control signals, and the second control signals, selects
one or more drive signals from the drive signals of the first
drive signal group and the second drive signal group using the
first control signals and the second control signals, and
supplies the selected drive signals to the liquid discharge
head.

According to another embodiment of the present

invention, an image forming apparatus is provided that
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form ng apparatus according to an enbodi nent of the

present invention ; FIG 2 is a diagramshowi ng a
wore@hasiscal structure of the image fornm ng appPCEHIRS07/059807

shown in FIG 1 ; FIG 3 is a plan view of a rel evant

part of the mechanical str@cture shown in FIG. 2 ;
FIG 4 is a cross-sectional view of a |liquid discharge
ihedddes a Hdduwidgdisohairpy apyrarediugs acabrdinmgtd onger
side directions of a liquid chanber; FIG. 5 is a
egbodinaectdonak prewent anvértiiich.di scharge head cut

al ong short side directions of the liquid chanber ;
FIG 6 is a block diagram showi ng an overal
configuration of a control unit of the inmage formng

BAPPA! MR P16y O $ud BRAFkyEH agram showing a

confirguratrom of _a prrntcontrol unit of the contro

unit sho in ElG 6 ; FIG 8.is di_agram _

11 ustrat (S exartsl 8sPEFSREGH R ekt 81 A geheraritpde

and output by a drive waveform generating unit of the
TPrRYRI fARATIGVEp PEFAETSNANER ROFTIPCEBRERS| O5i Hrralrresent
used for drive signal selection; FIG 9 is a table
ipvewsiemti ng an exenplary rel ati onshi p between

di fferent conbi nations of droplet control signals ,

drive pul 6.t @ he sebeatesn byhdwimgdropkehafiOB8iT Odtructure
signals , and liquid discharge anounts of liquid

ofr ept efdadd MBming apparatus shown in FIG. 1;

FIG. 3 is a plan view of a relevant part of the
mechanical structure shown in FIG. 2;

FIG. 4 is a cross—sectional view of a liqguid
discharge head of the image fqrming apparatus cut along longer
side directions of a liguid chamber;

FIG. 5 is a cross—sectional view of a liquid
discharge head cut along short side directions of the liguid
chamber;

FIG. 6 is a block diagram showing an overall
configuration of a control unit of the image forming
apparatus;

FIG. 7 is a block diagram showing a configuration
of a print control unit of the control unit shown in FIG. 6;

FIG. 8 is a diagram illustrating examples of a
drive waveform generated and output by a drive waveform

generating unit of the image forming apparatus and droplet
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di scharged; FIG 10 is a table illustrating an
exenpl ary rel ati onship between droplet control signals

wW@R0oa/1838r6t conpari son exanpl e, drive pul ses tPBCDh&2007/059807

sel ected by the droplet control signals, and liquid

di scharge amounts of |iquiddroplets to be discharged;
FIG 11 is a diagramillustrating another set of .
condmplesighabs didade faavaréren gearealatsalemrdonut put by
the drive waveform generating unit and droplet contro
signal s usedGf 0¥ i iaveabilgnallsstestimon,arFleentblakrg a
table illustrating another exenplary relationship

RatweensHibf BsBMert eAlFirBabheNSombi KH1ORIRL cG0RkEBLet control
signals, drive pulses to be selected by the dropl et

S&%ta.rlgl, akgf?élﬁulse%n%ol EoguEglgéwg&@Etf%ecl’%gﬂ:fgbste?;%?%trol

['1qui d "dropl et's to be discharge a

i.l lustrating, an_exempl ary rel ati onship hetween_dr %et

AERErSr SPgnar et HoSBREAT EORPArT coh JAES aroRrre to be
)ul ses tq be selected by the droplet control signals,

¢PPEg6Fd di scharge anpunts of |iquid droplets to be

discharged; FIG 14 is a flowchart illustrating

exenpl ary Bperall ors o debdai tehiagrating we skgnrlary

sel ection schene depending on the printing node being

repitémenheéd; bé&teerl Slrioplatf bomchal tsidraist odt enfjirst

anot her set of exenplary operations for switching a

ddiripée isbgnakamel €CtdrAke pulses to be selected by the droplet

control signals, and liquid discharge amounts of liquid

droplets to be discharged;

FIG. 11 is a diagram illustrating another set of
examples of a drive waveform generated and output by the drive
waveform generating unit and droplet control signals used for
drive signal selection;

FIG. 12 is a table illustrating another exemplary
relationship between different combinations of droplet control
signals, drive pulses to be selected by the droplet control
signals, and liquid discharge amounts of liquid droplets to be
discharged;

FIG. 13 is a table illustrating an exemplary
relationship between droplet control signals of a second
comparison example, drive pulses to be selected by the droplet

control signals, and liquid discharge amounts of liquid

droplets to be discharged;



schenme depending on the printing node being
inplemented; FIG 16 is a flowhart illustrating
wezx@Tpbawry operations for switching a drive siPeEIP2007/059807
sel ection schenme dependi ng on the type of paper being
used; FIG 17 is a diagram®llustrating exanples of a
drive waveformincluding an idle discharge drive ulse
that is gehéFat®t dnd ggPHGPa5§ thbusiriate nga GEEBP
generating unit and droplet control signals used for
opeiradiohgnidr seiduthiog; aFdGLvd 8signal temilegtion scheme
illustrating an exenplary rel ationship between
detivEher agt on ot Natinmagohode dpé g camileplensiegnal s,
drive pulses to be selected by the droplet contro

signal s, apggl gy & $3B3EASr AMPUMN St tilnddhdther set of
droplets to be discharged; FIG 19 is a dlagram

5 L9t Lpg érf}serfo%eg oL f éeér elec
exe gﬁor% ﬁ -FQ%} ng an I We 8 ar ge I'I ve DUFS t?‘l 1{_101’1
rateg and o ut b the dri wayv e
S&Zﬁ?ﬂ‘?a??ﬁﬁn 9 A r86F l%%nfe?%fr T lzearier
drive signal selection; 20 is a table
i || ustrati AgCanbt Het aeiéﬁidpaﬁytr el HisErdHing BEERBERLY
di fferent conbinations of droplet controlsignals,
apeired ipubsésrt eviclsgioeet diby ¢henalr gisilectéont soheme
signals, and liquid discharge amounts of |iquid
ddpepdéehy o tbiee digehaifgedpeandefbdsusd;i s a di agram
showi ng anot her exenplary configuration of an image
10 form ng appagatis aCOEdLEFai0i Blustrating examples of a
drive waveform including an idle discharge drive pulse that is
generated and output by the drive waveform generating unit and
droplet control signals used for drive signal selection;
FIG. 18 is a table illustrating an exemplary
15 relationship between different combinations of droplet control
signals, drive pulses to be selected by the droplet control
signals, and liquid discharge amounts of liquid droplets to be
discharged;
FIG. 19 is a diagram illustrating another set of
20 examples of a drive waveform including an idle discharge drive
pulse that is generated and output by the drive waveform
generating unit and droplet control signals used for drive
signal selection;

FIG. 20 is a table illustrating another exemplary

25 relationship between different combinations of droplet control
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enbodi nent of the present invention. BEST MODE FOR
CARRYI NG OQUT THE I NVENTION In the foll ow ng, preferred

weedvodsisent s of the present invention are descp¢har007/059807

with reference to the accoaygnying drawings . FIG 1

IS a perspective front view of an inmage form ng

appar.at us,_accordi ng to an enhodi nent of the present

S ORIV FHBULF PESTD atted SHRREE0! BY iy Gasprlait Gonstol

FIG 1 includes an apparatus nmain frame 1, a paper

B ISraprd aituéAedlsohange appurhs ust nhiquid almpleter to be

feedi ng paper to the apparatus , and a paper delivery

disghaggeet;aehdbl y nounted to the apparatus main frame

1 for stocking paper having an i mage fornmed thereon.

Al so, a carugci.dge Leasidhgind shol@hgl 88t Iddempiary

cartridges is arranged at one side o? the front face

&dn it ages | | ' .

SR SRSl kol ALl Il o an
I dge ] unit 4 protrudes forward from

%$§§é§%##:ggcghgﬁg%%eIgbﬁﬁwﬁpgéoﬁain franme 1 and has

an upper face that ispositioned |ower than that of the

apparatus main frane 1 . Also, an operation/indication

unit 5 includingﬂoperation buttons and indication

Bi% J10DE FPRAGARRY AVG tIE \B5ie INVENBION t he cartri dge

| oading unit 4 . The cartridge loading unit 4 is

conf i gur ed Ihothecbrhbuatrg plprederred osdbarditdrid df the

cartridges containing

present invention are described with reference to the

accompanying drawings.

FIG. 1 is a perspective front view of an image
forming apparatus according to an embodiment of the present
invention.

The illustrated image forming apparatus of FIG. 1
includes an apparatus main frame 1, a paper feed tray 2
attached to the apparatus main frame 1 for feeding paper to
the apparatus, and a paper delivery tray 3 detachably mounted
to the apparatus main frame 1 for stocking paper having an
image formed thereon. Also, a cartridge loading unit 4 for
loading ink cartridges is arranged at one side of the front
face of the apparatus main frame 1 (lateral side of the paper
feed tray 2 and the paper delivery tray 3). The cartridge
loading unit 4 protrudes forward from the front face of the

apparatus main frame 1 and has an upper face that is
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recording liquids (inks) of different colors such as
ink cartridges 10k, 10c, 10m and 10y (sinply referred

WO 000a433876 0k cartridge 10 ' when col or disti nctPCHIP2a07059807

not made) containing black (K) ink, cyan (C) ink,

magenta (M ink, and yel | ow @V) ink, respectively. The
ink, cartrjdges 10 may be inserted into the cartridge
P%%h‘fjnod‘%ﬁ]ﬂgwﬁrf gHﬁ?t Hea® (ntthsy geraratne Bpparitare 1.
main frame 1 . The front face of the cartridge | oading
Hh3e Ahepasatéenéivdieytiot novtt Soverlydang rémgmtion
cover) 6 , which may be opened upon | oadi ng/ unl oadi ng
biretomk agar tinddgesidd unife ieperathgedi odi €@ i @hdiNifhce of
5 includes remaining |iquid amount indication units

the, cddienidbdm cadgndl ¥nf@rg signaling a Iiquid near end
status and a liquid end status of the ink cartridges

10 100, 198 cand Ry 1sveg el Theoemmunin.

l'iquid anmount indicatfon unit

LEIARCH AL PORLL A5, £LERoNd g L0, e Loadng

positions o e 1n

1 espectively., The operation/indication unit 5
ﬁ%do“{ﬁ?@{o 3&8&@%6&@?%&% Gifferegtpapkers such as ink
conveyi ng/ print resum ng button 13, and a cancel button
PRELRISIoesx APl e10F n 10 famld dRvngsimplechefidoald to as ‘ink
structure of the inmage form ng apparatus of the
prevEsgeeAbodiment co odesicrnithed i vhi harefeeneRd) O containing
FIGS. 2 and 3 . It is noted that FIG 2 is a diagram

shaw NE)t hakoveyan | (aechad) aabedts Upurg10f 4Re JuARgE (v)

form ng apparatus, and FIG 3 is a plan view show ng a
ink, respectively. The ink cartridges 10 may be inserted into
the cartridge loading unit 4 from the front side of the
apparatus main frame 1. The front face of the cartridge
loading unit 4 may be covered by a front cover (cartridge
cover) 6, which may be opened upon loading/unloading the ink
cartridges 10.

The operation/indication unit 5 includes remaining
liquid amount indication units 11k, 11c, 11m, and 11y for
signaling a liguid near end status and a ligquid end status of
the ink cartridges 10k, 10c, 10m, and 10y, respectively. The
remainiﬁg liquid amount indication units 11k, 1lc, 11lm, and
1lly are arranged at positions corresponding to the loading
positions of the ink cartridges 10k, 10c, 10m, and 10y,

respectively. The operation/indication unit 5 also includes a

power button 12, a paper conveying/print resuming button 13,
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rel evant part of the nechanical structure. As is
illustrated in these drawi ngs, a carriage 23 is
waapposised by a gui de nmenber including a gui deP€DaP2817/059807

and a stay 22 that extend laterally between | eft and
right si de boards (not shdﬂﬁY‘so that the carriage 23

y freely slide in main scanning directions (carriage
a§€aﬁnPﬁ@¢81r%%ﬁ?%M§ﬁrsﬁﬁﬁneﬁﬁmmiQi 3 . The carriage 23
may be noved in the main scanning directions by a main
scanni ng nbeothe4fodilpwangi, mengebledn i@/ tsHaticicsre of the
arranged around a drive pulley 25 and a driven pulley
idMageThornangi agm2Iusnelfutre peeosth ngdodadsndlks &dseribed
31lm and 3ly that correspond to |iquid discharge heads
whRat r@EéQQﬁ«EQetd eadropl gha of the colpreayehbewefd) 2 is a
cyan (© , magenta (M , and black (Bk) , respectively

ggg %ﬁgﬁgﬁéegmg%v%§agieﬁgé ﬁ@bﬁf%ﬂ:% tu£2a§f3€h 1mage

re not & Fecordi

ural ink spouts ozzles) aligned in d|re tions
PreRerPratirit ﬁ&ﬁ%nfi@anﬁ Pian ey Shokdnp e
nmount ed on the carriage 23 |n a manner such that the
nedevarspPett dP s diEr gechrréeti omtTecHitect ed
downward. I n certain enbodi nents, the recordi ng head 31
may be an Pakjietilesdrefiet incthess drapiiewsel ectertiage 23
actuator such as a piezoelectric elenent, a thernal

iackugportthaby usemipgkasembbangecindiiteed byibiel fod 21 and a
boiling of liquid by a thernoelectric conversion

s@la§Ment tE€heRerdt n@%terah@gwétw@e@ hang E%HUH%EU SVde
actuator that uses netal ase change i nduced

boards (not shown) so that the carriage 23 may freely slide in
main scanning directions (carriage scanning directions) shown
in FIG.3. The éarriage 23 may be moved in the main scanning
directions by a main scanning motor 24 via a timing belt 27
that is arranged around a drive pulley 25 and a driven pulley
26.

The carriage 23 includes recording heads 31k, 3lc,
31lm, and 31y that correspond to ligquid discharge heads that
discharge ink droplets of the colors yellow (Y), cyan (C),
magenta (M), and black (Bk), respectively (simply referred to
as ‘recording head 31’ when color distinctions are not made).
The recording head 31 has plural ink spouts (nozzles) aligned
in directions intersecting the main scanning directions, and

is mounted on the carriage 23 in a manner such that the ink

droplet discharge direction is directed downward.



tenperature change, or an electrostatic actuator that

uses electrostatic force, for exanple, as pressure
w@emenaisicg nmeans for generating pressure for PCT/JP2007/059807

di scharging liquid. It is noted that the inkjet head

has plural nozzles that aF@J%Tranged into plura

nozzl e rows where the nozzle rows may either discharge

liquid dr opfetsridin rabogiBersfortior Teapiddndr bppét 31 may

in different colors. The carriage 23 al so incl udes

becan takkst3Reddrimippingilndesoarpspriaryrdel acthaksr such

to the recordi ng heads 31. The head tanks 32 may

dseeepyezcol E€spDNdItghettl Oh tRESmAT Bt drkhat uses phase
cartridges 10 |l oaded in the cartridge |loading unit 4

art! os . for _ | . .
%ﬁ?ﬁg%&?n%ﬁ@@&Yb§L%¥¥h b01QEn8X§Fpi§?gggF§8a %ﬁekﬁzéb&@{klc

, a paper feed unit for paper

n er acking |t ressure plate) 41
5 R el e POl RS ROl P B e el e
it including a paper feed. roJler 43 that, separates

v ﬁggPag?r p*albae‘f S5 ehe ! pRpRF S 4 A KedusRdt Fg

paper stacking unit 41 and a separating pad 44 made of
teMpRreriar Warger |9 g8 PrPEErontabld factiuerort khetigses
arranged opposite the paper feedroller 43 and is
icasadstoenar dfohee pajper ekemdlepl derphSsullesgenargting means
menber 45 that gui des the paper 42 fed by the paper

fforedenbirht ifg CotEE RIrd Golredi4bhadgLonVieljul@ .guirdeis noted
menber 47, and a press nenber 48 including a tip

10 UM@SSHE! ZhRYetf OhdA A2 MG RIONbELTLd A AORYRYLPIahHEd into
paper 42 fed by the feed unit toward the recording
ﬂT%@gi ﬁ%zzf&r££wg’where the nozzle rows may either discharge
liquid droplets of the same color or liquid droplets in
different colors.
The carriage 23 also includes head tanks 32 for
15 supplying corresponding color inks to the recording heads 31.
The head tanks 32 may receive corresponding color inks from
the ink cartridges 10 loaded in the cartridge loading unit 4
via ink supply tubes, for example.
Also, as is shown in FIG. 2, a paper feed unit for
20 feeding paper 42 stacked on a paper stacking unit (pressure
plate) 41 of the paper feed tray 2 is provided, the paper feed
unit including a paper feed roller 43 that separates one sheet
of paper from the paper 42 stacked on the paper stacking unit

41 and a separating pad 44 made of a material with a large

25 friction coefficient that is arranged opposite the paper feed
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a conveying belt 51 that attracts the paper 42 by
el ectrostatic force and conveys the paper 42 to a

W@ ti3i8me opposi ng the recordi ng -heads 31 i s pPOWIRDEET/059807

The conveying belt 51 is an endless belt that is
arranged around a conveyiﬁét?bller 52 and a tension
roller 53 and is configured to rotate in a belt
rodhesy f AgR T r e thigiF ocs oW dnbi e Parse didesh rod Aewn4 3 n
FIG 3 . In one enbodi ment, the conveying belt 51 may

i ncl ude a 3u$dace Juhds meobeespbndiaty dwidespaper paper 42
attracting surface that is made of pure resin nmateri al

fadc byashpupepdd Ffeateriitg] ahayiige #dlildness af conveying
approximately 40 b mthat is not rheostatlcally

fakkr fbhsdr and aRaGK Jrayer mérﬁibgr resi S ANLE nlaye EZL? he

earth | ayer) that is nade of the sane naterlm

ps.tlé sﬁ%%zﬁe};oﬁgmllﬁa r %0 %%hlyorcorg r%lé/g_%?go?}ée paper 42

rbon arge ro rovi

t ur f of th conve It 51.  The
fﬁﬁﬁﬁf@% Bs) Peed i &%ﬁ@gﬁggaetae%%ﬂﬁl ltracandacr BREHRer,
the surface |ayer of the conveying belt 51 to be
HCORERYARY PothatTd Wt REtrachE i Hie marae 2 &Y t he
conveying belt 51. A predeterm ned pressureis applied
decirprbatie i e fart eonyehot bha hefererids tof at besition
charge roller 56. In one enbodi ment, the conveying
apglolse hg 52h&aye @b sl rigu hetaiden3asi arpearided.ol | er t hat
cones into contact wwth the md resistance |ayer (back

layer) andrhs 6oNSEtRA YA tI50UNE an AlDiesd Bd1ethat is
menber 57 is arranged on the inner
arranged around a conveying roller 52 and a tension roller 53
and is configured to rotate in a belt conveying direction (sub
scanning direction) shown in FIG. 3. In one embodiment, the
conveying belt 51 may include a surface layer corresponding to
a paper attracting surface that is made of pure resin material
such as pure ETFE material having a thickness of approximately
40 pm that is not rheostatically controlled and a back layer
(mid resistance layer, earth layer) that is made of the same
material as the surface layer but is rheostatically controlled
by carbon.

Also, a charge roller 56 is provided for charging
the surface of the.conveying belt 51. The charge roller 56 is
arranged to come into contact with the surface layer of the

conveying belt 51 to be driven and rotated by the rotating

movement of the conveying belt 51. A predetermined pressure
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side of the conveying belt 51 at a position

corresponding to the printing area of the recording
whemds3sBle The gui de nenber 57 has an upper f aP€T/sHa07/059807

is thrust toward the recordi ng head 31 side past the

tangent line of the two rotd%®rs (conveying roller 52

and tension roller 53) supporting the conveying belt

15 appliRdt 29| AnFEI Gz inge ToBRT P epBreIghaEL eagisbef the

accurately mai ntai ned. The conveying roller 52 is

aheingen rander od @t edlrhyrne smbodiment ngthtamvs® ivigaraller 52

drive belt 59 and a pulley 60, and in turn, the

negnedgonubetionlagmare airtht Belbet tticonRyidRg into contact

direction (sub scanning direction) as is shown in FIG

wth AhSOmid PaPEstARld M@RMrUNbEck SLAFOMI d8fh £Qr connected to

del i vering paper 42 having an i nage recorded thereon

4¥% iy recording heads 31, the paper delivery unit

néﬁuding a separating piece 61 for separating the

recorded paper 42 fromthe conyeying belt 51 , a_paper

del i very rgEF%r %Zg%ldgn&‘eﬁ‘bﬁﬁpé? YRIFVARPSHhes thg Lnner

The paper delivery tray 3 is arranged bel ow t he paper

déls ¢ér PpofPRYCHG Pldcoilvatt Aerert iirsy sprpggpending to

42. Al so, a dual side printing unit 71 is detachably

theurrdatangt heeg ealt Wiedeeobriheg dppaisatils nmihe bunade dember

. The dual side printing unit 71 receives paper 42

Fhaiasi sncoppey efhdmcdsar dsbyhthet remense thet abicerabng head

novenent of the conveying belt 51, turns the paper 42

Averideophbe thderartid® 1aRd beedse the RRNAE42 (BELYESIHg

the counter roller 46 and the conveyi ng

roller 52 and tension roller 53) supporting the conveying belt
51 so that planarity of the conveying belt 51 may be
accurately maintained.

The conveying roller 52 is driven and rotated by a
sub scanning motor 58 via a drive belt 59 and a pulley 60, and
in turn, the conveying belt 51 moves in the belt conveying
direction (sub scanning direction) as is shown in FIG. 3.

Also, a paper delivery unit is provided for
delivering paper 42 having an image recorded thereon by the
recording heads 31, the paper delivery unit including a
separating plece 61 for separating the recorded paper 42 from
the conveying belt 51, a paper delivery roller 62, and a paper
delivery wheel 63. The paper delivery tray 3 is arranged
below the paper delivery roller 62 to receive the delivered

paper 42.
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belt 51. Further, a manual feed tray 72 is arranged on
the upper side of the dual side printing unit 71. As

wo g003hessme in FI G 3 , a mai ntenance/restor ati oPCT/JP2007/059807

mechani sm 81 for maintaining and restoring the nozzles

of the recording heads 31 71 5érranged at a

non-printing area on one mai n scanning direction side

of the carArafe 2Fvepheide PréRahBe/ vkt oflatisofetachably
mechani sm 81 i ncl udes caps 82a-82d for capping the

mortiesl edr theeseadf it odcdhegi agphradss (edldl doeimeelly The
referred to as 'caps 82' hereinafter) , a w per bl ade

BRI eridel pragtite wozzl7a swckaces, papel a2 itha& is conveyed
di scharge receiver 84 that receives liquid droplets

s a6Ra0ed themdhe-JLeorditngnheadsyddeuUrd Mg nedbenveying
di scharge operations irrelevant to i mage recordi ng

& ahi 00 har ¢l 9130 Lecordi pg.liguid that has g 49
ous. I'n thep e, 7't 'S

econme overly vis resent exanp

ssunmed that.the cap.82a nay be used as. a .
R s PP e orin CoEas FPorer rh 1 4be conveying
"suction cap' hereinafter) and the other caps 82b-82d
Rele silnpl Juusler ast MATSPdr £eL8t ERRY of? cep$rranged, oanthe
i dl e discharge receiver 88 is arranged ata
yrrerprsiicel pg theadwnl tdicleorréntimgnustanii.ng direction
side of the carriage 23. The idle discharge receiver
88 recei veasl iqusitbwlr dpl et1s .t Bat aanei gt acharged storaRgon
i dl e di scharge operations irrelevant to recording

e ati=ang 1f 06 r dhsGHaligiing heeokdkpgridfund hbak1BaSsf the
beconme overly viscous . The idle discharge receiver 88
JEBbe%%@ ﬂgéd§9§T8§Qz%&ﬁgnd%ﬁtdeaiHoﬁIEEinting area on one
main scanning direction side of the carriage 23.

The maintenance/restoration mechanism 81 includes
caps 82a-82d for capping the nozzle surfaces of the recording
heads (coilectively referred to as ‘caps 82’ hereinafter), a
wiper blade 83 for wiping the nozzle surfaces, and an idle
discharge receiver 84 that receives liquid droplets discharged
from the recording heads 31 during idle discharge operations
irrelevant to image recording operations for Aischarging
recording liquid that has become overly viscous. In the
present example, it is assumed that the cap 82a may be used as
a suction/moisture retention cap (referred to as ‘suction cap’
hereinafter) and the other caps 82b-82d are simply used as

moisture retention caps.

Also, an idle discharge receiver 88 is arranged at
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alignment directions of the nozzle rows of the
recordi ng heads 31. In the inmage form ng apparatus

W@ 20WRf188876¢ ecor di ng apparatus) as i s descri bed BOD¥R2007/059807

the paper feed unit separates and feeds paper 42 from
the feed tray 2 one sheet~4f~a tinme, and the paper 42
that is fed upward in a substantially vertica

a dhormtigting guedednbiyhe ethpn deinespennisgtdirgetion side
i nserted between the conveying belt 51 and the counter

of othercafiriabeen3 .t hehti pdld dilkehpaper ré2eisegudflettdpives
t he conveyi ng gui de nenber 47 and pressed onto the

lﬁﬁ@i@yaf&al@ist thhtb¥ré h@i 4 drridfeRs S 2hN9d1 8! d8dchSge0
that the conveying direction of the paper 42 may be

O% ££1@:goxp§/ AR %@aﬂ@t @5 yr@@o%.gfge?%éeﬁg‘tciggg .Sf<919i MacrAE ing

ternating voltage consisting o ernating positiv

and negative .outputs is applied to.the,charge rgller
*8BOTI KA hithe L UPRI BE TS B PAYCSAEPORS uni 19 Aok
shown) so that the conveying belt 51 may be charged by
dARChATER MRGHY ECh8PgBaT oPRYE Patdoer 82t RRgt| extefsk 10 the
conveying belt 51 is alternatingly charged by a
apbgiméve dhmafdoasdod hlegandzrl e remge 04t the edeterdiintedieads
width intervals in the subscanning direction
3torresponding to the rotating direction of the

conveying belt 51. When the paper 42 is conveyed to

the conveyimgelinadt Fhahihg Bbdeiatals nghy;ebargeskdihg
the positive and negative charge vol tages, the paper

aﬁéakétﬁgfrégni ,dé%a%ﬁﬁe&°§H§WéP9jR§ Ep@} @ditﬁﬁi@aper
I's conveyed in the sub scanning direction by the

s%85§££ééwgnd feeds paper 42 from the feed tray 2 one sheet at

a time, aﬁd the paper 42 that is fed upward in a substantially
vertical direction is guided by the guide member 45 to be
inserted between the conveying belt 51 and the counter roller
46. Then, the tip of the paper 42 is guided by the conveying
guide member 47 and pressed onto the conveying belt 51 by the
tip pressurizing roller 49 so that the conveying direction of
the paper 42 may be turned by approximately 90 degrees.

At this point, an alternating voltage consisting of
alternating positive and negative outputs is applied to the
charge roller 56 from an AC bias supply unit by a control unit
(not shown) so that the conveying belt 51 may be charged by an
alternating charge voltage pattern, that is, the conveying
belt 51 is alternatingly charged by a positive charge and a

negative charge at predetermined width intervals in the sub
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novenent of the conveying belt 51. Then, one |ine
image is recorded on the paper 42 while the paper 42

w0 g00nesss76ti || by noving the carriage 23 and dp¢Tireg07/059807

the recording heads 31 to discharge ink droplets
according to an image sigmdl’—after which the paper 42

may be noved by a predeterm ned di stance to have the
steRning néireeion asrgsyonfiereore e rewdridiongirection of
operations may be ended upon receiving a recording end
Wiegrahveyiag sheinal 51 .ndiitehi tige tabet M2 riearcoandyedl tdhethe
paper 42 has reached the recording area after which

doh@epangrod2e nmy heiidals uereeni ©iddie, dHisGhaiousyt tay 3
. Al'so, during printing (recording) standby node, the

ﬂa%ﬁEﬁégeagé a%%%éﬂ@ﬂgiﬁégﬁgffa es the(faggﬁd4?h%s

mai nt enance/ restorati on anism 81 sid

r.ecordi ng, heads 31 may _be, capp by.the caps 82 _so
LTl e SR o R R e
heads 31 may be mai ntained and di scharge defects
RRI§EaAbY t B YR RFaeRinak IHESCHECTH K dfteedotALspnal
restorati on operations may be perfornmed while the
nmoveseditngt helaelsceanrteviegebedtbylt he caps 82. The
restoration operationsmay involve extracting recording
[iquid fromhthe srozZliee dhattheis ecosshdg] headSe3baper 42
using a suction punp (not shown) (referred to as

wha22l ensugihen' 4priderd assdet i Doy heseimAfdRY ka80158@123 and
recording l1quid that has becone overly viscous or air

éﬁﬂyihsstﬂgnf @5fﬁhﬂé1 %sr§§°£gi&§%éﬂé¥6éjfﬂ%ydggplets

di scharged, for exanple.

according to an image signal after which the paper 42 may be
moved by a predetermined distance to have the next line image
recorded thereon. The recording operations may be ended upon
receiving a recording end signal or a signal indicating that
the rear end of the paper 42 has reached the recording area
after which the paper 42 may be delivered to the discharge -
tray 3.

Also, during printing {(recording) standby mode, the
carriage 23 may be moved to the maintenance/restoration
mechanism 81 side, and the recording heads 31 may be capped by
the caps 82 so that the moistness of the nozzles of the
recording heads 31 may be maintained and discharge defects
caused by the drying of ink may be prevented. Also,

restoration operations may be performed while the recording

heads are covered by the caps 82. The restoration operations



10

15

20

25

Al so, idle discharge operations irrelevant to
recordi ng operations for discharging liquid into the

WO edoeg/18883€ har ge recei vers 84 and 88 may be perPor/smd07/059807

before or during recording operations. In this way,

st abl e di scharge performanceof the recordi ng heads 31
may be maintained. In the follow ng, an exenplary
meghNYatue | PF-oiching regardiny skirrigk fread tbe nhezles of
i mage form ng apparatus according to an enbodi nent of
Hhiee rpreséimg i mests i33n uss ndes csndetbmirumpor gdhert-eanhewhd
FIGS. 4 and 5. FIG 4 is a cross-sectional view of

(e chriraai do dis chay3a cheadteuh ' abONhdNgectSbde
directions of a liquid chanber, and FIG 5 is a

e R9%a8e6t) ow!th\atewe%rhfﬂﬁgl 1 o gk qi[rfaoé%%eﬁgggg? CWerly

across short side directionS of "the litquid ¢
.nozzl e align di rection ..Jhe illustrated.liquid
EEREr 88 ReAd RISy FEVEPRRte Mo et afny e ey

flow path plate 101 that nmay be created by etching a
Q§J§%§EB§F9§@9 T £%8MRdfe crystal silicon substrate,
for exanple, an oscillating plate 102 connected to the
| oner faceRd$ot hidle chisshelopl aperaigionshairnedygveat to
creat edt hrough ni ckel electroform ng, for exanple, and
rreaueziihg ppatztilfd domnedtetatoitdeliupper ihdoethe fdke
flow path plate 101. By layering the oscillating plate

diGZhatrhe thewtpatd qul ang 361lmapnse ther mofelde ppikate or
103, a nozzle 104 for discharging liquid droplets (ink

Srarle tr%bordﬁn% Qg & aeprect kgnepat KL05 dhal of §1s c%%::age

connécted to the nozzie 104, a Iiquid chanber 106,

ﬁg}foQﬁance of the recording heads 31 may be maintained.

In the following, an exemplary configuration of the
liquid discharge head of the image forming apparatus according
to an embodiment of the present invention is described with
reference to FIGS. 4 and 5.

FIG. 4 is a cross—sectional view of the ligquid
discharge head cut along longer side directions of a liquid
chamber, and FIG. 5 is a cross—sectional view of the liquid
discharge head cut across short side directions of the liquid
chamber (nozzle alignment directions).

The illustrated liquid discharge head has a layered
structure including a flow path plate 101 that may be created
by etching a SUS substrate or a single crystal silicon
substrate, for example, an oscillating plate 102 connected to

the lower face of the flow path plate 101 that may be created



supply port 109 that is connected to a common chanber
108 for supplying ink to the liquid chanber 106 nay be
wee@atiass’e Al so, plural |ayered piezoel ectric ePEnErMe7/059807
121 (only one is shown in FIG 4 ) as electro
mechani cal conversion el eehis corresponding to
pressure generating nmeans (actuator neans) for
B AgCkRE BLRFTIAUAFH G af 8T 1092BRE afFyEngozzle plate
Eressure to the ink contained within the |iquid canber
U6 cangegtibdsto substuratex F22et hat theé xBeont lp@th plate 101.
pi ezoel ectric elenments 121 are provided. It is noted
Brhaltawaimor ttheld8cal kaain@nged-oaiogenhkeh€low path plate 101,
pi ezoel ectric elenments 121. The supports 123 are
&iealrd noegebhglatd tind e plezoel 8611 er iRk RY 1iquid
dividing a piezoelectric elenent material but are not
5 é’ﬁéﬂl‘e%é a(lg '&?offfél%s%g,e.as%otzaﬁg I:Qz%fe 'roql %ba%gxt 183 that is
support nenbers . € ‘piezoelectric el énen 1778
connected.,to FPC cabl.e 126 for establi.shi .
CoHnee el%o%ovmtﬁﬁ it 'e\/el%éli’r @uﬁthtlfﬁi @éa%r ?%ét' ERBwAY ink
. Arimportion of the oscillation plate 102 is
THC DTt 603 Fhatel hitpercisd, tant ckrmies sherbetgh08 for
hol e portion 131 for accommobdati ng an actuator unit
$yr ludingg inkepp ettore | ldetudicc cheahent $04 2davaie crealiade
substrate 122, a concave portion that forns the comon
i quid chanflen, 10Byrand @arercik pdeppéyediotiec E32mkeats 121
supplying ink to the common |iquid chanber fromthe
10  exilfice isl Bhéedtal ey efigr bedegabosh MIHini chii® conversion
frame menber 130 may be created through injection

SLANG USh-REsPOGIITRY CULS8kR SUSH-AS BPRYNEESL A tuator

or pol yphenyl ene
'means) for deforming the oscillation plate 102 and applying
pressure to the ink contained within the ligquid camber 106 and
a base substrate 122 that fixes the piezoelectric elements 121

15 are provided. It is noted that supports 123 are arranged
between the piezoelectric elements 121. The supports 123 are
created together with the piezoelectric elements by dividing a
piezoelectric element material but are not applied a drive
voltage so that they merely act as support members.

20 The piezoelectric element 121 is connected to a FPC
cable 126 for establishing connection with a drive circuit
(drive IC) (not shoﬁn).

A rim portion of the oscillation plate 102 is
connected to a frame member 130, which has a through hole

25 portion 131 for accommodating an actuator unit including the
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sul fide, for exanple. The flow path plate 101 may be
created by perform ng anisotropic etching on a single

w@reo3i13d876i | i con substrate with a crystal ori ePCEHIP2007/059807

of (110) using an al kaline etching solution such as an
aqueous potassiun1hydroxidé“§blution (KOH sol ution)
or etching a SUS substrate to create concave portions

RAFFORIPES T L Rabl PRI He IngRdl EhedprretsBrstpats 188, and

the liquid chanber 106, for exanple. The oscillation
qsingay el 0rivhgn behat dmmad Frepepimomi higywinl eheombeos 108, and
form ng process on a netal plate nmade of nickel, for
axdmy eupBlyehont i V3 Yorokheplyypgsimi tetwle pbahes Diguid
netal /resin plate conbinations nay be used. It is

Akt Fabmt BBe PLLZOGIRCI T 16 Lo Sorldde ARd SHBBAIhéNts,
123 may be connected to the oscillation plate 102 by

aghesiye, memg?]ghfsér b@@gé?:%ggt%%xﬁq;sl%‘;%%tion molding

connected to e osci I'l at’i on esi ve,
The nozzl e plate 103 has a nozzle

far egﬁpgle i04h 1
RG09 LGt BV O 0BG YR N E oFPeEHoTRft iy Ao PRA¥RPERYLene
plural |iquid chanbers 106 forned within the |iquid
géORe &Y maybe connected to the flow path
plate 101 by adhesive, for exanple. The nozzle plate
103 may beThadélof retretrdlateozfllemapnbercidretechby a
wat er -repel l ent | ayer applied on its uppernost
mrffoaedngl BnisotodEidt tdahihbeosusf abegld dry@tB0zEk8icon
pl ate 103 becones a nozzle surface 3la of the
S EdrditRdwhends 3drystal orientation of (110) using an
alkaline etching solution such as an agueous potassium
hydroxide solution (KOH solution), or etching a SUS substrate
to create concave portions and holes that form the nozzle
connection path 105 and the liquid chamber 106, for example.
The oscillation plate 102 may be created by
performing an electroforming process on a metal plate made of
nickel, for example. Alternatively, other types of metal
plates or metal/resin plate combinations may be used. It is
noted that the piezoelectric elements 121 and supports 123 may
be connected to the oscillation plate 102 by adhesive, and the
frame member 130 may also be connected to the oscillation
plate 102 by adhesive, for example.
The nozzle plate 103 has a nozzle 104 with a

diameter of 10-30 4m corresponding to each of plural liquid

chambers 106 formed within the liquid discharge head and may
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The piezoelectric elenent 121 corresponds to a | ayered

pi ezoel ectric elenment (e.g., PZT) in which
w@e@zosdsectric material 151 and internal el ectPOU&ER0ABEIS07

are alternatingly |ayered. The internal electrodes 52

that are drawn to alternafﬁﬂg'ends of the

pi ezoel ectric elenment 121 are connected to an

Bengrpraghrderectrddelors paghdria ke nhivh il esthesdee1580r

In the present enbodi nent, the d33 displacenent node
gxempded sBhehaezzle plakenilOBi may Hee Inafis diclkamkénl 106zzle
may be pressurized by the displacenent of the

memdeaekhatrhes ed enerdr-I2bel Dehbel &3sr HRGId0Bn its
However, the present invention is not Iimted to such

dﬁ@e%ﬁggg|gﬁﬁfac@ndZﬁh%ﬁg%étgﬁsﬁﬁégeﬂﬁﬁtsﬂg¥¥%e”6¥ @héQnozzle

be used to pressurize the ink within the [T qu
1 a 0 ezoelect

b3 B 0ot 1€ e SRR 214 S Qe A SoBEhERG neaa
5 nbodi nent, one row of the plezoelectrlc elenent 121

y be fixed to one substrate 122 . In the |iquid
di scharge head as is descri bed above, the voltage
appl i ed t oTPRePHPEIVA TG elemeRtnt 2L xorrgssads to a
decreased wth respect to a reference potential. In
ltayerredt hapregbetecte il agicatrete . 421 PEE) ciontwhdch and
the oscillation plate 102 nay be |lowered so that the .
pliaizomteotribembtepial difanmhad 1fbermyl i sidE@asAeands5 Nkre
may flow into the liquid chanber- 106, for exanple.

alteinathegypl 1 apgerappl ited tatbheaDi €708 RGHId GoekRREN re

121 may be increased so that the piezoelectric el enment

&E%%n”@% Sf@@?ﬁaffh&rgidsa%%rkﬂg piezoelectric element 121 are
connected to an individual electrode 153 and a common
electrode 154. In the present embodiment, the d33
displacement mode is used so that the ink within the liquid
chamber 106 may be pressurized by the displacement of the
piezoelectric element 121 in the d33 direction. However, the
present invention is not limited to such an embodiment, and
the d31 displacement mode may also be used to pressurize the
ink within the liquid chamber 106 by the displacement of the
piezoelectric element 121 in the d31 direction. In another
embodiment, one.row of the piezoelectric element 121 may be
fixed to one substrate 122.

In the ligquid discharge head as is described above,
the voltage applied to the piezoelectric element 121 may be

decreased with respect to a reference potential. 1In turn, the



directions (vertical directions in FIGS. 4 and 5 )
In turn, the oscillating plate 102 may be rai sed
w0 owansssthe nozzl e 104 side and the capacity /Roi/irmeornis9s07
the liquid chanber 106 may be reduced so that the
recording liquid within th&41 quid chanber 106 may be
pressurized and droplets of the recording |iquid may
réezapsepbr e Ekamsnt A lnway| ecnrciiieyl thige opolildgkion
applied to the piezoelectric elenent 121 may be
pledd] 182 evay dod Heweafeer encEhpbt €t inallwe tiathehkiquid
oscillating plate 102 nay nove back to its initia
db@sibki-0D0 @Smady riefdddasef awhi chk tiey | 104 d nebarber 1486id
may expand to generate a negative pressure. In turn,
q chaher. ma r :
ctrhteég%rl‘e!él %%@r i qui d farrroao?n%t'hexggﬁﬁoﬁkpél f‘{qaul%%%h\agﬁggﬁe%? the
hen r . the oscillation f the neniscus, of  t
s FEnRTe it ord REY.Pe MRS S e e
stabi lizes,, the liquid discharge head nmay performa
BiEFC S BhbERT BT it H‘PXcﬁ‘éP%éd oferdS dRYSTIHRT s
noted that in the above-described exanple, the |iquid
dirscharpe MetimlddivesthpnpuirihfEend pashbhg t ke turn,
oscillating plate 102. However, the drive nmethod for
Whe visngl hetinguplhid ddRamgg headaiseddiowaimdd ted hozzle 104
such an exanple, and other nmethods may be used

sdeeeadinghoncdie Rl ung vwhi the al thiive aweker 6 Smay be
supplied, for exanple. In the followng, a contro

10  Adduelf sbhendmagg fﬁé@ﬂgnapﬁg%@w Sy AGH diag 1§Lt&8§§: ?célamber

present enbodinent is describ with reference

f%& may be pressurized and droplets of the recording liguid
may be discharged from the nozzle 104.
Then, the voltage applied to the piezoelectric
element 121 may be readjusted to the reference potential so
15 that the oscillating plate 102 may move back to its initial
position as a result of which the liquid chamber 106 may
expand to generate a negative pressure. In turn, the liquid
chamber 106 may be replenished with recording liquid from the
common liquid chamber 108. Then, after the oscillation of the
20 meniscus of the recording liquid at the nozzle attenuates and
stabilizes, the liquid discharge head may perform a next
sequence of liquid discharge operations.
It is noted that in the above-described example,
the liquid discharge head is driven by pulling and pushing the

25 oscillating plate 102. However, the drive method for driving
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FIG 6 is a block diagramshow ng a configuration of
the control unit of the imge form ng apparatus

w@ewonstisng to an enbodi nent of the present i nvRCL/iRM07/059807

The illustrated control unit controls overal

operations of the inmmge for4dhg apparatus of the

present enbodi nent and includes a main control unit

B lipyd dndys g rganinesec dapueer Lt tedrdsn s$urcdr an example,
controlling idle discharge operations and a print
agohtortberumeth@DP nadyatemmyg ededapandimr ampuher manhkr in which
means for controlling print operations. The main

Lantivel witbfodRliLauppaliedopebat éoagplaor fornmng an

.image on paper 42 based on print processing

i nformati opyi E‘l@é*tfélrl%ﬁtn% fr OEbﬂtEQiT'rﬁHh@Q}f Qe image

circuit 300. For exanple,”'the main control unlt

ont.ral s drlv operak, ns for r|V|n the
éggﬁﬁﬁ%apﬁof St sub s nlng mﬁ”EE dégeV|a

naln canning notor drive circuiit 303 and a sub
PR Wb?%r %&ﬁfeﬁﬂﬁjqpr§ﬁ§n1§3|on operations for

transn1tt|ng print data to the print control unit

.302. Al soFIg. det¥xtd dnosikgraroraBnskowats isagenfiguration
p03|t|on detection circuit 305 that detects the
podiltsl condfol hecar rafaghe23magei Aipuhing ddperadius according
control unit 301, and the main control unit 301

ORI @n®otiifetoVd N HO Pirdeisentandvedyidig speed of the
carriage 23 based on the input detection signal from

the Carr'a@ﬁeDQﬁlﬁéé%hﬁBﬁ‘%%5%9810t££9'605¥¥%1s|%v%&gll
enbodi ment, the carriage position detection circuit

o?p q:.@é)ngeE? th:h% hﬁna%%s 'ftor%l?mgf a{;lﬂgrgﬁﬁ ' &9 ech%?’ p?%s ent

embodiment and includes a main control unit 301 that may be a
microcomputer with means for controlling idle discharge
operations and a print control unit 302 that may be a
microcomputer with means for controlling print operations.

The main control unit 301 controls operations for
forming an image on paper 42 based on print processing
information input thereto from a communications circuit 300.
For example, the main control unit 301 controls drive
operations for driving the main scanning motor 24 and the sub
scanning motor 58 via a main scanning motor drive circuit 303
and a sub scanning motor 304, and transmission operations for
transmitting print data to the print control unit 302.

Also, a detection signal from a carriage position

detection circuit 305 that detects the position of the
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encoder sheet arranged al ong the scanning direction of
the carriage 23 with a photo sensor that is installed

WO poorhassear ri age 23 and counting the slits reaPChyP26m059807
photo sensor. The main scanning notor drive circuit
303 drives and rotates the ##fn scanning notor 24
according to information on the carriage noving anount
PR o tRelf@ih tvithromadni cogbuol gy S0flheand the
carriage 23 to a predeternm ned position at a
mFriedetogrtronednspedl Argoola dbbemntdvimy spamidliohr emdamoving
conveyi ng anount detection circuit 306 that detects
dhed i RjcatBupia®d Ih@aeedveri 88e behbubdbdieduiput stenal
the main control unit 301, and the main control unit

Bk Gt Lak-$ikhe HOVi g rAMRYRLL30] aPVLng: speed of Lhe

conveyi ng belt 51 based on the 1 nput detection signa

om-. co Yi unt t.ecti,on circuit. 3086.
SRS et bR DB bR S e, B pav

06 det ect .t he conveyi ng anount_of the conveyin
Gg%ﬁ%c%%hﬁprééHF% & i &Fgélﬁgﬁa?f’nﬁye’fﬁaéjdé\g Shade of an
arranged around the rotation shaft of the conveying
FqdEaT 5hegitt Araapdvd ¢ lsegs dheapdavbling | Hg adid ol pEsthe
read by the photo sensor.The sub scanning notor drive
eprnia®®4 28r inkeb anphalot steesotrhéhstibis camniald edbtior th8
according to information on the conveyi ng anount of

ddericopy epi agdbebtinGing npidt sflaem £b&d ey ncreO Mot BBhkor.
301 to drive and rotate the conveying roller 52 and

TR il secan¥ ey NEo a8 lald el @125 eISE PralNRY RAS +hOBtes
at a predeterm ned speed.

the main scanning motor 24 according to information on the
carriage moving amount input from the main control unit 301 to
move the carriage 23 to a predetermined position at a
predetermined speed.

Also, a detection signal from a conveying amount
detection circuit 306 that detects the moving amount of the
conveying belt 51 is input to the main control unit 301, and
the main control unit 301 controls the moving amount and
moving speed of the conveying belt 51 based on the input
detection signal from the conveying amount detection circuit
306. In one embodiment, the conveying amount detection
circuit 306 may detect the conveying amount of the conveying
belt 51 by reading slits of a rotating encoder sheet arranged

around the rotation shaft of the conveying roller 52 with a

photo sensor and counting the slits read by the photo sensor.
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The control unit 301 inputs a paper feed roller drive
command signal to a paper feed roller drive circuit
w@7tsssrar n t he paper feed roller 43 around bRCBHR007/059807
degrees. Also, the main control unit 301 drives and
rotates a notor 221 of the %% ntenance/restoration
mechani sm 81 via a mai ntenance/ restorati on nmechani sm
e W seePndRe VRO ARIVe3U8ito38AaBreves and rotates the
rai sing/l owering operations of the caps 82, the w per
Pladeagingngothe S8 cdaprdimgp tof onfexaamplan obhehemi n
control unit 301 also controls drive operations of an
carkvestipipl ymonhorof othelrdotivieg iagPBaPt 051 athpduiK FFeRPkYie main
unit via an ink supply notor drive circuit 311 so that

ddte rROCpRdab edd Nitihe Ia&la cRLLELAgRS étg'l\/té;ﬂtélgaﬁtgller 52

| oaded into the cartridge |oading unit
d tanks =32, 10 one embodi
TR Rn TS PP RS edeeor SUERTSRBIY Posiifon ¢
per ans ba ed on . a detection S|gnal froma head
ﬁﬁrméPS uEPSEhsor 312 that detects the tank ful
status of the head tanks 32 . Also, the main contro
uni t 301 adhGi PRRLEGY sHdt i39R $nBrEd @ paperfesdatolaer
menory 316 installed ineach of the ink cartridges 10
diHate goembpddedgnalt = ke pepetr fdgé tobkmginimiet cdrehat 307
a cartridge conmunications circuit 314, perfornmns
or esomi ke papeestesi anltbe aeqaréﬁﬁblwy(Bﬂmaﬁbg@eeand Also,
stores the processed information in a nonvol atile

ﬂHﬁ“ﬁdin3&5n&§5§hn%§:@@1E5EB§@% bhatrd s ddistakbedri Bo1 of
the apparatus nmain frane .

the malntenance/restoratlon mechanism 81 via a

maintenance/restoration mechanism drive motor drive circuit
308 to enable raising/lowering operations of the caps 82, the
wiper blade 83, and the suction pump, for example.

The main control unit 301 also contréls drive
operations of an ink supply motor for driving a pump of an ink
supply unit via an ink supply motor drive circuit 311 so that
ink accommodated in the ink cartridges 10 that are loaded into
the cartridge loading unit 4 may be supplied t§ the head tanks
32. In one embodiment, the main control unit 301 may control
such supply operations based on a detection signal from a head
tank full status sensor 312 that detects the tank full status
of the head tanks 32.

Also, the main control unit 301 acquires

information stored in a nonvolatile memory 316 installed in
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Al so, a detection signal froman environnmental sensor

313 that detects the environnental tenperature and
wepoornsssnent al humidity is input to the main cPCI/RM007/059807

unit 301. The print control unit 302 generates data

for driving the pressure ge#ferating nmeans (actuator

means) of the recording heads 31 to enabl e discharge

eFich icduitedinkl @At palaed 4N ithRtr auei rrdascladongha
signal fromthe main control signal 301, carriage
qoditiidge Lotdin@twort f4 ombat beceatridge qosivnications
detection circuit 305, and the conveyi ng anount

divarirmBilen peefdime HeReltibed BrBUSissetRcttheNacquired
circuit 306, for exanple. Also, the print control unit

ﬁ%Maac&%fneréna@&ﬁé%at@leagr%%geédd @ofn%ttlla% pﬁag

drive circuit 310, and outputs signal's for enabling or

f h f
g R L

qi &pask si gnal o the head drive circuit 310.
APPARETHF TR lynit 302 has a drive

maveforn1generat| g unit and a drive waveform

sel ecting @AEP. fdrdgfeardiiam wgoaadr Eyem ety efpriyponmental
including plural drive signal groups each nade up of
e @r 330r ¢hdti detqgulss g énvieshgaats) tangeguattputt ang
the generated waveformto the head drive circuit 310.

drivioenentadi neaididhe drinyatwayefpe maenejcaitirsd uakE 301.
may include a DA converter that perforns DA

conversi ontgg palierdbiala ehid gbzv§el§éﬁ@s Q58 ¢olN

a ROM and an anplifier such as a voltage anplifier or

QH&%FQEeagﬁgééﬁfg géﬁg%é% Bgemggngeicuﬁﬁxgp%ea s E% the

recording heads 31 to enable discharge of liquid droplets
based on information including a signal from the main control
signal 301, carriage position information from the carriage
position detection circuit 305, and the conveying amount
information from the conveying amount detectidn circuit 306,
for example. Also, the print control unit 302 transfers image
data as serial data to the head drive circuit 310, and outputs
signals for enabling or confirming such image data transfer
such as a transfer clock signal, a latch signal, and a droplet
control signal (mask signal) to the head drive circuit 310.
Further, the print control unit 302 has a drive waveform
generating unit and a drive waveform selecting unit for
generating a drive waveform including plural drive signal

groups each made up of one or more drive pulses (drive



drive waveformto be supplied to the head drive
circuit 310. The head drive circuit 310 drives the
w0 ewonstisng heads 31 based on serially input i nBCEBEIRMA0T059807
corresponding to one line inage to be output by the
recordi ng heads 31 by sel ectively applying a drive
signal of a drive waveform supplied fromthe print
ciemeds) anft oBOMtsing ditjey gceksabed yavgform to the head
pi ezoel ectric element 121 as is descri bed above) that
drener atiesuéneddy. f dn dinscleabgiingeht guitte dhmipleetvaviEom
a correspondi ng recordi ng head 31. In one enbodi nent,
gHriate tiubs es i€ dhdy eirid1giRl 8) DoR thevalrtiate Sia@nNderforms D/A
groups nmaking up the drive waveform may be sel ectively
éHH¥éf§105005hﬁa€%éﬂﬁe&§f§n3F:asarggélsfgﬁﬁﬂ eli%reh in a ROM
differing sizes nay be di scharged dependi ng on the
e ted drive pul se and do of differing sizes m
5 HH B el S RS o R tale el Tt g h Berotet
of the print control unit 302 and the head drive
TR CHEL( he ABS T VET )73YES OFFe SRESEH MR Wit FoveFEr8REThe
to FIG 7 . In the illustrated exanple of FIG 7 , the
Frive veaefrsh twike 3oPHldedugesthe dre¢ace dipwef edmcuit 310.
generating unit 401lthat generates and outputs a drive
wavef or m ( Foenbead rdnierenaniefooring 3adddaided Ehea arsberiing
unit 402 that outputs two-bit inage data (gray |evel
I gal3y Based ¢n cosfiRENGNdnPpYLt OmagPrddtia idAGRspdnding to
clock signal, a latch signal (LAT) , and dropl et

10 santrigle shapal §o MOasINRA %‘i}dt%o?éémﬁnd‘l%leta@% 31 by

present exanple, the drive waveformunit

selectively applying a drive signal of a drive waveform
supplied from the print control unit 302 to a drive element
(e.g. piezoelectric element 121 as is described above) that
generates energy. for discharging liquid droplets from a

15 corresponding recording head 31. In one embodiment, drive
pulses (drive signals) of the drive signal groups making up
the drive waveform may be selectively applied to the drive
element so that droplets of differing sizes may be discharged
depending on the selected drive pulse and dots of differing

20 sizes may be formed.

In the following, exemplary configurations of the
print control unit 302 and the head drive circuit (head
driver) 310 are described with reference to FIG. 7.

In the illustrated example of FIG. 7, the print

25 control unit 302 includes a drive waveform generating unit 401
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which is also described belowin relation to FIG 8
(a) , is configured to generate and output a waveform

w@ ewmres7evavef orn) including a first drive si gpel/JRROGUIFI807

PE@ nmade up of one or nore drive signals (drive

pul ses) followed by a secorrddrive signal group P&

made up of one or nore drive signals (drive pul ses)
WhetthpRReketel i and Payiruds( 8nerpye nfavREQEY | (Geymon| drige
noted that although a waveform i ncl udi ng two

weersecm | ¥ed dr idetasitgaalk fgroupst | 40Py artertaedpand two-bit
output in the present exanple, the present invention
infgRotathM(gedy tievaickigRaexaopl B afshespevndiagMto a print
i ncluding three or nDre drive S|gnal groups nmay be

19RRer aged; god 3N 1QLRAT 5 YR ??AT) TB%dda!réFlet

transfer unit 4 succeSS|ver outpu fi'rst dropfe

égnr F%Pgnfgﬁm&ﬁ¥$@&¢8 o&Nggb%§§lng drive signals

drive S|gna grou and second dropl et
contr ol | s MNOb- MN3b for. selecting drive signals,
of the seEg her Pres gt Gup B& WV Ri HaBREeCH? | Wit 401,
period in_accordance MAth the out put of the first
variche 15| ghap devuped bgaevwt he sebdhPrdrio&16i-gRalla) , is
group P& by the drive waveform generating unit 401 In
ddnef iguesdnto examptad,e el Putptit andvseciono drcopiet waveform)
control signals M\O0a- MN3a and MNOb- MNBb correspond to
itnaudiihgShgpat st fdfivé seghbNggasup Bt DG tugph o41bnefor
the head drive circuit 310 to open/cl ose.

meReC i Gal kYgnd e &iﬂ%%' p%&%EHﬁeﬁoPiovH&? dy %steéBHd drive

second droplet control signals MN3a “and

4%8%%1N§§Bu£'ﬁéﬁtﬁﬁéé Q&;%@egneegﬁlﬁofe(éfy’ S%qgﬁgigg(drive

pulses) within one drive period (one printing period). It is
noted that although a waveform including two consecutive drive
signal groups ié generated apd output in the present example,
the present invention is not limited to such an example and a
waveform including three or more drive signal groups may be
generated and output in other examples.

The data transfer unit 402 successively outputs
first droplet control signals MN(Oa-MN3a for selecting drive
signals of the first drive signal group PGl and second droplet
control signals MNOb-MN3b for selecting drive signals of the
second drive signal group PG2 within one drive period in
accordance with the output of the first drive signal group PGl
and the second drive signal group PG2 by the drive waveform

generating unit 401.
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sel ection of a corresponding drive pulse) and H (for
signaling non-sel ection of a corresponding drive

w@edoga)ssier accordance with the periods of the PCT/S$R2007/059807

drive signal group PG and the second drive signa

group P& . In the present™ %%anple the head drive

circuit 310 includes a shift register 411 that inputs

a transfer I8 6BR PEPFERT @xEmcandhsefinst i and e atmnd

(gray level data: 2 bits/CH) fromthe data transfer
drpnrletpZzongrbat showd ks MNO a4 ME3Roant aVbH-ANIte gicstresednd to
values of the shift register 411 with a latch signal,
awdasiaderi ght3sf osr deneditigid be ghavolexmel tdlata ang tth@ head
first and second droplet control signals M\0a- MN3a and

&@ﬁﬁb|@¥¥%uiﬁd3@@tE%”Jﬁéﬂydﬂg%edec@?é@gffgé §55thﬁ 51gnal

| evel shifter 414 for converting eve

ééﬁ%ﬂiﬁﬂﬂd%agﬁesfgp$é JJ&”Q‘%$%$? %Od %tﬁ%s t°£f§%%%aﬁs MNQOa-—

opera an anal og swt

4 dﬁ%gb{“ﬁﬁ%ﬁ Rt %%%%Qﬁ FFES Shppicrod anel ing

thereto via the level shifter 414. The anal og switch
Gt BoRbedt eAr RIS dafivenpel eel rasgkdl (for signaling
(i ndividual electrodes) 154 (see FIG 4 ) of
ndepedasdliont of ca et@mEREnt2hg dniivée heulominuom dicdicvedance
wavef orm fromthe drive waveform generating unit 401

Wwisth ripiset peeibhie afatieg [wistcArd$8. s AGEOr dimgly Padh8Ad the
the anal og switch 415 is turned on according to

gggaﬂa g ikesyh &sa PfgdegPdicng the serially transferred
i mage data (gray |evel data) and the first and second

dropl et Coﬁhrehesbﬁgggﬁ% MQ%%pWNgatﬁgdhgggnﬁggggjc1rcu1% 310

includes a shift register 411 that inputs a transfer clock
(shift clock) and serial image data (gray level data: 2
bits/CH) from the data transfer unit 402, a latch circuit 412
for latching registered values of the shift register 411 with
a latch signal, a decoder 413 for decoding the gray level data
and the first and second droplet control signals MNOa-MN3a and
MNOb-MN3b and outputting the decoding results, a level shifter
414 for converting the level of a logic level voltage signal
from the decoder 413 to a level operable by an analog switch
415, and the analog switch 415 that turns on/off
(opens/closes) according to the output of the decoder 413 that
is supplied thereto via the level shifter 414.

The analog switch 415 is connected to the selection

electrodes (individual electrodes) 154 (see FIG. 4) of the
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decoder 413, relevant drive signals of the drive
signals included in the first drive signal group Pd

wanpw7nss76econd drive signal group P& maki ng RQI/gHee07/059807

common drive waveform may pass (be selected) to be

applied to the piezoel ectrit’el enent 121. In the

foll owi ng, exanples of a drive waveform output from
RiRzapliegt rhvavel SreR terdlat g Ghet cagmom gl ifMer savefidrm from
second droplet control signals output by the data

thanbfive vavefd0R garemdsad bedtwi®h refienercec ahe analog
FIGS. 8 and 9 . Referring to FIG 8 (a) , the first

giriteh gilgnal AgeontpiRf 3y gemenatad andlapitaittdly 4ibeis turned
drive waveform generating unit 401 includes a

RO HTERAEIE M MY S foh tBAYENGe G dME P dMserially
conponent that falls froma reference potential Ve, a

I 0 a e ential .after the

R AR e ey R T r e R 1 dRerbngee
otenfial Ve without interruptiqon; and discharge drive

$RHb Poplrt PP cath TG MVAVSTR rrch YBOReMESPhaE the
falls fromthe reference potential Ve, a waveform

At 3t haeleiginls e epsleneilal ohfthe dee slioraiad
a wavef ornctonponent that rises to the reference
ypuotlemtedalinVehe nfiotsir alripleaseégmnall grode H@ lagwd e second
descri ptions, "non-discharge pulse' refers to a drive

duetlee s(idhalegsognarg2 tddindl upeshé heonpdy erlieet kiaGeform may
el ement 121 to nmerely oscillate the neniscus of the

pREPr Hengeh baubdh fof MRd ffpitike 89zEhe JO4 MW ¢ element
causi ng
121.

In the following, examples of a drive waveform
output from the drive waveform generating unit 401 and first
and second droplet control signals output by the data transfer
unit 402 are described with reference to FIGS. 8 and 9.

Referring to FIG. 8 (a), the first drive signal
group PGl generated and output by the drive waveform
generating unit 401 includes a non-discharge drive pulse P1
having a waveform component that falls from a reference
potential Ve, a waveform component that holds the potential
after the fall, a waveform component that rises to the
reference potential Ve without interruption; and discharge
drive pulses P2 and P3 each having a waveform component that

falls from the reference potential Ve, a waveform component

that holds the potential after the fall, and a waveform
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liquid droplets to be discharged fromthe nozzle 104,
and "di scharge drive pulse' refers to a drive signha

WO baw/1887e/es t he pi ezoel ectric el enment 121 to POCHIPAITNSISOT
liquid droplets fromthe nozzle 104. The second drive
signal group P& that is sutkessively generated and
output after the first drive signal group PG includes
FPIACSCREr §hatlr FieepUts e rrieragca Mevastiorah denmponghural
that falls fromthe reference potential Ve, a waveform
waggenent that hol ds the potential after the fall, and
a waveform conponent that rises to the reference
potential Y& whéheolldwiiRy deRtreptians, a hd-ve RWa$8e
P5 havi ng a waveform conponent that falls fromthe

pefRIence-pot et i ahrMa gr%l@%vq&ﬂ% compangntythalyrives the

hol ds the potential aft the tall, a waveform

hat . ri { ial t [ i gher ,
SRR 020, Hh 8 18 A PRLEI Ayt At or

t.hat holds the potential after the rise, and a )
W 6P &quihgﬂ}gt%quaﬂtstpg PREZt et ertidhout causing

otential Ve. It is noted that the waveform conponent
e emophetpotenes alisghefraeHefden v uare feall04 , f poh
the referencepotential Ve corresponds to a pulling
Wwieethergec dnpoaeptl sdatraf@rsesot Aedpiez aelggEr ithat drives
el ement 121 to contract so that the volunme of the

thewidzebagberid 061 &Mont norneased: bga vgy efQfuld droplets
conmponent that rises in potential fromthe falling

£64g9¢ 16Rr hespPRdsyL0 a pressurizi ng wavef orm conponent

t hat causes the piezoelectric elenment 121 to expand so

that the V%h%”EeQEnd drive signal group PG2 that is
successively generated and output after the first drive signal
group PGl includes a discharge drive pulse P4 having a
waveform component that falls from the reference potential Ve,
a waveform component that holds the potential after the fall,
and a waveform component that rises to the reference potential
Ve without interruption; and a drive pulse P5 having a
waveform component that falls from the reference potential Ve,
a waveform component that holds the potential after the fall,
a waveform component that rises to a potential that is higher
than the reference potential Ve, a waveform component that
holds the potential after the rise, and a waveform component
that falls to the reference potential Ve.

It is noted that the waveform component in which

the potential V of the drive pulse falls from the reference
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the liquid chanber 106 may decrease. Wth respect to
the drive waveformas is described above, the data

W e@nasmsre unit 402 successively outputs the fiP&L/JP2007/059807
dropl et control signals M\Oa- MN3a shown in FIG 8 (b)
for selecting the drive pr%%é P1- P3 making up the
first drive signal group PA@ and the second dropl et
RGPS R L sV G neP S dARBASVRIZh 2s AU WALRG G E@ @pmpopent that
sel ecting the drive pulses P4 and P5 making up the
cacesd tiei peesdghadttgrogdeRedt. 12h thecontdmsttr abedhat the
exanple of FIG 8 , the droplet control signal M\Ca is

ddrumeebecthagl i el d athagliceehaogendy i eciudse Plthe HrB€eform
dropl et control signal MNIa is for selecting the

dingonahgetHat Ve P S& Rotenthg1 dEpph eéh&%glﬁ]qlsngs %,%8@'

ais for selecting the discharge drive pu
ople ..slLan is for selectin

F5PERHEr Bt PO Lt iPy Souflngy R e

ropl.et control signal is for selecting neither
oo i eeR LR aE te TN 4 284 P oS (1 CHAg & T Pobume of
pulse P5 , the droplet control signal MNIb is for
dE ddarag chemlbies cHifr gevdde¢sepstse P4 |, the dropl et
control signal M\2b is for selecting the discharge
drive pul s¥R8h, respedr ol ethecdnivel wavgiatn MY¥SH.si seboribed
sel ecting the discharge drive pulses P4 and P5 . By

alsiveg the aboxetdescfdbesifii aop sndcsecordd Wioapbats the
control signals M\Oa- MN\3a and MNOb- MN3b, |iquid

#rQp! et-spBY bendischargad f Mok Liesnozzde 104 FB. 8 (b)
seven dinerent si zes (when counting non-di scharge' as
f%ﬂiégikgting the drive pulses P1-P3 making up the first drive
signal group PGl and the second droplet control signals MNOb-—
MN3b shown in FIG. 8 (c) for selecting the drive pulses P4 and
P5 making up the second drive signal group PG2.

In the illustrated example of FIG. 8, the droplet
control signal MNOa is for selecting the non-discharge drive
pulse Pl, the droplet control signal MNla is for selecting the
discharge drive pulse P2, the droplet control signal MN2a is
for selecting the discharge drive pulse P3, and the droplet
control signal MN3a is for selecting the discharge drive
pulses P2 and P3. Also, the droplet control signal MNOb is
for selecting neither the discharge drive pulse P4 nor the
discharge drive pulse P5, the droplet control signal MN1b is

for selecting the discharge drive pulse P4, the droplet

control signal MN2b is for selecting the discharge drive pulse
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droplet with zero Iiquid discharge anbunt) as is
illustrated in FIG 9 , for exanple. According to the

WO bdougsisas ed exanple of FIG 9 , by supplying ptiBIP2007/059807
dropl et control signal MNOCa and the droplet contro
signal MNOb, only the drive3pulse Pl of the first
drive signal group PA is selected and supplied to the
F3 quihe @i@@ﬁﬁ%g@ohbml solangdt MNb| iLgufdr dseladtings the
di scharged (i.e., liquid droplet with a liquid
i ssdtrenoge damwenpubsed A )and By .suppl yi ng the dropl et
control signals M\2a and MNCb, only the drive pul se P3

of the firsy deing shgnabovd-eecPGhelisrsebecdff aénd
supplied to the Iiquid discharge head so that a liquid

araplat Wnthoa Liguhtls dngthange amaunkoRimdpl .lii%g]iéi

di scharged. By supplying the droplet control 'sign

d_ My Ly, the dr |se P4 of the d
TRSE g3l B5, Alpdiedd el B 5o R ek € et S5 %ne

jqui d discharge head so that a |liquid droplet with a,
‘h%%r’dﬁ SAFEPg VBT TR pRoPsypshmedyeds By 1iquid
supplying the droplet control signals MNGa and M\2b,
el atharigh verpul s@uit dfsqhgadscapauntt i ae i gddiustrated
group P& is selected and supplied to the
1n qicGldi9scargexheateso that a liquid droplet with a
liquid discharge anount of 5 pi is discharged. By

suppl yi ng theocdtapheto cond riallwsitgaaks Mbmpaadb M. 9, by
the drive pulse P2 of the first drive signal group PG

ansh the drihwe gpeb et PA0frd1hg 1$889NtneL | ¥ Sig: iroplet

group P& are selected and supplied to the liqu

égﬁ%ggﬂw¥ig%%§dM§8bEh@ﬁly the drive pulse Pl of the first

drive signal group PGl is selected and supplied to the liquid
discharge head so that no liquid droplet is discharged (i.e.,
liquid droplet with a liquid discharge amount of 0 pl).

By supplying the droplet control signals MN2a and
MNOb, only the drive pulse P3 of the first drive signal group
PGl is selected and supplied to the liqﬁid discharge head so
that a liquid droplet with a liquid discharge amount of 3 pl
is discharged. By supplying the droplet control signals MNOa
and MN1lb, only the drive pulse P4 of the second drive signal
group PG2 is selected and supplied to the liquid discharge
head so that a ligquid droplet with a liquid discharge amount
of 4 pl is discharged. By supplying the droplet control
signals MNOa and MN2b, only the drive pulse P5 of the second

drive signal group PG2 is selected and supplied to the ligquid
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aliquid droplet wwth a liquid discharge anmount of 9
pi is discharged. By supplying the droplet contro

W@ 2@nabs7éVN3a and MNI b, the drive pul ses P2 anpCPBP2067/059807

the first drive signal gro#g PE@ and the drive pulse

P4 of the second drive sigr 4"group P& are sel ected

and supplied to the liquid discharge head so that a
Fished 98 Ssret st el & ilgeugdd P@@ﬁge‘gewiamlmtli@w@s pi

i s discharged. By supplying the droplet contro

& qfiargevRRauahdoNBIRL tise ddsichergeatises P2 and P3 of

the first drive signal group PA@ and the drive pul ses

P4 and P5 &f thppdgbtondity idteplegnabngrOLPs KA1 8Nla and
sel ected and supplied to the liquid discharge head so

M, anel awidedpapbetpNidh el irquid gisghal; Blp PG
of 18 pi is dis%harged. As cgn be appreciaﬁ%@%ﬂﬁ%%tﬁeP 1
ahp d Pt o PY.Previ di rive wavef or.m

e e b e b e T g wmarp B2
wavef qrm. i ncl udin first ive,signal, group and a

Ut 5iFa S eagggﬁ‘gﬁ’&glreéj{&oegg‘ﬁ ﬁﬁ‘agg%pdb?gcr@rfg?eopeﬁﬁr g0 that
erve,si%gals Wi thin one drive period, and nmeans for

J YRS PEPPLlstt PUEt ishd Guis: déspbabre sinmitits offoP pl is
controlling selection of drive signals of the first

Hriahe rgiegnal Byr svipb bndse dded dconpl ebl conigral sifgmals MN3a and
controlling selection of drive signals of the second

Mivlibve thiegdalivgr pupsed tHY mndne3defvehpefintt dhieendihesal

of options for selecting the drive signals may be
draieasedaandhe ga trnRflset 84i B arib AeL MR 8LV 0k gnal
sizes may be dischargeéﬁ?].e., t he nunbéi of drope)leilgna

JoHReS phBY 2Re LocLeaseddvisLppyt «ines easl ng hNe RYIRRL e

of Signal lines
head so that a liguid droplet with a liquid discharge amount

of 13 pl is discharged. By supplying the droplet control

signals MN3a and MN3b, the drive pulses P2 and P3 of the first

drive signal group PGl and the drive pulses P4 and P5 of the

second drive signal group PG2 are selected and supplied to the
liguid discharge head so that a liguid droplet with a liguid
discharge amount of 18 pl is discharged.

As can be appreciated from the above descriptions,
by providing drive waveform generating means for generating
and outputting a drive waveform including a first drive signal
group and a second drive signal group each made up of one or
more drive signals within one drive period, and means for
successively outputting first control signals for controlling

selection of drive signals of the first drive signal group and
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used for selecting the drive signals. A so, in one
preferred enbodi nent, the drive signals (drive pul ses)

w@Roovhsssié r st drive signal group and the dri verPGI/greadz059807

(drive pul ses) of the second drive signal group may be
arranged to have differing3ignal properties such as
di ffering wavef orm conponents as in the .
seatvmde cdasepilbedioexbinfiar. coRtrRéliny| dkertiop of drive
conparison exanple is described with reference to FIG
si@ral)s ofAcher deagnd cltive cogpali goouexaitplionn Preh@wAvVEN
FIG 8 (d) , the drive waveformof FIG 8 (a) is
pdEIGEI Vel asmeBe &fF i ot isingn@orgeeupcaity delopldtive signals
control signals MNO-MN3 are used to sel ect rel evant
Ve .S .S, 40 he; dia r Wyt Rey rdleh e o f
m%;erbleod&(%%%ﬁ%& gga(%Q{lﬁlﬁieﬂ&%;igglge?h\é\%nﬂ%blpsi gnal Y;eI\/NO
js for selecting the.dfive p e he_d
SEetit MY S MArcRRFITS {;lo’re 's’elttclg%t P%b?%eg%rtlﬁlso?l% S¥PR MY
, the droplet contro|l signal NN%&is for selectin he
belr IRvE RASSEs PEDGHE BACTRTFGh &1Gr BPTREY cOht TS gnafS
M\3 is for selecting the drive pulses P2, P3, P4 r and
ufsd . fan seiestdage fhasdive owmals -F| &ls2g, ipyone preferred
supplying the droplet control signal MNO only
eitibeditmarer pultse dRlivess Sghalct ediminvg puppksedof othehefirst
liquid discharge head so that no liquid droplet is
agiseharged (Jdgy dndr opd edrinid hsigmlailgui(driivs charsyss) of the
anmount of O pi) . By supplying the droplet contro
s2LGR !d%e S?Lhrarﬁéllt Reodpi Mg, MH se-B3iged $6l RV AMREring
0

supplie e liquid discharge head so that a liquid

sggggigérg%égkf%giéﬁ%hdagiéff?géﬁidenyfogR goﬂﬁoﬁéhts as in
the above—described example.

In the following, a comparison example is described
with reference to FIG. 8 (d). According to the comparison
example 1 shown in FIG. 8 (d), the drive waveform of FIG. 8
(a) is perceived as one drive signal group and droplet control
signals MNO-MN3 are used to select relevant drive signals of
the drive waveform within one drive period.

Tn FIG. 8 (d), the droplet control signal MNO is
for selecting the drive pulse P1l, the droplet control signal
MN1 is for selecting the drive pulse P3, the droplet control
signal MN2 is for selecting the drive pulses P2 and P4, and
the droplet control signal MN3 is for selecting the drive
pulses P2, P3, P4, and P5. 1In this case, as is shown in FIG.

10, by supplying the droplet control signal MNO, only the
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di scharged. By supplying the droplet control signa

M\N2 , the drive pulses P2 and P4 are sel ected and
wapphssde t o the |iquid di scharge head so thatPer/ipxed/@9so7

droplet with a liquid discharge amount of 9 pi is

di scharged. By supplyi ng tRé-dropl et control signa

MN3 , the drive pul ses P2-P5 are sel ected and supplied
droveheulseurld idi seharged hwadl sorlhiad dol thei Bigeiopl et

with a liquid discharge anmount of 18 pi is discharged.
dAscrangdenhapprecithbedndr ongtiie ahpuerdescai pthanged i (Liquid

the conparison exanple 1 , liquid droplets may be
ddbBeBarget i :mfuxdf QuscrhF @rﬁﬁgurﬁi 2350 pajel ypy supplying
non- di scharge, small drople , medi um dropl et

n e 18 Si

e Shdp el sﬁéﬁéi ?%ﬂ&% b.r?l%.télnaﬁ%‘m&% 33, is

| ect .the_ drive .pul ses the drive
S3EOEFT P WPHITCE 5 BhT o] LU IR BEHGr hihepo that a
according to the above-described enbodi nent of the
lhaesdndroplRhtiidh, af dhEuid ol eehaisiq ealustgphl 3 Pl is
(two-bit signals) are transferred two tines within one
ddetcherpedi oBseuppdyihouthdi dfepleatt coonbhasiomsl (MM the
grayl evel s) may be obtained for the first drive signa

dgh.oapptFearnel faudr Pdi bt er ealecosdiamt is0ppl (EQUEo Oftey 1iquid
| evel s) may be obtained for the second drive signa

q9EeHRr§e héed ey repabl el hauh d A oRlet8 thoabeiquid
di scharged in seven different sizes using different

SSPRILPEL B! 19 LI ATLRERSY P5grL hnColl e
droplet control signal MN3, the drive pulses P2-P5 are
selected and supplied to the liquid discharge head so that a
liquid droplet with a liquid discharge amount of 18 pl is
discharged.

As can be appreciated from the above descriptions,
in the comparison example 1, liquid droplets may be discharged
in only four different sizes, namely, non-discharge, small
droplet (3 pl), medium droplet (2 pl), and large droplet (18
pl) using the four droplet control signals (two-bit signals)
MNO-MN3 to seleét the drive pulses Pi—PS making up the drive
waveform shown in FIG. 8 (a).

On the other hand, according to the above-described
embodiment of the present invention, four droplet control
signals (two-bit signals) are transferred two times within one

drive period so that four different combinations (four gray



10

15

20

25

In this way, provided with the sane nunber of signa
lines (bit nunber) , the nunber of droplet types

W@ 200283387¢ hat may be di scharged i n the presentPCT/JP2007/059807
enbodi mrent may be increased with respect to the
conparison exanple 1 . In-atther words, liquid droplets
in avariety of different sizes may be discharged with
levedisat ingg| ye sibipglimecofbirgtthat £bnsactand Bgghalt §oup PG1L
present enbodi nent. Al so, in one preferred enbodi nent,
atide fonyi Agf speads cibihatdeasl efsut Qe diesehas 98sy bye
the drive signals may be adjusted so that when a dot

ook atigelerbor g gééd%HS@QﬁbgiQ%%ﬁéﬂ éﬁod éggighQEQQgﬁégable

;
, the plural liquid droplets e e in m

iy P8PSR B ERRLMR "B Tt Fororkanpbes

Particularly, in the case of discharging the |argest

Y3r6pl é&ﬁ%’-‘%&é’ﬂc%fﬁﬂlééglaaﬁ hdtls EhISE @efi fegondt dreglet
be formed by nmerging plural droplets in mdair so that
COREratoplerals ffd igs lgﬂaéséré‘pfiﬁ@tin IFLGot Ber for example.
enbodi ments, instead of merging the droplets in

m dai r, pl Grathidr oplyet prolatedreitlo oy madeendabe ABYF

be arranged to |land at substantially the sameposition
sdfnalr etoesi ngiedinger) { othexambe: J d@}bgaefg& &s t & zes)
| argest droplet, by using a conmbination of the drive

toh@naby (8 @fsdheqklr sh gﬁéVﬁ%é%éﬂﬁﬂen@%aﬂﬂeﬁgdmigebe
drive signal (s) of the second signal group rather
only ane of the.drjve

ihE?@aFé&nﬂi{H'f@%é%b%n@gsﬁﬁé C%Pegﬁﬁ%qyeeggpp%a y E% other

signal groups, the length of
reguceg. : . . . .
words, "Iiquid droplets in a variety of different sizes may be

discharged with a relatively simple configuration according to
the present embodiment.

Also, in one preferred,embodiment, the moving
speeds of the droplets to be discharged by the drive signals
may be adjusted so that when a dot is to be formed by
discharging plural liquid droplets, the plural liquid droplets
may be merged in midair to land on a recording medium as one
droplet. In this way, a clearly defined dot may be formed,
for example. Particularly, in the case of discharging the
largest droplet, a well spread out and clearly defined dot may
be formed by merging plural droplets in midair so +that the
droplets land as one droplet. 1In other embodiments, instead

of merging the droplets in midair, plural droplets that are to

form one dot may be arranged to land at substantially the same
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inrelativity, that is, the drive frequency may be
i ncreased. Also, in discharging the |argest droplet,

wbyooaasssge al | of the drive signals used for di BCHaR20mgFoso7

liquid droplets (discharge drive pulses) , the length
of one drive period my be-3&educed conpared to the
case of not using all the discharge drive pul ses so
Ra#ttiohe ofr & veedordfuen medimy, béornexagsied. | n the
foll ow ng, another set of exanples of a drive waveform
out put by thedilsiheryavefiongesesat dagpied t 0haRd a
the droplet control signals output by the data

dondisien oHNbE A2 d:Si ' ' - El
11 and 12. As is s%%m‘%%%bé?%qsyl&?aw% ef‘rln%tféﬂgu?’gsgﬁ nal

I [ rj.v ignal_-group PAI.that is
gen rgggd@g%d&%%?%u lé%fiﬂ%é 8Fi%@evﬁﬁ&QQﬂrﬁ%ﬂﬁﬁgrgFPHB
i ncl udes. a di scharge drive pulse PIl having a

et ; -
aVEforfFBolptie - tHfas 1RRLS PFofRtheTedr dhgedrive
potential Ve, a waveform conponent that holds the

PSSt PAPURFt efhe heeriin of qRE Aries eferinc owpobenteduced
that rises to the reference potential Ve in plura
ighasdetiuhtly a dist har,gehdr drévpuf seqRivhasiynpea increased.
wavef orm conponent thatfalls fromthe reference

vol t age Vealsoyavefdisoieegnogethet Natgdw ds-diRt, by using
potential after the fall, and a waveform conponent

dihabofr ichesSakHvd her ey eRed POLeAld @lan® o 1Rk Al
phases . A second déﬁve si gnal group g ifg?hlgt(ﬁilg droplets

geeraked apL PR LA SLLDE J4 1 50R BLE0RY e
5%?%%%%%8&nkompared to the case of not using all the discharge
drive pulses so that the drive frequency may be increased.

In the following, another set of examples of a
drive waveform output by the drive waveform generating unit
401 and the droplet control signals output by the data
transfer unit 402 is described with reference to FIGS. 11 and
12.

As is shown in FIG. 11 (a), in the present example,
a first drive signal group PGll that is generated and output
by the drive waveform generating unit 401 includes a discharge
drive pulse P11l having a waveform component that falls from
the reference potential Ve, a waveform component that holds
the potential after the fall, and a waveform component that

rises to the reference potential Ve in plural phases; and a

discharge drive pulse P12 having a waveform component that



conmponent that falls fromthe reference potential Ve,
a wavef orm conponent that holds the potential after
wao b@7f13887¢ and a wavef orm conponent that ri sesPC€DIR20€7/059807
reference potential Ve without interruption; a
non-di scharge drive pul se-P24 having a wavef orm
conponent that falls fromthe reference voltage Ve, a
fanvef Hrom cheporénterbatvdidtags: fiee powenefalm afargyonemd that
fall, and a waveform conponent that rises to the

hbederens oehenbil ab fiver WHHEH1 1 ,ntatdr Bpiavafoantanponent
drive pulse P15 having a waveform conponent that falls

ref @hencer¥ebi g6 Mantd Mavel OhMpLeIPD :
t%ég?}%%fﬁgﬁ{ﬁé pot enti al g%tefltﬁE fall ?ba mavggg%ﬁf

conmponent that ri.ses. . ' ' i ghe
than the H%f§¥§ﬁ%%g%%%§n??éﬁgizgéﬁ*%gﬂﬁgiE?%Prg%t %ﬂﬁrated
a waveformc gnent . that hol ds, t he .potenti al r

5 apfeonTRe: T LRGSR o Ebhyio SERae L e e e
reference potential Ve . Wth respect to the drive
inalefer m alsdagescArbed Ia%bﬁ/%,l’]ﬁg@aéréﬁg r SRS EP TN t
402 successively outputs first droplet control signals
chibOaeiNIBer ts favi si firfinGehd Irdfrdnme peltestiay Yée a
-drive pulses PIl and P12 making up the firstdrive

wSkgRakm gE SRy tand Retosdiitks gpitemtdant abtesi ghal Zll,
IMN10b- MN13b shown in FIG 11 (c) for selecting the

AR YewRUL Besy R Rhenkekhag Hhsddesasendeder¥fcsi@hiadntial
group PGl2 . In the illustrated exanple of FIG 11

10 VIR SEERLELLEANERL H, DOok oM Pt sekephiog 1.

hgggngrgp&gée é¥¥legmp%£%g%|tﬁgilfglls from the reference

voltage Ve, a waveform component that holds the potential
after the fall, and a waveform component that rises to the
reference potential Ve without interruption; and a drive pulse
15 P15 having a waveform component that falls from the reference
voltage Ve, a waveform component that holds the potential
after the fall, a waveform component that rises to a potential
that is higher than the reference potential Ve without
interruption, a waveform component that holds the potential
20 after the rise, and a waveform component that falls to the
reference potential Ve.
With respect to the drive waveform as is described
above, the data transfer unit 402 successively outputs first
droplet contrcl signals MN10a-MN13a shown in FIG. 11 (b) for

25 selecting the .drive pulses P11l and P12 making up the first
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is for selecting the discharge drive pulse PIl, the
dropl et control signal MN12a is for selecting the
wale@chaisge drive pul se P3 , and the dropl et coptT/at2007/059807
signal MN13a is for selecting the discharge drive
pul ses PIl and P12 . Al so;4@he droplet control signal
MNIOb is for selecting the nondi scharge drive pul se
ditiA, stigeadr gpbep BN ragid siegnal Msbpbet scdmirodeléonihy
the di scharge drive pulse P13, the droplet contro

Ml ograiN el 2hos fwrFERl @t i(ey fhe deSediaige Hhd deive
pul ses P13 and P15, the droplet control signal M\13b

puisdLPp13ekbest hAgi Ad %Fgﬁit%%h@@a@nar b¥evPud 5 A1 3roiBerciz.
non- di scharge pul se P14, and the di scharge pulse 5.

By using the 0 ' f d c :
cont r ol sggng g %ﬁ&ga-%&kggggﬁﬁg%hlgg-ﬂiﬁBEﬁﬂlS%%nggplet
droplets na i sch ed fromthe npzzle 104 jn

Qg AP BLe L 07 SES Ylinan o0 niPPnRC RO G Kaige Pulee
as a liquid droplet wth zero |iquid discharge anount

Pl noy jtheysrigeeauise A1G ., the fgpPréRanpPeir e SoigdrhgMilla
to the illustrated exanple of FIG 12, by supplying

ig hepdrsghlesttingnthel dssgreaigeVlrdecandl s@ePll, the droplet
dropl etcontrol signal MNIGb, only the non-discharge

céliing pilsalPiy10s ider@eceiccedtngetie gibd clgrmyep dRGEL2
is selected and supplied to the liquid discharge head

pStsd i, nQd iAWl drapopt elortsodi sehangedn{ia e.s Adrquid
droplet with a liquid discharge anmount of O pi) . By

sgy@@é%gng:htehﬁlgEﬂmeé & %ul%iegn§h§ Q%Z@lz’:‘.”d Also, the

droplet control signal MN10b is for selecting the non-
discharge drive pulse P14, the droplet control signal MN1llb is
for selecting the discharge drive pulse P13, the droplet
control signal MN12b is for selecting the discharge drive
pulses P13 and P15, the droplet control signal MN13b is for
selecting the discharge drive pulse P13, the non—-discharge
pulse P14, and the discharge pulse P15.

By using the above-described first and second
droplet control signals MN10a-MN13a and MN10b-MN13b, liguid
droplets may be discharged from the nozzle 104 in eight
different sizes (when counting ‘non-discharge’ as a liquid
droplet with zero liquid discharge amount) as is illustrated
in FIG. 12, for example.

According to the illustrated example of FIG. 12, by

supplying the droplet control signal MN10a and the droplet
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M\l Ob, the drive pulse P12 of the first drive signa
group PA Il and the non-discharge drive pul se P14 are

w@edogasssds and supplied to the |iquid di schar gep¢iEaRR06059807

that a liquid droplet with a Iiquid di scharge anount

of 3 pi is discharged. By s#bplying the droplet

control signals MNIIGa and MNI I b, only the drive pul se
FrE-rol sRENgEcMNEORIr | arelysitiieahogrdipciRGiR: idrisel eatled P14
and supplied to the liquid discharge head so that a

¢f dunied secopdetirinyé hs Byddiguirdugi Behar g sumidtePhntt Blpplied
is discharged. By supplying the droplet contro

1o gl 3.1 0 Bad a8eh M heddh@odehye M'%ﬂ%ﬂd dlfogtlgglgs

first drive signal group PA I and the ve pul se
of cond. dri i roup. PGL re .selected and
e ot re | TR Sen el B SRR Frara

l.e Lth l'iquid discharge anobunt of 9 pi is
%ﬁéﬁ%ﬁa&ée .pﬁg'supplying the droplet control signals

Ml 3a and_MNI I b, the drive pulses PIl and P12 of the
first drivEYsPgrelyHirbdderdreranl ¢prtend \asignallseMR13a and
of the second drive signal group PGl2 are sel ected and
MG Elet drive pulps ®lE ofhahgef hesid do vehatigaalli gubdp
droplet with a liquid discharge amobuntof 13 pi is

Rfildchadgebde Byn-sdippihsrg thevdropl € montar@ sshghak8 and
MNI Il a and MN12b, the drive pulse PIl of the first

gligpieedi goathgr O RGO s2Rd rhbendtd v Ryl-ses R13,a5d
P15 of the second drivéssigﬁgl group PGlL2 are séngtgifplet

0, Smhed s el Wit ehige DPl Sl gy
Qd%pﬁ&ﬁﬁaa{ﬁquré%ﬁé%ﬂggﬁ%kgg signals MN10a and MN1lb, only
the drive pulse P13 of the second drive signal group PGl2 is
selected and supplied to the liquid discharge head so that a
liguid droplet with a liquid discharge amount of 4 pl is
discharged. By supplying the droplet control signals MNlla
and MN1lb, the drive pulse P11l of the first drive signal group
PGll and the drive pulse P13 of the second drive signal group
PGl2 are selected and supplied to the liquid discharge head so
that a liquid droplet with a liquid discharge amount of 9 pl
is discharged.

By supplying the droplet control signals MN13a and
MN11lb, the drive pulses Pll and P12 of the first drive signal
group PGll and the drive pulse P13 of the second drive signal

group PGl2 are selected and supplied to the liquid discharge

head so that a liquid droplet with a liquid discharge amount



the droplet control signals MN13a and MN12b, the drive

pul ses PIl and P12 of the first drive signal group
wW@aI/133806 t he drive pul ses P13 and P15 of the BeT/arpdo7/059807

drive signal group PGL2 are selected and supplied to

the liquid discharge head—g@-that a |iquid dropl et

with a liquid discharge anount of 18 pi is discharged.

oy 13uppl 3 ni)l ddim rdredpl eBy comppotisy ginal slrbN1lda aswAN
13b, the drive pulses PIl1 and P12 of the first drive

s38Ras DUP £ hans,t hee dischands (¥ ipde BYl 88ePidrst
t he nondi scharge drive pul se P14, and the di scharge

Aii¥es %ﬁ ogf Phecifea SC‘BHQ %J‘.‘\y§ il P%%’.Hd P%Ig of

are se that a |qU| oplet wi th |qu

I schar no nt.of 1 charge .

51 FPHD, SERED et L RRRAR A | 1 ﬂﬁc&s& figneupplied
reference to FIG. 11 (d) . According to the conparison

5 texihpl laukhahseheagechiead gq)that e ldauie %9”?612 iy a

FIG 11 (a) is perceived as one drive signal group and
ldaupHedisomrad aiqymdl oIV 0PIV dirschegaigdt o BEl eepplying
rel evant drive signals of the drive waveformwi thin
three ddopVet pesniachl lsighkGs MH1fal)and ta 2y, ophet dedné rpllses
signal MNIO isfor selecting the non-di scharge drive

mul seqPidz éhecxl oplet: eenbvEosignanalrdW Ipcis £88 the drive
selectlng the drive pulse P12, the droplet contro

pyllg'ae g@lﬁna gr;f@roéeéh%cgbegn&h&% vsa_ggl 185&08{3' p@¥ are

oplet contro S|gna
10 tl ng]i’“%he dr u;/ gﬁpg %I J?]% (%Jhscrh trgllp?lsg%gcgn?r at a
1q%g%|d¥g££ét &!%& a liquid discharge amount of 18 pl is
discharged. By supplying the droplet control signals MN13a
and MN 13b, the drive pulses P11l and P12 of the first drive
signal group PGll and the discharge drive pulse P13, the non-
15 discharge drive pulse P14, and the discharge drive pulse P15
of the second drive signal group PGl2 are selected so that a
liguid droplet with a liquid discharge amount of 21 pl is
discharged.
In the following, a comparison example is described
20 with reference to FIG. 11 {(d). According to the comparison
example 2 shown in FIG. 11 (d), the drive waveform of FIG. 11
(a) is perceived as one drive signal group and droplet control
signals MN10-MN13 are used to select relevant drive signals of

the drive waveform within one drive period.

25 In FIG. 11 (d), the droplet control signal MN10 is .
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t he non-di scharge drive pul se P14 is sel ected and
supplied to the Iiquid discharge head so that no

WO 2apailsssds opl et is di scharged (liquid dropl et BET/IP2007/059807

l'iquid discharge amobunt of O pi) . By supplying the
dropl et control signal MNIt43only the drive pul se P12

is selected and supplied to the |iquid discharge head

5 taedeciingqbhe mroplisticharge driveupalsh Kidar gde droplet
amount of 3 pi is discharged. By supplying the droplet
goritrod] ssggaal MIVNL s  fdreedectengutise dtivd puaekeeted the
and supplied to the liquid discharge head so that a
didgplied dbapkel 3 drina MN1QUisd ¢bschal g8 AP UWHe Qlfri_%epg lses
is discharged. By supplying the droplet control sign y

) dri I P11-P d
M\il?énd ‘Pﬁg, 51?%‘3?}9@ &_e%: coﬁ%rglil:séf S 3612-}1_3I Ifaﬁl q

supplied to t I qui I scharge SO0 tha

r-opl.et with liquid dis r amount._ of 21 pi is |
S Riargeant drid il o P0e 08q THbribie Msveas is shown
descriptions , in the conparison exanple 2 , liquid

Y St 3mal)Y bRIRRSERS J&¢ PROBARY $RiFrdi ffisinedt MN10, only

" sizes, nanely, non-discharge, small droplet (3 pi) ,

thadingm-diephero¢ olmive pudsé Pakdges dsoidated Bdpishipplied to
using the four droplet control signals (two-bit

Hegialom)i MNIDs diNI3yd chesel eot thhe 661 vienpid seepREL- P35
maki ng up the drive waveformshown in FIG 11 (a) . On

dibehetries hangui@cteiidty wient he) ahove-desel-i-bed anount of 0
enbodi nent of the present invention, four droplet

E%l?ﬂ:er @k, SLEPRy Snd RS l?irtogﬁ!egn @Bﬁ%?ﬁ% tGS j%ggnaarls fMTﬂlf’lFLed LY9 the

s Within one drive period so Ur différen
é%EU% %ﬂ&%gnﬁléffgwséyé@ked and supplied to the liquid

discharge head so that a liquid droplet with a liquid
discharge amount of 3 pl is discharged. By supplying the
droplet control signal MN12, the drive pulse P11l is selected
and supplied to the liquid discharge head so that a liquid
droplet with a liquid discharge amount of 9 pl is discharged.
By supplying the droplet control signal MN13, the drive pulses
P11-P15 are selected and supplied to the liquid discharge head
so that a liquid droplet with a liquid discharge amount of 21
pl is discharged.

As can be appreciated from the above descriptions,
in the comparison example 2, liquid droplets may be discharged
in only four different sizes, namely, non-discharge, small
droplet (3 pl), medium droplet (9 pl), and large droplet (18

pl) using the four droplet control signals (two—bit signals)
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| evel s) may be obtained for the first drive signa
group PA@ and four different conbinations (four gray
wo ewel13876ray be obtai ned for the second drive BCTNRA007/059807
group to thereby enable |iEUId droplets to be
di scharged in eight differéht sizes using different
conbi nations of the first and second droplet contro
Ml 1S 4o iselebtushe abwidd pwutises BR1-Fby makdmel &P [Fhe
this way, provided with the sane nunber of signa
dtivnesvdiforaushew) in tHES.nWibegr)of dropl et types
(sizes) that may be discharged in the present

enbodi mentomayebethasreased adddrdie pesttﬁ@ dhere-described
conparison exanple 1 . In other wor , liquid

AR S i3 Joi acth%agkéé n OF; A falent féh%ﬁr&éﬁﬂe@%mtml

I SC relatively S|nﬁle con ration

accordl ent e in ‘s
oo (i Ao SLEPERDL AR er gy ag: FOC af fhest ifin one
drlve S|gnals on dISC arge pul se and di scharge drive
dpiveargriod e [t8Alt FOWF Ui\ CHBPHBETHAYS beour gray
reduced conpared to the case of not using all the
ldvele) pulséds sbtahnedt fer diltiey & ifnsdqdepry aagndle group PGL
increased. . In the follow ng, exenplary operations
ah@r sob# i M reendr icvmb Shginadns el fieatd gmragc hevel se pendibeg
on the printing node being inplenented are descri bed
owkébné@f%@r&fe ts@chhe &t ovehardimishewapi Bo FHGSrethd antble
. Inafirst exanple as is illustrated in FIG 14, a

B?&”&a %Sd% o't% %@dﬁlgéhélpgé@ trh%rlght&ed@ffgkéﬂg Jmda

rrespo i mage qual ity "node t
ggﬁgrégkgerent combinations of the first and second droplet

control signals as is illustrated in FIG. 12, for example.

In this way, provided with the same number of
signal lines (bit number), the number of droplet types (sizes)
that may be discharged in the present embodiment may be
increased with respect to the comparison example 1. In other
words, liguid droplets in a variety of different sizes may be
discharged with a relatively simple configuration according to
the present embodiment.

Also, in discharging the largest droplet, by using
all of the drive signals (non-discharge pulse and discharge
drive pulses), the length of one drive period may be reduced
compared to the case of not using all the drive pulses so that
the drive frequency may be increased.

In the following, exemplary operations for
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I mage quality over printing speed or a high speed node
that prioritizes printing speed over inmage quality. If
wo b@7hsgghe | nage qual ity node is inplenmented, OPET/MAGINEISOT

are controlled to use the above-described first
dropl et control signals MMBE= MN3a (or MN10a- MN13a)
and second droplet control signals MNOb- MN\3b (or
sWNicOBoyNa3Byive skyreh sdrliepdipnl sekemerdetiandismagiongthe
liquid droplets. If the high speed node is
ptifiexenbdd, bepey athmlsnenedbereodés ot llest tvo ths eeffbeence
dropl et control signals M\O- MN3 or IMN10- WN13 (referred

td oS fiBivkHadEapbrbwe 0t ralcssi gnabsy hereinafter) of
the above-described conparison exanple 1 or 2 to

sel ect the ol ve.pul sea(l e sl anaha)rfota in 16, 14,

di schar gi ng qul for exanple ccordlng to
t he ent exa |n h| g ual i ty. node
a Fﬁﬁﬁiqﬁi& BelFogggﬁ By tbgve?h%o?rl l??\ﬁ?%ﬁ

nore levels, and. in h| node, an i mage ny
COBRGRRPIY fouR- NévR| llﬂ%ﬁ% quaé%%oﬁ??@ Fragy lbﬂé%ral{ﬁl&%
so that drive pulses are selected using the first
imkgplataldsnt pukrspghatinamPeete osegdohdiolr opted masiet KHRT
signals in the high inmage quality node, whereas drive
pplbsEs e pséhechgdspsedgpudre imbpedqdabptet contthel high
signals that only requires one-tinme data transfer in

nmfe high ssReadaends, 1pTdghticimgepauatibys i sRgedmyroleed
formed while still accommodating the demands for high

LA L AR R B

ﬁ§¥%a ﬂ&ﬁ%gs Bﬁénéééékd droplet control signals MNOb-
MN3b (or MN10b-MN13b) to select drive pulses for discharging
liquid droplets. If the high speed mode is implemented,
operations may be controlled to use the droplet control
signals MNO-MN3 or MN10-MN13 (referred to as ‘third droplet
control signals’ hereinafter) of the above-described
comparison example 1 or 2 to select the drive pulses (drive
signals) for discharging liguid droplets, for example.
According to the present example, in high image quality mode,
an image may be formed by multi-level dots of five or more
levels, and in high speed mode, an image may be formed by
four-level dots.

By controlling operations so that drive pulses are

selected using the first droplet control signals and the

second droplet control signals in the high image quality mode,
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node corresponds to a high image quality node that

prioritizes imge quality over printing speed or a
whe@h/133eed node that prioritizes printing speRdI/ar2007/059807

image quality. If the high inmage quality node is

i npl enent ed, operations ar&6tontrolled to use the

third droplet control signals to select drive signals
wiareai sichargpnlsés carel orlepitetisusinadthe tiHardidgieplet

speed node is inplenented, operations are controlled
cdorriie stib@aflbr shatlr owl etrepiitresl oseghithes dmith tthmnsfer in

second dropl et control signals to select the drive

R 9{%&}? sfp%reddfnéaeargl 0o 1A %ﬁﬁ@iﬁ&slminﬂee trii5 HeAFBrmed

an | ge I's formed by four-level dots int hi gh

I|t 1z 1

Whﬂﬁ? ogg ?tfﬁgéa%? norgd %%?ghin ?ﬁgﬁﬁygrlntlng
speed nDde. controllin peratlons r

pul ses aréjbé%gcﬁﬁﬂoﬁg'ﬁﬁg? i rd & u % %%ﬂtro%TG 15,
signals in the high |nage qual ity node mhereas drive
apdeemninadionl det Badastngte HEiest thF opPETSRoMT I EIng
signals and the second droplet control signals in the
mbilghcapeebomdge toaahhgph quedde yivieddge magesthat wygloritizes
formed in the high speed node even when the scanni ng
1hE8§8! fid vty Hveecpeaneinpysprddhrmal hiighevpeedotede Ithat

t hi sexanpl e, since the resolution in the high speed

g?g§1t§zégrﬁ?ﬁﬂ%inbosggeHOMﬁér tihaye bak1used i nftéiee high

I mage qual i tynode, the drive waveformitself may

ST LSS e 14! Sy st
t%xgse the {hfggadyypH% cghtrqugkﬁkxso%%rggiggé éf!ve
signals for discharging liquid droplets, and if the high speed
mode is implemented, operations are controlled to use the
first droplet control signals and the second droplet control
"signals to select the drive signals for discharging liquid
droplets. In this case, an image is formed by four-level dots
in the high image gquality mode, and an image may be formed by
multi-level dots of five or more levels in the high speed mode.
By controlling operations so that drive pulses are
selected using the third droplet control signals in the high
image quality mode whereas drive pulses are selected using the
first droplet control signals and the second droplet control
signals in the high speed mode, a high quality image may still
be formed in the high speed mode even when the scanning

resolution is decreased by using multi-level dots. In this



switching a drive signal selection schene depending on
the type of paper used are described with reference to

wo b@7fBssmehart shown in FIG 16. In the ill ustPer/aro07/059807
exanple of FIG 16, the type of the paper currently
being used is determned, aht-if the paper corresponds
to a predeterm ned type of paper, operations are
eomle, | ednce the témolabidve- desthe beigh | ssded hleet s
control signals M\NOa- MN3a (or M\1lOa-WMNl13a) and the
secoeddtopbet Loont rilarsitgadl 8s&M0bn M2 Hiomh IY’Nage quality
Cb-MNI 3b) to select the drive pulses (drive signals)

ridle dithehar g8 0vdd it S drerhet ﬁay%‘f‘eféréﬁ@ g%gggqi%ﬁéd to

not correspond to the predetermned type o

rat. |1 e the third droplet

TS O B L S MR 0 ke tsmanpashe of
J%xangle 1 or 2 to select the drive pul ses (drive

i rsFOF of* @ Srar gi ng 1iquid droplets, for exanpl e.
According to the present enbodi nent, operations may be
swi t ched béRweld E%Hﬁwglgan SKABPEATY t PPFLA ttiionise el

dots of five or nore levels and form ng an i mage with
fthchiiager doive deperdi mglentibe $gipsnofdqpaperngebAgthe
used.In the follow ng, exanples of a drive waveform
tiyred odi pgpan ush® dies chakcgebddi verputseddiate ks eHEpULt
by the drive waveform generating unit 401 and dropl et

ichak-+SEBewh Sioutfeut 1By the data transfer unit 402
are described with reference to FIGS. 17 and 18. The

10 maveforn1Ofnt{ﬁ%Fﬁfﬁﬁ%ﬁia%é@”@kgmgfeigf%ﬂﬁﬂn1%q the type of

the paper currently being used is determined, and if the paper
corresponds to a predetermined type of paper, operations are
controlled to use the above-described first droplet control
signals MNOa-MN3a (or MN10a-MN13a) and the second droplet
15 control signals MNOb-MN3b (or MN10b-MN13b) to select the drive
pulses (drive signals) for discharging liquid droplets, 'and if
the paper does not correspond to the predetermined type of
paper, operations may be controlled to use the third droplet
control signals MNO-MN3 or MN10-MN13 of the comparison example
20 1 or 2 to select the drive pulses (drive signals) for
discharging liquid droplets, for example.

According to the present embodiment, operations may
be switched between forming an image with multi-level dots of
five or more levels and forming an image with four-level dots

25 depending on the type of paper being used.
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FIG 17 (a) includes a drive pulse P6 in addition to
drive pulses P1-P5 that are substantially identical to
wo b@sasshown in FIG 8 (a) . Specifically, thePdF/iRr2007/059807

pul se P6 is added after the drive pulse P5 of the
second drive signal group~#&2 of FIG 8 (a) to forma
second drive signal group P& '. It is noted that a

first drive shgnébllpwuw PExampdest AE prasisif vevafpra
may be substantially identical to the first drive

115¢ gRdingg eaupdPE ddcHd Age Birigl puFse sthalr dp etutport byl the
signals MNOa '-MN3a' shown in FIG 17 (b) are for

aSE &Gl e gﬁé]‘!’@tﬂgﬁ S8 tPLoR3a08 dhepfdt dortidolesignals
si gna group second droplet control signals

01{1\%@1 3R é@gwg,ﬁérg%@f ikt T (o) aLe é@gcéﬁr&wl%

rlve pu ses second drive signal

group P&’ cal the droplet control signa
en?%*?bﬁi i# ?Eéth% non-di scharge drive pul se

Pl, the droplet control signal MNla'" is for selectin
t he d|schéﬂ§eWéW?§@r%u?§et¢%3Pr%ﬁ%gthBﬁWB}ec%%t%%ﬂSho n in
signal M\2a' is for selecting the discharge drive
Fpal se3 R2 dmdlP8esaaditites drojsieeoc dnt NI EIgMalC MBS
is for selecting the nondi scharge drive pulse Pl and
phingedi sTher geadr bye pubsesnifldydRdendlisal thethiysEplséown
control signal MNCb' is for selecting the neither the

1ﬁ'§§@ar®eeﬂr'vg pRELsesaPly, BR drMee phesédb® is added
drscharge rive pulse P6, the droplet control signa

LR s darSelestipg bhecid! & direchaiop dibie RUSS ro2
opIe control signal is for selecting

o%Pg gls h rg S%F%ﬁ gﬁésgogg'dfy¥%1gg%ngi08kgﬁp éﬁx(ﬂ It is
noted that a first drive signal group PGl’ of the present
example may be substantially identical to the first drive
signal group PGl of FIG. 8(a). First droplet control signals
MNOa’-MN3a’ shown in FIG. 17 (b) are for selecting the drive
pulses P1-P3 of the first drive signal group PGl’, and second
droplet control signals MNOb’-MN3b’ shown in FIG. 17 (c) are
for selecting the drive pulses P4-P6 of the second drive
signal group PG2’. Specifically, the droplet control signal
MNQa’ is for selecting the non-discharge drive pulse P1, the
droplet control signal MNla’ is for selecting the discharge
drive pulse P3, the droplet control signal MN2a’ is for
selecting the discharge drive pulses P2 and P3, and the

droplet control signal MN3a’ is for selecting the non-—

discharge drive pulse Pl and the discharge drive pulses PZ and
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di scharge drive pulses P4 and P5 . By using the
above-described first and second droplet contro

W@ 2@nabs76NCa ' - MNBa' and MNGb ' - MN3b', |i qui dPCT/opoet/s9807
may be di scharged in eight different sizes (counting
non-di scharge as a |iquid-dPoplet with zero di scharge
anpunt) as is illustrated in FIG 18, for exanple.
PAccohlsng the tdrepiletusonatel siqugdl &NOb'FES £68, sélecting
supplying the droplet control signals MNOa' and MNOb',
thel yei bieenoihadicdchabggedit ee prhisesPiP40f PEhenbirsite idle
drive signal group PA' is selected and supplied to

diBenhigui g e ghakge reeadns agtdiatet _%oln:Ft‘i}B'tLdsgPRQi Qi is
di scharged (liquid droplet with a liquid droplet

: I )a - . ' e d l.et ngon I
e s e, B ECh L0, s B 2 g aropet
pul se. P3, of the first drive signal group.Pd ' is_ .
BBREEt o nit SO o LOF: FELFS uic Hies BHAF RTHB LR e
that a liquid droplet wth a |iquid di scharge anount
ryfsg Bt i%nféji@kﬁwzﬂe—”@é’é?tB‘fo%ﬁ‘b]r yi¥gahdNgpopriet for the
control signals MNOa' and M\2b' , only the discharge
ddsicherpal del ) rofl seise P4esnddPri ve signal group P&
i ssel ected and supplied to the |iquid discharge head

so that a By qusichgriopl ebowetlesctispd didisschatigeecond
amount of 5 pi is discharged. By supplying the droplet

d%%?ﬁ%@'c§ﬁ€ﬁ5ﬂf%ﬂ&ﬂ§is aiIRd 2 MMZI3 2 ¢ty dinoehafgiendr i Vequia
pul se P2 of the first drive signal group P@' and the

dﬁo%&@%%@a;? b &l h%%tggé o déﬂghé f&i@&%x‘é&ltvéi%gn%ounting
group are sel ected and supplied to

non—discharge as a liquid droplet with zero discharge amount)
as is illustrated in FIG. 18, for example.

According to the illustrated éxample of FIG. 18, by
supplying the droplet control signals MNOa’ and MNOb'’, only
the non-discharge drive pulse Pl of the first drive signal
group PGl’ is selected and supplied to the ligquid discharge
head so that no liguid droplet is di;charged (ligquid droplet
with a liquid droplet amount of 0 pl).

By supplying the droplet control signals MNla’ and
MNOb'’, only the discharge drive pulse P3 of the first drive
signal group PGl’ is selected and supplied to the liguid
discharge head so that a liquid droplet with a liquid
discharge amount of 3 pl is discharged. By supplying the

droplet control signals MNOa’ and MN2b’, only the discharge

drive pulse P4 of the second drive signal group PGZ’ is
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the liquid discharge head so that a |iquid dropl et

with a liquid discharge anount of 9 pi is discharged.
w@goosupisie/i ng the droplet control signals MRaPCHMRR007/059807

IMN3b', the discharge drive pulse P2 of the first drive

signal group PA' and the-8Pscharge drive pul ses P4

and P5 of the second drive signal group P& ' are
ss@uic hrahduppppkdeto tithd He duiquiddsdhaebarigeadnead that a

that a liquid droplet with a Iiquid di scharge anount

10duild dogletdiwsehasgedouBy GupPlaygegahbendropl £ipl is
control signals MN3a' and MN2b , the drive pulses Pl,

aPendt 3 ef Tstlﬁpﬂziﬁc]s dd & '1@@;&'(:09&955 %’%I&a@@mmr

the di'schargé drive pulfse P4 of the secon ve

i ar P& - _ar | ect and,.supplied_to the.
a ‘f‘%@do di %?%ardg%c afg Jt‘ﬁeatp%gslei %& 8%%&& EEIRIERE
[iqui d di scharge anount of 18 pi is discharged. B
SLGID JAARIR & Lr BPPeEhE TGRS AXTSSNRBLES arly Wi
the drive pulses PI, P2 , and P3 of the first drive
seeeprhl dgrsupieoel graup RGA| sdlfargd cditpdeapd] swsplRged to
and P5 of the second drive signal group P& ' are
thel Bxqweid aticchappkei bdad osd hehdt quildgdidchiasgketheadhsa
that a liquid droplet with a Iiquid di scharge anount

106uld isdisrdjesahatgedoByd SyIpAlsyidigchbegdaopl et
control signals MNOGa' and MNIb' , the non-di scharge

drive pul sg Rlupfivifg £hésdrdfiie ngpah g5ioMe PenAN ang

the idle di'schargé drive pulse P6 of the second drive

i R Bh 08 TR A RGP B B i, sgome

gldféguhgq]g'g}?nh (the ArRunl Al 1.83% 1302 BL LS4 p5 of the

second drive signal group PG2’' are selected and supplied to
the liquid discharge head so that a liquid droplet with a
liquid discharge amount of 13 pl is discharged. By supplying
the droplet control signals MN3a’ and MNZ2b’, the drive pulses
Pl, P2, and P3 of the first drive signal group PGl’ and the
discharge drive pulse P4 of the second drive signal group PG2’
are selected and supplied to the liquid discharge head so that
a liguid droplet with a liquid discharge amount of 18 pl is
discharged. By supplying the droplet control signals MN3a’
and MN3b’, the drive pulses P1, P2, and P3 of the first drive
signal group PGl’ and the discharge drive pulses P4 and P5 of
the second drive signal group PG2' are selected and supplied
to the liquid discharge head so that a liquid droplet with a

liquid discharge amount of 21 pl is discharged.
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is noted that dots may not be visually recogni zed even
when idle discharge is perforned on paper if the

wO p@pailassdé schar ge anount of the di scharged dr opCEIP206%EH9807

for the idle discharge is less than 2pl . In view of

such circunstances, accordbhg to the present

enbodi nent, idle discharge operations for restoring

the |iqui BWisspipdydgeghtiae duegplvd: penfropirediomeapailado and

that the process tine required for the idle discharge
MRPS! Atd1 sidimyiiBensede ceeh w0 rparsed piood €RSefDfst drive

performng idle discharge operations at a non-printing

s8R 4 ¥uRPhed tRetherd il Qwid apotbepust o of the

exanples of a drive waveformincluding an idle

sdgzﬁrcl:(?a &evedrgi\(gt a 3|%§§1r1]%h%}72j SaI%Uts%lfl_tecEg%dt di\g?.\{ 18 +o

eéner at’i'ng uni roplet contr si gn out put
by the data transfer unit 402 is described wth .
Ry LEHE P ditac. ReSante 2012 e I8 GAOBHSF Mith &

according to the present exanple as is illustrated jn
lEpaid 191 gehangee lo@es tpef skes PIipR thal apedischarged. It
substantially identical to those shown in FIG 17 (a)

is hotedethat nidise mpyesehtbexaiplal it kecpghsesd PHveP5 when
are grouped as a first drive signal group PA" and the
1UkS@i £6hd Sggriou prdEs racd econshsk ieE shgnalgatdupischarge
P&". First droplet control signals MNCa '-MN3a' shown

alBuft @£ 18 Qﬁi@rﬁarg@_a 88bErdt Nesdde o ke Pyl §88ischarge
P1-P5 of the first drive signal group PA" and second

-lggeggte SO0l SiaNgh 8, MEDsu N0\ HARMACES, F&orPing to
ar ¢ g the drive pulse . _
BBEkb it P oot oelgl MRS ha T
restoring the liquid discharge head may be performed on paper
so that the process time required for the idle discharge
operations may be reduced compared to a case of performing
idle discharge operations at a non-printing area, for example.

In the following, another set of examples of a
drive waveform including an idle discharge drive pulse that is
output by the waveform generating unit 401 and droplet control
signals output by the data transfer unit 402 is described with
reference to FIGS. 19 and 20.

The drive waveform according to the present example
as is illustrated in FIG. 19 (a) includes pulses P1-P6 that
are substantially identical to those shown in FIG. 17 (a);

however, in the present example, the pulses P1l-P5 are grouped

as a first drive signal group PGl” and the pulse P6 is grouped



drive pulse Pl, the droplet control signal MNLa" is

for selecting the discharge drive pulse P3 , the
wale@phas7eontrol signal M\2a" is for sel ecti ngp€TaP2007/059807

di scharge drive pulses P2 and P4, and the dropl et

control signal MN3a" is foP2sel ecting the discharge

drive pulses P2-P5 . Also, the droplet control signals
apNDbseciuml by ivend NR2b" gaeer fREF2 ot Fdelséctiroglehecarieol

idl e discharge drive pulse P6, and the droplet contro
sSggant NENBDL'-MNSa‘osheeheth i BTG 1 N i (@) e adtiesebar gelabrtiiey the

pul se P6. By using the above-described first and
de€68Ngu T &P et - oo Rt @heSEORH i MR i MNRR" o388 PGL” and

MNOb" - MN3b™, |iquid droplets may be discharged in five
I
ST P e SRR IS, oty 1844 o
| ustrat ed FI.G di
S (R Bt Brec BREHING SPERTE %éoa‘"%v Fop %’ﬁlﬁggh‘é&ly' the
droEIet control signals MNGa" an ", only the
dr8R- an%%%%l driigrelptiNea” pis ofox r?@lﬁcltémdrt%@en%mgnm

group PA@" is selected and supplied to the liquid
ddissbanggedhiven] mu-steh&fl , ndhé i durrl alr gpngtroils sdgsehdffled is
(liquid dropletwith a liquid droplet anmount of 0 pi)

fBy sapptylmg thwe drsepbetecontvolpulisgn®izs Mheadrapet

MNCb" only the discharge drive pulse P3 of the first

cdhic¥81 Sk ofed1 aneur RE toksssrdeet:ef @rd g3upphi-gd d®ive
the liquid discharge head so that a liquid dropl et

10 ‘g‘)}‘égﬁgﬁ%;l il tlﬂ SHRALEE APOYTLL Aok 1s5oALsClREYR s for
selecting the discharge drive pulses P2-P5. Also, the droplet
control signals MNQOb”, MN1lb”, and MN2b” are for not selecting
the the idle discharge drive pulse P6, and the droplet control
signal MN3b” is for selecting the idle discharge drive pulse

15 Ps6.

By using the above-described first and second
droplet control signals MNOa”-MN3a” and MNOb”-MN3b”, liguid
droplets may be discharged in five different sizes (counting
non-discharge as a liquid droplet with zero liguid discharge

20 amount) as is illustrated in FIG. 20, for example.

According to the illustrated example of FIG. 20, by
supplying the droplet control signals MNOa” and MNOb”, only
the non-discharge drive.pulse P1 of the first drive signal

group PGl” is selected and supplied to the liquid discharge

25 head so that no liguid droplet is discharged (liguid droplet



dropl et control signals M\2a" and MNCb", the discharge
drive pulses P2 and P4 of the second drive signha
wQr@ap3B@E" are selected and supplied to the |PCUiRR007/059807
di scharge head so that a liquid droplet with a liquid
di scharge amount of 9 pi is9¥#F scharged. By supplying
the droplet control signals MN\3a" and MNOb", the
¥ Bt Raddauddi deople’s exnpmtPefof phe.first drive signal
group P@" are selected and supplied to the liquid
di schar ge Bgadupplyhed thd icquipdedr opheto $igraaild amited” and
di scharge anount of 21 pi is discharged. By supplying
MNTH dr RNt tﬁ@nawéhasﬁwaiﬁvw%aisénﬁs MBDbthe Aif&t drive
non- di scharge pulse Pl of the first drive signal group
578 epkdke; di S t.he ,secqnd .,
e s oo P e Bae S e A 3 A
he.liquid di.scharge head so .that i qui.d drapl et
5 Gioest Bofa 5 bRy g ielda: BBbrlet oW HE A S T
$js harged. As is_described above, dots may not be
%ﬁﬁhﬁﬁg aBeUBY e?t whett i1 d1igriekdpde operainrdndngr she
erfornmed on paper if the |liquid discharge anount of
mlcﬁts@ﬁarcgég signals dRGE"eandsMNe’, e Riggharbe drive
vi ew of such circunstances, the present exanpl eenabl es
pulsesdiPgchatgk4 operidie aressond Heiper & ogmed gxoupaper  f afe
restoring the liquid discharge head so that the
Psloaassl khAestiggui @ d ahe heqgudheqdisehdfdead so that a
operations may be reduced conpared to a case where

10 1gdhedissehacge,pperati Qps e sPRLEQL r@rﬁ?%ﬁ {f 9 pl is

non-printing area, for exanple. I'n"the oW ng, an
aigﬁﬁaf%%ﬁﬁ‘”Eya§%5£f§£ﬁ§ the droplet control signals MN3a”

and MNOb”, the discharge drive pulses P2-P5 of the first drive
signal group PGl” are selected and supplied to the liquid
discharge head so that a liquid droplet with a ligquid

15 discharge amount of 21 pl is discharged.

By supplying the droplet control signals MNOa” and

MN3b”, the non-discharge pulse Pl of the first drive signal
group PGl” and the idle discharge pulse P6 of the second drive
signal group PG2” are selected and supplied to the liquid

20 discharge head so that a liquid droplet with a liquid
discharge amount of less than 2 pl is discharged. As is
described above, dots may not be recognizable even when idle
discharge operations are performed on paper if the liquid
discharge amount of the discharged liquid droplet is less than

25 2 pl. 1In view of such circumstances, the present example
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accordi ng to anot her enbodi nent of the present
invention is described with reference to FIG 21. The
WO bdougsisas ed i mage form ng apparatus of FI G 2RCT/JP2007/059807
i ncludes an apparatus main_frane 201 that accommodat es
an image formng unit 202"afd a conveyi ng nechani sm
205, for exanple, a paper feed tray 204 di sposed at
endlel ¢ pvietl s idde cHR T PR eCRPPRE NS tﬁaai/ﬂﬁ Peaferped omy paper for
paper delivery tray 206 di sposed at one side of the
rappar g schaillguidndi2@argnherddepathabl €heuyatosisde time
printing unit 207 di sposed at anot her side of the
raQeeF&d Usoradne fiaeed29dhadde qprperibagdmby aye 28&Huced
stacks plural sheets of recording nedia (paper) 203
cgas réjd %Q%sfee%hbgépi&f@ BRALAS ofREALE 6308201
03 that

aper is fed into the apparatus main frane

201 is conveyed by the.conveyin [.sm 205 whil e
p?ﬁioflﬂﬁéea% d%/rﬂoﬁ‘g Eﬁpt%lE%Zalf oar’rrgfo r Ceé%%%z? a
predet erm ned i mage _on ,t he paper 203 after which the
paper 203 W tH'q HOL3rUdBT er #f MEP I Sra G T HOPn PR R &N
may be delivered to the paper delivery tray 206, for |
agranpiey o anwtheas embpdpeetioradi ridied PaessngelpyemEian, s
after conpleting printing on one side (front side) of
deberpaperw 23, tdfereoaee o NGLIEechani sm 205 conveys t he
paper 203 in a reverse conveying direction to feed the
paper 203 i 0 thedudledsSifleger fatningy Wiphr2@dsabf FIG. 21
whi ch the paper 203 is turned over to the other side
ig%%t‘aﬁeé' 48) 255k 41§sdf 6 11hO£EiRe CATY BT JHREAABES B2 0

at an 1'mage may be fornmed on the other side after

l\é\Ph@:g%C g%%%iﬁgap@rhtz%z"%db? delidered tothe RapgE sor

example, a paper feed tray 204 disposed at the lower side of
the apparatus main frame 201, a paper delivery tray 206
disposed at one side of the apparatus main frame 201, and a
detachable dual-side printing unit 207 disposed at another
side of the apparatus main frame 201. The paper feed tray 204
stacks plural sheets of recording media (paper) 203 that are
to be fed into the apparatus main frame 201. Paper 203 that
is fed into the apparatus main frame 201 is conveyed by the
conveying mechanism 205 while the image forming unit 202 forms
(records) a predetermined image on the paper 203 after which
the paper 203 with the predetermined image formed thereon may
be delivered to the paper delivery tray 206, for example.

In the case of performing dual-side printing, after

completing printing on one side (front side) of the paper 203,



tray 206. The image formng unit 202 includes four
full l'ine recording heads 211k, 211c, 211m and 211ly
W@ 300mpb3g7¢ ef erred to as xrecordi ng head 211" WhERJIJR2007059807
di stinctions are not nmade) as enbodi nents of |iquid
di scharge heads that respeedively discharge droplets
of liquid in colors black (K) , cyan (C) , magenta (M
the armhvealingwneyhanisnor2 i agpveysTihbereapri4ly Heads reverse
211 are loaded in a head holder 213 in a manner such
coiedy ileidireezzbe sorfeaeschmpapgrnpg2| estd othe dual-side
di scharging liquid droplets face downward. The
pPLIAMANGA £0202t alsoch NeldIgRPper 203 is turned over to the
mai nt enance/ restorati on nmechani snms 212k, 212c, 212m

Zélgc}/e ((%. Q:&l }éiagi‘ %ﬂc?dré—ofe%s to the conveying mechanism

Onmntenance restorati on nechani sm 212' when col or
Lstinctions are not de)_for i_ntainj X
5 2P h s B BEPF i S eh cPose R Rl qe affer
211c, 211m and 2Hy, respectively. Wen recordi Jhead
wharht BrraRaPegpePdt PoNsPR IR B 556 §8 6PBrBIR TN ery

Wi pi hg operations are perforned, the recordi ng heads
t2dag ak@. t he mai ntenance/ restoration nmechani sns 212 are
noved rel ative toeach other so that the capping
menber s amtorimabkerforelieyamitc@fonaaisdes fowr full line
mai nt enance/ restorati on nechani snms 212 nmay face the

rBegzhen§ Wdae 210k, t Delsecor o hirfeadsy2tdimbly iseferred to
noted that in the illustrated exanple, the recording

10 a%gagécgﬂéi %mé&fg@%edwtg?t&Eﬁéﬁﬂdyéﬂghg%5®n¥?éf@“ﬁot made)
genta, cyan, an | ac romthe upstream side of the

agaggﬁodiments of ligquid discharge heads that respectively
discharge droplets of liquid in ceolors black (K), cyan (C),
magenta (M), and yellow (Y), for example. The recording heads
211 are loaded in a head holder 213 in a manner such that

15 their nozzle surfaces having nozzles for discharging ligquid
droplets face downward.

The printing unit 202 also includes
maintenance/restoration mechanisms 212k, 212c¢, 212m, and 212y
(simply referred to as ‘maintenance/restoration mechanism 2127

20 when color distinctions are not made) for maintaining and
restoring the performance of the recording heads 211k, 21lc,
211m, and 211y, respectively. When recording head maintenance
operations such as purge operations and wiping operations are

performed, the recording heads 211 and the

25 maintenance/restoration mechanisms 212 are moved relative to
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conveying direction so that liquid droplets nmay be
di scharged on the paper 203 in this order; however,
wWo b@7a8d80¢  ar r angenent and t he nunber of col or BCT/$R07/059807
are not limted to this exanple. Al so, the |line heads
may be configured as one ©?®Trore heads having pl ural
nozzle rows for discharging liquid droplets of
eatitf fothemt scotlrs the amywd nat MpMBEES RMA/13U GtiesT ¥aflsvant
for exanple. Further, a head and a recording liquid
c@@gdnendge of othes uppl yiarpcederdicnga tiouink ¢lmitimmsh8ad may
may be an integrated unit or separate units, for
FEXANPIE nothee! bRerhead s Mheakseobeit@ ey exiias two
heads arranged at different |l evels on a straight |ine,

for exa”p&%-iggﬁ?ggﬁe{hgg stacked 9Bt thepapeimfiged the

tray 204 may i nto the apparatus main frame 201

one sheet at a.tine by a paper .fe r n
SO RS PAC Lhot S e EhperobEh Fabndetie
manner is guided along a guide surface 223b of
mRRNEyi fyagui aBInBhbef ffzzé“t%leoélpﬁﬁ%?‘f‘e%ll‘%%t%gfr?eapaper
resist roller 225 and a conveying belt 233. Then, the
cpapeyigndirectdnueyedtiont o Edeh ¢epPAgtHardy 233 dsghpeged
conveyi ng nmechani sm 205 via a gui de nenber 226 at
oAptesaiarar ned thninys Jihdercomeeivey, gbhdecokmb errr2@gement
al so has a guide surface 223b for guiding the paper

an@3thdatunieouiepeblbromide fualmsi demptedt tagthis texample.
207. Additionally, a guide nenber 227 is arranged near

At 0§ epid alhr}l.ch% %featigemgyaihé sker Rpdrak BY YREoRGdofOheads
gur di ng the paper 203 that is conveyed by the .

having plural nozzle rows for discharging liquid droplets of
different colors arranged at predetermined intervals, for
example. Further, a head and a recording liquid cartridge for
supplying recording liguid to the head may be an integrated
unit or separate units, for example. The line heads may also
be configured as two heads arranged at different levels on a
straight line, for example.

The paper 203 stacked on the paper feed tray 204
may be fed into the apparatus main frame 201 one sheet at a
time by a paper feed roller 221 and a separating pad (not
shown) . The paper 203 fed in this manner is guided along a
guide surface 223b of a conveying guide member 223 to be
inserted between a resist roller 225 and a conveying belt 233.
Then, the paper 203 is conveyed onto a conveying belt 233 of

the conveying mechanism 205 via a guide member 226 &t a
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conveying unit 205 in the reverse conveying direction.
The conveyi ng nechani sm 205 i ncl udes an endl ess

w@owwayisng belt 233 that is arranged around a PONYEPITEFIS07

roller (drive roller) 231 and a driven roller 232, a
charge roller 234 for char§ing the conveying belt 233,
a platen nenber 235 for maintaining the planarity of a
ppedé¢tiamiofed héméngveyi ng belt 233 facing the inmage
formng unit 202, a press roller 236 for pressing the

paper 203 meNvenedybigt feidsemetatg 2kel £1233hiovardghide
the conveying roller 231, and other elenents such as a

sGLEAM N FPler ]g(lmeing hovn)dpde 20k PRRRUSS r@ﬁ’@ﬂd@'fr% the

cl eani ng neans for renDV|ng recording liquid (ink)
e i g bel %%é
dggﬁuvgg§ r&%&gn& géggnd@% sﬁ%% gnég des.ééﬁn%u?QWQer 221
aper 203 with a recorded i e.toth aper delivery
i 85 HE LAy FARGER - HEAThe HoNT CPEdTT eGP (g bnit
conveyi ng mechani sm 205. In the image form ng
2Q6p5®%tg}sldd§1g $hgepePprbed0ASAL ishecrBavedi by B t
233 rotates in the direction indicated by the arrow
cehoepming HHiIGE 225 andths posetsie eloprkariggddbyeciommg
into contact with the charge roller 334 that is

appl i ed a THghpeteihyaheviRhh Bge.205N ihkilsadeasen étEless
charge voltage of the charge roller 234 may switch its

cBabv-afity k?émorz%@ettﬁam n8ds HAByd N tebvakS at eoﬁgﬁgﬁg th81er

conveying belt 233 at a predeterm ned charge

e the Raner, 303 ,iS ,cnYeyed 419 L8 360NYe¥L e rolier

234 for charging the conveying belt 233, a platen member 235
for maintaining the planarity of a portion of the conveying
belt 233 facing the image forming unit 202, a press roller 236
for pressing the paper 203 conveyed by the conveying belt 233
toward the conveying roller 231, and other elements such as a
cleaning roller (not shown) made of porous material as
cleaning means for removing recording liguid (ink) adhered to
the conveying belt 233.

Also, a paper delivery roller 238 and a spur 239
for delivering the paper 203 with a recorded image to the
paper delivery tray 206 are arranged at the downstream side of
the conveying mechanism 205.

In the image forming apparatus as is described
above, the conveying belt 233 rotates in the direction

indicated by the arrow shown in FIG. 21 and is positively
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belt 233 that is charged to a high potential, the
interior of the paper 203 may be polarized and the

w@b@rgassh@vi ng an opposite polarity wth respeRCT/IRR00ME9807

charge of the conveying belt 233 may be redistributed
toward the surface of the Pfper 203 that is in contact

Wi th the conveying belt 233 so that the charge of the
cheigedi by daninitandonhect edi st rillutcbdrghargélat 33w that
surface of the paper 203 may statically pull at each

iet hepliéd & Miyhwvawtehhitapapelt2HsS. muy hdist akkeal tiye charge
attracted to the conveying belt 233. By having the

vBAREKe208 Shatdialdey ratibached 1.0, the eany ey ?glgﬂ.{y at

233 with a relatively strong force, warps and/or bunps

pfﬁi%gi@é@rﬁ%néé?%i%%%t%@@gﬂ@ytgeﬁ%@gget hed %gév%gﬁétg;lénedft 233

hl'y planar paper surface . aper
to_the copveying, belt 233, be noved by the rotating
aﬁb?eﬁﬁﬁgeg?m%ﬂgg%6%9§9Fn81 &'t 233, and an i nage may
be formed on the paper 203 by discharging liquid _
dropl ets VPR tHe PePsrdrAg heasrnyered Hefkhet Ranpaytry
203 with the inmage fornmed thereon may be delivered to
beldé Baperhael ivahargedy t208 bygh heotdeltiledr,ythel feterior of
238. As can be appreciated fromthe above descriptions,

thlee papage2 6 ®rmEnpeapparat ded odnd htheprsent Bxaplean
uses a |iquid discharge apparatus accordi ng and

o@@sa@aitgepéwfi@eﬂi%e&@_g{aebevg@tiw dialyel B¢l UHeScOFeying
or nore line heads as |liquid discharge heads so that

blg:lggﬁg?dﬁ\gflﬁé %eidls%lr\igfljtg{iyt&gra%i 8% %?Lycfgge of the paper
ged with a relatively sinple configuration

203 that is in contact with the conveying belt 233 so that the
charge of the conveying belt 233 and the redistributed chafge
at the surface of the paper 203 may statically pull at each
other. 1In this way, the paper 203 may be statically attracted
to the conveying belt 233. By having the paper 203 statically
attracted to the conveying belt 233 with a relatively strong
force, warps and/or bumps formed at the paper 203 may be
smoothed out to form a highly planar paper surface.

The paper 203 conveyed to the conveying belt 233
may be moved by the rotating movement of the conveying belt
233, and an image may be formed on the paper 203 by
discharging liquid droplets from the recording heads 211.
Then, the paper 203 with the image formed thereon may be
delivered to the paper delivery tray 206 by the delivery

roller 238.
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and a high quality image may be fornmed even at a
relatively lowresolution. It is noted that when a

wo pove/1b82el i s used as the |liquid di scharge heaPCT/#12007/059807

resolution with respect to the direction perpendicul ar
to the recording medi um coh%eyi ng direction (nozzle
al ignnment direction) is restricted by the nozzle pitch
even when Asheapr bat dpprepesipd Frdectogsedove descriptions,
Accordingly, by enabling discharge of |iquid droplets
theé anagy iRinniet dppiesan «f 208 gsesBnthexgpnebentses a
exanple, inmage quality of a printed i nage may be
1_&&9{@V&&}éer@ewaggam@:£ es@did o)y hpdnekbbati@ased: e

i S noted that” although printer configurations are

pg%gﬂ{ bed, & %ég,oggak %J@gm}g@ ARPALALUSESe msdiigg

0 preferre rments of the present invention, t

resent, i nvention y equal | y. be . lie 0 ot her .
159‘;3?3‘5 ‘%ﬂ‘s rl??a‘g?@ ?‘8?&?@0 gébaa*f altjl%k—ép gﬁgﬁggés aprd nigrety of
fax/ copier multifunction machine. Also, an_inage_, ,
st aefi WY dpp aHachardedof i a g tee ot iwebgds bRt o?gﬁﬁfeguratlon
present invention is not limted to using ink as the
adiisehaigh ngrdliiqyi dmagd may ke strurssl evhar atypescbitively
recording liquids and fixing |iquids, for '
1exappiel vt idouglittt he poesénthainwerdn enlisesheas Bndised as
described with respect to certain preferred

+BBPOLENEAt $i sdarice BBYEOUShE hadsEqiiival @itE addbect to the
nodi fications will occur to others skilled in the art

: " N _ £ cat ]
AR SR L O A JT el 26 B Ml IR SRRl 68 O it

dgggE Egglkﬁggéle %ﬂqgkﬁegkngigékéggﬁﬁ q% &ggtricted by the

nozzle pitch even when the printing speed is decreased.
Accordingly, by enabling discharge of liquid droplets in a
variety of different sizes as in the present example, image
quality of a printed image may be improved even when the
resolution is not increased.

It is noted that although printer configurations
are described above as image forming apparatuses according to
preferred embodiments of the present invention, the present
invention may equally be applied to other types of image
forming apparatuses such as a printer/fax/copier multifunction
machine. Also, an image forming apparatus according to an
embodiment of the present invention is not limited to using
ink as the discharging liquid and may also use other types of

recording liquids and fixing liquids, for example.
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scope of the clains . The present application is based
on and clains the benefit of the earlier filing dates
w@boodapmnese Patent Application No. 2006- 14453BCT/it20a7/059807
on May 24, 2006, and Japanese Patent Application No.
2007- 038598 fi-'l ed on Februéfy 19, 2007, the entire
contents of which are hereby incorporated by reference
. CLAI M5 1 Althoughutile dbsetrvigdnapgpatanuss copit sindg: a
l'iquid di scharge head configured to discharge a
ded e iddd wiah tgppscoftd icpitchicr ppkétsred asmradienents, it is
wavef orm generating unit configured to generate and
O R eh A i@ 1 vaYEh o8 MAdGldedifngaaibhE Skidl istng ¢oal
group made up of one or nore drive signals and a
C rai\ 1.0 f [SRY,
oRRERLI NG ThOMEe ORI A T e Ene
output unit th outputs a plurality of first.-control
Sg?%ﬁg’r%‘aﬁl&n 'coﬁ%‘?oﬂf %‘1@“@ ejrrgvﬁqtolr‘?no%n{:;%d%ﬁ Ve Sl s
of the first drive signal group and_a plurality of
egeboEEReN A TORFRAPITIRS caY A5l LA SRt e%l%h% PYofthe
the drive signals of the second drive signal group;
sappe sodrtihee aliitest hat i nputs the drive waveform the
first control signals, and the second control signals,
sel ects omhopmeeatdepyeisiginal 3 o basetihendandeclaims the
signals of the first drive signal group and the second
pEREYE: SbENHe HQURUSEFNDidd@iates of Japanese Patent

Application No. 2006-144538 filed on May 24, 2006, and
Japanese Patent Application No. 2007-038598 filed on February
19, 2007, the entire contents of which are hereby incorporated

by reference.
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first control signals and the second control signals,

and supplies the selected drive signals to the liquid
wale@chassge head. 2 . The |iquid di scharge apparPEl/ir06059807

claimed in claim1 , whereinsignal properties of the

drive signals of the first6drive signal group differ

fromsignal properties of the drive signals of the

second drive signal group.CBAIMSThe |iquid discharge

apparatus as clainmed in claim1, wherein a conbination

of at |east one of the drive signals of the first

drive signal group and at |east one of the drive

signal s of; t he 19660R04 8- e%largrtagpcbﬁpéfé,ﬁfgt .ed
by the dri've unit upon formng a |largest liquid

droplet. 4., The | Lauig. i scharoe appanatys.as; dlalmed o

inclaimf a co |na ion 0 rive signal’s
of the first drive sgg 8 %nq one or nore
P hd g € Tt wess Pinaf S & Ve signals of the

second drive signal group IS selected by the drive
uni t uponE¥GhﬁﬁﬁgWavﬁﬁ@gesqeqqnﬁﬁkﬁgdP@E%e?@nﬁﬂgurﬁﬁato
liquid di scharge apparatus as clainmed in claim1,

gehersia snd enttipndt bodrbve thevediorwe iscgndisgod fhest drive
first drive signal group and the drive signals of the

s 5@EON Ay eHuipY enaSic0 Nl oGl 61k ¢15 meRleeelrédebyighel sirande a second

unit upon formng a
drive signal group made up of one or more drive signals within
one drive period;

a control signal output unit that outputs a
plurality of first control signals for controlling selection
of the drive signals of the first drive signal group and a
plurality of second control signals for controlling selection
of the drive signals of the second drive signal group; and

a drive unit that inputs the drive waveform, the
first control signals, and the second control signals, selects
one or more drive signals from the drive signals of the first
drive signal group and the second drive signal group using the
first control signals and the second control signals, and

supplies the selected drive signals to the liquid discharge

head.

2. The liquid discharge apparatus as claimed in

claim 1, wherein
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| argest liquid droplet.6. The liquid discharge

apparatus as clained in claiml1l , wherein a plurality
wotoodnagsiet s t hat are di scharged by the sel ect pdI/ar2007059807

signals for formng a largest liquid droplet are

merged into one droplet imé6@rdair. 7 . The liquid

di scharge apparatus as clained in claiml, wherein a

plural ity sifgrdiloplrepsrthat af etlth sifiaegedgbhylshef the first

sel ected drive signals for form ng a predeterm ned

dkype ofgldiqurdugr apkebrareofedigedli propdatiesBof HE drive
i quid discharge apparatus as clained in claim1l ,

stﬁgﬁéﬁé @ ddH2lebhy QFidEopi Sl gar e discharged by

e selected drive signals are controlled to land at a
same position. 9 . An inmmge form ng apparatus that
fornms an image on a recordi ng nedi um the apparatus
conpri si ng; ui d di scharge apparatus that includes

ali
a liquid di schs geMedddedrPieiR sPRegadrScRsr geatmed in
&ggrality of types of liquid droplets; a drive
chadaf br miesisdmat i ng unit configured togenerate and
output a drive waveformincluding a first drive signa
group nmadea upndfinanéoar offoat Mkdate cgiegodl $handrave signals
second drive signal group made up of one or nore drive
o%i gRal simd irmvengidhhVegpekh ahid at least one of the drive
signals of the second drive signal group is selected by the

drive unit upon forming a largest liguid droplet.

4. The liguid discharge apparatus as claimed in
claim 1, wherein

a combination of the drive signals of the first
drive signal group and one or more discharge drive signals of
the drive signals of the second drive signal group 1s selected

by the drive unit upon forming a largest liquid droplet.

5. The liquid discharge apparatus as claimed in
claim 1, wherein

a combination of the drive signals of the first
drive signal group and the drive signals of the second drive
signal group is selected by the drive unit upon forming a

largest liquid droplet.
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a control signal output unit that outputs a plurality
of first control signals for controlling selection of
wo b@7d8389€ signals of the first drive signal groUpP20mA059807
a plurality of second control signals for controlling
sel ection of the drive sighdts of the second drive
signal group; and a drive unit that inputs the drive
waveform the first control signals, and the second
control signals, selects one or nore drive signals
fromthe dri veesiggals disdierdd eppadatve =4 griaingrodp
and the second drive signal group using the first
cfontrol sigrals and the second control signals , and
suppli'es the selected drive signals to the liquid

e 5 57 e AR 0 B i, by

. . a
claimed i f & elrn sel ection rive

signals of the first drive signal grou . t he, second
ok P it GiBURIESTHy SHEMI & LeoHEr I L AT h S Rt
t he second control signals is perforned depending on a
apeimetarf node oneldramket vy CSifi-ng apparat us as
clainmed in clainml0O , wherein the selection of the
drive signals of the first drive signal group and the
second drive signal group using the first contro
signal s and, the segobd @DHcHOtges iagpalratiis perébaimesi in
when the printing node corresponds to a high i nmage

cOuahity pmdesthat prioritizes image quality.
a plurality of droplets that are discharged by the

selected drive signals for forming a predetermined type of

ligquid droplet are merged in midair.

8. The liquid discharge apparatus as claimed in
claim 1, wherein
a plurality of droplets that are discharged by the

selected drive signals are controlled to land at a same

© position.

9. An image forming apparatus that forms an image
on a recording medium, the apparatus comprising:

a liquid discharge apparatus that includes

a liquid discharge head configured to discharge a
plurality of types of ligquid droplets;

a drive waveform generating unit configured to
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12 . The image form ng apparatus as clained in claim
10 , wherein the selection of the drive signals of the
w0 peo3t338ré ve signal group and the second dri vePGl/gnead7/059807
group using the first control signals and the second
control signals is perforneé-when the printing node
corresponds to a high speed node that prioritizes
genenstiengndpentput 32 . dhe iwmvgdotvr mabudpparatiissgsdrive
claimed in claim9 , wherein at |east one of the first
sibriale Fogpamhageoup @hbridhersaeepdddive essimgHlal agidoup second
i ncludes an idle discharge drive signal for performng

dﬂi}@ digehaggsusPrRidd @S ORNEh8 ! 8698 ddmmgtﬂalslemhm

he image form'ng apparatus as clainmed in claim

qui d di scharge head corresponds to a
Ol?{@ a'Lev%d&)lg‘%af)!jhas a pturali ty of nozzles for

di sch th d ts which |
al | gned aPoRGRETR AT (T Ao BRAE G RBd Tt =

plurality of first control signals for controlling selection

of the drive signals of the first drive signal group and a
plurality of second control signals for controlling selection
of the drive signals of the second drive signal group; and

a drive unit that inputs the drive waveform, the
first control signals, and the second control signals, selects
one or more drive signals from the drive signals of the first
drive signal group and the second drive signal group using the
first control signals and the second control signals, and
supplies the selected drive signals to the ligquid discharge

head.

10. The image forming apparatus as claimed in claim
9, wherein

selection of the drive signals of the first drive
signal group and the second drive signal group using the first
control signals and the second control signals is performed

depending on a printing mode.

11. The image forming apparatus as claimed in claim
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WO 2007/135876 PCT/JP2007/059807

_..65._..
10, wherein
the selection of the drive signals of the first
drive signal group and the second drive signal group using the
first control signals and the second control signals is
performed when the printing mode corresponds to a high image

quality mode that prioritizes image quality.

12. The image forming apparatus as claimed in claim
10, wherein

the selection of the drive signals of the first
drive signal group and the second drive signal group using the
first control signals and the second control signals is
performed when the printing mode corresponds to a high speed

mode that prioritizes printing speed.

13. The image forming apparatus as claimed in claim
9, wherein

at least one of the first drive signal group and
the second drive signal group includes an idle discharge drive
signal for performing idle discharge operations on the

recording medium.

14. The image forming apparatus as claimed in claim
9, wherein

the liquid discharge head corresponds to a line
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head that has a plurality of nozzles for discharging the
liquid droplets which nozzles are aligned along a width of the

recording medium.



