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WD 2006/ 093342 PCT/ JP2006/ 304658 1 DESCRI PTI ON
| MAG NG APPARATUS 5 TECHNI CAL FI ELD The present

wonvebszap rel ates to an inmagi ng apparatus thatr/Jr2006/304658

includes a liquid dischargethead configured to

di scharge one or nore droplets of recording liquid. 10
BACKGROUND ART An i magi ng apparatus such as a printer,
a facsimle mchine, a copier, a plotter, or a
printer/fax/copier nmulti® ﬁ%ﬁﬁﬁbchine my be a
serial imaging apparatus as is described below or a
l'ine imagi ng apparatus including a line 15 recording
head, for exanple. A serial inmaging apparatus

i ncludes a carriage i nIMhGETIG aaAHBARATY S schar ge head
configured to discharge droplets of recording liquid
(e.g., 1ink) is arranged as a recording head (print
head), and is configured to drive the carriage to

§§éﬁﬁ%é SCAR P recording 20 mediumin a direction

o the conveying direction of the

recordi ng dium (also,referred t S " paper' .
“recording &resep 1??3%%?%& ?éﬁ%%%saﬁo an imaging

herei nafter). The_ serial_inmaging apparatus is .
eppRrauredhar ilpcéraret entiguic afFpe heddrapmioured to
medi um according to a recording width, 25 and form

@i eclmxcpring oramoraageophe theofF eroodidnggnedaubd by WO
2006/ 093342 PCT/ JP2006/ 304658 2 repeatedly

al ternating between conveying the recordi ng nmedi um

BACKGROUND ART

An imaging apparatus such as a printer, a facsimile
machine, a copier, a plotter, or a printer/fax/copier
multifunction machine may beﬂa serial imaging apparatus as is
described below or a line imaging apparatus including a line
recording head, for example. A serial imaging apparatus
includes a carriage in which.a liguid discharge head
configured to discharge droplets of recording liquid (e.g.,
ink) is arranged as a recording head (print head), and is
configured to drive the carriage to serially scan a recording
medium in a direction pe;pendicular to the conveying direction
of the recording medium (also referred to as ‘paper’,
‘recording paper’, or ‘transfer material’ hereinafter). The
serial imaging apparatus is configured to intermittently
convey the recording medium according to a recording width,

and form (recoxd/print) an image on the recording medium by
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and recording an i nmage thereon. An inmagi ng apparatus

as Is described above that wuses a liquid discharge
woaeem/os42r eal i ze multi-level tone 5 printing BgT/JP2006/304658

configuring the liquid discharge head to di scharge

liquid droplets in different sizes (e.g., snal

droplet, nediumdroplet, and large droplet) to

thereby formdots in different sizes. For exanple,
rrRFatesd yPal earnNol nB IsAA ez ¢PBvEvses the zardnddgongedium

apparatus that uses a drive waveformincluding a

did stecehridv egpan sendagr tdeaavar.gi ng a first i nk dropl et

within a printing period and a second drive pul se for

di schar gi n@naims@Leh hppheAnaphst 1 6f g@s el eMovel 2z8at

fromthe first ink droplet within the printing

jad, . C I t ' t d -t

B RO R VG PR e P PR TGO rave

di.fferent tones. According.to the.abave disclosuyre,..
BTGPy CPEIRE AT BB REMer T EErEY G e Bischarge

transmitted to a head driver for every drive pul se of
iy drpavetdrin I s eieranpred- on%“%]fﬂarﬁ]ﬁ&pletr

refers to a unit including one nozzle, its

meotines gdondilry, | drdi hrdeardsepland pe esherebyeivermtiong in

nmeans. In the followng, the data transmtting nethod
dissdrent theeabove disclosure is described in detail

below wth reference to FIG 1. Print data are

serially tEaps8kidete bYrdbaresel pekeaRdns et sd£12d JiRcAoses

shift register. The print data are WO 2006/ 093342

PCU-ACA0U5L 04058, Sl Ghed BYaPid 8t Gl 5H AP 1rchheg o

avi ng a

first drive pulse for discharging a first ink droplet within a
printing period and a second drive pulse for discharging a
second ink droplet of a différent size from the first ink
droplet within the printing period, and combining the first
pulse and the second pulse to selectively form dots in four or
more different tones.

According to the above disclosure, print data of
one bit per channel (1 bit/CH) are transmitted to a head
driver for every drive pulse of a drive waveform. In this
example, one channel refers to a unit including one nozzle,
its corresponding liquid chamber and pressure generating means.

In the following, the data transmitting method used
in the above disclosure is described in detail below with
reference to FIG. 1. Print data are serially transmitted by a

clock and registered in a shift register. The print data are
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to the interval of the drive pulse so that the on/off

state of an analog switch (switch neans) for each
woheosesszszay be determ ned. Specifically, prevPaugP2006/304658

print data are reflected 53in the current print data

(e.g., if the current print data corresponds to

medi um droplet, print data transmtted for |arge

droplet are reflected). In this exanple, a portion of

etehadhdy ar LoEchaviderim (L8TApPRVaRTIt & B corresponding

generating neans (piezoelectric elenent) to discharge

té quied idrepiel sobf the® dtiifveepudsespeeshatoes emn/off state of

according to the above drive nethod, data

dr asTicsSisaitbAs (£0wibeh cerpket €drataper clgsmel may be

corresponding to the period of the drive pulse with

ddveesheldeest spubse; v th p&%%goﬁgrEggﬁgféaﬁé“éﬁgﬂﬂéilected

Therefore, data transni'ssion may 1 e constrai ned by

the .requir n i.gh clock .fr e I a
e B b e e R g o L R Pt T o
channels is increased.in_order to, increase the
GRTTRIRRGSp5RATeS L WE LTRSS i BERTST OEFE Br VR il T8
decreased, and thereby, the data transmssion tine is
Fange |duepletganrt Aefrepead -t o IR0 thAE BERARIGy Zpeedion of a
On the other hand, it is noted that according to this
clatreort rdarivei whivafomet hodpprdiiede tbherepbtich gansares imgy means
be selectively switched on/off for every drive pul se,

(i A dEcphec thenanpeto ofiskbaegkerebaidvyrditiets of
increased to 2' (n representing the nunber of drive

%&% S WM thip.one printing 25 period). WO 2006/ 093342
CT/ JP2006/ 304658 4 Japanese Patent No. 3219241

di scl oses %o%%%ggtqggcording to the above drive method, data

transmission has to be completed at periods corresponding to
the period of the drive pulsé with the shortest pulse width
used for on/off switching. Therefore, data transmission may
be constrained by the requirement of a high clock frequency
for data transmission, for egample. Also, when the number of
channels is increased in order to increase the printing speed,
the pulse width of the drive pulse is decreased, and thereby,
the data transmission time is rate limiting with respect to
the printing speed. On the other hand, it is noted that
according to this data transmitting method, since the switéh
means may be selectively switched on/off for every drive pulse,
in principle, the number of tone levels may be increased to 2"
(n representing the number of drive pulses within one printing

period) .
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for decreasing the data transm ssion anount and the
nunber of signal |ines by providing storage neans

woOaefb3zsegi ster) and translating nmeans, and PCT/JP2006/304658

controlling the operation o4 switching 5 neans based

on print data decoded froma common drive waveform

made up of plural drive pul ses arranged within one
printing period. By providing the translating neans,
dat a transdepghese RFtent Np-dg@é9?éi éhechri9f isngechnique
period may be realized at two bits per channel (2

it sleCHpakintthehe adeteoftreogmikbeveh &mmentl rrpt ithtsl ngynber of
for exanple. According to the above-described data
ARt hieBgby NBEHOHi ridpld ozt gel MaAEHT tdieiFONGRyiister) and
every printing period rather than in every drive

Later Th ta: 1SS ' : :
B S P ro e T Sof BRannel Sand 18 b svisening
speed, may .be realized, and the .load of the data.

s Ao U e o Pt ed T KB Cor TS | g weavefomm
present exanple, in the _case of realizjng data .

g atw &5i Baual 2drbis HMEHSSt RETABHBE b TR &FeRsing
that may be realized is limted to four levels (i.e.,
bearigel. B prPvEGERd  theultrpnslat2og Beawt e datsatt rehemission
nunber of tone |levels may be increased by increasing
dtherminrbeantaf fbrt snd erdntieiggbtrtodemdeved srardyizleel at two
realized at 3 bits/CH); however, increasing the nunber

Wit Pides chaadsit o2 apiddyengase iRet Bes@usberof-1&kvikgUitbne
elements within the head driver which results in cost

e e I odab, soasss

S JapaneseAE%E%&ERSnu?%ﬁﬁy%bg%%thgggggegkaaégqgk&%%ﬁtting
method, data are transmitted once in every printing period
rather than in evefy drive pulse interval. Thereby, data
transmission time appropriate for the number of channels and
printing speed may be realized, and the load of the data
transmission unit may be redﬁced. According to the present
example, in the case of realizing data transmission at 2
bits/CH, the number of tone levels that may be realized is
limited to four levels (i.e., large, mediqm, small, null). It
is noted that the number of tone levels may be increased by
increasing the number of bits (e.g., eight tone levels may be
realized at 3 bits/CH); however, increasing the number of bits
leads to an increase in the number of circuit elements within

the head driver which results in cost increase as well as an

increase in the data transmission amount.
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di scl oses a technique involving transmtting tone data
and selecting a portion of a common drive waveform

weaeewrodsaayg to a correspondi ng control signal POT/JPIves/304658

tone data. 5 In the foll ow fig, the above-descri bed
data transmtting nethod is described in detail with
reference to FIG 2. Two bits of tone signals 0 and 1

are transmtted on separate signal lines and
regi st er edJepaaesi faiqepant datenfePulbbheaijor No. 2003-1817
| arge, nmedium small, or null) of each channel is 10

distcdroziesed hychhieqie ristvdlatioky srgnahiofimy prond idaga and
period. The tone of each channel determ nes the

SV ftfingt at poetion £OIL esp@RE Bg i sV f4&Fe AASeh Mty to a
correspondlng contr ol S|gnal Specifically, when the

bnfif aegﬁkrdf atlo flo@r 9fe g&g@ ttél 1), an

on/of st at an analog swtch 1s 1 erm ned

of  cont ol 161 Gha 11 780 1 T ApPun idke TG cate

transmtting nethod is. simlar to_the nethod

tranggetaied PALEPEG 19 desamikeddint epeht! YHehefraiesenre to
sel ected for |arge/nmedium small droplets; 20 however,

Fi¢ .t Re pFacehitsrahsinnssisdnadsi § and ustam edransmEbGd on
2, the waveform sel ection switching may be realized
syreirarkenighhe Iope reedl preodessirad in ne Jrorfta medsd8r. The
droplet is shorter than the data transm ssion tine,

@ﬂé t(heedat aatHANSHESION srAMRUNG RY1 e er@a%@#chaénel is
|s noted that' the technlques di scl osed in

s L R A0S Lofla] WP 5B 2o

The tone of each channel determines the on/off state of a
corresponding switch based on its corresponding control signal.
Specifically, when the tone of a channel is set to large
droplet (1, 1), an on/off state of an analog switch is
determined based on a signal transmitted on a large droplet
line of control signal lines;

It is noted that this transmitting method is
similar to the method illustrated in FIG. 1 in that different
waveforms are selected for large/medium/small droplets;
however, in the present transmission as is illustrated in FIG.
2, the waveform selection switching may be realized even when
the required processing time for a medium droplet is shorter
than the data transmission time, and the data transmission
amount may be reduced.

It is noted that the techniques disclosed in
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Publ i cati on No. 2003-1817 enploy different nethods for
switching on/off an anal og switch according to each

woanms093dapwever, the two techni ques bot h enpl opCThR2006/304658

data transmtting 5 nethod énvolving transmtting tone
data once in every printing period and selecting the
portion of a common waveformto which pressure is to
be applied based on the transnmtted tone data. It is
JrareE@sen e tant i ¥gi ot Hfdaradudapayedr LalshfGrepnr Bateat
realize non-interlaced one-pass printing as a 10 high
Rpdddapriont Nag 2te-181Y temips opr dhf fengemto desthanisi fage
may be fornmed in one scan so that high speed printing
gvEydpe ngr eal/bzethn lahd1eYy isttiechasedopdiny i4tg,.ealch€tone;
resolution in the sub scanning direction is arranged

HvefRual thherpozzd @Piduels plenobmbisy ﬂ%gtggﬁgmlttlng

Accordingly, in this case, the Iargest drop et size
%h%d’%hglScﬁﬁgc%¥§§gm'ﬁ$%tto h%e dg %?Ergﬁﬁgggvegy printing

rople gé amoun
for.mn lid inmge. Fbmever |n a recordi ng head
RRLG S 2 BS S gt TR Eg D Avar ST L MG BRe T o which
(e.g., piezoelectric elenment), the machinablity is
Hriegisuse 6 th o gl o ﬁ@ﬁedaﬁ@ theerrampmittied tone data.
resolution may not be adequately increased. Wth the
present tedhnos agyted Hthatesol abging sapparndted may be
approxi mately 180 dpi for one-line printing, and

RPFLe¥Ireat ebYyre2S 2O otpiintek1 hved | dmeaggeieding as a
printing, for exanple. In this WO 2006/ 093342

T SFFRICLFONCER, R s cha i AT O s
be formed in one scan so that high speed printing may be
realized.

In non-interlaced printing, the resolution in the
sub scanning direction is arranged to equal the nozzle pitch
of the recording head. Accordingly, in this case, the largest
droplet size (e.g., large dréplet) has to have a corresponding
droplet discharge amount that is sufficient for forming a
solid image.

However, in a recording head using an
electromechanical conversion element (e.g., piezoelectric
element),'the machinablity is limited to the nozzle pitch, and
thereby, the resolution may not be adequately increased. With
the present technology, the resolution is limited to

approximately 180 dpi for one-line printing, and approximately

360 dpi for two-line-staggered printing, for example. In this
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is subject to change depending on the type of
paper/ink used) is required in order to forma solid

woOizows/00%8ge i n one scan. On the other hand, w PaTUP®06/304658

demand for higher image 5 guality, techniques are

bei ng devel oped for obtaining a smaller sized dropl et

in high image quality node. It is noted that the

di scharge anmount for a small droplet is preferably

Fass, thahiThetgat ampproxdeardnoxtinktely 80d50 spl (the amount
expected to be reduced further to approximately 1 pl

in fubiker applcheatbotsped@iRg artHee tappr e€i P s fIraMmused)

t he above descriptions, an imaging apparatus that

egabbgs: £hangl Bgakherdr epkgta Sé;josze_Ld dhscharge AmuHd )escan.

over a wder range is in demand. However, in the cas

f . h h I H .
or varyl ng %h%'?%ggggﬁan ?gﬁﬂ%thEQg% %%gfgégslgéper image

it my be difficu con rop

t hropugh t he di.scharge of pne droplet. Accordingly, in

R s ECHg L AR e S0P o S ARyl B9 aP SN

plural droplets of recording liquid. It is noted that
wrehlenesiaeer éaseleh Lhehighdg@asr aadjickgnedr. dridplist noted
sizes, there is a grow ng tendency towards decreasing

Bh20 theschachergaroambudt fer aomemadioglkeplanhdis preferably

i ncreasing the nunber of droplets to be discharged

fess remdi 2 pg atdeppgoatedieldr aplseb1si 28d A Spddtdd to be
noted that instead of sinply discharging a nunber of

HLORLES SsureBel dhOoRLEL - BYA Q8 yBS ?ﬁd iHeE9£§r§eé55}%ici?t§:ions .

adhered to paper in order to facilitate formn

SOl T8 LB USSR A et O st ions,
ggo éﬁgfiéﬁaigggéggg ¥%§€”é&éﬁ¥%s changing the droplet size
(discharge amount) over a wider range is in demand.

However, in the case of varying the discharge
amount over a wide range , it may be difficult to control the
droplet size through the discharge of one droplet.
Accordingly, in many cases, é large droplet is formed by
discharging plural droplets of recording liquid. It is noted
that with the increase in the rénge for varying the droplet
sizes, there is a growing tendency towards decreasing a
discharge amount Mj per one droplet and increasing the number
of droplets to be discharged for realizing a designated
droplet size. Also, it is noted that instead of simply
discharging a number of droplets, each droplet may be merged

before being adhered to paper in order to facilitate forming a

solid image in the sub scanning direction.
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printing period is increased, the discharging interval
(pulse interval) is reduced. In such a case, it may

woeowiobsiseult to realize transm ssion of prinPCUAP®WO&EB04658

every drive pulse as is 5 d&scri bed above (e.g.,

Japanese Patent No. 3264422), and data transm ssion
involving transmtting tone data of two or nore bits

and enpl oying translating means and sel ecti ng means

(e.qg., JapaeesehPatenbeNmf I2DP241s dhdcapgakseithin one
Lai d- Open Patent Publication No. 2003-1817) may be

PF Bl e derl8aHoveyesre i) WhendtiBehdading riansdivalli N@ulse
nmethod as is disclosed in Japanese Patent No. 3219241

ﬂ??erlﬁaﬁ?”%_%erleé{lééd@efh Rafent Bdlbi califply M qifficult to
2003-1817 is used, the followng problens may ari se.

Speci ficall .wWhen_t he nunber. of tones is reater .
Tk aRAN IS tRe nuMber OF G FVesRarLch (T Ainss: 25 1o

15 of discharged droplets) generated within one

WPRIHIIG pEPVED,(© - TherEPRAEF S5e FALGPEANC di 14T ede Apd data
droplet size fromone tone |evel to a next tone

tesimi spgpnesanpl elng| Gargmiavsda teaseda e i civa eremore
data of four tone levels (two bits) are transmtted
bistgaral dinipleyi2g wawabbdatimaviiemnd cand dreleetpnbsesans (e.g.,
(referred to as first,, second, third, and fourth

P Sese paspaect el ¥319d41 t g g@?@nesé hes ei-ipat patent
| east a difference of two pul ses (two droplets)

i . r . . In thi
BALIEER 00eNbONSob eVl NGy BEXprboBerkevel  In this

Irst pul se | cted for a snal

droplet, the first and 25 second pul ses_are. sel ecte

for a nedi W& 6pr etV <An E?hg%ﬁ F@%avﬁfiﬁﬁ%¥55§§hfe hod as
PCT/ JP2006/ 304658 9 through fourth Eulses are _
5% S @seer 1a PaP@%e%ﬁcﬂﬁhﬁﬂt NRat 3219241 and Japanese Laid-

Open Patent Publication No. 2003-1817 is used, the following
problems may arise. Specifically, when the number of tones is
greater than or equal to the number of drive pulses (= number
of discharged droplets) generated within one printing period,
there may be a great differeﬁce in droplet size from cne tone
level to a next tone level.

For example, FIG. 3 shows a case in which tone data
of four tone levels (two bits) are transmitted using a drive
waveform having four drive pulses (referred to as first,.
second, third, and fourth pulses, respectively). In this case,
there is at least a difference of two pulses (two droplets)
between one tone level and a next tone level. 1In this example,
the first pulse is selected for a small droplet, the first and

second pulses are selected for a medium droplet, and the first
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is, there is a difference of two droplets between the
medi um droplet and the |arge droplet. Wen a
wdizbdemoszaece i n dropl et size between one tone BCrEP®6/304658
to a next tone level is |arge, inconveniences are
created in realizing a snooth continuous-tone i nmge,
and the graininess of the large droplets may stand
out froma halftoning process. Such a probl em becones
HNredhnenbuash thel sHPRIret sellcsederof @ 1srR)d ddoppket that
i s decreased and the nunber of droplets to be
14l sehargedsforaf prdidigeackatgs grepl&ls isetvdler edsededium
For exanple, FIG 4 shows a case in which tone data
f Eo ey | e eIEEQ&O lg%ts) are transmtted using a

PPve WAV ef 6f m Hawv ng-srx pul ses (referred to as first
through 15 sixth pul ses, respectively) In this
exanpl e, tWBeR|#g l?ﬁﬂ§9§cei§gs§FEEf%% %%ﬁez?%ﬁ%ﬁﬁn one tone

droplet, the first through third pulses are selected
Yeyelt he aedexin Wwpllevelapd LABIRI r ACORVATGERGIESSI RER

pul ses are selected for the |arge droplet.

Aeaaredi hgl yeal hetey iss saodithf epehteuais-twmedioplget, sand the
bet ween the 20 small droplet and the medi um dropl et,

ARAnt REES b8 Bhe didApy @&@ﬁl@fcstﬂaa@eswr@ploeits femneen
the mediumdroplet and the large droplet. In such a

of tone levels may be increased to
RSP RIS y

the droplet size in greater 25 detail;

U0 20067 003545 PATTIPR00GF S0 18800 LELTHLT i g CREPLe®
nurmber of bits | eads tqQ cost increase, In
size of a small droplet is decreased and the number of
droplets to be discharged for forming a large droplet is
increased. For example, FIG. 4 shows a case in which tone
data of four tone levels (two bits) are transmitted using a
drive waveform having 'six pulses (referred to as first through
sixth pulses, respectively). In this example, the first pulse
is selected for a small droplet, the first throﬁgh third
pulses are selected for the medium droplet, and the first
through sixth pulses are selectéd for the large droplet.
Accordingly, there is a difference of two droplets between the
small droplet and the medium droplet, and there is a
difference of three droplets between the medium droplet and
the large droplet.

In such a case, the number of tone levels may be

increased to thereby control the droplet size in greater

detail; however, increasing the number of tone levels, namely,



ot her words, although nore detailed control of the

droplet size may be realized by increasing the nunber
wofhowroopd4et s to be di scharged, in practice, SBCH/JIP2006/304658

detailed control of the 5 dwoplet size is restricted

by limtations in the nunber of tone levels, for

exanple. Also, it is noted that an inmagi ng apparatus

may be arranged to forman inage using differing
inesebuthgnshé onunieem ofs ke hgadndts ulp st amunegselor In

exanpl e, main scanning may be 10 perforned at 600 dpi
ARG rsHbrasanal figowdy Mg paetarmed adnB) ithd drbplet

noted that in a serial imaging apparatus, when the

gQézlmgyabéggggfizéH hReL n‘?:rz}ebélh? ihe rﬁﬂ&e&c%’f’”dﬂplets to

Irection al though“t he resol ution in the sub
nni r.ection i det ermi ned, by. t zzle iteh,
Fh lFSE%Fg?FOHl?rPEﬁKElce anh getagie ol o% %ﬁ

mali’n scanni hg di rec I on

determ ned by the carriage sgeed and t he prlnthm%
5 q&@PFSH STﬁ@ré$o¥%§t§qﬁ§eﬁg§¥l tRskeH PR el theihe number of

scanning direction may be adjusted with rel ative ease
tomeodigiielad] Gerierpmie .carri age speed. In this way,

the resolution in the main scanning direction may be

i ncreased. A2680F| GS. i SAcrd TBashew Examptessppandtuehmay be
images are fornmed at (main scanning resolution) X

a&%ﬁEg§83E8|Egrmréﬁﬁlmﬁdeoﬂklng3a@f£@&1 I ARitioaRdfor main

FI GS. 6A and 6B show exanples in which inages are
LR R I R AR ARG e o0

10 158367085a85 PR/ I0GEra0NBsE LT g THer S dioRg orRES ¢ 300
'd£i80|%glgg ggtégetggﬁ QHF%agg}ggldi&égﬁﬂéngpparatus when the
nozzle alignment direction is in the sub scanning direction,
although the resolution in the sub scanning direction is
determined by the nozzle pitch, the resolution in the main

15 scanning direction is determined by the carriage speed and the
printing period. Therefore, the resolution in the main
scanning direction may be adjusted with relative ease through
adjusting the carriage speed. In this way, the resolution in
the main scanning direction may be increaged.

20 FIGS. 5A and 5B show examples in which images are
formed at (main scanning resolution) X (sub scanning
resolution) = 300 dpi X 300 dpi, and FIGS. 6A and 6B show
examples in which images are formed at (main scanning
resolution) X (sub scanning resolution) = 600 dpi X 300 dpi.

25 As can be appreciated from the illustrated examples,
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the di scharge anount for formng a | arge droplet may
be reduced. However it is noted that even when the
woeswlousi4on in the main scanning direction i sPdoubioed304658
as in the exanple of 5 FI G116A, since ink has to be
adequately applied in the sub scanning direction to
forma solid i nage, the discharge anount for form ng
the large droplet may not be reduced to half the
mmiunireasédgi hhée heesxXlanplon dh EhE mdfn HMaoing dirdertion,
to mamintain the printing speed in the exanple of
HCRisoMhaand Bhoddt teodt drmhgt helgxgapdeople tFidas. beA
and 5B, the drive frequency ?or the recordi ng head

ééa beHg9H9é§d1§cE§rHHté@'%BEEUEQéESth@yﬂ§§1%%%@5%@on in

with respect to discharge control. For exanple, it is

di ff | of i
dofrar At g LR Rl dL BB SEClo 2 LA et o

npared to a case of 15 controlli ng di scharge of a
FiGuuitd dPepre Lk BRP pb & ACRAROECLY r Betiord oY the sub
kHz. FIG 7 is a graph indicating the increase in the
fa@ralingi séergecmanunfoyrropldt dvahage, Mhe ofiddhguiog amount
resulting fromincreasing the nunber of droplets
fhscratged tHei Vergal a2 thnapendt laadrédieceadt apl @bl1f the
volune M p of the liquid droplet discharged by each

Hodte eV enPths eScanil d S Frbst BAt edaigy, tiH Srder to
drawi ng, the total dropl et volume M for form ng a

r{fjaefﬂt%q_%t etﬂedEQPﬂ@fn 1%a§ﬁe' Qx%ﬂpf@ péf’xﬂ'“fﬁ%_t.e%xhgnd 6b

I near mann ance wtht I NCrease I n

er_ of ive 25 pu ndiLyi dual | et nunber) ;
oot 05 fhessar \%e Jo68" 065953 ey Sk s e tency
12 vol une of the i ndi vi dual droplets ébefore bel,nf%_ _
Ontihgedecprging head has to be doubled so that difficulties

may be created with respect to discharge control. For example,
it is more difficult to control discharge of a liquid droplet
of 20 pl at a drive frequency of 20 kHz compared to a case of
controlling discharge of a ligquid droplet of 40 pl at a drive
frequency of 10 kHz. |

FIG. 7 is a graph indicating the increase in the
total discharge amount (dropleﬁ volume Mj) of ligquid resulting
from increasing the number of droplets discharged (drive pulse
number), and the droplet volume Mjp of the liquid droplet
discharged by each of the drive pulses. As is illustrated in
this drawing, the total droplet volume Mj for forming a
designated droplet may increase in an approximately linear
manner in accordance with the increase in the number of drive

pulses (individual droplet number); however, the droplet
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a single droplet) discharged by the respective pul ses
for formng the designated droplet vary in a manner

weoeuals/vssae the droplet discharged by a | ater pargR2006304658

greater in volunme than 5 that di scharged by an earlier

pul se. Such a phenonmenon occurs owing to the fact that

in the case of discharging plural droplets, the

meni scus of liquid rises by the discharge of a

vdrlaplee b £sohé hiatd drichladt sirogisthafigetbtatmringayombined into
| arger in volune. For exanple, in FIG 10 7, six
Araplats a1 9 NRthdrcliont ene séHigh e dicophetesf for
approximately 37 pl. In this case, the total droplet

%{%&éﬁg Siel%o%%g'tﬁ#ﬁe& I?fr:ofpil(eﬁt VEP‘Q_} €en d£ Q'Pirﬂe% such that the

e first "through” third drive pul ses,

' I i i | ol i ch i
dEES HEet s < HeTee: I BF obf TS0 e mop oL e then

the droplet to be forned. In the case of varying the
HedoIPdErBAsIsh Rhe it 1i8€aRR! #§- direction and the

sub scanning direction as is described with reference

to FIGS. 6Auance GEhereonenons0ocups Xwingotqpile feed that in
dropl ets have to be configured to forma solid 20

iHE @R sken of héi sehs seiarnipigrdil r éedpbats anthd hendlsyusevén
when the resolution in the main scanning direction is

dephleds sthepy dise harge, 348UBE Fayr&eicbesd atdeedrbplets
hal f the original anmount and difficulties may arise

d@éaﬁa&ggeefgtéféggft%ﬁglaggﬂﬁyﬁ¥ Q&l&ﬁ%.no%%g EQQ&pPé, in FIG.

I'ncr easi ng at resolution in the nmaih

DS 13, LES LoD e, angs B 2006100 oer o
éﬁﬁﬁgiiﬁg%ggy°§$¥bfy Sﬂ?“ﬁﬁgrggggtstggytotal droplet amount
(volume) of the first three droplets discharged by the first
through third drive pulses, respectively, is approximately 15
pl, which is approximately 40% of the total droplet volume of
the droplet to be formed.

In the case of varying the resolutions in the main
scanning direction and the sub scanning direction as is
described with reference to FIGS. 6A and 6B (e.g., 600 dpi X
300 dpi), the droplets have to be configured to form a solid
image in the sub scanning direction, and thereby, even when
the resolution in the main scanning direction is doubled, the
discharge amount may not be reduced to half the original
amount and difficulties may arise with respect to control.

However it is noted that by increasing at least the

resolution in the main scanning direction, the range of
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be wi dened so that a snoboth continuous-tone inmage nay

be realized and the graininess of an i nage may be
wonreismasae from being degraded by a | arge dr opCetiP100&@B04658

may stand out in the 5 tond3i mage. Al so, shaggi ness

correction may be realized on characters and

generation of jagged lines may be prevented. It is

noted that the droplet discharging interval has to be
denBt ot echapmamysthd eebyeasntbdéd onilghéry emadilopgkepsets may

di scharged within one printing period is increased for

HeOkHBRed 18 acHar Qe sthephetohbatusan-ddrld itaga sayide

i mage regi on. Wien the nunber of droplets to be
f@aﬁggg&ggﬂdl d é%ﬁiﬁgss!BE_Q§C£EE§é!dE%P%%' k&vbAted from
wal t until the essure within the “liquid chanber of

the recording head.is adequately,.attenuat b r

K SEnGrgTHS et 4P8B BLOPTRE Bby: (TG SSPBS SES Ravie
15 to be efficiently discharged in accordance mﬁgh t he
tomesdurae - vi bFIR i HGTLRRES| FREFICHEHRIMEY RfdTEReLZed on
pressure of the liquid chanber has to be controlled
cdarbhaers henpressurasipnbpit i sagedobinemmago beuprevented.
control. In this respect, the tine and voltage of a
drive wavefor i fostddrmang tael drgpel et ol sthahasnpo in26rval
be adequately controlled. DI SCLOSURE OF THE | NVENTI ON

Hdl QRepaspestrofiddecReesent ctnyent i ol rAberBgifNgroplets
apparatus 1s provided that is capable of realizing

i gh-s d .25 printi ad _hi.gh- i t. jRting.at ;
e ned: e o B S aePBe A St ostse So s n
14 specific_aspect of the_present inpvention, _an.

3 HeGPRQUAPPA Al Bt (STl aBE Char  Garl g, “ogton.  When
tl};eghn-u(r:ﬂlgglrl ct)}f/ géggig'gse?c% reI gtilsp:lgxant:%/ed is increased, it

becomes impossible to wait until the pressure within the
liquid chamber of the recording head is adequately attenuated
before discharging a next droplet. Thereby, the droplets have
to be efficiently discharged in accordance with the pressure
vibration of the liquid chamﬁer and the pressure of the liquid
chamber has to be controlled so that the pressure vibration
does not go out of control. In this respect, the time and
voltage of a drive waveform for forming a large droplet has to

be adequately controlled.

DISCLOSURE OF THE INVENTION

In one aspect of the present invention, an imaging
apparatus is provided that is capable of realizing high-speed

printing and high—quality printing at the same time. In one



I ncreasing the nunber of tone |evels that may be
represented w thout increasing the bit nunber of tone
wdabw/09B4Accordi ng to one specific enbodi nent 8CTUP®06/304658
present invention, an inagdng apparatus i s provided
that includes: a liquid discharge head configured to
di scharge recording liquid as one or nore recording
liquid droplets; a drive waveform generating unit
spaBl Fgur £sbd o Kr gpaepat et df hvenMasf ahmiagh g Aigparatus
at least two drive signals wthin one printing
igg?g@gid dtﬁéf“%%ﬁiiggbthEQﬂI&&&if¥&‘H& NRWEeLORRinting by

select a evant drivée sigrnal fromthe drive

waveformvia a sw tch hat sw tch n/qf f ., accordj
R P Tt ab s THE TS S tedtd Pl Fopttddheea
signal to the |iquid discharge head, wherein the
WALRQWt I RFEgS 19 tHhe BEFvRURRR B O o ERld@e a first
drive signal for formng one dot with a |large droplet

5 in one priht¢ondier itod ongngpracifeasamniemghnta ofegbpdrresent
drive signal for formng at |east two dots with at
iheastidnwp 20 idingdepphessus nionergrided nhapeinotudes:
athird drive signal for formng at |east two dots
with at |eastig MRACHArgdr RRAE Son i PPN BEharge
period. According to anotﬁer speci fic enbodi nent of

SRS B FIL | YT 0B AL AR oo
PCT/ JP2006/ 304658 15 a |iquid djschar %:hea%;
confi gur ed®t rHY%éﬁﬁF&Srmr388?6?an?ﬂﬁﬁid%&? off

nore recording liquid droplets; . .
10 generate a drive waveform including at least two drive signals

gegf o
within one printing period; and
a drive unit configured to input tone data, select
a relevant drive signal from the drive waveform via a switch
that switches on/off according to the tone data, and apply the
15 selected drive signal to the liquid discharge head;
wherein the drive signals of the drive waveform
include a first drive signal for forming one dot with a large
droplet in one printing period; and at least one of a second
drive signal for forming at least two dots with at least two
20 small droplets in one printing period and a third drive signal
for forming at least two dots with at least two medium
droplets in one printing period.
According to another specific embodiment of the
present invention, an imaging apparatus is provided that

25 includes:
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a drive waveform generating unit configured to
generate a drive waveformincluding at |least two drive

WO iesak334d Wi thin one printing period; and a dPCYEP2N6/804658
configured to input tone dafa, select a relevant
drive signal fromthe drive waveformvia a sw tch
that switches on/off according to the tone data, and
apply the selected drive signal to the liquid
di schar ge &ertjuil0 duwbenairget headrdores isigral $ootiisttearge
drive waveform include a first drive signal for

B85 Tl NGy ONER Q] M Bheaokaﬁgﬁe Loy andual Bf@ﬁietﬁ{

one of a second drive signal for forn1ng one dot wit

A St or QPhelAqd Akl dfLive s ahdl LabAGHILAG

one dot mn? r|ve S|gna

15 bei ng reallzed by repeat t he at Ieas%

TEREOREE R L GHAO BRI T FLTHIY ¢ ariers s Fy R ae oionals
| east two times w thin one printing period. According
wi§han pees ep¥ et iegheeriedt 8hdthe present invention,

the large droplet is forned by discharging plural 20
recordi ng &idpivé dmdpl ebsfigndedrtrangipuy thoee data, select
di scharged recording liquid droplets to nerge before

at BeYelane @Riv silghBgi Agomedhs Nir A Walle¥ rin0vaaod hefitch
preferred enbodi nent of the present invention, the

g t ) i i t
RO N B S 08 B it e

ELLAEREL 04650010, L0 RS, Bagher o9,
signal forwfégéggu%ﬁgn%rgvg signals of the drive waﬁeform
include a first drive signal for forming one dot with a large
droplet, and at least one of a second drive signal for forming
one dot with a small droplet and a third drive signal for
forming one dot with a medium droplet, the first drive signal
being realized by repeating the at least one of the second
drive signal and the third drive signal at least two times
within one printing period.

According to a prefefred embodiment of the present
invention, the large droplet is formed by'discharging plural
recording liquid droplets, and arranging the discharged
recording liquid droplets to merge before they land on an
imaging medium.

According to another preferred embodiment of the

present invention, the large droplet is formed by discharging

at least four of the recording liquid droplets.
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with the large droplet includes at |east one of a
drive signal for formng one dot with a small dropl et

wanweostueve signal 5 for form ng one dot w t hPaTAaRPI0EBN4658

dropl et. According to another preferred enbodi ment of

the present invention, the tone data are sw tched

Wi thin one printing period. According to another
preferred enbodi nent of the 10 present invention, the

i qui d di séhapyéiheady arveleri peefanved cembaEmendt ofigthe
unit, and the drive unit are configured to realize
Eefdealt iiRRghBlonSi tige afi dsadiriige ®Ugnan My clorémifdi Bne dot
scanning resolution is arranged to be higher than a

eI, ﬁ%%a@8k€8 df%ﬁdé%'iﬂkr%ﬁ%%phtfpéa§tQ§Eéfdﬂ1éM@r90e signal
one dot is 15 formed by the large droplet wthin one

A oﬁeéﬁ%d%e Sﬁ%{ h £ase &Pg #ﬁﬁé%m&rﬁ%e signal

resolu scanni ng on

d to be Accor o nother preferred
SboaTReRy Bret Wégaqfn%%ﬁv@% [Sthe i magi ng mode
i nvol ves formng an i mage 20 using a non-interlaced
i magi ng schefer M@%d@%ﬂ%ﬂ?ﬁh@raﬁéﬁﬁ@¥r®@e@%WQQa$ent of the
enbodi nent of the present invention, the recording
dregeind invbodesn pitgrentorendlathasra i sodsid widgthiat one
least 5 nPa s at a tenperature of 23 C. According to

pietthery sppecoédi c enbodi nent of the 25 present
i nvention, an inmaging apparatus is provided that WO

2006/09334gCB§Eﬁ ﬁ%qgﬁkﬁgﬁ§é§ p}gfeff@aL@KﬁbdfﬁeﬁEqBEdthe

di scharge head contigured to discharge

present invention, the liquid discharge head, the drive
waveform generating unit, and the drive unit are configured to
realize serial imaging using an imaging mode in which a main
scanning resolution is arranged to be higher than a sub
scanning resolution except for a case in which one dot is
formed by the large droplet within one printing period in
which case the main scanningAresolution and the sub scanning
resolution are arranged to be equal.

According to another preferred embodiment of the
present invention, the imaging mode involves forming an image
using a non-interlaced imaging scheme.

According to another preferred embodiment of the
present invention, the recording liquid includes pigment and
has a viscosity of at least 5 mPa‘s at a temperature of 23 C.

According to another specific embodiment of the

present invention, an imaging apparatus is provided that
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recording liquid as one or nore recording liquid
droplets; a drive waveformgenerating unit configured

woOQod/0gs3aer ate a drive waveformincl udi ng at | eastP1006304658

drive signals wthin one pffinting period; a drive

unit configured to input tone data, select a relevant
drive signal fromthe drive waveformvia a switch

that switches on/off according to the tone data, and
Hpplydeastie 10 sel ected drive signal to the |iquid

di scharge head; and a transmitting unit configured to
transmt thelignéd datchdmye headr copfiguted| iy alisdharge
within one printing period, the tone data being

£t pwgedighipl 4§ abndidis meeke ebabnelng ACAlid rRrdpdets;
preferred enbodi nent of the present 15 invention,

when the | bGuldy gl Sehar o head ke dol ¥eD: [ndiashar 48
plural recording liquid droplets, the di scharged

recording liquid droplets are .arranged t e meyged to
GEnd grivr e ar Rt SelngeEhhaRt: ettn G g ng omats
medi um According to another preferred enbodi nent of
YHAIDEDFr BESRELRAVRIEIUN, the nunber of droplets to

be di scharged by the drive signals included within

one printi Agdpéveodnbt ¢ iggiriede tealkepel Mmae aigs t Iselect
nunber of tone levels represented by the tone data.
dAccdraediang toianoshetapriefear ke drbodi wedfcofm thie a25witch
present invention, the nunber of droplets to be

dizseangedoby oM 2006400348 RETLIE2006L A0AGEE artB oty the
drive signals included within one printing period o
ddMec1lld ¥ YBVEI GhM 1S ARANG AT Obn SR dos ;T QUky
a transmitting unit configured to transmit the tone
data to the drive unit plural times within one printing period,
the tone data being configuréd at plural bits per channel.
According to a preferred embodiment of the present
invention, when the liquid discharge head is driven to
discharge plural recording ligquid droplets, the discharged
recording liquid droplets are arranged to be merged to form
one single droplet before landing on an imaging medium.
According to another preferred embodiment of the
present invention, the number of droplets to be discharged by
the drive signals included within cne printing period of the
drive waveform exceeds the number of tone levels represented
by the tone data.

According to another preferred embodiment of the

present invention, the number of droplets to be discharged by
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According to another preferred enbodi nent of the

present invention, a transmtting timng for
wonres®osdei ng the 5 tone data within one pri nPCIGP2006/304658

period is configured to be 18adj ustable. According to

anot her preferred enbodi nent of the present

invention, the liquid discharge head, the drive

wavef orm generating unit, the drive unit, and the
theadshvét $ hgndDs ultidluded vobhiguees grintéali perfrodecf the

switching between a node involving transmtting the
drane daterehhrad dddme rWehBhNoBNEqudll ivdt ifB@rperi od and

a node involving transmtting the tone data once

wi thin oneppLiAki N0 RELOIneACERLAALd QBBANERL of the

preferred enbodi neEnt o present 1nvention, the
drive signals. of the drive veform_include_at |east
FRECHF VRV GH For RaPERA P DI 4 FERBPEgoha the
liquid droplets to forma |large, droplet, and this
torey8ak ghaflis B PTdatEéadt BEherdiskd R8fagyrpdeto be
signal for discharging one or nore of the recording
adigatcdodeopl ets to 20 forma droplet other than the

| arge droplet according to the tone data transmtted
after a fiAStotdansicseanonhart brafensd pmbodingnt of the
period. According to another preferred enbodi nent of

prR8enPl £5€Mti Y eHON 1 ghNE 1 &MEa S MRS, Oknkharavive
waveform 25 include at |east two drive signals for

ARSI A B J0O0RS 0 FTLIE00E 405 g
u%g% gkgegon ié&géh(¥%er%gigggngoggré&¥¥ching between a mode
involving transmitting the tone data plural times within one
printing period and a mode involving transmitting the tone
data once within one printing period.

According to another preferred embodiment of the
present invention, the drive signals of the drive waveform
include at least one drive signal for discharging plural
recording liquid droplets to form a large droplet, and this
drive signal is configured to be used as a drive signal for
discharging one or more of the recording liquid droplets to
form a droplet other than the large droplet according to the
tone déta transmitted after a first transmission within one
printing period.

According to another preferred embodiment of the

present invention, the drive signals of the drive waveform

include at least two drive signals for discharging at least



According to another preferred enbodi nent of the
present invention, the at |least two drive signals for

wo 20ie0bse gi ng the at | east two droplets of PCT/JP2006/304658
substantially the sane siz® at |east two tinmes are
not used for discharging droplets of other sizes.
According to another preferred enbodi nent of the
present invention, the at |east two drive signals for

20 disghatgi g dls@hthiaasy EWoamds iR 2t0fleast two times
substantially the sane size at |least two tinmes are

wH%ﬁgnf8£ed%§£H@{ | ng.drgpl ets  of other sizes.

Accordi ng to another specific enbodi ment of the

present inyention seri | i [ at [
provi ded t Sforﬁéﬁqgé F?ggh 62@9 g%%ﬁgfgﬁﬁgggﬂféfiSE the
W th respect to one pixel and forns an inmage_usin

, an
ArREGMRgIABEREH PRol Wieng tartPaRGI RYC &3 1§ i ﬁﬁg
resolution to be higher than a sub scannin _

5 diesbhugiog, thheatserdagit ithaglngPapparait lﬁlhsgt@m@éiaﬁaéy Bhe
i quid discharge head configured to di scharge one 20
samendlieer @corehsg toquiiciedr apkebst fumed diom g seharging
dropl et which droplet is arranged to be in one of
dopratsdbtf ereat Sixps; wherein the inaging node
i nvol ves arranging the nain scanning resolution to

equal the iH&?@?ﬁ@i{b‘J aﬁq%%%%eefem@ SARRWRSE oEhehe

dropl et forned he one or re 25 recording liquid

X608 b33 PLT] JPI0DG a0RBEE T30 Sevit BIH0E 407

referred enbodi nent, the serial imging apparatu

s of
10 gipehprededt thavEht iR HPhEFoPhefadYs substantially th

e
~ same size at least two times are used for discharging droplets
of other sizes.
According to another specific embodiment of the
present invention, a serial imaging apparatus is provided that
15 realizes tone level representation with respect to one pixel
and forms an image using an imaging mode involving arranging a
main scanning resolution to be higher than a sub scanning
resolution, the serial imaging‘apparatus including:
a liquid discharge head configured to discharge one
20 or more recording ligquid droplets for forming a droplet which
droplet is arranged to be in one of plural different sizes;
wherein the imaging mode involves arranging the
main scanning resolution to equal the sub scanning resolution

in a case where the droplet formed by the one or more

25 recording liquid droplets corresponds to a large droplet.
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a drive waveform generating unit configured to
generate a drive waveformincluding plural drive

WO i2esa33425 Wit hin one printing period; a drivecuaP1006/304658

configured to input tone da¥a, select a relevant

drive signal fromthe drive waveformvia a sw tch

that switches on/off according to the tone data, and
apply the selected drive signal to the liquid

di schar ge headrdang ti0 aa piredrs ped t émigpdimdntconfhiegaeedal
to transmt the tone data to the drive unit plura

bR EGWEHPA Ra ORE dXf ItHel BEeBEht Ofhverl thbrl GRA-10RLA 1R8I ides :
configured at plural bits per channel; wherein when

the large QrQPJ_\% asﬂrécf%rr%egeggrﬂch%?duraf@c an'J_ red E%

liquid droplets e recordi ng roplets

S e s ety et o,

posi tion, and the transmission timng for transmtting

Wi fBiPoRARe JRY H BB PSF 100 r st transmi ssion within one
printing period is set according to the reference

si gnal . 20aAdcovaiung tt coafduheed prefiormed emsodiatent select
of the present invention, the drive signals of the
adtrelevaavefoive dinglald€rain thasdrione Wiviemra ghal af &fitch
di scharging the one or nore recording liquid droplets

thak ERLALAGs the/ddr e Braphst to and ddHes cﬁr’daVeaﬁlig&Bﬂ)ly the
is configured to be used as a drive 25 signal for

ShBEUB000 208 s TR FECOLALID il 38150
aropi et ot fer_ han e | 310e 0108 L 26cor 00 00 A
dggghtg the drive unit plural times within one printing period,
the tone data being configured at plural bits per channel;
wherein when the large droplet is formed by plural
recording liquid droplets, the recording liguid droplets for
forminé the large droplet are discharged based on a reference
signal corresponding to a carriage position, and the
transmission timing for transmitting the tone data after a
first transmission within one pfinting period is set according
to the reference signal.

According to another preferred embodiment of the
present invention, the drive signals of the drive waveform
include at least one drive signal for discharging the one or
more recording liquid droplets for forming the large droplet,

and this drive signal is configured to be used as a drive

signal for discharging one or more recording liquid droplets
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one printing period. According to another preferred
enbodi nent of the 5 present invention, the inmaging

waonos/ 088421 vi ng arrangi ng the nmain scanni ng r e6SOUPL00GBN4658

to equal the sub scanning r®@solution upon formng the

| arge droplet involves form ng an i mage using an
interlaced i magi ng schene. According to an aspect of

the present enbodinment, 10 by transmtting tone data

fbr pfarmmalndiat sirppilethatnet thara ther leegendtoplet edccording
times within one printing period, the substantia

ponpes fnd GARal @v¥ehsmi e saied abyitrhe toaeshiddsion within
nay be increased w thout increasing the bit nunber of

a.,$84t hat high-quality and hi gh-speed
pr| t|ng ngsbbg 15 realized. According to another

aspect of the Rresen i nvention | eprent i ng a
o0 ng. modcoR SRBCHoy RES M S By P BS R oy £he
arranged to be higher than the sub 6 scanning

P%@ﬁﬁQR|%ﬂYen§ﬁ8narFB%g%%@?VﬁbHWQ@nl§88ﬁﬁ?ﬁ% gpranging the
resolution to equal the sub scanning resolution in the
pate sfantfigoniragoautapyetalragpiadt the suvbi docanmigey reggicdmtion
may be adequately covered by the large droplet with
neapetdrntiog hae dabgscansping dnrvetteenfamdibdeamiinkge using
scanning resolution for the small droplet nay be

dfcieasadaly thegsagesthdie so that 25 the inmage
qual ity may be inproved and hi gh-speed printing may WO

éggg{??g_?_?g% &E_;HF&'EE;%%% V\%%é%%ctz%f her ﬁ?leééﬁ'{j et Efent,

by transmitting tone data at plural bits per channel to a
drive unit plural times within one printing period, the
substantial number of tone levels represented by the tone data
may be increased without increasing the bit number of the tone
data so that high-quality and high-speed printing may be
realized.

According to another aspect of the present
invention, by implementing an imaging mode in which the main
scanning resolution is arranged‘to be higher than the sub
scanning resolution, and arranging the main scanning
resolution to equal the sub scanning resolution in the case of
forming a large droplet, a solid image region may be
adequately covered by the large droplet with respect to the
sub scanning direction and the main scanning resolution for
the small droplet may be increased at the same time so that

the image quality may be improved and high-speed printing may
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O her objects, features and advantages of the 5
present invention will becone nore apparent fromthe
woabdemosaayg detail ed description when read in PCT/JP2006/304658
conjunction with the accorganying drawings. FIG 1 is
a diagramillustrating a data transmtting nethod
involving transmtting print data with 10 respect to
every drive pulse; FIG 2 is a diagramillustrating a
bdatraalticadismi tti ng net hod involving transmitting tone
data once every printing period using a drive
waveform having three drive pulses; 15 FIG 3 is a
diagramillustrating a data transnitting method

setve! BEtEARSTIA 113G, bRAAHaEa once every printing
aving four drive

pul ses; FI 4 is a diagramillustrati data 20

ranem t 115 TR T OO e S ot TP g 00 “Fat2e

once every printing period using a drive waveform

FEPeRE $PYCRiricRe Wlﬂ& desome| mpre SEPRAVETB fxre dhggf akkoving

illustrating different dot sizes and respective

derbeah génees er iisieofwhanc veddngn t conhacZBnpmilihi e

resolutions in the main scanning direction and the WO

a0aHanN3dde MEHIHRRA006/ 304658 23 sub scanni ng
direction; FIGS. 6A and 6B are diagrans illustrating

different pfgl $izes NdghaRPEETLYErAF 1 ANGCRRALS
thereof in a case where

transmitting method involving transmitting print data with
respect to every drive pulse;

FIG. 2 is a diagram illustrating a data
transmitting method involving transmitting tone data once
every printing period using a drive waveform having three
drive pulses;

FIG. 3 is a diagram illustrating a data
transmitting method involviné transmitting tone data once
every printing period using a drive waveform having four drive
pulses;

FIG. 4 is a diagram illustrating a data
transmitting method invblving transmitting tone data once
every printing period using a drive waveform having six drive
pulses;

FIGS. 5A and 5B are diagrams illustrating different

dot sizes and respective arrangements thereof according to the

printing resolutions in the main scanning direction and the
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the printing resolution in the main scanning direction
is 5 double with respect to the exanple of FIGS. 5A

wanwe®B3342FI G 7 is a graph illustrating a rel aCTOPE06/p04658

between the total droplet w8l unme and the individua
dropl et volume discharged by each drive pulse; FIG 8
is a diagram showi ng a nmechanical 10 configuration of
an i magi ng apparatus according to an enbodi nent of
$lie graesdnty daveontian; in side view, FIG 9 is a
diagramillustrating the nechanical configuration of

the i nmagi ngrrapRabAt #sd a6 Al Y dg@akBei 1 Pheseiting different
enbodi ment in plan view, 15 FIG 10 is a diagram

(ﬁ&% Lgcﬁ.té{e%;ia gagggﬁétgﬁgél@ra)ﬁfra%%%meglll{ga%ﬁ@f]eﬁ #h case where

recor i magi ng apparatus according to

t.he pr.esent enbodi nent;. FI 11.is a_diagram . .
PP By SO Rt At T B0 REP OB | I S e Lo
recordi ng head of the imaging apparatus 20 of the
‘Eﬁ‘é%l@nt"“gﬁbéﬁﬁﬁ@%;tq:l@e Exqele afafta i 13 @d afing

an exenplary configuration of a liquid discharge head

i ncl uded i HIBhe7 tecorghiarh hdddisefirathegi avagplmgtionship
apparatus of the present enbodinent in

IesOsSns etkel b8kl vieyplaet a8S uine ang shdeidi widwed: iddplet
of a liquid chanber of the liquid discharge head; WO

FONBDY3 3422 PELAIF QOBI3AG6R8 #4sELG 13 is a diagram

illustrating an exenplary configuration of the liquid

0 sohar e S0 814 £1 St SEReRChL ORGP
configuration of an imaging apparatus according to an
embodiment of the present i1nvention in side.view;

FIG. 9 is a diagram illustrating the mechanical
configuration of the imaging apparatus according to the
present embodiment in plan view;

FIG. 10 is a diagram illustrating an exemplary
configuration of a recording‘head of the imaging apparatus
according to the present embodiment;

FIG. 11 is a diagram‘illustrating another exemplary
configuration of the recording head of the imaging apparatus
of the present embodiment;

FIG. 12 is a diagram illustrating an exemplary
configuration of a liquid discharge head included in the
recording head of the imaging apparatus of the present

embodiment in cross-sectional view across a long side

direction of a liquid chamber of the liquid discharge head;
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liquid chanmber of the liquid discharge head; 5 FIG 14
is a block diagramillustrating a configuration of a

woamieroodsspart of the imagi ng apparatus of thePOTEBENE/304658

enbodi nent; FIG 15 is a bldck diagramillustrating

configurations of a head drive control unit and a head
driver 10 of the control part of FIG 14 according to
one exanple; FIG 16 is a diagramillustrating a drive
wavef orm msed i iz & B3kgeahodi eniradfinichenpeesaplary
invention; FIGS. 17A and 17B are diagrans illustrating

cBXENBh ALY SPto £ ARl NALLQASAY Bahar@y R d @2l Fzed in in
enbodi nrents 15 of the present invention; FIG 18 is a

cghggﬁgg&{iéyﬁ r@eWgF&pggd%sgﬁ@fe ir%gidel of; dreplat S pyhe

drive waveform irst e ment an
formation positigning.of .the droplets; FIG 19 is a
Ly afes ?@t?éat%?’ﬁggfﬂglﬂ’eSb?ﬁ otc s“fﬁdpl ur al
droplets; FIGS. 20A and_20B are di agrans respectively
i |1 ustratiR§Cdot? sifapeblrekl fzadrah o lowddaiieded
droplets are nerged and in a case where the droplets
canfigotanirmgenf, aFlcGnt2dli paatdpagrt=eminidaisgor appagatus of
drive waveform 25 used in a second enbodi nent of the

theepessehhVemddifien) 2006/ 093342 PCT/ JP2006/ 304658
25 FIG 22 is a diagramillustrating the discharging

of dropletsrhy 18 AL veowavatapraefli hhasacond

enbodi nent and dot formation positioning of the
8%%99&8£§£i0ns of a head drive control unit and a head driver
of the control part of FIG. 14 according to one example;

FIG. 16 is a diagram illustrating a drive waveform
used in a first embodiment of the present invention;

FIGS. 17A and 17B are diagrams illustrating
exemplary dot combinations that may be realized in embodiments
of the present invention;

FIG. 18 is a diagfam illustrating the discharging
of droplets by the drive waveform of the first embodiment and
dot formation positioning of the droplets;

FIG. 19 is a diagram illustrating the merging of
plural droplets;

FIGS. 20A and 20B are diagrams respectively
illustrating dot shapes realized in a case where droplets are
merged and in a case where the droplets are not merged;

FIG. 21 is a diagram illustrating a drive waveform

used in a second embodiment of the present invention;
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FIG 23 is a block diagramillustrating exenplary 5
configurations of the head drive control unit and the

woeam/09stse ver of the control part of FIG 14 aeCOUBINNG304658

to another exanple; FIG 24 is a diagramillustrating

a drive waveform and a data transmtting nmethod used

in a third enbodi nent of 10 the present invention;

FIG 25 is a table indicating whether droplets are

di schar ged DGt & AespedibgranriMaighraddésgoftthehdlsithamging
wavef orm of the third enbodi nent according to contro
stgabisietd Gy 2bel Saideagaaatodn ust ikl Bgcandrémieodiment and
waveform 15 and a data transmitting nethod used in a

beHr tbrrabod] g@@,&t%niﬁ eopresenirdgivent.i on; FIG 27
is a table indicating ether droplets are discharged

by the resPEte,%i\é% ggi \c{ebEHJ:Ee&ida%rga}rp%_lqruis\E?atX\g%eéQér@lary

of the fou ‘enbodi ment accor o contro

sigpals; FIG 28 is a diagramillustrating, a drive
SaiEfsiatiahs 5iakhs prandiflte b phdcagtt e heaa
fifth enbodi nent of the present invention; FIG 29 is

Ariver o F ridicc #orEgOwnBRREroH I -etld acsordingi ke Harder

by the respective drive pul ses of the drive WO

eRaeap 093342 PCT/ JP2006/ 304658 26 waveform of the

fifth enbodi nent according to control signals; FIG

30 is a di agianeidl beskraia@gam idnivee raadabosnir ansl vaveform
data transmtting nethod used in a sixth enbodi nent of

and a data transmitting method used in a third embodiment of
the present invention;

FIG. 25 is a table indicating whether droplets are
discharged by the respective drive pulses of the drive
waveform of the third embodiment according to control signals;

FIG. 26 is-a diagram illustrating a drive waveform
and a data transmitting method used in a fourth embodiment of
the present invention;

FIG. 27 is a table indicating whether droplets are
discharged by the respective drive pulses of the drive
waveform of the fourth embodiment according to control
signals;

FIG. 28 is a diagram illustrating a drive waveform
and a data transmitting method used in a f£fifth embodiment of
the present invention;

FIG. 29 is a table indicating whether droplets are

discharged by the respective drive pulses of the drive



the present invention; 5 FIG 31 is a table indicating
whet her droplets are discharged by the respective
wdnrpos@opadk ses of the drive waveform of the si RCIIP2006/304658
enbodi nent according to corol signals; FIGS. 32A and
32B are diagranms respectively illustrating printing
using a large droplet and printing using 10 a
medi um smal | droplet in the sixth enbodi nent; FIGS.
wa¥Afand GBBlar ef iditdgreamivedintust aatoniiran toadvahtrayesignals;
effect realized in the sixth enbodinment; FIG 34 is a
di agram il #ust rag iing 2 degyemWaveiofratanrd aadgaa waveform
transmtting nethod used in a seventh enbodi nment of
a%é 5h8a9£e§faﬂsﬂf%ﬁﬂﬂd %@th@@dugg&alﬁﬁ%'éix%htéﬂbgﬁlment of
I ndi cating whether droplets are discharged b
& gectlve:g{lv pulses of the drive maveforn1of t he
AR ot Fh accordlng to control signals. 20
BEST MODE FOR CARRYI NG OQUT THE | NVENTION I n the
5 foll owi ng, FH7 ef¥r ried deBbdrmrtscatinhehgihesedroplets are
i nvention are described with reference to the
ddscbapanyibyy draviaspsct2BeFlGEre w9 ofr ghdi dgives
illustrating a WO 2006/ 093342 PCT/JP2006/ 304658 27
waoBfbguraf i e ofisath iembgthgeap pad@dndsi rac aor dbngrdd ohgnals;
enbodi nent of the present invention. It is noted that

FIG 8 isrgss] dpnisw and ELG afadfas BaaRekiteve )
t he i magi ng

illustrating printing using a large droplet and printing using
10 a medium/small droplet in the sixth embodiment;
FIGS. 33A and 33B are diagrams illustrating an
advantageous effect realized in the sixth embodiment;
FIG. 34 is a diagram illustrating a drive waveform
and a data transmitting method used in a seventh embodiment of
15 the present invention; and
FIG. 35 is a tablé indicating whether droplets are
discharged by the respective drive pulses of the drive
waveform of the seventh embodiment according to control
signals.
20

BEST MODE FOR CARRYING OUT THE INVENTION

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

25 FIGS. 8 and 9 are diagrams illustrating a
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apparatus of the present enbodiment. 5 The i nmaging
apparatus of the present enbodi nent includes a frame

wa 2bmovssg2si de plates 1A and 1B (see FIG 9), Pargeiode304658

rod 2 that is arranged acrass the frame 1 to be

supported by the side plates 1A and 1B, a stay 3 (see

FIG 8), a carriage 4 that is slidably supported by

the guide rod 2 and 10 the stay 3, a main scanning
qmifdubathonr o ¥ earpulnagyi nfAappardtiy ercquidiay 8B Csee

FIG 9), and a timng belt 7 that is arranged around
drftpddnbme pul ey HAand theetiven pit liey noBedantaitsFIG. 8
driven by the main scanning notor 5 so as to nove the
Garyiage 45bp Ahe #id et bang pngdhcatad &y thike iakbewy
shown 1n 15 FIG 9 (main scanning direction). The
carriage 4_.includes a.recordi ead 11 having four
%HHﬁﬁaggaigéh yfhesay £ ?ghﬁg?grlnl and |1y (see

FIG 9) that are configured to discharge inks in .

col ors bl aéRe(BRIIING QFEFPsnﬁgeF?%.R%%ﬁeékufqﬁ&qlgﬁpt
(Y), respectively. Each of 20 the |iquid discharge
iredasles 1k, frame 1igviaed siby RastasnbrAnd 18urisgeeFiifa 9)
(see FIG 8) on which plural nozzle arrays each

dayiidg pbdral thak B schangedgaoubsset shd fozzleed) to be
aligned in a direction perpendicular to the main
SGHYHRE BiT 86t i O1ud StesCaARNkAg UBJ &CISRR) 3Ar@ee FIG. 8),
formed, the nozzle surface Ila being 25 positioned so

red, the no: rface |la | i oned
0067085543 BT TPo008) A0a8ss TBa red b s Tireered 2 =
d, It is.,noted that in th L1 {
EATHRY. 2pl B B neeHBHOB L fura B SEN Gt nedad™

1k, I'lc, Il and ily are used. However, it is noted,
digten puileyn%B (see QEG. 9), and a timing belt.% t%a is

arranged around the drive pulley 6A and the driven pulley 6B
and is driven by the main scanning motor 5 so as to move the
carriage 4 in the directions indicated by the arrow shown in
FIG. 9 (main scanning direction).

The carriage 4 inéludes a recording head 11 having
four liquid discharge heads 11k, 1llc, 1lm, and 1lly (see FIG.
9) that are configured to discharge inks in colors black (Bk),
cyan (C), magenta (M), and yellow (Y), respectively. Each of
the liquid discharge heads 11k, 1llc, 1Im, and 1ly has a nozzle
surface lla (see FIG. 8) on which plural nozzle arrays each
having plural ink discharging outlets (nozzles) aligned in a
direction perpendicular to the main scanning direction (sub
scanning direction) are formed, the nozzle surface lla being

positioned so that the ink discharging direction of the
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the present invention is not Iimted to such an

exanple, and 5 one or nore recordi ng heads havi ng
wohoeab3zanzzl e arrays for di schargi ng dropl et BCofIP2006/304658

recording liquid of differedt colors may be used.

Also, it is noted that the nunber of colors used and

their arrangenent order is not limted to the

illustrated exanple. 10 As is described above, the

tededi ig Héadctdd odowrhardor edentisendiosh nevt iimclthees

four independent |iquid discharge heads 11k, Ilc,

{1 mstandell ¥xbhple arm yzenf ii@l@%@@nﬁ@nﬁ” Bichardgeii donesgef heads

different colors. Further, as Is shown in FIG 10,

h.of. t I i gui; dq di r hea gg%r lsic,a d | n

fﬁ§ fchng EdegHém%ﬂ%§§%$é£§f¥aygBYre e?fggjf%rggea That

ozzl e NA and_ npzzle NB) .each.havi | yral_nozzles n
5 DAFSERAr ORGSO oS SRy FRrgEd (P 4 RaS and
However, the present invention it _not limted to such
M Orafpre, raRATALRY S9qdsudevaredPiRraFIngz e Gigays for

recordi ng head 11 nay be arranged to include 20 nozzle
@rgdnprgangs drpkiebndof ideRordioa aaduld B differesd colors
11nB, and ilyA and ilyB that are configured to

s ehanged.i quildo, dioplet®ted thetr espeaninbeer refc aodiony used
colors. In another exanple, a recording head that has

ONE 191 IOLSrIAZZhEnArd S 1GORLINE RGP H sghargeustrated
bl ack i nk, and anot her recordi ng head 25 for

égé%lT%rging color ink that has one or nore nozzle
arrays ‘WO 2006/ 093342 PCT/ JP2006/ 304658 29 for each

I b Lt ted that th [ [ d
col o o e Voot oLiyhs L0 (haL LRE LGRS H0A 16°0 wno

pi ezoel ectric actuator that is L _
present embodiment includes four independent liquid discharge

heads llk,'llc, 11lm, and 1ly that are configured to discharge
inks of different colors. Further, as is shown in FIG. 10,
each of the ligquid discharge heads 11k, 1lc, 11lm, and 1lly
includes two nozzle arrays (referred to as nozzle NA and
nozzle NB) each having plurai nozzles n for discharging liquid
droplets arranged in a line. However, the present invention
it not limited to such an example, and as is illustrated in
FIG. 4, one recording head 11 may be arranged to include
nozzle array pairs 11kA and 11kB, 11lcA and 11lcB, 1lmA and 11mB,
and 11yA and 11yB that are configured to discharge liquid
droplets in the respective recording colors. In another
example, a recording head that has one or more nozzle arrays
configured to discharge black ink, and another recording head

for discharging color ink that has one or more nozzle arrays



configured to generate pressure for discharging liquid
5 droplets, for exanple. Also, it is noted that the
woeowrodsaag head 11 includes a driver |1C  and PET/JP2006/304658
connected to a control unit29(not shown) via a harness
(flexible printer cable: FPC) 12 (see FIG 9). 10 The
carriage 4 includes a sub tank 15 for each col or
configured to supply the corresponding color ink to
fbhecatrCOs Thngndiedd hiedThe corresponding color ink is
supplied to each sub tank 15 froma correspondi ng
cartridge 10 {daloteds tahkanEedrédbriiGRy Heladge 1l fadimg an
unit 9 via a corresponding i nk 15 supply tube 16. The

iﬁg%%%i 'E%éiﬂd% ?% %EEMaEH?pthﬁﬁfls

rans erring e |n cartrldge
The, i nk tub 16 has an Lnteyr.nediate ctlo
Cpﬁgfgpgeé g& Brﬁﬁﬁﬂrﬁltﬁ iﬁf rgﬁngnga |n§
menber 18 (see FIG. 9). 20 The i mgi ng apparatus of
5 drhelpEeseher g fent has a paper feeding part
i ncluding a paper feeding tray 20, a paper stacking
plate 21, Aalpapert fisediorgdr thhertlxs fegordiagahged| 1
feedi ng each sheet of paper 22 stacked on the paper

1stagkERga phiate2 Ic ,anddaisepanaddingl pad s24omdelofnat (not
material 25 having a large friction coefficient that

siggwf};r@mgeg ARPRSLE e(MR2006/ 093342, PEILIE2086¢ B0AB5Gece FIG.

e paper feedlng roller 23 and is applied a force
Somards the paper feeding roller 23. Also, the
|nag|ng apparatus of the present

10 The carriage 4 includes a sub tank 15 for each
color configured to supply the corresponding color ink to the
recording head 11. The corresponding color ink is supplied to
each sub tank 15 from a corresponding cartridge 10 that is
arranged in a cartridge loading unit 9 via a corresponding ink

15 supply tube 16. The cartridge loading unit 9 includes a
supply pump unit 17 for tranéferring ink within the ink
cartridge 10. The ink supply tube 16 has an intermediate
section that is engaged with a back plate 1C by an engaging
member 18 (see FIG. 9).

20 The imaging apparatus of the present embodiment has
a paper feeding part including a paper feeding tray 20, a
paper stacking plate 21, a paper feeding roller 23 for
separately feeding each sheet of paper 22 stacked on the paper
stacking plate 21, and a separating pad 24 made of a material

25 having a large friction coefficient that is arranged opposite
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enbodi nent has a conveying part including a guide

menber 25 5 for guiding the paper 22 fed fromthe
woapwroosxaedi ng part to convey the paper to a peeTHUPIING/304658

beneath the recordi ng head 301, a counter roller 26, a

conveyi ng gui de nenber 27, a holding nenber 28 having

a tip pressurizing collar 29, and a conveying belt 31

configured to have the paper 22 fed fromthe paper 10
theegdapgrpaetdsiqticdaldry 2adhed eils tdygsetal faorfororveywagds the

the paper 22 to a position opposing the recordi ng head

phbetseecht &y rd)i1ckhezconveying belt 31 is a continuous
belt that iS arranged around a conveying roller 32

and a tensi r r . ' onfi

rotate in §9E%1fb%%ﬁﬁéﬁ?ﬁéﬁaﬁﬁgiéﬁ%ﬁ (sdgﬁéggﬁ%?ﬁa
direction), The conveying belt,31 is. charged by a
BhRAGECRY har BAG Aot nif THTHE dug L oaREges 25
direction. It is noted that the conveying belt 31 nay
fieav euadipggrlee |RRRAT % deAufEOBr the RARSE ?%ﬁ?@ﬂng part”to
structure (wth at 20 least two |layers). In a case

onlneey the papyeying lpelstit3bnhbgneatlsiHyg erdopypeing head 11,
structure, the conveying belt 31 cones into contact

awicbhintbe papesr 2% and doheeghag gguidd Imemi3d; 2anda holding
thereby the entire belt layer is preferably nade of an

reiPeabbng gt erd alip PreaseaseiNhessr 14e BONWeM Bdconveying
belt 31 25 has"a multi-layer structure, the layer that

o In t 064093342 PCT/ 5
R = e
f, bl de . of [ | gt | terial wh
Ragorpe Pt hat Uk it = BohEd HEarCon it SHTRVERE e
paper 22 and the charge roller 34 .
paper 22 to a position opposing the recording head 11 (see FIG.

8) .

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

It is noted that the conveying belt 31 may have a
single layer structure or a multi-layer sﬁructure (with at
least two layers). In a case where the conveying belt 31 has
a single layer structure, the conveying belt 31 comes into
contact with the paper 22 and the charge roller 34, and
thereby the entire belt layer is preferably made of an
insulating material. In a case where the conveying belt 31

has a multi-layer structure, the layer that comes into contact
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Is preferably nmade of conductive material. 5 The

insulating material of the conveying belt 31 having a
wei2ogloe3d4ayer structure or the insulating nmatePCalPmN6/304658

the insulating | ayer of thelconveying belt 31 having a

mul ti- |layer structure may be resin such as PET, PEI

PVDF, PC, ETFE, PTFE, or elastomer material that does

not include conduction 10 control material, for
wexdinphe. pdher vak el ridsd shange oblide 34 nisulpateifegably made

material is preferably at [east 1012 Qm and nore

¥ efreriaBhyad0df R €driAl SBerbhe €R8AUSHdVEs)MRIMGR abe8fnot

the conductive |layer of the conveying belt 31 having

é%ﬂ@”lhkol@¥§£ac§t&i%ﬂlﬂﬂé %%¥e962§_%ﬁ%e%.é“ HE@@% leler 34

resin or elastomer as iIs descri ove wth

carbo d th regP to realize a vol resi stance

S Ererahty ot of gbeSr e AT, 107 scr

The charge roller 34 cones into_contact with t

i nsul ati ngTPayERS Bt HY E6ieEYPhgObette ﬁOWQrYlPHebéé§e31
where the conveying belt 31 has a nmulti-I|ayer

hepiget ar ejngbddlaver Zrracitangedrt bhpelniulsdringympherial of
rotating novenent of the conveying belt 31. A

hreedsugnil 2t gy f awer i apjel cefvépihotibel ©rids hakrihbea multi-
rotational axis of the charge roller 34. The charge

IRldret3dctsrorenabliesandeush ésomﬂuqtmvePW@er P@' ETFE,
havi ng a vol une reS|stance of 106-109 Q cm'0 .

T A 23‘36%%%’@9 R

JP2006/ 304658 32 exa , liedt
‘%S’l%rr PaEFetaa $50msen® bi“é%e %ﬁ‘i‘ifﬁ’?@lﬁ%ﬁpcfhi’ﬁhﬁe
voltage power source) as is described in ? 6
iperdatiTgennehiak ifaprsdenakiviea aleasy 14 gRgandrmore

preferably 10 Qecm. Also, the conductive material of the
conductive layer of the conveying belt 31 having a multi-layer
structure may be a material made of resin or elastomer as is
described above with carbon added thereto to realize a volume
resistance preferably within a rénge of 10° Qem to 107 Qem.
The charge roller 34 comes into contact with the
insulating layer of the conveying belt 31 (in the case where
the conveying belt 31 has a multi-layer sﬁructure), and is
arranged to be driven by the rotating movement of the
conveying belt 31. A pressurizing force is applied to both
ends of the rotational axis of the charge roller 34. The
charge roller 34 is preferably made of a conductive material
having a volume resistance of 10°-10° Qcm/[d. An AC bias (high

voltage) for positive and negative electrodes at 2 kV, for



wave, for exanple, but is preferably a square wave. 5

As is shown in FIG 8, a guide nenber 35 is arranged
wanodsle3zear si de of the conveying belt 31 at RCT/JP2006/304658

position corresponding to t3e printing region for the

recordi ng head 11. The upper surface of the guide

menber 35 is arranged to be raised towards the

recording head 11 with 10 respect to the tangentia

st feqr redapyplibe towrheoldherge fobheeyBfhgfrwl leer AB2bias

and tension roller 33) supporting the conveying belt

S id%y LAifaiAigh véhady eewee Bbanae) tas ofs ddieribed in

conveying belt 31. The conveyi ng belt 31 is rotated in

%‘%E%?{elb%l % COBNEY E%ldélsr %%é] %‘% é gnécm W a tri fangular

I on aSISS the rotation o

t he caonveyin ol ler, 32 that driven to rotate by a
R s ¢ &N ﬁ@gﬁi?orb%% 15 Rﬁ%ﬁﬁgaBéVt 237U/ d"H Ti mi ng
belt 38 (see FIG 8). It is noted that an _encoder,
wheel (not AShaanshayi Hy FIG t & f 6r ARAIRHBIRRAT | 26
attached to the rotational axis of the conveying
aotdreyed32t thadreatraidparferthephonyeséngorethctl stiown)
is arranged to detect the slit of the encoder wheel,

phel Eeneoderrebpehddng td hephatiatsagspeghmkifg: hea
wheel encoder. Also, the inmagi ng apparatus of

:F&%M Rk 351§”b0@|1'1 HdNGhd8S 80808 ahiG: Ricflber 35
ORI v?ry ol AP0 5006, 603342 Wit =

%%|1%§$3% %845 %f@gg?%ﬁ%%L§é§£¥§ggkaV| 3§§%§ﬁﬁa§3th

%%%%Lﬂ?%ob¥héh§a£§83 fgf1 12%?%0%%e&oby tgg'{ﬁg”ﬁgffé?é

(conveying roller 32 and tension roller 33) supporting the
conveying belt 31 so as to maintain the precise planarity of
the conveying belt 31.

The conveying belt 31 is rotated in the belt
conveying direction (sub scanning direction) as is shown in
FIG. 92 by the rotation of thé conveying roller 32 that is
driven to rotate by a sub scanning motor 36, a drive belt 37,
and a timing belt 38 (see FIG. 8). It is noted that an
encoder wheel (not shown) having slits fo;med thereon is
attached to the rotational axis of the conveying roller 32,
and a transparent photo sensor (not shown) is arranged to
detect the slit of the encoder wheel, the encodgr wheel and
the photo sensor making up a wheel encoder.

Also, the imaging apparatus of the present

embodiment includes a separating pick 41, a delivery roller 42,
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Further, a dual side printing unit 51 is detachably 5

arranged at the rear side of the frane 1 (see FIG 8).
wOheoe/0dssak side printing unit 51 is confi gur edPCO/JP2006/304658

receive paper 22 that is cdrried in a reverse

direction through reverse rotation of the conveying

belt 31, and turn the received paper 22 over to the

other side to feed the paper 22 once nore 10 between
ahBeacosmiwsry aldiamr263aad & heeToramyiung thébt: 3&1idvksing

a manual paper feed tray 52 is arranged at the upper

ptéhgﬁ 9 ndPenglual ishde PELHEASE WpidhS kecbidisgnRbed 11 to

at a nmmi nt enance réstorati on nechanism 61 for

ang%g&@é%%nggggqufestoring the nozzles of the 15

recor di 1T is arranged at a position

corresponding .to a ngn-printing region on.o sid

with respé%?égu?ﬁﬁhé g&ﬁEnFﬁ € §¥+Qﬁﬁq9n¥q&ﬁ Eﬁels Setachably
carrigge 4. The mmi ntenance restoration nechanism 61
arHehgedsa e dgreifier §1682a0628h¢ af 5¥ne &f dsE8dFEE-a8) - The
“cap 62' hereinafter) for capping the nozzle surfaces

dida efd@Optiecimerandicnglheadecdificqumiddo eagdével3paper 22
corresponding to a blade nmenber for wi ping the nozzle

toukf agesattBed and saketbisedisehat g regengtr réderse
configured to receive liquid droplets discharged

LREoUGH &k Mgl schiRiegenyhbehi 51 unied atedh 4@el FBERived paper

recording and is pefformed in order to discharge
AShGgkeTe 2eersariding.l Laukeat ol Sxamlop LG
25 P20, SO0 SSROIEE L3R 0UN 0 208 TELSLLE,TELEMUET o,
retention caps. Also, an air discharge receiver 68

of panpet ePIPeY feed tray 52 is arranged at the upper side of
the dual side printing unit 5}.

It is noted that a maintenance restoration
mechanism 61 for maintaining and restoring the nozzles of the
recording head 11 is arranged at a position corresponding to a
non-printing region on one side with respect to the scanning
direction of the carriage 4. The maintenance restoration
mechanism 61 includes cap members 62a—-62d (also referred to as
‘cap 62’ hereinafter) for capping the nozzle surfaces lla of
the recording head 11; a wiper blade 63 corresponding to a
blade member for wiping the nozzle surfaces lla; and an air
discharge receiver 64 configured to receive liquid droplets
discharged through alr discharge which is unrelated to image

recording and is performed in order to discharge thickened

recording liquid, for example. 1In the present example, cap
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liquid droplets discharged through air discharge which
is 5 unrelated to image recording and is perforned in

wonaesroosa2 di scharge recording liquid that is poroREneshsess

during recording, for exargdle, is arranged at a

posi tion corresponding to a non- printing region on

the other side with respect to the scanning direction

of the carriage 4. The air discharge receiver 68 10

62aS cepLeBLPEsIS X £xt enditAgni Bntheo 2d tgrumenitcditieat EQH, and
of the nozzle array of the recording head 11, for

tﬁéaﬁﬂgg §56€6Fd Gorrdkpohl kS 880w 4 Flien8ont BEps.

carriage 4 has a density sensor 71 including an

infrared sensor (the type of sensor is toLinit
Lo an infraret sehdam BRsRegiiniret T b a2 et iStn
means for detecting the existence of paper 22. \Wen
lipeidafFPRYets 418 PesPefohBYCUEh £ Hofe oditEco i i Ehet s
density sensor 71 is arranged to be positioned at the
uneseodrtedgte eghane reovaging pegi 69)pPeiidaned dn, order to
conveying belt 31 side) with 20 respect to the

diachkage seannditg diigedd ahaands upstclearadfdurieg recording,
recording head 11 with respect to the paper conveying

i eghiBe , | {sisSrMelrd bhah BBsentadelose¥Rnédniavb g non-
slits ornmed thereon is arranged at the front side of

pgﬁg\tgﬂy k@tggor?' or12 %h%l %%gxe%\gg %g%la‘?b%g Mﬂ&td itroe (Eflé Ofranning

an-encoaer sensor 342

PCT/ JP2006/304658 35 ingl uding a, t t
ALRP TR ear b UerEat 2P sl | Thoof -t 11 BT “ECAT LY 258

i's also.arranged at the front side of the carriage_ 4.
Iffe OBREOEEF ST A ereliagd iphEhendbiEImEnsgrection of the

nozzle array of the recording head 11, for example (see FIG.
9).

As is shown in FIG. 8, the carriage 4 has a density
sensor 71 including an infrared sensor (the type of sensor is
not limited to an infrared sensor), for example, as detecting
means for detecting the existence of paper 22. When the
carriage 4 is positioned at a home position, the density
sensbr 71 is arranged to be positioned at the recording region
(imaging region) side (i.e., conveying belt 31 side) with
respect to the carriage scanning direction and upstream of the
recording head 11 with respect to the paper conveying
direction.

It is noted that an encoder scale 72 having slits
formed thereon is arranged at the front side of the carriage 4

along the main scanning direction, and an encoder sensor 73
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73 realize a linear encoder 74 for detecting the main
scanning 5 position of the carriage 4. FIGS. 12 and

wa3owroesdeagrans illustrating an exenplary PCT/JP2006/304658

configuration of the recordng head of the inmaging
apparatus according to the present enbodinent. It is
noted that FIG 12 is a cross-sectional view of a
liquid discharge 10 head cut across the direction of a

1rRNGRIE ngl det8indpd st GerRaTbehrighted | deect &he slit
cross-sectional view of the liquid discharge head cut

o?ﬁr %S e'i'l %dgi:rg&éj[é)mé)flsa Egr E?faﬁ%}é@ élé tﬁél']%rjoh%ubgde of

nozzl e I gnnent |rect|on The 1l lustrated

I|qU|d di_scharge_.head ingcl udes 5 f at | at e

51 PRACES gregjf ¥ eopi/ pﬁzgrrf gr(:ﬁ‘%%g?%m s%t%ezl CCosten gt
on a single crystal silicon substrate, for exanple; an

A Fieadilg pl AtecabhEnIRdes J dofeat %ﬁt?ﬁ%&%hthﬁ BRep scanning
el ectrotyping, for exanple, and is adhered to the
Hapdgrions giff abe efrrirgd [ow path plate 101; and a

nozzl e plate 103 20 that is adhered to the upper

surface of rube. flovapdatls plrat €iadBims Thel nozzdtd npgl ahe

103, the flow path plate 101, and the vibrating plate

2 ALe é;d%BQﬂ&@PaHbrf YNt eN@28bLaCARNEEdd NG theOWnaging
path 105 connected to a nozzle 104 that di scharges

0 haher ;1

A;ﬁ%%%s R IOF R ST e
I|q$ 108 WD 2006/.093342. PCT/ 06/3 g h

SURB ST b ST TG PRbTHCC ehtr L R pgpehaTae
exanp Ie Also, the illustrated liquid dlscharge head
h%ﬂ GHES SCRESE owae c1LkRGIdSIt 8d Bi e9BEFECIIIR Al emdAEyid
121
chamber, and FIG. 13 is a cross-sectional view of the liguid

discharge head cut across thg direction of a shorter side of
the liguid chamber (nozzle alignment direction).

The illustrated liguid discharge head includes a
flow path plate 101 that is created by performing anisotropic
etching on a single crystal silicon substrate, for example; an
vibrating plate 102 that is created through nickel
electrotyping, for example, and is adhered to thé lower
surface of the flow path plate 101; and a nozzle plate 103
that is adhered to the upper surface of the flow path plate
101. The nozzle plate 103, the flow path plate 101, and the
vibrating platé 102 ére deposited to form a nozzle connecting
flow path 105 connected to a nozzle 104 that discharges liquid
droplets (ink droplets), a liquid chamber 106, and an ink

supply opening 109 connected to a common liquid chamber 108
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(only one rowis shown in the FIG 12) as an
el ectronechani cal 5 conversion el enent correspondi ng

woOaQogroesser e generating means (actuator) for #eroPI06IsP4658

the vibrating plate 102 and6appl ying pressure to ink
within the Iiquid chanber 106, and a base substrate
122 that fixes the piezoelectric elenments 121. It is
noted that colum elenments 123 are arranged between
tthe &Gppiyeizeeliedt rthoc teke bt 5d ashdntbeahawd , i AoF| &karSle.
The colum elenents 123 may be created sinmultaneously

with the . plezoele nhgueteaead s ddl d MiQe8Arge head
di vi si onal processing. However, a drive voltage i's

QBElQ@ J&\Q) t&ﬁ&%ﬁﬂ%@%l@%& nnect ée%gt’:rlcl,s 1]%1

pi ezoel ectric el ement to a

Fl G tha I ncl udes circuit
gﬁ%&kﬁ)onerhré’ ??é’?’& Bo e leShésv #Br &t ﬁbr%‘r‘%ﬁ}éanlcal
102 is, connected to a franme nmenber 130, and the franme
RERBeFs 1oty elmpandalcrF 88RO BB RIS SPERt PoReIBEing means
concave portion corresponding to the common liquid
¢hahhetor)0&orane famming thepplyraiding $32t€0k 02 uppd yapmlying
ink to the common liquid chanber 108 from an externa

paessudhed riane wieibar tA30L imyibemier U86Ngdand a base
thermally cured resin such as epoxy resin or through

2BbshEecd 110 mldi BYxHSi P ROl RRaRviene subhides for 1+
exanpl e. WO 2006/ 093342 PCT/ JP2006/ 304658 37 The flow

E_)Q_t Hopé@tt%alco%ogﬁ}fmbgléﬁég@g % Q‘&ref Qr l@%ggﬁi Ck())%tween the

anlsotroplc.etc ng on a S|ng € crysta (
g#&%%%ﬁ%ﬁﬁﬁ%%ﬁﬁﬁ&ﬁPg% %égﬁiﬁﬁxgéfigt%gbqnly§lr%he column
elements 123 may be created simultaneously with the
piezoelectric elements 121 th;ough divisional processing.
However, a drive voltage is not applied to the column elements
123.

The piezoelectric element 121 if connected to a
cable 12 (see FIG. 12) that includes a drive circuit (not
shown) .

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

injection molding using polyphenylene sulfide, for example.
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as a potassi um hydroxi de solution, for exanple, to

create a 5 concave portion and a hole portion that
woanwwowssE2znozzl e connecting flow path 105 andPCiE@P2006/304658

l'iquid chanber 106, for exanple. However, it is noted

that the present inventionis not limted to such an

exanpl e, and in other enbodinents, a stainless

substrate or a photoconductive resin substrate may 10

be used i ngheadl®b waid pllakeclyst aby S | frameslibst patr€orming

to realize the flow path plate 101. The vibrating

a8 rdB2cmBYcRenSreatLed iRy cpeEy 9£M Nt 18kon substrate with

el ectroformng (electrotyping) process on a nicke

l.ate,. f X . l.es, -
Bt ke e s P R e R L gl 1 B e SRAEL 1480 sun

plate may be wused. It is_noted that the piezqgelectric

& GreRte o Em AU 6 0% SPUM HBNDERS THFT Y dderedte 2

to the vibrating plate 102 with adhesive, and the

daremFeneAbbion 3an] 2 dHHEr PArtdorhEhperipmerdle porELen

of the vibrating plate 102 wth adhesive. 20 The

aorekceipyaftod O3atflori andozheellQdidantiandpexr ldicaméber

of 10-30 gm corresponding to each |iquid chanmber 106,

ahthp1s . adhewedet 0 1heid howepathapl ghe di¥ksand Hnvention is

adhesive. The nozzle plate 103 is forned by

Q3ht tBE PHCsQEn NN &ulaBYRES 884 18 SBRESRbAMents, a
esired on the surface of "a nozzle form ng 25 nenber

de . of I [ h J ‘
4 w%l%aa%@&&%%%%ﬁi3‘62%%%?%8%8@599% e sk mey
oLt t that th f h
HoSErd pPAFERA08E iy PO CPURISE oot MG A SPate

1la as is described above.
realize the flow path plate 101.

The vibrating plate 102 may be created by
performing an electroforming (electrotyping) process on a
nickel plate, for example. However, in other examples, some
other metal plate or a metal and resin combined plate may be
used. It is noted that the piezoelectric elements 121 and the
column members 123 are adhered to the vibrating plate 102 with
adhesive, and the frame member.130 is adhered to the
peripheral portion of the vibrating plate 102 with adhesive.

The nozzle plate 103 forms a nozzle 104 having a
diameter of 10-30 4m corresponding to each liquid chamber 106,
and is adhered to thé flow path plate 101 with adhesive. The
nozzle plate 103 is formed by depositing one or more layers as
is necessary or desired on the surface of a nozzle forming

member made of metal and arranging the uppermost layer to be a



The piezoelectric element 121 is forned by 5

alternatingly depositing a piezoelectric material 151
wanawen334z nt ernal el ectrode 152 (correspondi ngPCO/JIR20PZI04658

in the present exanple). 138 is noted that an

i ndi vi dual electrode 153 and a comon el ectrode 154

are connected to each of the internal electrodes 152

arranged at alternating ends of the 10 piezoelectric

wBk8PeptpdPlantd ndke .i | kusisatete®xandpl ehet Bfper surface of
pi ezoel ectric elenment 121 is configured to apply

tﬂéeﬁéy£feFé?a#éﬂﬁd%oﬁ59'Eggrgﬁéoﬁélﬂo GO’ @8pendi Barface 11a
pressuri zing ITrquid ¢Chanber 106 using displacenent in
t he piezoech ricv%onstant d33 direction; however',
2FheS preEeht T hVEi%on is not linited 15 to such an
exanpl e, and piezoel ectric elenment 121 is _ configured
to apply pFeRRi¥aederhkiEoRt EPFRY Wit Hih fgrmed By
correspondi ng pressurizing liquid chanber 106 using
5 aflherndfspyhy edmmnsiitinphe piezoeleciniicc résrgiant 1adland an

direction as well. Also, in another exanple, one row
iatethel peezoetent rise (26rekspendid toray PBE anr ahgepresent
on one substrate 122. In the illustrated liquid

eQEﬁ?méfge heath ddfeq exalPLe, i Ry EiRRIz0a1BGtEBEe 153 and a
voltage applied to the piezoelectric elenent 121 with

céﬁ%ﬁgc%l%giﬁo&§ﬂ@ﬁpggg Eghﬁégﬁﬁd {JKEA@h?%?eEﬁ%tihEernal

n may contract and the vibrating 25 plate

02, may be wered sq that- the volunme of the liquid WO
0657 D883 4b BT FRSE0e P R0 ER S HhaReE: Plos Ry
expand to induce ink to flowinto the |iquid chanber
10 piegoe¥pehric relspantagélappliele ol S thadsde pEelPiE, the
el ement 121 may be increased so that the piezoelectric
pékepehéctric element 121 is configured to apply pressure to

ink contained within a corresponding pressurizing liquid
chamber 106 using displacement in the piezoelectric constant
d33 direction; however, the present invention is not limited
15 to such an example, and piezoelectric element 121 is
configured to apply pressure to ink contained within a
corresponding pressurizing liquid chamber 106 using the
displacement in the piezoelectric constant d31 direction as
well. Also, in another example, one row of the pilezoelectric
20 element 121 may be arranged on one substrate 122.

In the illustrated liguid discharge head, for
example, by decreasing the voltage applied to the
piezoelectric element 121 with respect to a reference voltage,
the piezoelectric element 121 may contract and the vibrating

25 plate 102 may be lowered so that the volume of the liguid



121 may expand in the depositing direction to cause 5

deformation of the vibrating plate 102 in the nozzle
waQdos/odsauecti on and contraction of the |iquid ebtatabmne/304658

106. In this way, the reca®ding liquid contained

within the liquid chanber 106 may be pressurized, and

one or nore droplets of the recording liquid may be

di scharged fromthe nozzle 104. 10 Then, by setting
draepeel tagemappdiethd act hadupkentelectflicy elngerhe 1P1quid

back to the reference voltage, the vibrating plate 102

dienRe hegt or ek 0 dreS violithiyal ap9sidd b @Rd iB@oelectric
i quid chanmber 106 may expand so that a negative

r re-ks : a_re , rdi liquid
i A A e
common liquid . chanber 108. .After the vibration of the
T Ted SRt oo T RS BPe TRt el &9 &dse
stabilizes, operations may be started for realizing a

5 dedermpitdandofir e etilkgieddhar §éatetl0s ivride fvgelensls
head drive nmethod for driving 20 the liquid discharge
dieadtisnnetd| contedttion bé &beveiquies artidydedreX86pl eIn this
(i.e., pull-push actuation), and the pull actuation

wigde tae kBeopdshy acigwdld ednfadeeday: # trerdhad i1vepydbeéhamber
used, for exanple, depending on the manner in which

1oRendti ¥e pWevel,oriad S saRPbhedor ZRotd) 49 1idRILRYthe
apparatus according to the present WO 2006/ 093342

PCT/ JP2006/ 304658 0 [ : sh f er

rffofélggpg%%gﬁgjmﬁég) %g%%gﬁgsgéd%gﬁgpggﬁ?ﬁ%zggr?6?0

be gui ded ugmard by the quide 25 in an %pproxinahely
df the

10 vertical BBt i1Ph 5§ &GCHEPWeRGF tHPLLed to

piezoelectric element 121 back to the reference voltage, the
vibrating plate 102 may be restored to its initial position
and the liguid chamber 106 may expand so that a negative
pressure 1s generated. As a result, recording liquid may be
15 supplied to the liquid chamber 106 from the common liquid
chamber 108. After the vibration of the meniscus surface of
the nozzle attenuates and stabilizes, operations may be
started for realizing a next liquid droplet discharge.
It is noted that the head drive method for driving
20 the ligquid discharge head is not limited to the above-
described example (i.e., pull-push actuation), and the pull
actuation mode or the push actuation mode may alternatively be
used, for example, depending on the manner in which the drive
waveform is applied.

25 In the imaging apparatus according to the present
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conveying belt 31 and the counter roller 26, and

conveyed 5 further so that the tip the fed paper 22 is
wquiw@d3day the conveyi ng guide nenber 27 and pashRz06/304658

towards the conveying belt4by the tip pressurizing

collar 29 to thereby change the conveying direction

of the paper 22 by approximtely 90 degrees. 10 It is

noted that positive and negative outputs from the AC

ribaslisdppl, Y cdoh t s{eleis oy i pagheirn2tlei ai sepetovdlvarfed from the

alternatingly applied to the charge roller 34; that

;;aspelrarfeealihgr pat N M tagRclSupPREd sk tond Rpiichargein an
n

roller 34. turn, an alternating charge voltage

a?%fxto%g_gxlaitlé \%&0{}5@& o the 1R 6anveyin &g leﬁ e %enlto gﬂﬁ%

and negati1ve voltage ~char StT1

having a predeterm ned width are alternatingl

ANged PRIERS i SheoHGtar LB S Zor ik SRETRYSd
to the rotation direction of the conveying belt 31.
dhegaper thatthe piigv ddodefhrakoriveyi hy Peidedzpyt kae
is alternatingly charged 20 with the positive and
aregatiivg golitagesybahe haper pR2hedytdiea rdal hdree dohuey heg
conveying belt 31 through electrostatic suction, and

a1t liys tway tip hersafer 2agraylber convey ethdfedyhenhatiBe the
scanning direction by the rotating novenent of the

i : : 37, i-ngo tg,t
SRR BT o SOpne By LR esansy oo

4% [/-122006/ 304658 41 head 11 may be driven according
ani'mage signal while the carriage 4 is noved so
that ink droplets ma e di schar ged nto the pa

er
22, which & Hli PREFhE AT PPt Bt ART ebyPative outputs from

the AC bias supply unit (described in detail below) are
alternatingly applied to the charge roller 34; that is, an
alternating voltage is applied to the charge roller 34. 1In
turn, an alternating charge voltage pattern is formed on the
conveying belt 31; that is, positive and negative voltage
charged strips having a predétermined width are alternatingly
arranged in the sub scanning direction corresponding to the
rotation direction of the convéying belt 31. When paper 22 is
placed on the conveying belt 31 that is ;lternatingly charged
with the positive and negative voltages, the paper 22 may be
adhered to the'conveying belt 31 through electrostatic suction,
and in this way, the”paper 22 may be conveyed in the sub
scanning direction by the rotating movement of the conveying
belt 31.

According to the present embodiment, the recording



10

15

20

25

record one line inmage on the paper 22. Then, the paper

22 is 5 noved in the sub scanning direction by a
wonrew@vsr ned di stance after which recordi ngrof/JPives/304658

next line imge may be perfiorned. Then, when a

recording end signal or a signal indicating that the

rear end of the paper 22 has reached the recording

region is received, the recording operation is ended
HQand the paperieh iscdabedingr ed &0 ihegaeignenywhiayg the

40. In the case of realizing dual side printing, when

dam?cg_%g"eeqoig' e ddefaro E‘_EkSHQSPPété hespaReid2nhsged
conpl éted, the conveying belt 31 is rotated in a

ver, Lrection t e per. 2
SRR BRESBUAEN PR3 Hhs,tesndor poper ZEmuyhe
paper_ 22 is,turped over o that ack de of t
18456 99 LiBrey™ R P | éﬁ? ﬁ@pgﬁr?%ce) hﬁhgaﬁﬁﬁegz is
22 may be inserted once nore between the counte(
nroolelce R he ngulp hecayhvig idAgeBeL PR 31y s R¥rdetermgesd
recording through timng control may be perforned on
dietdraek astde whi@0 tdonvaper o22tha héwet neimeerdmage may be
descri bed above after which the paper 22 may be

gieddoreiead tohéhe wiedd ermecbirayndOendtl &gl icx a Bhigakl
di agram showi ng an exenplary configuration of a

tr.ql: fifde 9o2PPA LA Bgakfed th
qﬁ%‘%&és§a££%gbg%?n€%¥pggg %geﬁc%n%gg?rpartaQOO Shown ©

UL A OO R O R

i magi_ng apparatus ROM 202 that store ra to
G BERET by t he C&ﬁﬂt}‘%fd 5RdtBENSF! %Y?@g ghe

RAM 203 t hat tenporarllg stores data
In the case of realizing dual side printing, when

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

FIG. 14 is a block diagram showing an exemplary
configuration of a control part of the imaging apparatus
according to the present embodiment.

The control part 200 shown in FIG. 14 includes a
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such as inmage data, a rewitable nonvolatile nenory
204 for 5 retaining data even when the power of the
woOneimasp4apparatus is turned off, and an ASI CPDAP100&B04658
perfornms i mge processing 4uch as sorting and
processi ng of input/output signal for controlling the
overal |l operation of the imging apparatus, for
exanple. 10 The control part 200 al so includes a host
deut eoflackat (Hé&)i286 dwwraldaldanitogl of the imaging apparatus,
transm ssion/reception of data and signals with a
h@@M 282 head: diidre L opbhebmyntd B Tetdtaited Bl HESCPU 201
data transm ssion neans and realizes drive control of
rd 1 h I
tf% SREELERg N 5 R, T e .9&?%8§ data
t recordi ng, head 11 ar at_th arriag
na§céﬂ%9?quﬁﬁ«na 5§WF%%a§g?tnaﬂfp%e% F@?hgytgog tor
mai n scanning notor 5; a sub scanni ng nDtor drive
netREnAng Gaka RYSH M ERhENSUBOYRE T n@‘e dfegdnfoeppPazgtus is
an AC bias supply unit 212 that supplies an AC 20 bias
turnedeotharged ragl |A31C3405anhet euBofny imaget Piragessing
detection pulses fromthe |linear encoder 74 and the
Mheeks escoded 236, prdekestihgnosi omakis/dutpmtasignal for
tenperature sensor 215 that detects the environnental

éo%@%‘i@&ﬂ%eth@r%é!@élqc toFeBat%ﬁ ngf stid OmMaQtiRel appaEaYSSs,
sensors It is noted that 25 the control part

nected to an operations panel 214 WO
Fh087 995542 PCT) 3P2006/ 304658 43 that is configured
o byt snd displ ey, Lelevapy LILO TRLLOn LOh e nartace
Ugggr%BGD?gg éﬁgaiéang transmission/reception of data and
signals with a host; a head drive control unit 207 that
includes data transmission means and realizes drive control of
the recording head 11; a head driver (driver IC) 208
corresponding to a head drive device for driving the recording
head 11 arranged at the carriage 4; a main scanning motor
drive unit 210 for driving the main scanning motor 5; a sub
scanning motor drive unit 211 for driving the sub scanning
drive motor 36; an AC bias supply unit 212 that supplies an AC
bias to the charge roller 34; an I/O 213 for inputting
detection pulses from the linear encoder 74 and the wheel
encoder 236, detection signals from a temperature sensor 215
that detects the environmental temperature, and detection

signals from other various sensors. Also, it is noted that

the control part 200 is connected to an operations panel 214
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configured to receive data such as print data froma
host such 5 as an information processing apparat us

wO0eow/09333er sonal conputer), an inmage readi ng appaIPINN&304658

(e.g., image scanner), or 4&n inage capturing
apparatus (e.g., digital canera) at the |I/F 206 via a
cable or a network, for exanple. The control part 200
is configured to read and 10 analyze print data

t9hQr €6 £6n 8 feeapticoAnpukf endi actpliad ralevihe hFo266;ion
execute requi red i mage processes such as data

Qr 14,00; QI n&xa8yand transmt the resulting image
ﬁ%ata f%%ngt%% head drive control unit 207 to the head

driver 208 t is nated . r _
R o e i ahigb g sl e tate fars 200 s
font data stored in the ROM 202, f le,

omRg g AR o e/ G A G8Gt 6758 BBVT SHe R | FOBl Bt Such

data at the printer driver of the host and the inmaging
amppar anhsrnayidve mocerg§éadt srpetetve (he bi Wﬁo%g a.
The head drive control unit 207 is configured to 20
&fipuakky, t sansmide treadiimggepdaratas (e glesdmaged scanner) ,
above, and output signals such as a transn ssion

A ek imagbatshr st Giplappadadua ¢engr pldaisjignal dadlera) at the
transmtfing the inmage data and naking determ nations

]?ﬁé%@%nbggrgocéﬁﬂ§§&i%SE%%WEthhfoPQé@mmﬁkLver 208.

head rve control unit 207_also has a drive 25
VD' 20061 0933820 PETTEIPBUEY 308658 CHAT CORVE L1 g The 10
AR NN P L A R S
and is configured to output a drive waveform nade up
Ofe i@ 8P6, execute required image processes such as data
sorting, for example, and trapsmit the resulting image data
from the head drive control unit 207 to the head driver 208.
It is noted that dot pattern data for realizing image output
may be generated based on font data stored in the ROM 202, for
example, or image data may arranged to be developed into
bitmap data at the printer driver of the host and the imaging
apparatus may be arranged to receive the bitmap data.

The head drive control unit 207 is configured to
serially transmit the image data as is described above, and
output signals such as a transmission clock, a latch signal,
and a control signal for transmitting the image data and
making determinations pertaining to transmission to the head

driver 208. The head drive control unit 207 also has a drive

waveform generating unit including a D/A converter for
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nore drive pulses (drive signals) to the head driver
208. 5 The head driver 208 is configured to

weoeebwmvsdsel y apply the one or nore drive pul SeSTAIRIN6I8P4658

up the drive waveformtrangmtted fromthe head drive
control unit 207 to the actuator neans (e.g.,

pi ezoel ectric elenment 121 in the exanple described
above) of the recording head 11 to thereby 10 drive

dohechesanding feac bl datthe oselietté vieu by isaririe@n iaf the ROM
the drive pul ses being based on the serially input

38ge dat dcaGOoby BSRORFNG 0 AR h T AfH1 TGS t Gohe le,
%Pecg}deg b?athé§ recordi ng hgad ?1.£$%5Lnain scanﬁ?ﬁ%p ©

agl%tn tCJ)_FSO ?:Elrlﬁéeggg%é t201 %u.t?)ults aC 8%“7% %f\g?fooﬂr? %la]%l% %beo 8 one or

a ased on-a spee etection va

obt ai ned by sanpling a targe al ue supplied, by t
mopg SF1VENBULARS detedts &&gglﬁ‘ﬁg FP oHiT PA] e 6.

encoder 74, and drive the main scanning notor 5 via

an i nt er nafhaoberd diivesr 2080 isi APREHPYLed Heo figdectively
scanni ng notor drive control unit 211 is configured
doplgatiel ahe ar conta cdriwal pelbasedaloin@ urspded drive
detecti on val ue obtai ned by sanpling a target val ue

wakREred tBYn ke R 20h amé hbaddeteed i @shiudisenfitopn7 to
the wheel encoder 236, and drive the sub scanning

e T L e e
Spshanyaeag cxepl e, eantioutations, o e hepd: o
c{:r%_r'\]fter ci):lhep?‘retcogggnél Cl'?eoarddilriq tt%eogglggi?f\(fjei I’gqu;lication of the
drive pulses being based on the serially input image data
corresponding to one line image to be recorded by the
recording head 11.

The main scanning motor drive unit 210 is
configured to calculate a control value based on a speed
detection value obtained by sampling a target value supplied
by the CPU 201 and the detection pulse from the linear encoder
74, and drive the main scanning motor 5 via an internal motor
driver.

Similarly, the sub scanning motor drive control
unit 211 is configured to calculate a control value based on a
speed detection value obtained by sampling a target value
supplied by the CPU 201 and the detection pulse from the wheel

encoder 236, and drive the sub scanning motor 36 via an

internal motor driver.
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of the present invention. 5 According to the present
enbodi nent, the head drive control unit 207 includes

wa 2006109834navef orm generating unit 301 that i SPCT/JP2006/304658
configured to generate and 45ut put a drive waveform
(comon drive waveforn) including plural drive pul ses
(drive signals) within one printing period, and a
data transmtting 10 unit 302 that is configured to
out put tworlg.t lismage adat ackt dieyrsing dlowd ngl pxraoebah ng
to a print imge, a clock signal, a latch signa

cbh B dur 20O @heshanal §r M Mntlkha €enkr 9b7 sighaliee head
correspond to two bit signals for designating the

an/ of f t f 0 i f. t headhqi
da%y$ﬁr2@%gﬁfgﬁfb%?nggﬁngﬁéﬁggﬁh5%%%ﬁ$laﬁgﬁorgg%ect G ment
each liquid dno%]et,to be di scharged. The on/off state
obf the T Wt HVENGRAPs may be changed according to
whether a drive pulse within a printing period of the_
common dr i Aeconganet demths Pretrn s @qddégient, the head drive
Specifically, the control 20 signals nmay be set to
chhghol ewelt BO(7oinctlodsel ectirave ocmvedspondiengratring unit 301
pul se, and set to low level L (off) when the

tRAEr espenei Nfhrdd @ pehseats A1l Sflrat eddrIhe weasform
driver 208 includes a shift register 311 for

(%:BBHBE' g ew(?g{égf@rﬁﬁ' A Eheeky (i1 Srack) psupel i drive

rom 25t transmtting unit 302 and seria

i, ma at tone WD 2006/ 09334 CT/ JP2006/ .30 :
GHEaT s e B AL ORO P T BT 1Y Fortar SR Ching
each_ registered value in the shift register 311 a
uFAECROS| G 15 £oGCUEPISES TP Hedt g fsgg At (tone
data and the control

signal 0, 1) according to a print image, a clock signal, a

latch signal (LAT), and control signals MO-M3.

The control signals correspond to two bit signals
for designating the on/off state of an analog switch 315 of
the head driver'208 (described in detail below) with respect
to each liquid droplet to be discharged. The on/off state of
the control signals may be changed according to whether a
drive pulse within a printing périod of the common drive
waveform is to be selected. Specifically, the control
signals may be set to high level H (on) to select a
corresponding drive pulse, and set to low level L (off) when
the corresponding drive pulse is not selected.

The head driver 208 includes a shift register 311
for inputting a transmission clock (shift clock) supplied from

the data transmitting unit 302 and serial image data (tone



signal s MNO- MN3 and outputting the resulting

data/signals, a 5 level shifter 314 for converting a
woOagietmosmrel voltage signal to a | evel oper abPeTfiP1006/304658

t he anal og switch 315, and 4he anal og sw tch 315 that

is swtched on/off by the output of the decoder 313

that is supplied thereto via the |level shifter 314.

The anal og switch 315 is connected to the selection

dbdael ecbi belACK) N Viecedl céreait oRlE) Add lefrckdcky each

pi ezoel ectric el ement 121, and inputs the comon drive

7R)itsagecquppl h&diAf ram sthﬁgtdfég‘ﬁswejplr Bygeneeathngignal,
unit 301. Accordingly, mhen t he analog switch 315 is

S\gec%la%g ?r aggc?ﬁ??c%é)%)&ll?l %Oggﬁi tone tda';ht ac?:fne ggntrol

ata ) and the

el %L@é%ﬁr@%m Eitnén € CRTVESin S8y P irhgte. 2

common drive waveformis passed (se|lected) to_thereby

5 lweapﬁhﬂéaelfoﬂﬁeforp.%@rrééflg.% ?%%rﬂte‘ffélvqlﬁaaﬁeswnal
followng, a drive waveformthat is used in 20 a
td restlegrbodpersivl®f fathdéher esahogi swikheh oh Si/s agdds thebadalog
with reference to FIG 16. The drive waveform shown

Sl tddnG3156thae! Ldesvieicghid odroge Ipyl sles (udiputeof the
signals) P1-P8 within one printing period. The drive

RdzRS Bis P@héﬁelgsggpﬁﬁfécﬁ%@)etbo JiQr mengetar gen2bter 314.
dot with one |large droplet within one prlntlng peri od;

the VO Zooéflgggéég (gcgggllcpc%og?ésgygg éii; e tﬁ’llél 8€%ection

P1, P2, P7 re used ecte orm
o JELUEECLS MIT 10 TeOAm g oRL et g e Be
éTgﬂ;ntd?gf,mgég ixghts the common drive voltage supplied from
the drive waveform generating unit 301. Accordingly, when the
analog switch 315 is switched on based on the decoded results
of the serially transmitted image data (tone data) and the
15 control signals MNO-MN3 obtained by the decoder 313, the
corresponding drive signal (arive pulse) of the common drive
waveform is passed (selected) to thereby be applied to the
piezoelectric element 121.
In the following, a drive waveform that is used in
20 a first embodiment of the present invention is described with
reference to FIG. 16.
The drive waveform shown in FIG. 16 includes eight
drive pulses (drive signals) P1-P8 within one printing period.

The drive pulses P1-P6 are used (selected) to form one large

25 dot with one large droplet within one printing period; the
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smal | droplets. It is noted that the drive pulse P3 5

corresponds to a subtle drive pul se that does not
woOnasme334ki qui d dropl et di scharge (non-di schar geTfPi09€304658

and is used for vibrating4he neni scus. As can be

appreci ated fromthe above descriptions, the drive

wavef orm according to the present enbodi nent enabl es

10 one large dot to be forned by one | arge droplet, or
dniwenpdl sed SHipl IPAotRS ,t endeP$ oxredidnd twelpetdedim seoafdrm

droplets wthin one printing period. The drive pul ses
R aBdil? dots Wfianriug aclistgedtadl sid;haadl ahgedrive pulses

droplet is also used to form one nedium (or small, in

?Wh ﬁh @@Séké”ﬂéé&rﬁééi%b¥@d u£§ef&§m'ﬁ%olémHQthoggtw1th two
armdlmn sma droplet. In the follow ng, the

ssn%?té'rge i3 ai'ﬂ‘:h rﬁ*%g%%&ﬁ?@ e (R BREG B3 o

dlscharged by the |ve ulse P7 is referred to
COsEPPORB IR (a SUbilire SREHFURTLER o1t IPSCRAFgOBIBS®

the drive pul ses P1 and P2 is referred 20 to as
Tigddudrer bt elischarged (ppa-deerhan i opilee) dreehaf gesed for
by the drive pulses P7 and P8 is referred to as

vibedicimgy deloplmedniRus.lt is noted that the control

signal MNO shown in FIG 16 corresponds to a signa

for sel ectAgigedhepdrdpprepiihsed 2BofP3thd h@otentiegbriptions,
signal MN1 is for selecting the drive pul ses WO

t%]%oéf[ 9@3#%7%}% %%%%%%966%@ A8 I?lle?e@ltf @ﬁbea&ﬁbﬂg enables

arge dro (in which case five droplets are

S SR, Sl G BALED LR SRR LN gl
medium/small dots to be formed by two medium/small droplets
within one printing period. The drive pulses Pl and P2 for
forming a large dot with a large droplet is also used to form
one medium (or small, in which case only the drive pulse Pl is
used) dot with a medium (small) droplet. In the following,
the small droplet discharged.by the drive pulse Pl is referred
to as ‘small droplet 1’; the small droplet discharged by the
drive pulse P7 is referred to as ‘small droplet 2’; the medium
droplet discharged by the drive pulses Pl and P2 is referred
to as ‘medium droplet 1’; and the medium droplet discharged by
the drive pulses P7 and P8 is referred to as ‘medium droplet
27.

It is noted that the control signal MNO shown in
FIG. 16 corresponds to a signal for selecting the drive pulse

P3; the control signal MN1 is for selecting the drive pulses



droplet 2; the control signal M2 is for selecting the
drive 5 pulse P1 for formng the snmall droplet 1 and
wohaeoothwsd4e pul ses P7 and P8 for form ng the nedrTAP2006/304658
droplet 2; and the control 48signal MN3 is for
selecting the drive pulses P1 and P2 for formng the
medi um droplet 1. According to the present enbodi nent,
tone data 10 transmitted to the shift register 311
Fir8fm foe fatraind rébesAbroendropl ¢t 30 ahd chwiceskedive a
timng Ta between the drive pulses P6 and P7 of the
drbbusts aded diidatearsrdetante ndl SoopMitt Hsr edpebtrtye bethe
control signals MN1 and M2, node switching is
drr@@lel gets@tpihetd mnegafaviopuse tiehisg froomids kAEOSNall
rop et selection to small droplet selection, and from

h!etdéoplfﬁé <fo%4 hi Qg Eglnﬁﬁ!ﬁ up ds gpleh sel; gg uza,drive

pect|Ve e pr dsent erbodi ment, base

A%, B Ao B S B S ‘ﬁﬁﬁﬁp%;%ﬁ%ez&

first half of a printing perlod before the timng
37saﬁ@a€ﬁe@0rmﬁ%ﬂmﬁﬁbt@@nWPGFumsﬁﬁﬁEﬂeqw@r|§n§eF€€t§€ntrOl
one |large dot is forned by the large droplet; when
stihbeat oMl ol s signale M2 tiisgsthecdedve grvd ssxsalPll dotl PRsfor
formed by the small droplet 1; and when the contro

oirghal 2B Medsuselrepted, 10ne nmedium dot is formed by
t he nedi um dropl et WO 2006/ 093342 PCT/ JP2006/ 304658

49 1. Thenp thgaipedata aresamtt &hgsdhidlerthe thindl B8ta
Ta so that during the second half of the printing

Egggtg? C%% q%%%HQHHFFag F&@eylfqﬁxﬁPQhroha%ggna
transmitting unit 302 are switched at a timing Ta between the
drive pulses P6 and P7 of the illustrated drive waveform.
Also, with respect to the con£rol signals MN1l and MN2, mode
switching is realized at the timing Ta for switching from
large droplet selection to small droplet selection, and from
small droplet selection to médium droplet selection,
respectively.

In the present embodiment, based on the tone data
(2 bits/CH) supplied to the head driver 208 from the data
fransmitting unit 302, during the first half of a printing
period before the timing Ta is reached, when the control
signal M1 is selected, one large dot is formed by the large
droplet; when the control signal M2 is selected, one small dot

is formed by the small droplet 1; and when the control signal

M3 is selected, one medium dot is formed by the medium droplet



formed by the small droplet 2; and when the contro

signal M 5 is selected, one nediumdot is formed by
woOhaeooroesti4em droplet 2. FIGS. 17A and 17B are #CaJPEN®304658

illustrating exenplary dot4conbi nati ons that may be

reali zed according the present enbodinent. As is

shown in FIG 17A, dots may be forned in conbinations

of LARGE- NULL, MEDI UM MEDI UM SMALL/ NULL, 10
1SMACheMEDELM St IdaNal breandittiied MEDIHOY SNMLDONTELso that

for exanple. Also, as is shown in FIG 17B, dots may

doeiher AR &8co®@M1FabLIFOREeObr LARG Mei\daShake-Nehd , timing
MEDI UM MEDI UM SMALL/ NULL, SMALL- MEDI UM SMALL/ NULL,

AN N Len VEDLUM SMAL LEALLG £ 9rs&X@RIE. ohe Bh&111&t is

i$ a diagramiilustrating an exenplary dot formation

f&%&gatkng%hgﬁ%%gﬁfghhiﬁ%FiE;tdiRﬁgﬁ?g&nggﬁ%Egﬁngigﬁal M2

'S SNnown aw ng, accordin e prese

.exanpl e a large droplet is discharged. to form a dot

5 15 SRIPESEfut P B US0H0HpiS B! e, e QT aroplet 2.
dropl et may be discharged two 20 tines within one
printing pBEEDd, lthended/Bnrdroplagramg idd usdgireéhagged
to superficially realize dot formation at a
exespllary odoof c&ifirdpiionAs than ey apprecldtzed tronrdimy the
above descriptions, in the present exanple, a

pRELBhiNEMPBEEnd:S: . I @@l izednbin Wi alr@nly Al h@ots may be
resolution in the main scanning 25 direction for

f%?&%pngnad@%%iﬂ%£fbﬁb'6¥Eﬁaﬁﬁéﬂﬂdﬂi,C@ﬁﬁﬁﬁ@@&ﬁﬁiﬁﬁ¥SMALL/NULL,
006/ 093342 PCT/ JP2006/ 304658 50 to the resolution in

LR T e e R T A AT
with_a large droplet, and a drive .
example: Also, as is shown in FIG. 17B, dots may be formed in
combinations of LARGE-MEDIU/SMALL/NULL, MEDIUM-
MEDIUM/SMALL/NULL, SMALL—MEDIﬁM/SMALL/NULL, and NULL-
MEDIUM/SMALL/NULL, for example.

15 FIG. 18 is a diagram illustrating an exemplary dot
formation (printing) mode reélized in the present embodiment.
As is shown in this drawing, according to the present example,
a large droplet is discharged to form a dot at a resolution of
300 dpi. Since a medium/small droplet may be discharged two

20 times within one printing period, thé medium/droplet may be
discharged to superficially realize dot formation at a
resolution of 600 dpi. As can be appreciated from the above
descriptions, in the present example, a printing mode is

realized in which only the resolution in the main scanning

25 direction for forming a dot with a large droplet corresponds



signal for formng at |east two dots with nmedi um smal
5 droplets within one printing period as is described
wahos®oszseven when a printing node with differPagJr2006/304658
resolutions in the main sc@nning direction and the
sub scanning direction is inplenented, the resol ution
in the main scanning direction in the case of
di scharging the large droplet is arranged to equal 10
tbheheesesotigon it fibesahb seeamiimy dilrectiion: In this
way, the tinme and voltage of the drive signal for
di schar gi ngy tdherargdnge addopyetwaeyfdren adedqualelly a drive
controlled, and a solid inage may be adequately
sk ghiBdeot NedMiihg B aBtsheed Pridddd@arapdethi ghqayadd e
I ragi ng may be realized at the same tinme. 15 It is
not t=10 . r.ef ' fpd l.an
AR e EOF TR oy TERS e G e neger gt v By
di scharged droplets while the droplet,s are still i.n
5 EPRAFES (HEIGI O ETAPGEPELEST M B TFapEry s8o¢ Ve
the discharged droplets may |and on the paper as one
eyepplben & rPiitsingajiods pOth| YHEIREANT yesRaygéinay be the
formed. FIG 19 is a diagramillustrating the nerger
mefin ptanaingrdiplesttdodi sobatiyedsly grneamiogz Bérepsion is
shown in this drawing, plural droplets | are
inpcenshatyel Y sehangedohr om thidendior oanh@dg andedtion in
di scharged droplets | are nmerged while 25 they are in

tAkdabEet 9r f @1dR ;dpophet 14 Me WG d1S 1ar baRgRgey\ 1
50067003342 PCTH/%}Ezlogg/ 30465%66 51 cﬁ} l'and on thgepap%requa

2. In this wa d ' may -he WEQ:
10 tg‘% B Slohl{i%?r% ate &: %len g_&PG Cé%kgg)%ﬂd%?%toﬁé r Iﬂ a%%?g !
t\ﬁﬁge Qirtng earcljé oxpol le’t:taséjel o(:jf:'I %ﬁgacrigf\ge fsr iogrplatlh eforJ]:o ézlls ghégéu% ethe

large droplet may be adequately controlled, and a solid image
may be adequately formed. In turn, high-speed printing and
high-quality imaging may be realized at the same time.

15 It is noted that in a preferred embodiment, the
large droplet is formed by iﬁducing the merger of plural
discharged droplets while the droplets are still in midair
(before the droplets land on paper) so that the discharged
droplets may land on the paper as one droplet. In this way, a

20 high—guality image may be formed.

FIG. 19 is a diagram illustrating the merger of
plural droplets discharged from a nozzle.' As is shown in this
drawing, plural droplets I are successively discharged from
the nozzle 104, and the discharged droplets I are merged while

25 they are in midair to form one droplet IM, which is arranged
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arranged to | and on the paper 22 w thout being nerged,
5 variations may occur in the |anding positions of the
woesp@osisze droplets | to thereby result in thecT/Jr2006/304658
formation of a dot Db as i shown in FIG 20B, for
exanpl e. Also, in another preferred enbodi nent, at
| east four droplets are arranged to be discharged for
formng a dot 10 with a large droplet. In this way, a
tar lerdspynie faapefrol@i-ngla Hils uraor @pld@ft Bp insgrdd shape
droplet may be easily included in the drive signa
nhgr beof ormef tare ilsarigéudtopted . id rFIE.h&OA . wobdsthe hether
drive signal for formng a dot with a | arge dropl et

hiAel, udesn ptuyg airogﬂie\t% si gnadisargettl fdegn Rhher abz€ré veo4 are
signals 15 include at |east one of a drive signal for

LOLALEY fo Sk chd gssém%irm%%eangr b %gnal

ornlng a dot wth™a sm et so"that™t
overg time duratian g& g % n%n@%
VPEGaERT™® A'%0, OBy st CHF ng™t Jenc-f @r?és OrlsWlo one
printing period, the nmedium small droplets may be
r&?@@ﬁ*&%@% replater 4| tRuFbEFERY 1GFHIE wint PR Bﬂjématlon of a
printing period, and the nunber of tone |levels may be
deiicPbasedis Rlyavirerin By GreadBzifmy exampleti ng node
using a resolution in the main scanning direction
that is highsr, tihamndt@eresod ot ianddddmenh, 25t least
scanning direction but arranging the resolution in the

£6Bi-NGMGH ZOOS/ L3342 aRGEL I P2 006/ B0AGRE g2 reeandimithg a dot

dlrectlon for formng a dot with the large droplet to

a tion | | I :
w?gﬂ g éﬂfﬁbeeéﬂprlntﬁ%gfand Igh_gﬁéﬁgi fgk fbrmlng
a me uﬂ éﬁ%%lé% or a small droplet may be easily included in

the drive signal for forming the large droplet. In other
words, the drive signal for forming a dot with a large droplet
includes plural drive .signals, and the plural drive signals
include at least one of a drive signal for forming a dot with
a medium droplet or a drive éignal for forming a dot with a
small droplet so that the overall time duration of the drive
waveform may be reduced.

Also, by switching the tone data within one
printing period, the medium/small droplets may be discharged a
plural number of times within one printing period, and the
number of tone levels may be increased. Further, by realizing
a printing mode using a resolution in the main scanning
direction that is higher than the resolution in the sub

scanning direction but arranging the resolution in the main
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realized at the sanme tine. It is noted that in this

node, an 5 i mage may be forned through non-interl aced
weoeceensrwssg2z for exanple, in order to increase PO®JP2006/304658

i magi ng speed. Also, it isdoted that in the above

descriptions, printing at a resolution of 600 dpi X

300 dpi is illustrated as a representative exanple;

however, the present invention is 10 not limted to
scangipgsél reeoien Aoy forméndr & véowavidftortieapa@raehdroplet to

drive pulses included in the drive waveform are not

dguailt édet vesdibuteanpine thhosnbi scdhiGnd @Glirkettibe in this

following a drive waveformthat is used in a second
nAeQdhiERt sided e PrAKENENENN EHE-+ Gk 1 Scyd esabh BEAmu t Be

15 reference to FIG 21. According to the present
£AB90LARAL e VMRS fifle | NELULL o plirdad ,ri'nV‘Eh?Hl #68e, an

P11- P13 are repeated a plural nunber of tinmes (two

times in the illustrated. exanple it hi Qne.printing
HeERoER Y The T o eEen AR P e A Beh 558 h R Rl Fo

drive signals_for dLscharging a smal] droplet (e.g.,
SKFRLBNI ¥ Wrdsfe TUIPETRPEET, TRACRARERE FRCGFopl et

(e.g., with drive pulses P11-P13). In the present
exanpl e, aAbsdvelsiinhalotedr thabrim ngha dhwvge dgseplietions,
may be realized by repeating the sequence of drive
pruhsesgPdd - Plidedomudiioness 260! dpi hKs 308sepi basefl istrated
tone data (2 bits/CH WD 2006/ 093342 PCT/ JP2006/ 304658
aa3 at kFapsaidted: fyomihp1dat BohspdsMiHd REedBht 3B2ention is
dots may be forned in dot conbinations of LARGE

AR TR AR by S 5 LY AL Whbrorm

the drive pulses included in the drive waveform are not
limited to the example shown in FIG. 16;

In the following a drive waveform that is used in a
second embodiment of the present invention is described with
reference to FIG. 21.

According to the bresent embodiment, a waveform
including plural drive pulses P1l1-P13 are repeated a plural
number of times (two times in the illustrated example) within
one printing period. The drive pulses P11-P13 correspond to
drive signals for discharging a small droplet (e.g., with only
drive pulse P11l), and a medium droplet (e.g., with drive
pulses P11-P13). 1In the present example, a drive signal for
forming a large droplet may be realized by repeating the
sequence of drive pulses P1l1-P13 two times.

In this case, based on tone data (2 bits/CH)
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noted that the dot conbinations as is illustrated in
FIG 17B 5 may not be realized in the present

wenhwdosmEnt since all the drive pul ses incl udedTiyPobérsn46ss

present waveform are used t8 form the |arge droplet.

FIG 22 is a diagramillustrating a printing node

realized in the present enbodinent. As is shown in

this 10 drawing, the large droplet is discharged to

framsma tdet &rom theeselitat itoanemi8ODndpinitTIRd2, dots may be
medi um smal | droplet may be discharged two tines

fitd rirfeldn iQn&opr ¢t itgh tiehisod,f andGE hevEinygM-MBIT UM/ SMALL/NULL,
formation at a resolution of 600 dpi may be

shiReL i o) YinL SAIUIZST hut.RevaBeimmEiamal Avdrop! et - s

In other words, a 15 printing node is realized in

g@de%ht?lgltyﬁlge 5@%%%&5% lORSt ?E %T%Bi#lar Je gro lne!f‘ICIS.S 17B

rection ormng a

arranged to equal _the qutlo cann
TS, S0 B S5 LHATY HgiEoen Q80 BRI el hsgmce ALl %ene

qual ity imaging may be realized at the sanme time. 20
duiviesphdeed %h%%uéﬂqI%@u&ﬁed@FeﬁéﬁhawﬁYﬁfQ¥m-ére used to form
resolution of 600 dpi X 300 dpi is illustrated as a
treprlesgnt dropketxanpl e in the above description, the
resolution used in the present invention is not

limted torthis2resplautdiCrrafl S0lubbeathiniy & waviefohs mode
and the drive 25 signals (drive pul se waveform

ﬂéé@i%@%dihntﬁ(@%%ée\h@c \é?fﬁb%ti%ghw 2&@@&%1%4% in this
PCT/ JP2006/ 304658 54 are not limted to the

ol 288, SAPIP el By Blachiedl PR Bogh o o
éé%ﬁ%@&ohngﬁnébgqﬂh? dg %rhgglhm/small droplet may be
discharged two times within one printing pgriod, and thereby,
dot formation at a resolution of 600 dpi may be superficially
realized with the medium/small droplet. In other words, a
printing mode is realized in which only the resolution in the
main scanning direction for forming a dot with the large
droplet is arranged to equal the resolution in the sub
scanning direction so that high-speed printing and high-
quality imaging may be realized at the same time.
It is noted that although dot formation at a

resolution of 600 dpi X 300 dpi is illustrated as a
representative example in the above description, the
resolution used in the present invention is not limited to

this resolution. Also, the drive waveform and the drive

signals (drive pulse waveform) included in the drive waveform
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The ink used in one preferred enbodi nent of the 5
present invention includes pignent as a col or

worbwrowzd42 and has a viscosity of at | east 5 RP&IB2086/304658

a tenperature of 23 0 C. I this way, ink bl eeding

may be avoi ded and good col or devel opnent and water

resi stance may be realized. It is noted that the
~pignment used in the ink is not 10 limted to a

aper hptul Bmitghaooftthgi girdnstrared mxamwleowitngIGc. 21.
exanpl es of pignments that may be used are |isted. For
exanpl e, orgatte fpilgwenty,Sacheasrdizgy piignekt (ink) used in
pht hal ocyani ne pi gnent, anthraqui none pi gnent,
aQUERBGSELASRE o PHBREREesdhOX 8ZT &L Wi BN HesichrEbHea.

pi gnment, thioindigo pignent, 15 peryl ene pignent,

i soi ndolin ol , sani.LLn Lhe
e R LS
conbi nati ons,_t her,eof be used. Al so, .inorganic
PEPGRBA PSR AS L GHCOGR BeOBPBmatt & CAPan Ot byt te 20
pi gnent, cal cium carbonate pignent, barium 20 sulfate
hpEgaenL scas Lk wfmaly dearitds BPyyfert, abaemparyerreowrt 23 C.
Prussian blue, cadmumred, chrom umyellow netal
Ipowtés, wand irdoilliesdtingnsayhee eafoimed Badugedd color
Further, it is noted that carbon black used as bl ack
deirgrepieh bkaywater espabdahoe fanaee Maladdkedr channel

25 black, for exanple, and is preferably arranged to

have a WO 2006/ 0334 +ReT/ 4R2 bedPInPLhBBINK is not

gain dianeter of 15-40 ng , a specific surface

i85 °F PRIy R P LB PRt 01
e Em% ggeogfpfgééngg that may be used are listed.

For example, organic pigments such as azo pigment,
phthalocyanine pigment, anthraquinone pigment, quinacridone
pigment, dioxazine pigment, indigo pigment, thioindigo pigment,
perylene pigment, isoindolinone pigment, aniline black,
azomethine pigment, rhodaminé lake B, carbon black, and
combinations thereof may be used.

Also, inorganic pigments such as iron oxide pigment,
titanium oxide pigment, calcium carbonate pigment, barium
sulfate pigment, aluminum hydroxide pigment, barium yellow,
Pruséian blue, cadmium red, chromium yellow, metal powder, and
combinations thereof may be used.

Further, it is noted that carbon black used as

black pigment ink may correspond to furnace black or channel

black, for example, and is preferably arranged to have a
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I's noted that exanples of commercially avail able
carbon black 5 products neeting such conditions

wonalerdss4dNo. 2300, No. 900, MCF88, No. 40, NoPCBAP2006/304658

MA7, MA8, and No. 2200B by 3 t subi shi  Kasei

Cor poration; RAVEN 1255 by Col unbi a Carbon Conpany;

REGAL 400R, REGAL 660R, and MOGUL L by Cabot

‘Corporation; and Color Black S150, Printex 35, and

Primdex ddiby dbegessa. of015448 n28,i 8 BED|Igecidiiagsamface area
showi ng exenplary configurations of the head drive
cHNB0-edoun’Y o204 e dile dpeadptdohver 208 50f riheoo g, a
control part 200 according to another enbodi nent of

wfa@neesefﬁtttle@mehlteﬁt of d Nekedahhah pA $dM & of 2-9. 1t
draw ng, components that are identical to those shown

5 t nerals
1 55 el Re POy MRt L RS mrac
I t .207 | ude d e veform enerat n
By TR ARO) SUEBn PP T SGenerg: 80 arts Gl mﬁ- 200,

drive waveform (common drive waveforn) incl uding

WG A Nor-i #&8 /pliPse82¢ dfd Ve M@ sicgaalNe) wfeH rbibﬁ“éltSUblShl }
printing period, and a data transmtting unit 302

Kbeei irpomrkitgone dRAVE® UL iR Hyweohiumbii segreriotat & qripemy ;
signal 0, 1) according to a print inage, a clock

BEeAm@l 4008, RaEGah s6QgRAl afd ADGUIANALGOBEPOt Sditdaion: and
MD- M3. The control signals correspond to two bit

Sb Ul ackosheb, desi gnat ing Lhe on4akb,stale g aka.
anal og switch array 327 WO 2006/ 093342

PCT/ JP2006/.3046 6 e head driver
(descrlbedFﬁﬁ dggalg %Q$Lﬁ§<fﬂag§a s 8rope§X?W?%?ry
di sch The onéoff state of the control _signals

é&nﬁcegra fgn e WHetife FORTEPT vERHuI Y @tchithe head

driver 208 of the control parﬁ 200 according to another
embodiment of the present invention. It is noted that in this
drawing, components that are identical to those shown in FIG.
15 are given the same reference numerals.

According to the present embodiment, the head drive
control unit 207 includes a drive waveform generating unit 301
that is configured to generate and output a drive waveform
(common drive waveform) including plural drive pulses (drive
signals) within one printing period, and a data transmitting
unit 302 that.is configured to output two bit image data (tone
signal 0, 1) according to a print image, a clock signal, a
latch signal (LAT), and control signals MO-M3.

The control signals correspond to two bit signals

for designating the on/off state of an analog switch array 327
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a printing period of the comon drive waveformis to

be 5 selected. Specifically, the control signals may
woeos@3o® high level H (on) to select a corr espanmioesp4658

drive pulse, and set to |ldw level L (off) when a

corresponding drive pulse is not selected. It is

noted that the control signals include a signal for

selecting a large droplet (1, 1), a signal for 10

seleet haggagaedeédm ol oplegtribedOin @etdigndelfdd) for each

selecting a small droplet (0, 1), and a signal for

SAIAC Rg BAngdischatge e Qh(ofghgtah@@%fdrﬂh\é%o%%ol

I nCludes a shift register 321 or inputting a tone

signal. Q_that, i erially transm b 15 a s

TREh doi el Bed Tadrrtog BEThHHERY (3 erliedpuise witnin

transm tting . unit_ 302 and a clog¢k signal CLK, a shift

& RFLETEEPIPOTERY Phpttd (SHFTARt BREVEi BRI O™ remPhee

data transmtting unit 302 and the clock signal CLK

selegtted - ci PraFfifieslkwr thet ehnkgot helonaldi sweer &¢ w&lktuéo

of the shift register 321 by a |atch signal 20 LAT

HigimltkeldAt doh) ats mdlidatg aunbrrdf@ondidatdtive poldst, and

324 for latching the registered value of the shift

J80itst @bw328vhy Lt (wri)at@lnshgBakréddoddian e vwabalse is

transmtting unit 302, a selector 325 a |evel

R cireuit, ( I i f ) f Qs lect:|

AR S R S S B T AT R et

data.transmtti uni t. 302 and_outputting the .sel ected

23067 005542  PEIY ToIG06F3OAEERE BT coer &1 ebRal Tob

a level converting circuit (level shifter) 326, the

JRAASEISAT Pt BPIEYB FRPGGnvdrt Phy @ FUEIAL [T@Feiselecting a

vol tage signal of the selector 325 to a | evel operable
gl )t fgoplet (0, 1), and a signal for selecting non-discharge

(0, 0).

The head driver 208 includes a shift register 321
for inputting a tone signal 0 that is éerially transmitted by
a transmission clock (shift clock) from the data transmitting
unit 302 and a clock signal CLK, a shift register 322 for
inputting a tone signal 1 from the data transmitting unit 302
and the clock signal CLK, a latch circuit 323 for latching the
registered value of the shift register 32; by a latch signal
LAT from the data transmitting unit 302, a latch circuit 324
for latching the registered value of the shift register 322 by
the latch signal LAT from the data transmitting unit 302, a
selector 325 a level converting circuit (level shifter) 326
for selecting one of the control signals M0-M3 supplied from

the data transmitting unit 302 and outputting the selected



anal og switch array 327, and the anal og switch array
327 5 including anal og sw tches ASl-Asn

wonaw/dsxeri minately referred to as " anal og SRCTOPR2006/304658
AS' ) that are switched on/ &7f by the output of the
sel ector 325 supplied via the level shifter 326. It is
noted that each of the anal og switches AS1- ASn of the
anal og switch array 327 is connected to the 10
saheoll sigrhects cdlal vidldicenttaal i gy ectrade) (%4 <0f shacher)
pi ezoel ectric elenment 121, and is configured to input

e tﬁ@moeﬂrmffa@ 339 f%&*pﬁbh€gr{1rr9j“ai he Ard Mevel
waveform generatlng unit 301. Accordingly, when t

v%ri%l %%I }185 éé l'lle sse#eg%la%dfi%g @8 corldé‘%ci t %eltl{%%le for the

gnal ecte ased T he ‘ser

transn1tted |na e dat t one_ dat a O, 1),.
WPQSEH&HF% e %&fi C8Fi ge2p s%“)ltcﬂh & 2¥ortfron
drive maveforn1|s passed sel ected) to thereby be

5 igspdéact enehed piedeisedBili-dsal énentdisrrinipatiedy referred
follow ng, a drive waveformand a data 20 transmtting
netlsodansédgi swatehiAsd )errbadi prent switdiwl pre'sdift by the
i nvention are described with reference to FIGS. 24 and

RRputhAegotdingelactdie Jpresepblealogi sreiie @ 1dishyEter 326.
wavef orm generating unit 301 is configured to generate

and out pugeslgrﬁéf&d’%to%@cﬁso!EStﬁQ%lJb %Jv@tc%@s AS1-

that inclu 25 six drive pulses (i.e., first pulse

h_si uls 06/ 09
‘*%ﬁP%P%E%G?gﬁ Iﬁaﬁ 8%2 péln%gﬁﬁﬁﬁg'to th?h
first pulse P1 through S|xth pul se P6 are

10 sedemddepyel§ehredmgedddviniialt PAcHMIFIvARE &f e.?*?é
corresponding to a tinme period tw ce the
ikzesdeetirsej element 121, and is configured to input the

common drive voltage suppliedAfrom the drive waveform
~ generating unit 301. Accordingly, when the analog switch AS
is switched on according to the control signal selected based
15 on the serially transmitted image data (tone data 0, 1), the
corresponding drive signal (drive pulse) of the common drive
waveform is passed (selected) to thereby be applied to the
plezoelectric element 121.
In the following, a drive waveform and a data
20 transmitting method used in a third embodiment of the present
invention are described with reference to FIGS. 24 and 25.
According to the present embodiment, the drive
waveform generating unit 301 is configured to generate and
output a drive waveform as is shown in FIG. 24 that includes

25 six drive pulses (i.e., first pulse Pl through sixth pulse P6)
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vi bration period Tc of the Iiquid chanber 106. In this
way, 5 pressure resonance may be effectively used,

wdi2emslvasyge characteri stics nmay be inproved, an#CriR2006/304658

drive voltage may be decredsed one the whole. It is
noted that in the present enbodinent, the respective

vol tages of the drive pulses P1-P6 are conditioned

and controlled so that the pressure resonance 10 does
withiaxecredriintitoriperdnd - callbe fisttalrulisey Pilnthrough sixth
di scharging operations. Also, it is noted that each
paflskheepatsesefRedtt vkay aarwayed arimHimatcim@l Latbrema of
reference potential V to be held at a predeterm ned

2lrevVebrrbbshndige:d @ @iR6t RIS B thRe characteristic
reference potential V to be held once nore at a

: ] l-evel, d-t f e refe
VREBLE P DOt R B SRS R0 R, B Sy,
arranged to have differen all__potential,s in the
ShFESBAE. BHUUUTI{ =Y AP0 ST BEE bf g Ao5oha BFESENT
enbodi nent, the data 20 transmtting unit 302 is
CEBRAF§RF UL E® MEAN SR £TPREVEBneAnd | tgiealdrd van Ot hede dfry be
signal 1 two tines within one printing period using
deheetradsona siton whlodek (ChK}s asoties] sihewn inn tEEGresnt

In this case, the timng of the [atch signal (LAT)

einBaliimerp )| eie Srdiplea tiowr bl bggdsS o rARrRgAdive pulses P1-P6
correspond to periods 25 during which the drive

apavebaiMisndd atn@Sohs ronowl &8 fHe 24 pWOssure resonance
2006/ 093342 PCT/ JP2006/ 304658 59 It is noted that

oL 1B B ALS e 8tEeBNEL peOUDLL B

Oggzagggnggy be unstable. Accordingly, the latch

Also, it is noted that each of the pulses P1-P6 has
a waveform that falls from a reference potential V to be held
at a predetermined level, then rises to a potential above the
reference potential V to be held once more at a predetermined
level, and then falls to the.reference potential V. It is
noted that the pulses P1-P6 are arranged to have difference
fall potentials in the present embodiment.

Also, according to the present embodiment, the data
transmitting unit 302 is configured to transmit the tone
signal 0 and the tone signal 1 two times within one printing
period using the transmission clock (CLK) as is shown in FIG.
24. In this case, the timing of the latch signal (LAT) that
regulates data rewriting is arranged to correspond to periods

during which the drive waveform is flat as is shown in FIG. 24.
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timng is preferably set to a suitable timng

according to the 5 tinme required for data transm ssion
wandetoass4elri ve waveform I n the foll ow ng PCT/JP2006/304658

descriptions, upon referrimg to the two data

transm ssions of tone data (tone signals 0, 1)

performed within one printing period, the first data
~transmssion is referred to as first half' and the
1seeenfotdd tlaita durangnithsi dime slatef emeedetwvoiasen sedond

half'. In the present enbodi nent, tone data
ohvarentiied di deeahkish Balich ale Jatbhedeba Beipsed

for selection of the drive pulses P4-P6 of the drive

Y r m,of ecan The, I Q1185 u

‘§%%?%g ?%% %¢$§F§h§%fg€%?%%€%bn §;to ﬁ%%g§da?§g tateh

transmtted In 5th econd hal f. of .a.previous

SHFERBT hY ET DD E5Co80 8 SPACARE (FUer APPRgRin to the

selection of the drive waveform (i.e., selection of
time HPAVEreAIEE U6 the tHSBETLS HePoradich Fheo drhEe pYaeRirm.

enbodi nent. Specifically, the table of FIG 25

i ndi cat es Whetheerfodidopliegsdaser dsioirear gegoby referping to

respective drive pul ses P1-P6 depending on the contro
theghab. datd trametiedibhat of Ntdhe priesenionenbagharatq, 1)

the nunber of droplets that are discharged is

pREEARGES | orbe dnréc'b‘?c%ﬁiEﬁ? o8e H ORIl fat-s@ fhe® in

response to I ncrementing he nunber of drive pul ses

CSEASHLEE B IS SRR o5 PRt R 20 S, ALY <80
RSP RATILS T (ropPEETFET  SharGed ) ne 1114 the
pul se P1 when a small droplet is designated in the
presspthanpodimgnidr GoRet saip st ¥R e st 15y the first half
are latched to be used for selection of the drive pulses P4-P6
of the drive waveform of the second half. The tone data used
during the first half corresponds to tone data transmitted in
the second half of a previous printing period.

FIG. 25 is a tablé illustrating selection of the
drive waveform (i.e., selection of the drive pulse to be used)
according to the present embodiment. Specifically, the table
of FIG. 25 indicates whether droplets are'discharged by the
respective drive pulses P1-P6 depending on the control signal.

It is noted that in the present embodiment, the
number of droplets that are discharged is arranged to be
incremented one droplet at a time in response to incrementing

the number of drive pulses selected by the control signals.

Specifically, no droplet is discharged when non-
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the first and second pul ses P1 and P2 when a nedi um
droplet is 5 designated in the first half; three

wdnroplesa2are di scharged by the first, secondpCatp2006/304658
third pul ses P1-P3 when a lé@rge droplet is designated
in the first half; one droplet is discharged by the
fourth pulse P4 in addition to the three droplets

- di scharged by the first through third pulses Pl-P3 in
dilsehal@ef is sdedradfaticnl tihetbbyfirsthaale fomer ddpppeet s
when a small droplet is designated in the second
didldhargedi bartve Wt @h0pkebs @iéen agdidianakbyplet is
di scharged by the fourth and fifth pulses P4 and P5

de stherely: di sehagge f huesdropl edsy areMBdsEAkrged by

dropiet Is designated in the second half; and three 15

ropl.ets are additiaqnall i scharged .by the fourt .
P gugnt S o dest B! TR P Brins drgpret 1o
droplets when a Jlarge drgoplet is designated in the
deSIORA TRl 7 TR o diStg RO Tt hERpRe seHRP eSS0 dr et scharged by
seven tone levels (i.e., droplets in six different

Wiezdd rand soreRd distiaigd) pebyedeP el iwhed. a large droplet
Specifically, in the present enbodi nent, tone data

iar eleatinanged i tie tfiassnhald dnemitdE «tatia discharged by
transmtting unit 302 twice within one printing

RN ifedrth FeBdd 2& tihe 28aYeNoh 0RE theVielre bRobNESS
case, changes do not have to be inplenmented 25 on the

I LS 0 A By it e
e, a2 does ok Paue tgobe Lt ossed okl 8 YR,
Jfﬁgaiiegéege§?§§§¥éé(?%etggtgegg%dbﬁaipfﬁggﬁﬁgrﬁgfh@#é
droplets are additionally discharged by the fourth and fifth
pulses P4 and P5 to thereby discharge five droplets when a
medium droplet is designated in the second half; and three
droplets are additionally discharged by the fourth through
sixth pulses P4-P6 to thereby discharge six droplets when a
large droplet is designated in the second half.

According to the present embodiment, seven tone
levels (i.e., droplets in six different sizes and non-
discharge) may be realized.

Specifically, in the present embodiment, tone data
are arranged to be transmitted from the data transmitting unit
302 twice within one printing period to realize the seven tone

levels. 1In this case, changes do not have to be implemented

on the data driver IC (head driver) 208 side, and the number
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i ncreasing the drive frequency. In other words, the
drive 5 waveform of the present exanple is configured
woaodsaast4e a set of six drive pul ses as opposedTiR2006/304658

handling a set of three drdlve pul ses using a drive
frequency that is two tines higher than the present
drive frequency, and in this way, a large droplet may
be stably discharged. 10 It is noted that the drive
amavefer sF othé heorpy elzent doesbadi neate tthatber dalcrzeasedn In
increase in the nunber of tone levels is illustrated
@38 s RabUding Sinbddr iore dBilreesnt Hovey elevellsh@hpi-eseftbe
enbodinent is not |imted to this illustrative

I ng.. i a T B § re
i AR s LR e e LR
respect to tone ., level representatign when at |east .

B Pe Pl Sev e B ded O T RV “weky et OF BT
(i.e., when a maxi mum nunber of at |east four
WHYSBPETS O ey P TR SSTa FFEBPWRt R nCHel Priskt itRghandle a set
period). 20 Specifically, in the case of using two bit
adfataxasriveneutsts as wppheedy foomiydfingr at eed bévehsee
can be represented by the tone data. That is, in
addict bansts neingischarge fraqaphey sthat tikr esoditfifies emigher
sizes may be represented by two bit tone data. In
S t68SBredERP! Bt AMBYRLS chel,Zes)d CAN B8 s 4By, a large
I ncreased one droplet at a tinme only when the nunber

f driv 0] 2006/ 304658 62 pul ses
4%? qﬁ&e§a¥ﬁ£%h%égggsgﬁéﬁVggéégfis arranged to be no
nore than three | ses; th i, .when four or e
drive pul E*éslarlgoq%eﬁjclt&&éd%&t raug v Od?‘bfﬂfggagi pgesent

to a next
embodiment that realizes an increase in the number of tone

levels is illustrated as including six drive pulses. However,
the present embodiment is not limited to this illustrative
example, and in fhe case where two bit tone data are used,
advantageous effects may be realized with respect to tone
level representation when at least four drive pulses are
included in the drive waveform (i.e., when a maximum number of
at least four droplets may be discharged within one printing
period) .

" Specifically, in the case of using two bit data as
tone data, in theory, only four tone levels can be represented
by the tone data. Thét is, in addition to non-discharge,
droplets in three different sizes may be represented by two
bit tone data. In this case, droplet amounts (sizes) can be

increased one droplet at a time only when the number of drive
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droplet size is increased by two or nore droplets.
However, 5 according to the present enbodi nent, by

wonrens®osdei ng tone data plural tines wthin ORET/IP2006/304658

printing period, droplet si62es may be increased one
droplet (one pulse) at a tine even when nore than

three drive pulses are included in the drive waveform
of one printing period. 10 As can be appreciated from
pinies exb e laheledr ipt tlomsdrivey wavadsmnt § & ngrtamesddtoabef no
plural bits per channel to the head driver 208 plural
rhd A Schaint Rihre@NBuDEE N} | 1 PEId, 06khefY EBur WHIE Md e di-hi ire
interval of the plural drive pulses included in the

0T 8 wavefioMyisq Shor tened, dJoeqdopyer st gnalss, meyehe
15 individual iy selected; and by transnmitting the tone

<§’r‘3‘<§ aJ]eiPlsl‘irzal i& BBs, Lhe, qubstantial ourber pl tong . oor,
evel's” may bé~ increased. ‘I n thi's way, Hi qual i ty

i magi ng and high speed rinting may be realjzed at

AP fomEe) PP Ee o BRPFHIE n PRECEHOVELCing tone data
illustrated 20 enbodi nent, a control signal is used to
Bt Gifesr @dpeeh | e REINENGUPSEE0RF dHepRY \Adzes may be
waveform however, the present invention is not

inandeatd onsudhopheextmp equiaed atdecoies ewsn whenusede

to achieve simlar effects as well. Also, it is noted

that dhrdeh@iribbustI sd£h2d emmedeaent, tide S8Fiv waveform of
i magi ng apparatus is used; however, the WD 2006/ 093342

HJ1AHE2006/ 30465834 63 present invention is not |imted
t

o such an“exanple, and the present enbodinent may be
oDpL e L gRT AL G ARORLAL S cpbR' e 2lald Ao sons,
by transmitting tone data of plural bits per channel to the
head driver 208 plural times within one printing period, even
when the time interval of the plural drive pulses included in
the drive waveform is shortened, the drive signals may be
individually selected; and by transmitting the tone data
plural times, the substantiai number of tone levels may be
increased. In this way, high guality imaging and high speed
printing may be realized at the same time.

It is noted that in the above illustrated
embodiment, a control signal 1s used to select the respective
drive pulses of the drive waveform; however, the present
invention is not limited to such an example, and a decoder may
be used to achieve similar effects aé well.

Also, it is noted that in the illustrated

embodiment, a serial imaging apparatus is used; however, the
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Specifically, in an imagi ng apparatus including a
full-line 5 recording head, the nunber of tone |evels

woOheie/00z332be represented by tone data may be PATHRPAS&8H4658
by transmtting tone data@lural tines within one
printing period based on the relationship between the
bit nunber of the tone data to be transmtted and the

- nunber of pulses that are used to 10 di scharge

pieephet Snvédticnh et edtt hatited atd WdcH iame exampgiag and the
apparatus according to a preferred enbodi nent, the

pRkdeat 8rofdeleht dHaschar apgiied {OraH Nehadyingr 88paratus

dropl et are arranged to be nerged before | andi ng on

usgﬁg % .@‘Qlf (:r.Jec%r 1BBehgé§cmoaﬁu%%h%§ %&9}9#)9&5 are

I'n m alr) to facrliitate s I mage ormati on
zl e, array _direction i.n wa

SPRCAEEGRLST 5 |andﬁg\seéﬁgaﬁepir%ﬁsatwéuwgré £811-1ine
droplet may be realized at the sanme tine e., the
rnegﬁgélag la%ﬂm dihesinpdderngy bensforred) th A%nc‘a% be
appreci ated fromthe above descriptions, according to
repeepertedtberiyodi derte, mby be alsrigasadg byofeadamiatting tone
plural tinmes within one printing period, the nunber of
dagaeplhexel Simmy Wiehinc baaspdiiti neadrzedabasadi o otlse
tone image, and in the case of realizing a tone |evel

rtaﬂ@ttlaﬁgmﬁ aseithiern?end pehangRdf Jd Wil +dhaphsts to be
e., large droplet), by WD 2006/ 093342

tggy 1PPO08/300050. ST prohon. Al Wialy dischacget,
0 nerge be on recordlng paper,
arranged to adequately spread in the sub

b
d&ESHﬁFéﬁ %?1%¥¥30n after the droplet |ands on the

It is noted that in a full-line imaging apparatus
according to a preferred embodiment, the plural droplets
discharged for forming a large droplet are arranged to be
merged before landing on recording paper (i.e., the discharged
droplets are merged in midair) to facilitate solid image
formation in the nozzle arra? direction, and in this way, a
relatively small droplet and a relatively large droplet may be
realized at the same time (i.e., the range of droplet sizes
may be widened).

As can be appreciated from the above descriptions,
according to the present embodiment, by transmitting tone data
plural times within dne printing period, the number of tone
levels may be increased to realize a continuous tone image,
and in the case of realizing a tone level that requires the

discharge of plural droplets (i.e., large droplet), by
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recordi ng paper so that imging may be realized with a
5 suitabl e anount of ink and penetration of ink to the
wothweroossede may be prevented, for exanple. Al BOT/JPIW06/304658
t he present enbodi ment, the4nunber of droplets that
may be di scharged within one printing period; nanely,
the nunber of drive signals wthin one printing
period, 10 exceeds the nunber of tone |levels that can
dyreangpngsehtetl Bl sdlergedatiaopeeys ,td amargeobhefbevelanding
in the case of two-bit tone data), and thereby, a
oM delcorangs wpel oplrat maRouBt Sr{diegpl edo asleg@ateMRysPeead
realized without raising the circuit cost and the

i%UQ§EaQEEaéc£HH§Hq)dfyédﬁieﬁ E?ﬁ@fStﬂ@ﬂﬁﬂ@%lbﬂcﬂgﬁégdon the
15 Specifically, by arranging the nunber of droplets

A8 TRy beodll senarged Mthig ane 1?«%'%3 109 et ed Lo

an four dro & ¢asé of "usl ng
tmo b|t t one the substantial numher of ton
Ve &4 e nafo it ‘?érjé’é%é‘ﬂl d RFERBER YR FingEn&Oc] PEu?Fher

cost for exanple. 20 In the followng, a drive

siee gy b riir ey enitesl thoansxp¥PLiag met hod used in a
fourth enbodi nent of the present invention are

descri bed migd, rif ertengeretsenkl 88o@Bnamd 2he Asmbsr of
illustrated in FIG 26, the waveformused in the

dropsert endodidiete IdiGlcudegedi wi iy eorfhsestasgWwhéhRiod;
the 25 drive waveformused in the third enbodi nent as

'd%eﬁ&lu%ﬁéaﬁﬁﬂbgg)g@Q@ﬁQ%?%ﬁ%n@@E/%P%99§/§956§§1n€%5drberlod,

24: however, drive pul ses Mﬁth differing shapes

nake the rlve vefo Pprese enbodi nent
e§p§€9§| 3% 151 (¥¥?é pu se{% fﬁe %res%ﬁfesen{gd by

tone data (e.g., four tone levels in the case of two-bit tone
data) , and thereby, a wider range of droplet amounts (droplet
sizes) may be realized withou£ ralsing the circuit cost and
the substantial number of tone levels may be increased.

Specifically, by arranging the ﬁumber of droplets
that may be discharged withiﬁ one printing period to be
greater than four droplets in the case of using two bit tone
data, the substantial number of tone levels may be increased
without faiéing the circuit cost, for example.

In the following, a drive waveform and a data
transmitting method used in a fourth embodiment of the present
invention are described with reference to FIGS. 26 and 27.

As 1s illustrated in FIG. 26, the waveform used in
the present embodiment includes six drive pulses as with the

drive waveform used in the third embodiment as is illustrated



drive waveformis dedicated for discharging a very

small 5 droplet. The waveformof the first pulse Pl is
wanownged2to fall froma reference potential YCTOPines/304658

held at a predeterm ned |&8el, and then rise back to

the reference potential in tw stages. In the first

rise stage, droplet discharge is realized to forma

very snmall droplet, and in the 10 second rise stage,

o riIcopket shawevelt sahainge pulAksowithednaieafiogmsohptbemake

fourth pulse P4 is arranged to be different fromthe

wecaRdart ber favéidim, onthe Br¥kBnpUbSSSIRENtR3, PS,
and P6. Specifically, the fourth pulse P4 is arranged

to rise oné eHQfRQ%Iﬂflﬁﬁhe égl f“dfﬂtﬁ% %@gent

i nterval meen f the S X
P6 | bet th
%Jf‘f%ewayéﬁiggffl"ea%qd?%ecagﬁ %%ra? %5 <4515 JgddT0 he
er than the dischar |ntervals bet ween ot her

5 C%rr eéts abet Hpwefof Rfs efFLffaEi Butaiderls arranged to
characteristic vibration period Tc 20 (i.e., 3Tc).

7lslo from asrabeeenthgiotiemtiiné Pr esehe lemisbditment ,
tone data are transmtted plural tines (e.g., two
draeserihbdnlenel prdand ivhgnpet sedbaskito tthe thifiedtence
enbodinment. FIG 27 is a table indicating whether

phplets anerwdi sedwsged thy thherpubses; Rl s%@g@cca&ebmgt
to the selection of° 25 the pulses PI-P6 by t

SRR L o i g 1 o

0 ddsk PilaesElols prodedsol ey lgr fopn no a sl
apprECIateglggOnlﬁgmaégg?ginpgécakgt%ggfkh pulse P4 is
arranged to be different from the second, third, fifth, and
sixth pulses P2, P3, P5, and P6. Specifically, the fourth
pulse P4 is arranged to rise only up to the reference

15 potential V. The interval between the fifth pulse P5 and the
sixth pulse P6; namely, the aischarge interval between the
fifth droplet and the sixth droplet, is arranged to be longer
than the discharge intervals between other droplets at three
times the liquid chamber characteristic vibration period Tc

20 (i.e., 3Tc). Also, it is noted that in the present embodiment,
tone data are transmitted plural times (e.g., two times)
within one printing period as in the third embodiment.

FIG. 27 is a table indicating whether droplets are

discharged by the pulses P1-P6 according to the selection of

25 the pulses P1-P6 by the control signals shown in FIG. 26. 1In
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the manner of selecting the respective drive pul ses of

the 5 drive waveformis not limted to a particular
weehwme3isn the present invention. Al so, the sRapaB200§/304658

the drive pul ses nmaking upét he drive waveform and the

di scharge interval (pulse interval) of the drive

waveformare not |imted to a particular arrangenent.

According to enbodi nents of the 10 present invention,

el peepahsesmpbdimatit,f ehiengishappslsmyplbe s aroanged adlely

differing intervals within a waveform In the

f revinifly & shive weypeker noand) aidafre fAiransmiatitr ng

nmet hod used in a fifth enbodi nent of the present

i nvention e [ s e t . -

20, 15 As 15 ¢ Ig%éi%%ﬂegﬂaggﬁ %Eéﬁ%ea%&g)ve?grsﬁﬁéggms'

in _th t. enbodi pent _i ncl btl e pul se_f
bPAETAG OF he Her SEus B PRA-DET Wlia & RELPEPL AT The

ulse P5 and the sixth pulse P6 of the drive waveform
6r urHgLPEMt he TVurltAitenbsai Aremdr SifowRy $obere 8. the
The subtle pulse is configured 20 to vibrate the
nresezhe hevestisn by el yithg phasssiref tifiet drsve pulses
adequately low to avoid ink droplets from being
ndikd abangedhé ndr DrelafavieFopmerpat tlé stihmmgagdefiegbsval (pulse
caused by the drying of ink at the nozzle during :

RRERLENY. of BRe diideS wAQkedrhhatei Mot NBmiRIESERL &
enbodi nent, tone data (tone signals 0 and 1) are 25

SRR o Bl TR B0 ShTEShliATLD oo

as in the thjird and fourth enbodj nents described

SEaeBE LRrEl EHe s Sk eaBrOSERaT Cht 1 AT He P AAPEI BES be
are discharged by the first through sixth drive
ﬁﬁ;pgggdpqtp@;%ﬁﬁr%pg intervals within a waveform.

In the following, a drive waveform and a data
transmitting method used in a fifth embodiment of the present
invention are described with reference to FIGS. 28 and 29.

As is shown in FIG. 28, the drive waveform used in
the present embodiment incluaes a subtle pulse for vibrating
the meniscus inserted between the fifth pulse P5 and the sixth
pulse P6 of the drive waveform according to the fourth
embodiment shown in FIG. 26. The subtle pulse is configured
to vibrate the nozzle meniscus by applying pressure that is
adequately low to avoid ink droplets from being‘discharged in
order to prevent diséharge defects caused by the drying of ink
at the nozzle during printing. Also, it 1s noted that in the
present embodiment, tone data (tone signals 0 and 1) are

transmitted plural times (e.g., two times) within one printing



subtle drive by the subtle pulse is initiated
according to the 5 selection of the first through
wei2ndelvostue ve pul ses P1-P6 and the subtle pul seCbyPione304658
control signals shown in FI6G 28. 1In the present
enbodi nent, the tone | evel designating non-discharge
may be assigned to realize the subtle drive. It is
- noted that in the present enbodi nent, the 10 drive
peulisds adoinothaegesshkindy fhaveht endyed isedract edsovébed above.
conti nuous range. For exanple, the analog switch AS
may be setrr@ffodurd ng dde el Ahetyatigd decrsubidreplets are
drive pulse for a channel that is set to another tone

éﬁ%&%@rﬁga E etﬁ@'fl thhrgagﬁl¥ExM?%fngénﬁHT%e§ 9@1?6 and a

transm tting met used’in a sixth enbodi nent of

t resent |nvent| are described with reference t
Pea’ B0 S R 8 B SR o i ool iEh PSR £ he
used in the present enbodlnent is substantlall¥

5 sedestien oﬁotltl%ef%reft@rfmughséaxw dHe’q Myiges P1-P6 and
enbodi nent as is shown in FIG 24. Also, in 20 the
teesebtlenbodseent theowendara atenalkarshwvwn dg PilGr als.
times (e.g., twice) within one printing period as in
the third rhhtheghrdddith eabbadnart} sthdl{ane3levela
tabl e indicating whether droplets are discharged by

deféggqgﬂﬁgpﬂbﬁ%lé%ha eaﬁl@ r dengsd Qyridte 25 reehecti She
of the drive pul ses PI- y the control S|gnals WO

%Q@/ 08%.%\4}@ P %‘] %Zg%ﬁ_je%o%ngo dlr@ 8theS ‘};%&ér&h ee ?ﬁgent the

ccordlng to the present e ment |

10 d(ij:Ir og![ %&lg &2) Illost %eescl g%tr?. yI Ha\trehetcf IbreStse ectedt Qger a

continuous range. For example, the analog switch AS may be
set off during the interval of the subtle drive pulse for a
channel that is set to another tone level.

In the following, a drive waveform and a data

15 transmitting method used in a sixth embodiment of the present
invention are described with reference to FIGS. 30 and 31.

As is shown in FIG. 30 the waveform used in the
present embodiment is substantially identical to the waveform
used in the third embodiment as is shown in FIG. 24. Also, in

20 the present embodiment, tone data are transmitted plural times
(e.g., twice) within one printing period as in the third
through fifth embodiﬁents.

FIG. 31 is a table indicating whether droplets are
discharged by the drive pulses P1-P6 according to the

25 selection of the drive pulses P1-P6 by the control signals



pul se Pl is selected to thereby discharge one droplet;
when 5 the nediumdroplet (1, 0) is designated in the
woiowtoosskf, the first and second pul ses Pl ardTBR2086/804658
selected to thereby discha8ge two droplets; when the
smal | droplet (O, 1) is designated in the second
hal f, the fifth pulse P5 is selected to thereby
- di scharge one droplet; when the nmediumdroplet is 10
sthegngnat BUGi mG.he second half, the fifth and sixth
pul ses P5 and P6 are selected to thereby discharge
two dropl eiscorichg WeeRhkhgréasge s ietent], whini She small
designated, all the pulses PlI-P6 are selected to

dBereby (@i thairsc%e%ll@n@rteel &t Send\eerdi 7G 140 EH@ JFirsE

pr esent enbo i ment, tone data 15 (tone signal's 0 and

re.transmtted tw rinti od
Pu£ae 5% lsé%%é%%t%g tfhéggﬁ%PX RS E%ps ?é when
dropl et di scharge |s per f or med, |ndependently in

5 tPFr?Fdﬁ‘éIFfd%ﬁﬂilec e lgeddndS hdp$1Ia iy |1ﬁ)d§5‘€nééﬁftd1??% the

pul ses for the flrst hal f and the second hal f,
fiaspeenivetgond pulGesedlli avd i Fxug rstliegrredThe. Prexsert
enbodi nent is adapted for a case in which the main

ddeahargg twsanddletsanaghehetisellsmesldaniyiopd etteg0l ut) obs
are arranged to differ. In this case, at |east one

ddkli¥Bastgnal 0fe tRRonpl UBAE, dfie/ e isitdNhs sienebudedsdTected
the drive waveform used for 25 form ng the | arge

tgrgﬂ% Sdﬁﬁﬁff%%2006/§6le@§eqﬂﬂgqJ%%iﬁk@gu¥[hro%%ﬁt is

42 PCT 4658 " 69 a t ot her

N dﬁ%ﬁg'ﬂ%‘é@i 11 e ren® Bl | st e CPsndnr et B ate 7S

the_plural data transm ssions. In this way, the tine
apfl PReare selected to thereby discharge two droplets; and

when the large droplet (1, 1) is designated, all the pulses
P1-P6 are selected to thereby discharge six droplets.
According to the present embodiment, tone data
15 (tone signals 0 and 1) are transmittea twice within one
printing period, and with respect to the small and medium
droplets, droplet discharge is performed independently in the
first half and the second half using independent drive pulses
for the first half and the second half, respectively, to
20 realize dot formation. The present embodiment is adapted for
a case in which the main scanning resolution and the sub
scanning resolution are arranged to differ.
In this case, at least one drive signal of the
plural drive signals included in the drive waveform used for

25 forming the large droplet is configured to be used for forming
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overal |l drive waveform may be reduced and the printing
period 5 may be reduced so that the printing speed nay
woeoicrvesxaased. FIGS. 32A and 32B are di agr ansPCT/JP2006/304658
illustrating dot formatiom9according to the present
enmbodinent. It is noted that the basic resolution for
dot formation in the present exanple is 300 dpi
Specifically, 10 two rows of nozzle arrays having a
ahQzobeepi dtheoftHBOGHipilaage dsedléo @erds.or medium droplet)
non-interlaced imging to thereby realize a

Hz230l Bhi 05n8f3390 dRinsit£Be $Hba STarHY REtdi teehk@Dssion of
Wth respect to the main scanning direction, one

rinti per . i ran to t
Bl B PR A BRRERS. L ron Py he' e of the
di scharged in accordance with .the.resplutiogn.in.the .
ViRFedLafifi Ky T YEATORY| Rt hPaigedeid (s Papgaingd period
dropl et may be arranged into a dropl et anmount
H@dfe%?aﬂféd‘ﬁ%?df%? MR $SoPFent HRgeSRIRD IR P6r APRgeased.
dots at 300 dpi X 300 dpi as is shown in FIG 32A 1In
t he exanpl BI@®. i32Ausincht3éd eneFizgsans sildugtepiténg dot
are discharged within one printing period, and the

dirachaprgedcdsaplel sarmenprgednbedmisedinaditeri ng to
recordi ng paper to formone |large droplet. On the

other handyref efdidy dratFile Blsid so@dilutidnopbet abs
formed in the first half using the first pulse P1 25

Bt 3oh 008 B TB0067 S0AsbaT To SBarah Y

{4170 To OB A G PR B-PS R0 Y& T ORIt ) A a00 P
second half using the fifth and sixth pul ses P5 and
gpg used to perform non-interlaced imaging to thereby realize
a resolution of 300 dpi in the sub scanning direction.

With respect to the main scanning direction, one
printing period is arranged to correspond to the period in
which droplets at 300 dpi may be discharged in accordance with
the resolution in the sub sc;nning direction. In this case,
the large droplet may be arranged into a droplet amount
ade@uate for forming a solid image through forming dots at 300
dpi X 300 dpi as is shown in FIG. 32A. In the example
illustrated in FIG. 30, six droplets are discharged within one
printing period, and the discharged droplets are merged before
adhering to recording paper to form one large droplet.

On the other hand, referring to FIG. 31, a small

droplet is formed in the first half using the first pulse Pl

and is formed in the second half using the fifth pulse P5. A
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It is noted that in the third through fifth 5

enbodi nents descri bed above, tone data are transmtted
woeh®933aet hi n one printing period, and the toRETUR26/304658

are determ ned based on tH® conbi nation of the tone

data transmtted in the first half and the second

hal f. However, in the present enbodinent, inmaging is

i ndependently perforned in the first 10 half and the
msedomddhapiet nis heommsle iof ther Al ngt dralfl ushingnédeufirst and

droplets. In other words, small and nedi um droplets
gankdepullss€ el gadi tpei, cenaves ooemdgd it ivhg pecbad half

the present enbodi nent, and accordingly, as is shown
ddinl %he3§£¥tﬁlJEHJEithsgﬁmQéggpﬁléﬁ&“?éﬁ‘reSO|UF'0n

of 600 dpi which is two tinmes the basic resolution of

200,58 SRR BT B I ey OB o

case of formng sma medi u

,..the density ra that may be represented by the,
S NGRGS R SR DEVS i bets Fo robs G Sh B0 thhg trice
advant ageous effects nay be obtained particularly with
WiESs8c PN P HENSING REGAPHAURRY BlRe atInyHIavEht agei aagermined
Al so, the density range that nay be represented
baistehooth thel cohiinighattive bér geedtopt elatreayrrbesmattedsed the
so that graininess of an imge may be reduced. 25

Accer daDg 40d tee pesadt helbodi Medverd, Rhi Rhengr¥e:nt
2006/ 093342 PCT/ JP2006/ 304658 71 node is realized in

MYoehRmeAtL Y Irhﬁ%irrﬁ;s 0lut h@BpLAGERE B F3aRBNE A the first
direction for Tormng a solid inage (i.e.,

rfag%tc %gl&gjaﬂg {98 U8 ehSInLS-2LL AWeY H9nGOLLESPORY
medium droplets.

In other words, small and medium droplets may be
discharged twice over one printing period in the present
embodiment, and accordingly, as is shown in FIG. 32B, a main
scanning direction resolution of 600 dpi which is two times
the basic resclution of 300 dpi of the present example may be
realized in the case of forming small and medium droplets.

In this way, the density range that may be
represented by the small and medium droplets may be increased,
and advantageous effects may be obtained particularly with
respect to density continuity of a highlighted image. Also,
the density range that may be represented without including
the large droplet may be increased so that graininess of an
image may be reduced.

According to the present embodiment, a printing
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sub scanning direction resolution so that the droplets
may be 5 arranged to adequately cover a solid imge

woegiemn3det h respect to the sub scanni ng di r eeCTOP2006/304658

Al so, according to the presant enbodinment, the

resolution in the main scanning direction for

di scharging small droplets (small/nmediumdroplets in
-the case of four tone |evels) may be increased so
ndat i50peaj UpEd ey wWhe chlonpyeveat eskdinaroac dur thagndin

a highlighted image. In the present enbodi nent, the
r-opk ghSal PEcf A8 MG Fo3Rkhg LNBEE: dBadgee ghiefted to

a high“density tone level s0o that graininess of the

ol id_image b d.and._j al j
Fsharaand “1eRe, Yick TR b Y et e TPkndceo ehe
correction nmny be realized by snoothing.rough edges
T éﬁaPa&{l%r%l%%qwn EREOTEGF o %%dt%%hedﬁ‘%&oi?gs ey be
is illustrated in FIG 33A, for exanple. It is noted
anranoPGEo 338 aea teldi ggvam ai FPUSE ritddfy T8I9dORp U FR oFfPSPect
exanple in which the nmediumand 20 snmall droplets are
i shhasgbdsainB3lfy didireXt300. dpRlsds arawrdgng to the present
appreci ated fromthese draw ngs, a snoother edge nay
d®odiRahtzeghdyrsischarg hg sABl hdieddamndmnepbetecaion for
600 dpi X 300 dpi as in the present enbodinent. On

&i@%hgﬁfﬁgﬁghétﬂglltci%gﬁ%%g! U590 ifed NG MHIP1e28 in the case
scanning direction for discharging the |arge droplets

is WD 2006/ 093342 PCT/JP2006/.304 7 rr d.

o PREpSRRST BT RE)r G581 b1 ORCERETRS S Bth gy blp may be
directiaon (i.e., 300 dpi,) in_the present, enbodi nent, so
Rusxyen&eds 6F PR ?ﬁﬁg@ﬁ?&g l%‘eaf m%aqug Feal | 35 tné
amount of recording

present embodiment, the droplets for forming a solid image may

be shifted to a high density tone level so that graininess of
the solid image may be reduced and image quality may be
improved.

In the present embodiment, shagginess correction
may be realized by smoothing.rough edges of characters using
the medium and small droplets as is illustrated in FIG. 33A,
for example. It is noted that FIG. 33B is a diagram
illustrating a comparison example in which the medium and
small droplets are discharged at 300 dpi X 300 dpi. As can be
appreciated from these drawings, a smoother edge may be
realized by discharging small/medium droplets at 600 dpi X 300
dpi as in the present embodiment.

On the other hand, the resolution in the main

scanning direction for discharging the large droplets is



liquid. Specifically, as is described above with
reference to 5 FIGS. 6A and 6B, even when the
woeswlousi4on-in the main scanning direction foPCT/JP2006/304658
di scharging |l arge droplets s increased to 600 dpi as
with the resolution for discharging the small/nmedi um
droplets, a droplet anmount reduced to half the current
| arge droplet anount, for exanple, my not be
asfahigeident torrdfpact dreatibley rEephunipra igoltite ismkgecamning
the sub scanning direction; that is, a |larger droplet
B ohs (Reeded3dm dyAvelin @hsOpiasdigendrin@nti Bot Higat a
sub scanning direction. Also, in the present

sgiifgéﬁﬂiifﬁggte’ mBl Wl s AR €S ng@hesRACLES UMRINE of recording

argéd to formone large droplet. In 15 such a
case,. the volta and ti.ne jntervals .of th veral |
J\RI&%}I or mgﬁﬁ?lﬁ%\ve Y9 5€ str |dgf F)r/llcjz%clr{}ﬁl%?voengg'tglnée§erence to
controlled .in order to realize stabl e discharge. , .

5 EdGSor &PngRE, OFn TR YEsERe ERBOUF M b prRAti fighnning
period is based on the formation of the |arge droplet
diradtdrnstabl eisrhypangdadioscHapgkepmyl e naagaisgddto 600
Further, the discharged droplet anmount may be
dpiceeasedhbyhadck sxgl udriapl o dosclespoidy ndid erall/medium
subsequent transm ssion (e.g., the fourth through

Slodifsdr aphebsidi duftirid Iresteatetb endooditRNtursent hedrge
a large droplet may be efficiently formed. 25 It is

T I o

1o JELSTeVS! OhePAler 0.0 pREet S L) L L aige
c%:quveecrtltolgs ?:glallc disi ’rTE}ag el arr%geiro rclilriogl telg ean?c?t?nts Ciasn rrliercla%ed to cover
a solid image region in the sub scanning direction.

Also, in the present embodiment, plural droplets

are successively discharged to form one large droplet. 1In

15 such a case, the voltages and time intervals of the overall
waveform may have to be striétly conditioned and controlled in
order to realize stable discharge. Accordingly, in the
present embodiment, one printing period is based on the
formation of the large droplet so that stgble droplet

20 discharge may be realized. Further, the discharged droplet
amount may be increased by adding droplets corresponding to a
subsequent transmission (e.g., the fourth through sixth
droplets in the illustrated embodiment) so that a large

droplet may be efficiently formed.

25 It is noted that in the above illustrated



direction; however, it is noted that the droplets do

not 5 necessarily have to be nerged in the present
wenhwdosmEnt . Al so, it is noted that in the exaaplR2006/304658

illustrated in FIG 30, |aBching (tone data

rewiting) is realized at the tinme point between the

third pulse P3 and the fourth pul se P4; however,

since the fifth pulse P5 is used in the present 10
emcadginento pbrrala drmallletdr epkeneiged feefsurordhraling to

the latching (tone data rewiting) may alternatively

e epercborroed tlad l1deyd iareppeitnto betateethd Hearbeudtbplet may

pul se P4 and the fifth pulse P5. In other words, the
dBchiiDg 1l BN NBYe R ISRt i88get Payidd ansMeSkAB 8fanning
“ tone data of the first half and the 15 second half may

R&Jfabhzefo 00,4 M AlSQ.agCeL gl .n?gw[é U Agtelbedor
a ial imaging

enbodi nent, 1 n case ere a ser

apparatuys is used, .a position ef erence suc i near

S sERBaTer Ly LB it ity G e 1P e bR e HRGIHERE:
scanning direction (see |inear encoder 74 of FIGS. 20
8 and 14) féseortlects dipded Faptatt obke gixamd ecarttrageated

that includes the recording head. In this case, the

idr i€ .waVef baehingetmrat ddtanrevesporye itso raadigadl at the
(position reference signal) fromthe I|inear encoder
théheapoantr bgbesersignaltHiecddpatbarg® dridjuitd Zburth pulse P4;
droplets, and thereby, the drive waveform nmay be

dedRged st 9-NQ 12006/ 493344 sRCPS IPZ2 0064 BB4653e Egeg’&l{ n

sync with the position reference signal, but t

nc Wth th t . .
10 B Yl e o B T kPR e MR A B

variation,
latch%ng (tone data rewriting) may alternatively be performed

at the time point between the fourth pulse P4 and the fifth
pulse P5. In other words, tﬁe latching timing may be set so
that transmission of tone data of the first half and the

15 second half may be realized on time.

Also, according té a preferred embodiment, in a
case where a serial imaging apparatus is used, a position
reference such a linear encoder may be arranged with respect
to the main scanning direction (see linear encoder 74 of FIGS.

20 8 and 14) to correct speed variations of the carriage that
includes the recording head.

In this case, the drive waveform is generated in
response to a signal (position reference signal) from the
linear encoder 74 as a trigger signal to discharge liquid

25 droplets, and thereby, the drive waveform may be arranged to
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Accordingly, the tinme of the drive waveform and the

data 5 transm ssion for transmtting the tone data
woavw/wsssbe adapted for the fastest carriage BOEaP200§/304658
the carriage speed variati od range (although such

time may vary depending on the specifications of the
carriage speed variation). It is noted that the

hatched areas in FIG 30 10 represent the tine range

Rf oVt F¥RCWLRD r BRp RIS toiarh&c€grprageS ighded Put the
variation. In the present enbodi nent, the drive pul ses
doimtfigrarprgiad| mayenalr dy gonatentoninot | ‘g @z ionéngeperiod
so that extra tinme (idle tine) generated according to
ihedarstedgeccspebty vies i1aid earmaygbespesiicedionibhe

whol e. 15 For exanple, in the case of printing at a

z(@c%aidit 99, 0£n600i e 300 3R dﬁmggrwé‘@éf@ﬁn GoRdIthieO H%ta

that is,” "even for discharging a |arge dropl et, the

%%gﬂ 1%%%25f§5§n€fén cﬁ%%ﬁngg%ﬂgr@£§gdé% f% tbn%gradapted

encoder I'S arrange correspon

erva r d| schar Iet at 20, 600 d
Kb G CaPESSEl Tt L SRBSCL AR eEh FYES 1 oleL gariation
inthe first half and the second half are respectively
e d@lthsuphdivekiuains éiey, vard dcperindnge ther
aI | om ng carriage speed variation has to be arranged
drstaiegdicathens | o5t thwal daamidget hbpesécomdidialdn) .I n thi s
case, since an adequate anount of 25 tinme has to be

secured between detye wameftbenbatehe@ahi@es WA FIG. 30
2006/ 093342 PCT/ JP2006/ 304658 75 stabl e di schar ge,

tdgR e ahl oW Rg %dﬁbé%ﬂdﬁ&@d%ﬁﬁtf%cth%% ttﬁebéarrlage
secured for the two sets of pul ses. Fbmever |n

{Eéggavarﬁggggﬁper&n éﬂ %%e%en%rgﬁbgél én . e ALTE g pulses

for forming a large droplet are controlled as one set so that
extra time (idle time) generafed according to the carriage
speed variation may be reduced on the whole.

For example, in the case of printing at a
resolution of 600 X 300 dpiAunder normal conditions; that is,
even for discharging a large droplet, the position reference
signal generated from the linear encoder 74 is arranged to
correspond to the time interval for discharging a droplet at
600 dpi. Specifically, in this case, thrée pulses transmitted
in the first half and the second half are respectively handled
as individual sets, and a time range for allowing carriage
speed variation has to be arranged between the first half and
the second half. 1In this case, since an adequate amount of

time has to be secured between drive waveforms to realize
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set of drive pulses included wwthin a tinme interval
for 5 discharging a droplet at 300 dpi as opposed to

woQMethps342t he printing period may be adequat ePgT/IP2006/304658

controlled by securing tings for one carri age

vari ati on between sets of drive pulses for formng

one |arge droplet. As can be appreciated fromthe

above descriptions, 10 forming a |arge droplet using
stiablpukds eshacger diinpe tivt hé lopiagehvo epdyudiagentvairdations
different fromformng two droplets at 600 dpi X 300

HHH .toSpeckEtaatdiyfot ntHhewoasetef oseguedds .al Mpwever, in the
di scharging plural droplets over the first half and
ﬂfg%éﬁ%cgﬂgodhﬁéﬁtassiﬂbé3Qelﬁ&@éeﬂkoﬁﬂ$¥miénfarmeﬁh%s;ng a

sequencing timng of 15 the pulses has to be fixed in

Qrdere 4o 6ang %eé glem{]ﬁ{%' gthr$S§ﬁ§ 'Pv'élt RS

pressur|2|ng |qu reali zZe
har ge and .t he, desir dro | et anount ot ed
iR et R et Podh asdmoserdoﬁ?eéo@y e the

smal | / medi um droplets is not very high, slight 20
Rﬁ%ﬂﬁﬂ@goﬁ§rﬂﬁdt$@¥1Qﬁuﬂqﬁ9u96§ﬂV|6ﬁ§t%ﬁl%QQabY securing time
smal | / medi um dropl ets may not cause significant inage
fegreagathonifabt hougtiqobetiverndestat oD iyed pulses for
differences in droplet anounts nmay occur since the

frinigegwaref @aﬁg@rdmplétz.es the | arge dropl et
formation). In fact, since the discharging resolution

of the 25 ﬁgabgﬂnﬁgi HARKeY FRohNen Bl Re tions,
di rection nay be WO 2006/ 093342 PCT/JP2006/304658 ?

fi
AURRLL 81 SLLve T agtensed.Ang] 5.00861L0ed AR IS the

Iarg%rdro | et that

he r n l |
p ese t enbod ITE orming two %roplets at

present embodiment 1srglfferent
600 dpi X 300 dpi. Specifically, in the case of sequentially
discharging plural droplets over the first half and the second
half as in the present embodiment, the sequencing timing of
the pulses has to be fixed in order to control the remaining
pressure within the pressurizing ligquid chamber to realize
stable discharge and the desired droplet amount.

It is noted that since the visibility of the dots
formed by the small/medium droplets is not very high, slight
deviations in the landing positions of the small/medium
droplets may not cause significant image degradation (although
position deviations and differences in droplet amounts may
occur since the drive waveform prioritizes the large droplet
formation). In fact, since the discharging resolution of the

small/medium droplet in the main scanning direction may be
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formed by plural droplets is arranged to be di scharged
based 5 on a reference signal obtained froma carriage
weoasictowssazsi gnal (| i near encoder), and tone daC®JPI086/304658
| at ched fromthe reference 76si gnal at appropriate
timngs (to performa subsequent data transm ssion of
plural data transm ssions) so that position deviation
-of the large droplet may be prevented and high 10
guelritiyibibyi gcregsdre aseaki dedcriped ddvg,| dlhengmage
drive waveform and a data transmtting nmethod used in
quadevenhbyepbodipesnte Dff rohe thpseagpéct nvention are
described with reference to FIGS. 34 and 35. 15 The

wavef orm usgdih 8 LhS HesaRbaerbadi Bntardd@dASt that is
first through eighth pul ses P1-P3. The second pul se

2 and. t he.sixth,pulse P6_o e r h
Grat pnbr st L WRLKESs drcsra A e s SRR Bleea
small droplet;, and the first pulse Pl and the fifth
PUFs ESBETBROE hs1 BtP bRl eartofat BPBr i (L e FOSARt PRapional
in shape are used for formng a nediumdroplet or a
(ldngerdeppPeer) Alarsl tosge daaraaret brechadyfdios ghangeisrence
are transmtted twice within one printing period as
simnkheathepdrobr oaigh tSimihkysertbodperhitsn adesdsicomgnt data
above. 25 FIG 35 is a table indicating whether

HRRMEES 1 8heo WH RORSI 03342 rBEEMI P2OON 3046 That/ Position
di scharged by the pulses PI-P8 according to the

L T S
Sy 9t 0BG Eh (5 Ghanaed B8y,

In the following, a drive waveform and a data
transmitting method uséd in a seventh embodiment of the
present invention are described with reference to FIGS. 34 and
35.

The waveform used in the present embodiment
includes first through eightﬁ pulses P1-P8. The second pulse
P2 and the sixth pulse P6 of the present waveform that are
identical in shape are used solely for forming a small
Qroplet; and the first pulse Pl and the fifth pulse P5 of the
present waveform that are identical in shape are used for
forming a medium droplet or a large droplet. Also, tone data
(tone signals 0 and 1) are transmitted twice within one
printing period as in the third through sixth embodiments
described above.

FIG. 35 is a table indicating whether droplets are



pul ses P2 and P6) and a nedi um dropl et (discharged by

pul ses 5 P1 and P5) are arranged to realize dot
wobaonwwmwsan | ndependently in the first half andCriir2006/304658

second half as in the sixth7 enbodi ment descri bed

above. That is, the large droplet is configured to

realize imaging at 300 X 300 dpi, and the

medi um smal | droplet is conflgured to realize imaging
dascbepaxd by Boo mpises| R1rRe prewehinersodinveselerheon of

pul se wavefornms used for formng the small droplet in
thieepfilest hal P8 and tthiee ceoatond shaldlarshowet innElgdesld. As

in the pulse waveformfor form ng the |I|arge droplet,

igndhatg anrangetitrihaveal drati catoshapesi sBh8rysd by
pul se wavefornms used for form ng the nmedi um dropl et |n

phgges Eséngaﬁé)QQgi%x ?Eﬂngr£§%§t5¥&i§ %r%gﬁdbbnpul es

e pu wavef orm orn1ng arge

dtob t
s oS ERT96Pa 8 e o0 Leal i Shene B S ptBlencentay
be arranged to be identical in the 20 first half and
iphéhee bRl Nattt 8% e Fﬁﬁ@@df%ﬁ%ﬁu%%n+qn§?ebélXth

facilitated, and image quality may be inproved. It is
epbpdimenkt dwcclrmib@b@mvw i Fage ualthey lariggedrppaet is
pul ses are preferably used for form ng snall/nmedi um
conapbatedi Hot Reafidestimagh hgaad $de Segonddgpal fas® dHat
the 25 droplet amounts of the small/nmedi um droplets

mfeg&{lﬁsﬂsﬂné!li he-HH 2008/ %%ﬁ%f:gu?&ir /tbp%%%@/l%@%égﬂg at 600 X

|rst hal f and the second half may be the sane
10 P g- that in another enbodi nent, independent puises
or forming the mediumdroplet may al so be included

in the dr|¥e t é“gé%sent embodiment, the pulse waveforms used

for forming the small droplet in the first half and the second
half are not included in the bulse waveform for forming the
large droplet, and are arranged to have identical shapes. The
15 pu;se waveforms used for forming the medium droplet in the
first half and the second haif are included in the pulse
waveform for forming the large droplet, and are arranged to be
identical in shape. In this way, the droplet amounts of the
small/medium droplet may be arranged to be identical in the
20 first half and the second half so that image formation may be
facilitated, and image guality may be improved.
It is noted that with regard to image quality,
identical pulses are preferably used for forming small/medium
droplets in the first half and the second half so that the

25 droplet amounts of the small/medium droplets formed in the
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provi ded that the pul ses may be accommodated wi thin
the 5 appropriate printing period. In the case where

wdnrpos@opadb ses for form ng the medi um dropl et PATAUP®O6/304658

first half and the second H8l f are included in the

drive pulse for formng the large droplet and are
arranged to have identical shapes as in the present 10
enbodi ment, waveform constraints are additionally
fuﬁp@sbdlﬁnancﬁ heéredrsiegenguhsef vigase fsr rilfeosafngr-m A $hienoted

| arge droplet, and thereby, the pulse for formng the
thedi um dnophet drmbodimeher, abhgeparrdngegudisean for forming the
i nternedi ate point so that adjustnents nay be nade by

meHBSR4ESH1 PYIngs, wakef 8emBndbud«ll apl eth®) drlifet Reveform
illustrated enbodi nent, the fifth pulse P5 is

d nj I
AR WA R g e,
t he Iarge dropl et, the discharge

aEB§8Erb’f‘t?ri%er %26 i scharged by the fifth pul se

. may be sllghtly slower than that of the other pul ses.

Accor di ngl ¥2 i $£afsy "BereofHER REF By fO&dF@ﬁ“ﬁﬁ% e
wavef ornms of the subsequent seventh and eighth pul ses
mp@ignddRgplet ein Hhef tfhrandhsl ktandiridy estesodids bhaf gre

for formng a large droplet) to enabl e dropl et
idcsabadgen atha A5 vel ipghtky foastemidiopihet ldirgehargelet and
speed. WD 2006/ 093342 PCT/JP2006/ 304658 79 It is

aRet gdrhhgtq the rﬁrv%ollefen%egbagrqagaéso%%d i9f thieprdsopt et
di scharged by the fifth pulse P5 is decreased in the

e&ggﬁlﬁgn£orﬁg63¥6}d A %@tgg93{§tafgmé&hfﬂlokg§1§afﬁp$£éﬁ on

the drive pulse waveform for forming the large droplet, and
thereby, the pulse for forming the medium droplet is
preferably arranged at an intermediate point so that
adjustments may be made by subsequent pulse waveforms
(droplets).

In the illustrated embodiment, the fifth pulse P5
is arranged to have the same shape as the first pulse Pl and
is used to form the medium droplet. Thus, in the case of
forming the large droplet, the discharge speed of the droplet
discharged by the fifth pulse may be slightly slower than that
of the other pulses. Accordingly, this may be compensated by
adjusting the waveforms of the subsequent seventh and eighth
pulses P7 and P8 (i.e., fifth and sixth droplets discharged
for forming a large droplet) to enable droplet discharge at a

slightly faster droplet discharge speed.
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dropl ets are successively discharged by the previous
pul ses to 5 cause a rise in the neniscus. Although

weuals/a3xrse in the neniscus can realize an i RCTEPRXO6/304658

in the droplet anobunt, undeé® normal conditions, the
applied voltage has to be raised in accordance with

an increase in the droplet anount to supply the
correspondi ng di scharge energy. Wen the sanme voltage

as 10 t hat Tapps i eetdbrihgits har gragl ¢hed¥sgharagr éﬁleég of the
(in which no rise in the nmeniscus occurs) is used for
croghlepl disblyatdesl Hyi fithe pufske P5]s¢ b dischargessgeid the
may be slightly slower. Accordingly, by arranging the

ddes o ff @brhDfidni g dite medhust Ehopy eto i thdeweeRhat
plural pulses for formng the |large droplet, 15

d&%gﬁ%gsi 9Pe n@t,}{ccgfssﬁﬁr l?/r H?gcﬁé(rcggg ﬁybﬁ?@%&bigus pulses to

roplets. It is noted that in the present "enbodi ment,

the droplet. discharge timng,is, set to tim.ng tha
S o L8t o € seugvE 4y REPAT I ot hapge ol Hltne
dropl ets. As can, be appreciated, fromthe above

MFESECIFt FRRsTeabiE] R dFTeapRI $8 e A5 Se 2PPERENt under
enbodi nent includes at |east two drive signals for
ngirgelacghAgt el dithe erprlsadsvahtaes INag He danwsasped in

at least twice based on tone data transmtted plura
ddameslantcthivhtloren piriaddansg pertibd doopler elmpunicnpposepply

i mge quality. The drive signals for discharging 25

tHORe e spbnsuptBMdIRldY bher§pMe Wiae Be lsaast vbMEGe as
may not WD 2006/ 093342 PCT/ JP2006/ 304658 80 be

fi t . disch ' et;s..of ;. :
R T A S e
he realized. Also, the d or. di

Hﬁ%ﬁﬂlgtg 8fmenlscué occurssiyg &ég@a%g&fa dropi%%aﬁgigge

fifth pulse P5, the discharge speed may be slightly slo%er.
Accordingly, by arranging thé pulse for forming the medium
droplet in between plural pulses for forming the large droplet,
correction may be performed by the subsequent droplets.

It is noted that in the present embodiment, the
droplet discharge timing is set to a timing that enables
stable successive discharge of large droplets.

As can be appreciated from the above descriptions,
the drive pulse used in the present embodiment includes at
least two drive signals for discharging droplets of
substantially the same size at least twice based on tone data
transmitted plural times within one printing period to thereby
improve image quality. The drive signals for discharging

droplets of substantially the same size at least twilce may not



substantially the sanme size at |east twice may be
configured 5 to be used for dischargi ng droplets of
woneoem3awr e ot her sizes so that the overall PCHEPING/304658
the drive waveform (printim§ period) may be reduced.
In the follow ng, an eighth enbodi rent of the present
invention is described. 10 In the present enbodi nent,
the printing node may be sw tched between a node
bgsragfidierathvief demuand fore dbtdhangiags dreplags nef idier
of the third enbodi nent (see FIG 24) and a node
stigeagset hehana \sefommancgntn t tiee ddtep tatansett inay et el iofed .
the seventh enbodi nent (see FIG 34). 15 It is noted
atbat the datweh stigiiang f6F dewHdridiy bebgldat act s
different in the third enbodinment (FIG 24) and the
- ' F 34) .1 Specidiseal i :
R e ove, Guri Mo T he (et e Fane iaTg ghyftoured
| at ched he on/off state of. the al og switch .
5 tBoRE R A ARE YD TRETKEY IaCeR b aes (ot sizes
perforned when the drive waveform is flat. Since the
SRa B briiofovaEre lthitile et ot et en VR ECTHa (e¥ bt T
t he seventh enbodi ment are different in shape, the
peated) tmay dgs rfegiucede respective waveforns are
different. Accordingly, in the present enbodi nent,
the tim ngif athe2Folewwihd Ngat osteytdat @mbbtihinend of the
printing period may be set WO 2006/ 093342

pREILIP200/304858 s 8ds@epeding to the difference in

the drive waveforns used. For exanple, in an inkjet

10 recordingZﬂpn%&@%&%seﬁgeemﬁ£ﬁfﬁgﬂﬂ¥gEﬂ; b?gneiﬁgrméégaméy be
i nk dropl ets Tand on recordi ng
switched between a mode using the waveform and the data
transmitting method of the third embodiment (see FIG. 24) and
a mode using the waveform andlthe data transmitting method of
the seventh embodiment. (see FIG. 34).

15 It is noted that the latch timing for rewriting
tone data is different in thé third embodiment (FIG. 24) and
the seventh embodiment (FIG. 34). Specifically, as is
described above, during the time the tone data are latched,
the on/off state of the analog switch AS becomes unstable, and

20  thereby, latching has to be performed when the drive waveform
is flat. Since the waveform of the third embodiment and the
waveform of the seventh embodiment are different in shape, the
latch timings for the respective waveforms are different.

Accordingly, in the present embodiment, the timing for

25 rewriting tone data within a printing period may be set
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paper may significantly vary depending on the type of
5 recordi ng paper used, and thereby, printing in a

wauands@w3at printing nodes are preferably enabPedJP2006/304658

(e.g., normal paper speed8rinting and gl ossy paper
printing). In this case, the dropl et amounts for the
respective droplets (i.e., large, nedium and snal
droplets) 10 may vary depending on the printing node,
ameerinnguEe, thedidfierengay énokhe n@yl%mﬁvelﬁ@é@ﬁdpﬁ@@y,

in the present enbodinment, the timng for rewiting

tone data Ebroaﬁmgﬂkntﬁnganpénk@dtrmacdnﬁim@tappabetus, the
adaptable to changes in the droplet anounts. It is

shetadihhadr When dMer’ ewel thRodtdpl &gk i1rd ¥8dreddrding
relatively tight restrictions may be inposed on the

p%g'eﬁéemaﬁ?'aé@&?{fﬁ Gandit vapy( &@ﬁ&ﬁ@{ﬂg desig) eygadothere

be Cases drlve wav

ing the desire nt cannot bhe
FeeFoted vt ne' F&%ﬁ 5551 TS oft PEroTHe*
present 20 invention is descrlbed In the present
PErbbaraeRedes r%r‘i)rﬂrﬁtfreﬁ@bﬁﬁd%nﬁﬁjye%e e -&hnirt EREBAHPIRFN
a node using the drive waveform and the data
spegAshi it g matthad osByt hapehi priwpwdi.-nent, and t he
node using the drive waveform and the data
transmtting tethathse?5thkodnophetldaohd mowhithh t one
data are transmtted once WO 2006/ 093342

RepLIP2PO6ANHSE (82e . W 1 Bife ONBediin)t laRgl BRKL2ddrofiets)
i s described above, an inkjet recording apparatus nay
3§ GORE1 QLr&ds 0y eakhzepd; PUIDe e PRt iA%turn, the
drive waveform may vary. Accordingly, in the present
embodiment, the timing for rewriting tone data of one printing
period may be set to be adaptéble to changes in the droplet
amounts. It is noted that when the rewriting timing is fixed,
relatively tight restrictions may be imposed on the drive
waveform condition (waveform.design), and there may be cases
in which a drive waveform for discharging the desired droplet
amount cannot be designed.

In the following, a ninth embodiment of the present
invention is described.

In the present embodiment, the printing mode may be
switched between a mode using the drive waveform and the data
transmitting method of the third embodiment, and the mode

using the drive waveform and the data transmitting method

shown in FIG. 2 (in which tone data are transmitted once
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nodes. It is noted that in a case of printing a
hi gh-quality 5 i mage such as a photographic quality

wOone®o3dshe i nterlaced printing scheme nmay haveTiP200€304658

enpl oyed in which case the 82nozzle pitch does not
correspond to the resolution in the sub scanning
direction. In the case of perform ng such high-quality
image 10 printing, a droplet of a substantially |arge
wsithénsooh psitbhatg peedlodied in the third enbodi nent
(see FIG 24) is not necessary. Specifically, in the
present cage, islefsddnidall bevesuln stEd-Ng«idredhgon
may be increased through interlacing |lines fornmed by

PRk tdsopket Se ﬂd%%%%bio E@§I§§§Q£Qﬁh@ﬁu@%flérﬁntlng
variety of tone level's within one printing period may

%t be geggsﬁﬁé@% tﬂ% S’J.n Qég %J?I rlrpg nﬁ;t Iéln%lgﬁyqtl?gllty

(S
FOFHE usi ng at a ransnl ng WE

|nvoIV|n transnlttln data once within

gt PHET pefi g ab3E: ppedt By Caget dencdteptaced
FIG 2. It is noted that when a data 20 transmtting
DFEORSATI AOBEDE MR MavYenitet PRgSTBHeY *fhtid pihdichl casenelke
within one printing period is used in this case, the
noeglier pdtdat do¢s angnicsgirespbhdetanthd heedadne idat &an the sub
generation tine may cause inconveni ences with respect

deanhhagpai Bébddon speed. 25 Accordingly, the present
enbodi nent enabl es WO 2006/ 093342 PCT/ JP2006/ 304658

83 sel ectigp @ﬁéWﬁﬁﬂaQﬁﬁ?ﬁﬁk%&h@ﬂgtéﬁghckﬂthﬂﬁgglgﬁdlmage

transmtting tone data plural times wthin one
pD nr%tiéigg er:':?];ﬁ et of_t i g subW%XPI n%ifl aeraarr(]_:jSems%LS’zleoguch as that

suit e current prin

realized in the third embodiment (see FIG. 24) is not
necessary. Specifically, in the present case, density in the
sub scanniné direction may be increased through interlacing
lines formed by small droplets, and thereby, representation of
a variety of tone levels within one printing period may not be
necessary. Thus, in this case, printing may be performed
using the data transmitting method involving transmitting tone
data once within one printing period as is described with
reference to FIG. 2. It is noted that when a data
transmitting method involving transmitting tone data plural
times within one printing period is used in this case, the
required data transmission time and the tone data generation
time may cause inconveniences with respect to the printing
speed.

Accordingly, the present embodiment enables
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may be selected so that efficiency may be realized

Wth 5 respect to data transm ssion for a printing
wounas/okse does not require a w de range of t®8a®JP2006/304658

l evels (e.g., third throug3fifth enbodinents) or a

hi gher main scanning resolution (e.g., sixth and

seventh embodinent). It is noted that the present

enbodi ment as is 10 descri bed above may be realized

sgilppiby ORhPBURE A AT HG tiRE tebhtddta (RI1ae 206 Grapfeltting
i magi ng apparatus; nanely, by changing the sequence

tohet hetdapiutalansimdas ivighini engoRrintiing meriodor dén this
the hardware configurations of the carriage such as

wWae deeaot dhmgnhesnicbnl Erdndbt befdeathd raweren20prdathng mode
have to be 15 changed so that the present enbodi nent

n3RY nRe seasttda r&@"dk?a@:d effitibScPat8d BdhaleallzERCwith

nbodlnents descri bed above, transni ssion of tone

r%%ﬁo%c@a\é?ggae@? Z%Parls%%'é l%gt @ogb%maﬁ modgs %gleegoes not

re Ive exanpl e present

O “0d 5L9 GG 55 SPEH OFY i Gt e NG PeRuGh Fiftn

case where the nunber of droplets discharged within
PedareAtf hgP et ibheic eeds ﬁﬁ@nmﬂ@sqﬂfﬂgﬁﬂ@ﬁe (PeGe} sSixth
bei ng represented. Al though the present invention is
aglowevanth edsoiinmed)w th respect to certain preferred
enbodi nents, it is 25 obvious that equival ents and

nmodi fi cati opsSigMhdtarciiatt @h¥H2006h 0983t iment as is
PCT/ JP2006/ 304658 84 others skilled in the art upon

ofe%%%ﬁgdaggow%ﬂft@@dje%qﬂzas s SREG fiicatd nadé_ﬁ@tlng the

present invention includes all such equival ents and

coﬂ¥f2h0%5r€”§00 g¥jt 'ﬂmgbﬁﬁg Qgégfg%ﬁgi“%amely, by changing

the sequence of the data transmitting unit 302. In other
words, the hardware configurafions of the carriage such as the
recording head 11 and the head driver 207 do not have to be
changed so that the present embodiment may be easily realized.

It is noted that iﬁ the embodiments described above,
transmission of tone data having a 2 bits/CH data structure is
described as a representative example. However, the present
invention may egually be applied to embodiments in which data
of 3 bits/CH or higher are used in a case‘where the number of
droplets discharged within one printing period exceeds the
number of tone levels being represented.

Although the present invention is shown and
described with respect to certain preferred embodiments, it is

obvious that equivalents and modifications will occur to
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scope of the clains. 5 The present application is
based on and clains the benefit of the earlier filing

wdatm/osz4dapanese Patent Application No. 2005P059P266/304658

filed on March 4, 2005, and4 Japanese Patent
Application No. 2005-063222 filed on March 8, 2005,
the entire contents of which are hereby incorporated
by 10 reference. WO 2006/ 093342 PCT/JP2006/ 304658 85
oS skilAadi kaghng apparanuseedipei Fhgnderstgaiddng the
di scharge head configured to discharge 5 recording
spepiifdcasione oThavpe=genorndivegthoguitcldrdsy etls; suah
dri ve waveform generating unit configured to generate
Sqniliiad enwaVvehar mbane ddiiRgsat ahgast 1wl \Ws Bhakse
wthin one printing period; and a drive unit
confd gured.ta Lnput tone data, select 10 a relevant
ri‘-ve signal %ron1the drive waveformvia a switch

t hat it [of f di to,the t dat d
ool y the 168 BReeTTn o Craaar ib BresY e ctiims

di scharge head; wherein the drive signals of the drive
Rerpdidr AE Fhel edel ¥ i Fdingr feEesPindrarss s &afiead one

dot with a large 15 droplet in one printing period,

ol igetheasNoonel @5 -CGb Xddoid lddi or Maypialsd ,f A00Sor andg

at least two dots with at least two snmall droplets in
Japmnpsienbhignperpei@tdoa bi.r doos+ &3 igmalled oh March 8§,
formng at |least two dots with at | east two nmedi um

Mopl ehs bALORE PEAMANY BEWh9Eh are hereby incorporated by

the

reference.



10

15

20

25

20 2. An inmagi ng apparatus conprising: a liquid
di scharge head configured to discharge recording

woi2opsiod3zs one or nore recording |iquid dropl ePET/IPH06/304658

drive waveform generating Wit configured to 25
generate a drive waveformincluding at |east two drive
signal s WD 2006/ 093342 PCT/ JP2006/ 304658 86 within
one printing period; and a drive unit configured to

i nput tone data, select adi@Imgant drive signal from
the drive waveformvia a switch that sw tches on/off
according to the tone data, and apply the 5 sel ected
drive signal to the liquid discharge head; wherein

the drive sigpa £$u%p%g Li-Y 8 ayef ﬂglﬂ clude a

first drive S|gn n1ng one a large
dropl et, and. at a econ drlv si gha
formng ofeltdtt %;4%? §a§ﬁ§|Pea ofﬁ%éi d? © %lSChar ©
drive signal for 10 form ng one dot mnth a nedlum

IgCopreny theuid rat @e P& EPFRarccHIng reéditdedrpylets:
repeating the at |east one of the second drive signha

and t he thardrivé wveavsifgpral generahsng tuso tt iaasd 1owireRi Ao

one printing period. 15 3. The inmgi ng apparatus as
ehaireed Andelieé mavefiors, inehedehs dhddaatgewdr dpliee ssgnals
formed by discharging a plurality of the recording

leltﬂ_uLhdoﬂéogkfﬁéln@rgér%aanghag the discharged
recording Tiquid droplets to merge before said 20

di schar ged,reordifg o iied ofren! €5 A hePliata, select
i magi ng nedi Um
a relevant drive signal from the drive waveform via é switch
that switches on/off according to the tone data, and apply the
selected drive signal to the liquid discharge head;

wherein the drive signals of the drive waveform
include a first drive signal for forming one dot with a large
droplet in one printing period, and at least one of a second
drive signal for forming at ieast two dots with at least two
small droplets in one printing period and a third drive signal

for forming at least two dots with at least two medium

droplets in one printing period.

2. An imaging apparatus comprising:

a liquid discharge head configured to discharge
recording ligquid as one or more recording liquid droplets;

a drive waveform generating unit configured to

generate a drive waveform including at least two drive signals



10

15

20

25

4. The imaging apparatus as clained in claim1l or 2,
wherein the large droplet is fornmed by dischargi ng at

woOeeast093335 four of the recording liquid dropl ePeT/IVED06/304658

2006/ 093342 PCT/ JP2006/ 3046%8 87 5. The i magi ng
apparatus as clainmed in claim1, wherein the first

drive signal for formng one dot with the 5 large

dropl et includes at | east one of a drive signal for
wiidhihngnener doting perdosirabkhddr opl et and a drive

signal for formng one dot wth a nmediumdroplet. 6.

The i magi ng @ppas ainis asnehgured i odmitntbrer data, 1elect
wherein the tone data are switched within one printing

‘ ap%'l@@an€ ar e 1dREINg f‘%Bﬂagﬁé USr Bfe GlRIdRGnd K16l @I it ch

5 whereinthe Iiquid discharge head, the drive

efor ener g unit e drive unit
tﬁ%ﬁf .sga?’s%g 51 BAT S B Ly P A, S ay e
node in which a mai_n scannin resol ution |%8arranged

sedepEefli gheve thiahad §8bt§8aﬁ%gﬁtﬁzﬁ}%%§ﬁﬂ99 Adexcept

for a case in which one dot is fornmed by the large

dropl et w vhérebnehs idnivegsperabyl oh e Griggseavagorm
mai n scanni ng resol ution and the sub scanning

inhedabet sofiiase davecardedatofbe fguming 2me8 dothegith a large
i magi ng apparatus as clained in claim?7,

droplet, and at least one of a second drive signal for forming
one dot with a small droplet and a third drive signal for
forming one dot with a medium droplet, the first drive signal
being realized by repeating the at least one of the second

drive signal and the third drive signal at least two times

within one printing period.

3. The imaging apparatus as claimed in claim 1 or 2,
wherein |

the large droplet is formed by discharging a
plurality of the recording liguid droplets, and arranging the
discharged recording liguid droplets to merge before said

discharged recording liquid droplets land on an imaging medium.

4. The imaging apparatus as claimed in claim 1 or 2,
wherein
the large droplet is formed by discharging at least

four of the recording ligquid droplets.



10

15

20

25

WD 2006/ 093342 PCT/ JP2006/ 304658 88 wherein the
i magi ng node involves formng an i mage using a
waameionsde| aced i magi ng schene. 5 9. The i nagi RQT/JP2006/304658
apparatus as clainmed in cl&m1 or 2, wherein the
recording liquid includes pignent and has a viscosity
of at least 5 nPas at a tenperature of 23 C. 10 10. An
i magi ng apparatus conprising: a liquid discharge head
configured to discharge recording liquid as one or
nore recording liquid droplets; a drive waveform
gener at i ngsuUnfie GORAJiGldr @dphPat @ NS ad1e @l liveclaim 1,
waveform including at l'east two drive signals 15
wWeh-Bkp one printing period; a drive unit configured to
I'nput tone data, select a relevant drive signal from

the drive veformvja a switc that switches qn/off
nccordi ng TR L HESbRE ik 2LERRN S iP TS SreRpbqrith the
drive signal to the liquid. discharge head; and 20 a
lergRsArePi el iRfiludesnfitgdPadt tdPe rainshidriiige sigpal for

data to the drive unit a plurality of tines within one
fprinahgngneeddoodiittthe soaélddrepbsi mptenfirgveedigmah for
plurality of bits per channel. 25 11. The i naging
fappanagt dse agotlvditied madelai drdfletO 2006/ 093342

PCT/ JP2006/ 304658 89 wherein

6. The imaging apparatus as claimed in claim 1 or 2,

wherein

the tone data are switched within one printing
period.

7. The imaging apparatus as claimed in claim 1 or 2,
wherein

the liquid discharge head, the drive waveform
generating unit, and the drive unit are configured to realize
serial imaging using an imaging'mode in which a main scanning
resolution is ‘arranged to be higher than a sub scanning
resolution except for a case in which one dot is formed by the
large droplet within one printing period in which case fhe
main scanning resolution and the sub scanning resolution are

arranged to be equal.

8. The imaging apparatus as claimed in claim 7,
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when the liquid discharge head is driven to discharge

a plurality of the recording liquid droplets, the
wdizemsivasyged recording liquid dropl ets are arr aRQedpP1006/304658

be merged 5 to formone sirs§l e dropl et before | andi ng

on an imaging nedium 12. The inmgi ng apparatus as

clainmed in claim 10, wherein a nunber of droplets to

be di scharged by the drive 10 signals included within
whreepni nting period of the drive waveform exceeds a

nunber of tone levels represented by the tone data.

13. The i mag ngnappay aods asvelwdsretbiming anmihige USing a

wherein the nunber of droplets to be discharged by the

n@h‘—‘iﬁtéiﬁi@éc@ lmﬁa@e@cﬁféﬁ@l h one printing period of
the drive waveform’is greater than or equal to four.

20 14. The imagi ng apparatus as clained in claiml0,
wherein a transmtting timng for transnitting t he

tone data_w thin, one rintin eriod s, co ured tQ

o ad) ust &bI B FHGIS AREeREE G aphar s A At 1 or 2,
clainmed in cIa|n110 WO 2006/ 093342 PCT/JP2006/304658
wbgrehperein the |iquid discharge head, the drive

waveform generating unit, the drive unit, and the

transm ttitige wedomtieg ddghiduircdludes gdlgmeetnedd has a

swi tching between a node involving 5 transmtting the

vi9Bgsdat oo A urdldit ¥ abatd nBs Mddiga@R@re of 23 C.

10. An imaging apparatus comprising:

a liquid discharge head configured to discharge
recording liquid as one or more recording liquid droplets;

a drive waveform generating unit configured to
generate a drive waveform including at least two drive signals
within one printing period;

a drive unit confiéured to input tone data, select
a relevant drive signal from the drive waveform via a switch
that switches on/off according to the tone data, and apply the
selected drive signal to the liquid discharge head; and

a transmitting unit configured to transmit the tone
data to the drive unit a plurality of times within one
printing period, the tone data being configured at a plurality

of bits per channel.

11. The imaging apparatus as claimed in claim 10,



printing period and a node involving transmtting the

tone data once within one printing period. 16. The
woOnemioasp4appar atus as clainmed in claim10, 10PGIEPE6I304658

the drive signals of the drS9ve waveform i ncl ude at

| east one drive signal for discharging a plurality of

the recording liquid droplets to forma |arge

droplet; and said at |east one drive signal is
whembigured to be 15 used as a drive signal for

di schargi ng one or nore of the recording liquid

dropl ets tghdorina dippbetiisthergé hednd he draked to

droplet according to the tone data transmtted after a

sEﬁEr&éa§$§ﬂﬁ¥8ﬁ¥¥§Mo%hkﬂeoP@c&%d{Eérﬁidﬁiﬁ'QQOpZQt§7 the

he I magi ng apparatus as clained inclaim1l wher ei n
e.driv nal.s of t he drlve veform.i e, at
dllgghfargv\g lfﬁcig%/e& S|ggnalqéuflo sar‘-’lgrlengara{g(i:l égs?'gtbe merged

droplets of substantlall¥ a sane size at least twp

5t AESTWPRRI ALBAES 288 Bridht iNeg OpEr iR INAC°R08B/ 6933k medium.
PCT/ JP2006/ 304658 91 18. The i magi ng apparat us as
claimed in claim17, wherein the at |least two drive
signals for discharging the 5 at |east two droplets
of substani?alThe thecaneappaeatts | #astlaimsol tinmesaamelo,
not used for discharging droplets of other sizes. 19.
whiech gagi ng apparatus as clainmed in claim17, wherein

a number of droplets to be discharged by the drive
10 signals included within one printing period of the drive
waveform exceeds a number of tone levels represented by the

tone data.

13. The imaging apparatus. as claimed in claim 12,
15 wherein
the number of droﬁlets to be discharged by the
drive signals included within one printing period of the drive

waveform is greater than or equal to four.

20 14. The imaging apparatus as claimed in claim 10,
wherein
a transmitting timing for transmitting the tone

data within one printing period is configured to be adjustable.

25 15. The imaging apparatus as claimed in claim 10,
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10 the at least two drive signals for discharging the
at least two droplets of substantially the sane size
wabtode@masi42 two tinmes are used for dischargi ng #CoOpPBN&304658
of other sizes. 20. A seri &0 imagi ng apparatus that
realizes tone 15 |evel representation with respect to
one pixel and forns an inage using an i nmagi ng node
involving arranging a main scanning resolution to be
viiieghén than a sub scanning resolution, the seria
I magi ng apparatus conprising: a liquid discharge head
confi gur edth® IH@chakdechaege2bead, Nt drd&er elakgform
liquid droplets for form ng a droplet which droplet

gje_%e@é{':ﬁlsﬁe@ni@ hed Brove ahid, Phiu a&ﬂet ycx%sﬂﬂlftft%@nﬁmt are
Sl zes; erein the imging node i nvol ves arrangi ng t

c%%@gag@@nw%gaem' Uhbaa L 1@8H?1%]%tlgeecwsﬁ b ScannkL ”9%volvmg

reso I on case ere et forned

t he one or WO 2006/ 093342 P O 6/ 30465
Yreesrur Ry I%Eﬁ d-&fo Pgﬁs cB?PE%JpJo‘Z% léi‘ersai”éghm one
droplet. 21. The serial inmaging apparatus as clai ned
DEANtERG| PePd ARt RePOEBNHRY ST VR StRngriivE Lngy Eher fene
generating unit configured to generate a drive
dadreebocen witdhudiang aprphuiabi bgrodddrive signals
Within one printing period; a drive unit configured to

i nput tone data, select a relevant drive signal from
the drive waveformvia a switch 10 that sw tches

on/ of f aCCPéd'TKbtﬂ%abﬁﬁgt9%5a9§£@s And13pRly theclaim 10,
sel ected drive signal” to t I 1 qui d di scharge head;

w%%geln

the drive signals of the drive waveform include at
least one drive signal for discharging a plurality of the
recording liquid droplets to form a large droplet; and

said at least one drive signal is configured to be
used as a drive signal for discharging one or more of the
recording liquid droplets to.form a droplet other than the
large droplet according to the tone data transmitted after a

first transmission within one printing period.

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

the drive signals of the drive waveform include at
least two drive signals for discharging at least two droplets
of substantially a same size at least two times within one

printing period.
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atransmtting unit configured to transmt the tone

data to the drive unit a plurality of tines within one
wonrbestoossg2 peri od, the tone data bei ng confi gur edTaPr2086/304658

plurality 15 of bits per annel; wherein when the

| arge droplet is forned by a plurality of the

recording liquid droplets, said recording liquid

droplets for formng the | arge droplet are di scharged

based on a reference signal corresponding to a

carriage 20 position, and a transm ssion timng for

transmitting.t hiee tioneyirdatapatrbens aad | ¢ x4 idgdrnisimcsaianl7,

within one printing period is set according to the

whakeraence signal. 22. The inmagi ng apparatus as clai ned

inclaim?2l, 25 wherein W 2006/ 093342

PCT/ JP2006.3Q4 L i t i

wavef orm i [r%gtgu%gglaeta% téézjlngt %gﬁéng#%%$ g]%gﬁ ngsrcglalr&gng the

i schargin he one or_ nore, recording |Iiquid dropl et

Pl PRrarty The e faPUpPSen Eani L AF oo 2P ooRE Teast

drive signal is configured to be 5 used as a drive )

Wogrameforrgi 8ehar st ol Onelbichid nee 85PRILAGES P Ritepr sizes.

droplets for formng a droplet other than the |arge

dropl et according to the tone data transmtted after a

first transm ssion within one printing period. 10 23.

The i magi ngoappies ainisyias eppbiadus <€l didnmd inwkesennl7,

t he i magi ng node invol ving arrangi ng the main

wheaknhng resolution to equal the sub scanning

resol ution upon

the at least two drive signals for discharging the
at least two droplets of substantially the same size at least

two times are used for discharging droplets of other sizes.

20. A serial imaging apparatus that realizes tone
level representation with respect to one pixel and forms an
image using an imaging mode involving arranging a main
scanning resolution to be higher than a sub scanning
resolution, the serial imaging apparatus comprising:

a liquid discharge head configured to discharge one
or more recording liquid droplets for forming a droplet which
droplet is arranged to be in one of a plurality of different
sizes;

wherein the imaging mode involves arranging the
main scanning resolution to equal the sub scanning resolution

in a case where the droplet formed by the one or more



10

15

20

25

formng the |arge droplet involves form ng an i mage
using an 15 interlaced i magi ng schene.
WO 2006/093342 PCT/JP2006/304658
92

recording liquid droplets corresponds to a large droplet.

21. The serial imaging apparatus as claimed in
claim 20, further comprising:

a drive waveform generating unit configured to
generate a drive waveform including a plurality of drive
signals within one printing period;

a drive unit configured to input tone data, select
a relevant drive signal from the drive waveform via a switch
that switches on/off according to the tone data, and‘apply the
selected drive signal to the liquid discharge head; and

a transmitting unit configured to transmit the tone
data to the drive unit a plurélity of times within one
printing period, the tone data being configured at a plurality
of bits per channel;

wherein when the iarge droplet is formed by a
plurality of the recording liquid droplets, said recording
liguid droplets for forming the large droplet are discharged
based on a reference signal corresponding to a carriage
position, and a transmission timing for transmitting the tone

'data after a first transmissién within one printing period is

set according to the reference signal.

22. The imaging apparatus as claimed in claim 21,

wherein
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the drive signals of the drive waveform include at
least one drive signal for discharging the one or more
recording liquid droplets for forming the large droplet; and

said at least one drive signal is configured to be
used as a drive signal for discharging one or more recording
liguid droplets for forming a droplet other than the large
droplet according to the tone data transmitted after a first

transmission within one printing period.

23. The imaging apparatus as claimed in claim 20,
wherein

the imaging mode involving arranging the main
scanning resolution to equal.the sub scanning resolution upon
forming the large droplet involves forming an image using an

interlaced imaging scheme.



