-1- DESCRI PTI ON | MAG NG APPARATUS 5 TECHNI CAL FI ELD
The present invention relates to an i magi ng apparatus
that includes a liquid discharge head configured to

di scharge one or nore droplets of recording Iiquid. 10
BACKGROUND ART An i magi ng. apparatus such as a printer,
a facsimle nmachine, a Ebﬁier, a plotter, or a
printer/fax/copier nultifunction machine nay be a
serial i maging appar at BES4RIPSI0]escri bed bel ow or a
i ne i magi ng apparatus including a |ine 15 recording
head, for exanple. A serial imaging apparatus

includes a carriage in which a |liquid discharge head
configured to di schamve o plPersaATiESr ecording liquid
(e.g., 1ink) is arranged as a recording head (print
head), and is <configured to drive the carriage to
serially scan a recording 20 mediumin a direction

5 redSl dizcilar to the conveying directipn of'the
——feéggg?ng—nedlun1(also referred to as ~paper
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“recording paper', or__transfer terial' . .

her ei naf t Pr?ﬁ8ntsb?Y%ﬁt%?ﬁnﬁqﬁggﬁspg?a?ﬁsl?%glng

configured to intermttently convey the recording
apPEER U 40t ARAYLESS & rekBHE g srhatee bsrdrePTiordred to

(record/print) an inmage on the recordi ng nmedi um by -2-

 discipeageding airt mppat dnegp betavweeh reonvdynagl tdeid ecor di ng

medi um and recordi ng an i mage thereon.

BACKGRCUND ART

An imaging apparatus such as a printer, a facsimile
machine, a copiler, é plotter, or a printer/fax/copier
mualtifunction machine may be a serial imaging apparatus as 1s
described below or a line imaging apparatus including a line
recordingrhead, for example. A serial imaging apparatus
includes a carriage in which a liguid discharge head
configured to discharge droplets cof 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 perpendicular to the conveying direction
of the recording medium (alsc 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 (record/print) an image on the recording medium by
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An i magi ng apparatus as is described above that uses
a liquid discharge head may realize nulti-level tone 5
printing by configuring the liquid discharge head to
di scharge liquid droplets in different sizes (e.qg.,
smal|l droplet, mediumdroplet, and large droplet) to
thereby formdots in difderent sizes. For exanpl e,
Japanese Patent No. 3264422 discloses 10 an imaging
repapparday usl témiatuges e tdeere coapvey brdn ihw Inggiorgiag medium
first drive pulse for discharging a first ink droplet
andMrthRbRd 8ng pat Ninad@: pRleirednand a second drive pul se for
di scharging a second ink droplet of a different size

from theahi {sdgidk agf-ophet wet b nadder WdNtabige that
peri od, and conblnlng the first 15 pul se and t he

d f  ( o
.useg%e%?grgggéisglé&‘ﬁ%ccor ﬁe}n}éy 95%199 %ﬂdl‘% q}érve@.rt qare

t ones ove SC osure,

print data of, one Dbi r. chan 1 bit/ are.
oSG P RIS T PRy 8T PSRSF ditb (B pdachFrae
a drive waveform In this 20 exanple, one channe
1igquéfe A5opdehs uit t G ualitng 16RE 8231 e,50qlst droplet,
corresponding liquid chanber and pressure generating
mechieansiroplatt hand oldmw mgoeriles) dae athe el form glomst ABd
used in the above disclosure is described in detai
aifrdrewtWwstBesreference to FIG 1. Print data are
serially transnitted by a 25 clock and registered in a

shift regist Lam Rfdﬁﬂné};%t ®a3b8t-Bo. | sdehed by stioses
l'atch signal (LAT) having a timng corresponding to
an gjt'hnga[gleirr]ltgfe%\ﬁgargwt.u§ hLeh dE Iuvseesplél a¢ie8 %Q@éféﬁ? J.Q{Hl%f ding 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 different 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. Tn this

example, one channel refers to a unit including one nozzle,

its corresponding liguid 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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an analog switch (swtch neans) for each channel may

be determ ned. Specifically, previous print data are

reflected 5 in the current print data (e.g., if the

current print data corresponds to nmedi um dropl et,

print data transmtted for |arge droplet are

reflected). In this exanpBe, a portion of a conmon

drive waveformis applied to pressure generating neans
lafqhiey ast ectinitchek bgmnl ) (HAT)dhsehagge timuial dropiserading

of 10 different sizes. However, according to the above
o Gy e fmikad, cdatBe dF 8RS PSSIcOBohABat Othe @ofgfifetsedte of

at periods corresponding to the period of the drive

' Wi ¢ anhaf f
an g&#wﬂ%&&&;ﬁg (SHOELEShet)S& oM dLbn ussthd OmANhef

refore, data transm ssion may 15 be

constraj ned,_by.the qui renent _of _a_hi I
Qe TPy - PO ARAL (T anGH o PR SRR e agcted
_ when the nunber of channels is increased in order,to
inj Hee cBYT e PRt AR s, thdPFuPYEr S bdr Gt hea

drive pulse is decreased, and thereby, the data_ .
cotresmds|ton meidiem| droptet | inHinthgahrt hreedpeeted F20

the printing speed. on the other hand, it is noted
latfatdr@sicar dirkg redlebisd)dat alrt rdwisnekenpye pet hpektion of a

since the swtch neans may be selectively swtched
cobRf drf \RMRIFH Al k¥l SR td RPrekkleephenetdi€ing means

nunber of tone levels may be increased to 2 (n

ot , L c

S Rt e T P o R e e ot
digiscloses.a techni que for decreasing the data

FEREMF s$1%07 -amount and t he nunber of

However, according to the above drive method, data

transmission has to be completed at periods corresponding to

the period of the drive pulse with the shortest pulse width
used for on/off switching. Therefore, data transmission may
be constrained by the requirement of a high clodk frequency
for data transmission, for example. 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 thaf
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) .




10

15

20

25

signal lines by providing storage neans (shift

register) and translating neans, and controlling the
operation of switching 5 neans based on print data
decoded froma comon drive waveform nade up of

plural drive pulses arranged within one printing
period. By providing the-4ransl ati ng neans, data
transm ssion of print data for one printing period

may be reaphzredeabatar it S2popsthannelofSs bi ttsdcBidique
in the case of four-level tone 10 printing, for

FoL XA Es 1RGC ehdi 89rd o therakaverndessnhbethdatrd number of
transmtting nethod, data are transmtted once in

| 1t ( a @ s ‘ .
_Sl%‘t’ﬁ ;gl%@s”hg” rg%%frg%ys{i%ﬁt%rg LRansi NaBVEer Yrdfdi M) and

intervar. transm ssion tine
appropriate for the nunber. _af channels _and 15 printi
Cr UGt 1y B eaf S otb” St Y BRICBF T hehats o v
transm ssion unit may be reduced. According to the
meapedmued oxappiet fata Heqosed dropedl FOTRRP dhilye waveform
transmssion at 2 bits/CH the nunber of tone |evels
madidaip rey dierndabiczed pslsdd pinredord Vhohin e Pintdng
| arge, nmedium small, null). It 20 is noted that the

pePisber mf Jronedh ayetse Mayaha atnegeasets bydatacreasmgsion

the nunber of bits (e.g., eight tone |levels nay be

of! ?Jbﬂtz% tfg)rbbhél SHnt sod RELEBST ASa 1 hediwbeaso
of bits Teads

to an increase in the nunber of circuit
. el enents withi be. head driyer whicher I ddh Qe
blFﬁc?ee%sC}aélsnea/eRIz éé%gn 25&{, r;':\glr%eac\ségei gft ﬁéﬁ%ajfs% <
transm ssi on amount. -5- Japanese Lai d- Open Pat ent
PrgbirEatith SRG™P2603- 1817 di scl oses a techni que

involving transmtting tone data and

According to the above-described data transmitting
method, data are transmitted once in every printing period
rather thar in eveﬁy drive pulse interval. Thereby, data
transmission time appropriate for the number of chanpels and
printing speed may be realized, and the load of the data
transmission unit may be reduced. According to the present
eXample, in the case of realizing data transmission at 2
bits/CH, the number of tone levels £hat may be realized is
iimited to four levels {i.e.,'large, medium, small, null). It
is noted'thaf 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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selecting a portion of a common drive waveform

according to a corresponding control signal for the
tone data. 5 In the follow ng, 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 separmte signal |ines and

registered in a shift register. The tone (i.e.,

large, neghaptssnBldd-Permnwhitknef PeaThcatiamnelo.i 2006-1817
determ ned by the first latch signal of a printing

di§%¥as% - a 186nd ofnRAA nghapRgim et 8ldMiee WhRa and

on/ o state of "a corresponding switch based on its

corr.espondi ng. contraol si o I £ , 1.Lh
Se%ﬁﬁ%&“@faapgﬁgh%%loﬁéa§§?%%% Fé%gge&%%%%ﬁgi%ffwg?$?5aﬁ° a

on/off state of an analog switch s 15. determ ned
conyesReTEARE SPRHREPL TG (PEdBR EOMarGEropl et Iine

of- control signal lines. It is noted that this

transni t fnnghaefhblowing sivhe gPove—fRecHRHbdata

illustrated in FIG 1 in that different waveforns are
tr&eirgattedof nethad ged nidiamibenialih dedpl btw; th2 0 diewener, to

in the present transmission as is illustrated in FIG

FI@: £.hevavelesm selsd igrrswist ohhng Meyrdecraahiizedd on
even when the required processing tine for a nedi um

sepg%%wt e%ibgaﬁh?{ﬁgé addanding dakas tr ansi Ssi:Qfyitha®,.  The

ta transm ssion anount may be reduced. 25

ol 1S40 B L 0% L 580 S 1

Patent Publication No. 2003-18%7 gngloy,different
depgumgies foyr the first latch signal o printing period.

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.

Tt is noted that the techniques disclosed in




10

15

20

25

switching on/off an analog switch according to each
tone;  however, the two techniques both enpl oy the
~data transmitting 5 nethod involving 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-transmtted tone data. It is
noted that an inmagi ng apparatus may be configured to

Japkfakézeaban: iNd.en2acedloasd passarprsantliaig-asen Bdtenigh
speed printing node. In this printing node, an inmage

Pubﬁ&%at?@hfﬁwfﬁ%bdjll@ne sfpgho$odi hedrdiitgmespead potnting

be realized. In non-interlaced printing, the

sw1t8§19£gt {)Qﬁ%ff] atrh%naﬁBB sgapph ng-lF BG4 @B kbchr tanged

e nozzle pi'tch 15 of t he recordi ng head.

Accordl case he ls I
howegeg, ﬂ% é%?cﬁ%ﬁﬂ%ﬁ%?eﬁa Fﬂ ﬁg% 3gq%br?%§%oﬁ ?ﬁ%ﬁfttlng
droplet di scharge anmount that | s sufficient for s
methefmi YOV 12G| FPISFgE I "AoheVer C2Th P teddr §RGY BRI
usi ng an 20 el ectronechani cal conversion el enent
perfiedgapdpbekeet val rihe pelrérent T @ Heemthi"RaSEPER < which
limted to the nozzle pitch, and thereby, the
pres@sekut s0fo by Anilikel adeqdadel yhe norsasdd.tel tthnet deta.
present technol ogy, the resolution is limted to

appr oxi mateky A80-dlpindtonnonsabing Pspatdiig mandbe
apprOX|nater 25 360 dpi for two-line-staggered

Eﬁggof9éafﬁﬁgﬂﬂéﬁ %gEﬁhéed7on&fﬁﬁ%s ®:dingGhar g8 a
approxi mately 50 pl (the amount is
- 5“2,1@,;%% E%il‘i@%?gem&?&e”dﬂn”%hlg Lhent¥Re RlacP2RE 1hie may
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 droplet) 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., plezoelectric
element), the machinablity is limited to the nozzle pitch, and
thereby, the resolution may not be adequately increased. With
the present technology, the resclution is limited to
approximately 180 dpi for one-line printing, and approximately

360 dpi for two-line-staggered printing, for example. 1In this
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is required in order to forma solid line inmage in one
scan. On the other hand, with the demand for higher
image 5 quality, techniques are being devel oped for
obtaining a smaller sized droplet in high inmage
quality node. It is noted that the di scharge anount
for a small droplet is préferably less than 2 pl at
approximately 1.5 pl, and is expected to be reduced
cadey thetl sichaappr expvmt ed§ apprloxiimatalur 20-appl il attilengmount
10 As can be appreciated fromthe above descriptions,
is afudjrg RG appagat dspéhdinerabltes ehpaghhopihe drnphetd)
size (discharge anmount) over a wider range is in

is OQIBNGd QWY She o @otf@n&aasesoqfldvgwéngnw@ i sharlgen.
anount over a mnde range , it nay be diffrcult to

cont ol e rkSoIhgR! £lod! 28 AILANINANES dhSE AR P limage

th
one dropléi Rceordi i N many cases

droplet is formed b dJSC ral dro Iets of
ut b0 o 5 PR GRS, 2P ?%l%tdeea'% SBefl o TS o
increase in the range for varying the droplet sizes,
smahere Sigesd growlay tenedityMPORafIS L Y et ng T J¢ noted
di scharge anmount M per one droplet and increasing the
thatnier diefchdrgpl ehsunr v fer di sokdfigddopbetriealpaiayadply
designated droplet size. Also, it is noted that
leddstead 20015 aRpPhyprdk sdiesgi ng saphynbed D sepieis to be
each droplet may be nerged before being adhered to
re@ER&] ddktfdeh ot 9pback]hdalig fl%m ng m@éré%;shlaa%%ns
In the sub scanning direction. -8 Wen the nunber of

dropl ets dl%%%akgegpgﬁéglgkeé“%rom,the above descriptions,

an imaging apparatus that enables 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 , 1t may be difficult to control the
droplet size through the discharge of one droplet.
Accordingly, in many cases, a large droplet islformed by

discharging plural droplets of recording liguid. It is noted

‘that with the increase in the range 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 facilitatg forming a

s0lid 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
be difficult to realize transmssion of print data at
every drive pulse as is 5 descri bed above (e.g.,
Japanese Patent No. 3264422), and data transm ssion
involving transmtting tefte data of two or nore bhits
and enpl oying translati ng means and sel ecti ng means
(e.q9., Japanese Mait J¥0.4r3218241d1iarithdaphndsdin one
. Laid-Open Patent Publication No. 2003-1817) nmay be
et i odt 01 e RsEREr ransit tibagse
prl%ttqﬁ%%ggloéslg?%ﬁﬁaesﬁn%g;gngge A e S5

,_,and panese . lLai d- en._Paten bl | '  Eficult t
i T517 FEONCEt (o T GncRge py Sl S e S ena
Specifically, when the nunber of tones is . greater .

Tevt PHgoer 1o
15 of discharged droplets) generated within one
degriiitech@bpeei éd; 0 - t hearanrae Fatangr¥at Wierencérdydata
droplet size fromone tone l|evel to a next tone
trdmelssifor iexabpley H@snd tHiows taneadetd mhivech aromere
data of four tone levels (two bits) are transnmitted
bi ST A A8 ng2@ reay eh o iy haviny dlrseidatdnpubeesas (e.g.,
(referred to as first, second, third, and fourth
Ja éﬂéc‘sees'Pag:%?x?eﬁU. VebY9221 N 4 T4R58se LABESIS Blatent
east a difference of two pulsesS (two droplets)
bet ween one t I and next level. In this
PURLLGH R %tohegﬁlsﬁgfggbl R Zhes réegtteggg?br a snal |

droplet, the first and 25 second pul ses are sel ected
for a mediAAvEropPEER Rl tHE Ca t;gpthngﬂglqaﬁhqqqas

pul ses are selected for a |l arge droplet; that i
is disclosed in Japanese Patent No. 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 difference in droplet size from one 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. In 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
difference in droplet size between one tone 5 |evel
to a next tone level is large, 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
thi R eRk-+8Sphhge8r Opl ele1 bR el Z8rok Basg@ldrdilepl;etthat
" 1s decreased and the nunber of droplets to be
. di,scharged_fqt I I t1d L N GIHRA SR um
e T T A G e

of  four tone levels, (t bits) are transmtted using a
drepisie aRAV &6r ﬁgei?éféﬁgFinnses (referred to as first

t hrough 15 sixth pul ses, respectively). In this "
exanpl e, Wea fi AAELpEERES I WOPdSlted EGr PEUERHGL |One tone
droplet, the first through third pulses are sel ected

lef@r tdex meditufmodeopees] Ehdatge f LnSPIVEREOUERE 154 h

pul ses are selected for the |arge droplet.
cr&ead dilnglen) ithageai smeoth fderemmeusf-tone tnapd etaid the
bet ween the 20 snall droplet and the nedi um dropl et,

grfé‘ﬂx‘i‘izﬁéﬁ & $1a 1difbenensrof iy eeaduoplhet srogtaeen

e nediumdroplet "and ‘the large droplet. In such a
t he nu increased to

haiﬁéﬁ%&ﬁﬁkﬂﬁﬁ%%%%ttgg 3?22|L?V§!§en?¥ gfeater 25 detail;
0 e g PR ROnBEF BT B T Bt S0 hgstrobLoe
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 through third

pulses are selected for the medium droplet, and the first

through sixth pulses are selected for the large droplet.

Accordingly, there is a difference of two Qroplets between the
small droplet and the medium droplet, and there 1is 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,
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ot her words, although nore detailed control of the
droplet size may be realized by increasing the nunber
of droplets to be discharged, in practice, such
detailed control of the 5 droplet size is restricted
by limtations in the nunber of tone levels, for
exanple. Also, it is notedpthat an inmagi ng apparatus
may be arranged to forman inage using differing
1néf§§§fﬂ§ eRs LofneRi Hr HeaNNiRgsand s stag:. Fah

exanpl €, main scanning may be 10 perforned at 600 dpi

tlﬁegz? ef&)u?jl,?:ifa?%hgggﬁar}{o e c%q,fal(i Eego%r§9%f thHe drtoﬁl%t

erial imaging apparatus, when t
. nozzle ali nnent ectlon .S |n the ub_scan
sigf et ion - a&FFﬁ HE 86Ut e ?ﬂe s égiets o
scanni ng dlrectlon is determ ned_ by the nozzl e_pitch,
be tdhies Fresslagt| 6n Pﬁaﬁﬁéc¢ﬁu§V¢P5d§5§ﬁﬁ?ﬂg¢ﬂ@?%ﬁﬁ|Qﬁ1FQ?

determ ned by the carriage speed and the printing
dr@erétodizEhamsefreseriched res dlintitesipnst ke e mumber of

scanning direction may be adjusted with relative ease
rohdrough s adicstikagpise carriage speed. In this way,

the resolution in the main scanning direction may be

increasedy; 20 FLGSs RAcANTRR ShoWnS¥anp! esphfati Glay be

|nages are forned at (main scannlng resolutlon) X

ar&% Can resokﬁélﬁgg e eQ%h QQlQ@ioné“E%r main

f | exa |nages are

orne at (naln scannlng resolut on) X.(sub_scannin

scRRRHItAh)SWL 6687HpRIX c?ﬁ%mﬂpi clz(:i Sgghning may be
appreciated fromthe illustrated exanples, -11-

by
pefiereedialy &0 dpdsoRDE| %‘FPl?F%%%F“ﬁYSEﬁnH?ﬁﬁomEd at 300
di recti on,

dpi. It is noted that in a serial imaging apparatus, 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
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 increased.

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-

As can be appreciated from the illustrated examples,




10

15

20

25

the di scharge anount for formng a | arge droplet may
be reduced. However it is noted that even when the
resolution in the main scanning direction is doubled
as in the exanple of 5 FIG 6A, since ink has to be
adequately applied in the sub scanning direction to
forma solid imge, the diseharge anmount for form ng
the large droplet may not be reduced to half the

byzﬁﬂ%f@ésﬁﬁedthg theo xRl @ rokhEl fmiblsclsimg idirecdenn,
nalntaln the printing speed in the exanple of

St =) 5A
th% %:gar %ggﬁgpl\l/% égqﬁiﬁlyg olrigfﬁe recordl rﬁrgyﬁe%gd

h to be doubl ed t i ff [t .
reqﬁﬁég?eggﬁgggfoﬁaligﬁg% &. I%%en'&ﬁen“ﬁ%a%%xﬁﬁ%ﬁhgq in

At O — For exanp e
nmore difficult to control di scharge of  a
thelrupiretscaphing BEraFtioRirs PG eﬁ%yl%ft% efé‘ﬁiﬂple of
conpared to a case of 15 controlling discharge of a
Fiti oafi 0 sdmeopl eéhkohadOtplbatadeasitgdy pPRbIRACP dfhe Eud
kHz. FIG 7 is a graph indicating the increase in the
scéﬁﬁiﬂg(Hﬁﬂgb&ﬁ@Q agoadtn (drapliet ivabepeth )dofchd g gmount
resulting fromincreasing the nunber of droplets

fmc_j &Mr%eckh%d ﬁ'a\éae p&lkéﬁl@@ RUTRRR) beanddtbed di@MALE the
hé liquid droplet discharged by each

the d I t.r at i
am%wam T e P BRopES AF IR B ke, v
desi gnat ed dr.opl.et nma

ncre |n a appr t

mafphea t 1ﬁ%§ﬁéPtﬁﬂgaEE%?ﬁaH%§: gelﬁgrgggga éixﬁxi6b
nunber of drive 25 pul ses élnd|V|duaI dro t.nu &d

tohthweberf thfe agedpllet of 1BIGS ol HherG 5Phet}1§dﬁ§€m%a rediency
dropl ets (before being conbined into

for the recording 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 liguid droplet
of 20 pl at a drive frequency of 20 kEHz compared to a case of
controlling discharge of a liguid droplet of 40 pl at a drive
frequency of 10 kHz.

FIG. 7 is a graph indicating the increase in the
total discharge amount (droplet volume Mj) of liquid resulting
from increasing the number of droplets discharged (drive pulse
number) , and the droplet volume Mjp of the liguid 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
such that the droplet discharged by a |ater pulse is
greater in volunme than 5 that discharged by an earlier
pul se. Such a phenonmenon occurs owing to the fact that
in the case of dischargimg-plural droplets, the

meni scus of liquid rises by the discharge of a

| St 3R HﬂagvgﬁﬁﬁiQiﬁbpﬂgﬁ%3h®égaﬁe|Béfﬁg*ﬁﬁmﬂﬂhed into
arger in volune. For exanple, in FIG 10 7, six

et 0 o f r s Gfor
%%o TR S 2 A
anpunt (voI rst_three_dro
Lo dmfe 45y %Eegl E?p{?%Pﬁﬁﬁhlphlr@aﬁ?gééﬂg: het the
respectlvely i s approxi mately , which is
drepheoxtimmhelngedohyop 1aeSE dwsedﬁ—épgéﬁa%m% GLumgs than
the droplet to be fornmed. In the case of varying the
thaeseladtizonsed byt he saFhiesganiag direction and the
sub scanning direction as is described with reference
to FIGS. &iirand phBnbsefon 680utpiow{ng3®0 dpe) fachethat in
dropl ets have to be configured to forma solid 20

théngﬁget#ﬁ:&%%éﬁ&%ggﬁanﬁlﬁgaﬁ|&ﬁﬂﬁléﬂ%w ahd hbeiebys even

resolution 1n the nmain scanni ng direction is

11%§¥$| hae tlh ef% g&ggrggvgﬁt ﬂT%E ke rRAHCE I Rets

or|g|na amount "and ditficulties may arise

th respect t t . Ho b
dl\émﬁ}gﬁéggqi gjga%ﬁr ﬁt?gfgpbe[ ﬁ@rg@g\l\ﬁ\éggpgw%h i H 1? e>£a le y in FIG.

scanni ng direction, the range of -13- denS|t|es hat
7, magx beremhr s emee $OBREReBy L& nfP ™ SpISetgLfagroriet of

approximately 37 pl. 1In this case, the total droplet amount
tvolume) 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 td 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 snooth continuous-tone inmage nay
be realized and the graininess of an i nage may be
prevented from being degraded by a | arge droplet that
may stand out in the 5 tone image. Al so, shaggi ness
correction may be realized on characters and
generation of jagged |ines3+my be prevented. It is
noted that the droplet discharging interval has to be

derGantEQl kede nfﬁ&ﬁ 15 el e eihen Dy MBersrefl Ididapipatss may
I scharged within one printing period is increased for

pe fOu NG (10,4 laras droplet.t habucatodd | indde #ag0bid

i MEge regron. en the nunber of droplets to be

di scharged js increased, it __becones i '
oAl SR CUR eI UEAITE W AP IlREE PR Ena e dof o
the recording head is adequately attenuated. befagre
beidiss clegrgrlag TQYn%xltaIa?%pﬂr&Ple’Fhéfv’@Eyi“af{ Het b %t S h&DE
15 to be efficiently discharged in accordance with the
torpr dsmsigree Bl bpat slrpwminasdte dorgecdieharberbanfaliged on
pressure of the liquid chanber has to be controlled
ch&dihats Bhe perssattoidi atdgged doess iy dee qutevehted.
control. In this respect, the tine and voltage of a

drive wavef Qum,foeqf oraH ntha drasgetdaepteirdisy tinted@al
be adequately controlled. DI SCLOSURE OF THE | NVENTI ON

I n one aspect t r [ NtLENLABet YIS plet
ha3 o §iﬁ§%&§0%?%9i gﬁgtfgfﬂﬁgygé%agle of realizingp b

_high-speed 25 printing and high-quali [ nti .
453 AR ST PR OB o0 H5deioh 6s_a%}ﬁé5$£%$ét%% Forming
present invention, an inmagi ng apparatuys is

! . rovide%
a tdwge deainlads theghcaual 11y W ghS9pd8d i Bront TRg- ey  "en

the humber of droplets to be discharged 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 liguid chamber and the pressure of the liguid
chamber has to be controlled so ﬁhat the pressure vibration
does not go out of control. 1In this respect, the time and
voltage of a drive waveform for forming a large droplet has to

be adegquately 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-guality printing &t the same time. In one
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I ncreasing the nunber of tone |evels that may be
represented w thout increasing the bit nunber of tone
data. 5 According to one specific enbodi nent of the
present invention, an inmaging apparatus is provided
that includes: a liquid discharge head configured to
di scharge recording liquig-as one or nore recording
liquid droplets; a drive waveform generating unit

sp@Hii0ULpd ot 00 £ 0 1ge e alce 1A idkkre: vaY efor mddiaigidippg ratus
at least two drive signals wthin one printing

jj;%%%%%%é a@ﬂg% gé%%f%égﬂﬁi Qﬁ&ggﬁEﬁdhlﬁhiiﬁégdtﬁyﬁiting by

S€l ec evant drive signal "fromthe drive

waveformyvia a switc t hat, swi.t ches, on/ of [
InGPANET GHE BAPASE il By TReS 1B 8 T o asteie

signal to the liquid discharge head; wherein the
withquie igicgrarinef thadoHr iNERGEY 8fofRT S Htide a first

drive signal for formng one dot with a |large droplet

in one prictbirdgnpetd ouhe agpeatt iceggbodieent of sdtpmyesent

drive signal for formng at |east two dots with at
inv&astod Wan2@msgRhy dseptets iz erevpdedt tngt pordloiesnd

athird drive signal for formng at |east two dots

with at |£35intWoaTeehade o Qs riBuens 6 disdthrge
period. According to another specific enbodi nent of

oS SR TUSBhhof 0 TORG:pPRLERLS doprcre
head cont] gured 19,9 Seholge Losg\A9.! Lotk Taree

generate a drive waveform including at least two drive signals
within one printing period; and

a drive unit configured to input tone data, select
a relevént drive signal from the drive wavefofm via a switch
that switches on/off according to the tone data, and apply the
selected drive signal to the liguid 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 beriod, and at least one of a second
drive signal for forming at least 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.

According to another specific embpdiment of the
present invention, an imaging apparatus is provided that

includes: -
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a drive waveform generating unit configured to
generate a drive waveformincluding at |east two drive
signals 5 within one printing period; and a drive unit
configured to input tone data, select a relevant
drive signal fromthe drive waveformvia a swtch
that switches on/off acceilitng to the tone data, and
apply the selected drive signal to the liquid
di schar ga headidl@iskeneje Herel donfegsignats dfsdtwege
drive waveform include a first drive signal for
reéﬂdﬂr{bg 1986 H0E s Vo AD & hae redbenk 8, 1 8feh @tdd@asits;
one 0

a second drive signal for formng one dot with

S B S ar gt e et gl

one dot with a ne et, Irst drive signa

15 being realized g¥ repeati thg gt Iga.&oo ewpfsﬁ_ als
JeRFEIT & FFVE ¥RPREP AN i P dFfve §TQnalta

|l east two times wthin one printing period. According
witlplm qeefadipédnandedivnt2®t the present invention

the large droplet is forned by discharging plural 20

recordi ng ldmjwiedudi bpten i guretl dior dnglukgtohe data, select

di scharged recording liquid droplets to nerge before

a tbevdandiyaReaR ighBROEAgn NEtH WnivAc eardfogmt oianotdvertch
preferred enbodi nent of the present invention, the

r 9 /0% £f QERBE by disGhar goRe a2Baatah@asgiply the
th%gdgﬁggﬂgﬁig}écord?%g qud%d dr opl et s. -16? A@co?ﬁ%%&

ek BRIl PSS oo cphoc IR0 o LhalieRets,
wherein the drive signals of the drive waveform
inciude 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 preferred embodiment of the present
invention, the large droplet is formed by discharging plural
vecording liguid drﬁplets, and arranging the discharged
recording liguid 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
and a drive signal 5 for form ng one dot with a nmedi um
droplet. According to another preferred enbodi nent of
the present invention, the tone data are sw tched
Wi thin one printing pert+dd- According to another
preferred enbodi nent of the 10 present invention, the
i quid dizeebhatigegheadandtiedpredernadeéopod gesrer ati ngee
unit, and the drive unit are configured to realize
pr&&dd@li ViRl BY , UShA0r Bt BGvRY sABERLT Fomhf ShnndTaing dot
scanning resolution is arranged to be higher than a
" n u t AKASEr | i :
e D R o dear oo et i K e amat
rinti.ng periaqd, in. which se th Lh.scanni ng ..
£of, KT o Snd Ot hE- B SO¥HAI A3 PP BSor Ut G ar e Siomal
arranged to be equal. According to_another preferred
fornBdmEher6t IPhev 1Bl & dMRATYRY EFPPSRT - t he | magi ng node
i nvol ves formng an i mage 20 using a non-interlaced
i magi ng Fetvemdingctor ehagien prdeeedppEpediegnt of the
enbodi nent of the present invention, the recording
préégut dirivesltides phgnette aduka hase awiiisbediwitlnin aine
least 5 nPa's at a tenperature of 23 C. According to
préRothersheei fic enbodi ment of the 25 present
i nvention, an inmagi ng apparatus is provided that -17-

| ncl udes:, g 1iqQuiyddi 608598 oAl SRRl LAHEEYERL of the

di schar ge

present invention, the liquid discharge head, the drive
ﬁaveform 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 scanning resolution and the sub scanning
resolution are arranged to be egual.

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 inventidn, the recording liquid inciudes pigmeﬁt and
has a viscosity of at least 5 mPa's at a temperature of 23 %3..

Adccording 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
to 5 generate a drive waveformincluding at |east two
drive signals wthin one printing period; a drive
unit configured to input tone data, select a relevant
drive signal fromthe drT%@”maveforn1V|a a swtch

that switches on/off according to the tone data, and

inclpplep:the 10 selected drive signal to the liquid

di scharge head; and a transmitting unit configured to
transmt at heqtodedisidtardeo Hehe donféguneéd ph udhisicheinges
within one printing period, the tone data being

redirgunedual Pk wd i e reercebaansl . 1Apcol dimgpleasa
preferred enbodi nent of the present 15 invention,

when the 'd&t Ld 9 ngéa%e%uﬁgdﬁhyencmmarwewe

pl ural r écor |ng ropl ets, "the di scharged

recordi ng i urd d ets a arr o_be rge
IeRGrHH® @ngr gW%V%% %ﬁ %nq% ore Fan%%%%éoﬁgéﬁﬂﬁﬁgfg g%a;s
medi um According to another preferred enbodi nent of
wighhis @ prdg&ardiBSeidon, the number of droplets to
be discharged by the drive signals included wthin
one pri ntd Wgiper indt ofonHaurhd o Wavet ofmrex&es HEct
nunber of tone |levels represented by the tone data.
a AeTSrgdingriiocanathel fired etheedrévbodaveftrofviches s38tch
present invention, the nunber of droplets to be

tha SEharaRE BY /off-according to the i8nkh@ath | Vendizghals the
I ncluded within one printing period of the

selected drive signal to the liquid discharge head; and

a transmitting unit configured to tramnsmit the tone
data to the drive unit plural times within one printing period,
the tone data being configured 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 liquid 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 one 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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drive waveformis greater than or equal to four
According to another preferred enbodi nent of the
present invention, a transmtting timng for
transmtting the 5 tone data within one printing
period is configured to be adjustable. According to
anot her preferred enbodi et of the present
invention, the liquid discharge head, the drive

shaauehes Migaatsalhoguded tyitie oneverimiing aperidie of the

transmtting 10 unit are configured to realize node

dr S¥ tmerf@r%e&\éegﬁeat@pd@;aﬂ reoleying toapsmiiting the
- tone data plural tines within one printing period and

a_node | Y %Io\fjcﬁggt EQ”&H&{ﬁéﬁ%ﬂé}%ﬁ@aGemﬂ@&ﬁn&%%f the

wi thin one printrng period. According to anot her

referred enbodi | e t_of presen | ventl t
pr%% Re NVERAT§ 0f 5t Ea%ﬁT%£} %ﬁ |nclu (%Elqu%he
one drive signal for discharging plural recordln%
tone (it AHGBISt §7EOPT bR i |P£rrgé>%d rEpFeRtigmErY i Pe
drive signal is configured to be used as a drive
ads$ngabld.or di schargi ng one or nore of the recording
liquid droplets to 20 forma droplet other than the
| ar ge dr opieircdeeortdi agotioet here ffieomeddatbodlimasi ¢ f ethe
after a first transm ssion wthin one printing

pr@géﬁfmhnfgﬂ¥¥a$ Ngnto1 ahetdel: Jureherr adaanberl nentvof
the present invention, the drive signals of the drive

waﬁ?éc rr%q%%%al %ng?tatBﬂSQ§glJ:x%§qg'gggé'gﬂ@|§r£ﬂ§mlttlng
unigbgégugééglééfg s gergéffzggmaeg%%ltmgl ngetween 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 periecd.

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 iiquid droplets to form a large droplet, and this
drive signal is configured to be used as a drive sigﬁal for
discharging one or more of the recording liquid dréplets to
form a droplet other than the large droplet according.to the
tone data transmitted after a first transmission within one
printing period.

According to another preferred embodiment of the

present invention, the drive signals of the drive wavetform

include at least two drive signals for discharging at least
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within one printing period. According to another
preferred enbodi nent of the present invention, the at
| east two drive signals for 5 discharging the at | east
two droplets of substantially the sane size at | east
two times are not used for discharging droplets of

ot her sizes. According telanother preferred enbodi nent
of the present invention, the at |east two drive

twd | 10 £10uBEseher ging 4 et slieasatt wenglr optcettsimes

of substantially the sanme size at least two tines are

wilsed & diseharobegigiopl ets of other sizes.

According to another specific enbodi ment of the

present '”Vc%%'lgg rea%r?éﬂ%r Oﬂ@eﬁa}qeape%@agﬁeﬁ@ of the

prOV|ded Izes t evel representation
with respect to ope an i

el forns using an
Pr??@&ﬁr&fﬁﬁﬂ%%opmvapglgbxﬁ %51 “ﬁbdglvﬁaFﬁggggﬁnﬁ%g
resolution to be higher than a sub scanning
disekatakiorhet he 3epFAl twwqrgleéﬁpéafaﬁa%SFﬁ%Fw}r% ‘the
l'iquid discharge head configured to di scharge one 20
samé fiie Federditngwbi gimes droplstts Used fornfingchkarging
dropl et which droplet is arranged to be in one of

drppused s fferenkiskzges; wherein the imagi ng node
i nvol ves arranging the nain scanning resolution to

equal the, il @n%ngngeﬁ@k Uit Ofbrridd ambaaemuhersr the
dr opl et forne by the one or nore 25 recording liquid

err O SR URIESA PO Sk sndl: o
discharging the at least two droplets of substantially the
same size at least two times are u;ed for discharging droplets
of other sizes.

According to another specific embodiment of the
present invention, a serial imaging apparatus is provided 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 including:

a liguid discharge head configured to discharge one
or more recording liquid droplets for forming a droplet which
droplet is arranged to be in one of plural different sizes;

wheréin the imaging mode involves arranging the
main scanning resoclution to equal the sub scanning resolution

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

recording ligquid droplets corresponds to a large droplet.
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I magi ng apparatus of the present invention further
includes: a drive waveform generating unit configured
to generate a drive waveformincluding plural drive
signals 5 within one printing period; a drive unit
configured to input tone data, select a relevant
drive signal fromthe dri2eé-waveformvia a switch

that switches on/off according to the tone data, and
apply thecaglretedodsi yeeségral dpodieehiquite serial
di scharge head; and 10 a transmtting unit configured

im%?&ﬁéfﬂﬁﬂgféﬂhgeokoﬂﬁe gatded 0 thendribherpthep! il udes:

nes wthin one printing period, the tone data being
configured at. plural -hits ;s ek n, when
t he Iargea1 ﬁ&pFeﬁaggf?%%ngﬁﬁ%?ﬂgﬁgp%Pltrggo?ggﬁg ©
liquid droplets, the recording liquid.droplets,for. 15
geRgFHra G tHe Meargeedrop é?clg?cglgftﬂ £§H§P&e8r LSt FE
reference signal corresponding to a carriage
wipbbh téwm Pringiige PEEARAS M ssion timng for transmtting
the tone data after a first transm ssion within one
printing peiniot misetoattonkdgio timptie toakeflehge select
signal. 20 According to another preferred enbodi nent

a 9b16hent REESANts lighventien, thdeidrie aavegbahsvoh &hewitch
drive waveform include at |east one drive signal for

tndtSEPAGINY &rﬂeﬁn%c%rdm? ecd eay dicng Lhadi dafaopbslss the
or formng the large droplet and this drive signa

g

for formng a droplet other thap the |ar dr opl et
accordingagtransmf%fing un?t con igured tEQ%IanSﬁl% the ftone

data to 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 plurail
recording liguid droplets, the recording liguid droplets for
forming 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 printing 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 licmuid dropléts for forming the arge droplet,
and this drive signal is configured to be used as a drive

signal for discharging one or more recording liguid droplets
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to the tone data transmtted after a first
transmi ssion within one printing period. According to
anot her preferred enbodi nent of the 5 present
i nvention, the imging node involving arrangi ng the
mai n scanni ng resolution to equal the sub scanning
resolution wupon form ng-2he |arge droplet involves
form ng an image using an interlaced inagi ng schene.
forAGRRtdinggat arapl @s pedte roftahe theesenge edhgdiatertccorti@ng
by transmtting tone data at plural bits per channe
to U totlel MEtHNELapddi @led iaf@E Wt Ri BsNErdHdmildsi®n within
- period, the substantial nunber of tone |evels
r epr.e e he tone data may be increased w thout
ong 8?5§§5 ggfgéo it nunber of the tone data so that
hi gh-qual ity and hjgh-speed printing.my, be. 15
real i zed BSEEE afLH? nbgt%“gﬁ})eﬁ} &r-“aspe %fi %%b?cﬁjém%rftesoefntthe
I nvention, by inplenenting an imagi ng pode in which
pregrnindivensdanni Hae r BRTIRT §190es 1AVPARYRA 3'0- W WG iEe
than the sub scanning resolution, and arranging the
ma irai stasocdamy mgs@lut sl Ut iesmatio thguahbt heasing daftiingion
resolution in the case of formng a large droplet, a

up&®| idiriifRoe heeghefe Nlyolet ddeguatel Yoroimy exh biynstdwe using
| arge droplet with respect to the sub scanning

ancgﬂ§%gﬂéyédaqgaghggng&maﬁganning resolution for the
sna dropl et may be increased at the sane tinme so

that 25 5P%Jrﬁ§ 8 ggagﬁtg kg% Eﬂef ¥§Qe§@dembodiment,
hlgh-speeé:prlnglng may -%@Q%be reallged.
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 ancther 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 egual the sub scanning resolution in the case of
forming a large droplet, a scolid image regicn may be
adequately covered by the large droplet with respect to the
sub scanning direction and the main scanning resoclution for

the small droplet may be increased at the same time so that

the image quality may be improved and high-speed printing may




10

15

20

25

BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects,
features and advantages of the 5 present invention:
will beconme nore apparent fromthe following detailed
description when read in conjunction with the
acconpanying drawings. FIG 1 is a diagram
illustrating a data transtting nethod invol ving
transmtting print data with 10 respect to every

be Mdave zpdl.se; FIG 2 is a diagramillustrating a data
transmtting nethod involving transmtting tone data
once every printing period using a drive waveform
having three drive pulses; 15 FIG 3 is a diagram

BRi§§ i%#&g&%@goﬁ Q?tﬁgﬁtdﬁﬂﬁ%ﬁb%ting met hod i nvol vi ng
_ very printing period
using a drive wayef orm having four, drive ul ses:. . FI G
4is a diOé;&ﬁanPPv?aE%ra{%arw%Sdapg SOVEP SRR (17 g
met hod involving transmtting tone data once _every .
pregautt iimyepsippdwirk] Pl P& WaPERBERT hBRAgthy K ollowing
drive pulses; FIGS. 5A and 5B are diagrans

detdilust datsicmgpdibhevizent radol isi zesjundtierpecth vidie
arrangenments thereof according to the 25 printing

' acééﬁ?&ﬂyﬂﬁ@nargﬂihgg_nain scanni ng direction and the

. sub scanning direction; FIGS. 6A and 6B are
d'agransﬁfd.uitE@téngigﬁﬁﬁﬁﬁgﬂhstrating a data

transmittilng methqd invelving 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 involving 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 involving 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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dot sizes and respective arrangenents thereof in a
case where the printing resolution in the nmain
scanning direction is 5 double with respect to the
exanple of FIGS. 5A and 5B; FIG 7 is a graph
illustrating a relationship between the total droplet
vol une and the individualzsropl et volune discharged
by each drive pulse; FIG 8 is a diagram show ng a
subBChani el ai28c€0mh ) guration of an imaging apparatus
according to an enbodi nent of the present invention
in side yhew EhGind &f AdA0GAMN!LUShiatdfithd RE rrerent
nmechani cal ~ configuration of the imgi ng apparat us
according to the resent__enbodinment i I Vi
aofi o0 e BeGPaGH AN 11T PALg SheERehpi Y e Where
configuration of a recording head of the ijagin ,
thaidmating Teeesrbiny 1o e H]@ﬂé‘séﬁﬁnaﬁﬁ%o@%%ﬁ"ﬁl% @S
11 is a diagramillustrating anot her exenpl ar
dogotd ivgihatiespeot thethecotadimg dadieh - t b Eitfl‘%g'fiﬁw‘g
apparatus 20 of the present enbodinent; FIG 12 is a
di agr am iddaqustyr ati aggasplexenplsamaticgnki geltatiormnsioip a
l'iquid discharge head included in the recording head

peBhed &8GR APPBI &t UsoBimd heidprasenhdierdedi eripligt
cross-sectional view across a long side 25 direction

f J Ol iquid .di sch head; -24-
volpd SR ERPE0N IS G an exonpl ary

icgnf Hgur thIIGO.n 80fist gedgég}flénq S Iosw%.%%r %emggﬁgngtfzafl G 12

configuration of an imaging apparatus according to an
embodiment of the present invention 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 embodimentf

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 ligquid chamber of the liquid discharge head;
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cross-sectional view across a short side direction of
the liquid chanber of the liquid discharge head; 5
FIG 14 is a block diagramillustrating a
configuration of a control part of the inmging
apparatus of the present enbodinent; FIG 15 is a

bl ock diagramillustrating4-configurations of a head
drive control unit and a head driver 10 of the
control pard. of FEG dde@eeoridilngtratong ax oy laEyG

16 is a diagramillustrating a drive waveform used in
co@f%ddz%ti%rﬁo%! PROt 1 ofuideryesent hBYENsE oG Fl1GS.inl7A
and 17B are diagrans illustrating exenplary dot

conmbi nat.i ons t hat AT Y i t
CrYtetHe présent’ lfﬁvﬁ?%ﬁ;gﬁé&lglﬁg gﬂg?g%%?néf the
illustrating the dischargi of droplets by the drive
11%%V%ﬂ3FW#§F’Pﬁetp?rgfq%ﬁgdﬁi g?ngga§0t f ormati on
positioning of the droplets; FIG 19 _is a diagram
i |1 ustratilgy ﬂHeiﬁeﬁgbggc%ﬁdl%E¥%ﬂ drarsgrapleds® Fl GS.
20A and 20B are diagrans respectively illustrating
codpi gstapies rofaki zedtirol apaas e fntidree irophet sppaeatus of
merged and in a case where the droplets are not -
th8BheknFlabodinesta diagramillustrating a drive
waveform 25 used in a second enbodi nent of the

present igventicon 3281 oEk i ffrdr$ 13 19246200
iIIustrafﬁﬁg Ehe gigcha?gingl%%rdrgblefs by t%e drive

con ¥§££g{géﬁsto aS %Qﬁdd§ERQQ&H§H&ﬂ?%%it 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 diagram 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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- dot formation positioning of the droplets; FIG 23 is
a block diagramillustrating exenplary 5
configurations of the head drive control unit and the
head driver of the control part of FIG 14 according
to another exanple; FIG 24 is a diagramillustrating
a drive waveform and a data transmtting nethod used
in a third enbodi nrent of 10 the present invention;

FIG 25 issr@ babke kndisgtamo Mhettheridgophetdiswiarging
di scharged by the respective drive pulses of the drive
of‘“@i’ﬁggﬂ? o, the khivd prboei MRRe a8e0kdibpgdt AmsEHalt and

al s;

sig FI'G 26 is a diagramillustrating a drive

'd0¥f%§§$g%%%%%m%QQ‘%ngﬁ&?%%rEHQWHQQElQQSUEthod used in a

I'ment "o invéntion; FIG 27

is a table indicating whether dropl.ets are, .discharged
by the rdSfectdvesdRi PLeptil Je%gliﬁﬁ)tlﬁéué?'ﬁgln%%}é FrmY
of the fourth enbodi ment according to control 20
cosf fmrarat i qsGo28heshgadi dgeen 9N Fetls #pihgarddiihe dread
waveform and a data transmtting nmethod used in a
drfirét hoenirodicverntrodf pathecprieEenti4d prentriddng FpEnQhgs
a table indicating whether droplets are 25 discharged

exB¥pibe respective drive pulses of the drive -26-
~waveform of the fifth enbodi nent according to contro

signals; HG 30 :iS s2395895AM 1 1 h MUt ANE ArdvEVRaveform
wavef or m

presen

=

and a data transmitting method used in a third embodiment Qf
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;

FIiG. 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 fifth embodiment of

the present invention;
FIG. 29 is a table indicating whether droplets are

discharged by the respective drive pulses of the drive
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and a data transmtting nmethod used in a sixth
enbodi nent of the present invention; 5 FIG 31 is a
tabl e indicating whether droplets are discharged by
the respective drive pulses of the drive waveform of
the sixth enbodi nent according to control signals;
FI GS. 32A and 32B are diagfans respectively
illustrating printing using a | arge droplet and

watd gt RE WRengifil enpEiinayismicbrdiagl b contiel Sixpkls;
enmbodi nent; FIGS. 33A and 33B are diagrans
iI'Tustratdmirg ag 1adyaif ageaus 1ghiseehthggl hzedidd dhRform
sixth enbodinent; FIG 34 is a diagramillustrating a

rive waveform Lt t : [

and 4 e Ry o L MR T 2 R T S e B
FIG 35 is a table indicating whether droplets are

theyi dEFERR r espect i ve drive pul ses of the drive
wavef orm of the seventh enbodi ment according to
control KiGgnalsis2a BEse MoRE GetRIgARRYEREF Glorpgts are
I NVENTION I n the follow ng, preferred enbodi nents of

di4dies rgerde Santthienvespeoni v elmdesc pudegdswef htheférerce to
the acconpanying drawings. 25 FIGS. 8 and 9 are

watk 8GN idheUstikahi 8gbadiRdt codorgdnat toncefitesl signals;
i magi ng apparatus according to one enbodi nent of the

present igwentizon. Jhl 55 NeteditfRplank! GesBectively
illustrating printing using a large droplet and printing using
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 illiustrating a drive waveform
and a data transmitting method used in a seventh embodiment of
the present invention; and

FIG. 35 is a table indicating whether droplets are
discharged by the respective drive pulses of the drive
waveform of the seventh embodiment according to control

signals.

BEST MODE FOR CARRYING OUT THE INVENTION

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

FIGS. 8 and 9 are diagrams illustrating a
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is a side viewand FIG 9 is a plan view of the
i magi ng apparatus of the present enbodinent. 5 The
i magi ng apparatus of the present enbodi nent i ncludes
a frame 1 having side plates 1A and 1B (see FIG 9),
a guide rod 2 that is arranged across the frane 1 to
be supported by the side2zptates 1A and 1B, a stay 3
(see FIG 8), a carriage 4 that is slidably supported
corf®i e t@vhderr of Znapichdl Gppheastiaya8comadined ntescaeni ng
notor 5, a drive pulley 6A, a driven pulley 6B (see
erddBmede o@NEna bisiae: belentibhat s iardengedrarowid. 8
the drive pulley 6A and the driven pulley 6B and is
is A iMen pr&&%«?%ngﬁfﬁs@rh@ NG J1L,0L 1 2,5 a8hd O ARG he

Scarrlage e directions indicated by the arrow

shown in 15 FIG 9 (main sganning direction). The
apR%ﬁ%ﬁ”§98f4tpﬁcpﬁﬁ%§é5.?éhﬁé%ﬂ%ﬁ}‘head 11 having four
l'iquid discharge heads Ilk, Ilc, IIm and |I see
FIG 9) TieairmagéngorPPYiRiets 1 dh§cRaPgeNt nkEOqGrment
colors black (Bk), cyan (C, magenta (M, and yell ow
indMdes esfectrievél javEaghsiofe 20 atles LRgand HB stses J&G- 2) .
heads Ilk, Ilc, IIlm and |Ily has a nozzle surface |la
a deee Rda Bxnan whi shrptgedladreszl ehar fayse ehctp be
aving plural ink discharging outlets (nozzles)
subd SN&H U Re Q&L&@C%w@e@em%@ﬁ ael ap teayhe (@& FIG. 8),
canning-direction (sub scanning direction) are
formed, the.nozzle I.nge5 Skt
8 T?ﬁﬁl%qﬁa% nha i%ghgigé%gﬁgf%%%¥?§ﬁaoPgtﬁgg-g%%&%gggfg;and
is directed dowhward. , It is noggd tgat in tff 6A a
the | $1RY rixt &d ERENPFEPPpRUrET TV ndepéndent ® Paurd °* °
di scharge heads o )
driven pulley 6B (see FIG. 9), and a timing belt 7 that 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 includes a recording head 11 having
four liquid discharge heads 11k, 1llc, 1llm, and 1lly (see FIG.
9) that are configured to discharge inks in colors black (Ek),
cyan (C), magenta (M), and yellow (Y}, respectively. Each of
the liquid discharge heads 11k, llc¢, 1lm, and 1lly 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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[Tk, I'lc, I'l'm and |ly are used. However, it is noted
that the present invention is not limted to such an
exanpl e, and 5 one or nore recordi ng heads havi ng
plural nozzle arrays for discharging droplets of
recording liquid of different colors may be used.
Also, it is noted that thg8nunber of colors used and
their arrangenent order is not limted to the _
noddldistikatiegdecexanpbenwakfll As Tits idesotedethathaive, thiche

recording head 11 of the present enbodi ment includes

il{d&ﬁfﬁﬂ@éB?%ﬁﬁ nt I pouL dirsehanhgentheagsid | kisdlarge heads

I'm and Ily that are configured to discharge inks of
di ff.erent colgrs, Furihers.as i3 shown ip A Goddy that
11%acjiﬁfqt é ?gu%%ygéé%h§¥aé heads 'k, 1ilc, fin1 and

1y 15 includes.two, nozzl e .arrays (referred to a
the, AT EAGD o6 18 EdEH o g el il SFsBh e R

suc
ng pl ural "no

for discharging liquid droplets arranged in aline.
oM VEILE IRSOFFEBENRCIHY dHY Y AHITAROt DPF AT F 1 SUSH
an exanple, and as is illustrated in FIG 4, one

| disdcorgimy drepdets pRyrdeontimanddduid phciluftevmninodars

array pairs il kA and 11kB, |lcA and |1cB, 11mA and
may 5B, uscnd A1y, and isydbtdatttarte thenfiigbeedof occolors used
di scharge liquid droplets in the respective recording

an§OHOL S dARRMREE oBfX8FPI €. ndk Neeekdingoherd {haisthased

one or nore nozzle arrays configured to discharge
blafk i nk, and anot her recordi ng head 25 for
| d%arging color ink that has one or nore nozzle

arrays -29- for each cqlor may he used. Lt is_not
t hat t he 4%d6t aiieﬁé:rﬁgga %iomz tg-ée gﬁcordlng Rel8 fP of the

present embodiment includes four independent liquid discharge

ex

heads 11k, 1llc, 1lm, and 1lly that are configured to discharge
inks of different colors. Further, as is shown in FIG. 10,
each of the liguid discharge heads 11k, 1lic, 1lm, and 1ly

includes two nozzle arrays (referred to as nozzle NA and

nozzlé NB} each having plural nozzles n for discharging liquid

droplets arranged in a line. However, the present invention

it not limited to such an example, and as 3is illustrated in
FIG. 4, one recording head 11 may be arranged to include

nozzle array pairs 11kA and 11kB, 1llcA and 1llcB, 1llma and 1lmB,
and 11yvA and 1lyB that are configured to discharge liquid

droplets in the respective recording cclors. In ancother

" example, a recording head that has one or more nozzle arrays

configured to discharge black inkr and another recording head

for discharging color ink that has one or more nozzle arrays
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i nkj et head that includes a piezoelectric actuator
that is configured to generate pressure for
di scharging liquid 5 droplets, for exanple. Al so, it
is noted that the recording head 11 includes a driver
IC, and is connected to a control unit (not shown)
via a harness (flexible pebater cable: FPC) 12 (see
FIG 9). 10 The carriage 4 includes a sub tank 15 for
foeaghch cl1oir eeRf bguneddt o supply the correspondi ng
color ink to the recording head 11. The correspondi ng

col or inki s Syppkbednte ngach&tRNkeda Mo[ﬂa@ be an
correspondi ng cartrldge 10 that is arranged in

inf éE o 0%%5 éh%%d' HH&& id@zeoaﬁl%%r r%pge%ggof nkhalé is

pIy be "16. cartri ng uni t I ncl udes

un|t 17 for_transferring ink thin the
CoR R {1 GGBEED e TREST AR S it § L EE el
internedi ate section that is engaged with a back
drgphees 1By ¥@™edGagi ng  menber 18 (see FIG 9). 20
The i magi ng apparatus of the present enbodi nent has a
paper feedistg pdar tisi netedi topta tPaperedogddinagheadyl RO,
a paper stacking plate 21, a paper feeding roller 23

inkDhide$ epafm@teiry Iteedhﬂgl§&€ckhrﬁdftﬁﬁd ab papentz@l stmckethot
on the paper stacking plate 21, and a separating pad

sh@&nﬁa@fa of R L i @1e28havhpdndelarged r igdidon 2 (see FIG.
coefficient that is arranged opposite -30- the paper

feeding roller 23 and is applied a force towards the

glpaper feeding roller 23.

The carriage 4 includes a sub tank 15 for each
color configured to supply the corresponding color imk 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
supply tube 16. The cartridge loading unit 9 includes a
supply pump unit 17 for transferring 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).

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 2Z stacked on the paper
stacking plate 21, and a separating pad 24 made of a material

having a large friction coefficient that is arranged opposite




10

15

20

25

Al so, the imagi ng apparatus of the present enbodi nent
has a conveying part including a guide nenber 25 5
for guiding the paper 22 fed fromthe paper feeding
part to convey the paper to a position beneath the
recording head 11, a counter roller 26, a conveying
gui de nenber 27, a hol di rR§O-nenber 28 having a tip
pressurizing collar 29, and a conveying belt 31

theopdpgureediachaveithex papet 22 afppd ibtdom fbecpaperat® the
feeding part statically adhered thereto for conveying

pabOf RAREMLLh9e2 POSition opposing the recording head
1 (see FIG 8). The conveying belt 31 is a

conti nuoYs Bel b ptNahalfng AL LANAAG AL R A QDMLY NG

roller 3Z27and a tensi 15 an
configured to rotate.in a belt conveying directiaon
enpRNEEa TG APPEEYHBH)PoThe ORURyEng BaFeS FiSTieer 29
charged by a charge roller 34 while rotating in the
fosupusdrni hg depest £énfed| from the #dreRaf epALNg part to
conveying belt 31 may have a single |ayer structure or
coavayl the |@aperr $or acpusetiwn therstatip@hkeascordpng head 11,
| ayers). In a case where the conveying belt 31 has a
a Sbigter | ayeresiyckueenviheng anyield ngmbekt 23] sdmekding
into contact with the paper 22 and the charge roller

menBer 298 hdNEILRY tibepentihe Pald dAaver s, Pafes albveying
na%e of an insulating material’. In a case where the

oL el 2 RES oAby 1 0 LR Ui ol

and the charge roller

4 f bl d f
FerAOP ATy TR Y WAGP 50 HE TS fortod) CORLEY Bl ety

| 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 conveying 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 layef structure or a multi-layer structure (with at
least two layers). In a case where the convéying 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 chveying belt 31

has a multi-layer structure, the layer that comes into contact
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conme into contact with the paper 22 and the charge
roller 3 is preferably made of conductive material.

5 The insulating material of the conveying belt 31
having a single |ayer structure or the insulating
material of the insulating |ayer of the conveying

belt 31 having a multi- Fager structure may be resin
such as PET, PEI, PVDF, PC, ETFE, PTFE, or el astoner

wifRtaid qiaﬁéiatzzd@ﬁa et imolgide-cgoeducti 08 dbeforttigh made

material, for exanple. The vol une resistance of the

oflgé%:?éﬁl%&ﬁ@ %Elt@héﬁ et ar-abing quleﬁaﬁ 42 B not

nore preferably 1015 Cpnl Al's t he conducti ve
naterlal of the n r f e y.
coffg 44 ety w Rl ES gt Al chECHEER S er 30
mat eri al nmade of resin_or elastoner s is 15 descrlbed
is BB TR ERFBoRTadaRIUE HefR B Ed*Pdal i ze a vol une
resistance preferably within a range of 105 Qcmto
107 Q cmTheTHaseRatgagr veterialy Corkds CARBCESRT deglt 31
with the insulating |ayer of the conveying belt 31 (in
hatieg caseiler dayeltesconveyragbelite 3hshistang material of
mul ti-layer structure), and is 20 arranged to be

thgr iﬂ@ﬁu@t\/ﬁd@aﬁ;@&abwnﬁhwﬁm f tehe gonueyimg dehilti-
. A pressurizing force is applied to both ends of

la% £ éE%&E##%B“gggxbé el sihesgharge sl | ekr34pvdie pc, ETFE,

arge ro I's preferably made of a Conductive

terial avin vol u resi stan of 0
PTgﬁonrA@%aé% ggmfﬁﬁéﬁaggt%% téhf ggbr pég? %véOé&u tion
negati ve el ectrodes at 2_kV, for - exanE
copppPi SRR T tate dv4r §EFBLF er “él??f‘ffgm“@ TRELBTARCS OF the

suppl ying unit (hlgh vol t age power source} as IS
indesstibgduitrerial is preferably at least 107 Qem and more

preferably loﬁ_ﬁlcm. Alsc, 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 range of 10° Qem to 107 Qcm.
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 structure), 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° Qem/[d. an AC bias (high

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




detail below. The AC bias may be a sine wave or a
triangular wave, for exanple, but is preferably a
square wave. 5 As is shown in FIG 8, a guide nenber
35 is arranged at the rear side of the conveying belt
31 at a position corresponding to the printing region
for the recording head 432-The upper surface of the
- guide nenber 35 is arranged to be raised towards the
exdr@fQr disRgappaded lraM the Oaregpect 160 shefi@nganticabias
l'i'ne formed by the two rollers (conveying roller 32
: I r [ N Vi ;
R N g S R e e T
conveyi.ng be 3 The conveyi t i s_rotat. i
deﬁalf& %%0%15 b,:%ﬁv Gi i o%g? gﬁ% g%%ennc?rngao AiShllar
direction) as is shown in_FIG 9 by the rotation of
wathe GnPETRYSr oPYBr IS PRHATIPLY §r PIBATE0"T Bt ate by a
sub scanning notor 36, a drive belt 37, and a timng
5 bel t 38 (@seésFEpwB)in|FIGs hoteduifgt MaHPeBnTOIET
wheel (not shown) having slits fornmed thereon is 20
ardéddgehed thet hearot adé onaltiexicenskythg tehveyl - a
roller 32, and a transparent photo sensor (not shown)
poé§tﬁﬁf@ﬁﬁ%@sb@nd§ﬁéeﬁé the slidcigly rhgiencedercivheel ,
t he Fncoder mheil and the photo sensor naking up a
_ ! I appakgLu thenb
reé%iélenrﬁe“%%‘ﬁil o T TR e g oo e ATt e ke b 3°
. delivery roller 42, -33- an delivery.col
i3 RIS i BoT BRSNER G aner ostald hike i Mgl

: recorded by the recording head 11 to
10 respect to the tangential line formed by the two rollers

(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
15 conveying direction (sub scanning direction) as is shown in
FIG. 9 by the rotation of the 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 siits formed thereon is
20 attached to the rotational axis of the conveying roller 32,
and a transparent photo sensor (not shown) is arranged to
detect the siit of the'encoder wheel, the encoder wheel and
thé photo sensor making up a wheel encoder.
Also, the imaging apparatus of the present

25 embodiment includes a separating pick 41, a delivery roller 42,




10

15

20

25

a delivery tray 40. Further, a dual side printing unit
51 is detachably 5 arranged at the rear side of the
frame 1 (see FIG 8). The dual side printing unit 51
is configured to receive paper 22 that is carried in
a reverse direction through reverse rotation of the
conveying belt 31, and twug®-the recei ved paper 22
over to the other side to feed the paper 22 once nore
andl@ kRrRtvweepyt BelToMEiy @ lden izérandni-hef conrisdyiveging
" belt 31. Afso, a manual paper feed tray 52 is
paﬁgf%%@g%gvﬁthgﬁ URRE! RidedRl pyhendusdcsidigiPphertl N9 to
unit 51. It is noted that a maintenance restoration
chani sm 61 % r mai ntai ning and restoring the nozzles
a TREY H5%Ye @rding head 11 is arranged at a position
on_o

corresponding to a non-pr.inting reqi e, Si
wi th r685€EF%?6ftﬁed%%]arﬁﬁcﬂiq PIAPEGEPi BREDf o He fachably

carriage 4. The nmintenance restoration nechanjism 61

ariamiafies ¢hp Feabet B 61¢ (AFE6 fef'?? dilGo Hs The

“cap 62' hereinafter) for capping the nozzle surfaces
dudl asiafe 2@inhéngecnidifly ireadnfiguaedi perréteaide gaper 22
corresponding to a blade nmenber for wi ping the nozzle

tnSUrfacesrita; 1and sevaide dirschaobgetheseilverewdrse
configured to receive liquid droplets discharged

ro{ﬂio&g%?itﬁedicgﬁbéﬁ% Wi ch 915 unkekateditO 1d@USred paper

recording and is performed in order to discharge
22 NSSTEG S HBEEL L0 L g S mamis o e
e ST e b entl on cap. a0 Le SRS B 51 maso,
a manual paper feed tray 52 is arranged at the upper side of
the dual side printing unit 51.

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 1i; 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 air discharge which is unfelated to image
recording and is performed in order to discharge thickened

recording liquid, for example. In the present example, cap
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Al so, an air discharge receiver 68 for receiving
liquid droplets discharged through air discharge which
is 5 unrelated to i mage recording and is perfornmed in
order to discharge recording liquid that is thickened
during recording, for exanple, is arranged at a
position correspondi ng te3da—-non- printing region on
the other side with respect to the scanning direction
620f cdhegmdsage 4. sibeiah ramt seHargeer eeebneio®8&af), and
has openings 69 extending in the alignment direction
th@fcdhe 63072l € BrkaYpeha e detandicngReadidd, cdey.
exanple (see FIG 9). As is shown in FIG 8, the
carri age as Sj 2L _incl-udi -
infraredzééﬂgoﬁg(gﬁg ?%%%h%ﬁﬁég%§§%v%2 6?5kﬁgtf§??%¥%?
to,an_infrared sensor), for example, .as. detectin .
i R GT Git SEERGTERE Bl TR BRBEF oS M i e
the carriage 4 is positioned at a haone position, the
ungehaiey tadmege TECPEIRRY ARAA S FBEOFBERt iBneE e the
recording region (imaging region) side (i.e.,
disonvey: niedeeidingl 1sidadl whah D0 thesifesedt gurheg recording,
~carriage scanning direction and upstream of the
foressifbng, headrkinwethatespesdidiod herpappondbiny eyé g non-
direction. It is noted that an encoder scale 72 having
pr§%££§g f@ﬁﬁﬁg(ﬁp%hgoethéraéf@@gﬁgjﬁ&egﬁﬁcﬁrQattﬁéFEbéﬁning_
the carriage 4 25 along the main scanning direction,
.and, an_en er 73 35z L ned udy. a
@i EBREET Con o B e et ot TP ha Sl (1 e TPRer Shebdey ©°

scale 72 is_also arranged at the front si,
has openings 69 extendingggn the alignment %Hggcggon of the

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

As is shown in FIG. 8, the carriage 4 has a density
sensor 71 incliuding an infrared sensor (the type of sensor is
not limitea to an infrared sensor), for example, as detecting
means for detecting the existence of paper 22. When the
carriage 4 1s positioned at a home position, the density
sensor 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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the carriage 4. The encoder scale 72 and the encoder
sensor 73 realize a linear encoder 74 for detecting
the main scanning 5 position of the carriage 4. FIGS.
12 and 13 are diagrans ilflustrating an exenplary
configuration of the recording head of the inmaging
apparatus according to th&5present enbodinment. It is
noted that FIG 12 is a cross-sectional view of a

intiwtirty di sehasgeraftheatk ctitcadriossetthecdileeett othofsldt
| onger side of a liquid chanber, and FIG 13 is a

of CFIOS Ssr@fdd0Rak 1% ew o0& 1he, |d1&ldn@1eddhﬁchﬂé gereads cid of
across the direction of a shorter side of the liquid

I I or
hé -%{}Fﬁ-a@‘{%ﬁz Sna éﬁg{}'&é‘} di eeCtﬂzola)ad '{HQ éﬁé&ééf at &k

arge head inclu es a 5 fl om1pat pl ate
101 t hat created b o) anlsotr et chin
73 oFRH FE TG gl&eﬁ?‘& SFCQ%{?f 41 écmgor eexrﬁ% escan(']nlng

vibrating plate 102 that is created t hrough ni cke
pogi ek asm%caﬁféﬁagﬁaﬁpl e, and is adhered to the

| ower surface of the flow path plate 101; and a

nozzl e plREGS.102 20dt hatare ditarasyd tid lukérappey an

surface of the flow path plate 101. The nozzle plate
exd@Bi athedd wupatiopl af etddIreandiiriehendboat thy phaging
- 102 are deposited to forma nozzle connecting flow

'ap}géwtéé)%&fw&:%%%ot Onha PeZZde: khdihakndi schar gesnoted
|qU|d droplets (ink droplets), a liquid chanber 106,

I
P A R S gt

hepiiq%:l,g %%Zr%biﬁg 10%ér for,example. Also, the ilLlusjrated

chamber, and FIG. 13 is a cross—-sectiocnal view of the liquid
discharge head cut across the direction of a shorter side of
the liquid chamber (noizle alignment direction).

The illustrated ligquid 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 tﬁrough nickel
electrotyping, for example, and is adhered to the 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 plate 102 are deposited to form a nozzle connecting
flow path 105 éonnected to a nozzle 104 that discharges liguid
droplets {(ink droplets), a liguid chamber 106, and an ink

supply opening 109 connected to a common liguid chamber 108
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i ncludes two rows of deposited piezoelectric elenents
121 (only one rowis shown in the FIG 12) as an
el ectronechani cal 5 conversion el enent correspondi ng
to pressure generating nmeans (actuator) for deform ng
the vibrating plate 102 and applying pressure to ink
within the liquid chanber3806, and a base substrate
122 that fixes the piezoelectric elenments 121. It is
foPOd@shialy cakurs ehenenhisid 23haaberal 0 angesk betagsire .
the 10 piezoelectric elenents as is shown in FIG 13.

The col urp s¢l eABNE $1-d<LBr A0 Q%ﬂi@aﬁﬁgcﬁéﬁﬁétmlis' y
with the piezoelectric elenments 121 throug

._djvisiagnal processi . \Ler., ' [
l.mﬁjo‘f&easpp “Wed s ﬁe&%%ﬁéﬁel%eﬁteg EQ%%S %%ﬁlr%e 21
pi ezoel ectri,c elenment 121 if_caqnnected to.a cablq}lz 1
(opkeer oW 3F FRATD| HR I Ui d 1 drilv8ScPPchif ECphglechanica
shown). The peripheral portion of the vibrating plate
ConQersia (PNEsteBOr 5L IRIRT FENHELSEZ0E ARUCTRETT JiRenS
menber 130 20 realizes a through hole portion 131, a
(aconsave it idefocningspondiigratmichelesmmbhZ | drdiabplying
chanber 108, and an ink supply hole 132 for supplying
préfkut® thenkomrmBRihi ghé dl tharbemartes floem and extieisal
unit. The franme nenber 130 nay be nmade using

su%gﬁﬁf@é'ﬂzzc%%@ FeSbD SHCTLAS SPQIL neskneRbntlrongh 1t
Injection nolding using pol yphenyl ene sul fide, for

prc e

silicon substrate with _
piezoelectric elements as is shown in FIG.

chi'fig "on | e crysta

1o SARTRY Cona S L TR LhoHRal hupd A 101 ABUabe. Latapduty
13

The column
glements 123 may be created simultaneously with the
piezoelectric elements 121 through divisional processing.
However, a drive voltage i1s 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 portion of the vibrating plate 102
is connected to & frame member 130, and the frame member 130

realizes a through hole portion 131, a concave portion

- corresponding to the common liguid chamber 108, and an ink

supply hole 132 for supplying ink to the common liquid 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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(110) crystal orientation using al kaline etching
liquid such as a potassium hydroxi de sol ution, for
exanple, to create a 5 concave portion and a hol e
‘portion that formthe nozzle connecting flow path 105
and the liquid chanber 106, for exanple. However, it
is noted that the present3Vnvention is not limted to"
such an exanple, and in other enbodi nents, a
st ai nl esgheulfdvwapetbrphaiphdtOdc orgubei ermedilpy performing
substrate may 10 be used instead of a single crystal
anﬁédrlh%iﬂcs%t%%hﬁ_ﬂtgeohoa sealligertReaflll ew pash phisderak@®l with
The vibrating plate 102 may be created by perform ng
(1 ﬁp eéﬁ&ttfaqf %&%ﬂga@&ﬁ%éﬁw@mgl)naeoe@éﬁl B i klch
at for exanple. However, in other exanples, sone
15 other net% g

netal d co
as 51 RE-Ty e useﬁlg? J{;u%lo ted t% teg{gﬁ‘gfpl egge et &
el enent s 121 and the _colum nen%grs 123 are adQﬁgfd
CORGAYNPIATOR PRE Bl BEES WP With ThadhéSFle a1
frame menber 130 is adhered to the peripheral portion
copfiet g ifroat Paghplab eand2thg tH @dhe shogber 20 Thefor
nozzl e plate 103 fornms a nozzle 104 having a dianeter
exafpld- 3MUAmvear,r éspoadioged ochedc ihlel guedenhanirerntli@sy is
and is adhered to the flow path plate 101 with
nofdhesi v tHheudnoaal exphitle, 3 iis bensedefyodiments, a
depositing one-or nore |layers as isS necessary or
gﬂy% urta NREZ 0 Merbel ma
Stgf%%é%g t%dggr§§%§§$ékthe J%g%rﬁgg?glgggr to be o
ter eIIant e
be AT BRI 01 & PR AT e 05 ey e e K e

to the nozzle surface Il a

" realize the flow path plate 101.

The vibrating plate 102 may be created by
berforming an elecitroforming (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 piate 102 with adhesive.

The nozzle plate 103 forms a nozzle 104 having &
diameter of 10-30 am corresponding to each liquid chamber 106,
and is adhered toc the 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
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- Fdité $50,

as is described above. The piezoelectric elenent 121

is formed by 5 alternatingly depositing a

pi ezoel ectric material 151 and an internal electrode

152 (corresponding to a PZT in the present exanple).

It is noted that an individual electrode 153 and a

common el ectrode 154 are-g®&nnected to each of the

internal electrodes 152 arranged at alternating ends
watdfr theelQapkezoebect rie & epretd t2it the tiper surface of

illustrated exanple, the piezoelectric elenment 121 is
+th& U AU ed 40 2pP! ¥aPr&SSWsPoh@ thnNkné&omd 2t Nedudlaien 11a
~“a corresponding pressurizing liquid chanber 106 using

di sp acew%%t %gogge pi ezoel ectric constant d33

Ro ver, the present invention is not

limted 15 to such_an, exanpl e, an i ezoel ectri.c

el ement I2f PéeZ@Gﬁ??ﬁﬁ?%ggﬁt%“eﬁ%pﬁggp?gsgﬁﬁe &Y nk

contained within a correspondin pressurizin%_li ui d
a1 céramdtemals SesPaiting a disy Atcipatpeial 151 and an

pi ezoel ectric constant d31 direction as well. Also,
intéregiotdierctexdeplld? ooerrespafdiriye tpi @zBeT et rilee 2gresent

el enent 121 may be arranged on one substrate 122. In ,
exihsid) | usty atsedokbguiNadi &¢harge idead, efoctredamiz®,and a

by decreasing the voltage applied to the
co@%ﬁoeeiee&{dd% gkenept b Mddy reseach be en&eference

age, the piezoelectric elenment 121 may contract
PR of ERBSFTE b L B a8 08 nay® ewpand
L TheP S HeL & G EHGE tappl  od R o ihe JLEL 5B R FrEwo o; the

; appti ed!® o“the-pitézo8i-ett Fie"
piezoelectric element 121 is configured to apply prassure to
ink contained within a corresponding pressurizing liéuid
chamber 106 using displacement in the piezoelectric constant
d33 direction; however, the present invention is not limited
to such an example, and piezoelectric element 121 is
éonfigured to apply pressure to ink contained within a
correspoﬁding pfessufizing liguid chamber 106 using the
displacement in the piezoelectric constant d31 directiog as

well. Also, in another example, one row of the piezoelectric

‘element 121 may be arranged on one substrate 122.

VIn the illustrated liquid discharge head, for
example, by decreaéing the voltage applied to the
piezoelectric element 121 with respect to a refe;ence voltage,
the piezoelectric element 121 may contract and the vibrating

pilate 102 may be lowered so that the volume of the ligquid
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el ement 121 may be increased so that the piezoelectric
el ement 121 may expand in the depositing direction to
cause 5 deformation of the vibrating plate 102 in the
nozzle 104 direction and contraction of the liquid
chanmber 106. In this way, the recording liquid
contained within the |iquB@-chanber 106 may be
pressuri zed, and one or nore droplets of the recording
chisgn dl (dynaye edbsotiatgethducm ke two£ibe 10%c tHO liquid
Then, by setting the voltage applied to the
chPhiszeel @t 1 intepl ennat vdPdadacdodid ddheor ehergietoelectric
- voltage, the vibrating plate 102 nmay be restored to

elbhént giii %ﬁt S t1en. 804 dhecddauyind %E@E@@ieé@@z@%ﬁslement

expand so t a negat Ive pressure iS generated

esult recor.din UId be 15 .supplie t he
%%%ﬁg fg@ %ﬂﬁ¥%éﬁ%§ﬁ:log g gaﬁ%ﬁber
108 After the V|brat|on of .t he neni.scus surface ﬁ@
defaEmaEYIN Plarenyabeetang Rl 1104 65&3?%%% Y
be started for realizing a next |iquid dropl et
didesther gand |qonitganstied ehathe heldidad chgmperntfhod Forihis
driving 20 the liquid discharge head-is not limted
watrp the adoverirdeddribedcextaphied (Witdrin phel 1pgghd chamber
actuation), and the pull actuation node or the push

108CHER O FRAR: TBY4a| hRANGEE Vet Yndi® WSpdetEOBE the
exanpl e, depending on the manner in which the drive

re}é@xs_{%][; @uﬁmla'yege a§s&ﬂaw@d'm NG 2RRaL AL US04 .

accor he“present -40- enbodi ment, each sheet
of paper 22 is separ er ed f on1the paper _f i ng
ﬁh  RaRERare he el < atpialeLs' oRE

part to b

piezoelectric element 121 back to the reference volitage, the

vibrating plate 102 may be restored to its initial position

and the liquid chamber 106 may expand so that & negative

pressure is generated. As a result, recording liquid may be

supplied to the liquid chamber 106 from the common liguid

chamber 108. &After the vibration of the meniscus surface of

the nozzle attenuates and stabilizes, operations may be

started for realizing a next ligquid droplet discharge.

It is noted that the head drive method for driving
the liguid 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.

In the imaging apparatus according to the present
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approximately vertical direction, inserted between the
conveyi ng belt 31 and the counter roller 26, and
conveyed 5 further so that the tip the fed paper 22 is
gui ded by the conveying guide nenber 27 and pushed
towards the conveying belt by the tip pressurizing
collar 29 to thereby changé-the conveying direction
of the paper 22 by approximately 90 degrees. 10 It is
emiped Btk thategohs isheee afdpaegatid/ e sosepatrstéipnfed hercACthe
bi as supply unit (described in detail below) are
papdt efd@limgiparappbi B &0 dde gharge byokher gddgetmtin an
s, an alternating voltage is applied to the charge

|
-apgp&ﬁﬁageﬁg ]Ex%rrtﬁgﬁﬂ’ déﬁe@&mﬁaﬂﬂg&&t@&agg@wa@ﬁt@19@

attern | med on the 15 conveying belt 31; that

IS ositi.ve _and_negative volta charged_strips
Cmﬁ‘é%lfﬁbg e eﬁrteg’gt SP%’ %gﬁ %%Ifllhe%r%e‘[a etrerar%;a'\t FAgl f/ogveyeci
arranged in the sub scanning directjon cortgs ondi ng
furhenes© rigiadt ith% #iPetRP oheOPARTEF énvéy PRy B@I?Y3ﬁﬁe
When paper 22 is placed on the conveying belt 31 that
congenlne rnuitden giepbelar geen@Ewshad thowagdsi theecamaeying
negati ve vol tages, the paper 22 may be adhered to the
belormveyilg el trabstibt oliglh ebrcir &8t abi ¢hesuebyonhan@ndche
in this way, the paper 22 may be conveyed in the sub
ORGP B iHdRGIHNOB FhynEhgafOf atd Ny rRyeaRAhak1y heo
conveying belt 31. 25 According to the present
degg@gginent, the recording -41- head 11 may be driven
ccording to an inage signal while the carriage 4 is

IDVed So ff[] aits Inrf]akce%r %g!a%t Sog{a i\;bée adr{('i3 %%%Ea%%gre 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 rollier 34. In
turn, an alternating éharge voltage pattern is formed on the
convéying belt 31; that is, positive and negative voltage
charged sirips hqving a predetermined width are alternatingly
arranged in the sub scanning direction corresponding to the
rotation direction of the conveying belt 31. When paper 22 is
placed on the conveying belt 31 that is alternatingly 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
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onto the paper 22, which is maintained still, to

thereby record one |ine inmage on the paper 22. Then,

the paper 22 is 5 noved in the sub scanning direction

by a predeterm ned distance after which recording of

the next line inmage may be performed. Then, when a

recordi ng end signal or ad4stgnal indicating that the
- rear end of the paper 22 has reached the recording
hed®dil0MmalyS beedeived, a¢derdiecpridi ag opegatsiomal vérided the

10 and the paper 22 is delivered to the delivery tray
catOadd 4 Re 68$840Ec r et i Zidkg dduph eSk deaPribdtd Ishasera

i mge recording of the front side of the paper 22 is
on&?qgksg%%Er EE? &ﬂf&ﬁYHygn 6ld:s3Lal sciptated ifbpy

revers ITection so that the recorded paper 22 may be

sent to the dyal side 15 rinti?% un&ﬁ gl temnicq:t e.q
recifh N L1108 PAEY BVel 't SEHHWar” 't he"Back ST deTor tHe

ggfer 22 becones the printing surface), . and the(faper
mover gy e iSPe FEBED R L HITE- 198t WéeR PREIGHTMEIS

roller 26 and the conveying belt 31 so that inage
digtgoordiafgernt whoohhretmrdine orft rtdle ey tbéipererdredicon be

t he back side of 20 the paper 22 in the manner
pedestidded mbovewabhes whateliidte engapetnd? omya beignal

delivered to the delivery tray 40. FIG 14is a bl ock
indi Q038 ShW RPcaeXeaRh a5y tHeORLbaYr abi Bis Ofedched the

control™ part of the imaging apparatus according to

he. present. di 5 hawn,

e SR s e A S P Srr e ha O et ey Y brced
overall control o

an f. the | ing.a ratus, .a RC%%ZOZ
f hite RBEs 4 oGr 4 lY%r%gqﬁkg%ﬁfgg by SEhet R0 201

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 thelpaper 22 becomes the printing surface},
and the paber 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 shbwing 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 &
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and other fixed data, a RAM 203 that tenporarily
stores data such as inmage data, a rewitable

nonvol atile nmenory 204 for 5 retaining data even when
the power of the imaging apparatus is turned off, and
an ASI C 205 that perforns i nmage processing such as
sorting and processi ng of4Rnaput/out put signal for
controlling the overall operation of the imaging

CPIapPpEr atmss rdarizexampkeeal 10cdhercbntf othpama@0ly amgaratus,

includes a host interface (I/F) 206 for realizing

HANSID SHANLABEERT b p&%ﬁmﬁai@ RNéxesihgBal 5y Wid @U 201
ost; a head drive control unit 207 that includes

RSy r 0
an h%éhecor %%g%ﬁeadn% ; %ﬂﬁs E%€%§p§5?¥€é$ %%%f%fcgata
15 corresponding to a drive_d ey ¢ for drivi
SUEhea§ b SH ﬁjé‘taheﬁdrﬁ‘ir qﬁ]negé]dmém taﬁe‘eL%arrmremar %6]29 for
mai n scanning notor drive unit 210 for driving the
rehalping airtin G VDt BReB; the pyes Gdnifg HiPorY d%?%ratus 1s
unit 211 for driving the sub scanning drive notor 36;
tuanedG bf assuppl $SUAi £021thahaeippplsi 828R R8s Hins
to the charge roller 34; an 1/0 213 for inputting
sudBt 86t i Y ses bresesbend | aeainencoteputdsagdat hior
wheel encoder 236, detection signals froma
COE%Bfifwr&é%%ﬁlé etbpiodeleatre thagenyi appaeatad,
tenperature, and detec?lon signals from ot her various
FoSensor s, Also, it is noted that 25 the control part
030657 L tDhnect ed to an operations panel 214 -43- that

is configured to put i spl ay, rel evant
Infornat|%ﬁﬁ FJr+ ﬁgg?ﬂg 4 %Nﬁﬂ a host interface

(I/F) 206 for realizing 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 ﬁnit 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/0 213 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 operatlons panel 214
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In the present enbodi nent, the control part 200 is
configured to receive data such as print data froma
host such 5 as an information processing apparatus
(e.g., personal conputer), an inage readi ng appar atus
(e.g., image scanner), or an inage capturing
apparatus (e.g., digital-¢anera) at the |/F 206 via a
cable or a network, for exanple. The control part 200
thd® Gorfdngugedetiots eathntndl@iapabyzeepevart datf@rmation
stored in a reception buffer included in the I/F 206,

fo£XARMLG oAy hedataRge processes such as data
sorting, tTor exanple, and transmt the resulting inmage

data fr t he Eﬁggﬁ%fg%ﬁ§§§§§%§%' WAkt 80440 ﬁ%%%rﬁﬁﬁjis

driver 2 :t t ot" pattern data for

realizing i mage, output 15 y be gener,at ed.based .on
COREIIRSE 4O FEPEIVErit TR M Z52P PGP CBKanpiEn pitiost such
i mage data may arranged to be devel oped into bitmap
as dan alrEfionrisd Loni RrefedyivE Al EREShd§t JandPEREP 1 agi ng
apparatus nay be arranged to receive the bitmp data.
corietdwad adr iivegeontadingrAgpRGEss (eof i gimage t gcarge@r) |
serially transmt the inmage data as is described
or aDOVEra ANGauipHl SheRad BuSURN AS dittaadntaséos) at the
clock, a latch signal, and a control signal for
/6T 80844 iDgihe bregendatanandomaking det er minati ons
pertaining to transmssion to the head driver 208.
The head drive_contragl _uni 07 a.dri 2
wavef or m Eﬁé%?&ﬁﬁ% At ?%%ﬁﬁ%f%g&gg%?%dcggvggggr %r

- 44- vertjng the patt data aof dri l .
anglred it e ROFTOSDS 16 be SERFB) PHO BPUSOI R 1

an anplifier, for exanple,
the I/F 206, execute reguired image processes such as data

sorting, for example, and transmit 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 ocutput

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 transmisslon clock, a latch signal,
and a control signal for transmitting the image data and
making deferminations 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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and is configured to output a drive waveform nade up
of one or nore drive pulses (drive signals) to the
head driver 208. 5 The head driver 208 is configured
to selectively apply the one or nore drive pul ses
maki ng up the drive waveformtransmtted fromthe
head drive control unit 28%-to the actuator neans
"(e.qg., piezoelectric element 121 in the exanple

coffestiridiedhabpuereoh dinea refl adivegphéads 1dtdoed her éffye ROM
10 drive the recording head 11, the selective

202Pp} iIKatien of the cowixEl s s bebngrbasede®n d:hguple,
serially input inmge data corresponding to one |ine

and TBY& &ﬁ%%ﬁEIESCQBdSQt + they, s V%C%EQE@QEHQ%giéngFHEOne or

mal n scanmni ng not or Ive unlt 210 is 15 configured

ate contr.ol val ue d dete
m°§%|§ﬁ}%ﬁnﬁﬂ RES BYTSRApP Ty targgpevague Ebpri (pé)
the CPU 201 and the detection pulse fromthe |jnear
encoder THg hgagd rEiVertHS mal (FOREAANTRY Aot BFISTigly
an internal notor driver. 20 Simlarly, the sub
apstaniagneoter ngreverEvatpwlsesy ek 1pg1 P stied % Hig ed
to calculate a control value based on a speed
wadet @at i transalitecabfabnethdyhesaimaring aohargetunvat u#7 to
supplied by the CPU 201 and the detection pulse from

tnthecWheslr RR6Ad]E . 336, padkbdlde ikthe1 subn s Carmi 119 the
mot or 36 via an 25 internal notor driver. -45- FIG 15

ex%uﬁ%f% d&égl%ea%ﬁ%éh% NG XS R 909Q£a9y1 atd A% QAby

rive control unit he head

drive the recording head 11, the selective application 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
configﬁred 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 &alue obtained by sampling a target wvalue
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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driver 208 of the control part 200 according to one
enbodi nent of the present invention. 5 According to
the present enbodi nent, the head drive control unit
207 includes a drive waveform generating unit 301
that is configured to generate and output a drive
waveform (comon drive wa%eform including plura
drive pulses (drive signals) within one printing
peri od, as.aldata hransak tdiaygah0 shoiwtng02xéhplais
configured to output two bit imge data (tone signa

coRfidlrAGEHHioRgthe AefdidtijdRgmtralclinek S0YNald the head
| atch signal (LAT), and control signals M-M. The

' r ' lL.s t iLys sk, gpal f .

i R e T N
of. 15 the head driver 208 (described in detail bel ow

of WHih ESsEtt Hﬁgegg%ﬂnriquid dropl et to be discharged.
The on/off state of the control signals may be ,
changed HIHTGRRG te GRetPersent FECEIPEREe WiRenispd drive

printing period of the comopn drive waveformis to be

~ cogtrettwdit SPdcihictuiey, atdritomavsiiozy ghgaaktimmybd 301

set to high level H (on) to select a corresponding
théti ve ¢l seuradd teeyehord ta drev elutbutobf firihenwatd@rm
correspondi ng drive pulse is not selected. The head

(cgﬁﬁyﬁrdﬁg¥%iﬁ%ﬂe@@%ﬁ)aiﬁgiﬁiiﬁ gisiran dtlvef Philses (drive.‘
inputting a transm ssion clock (shift clock) supplied

-<5A8TL) S0, Uakl APET) Bdoe by iPated EEftalicuing
unShi P e e Cap G rad, E0 Sl obee YALYE ddkd rone
signél 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 period of the common drive
waveform is to be selected. Specifically, the contrel
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




10

15

20

25

a decoder 313 for decoding the tone data and the

control signals MNO- M\3 and out putting the resulting

data/signals, a 5 level shifter 314 for converting a

logic level voltage signal to a |evel operable for

t he anal og switch 315, and the analog sw tch 315 that

is switched on/off by the4éutput of the decoder 313

that is supplied thereto via the |evel shifter 314.
dafde analwy csM,t ah1318hi sioonnedled foa fhecsdh@ceaan

10 el ectrode (individual electrode) 154 of each

re@l SZORILGIdIG ehemBat sH2ds A JHRRpUBI 1t Be SOOIV gl ,
vol t age supplled from the drlve wavef or m generati ng

I
a é‘é‘éc%d%‘) 13 S!ﬂn%e deco d%% Qﬂds%éc&ﬁééal

ase on t results of

St W%P@@Q%?dbhﬁ RRBE 001 o ar‘%suﬂ% i %%Bags?lt h

the corresponding drive S|gnal drlve ulse% of th
Levohnih g v & LA Pef GPW‘?%tJdé%saeolo@Ql é@geé) Bt%%%r%ltgﬁal

be applied to the piezoelectric elenent 121. In the

: tof@Ilewwlmppaxamﬁevéoanbéo@mﬂlqﬁuSW¥§C@s§QSpnanQOt%@ analog

first enbodi ment of the present invention is described
switéh 31®fErEnce taikbtled 16n/dhe Wr ithe wavehor of stioswn
in FIG 16 includes eight drive pulses (drive

desb@oal 313 Pl 8 W tshiﬁgalgré% REERELAOVDES tRE. 1edde dhimer 314.
pul ses P1-P6 are used (selected) to formone |arge 25

T L
elééﬁ%? %ggﬂﬁ%aufﬁfﬂhFﬁ%@tgggg}wqggné% eacﬁ %%gzgggecg}ic
element 121, and inputs 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

control signals MNO-MN3 obtained by the decoder 313, the

corresponding drive signal (drive 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
a first embodiment of fhe 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

dot with one large droplet within one printing period; the
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P1 and P7 are used (selected) to formtwo small dots
wth two snall droplets. It is noted that the drive
pul se P3 5 corresponds to a subtle drive pul se that
does not induce |iquid droplet discharge
(non-di scharge pulse) and is used for vibrating the
meni scus. As can be appreéiated fromthe above
descriptions, the drive waveform according to the
dripfeegRNiseenbadi rENtPENahie P8 heonsetal geleoted)o tre form
formed by one | arge droplet, or two nmediunismall dots
twé‘ﬁé&iuﬁpﬁggg QYtﬁm@hd“ﬁﬁdﬂﬁhﬁ@&bbl@ﬁ@?'£ﬁ§ e tdHiRreORRI ses
pr|nt|ng period. The drive pulses Pl and P2 for

ano;“p'ﬂzg 23l ALY ggéle\(!\%ﬁréh 1{ larf%%]ndﬁl Cﬁrhaif @69%3 S8 two

rm-one nedium case y the

drive pulse P1_is. 15 use dot W th a nedi ( l)
St LER t nETbF IR, oo S naF OB BB L B
di scharged by the drive pulse P1 is referred to_as
corrgrmandgr 6pl et subtle e Sifamuldeofhet dpst ri%?*@ebn%ﬁ he
- drive pulse P7 is referred to as "snall droplet 2
1iduied rigabipdiet dﬁsphetg@iSmﬂnnqya¢hbygeh9ua$¢Nea@ﬂn%ﬁﬁﬂﬂzﬂ for
and P2 is referred 20 to as nediumdroplet 1'; and

vikhe iRditne deapketsdi scharged by the drive pul ses P7
and P8 is referred to as nmediumdroplet 2'. It is

noted thals the eantiplesignal AMNR shewdpbie &b&eridbions,

corresponds to a signal for selecting the drive pul se

thgéigg%e W'%e%%n&gggﬁ§£é§§§ Qﬂwkﬂ Eggeﬁﬁlgﬁ% éﬁ%eenables

dr i've pulse of fornt ng t rop et
n which case. fi | ets re dlaphaiged S|nce no

ondr i 4 FPebRatgEne Thp e Yatod 3808

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 casé 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 27; the medium
droplet discharged by the drive pulses Pl and PZ is referred
to as ‘medium droplet 17; and the medium droplet discharged by
the drive pulses P7 and P8 1is referred to as ‘medium droplet
2",

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

P3: tke contrel signal MN1 is for selecting the drive pulses
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drive pulse P3) and the drive pulse P7 for formng the
small droplet 2; the control signal M2 is for
selecting the drive 5 pulse P1 for formng the snmal
droplet 1 and the drive pulses P7 and P8 for form ng
the mediumdroplet 2; and the control signal M\3 is
for selecting the drive ptéPses P1 and P2 for forning
the nmediumdroplet 1. According to the present

Pl-emd odimgotrmingnehdat argd Gldtapdedmi(inedhioh t drese Hi e
register 311 fromthe data transmtting unit 302 are

drsidichedcatiachhfheg Fmdetieerophet dsi &esghdsgs HR6 the
and P7 of the illustrated drive waveform Also, with

dr.{\?éqﬁﬁ ol 3% hgneoﬁltlé Ghr StORRA1SME 28d MNni AR OGe small

smntc Ing is realized at the timng Ta for sw t chi ng

.dr%% %%SZISOL]%I‘ ge %?gimet Sselj[e%g\}r Orpll e? I on #eEhe rlve

dr opl et selectlon ectivel In th

P Lo geh et OBA4BE’ BRE (A Lo AaES Legn cé%lve pulses
suppl i ed to t he head driver 208 fron1the data 20

P7 tanh A thomndogmino3tre mrftiuiy de@leitr 3¢ aaffthe gpntrol
printing period before the timng Ta is reached, when

signel oOH ricl fosigaabctdngSU3£kEﬁNedpu¢aeSIElg@n@kﬁZiﬁpr
formed by the arge droplet; when the control signa

foMRing$ 53R etledm anepsemll. dot is forned by the smal
droplet 1; and when the control signal 25 M3 is

ww%m&%%@%%mﬁ%ﬁw%wMa

droplet 491 Then, the tone data are sw tched at
CrPTR TS B L0 APEOF TRELTTHA g Trof endhkefl (08
transmitting unit 302 are switched at a timing Ta between the
drive puises P6 and P7 of the illustrafed drive waveform.
Also, with respect to the control signals MN1 and MNZ, mode
switching is realized at the timing Ta for switching from
large droplet selection to small droplet seiection, and from
smallrdroplet selection to medium droplet selection,
respectively.

In the present embodiment, based on the tone data

(2 bits/CH) supplied to the head driver 208 from the data
transmitting unit 302, during the first half of a printing

period before the timing Ta is reached, when the control

signal M1l is selected, one large dot is formed by the large

droplet; when the control signal M2 is selected, cne 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
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Ta, when the control signal M is selected, one snul
dot is forned by the small droplet 2; and when the
control signal M2 5 is selected, one mediumdot is
formed by the nmediumdroplet 2. FIGS. 17A and 17B are
diagrans illustrating exenplary dot conbinations that
may be realized accordi ng4fhe present enbodi ment. As
is shown in FIG 17A, dots may be forned in
1. contematitensoot BARGE NULty i VERIURMVEDE UNVLISMAL L TaNUG  that
10 SMALL- MEDI UM SMALL/ NULL, and
duNUbd - NVEDI dMoDMALR A NULE, ti@rpriexdnpl @erAbSoafesrithe timing
shown in FIG 17B, dots may be forned in conbinations
72 0f b ARGE; VEDI-SYAL kLN Ly MEDIddihe VED! UM SMALAT NULds 35
SVALL- NEDIUNTSNALL/N LL and NULL NEDIUNTSNALL/NULL
for .exanmpl e. II
for?%%p?%ry déFB ogﬁg |on %brln |ng e8§%%?|ze%liﬁgl M2
t he. present enbodi nment. s sh thig.draw
s Liebheiory (54 AEIprBotit BRaAries Vg& e gBedi b
di scharged to forma dot at a resol ution of 300 dp
Since a rediUmiSRarRddi 6B @Fe riipdend sehapgedting 20
times within one printing period, the nediunidroplet
exeByldey dhtschabgedttonsuperf irgdwldey reedlizgd dotording the
formation at a resolution of 600 dpi. As can be
prapphecéRbinfaram t he aboygowdlescrizet.i ara, Bottheay be
present exanple, a printing node is realized in which
fo?ﬁéd EHecBﬁEE%é%iéHé'dktﬁKthﬂN®L§Pa@ﬁb&QMZﬁEﬁt@ﬂ¥%MAEL/NULL

formng a dot wth a large droplet corresponds

S e e e L

et 2.

. example. Also, as is shown in FIG. 17B, dots may be formed in

combinations of LARGE-MEDIU/SMALL/NULL, MEDIUM-
MEDIUM/SMALL/NULL, SMALL-MEDIUM/SMALL/NULL, and NULL~-
MEDIUM/SMALL/NULL, for example.

FIG. 18 is a diagram illustrating an exemplary dot
formation (printing) mode realized 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
times within one printing period, the 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 mcde is
realized in which only the resolution in the main scanning

directien for forming a dot with a large droplet corresponds
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signal for formng a dot with a large droplet, and a
drive signal for formng at |least two dots with
medi um smal | 5 droplets within one printing period as
i s descri bed above, even when a printing node with
differing resolutions in the main scanning direction
and the sub scanning direéfron is inplenented, the
resolution in the main scanning direction in the case
toothdisehdngiing tihethar geb dsoplrding siiapchged to equal
10 the resolution in the sub scanning direction. In
this way,py the ahigiBgandayoré agerafortdhecdihvBudt ghadrive
for discharging the |I|arge droplet may be adequately

; r i g4 qu | riv
Rt 30k oy S adboll oot

N [ he realized at the sanme. tine..15,1t |
LRl ThACTH S et err ba Bhasdimet PRt RLphats

droplet is fornmed by inducing the nerger of_glﬁrq¥
drgpsehargddtidy OprePEIRRING RFIQH G5 eBsI5PETEPPT ) akave.

mdair (before the droplets |and on paper) so that
evehewltks charged-ingr opHet g1y} vt iog thecpapepnasimride

droplet. In this way, a 20 high-quality i mge may be
mafor seshnflGdik@dtdoa dhdgtiam sud ustamatinggdf hecteogets

of plural droplets discharged froma nozzle. As is
imphoEnidy t hire rdsaMuRfon PAHr8le 0B etsnhiafgedirection in

successi vely discharged from the nozzle 104, and the

i rgedydrepl etis l cake i€ 125, L REY g eLd Nequal

th%1§%$$(%§qyg%%%gﬁg 8r8§%e%g$%?qaﬁ$@h ié a?rang%d - 5] ana

to land on the per 22. In this,way, .a_dot _Da_jn_ goo
thenspEo Ty haTt O B PePR TS e B G thoA

th h
the Eigé §gd voltage of the drive signal for discharging the

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.

It is noted that in a preferred embodiment, the

large droplet is formed by inducing 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
high-gquality image may be formed.

FIG. 19 1s 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
+he nozzle 104, and the discharged droplets 1 are merged while

they are in midair to form one droplet IM, which is arranged
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hand, when the droplets | discharged fromthe nozzle
104 are arranged to | and on the paper 22 w t hout
bei ng nmerged, 5 variations may occur in the |anding
positions of the respective droplets | to thereby
result in the formation of a dot Db as is shown in
FIG 20B, for exanple. AF8dr in another preferred
enbodi ment, at least four droplets are arranged to be

to digehamgetief peptor 22 ng @ ddtis #@ywi &hdat | e gen dropl ehape
In this way, a drive signal for form ng a nedi um

masingpletrey assael |1 dioptetedray beceasohy el tidedther
he drive signal for formng the large droplet. In

haﬁ&r“ﬂhe\ﬁyhgsdrgﬁfegé'YQdfééﬁgy éﬁoErBﬁrﬂhggnéﬁéhg ﬂ@dlire

roplet™ 1 ncludes plural drive signals, and

t he ral, drive nals 1 ncI de L2 of a
TR i%rarcs g7 ?%gh?%ﬁﬁrqﬁ%t tHP EJelg‘%%egﬁiﬁioplet

or a drive signal for formng a dot wth a
VagplAs 6Vt REEUEheR oe? st e PAGA AL PR OF *5%% drive

wavef orm may be reduced. Al so, by switching the tone
regipget e nepdres20 pqomlnép:rﬁja}perﬁselét tRethedf evakign of a

dropl ets may be discharged a plural nunber of tines
dowi biRi 4k ane spibivat EAgFper | sk, ad ekempheanber of tone

| evel s may be increased. Further, by realizing a

printing xmde usi BEo8hEESOFAtdaRd RrbbaifBhy, SgaNeE:
direction that is hi gher than the resolution in the

foﬁ}i“b feccasn%'rgga%gﬁ Liop, byt ard rc@lag ale| %B@ f@ﬁ@ir&glaoraot

sca ni ng I rection Ol‘ form ng a

Bgéggﬁﬁiﬁggﬁﬂggg?!gﬂ %% ?HT al t%%l%gsgggnéfnféflfé?ﬁing
a medlum.droplet or a small droplet may be easily included in
the drive signal for forming the large droplet. In other
words, the drive éignal 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 drivg signal for forming a dot with a
small droplet so that the bverall 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 resclution in the main scanning
direction that is higher than the resclution in the sub

scanning direction but arranging the resoclution in the main
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node, high-speed printing and high-quality inmagi ng may
be realized at the sane tine. It is noted that in
this node, an 5 inage may be formed through
non-interlaced scanning, for exanple, in order to
i ncrease the imging speed. Also, it is noted that in
t he above descriptions, —pfinting at a resol ution of
600 dpi X 300 dpi is illustrated as a representative
scaxan eirkeonteer fot heompriegert dotventhonhé slaeairoplet to
limted to this resolution. Also, the drive waveform
eqield tHE G ve il sestidchidedannihhed drései svavief ahms
are not limted to the exanple shown in FIG 16. In -
moci@,e Higjﬂ—%_ye%g ngrgﬁfyrﬁ% waehormbhat ity UseSEAD iy be
enbodi nent of

secon he present” invention is

escribed wwth__15 reference to Fl C ' 0
real(‘j]rfezeﬁir éeﬁyeeﬁ%ﬁi et - ?km&\?e C?Fr%g Fﬁ%F u@?ng{% E[?)ae’ an
. drive pulses P11-P13 are repeated_a plural _nunber of
imageygdy o formed FRTewE in9 ‘slﬂt&tréacg%ﬁ%?’é?lwt i

one printing period. The drive pulses PlI-P13
exguwres pon®rier200 diiveeat gy ridls ifegiapserardi ng a snal |
droplet (e.g., with only drive pulse Pl11), and a
medi um dropiest iteig. nowed httdrii vier thel sbev®l defiB)ptians,
the present exanple, a drive signal for formng a
prir?{ﬂﬁ_; droRl elec@BY:bEn real d Zed X epeatdpig tNe1lustrated

sequence of drive pulses PI1-P13 two times. 25 In this
as C&SEs d.Qn,bong.fai @ (%widey Che pBasthnsildd@dn is
fromthe data transmtting unit 302, dots may be

no%ﬁ%#ﬂdﬁv@%%gm :{]osn .Of Al'lAs%(?E‘the drive waveform and
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 present embodiment, a waveform
including plural drive pulses P11-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 P1l1), and a medium droplet (e.g., with drive
pﬁlses P11-P13). In the present example, a drive signal for
forming a large droplet may be realized by repeating the
sequence -of drive pulses P11-P13 two times.

In this case, based on tone data (2 bits/CH)
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SMALL- MEDI UM SVALL/ NULL, and NULL- MEDI UM SMALL/ NULL.

It is noted that the dot conbinations as is

illustrated in FIG 17B 5 may not be realized in the

present enbodi ment since all the drive pul ses

included in the present waveformare used to form the

large droplet. FIG 22 is>8-diagramillustrating a

printing node realized in the present enbodi nent. As
trassshioed ifrorhitbe 192t avkargnittid ndapgétdf opl edots may be

di scharged to forma dot at a resolution of 300 dpi

' fodihed nedidsd sisabindtbpbeto frTMAHRRE, HESTIHEr YRl TMSHALTEULL,

within one printing period, and thereby, dot

- sMARf B @ /AR Ly 88 0L Utd .o 0f 160G pdp/BRXLDENULL. It is

superf|C|aIIy realized with the nedium small droplet.
r e .l . Zgd;
ROt o ﬁ%’tr ST ﬁé?ﬁ%@%ﬁﬁ?ﬁgﬁ Fre. 17
dlrectlon f grn1ngha dot mnth e igrop £t |s
may rrAh g é&ﬁ | *PhET 5T o Wgng SC &t ng'©
dlrectlon so that high-speed pr|nt|ng and hi gh-
dr gl nnwsqmcﬁgdﬁaylﬁetlia%émf@dﬁafﬂaffﬁéoglan%r?| pged Jgp form
It is noted that although dot formation at a

the ebotgr idmprdfet600 dpi X 300 dpi is illustrated as a

representative exanple in the above description, the
resol uti aeaised iiB kheipgesentliuvtenttiany asprobting mode
l[imted to this resolution. Al so, the drive waveform

redig ddhe; d rﬂh\ée rﬁ%éséhgnéhﬁocﬂﬁﬁéﬂ@ pwlsse swayefar m this
|ncluded int drive waveform-54- are not limted to

dr£w1n '%?tr%{ ggggég Qg éiééhé%&edl%Otﬁgr%oglﬁﬁ%rgh a
recording 1Tiqui )" use

resolution of 300 dpi. The medium/small droplet may be
discharged two times within one printing period, and thereby,
dot formation at a resolution of 600 dpi may be superficlally
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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an enbodi ment of the present invention is described.

The ink used in one preferred enbodi nent of the 5

present invention includes pignment as a col or

material, and has a viscosity of at least 5 nPa's at

a tenperature of 23 '"C. In this way, ink bleeding may

be avoi ded and good col or>4devel opnent and wat er

resi stance nay ‘be realized. It is noted that the
argirgreitimised to the ibkdgtrated exemplei eedi® &#1-

particul ar type of pignent. In the foll ow ng,

exanpl es 1@f tpegEeblSwital amedeedisgdlageidi si®d. ¥emd in

exanpl e, organic pignents such as azo pignment,
an POEDALGRYANLRE £ RE OB on @NHVEARYORONS PEgOBIed.

qui nacri done pignment, dioxazine pignment, indigo

pi gnment, thioi ndi pi , I ' t

isoindolﬁﬁgnéhgigggﬁt%ganl ﬁﬁ%§§%§%§ Sﬂggg%ggﬁ?ﬁ%ﬁ the

pi gnent, rhodam.ne_| ake B, carbon bl ac and, .
PEER HATERTS CEhaPEbFonayP B ed® Al § Eff“.fn%%%ﬁ%lf and

pi gnents such as iron oxide pignent, titanium oxide
hagpi gmEmcosdalve PinRtat BoRat 2 HHajReAt, 2 bEPTRAR TSI Fatld C-

pi gment, al um num hydroxi de pi gnment, barium yell ow,
InPriussivay bling, béaddiom eyl be mvoriicem pefll 99pd ngewor

powder, and conbinations thereof may be used.
deTHT$HRInt ladnd Sanelkedes hatawas hary bleackaliseddas bl ack

pi gment ink may correspond to furnace black or channe

25 bl ack, 1 of5 exAERl enhadngnd SoRiRiR! alkly ahr angednk Ois not
have a -55- primary gain dianeter of 15-40 nu , a BET

1088 P S SRR PP PR 9 1P PRE Bblovins,
examples of pigments that may be used are listed.

For example, organic pigments such as azo pigment,
phthalocyanine pigment, anthraguinone pigment, quinacridone
pigment, dioxazine pigment, indigo pigment, thioindigo pigment,
perylene pigment, iscindolirnone pigment, aniline bklack,
azomethine pigment, rhodamine lake B, carxbon black, and
combinations thereof may be used.

Aiso, inorganic pigmeﬁts such as iron oxide pigment,
titanium oxide pigment, calcium carbonate pigment, barium
sulfate pigment, aluminum hydroxide pigment, barium yellow,
Prussian 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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vol atile matter content of 0.5-10% and a pH val ue of
2-9. It is noted that exanples of commercially
avai | abl e carbon black 5 products neeting such

condi tions include No. 2300, No. 900, MCF88, No. 40,
No. 52, MA7, MA8, and No. 2200B by M tsubishi Kase
Cor por ati on; RAVEN 1255 by>Col unbi a Carbon Conpany;
REGAL 400R, REGAL 660R, and MOGUL L by Cabot

- prQoaporaEtiinontiaarter Cof ok SBtagk: S180REPr spr@i 35 stad@ce area |

Printex U by Degussa. 10 FIG 23 is a bl ock diagram

of Shovi 01y réXgnphabBP w@idnfaigurat-ionsobdf 4@-+k5 thedld 10 ve a
control unit 207 and the head driver 208 of the

vo LM IO InPaldr 208taaeos€li mestmanakdes perpeubsesnt fs. It
the present invention. It is noted that in this

is?%§%§4§kaﬁ%p%%%§$ﬂg§.BPaéo é&éf&%ﬂﬂ 3k 1§ 91 DOSLr1ISROWN o ok

e glven the sanme reference nuner al s.

Accordi ng t.o the present, enbodi nent, the h Y
S TRE L S e Rl R A L TR g 1 W TR
unit 301 that is configured to generate and output a

MCHE 8 v maviétorin- Péonttbh: dfAfe &or fy OPRcPudi higeabshi

plural drive pulses (drive 20 signals) within one
Kapei ntormpyseriicod, RANBNalgat oy remigwibtia fRgrboni Eompeny ;
that is configured to output two bit inage data (tone
RESAGNA0XM), KEGAICGBOHI, ngnd AMGGTE iTntbyi Maper Gocrbocktion; and
signal, a latch signal (LAT), and control signals

coMz M3 adihes 10Nt Rk ngb@nagb s L1 resipaRe oLy Welhtsa.
signals 25 for designating the on/off state of an

I -tch . 3 -56: dLi
Chasor b 2 b8 oo plperrat Srdd SrRRARLLIUGEL 200
ate of the . cont

cogkfgﬁgg f%%s-g et%g/gggdsérlve control un1%0507 and the head

driver 208 of the control part 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 ocutput 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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signals is swtched according to whether a drive pul se
wthin a printing period of the common drive waveform
is to be 5 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 a correspond|h§6dr|ve pul se is not
"selected. It is noted that the control signals include
of ahesihgmal drevesel@dt (drparibedgéndéephél palow) for each
signal for 10 selecting a nediumdroplet (1, 0), a
dr&pigpaled e sekenbdtaggla TWraldn/difdpbetté 0oL Mhe amshtaol
signal for selecting non-discharge (0, 0), The head

‘s1<§IIaIleer132%§rl"i:EﬁEHd§§c&c§lh'Igf trd Q@lleshelr 32drid®rpulse within

Inputting a tone signal O that is serially transmtted

a %]}/Jtnt]j?lgg er% M, $SL0 &Aﬁfd&an At ngr &mf{g@a he

I ng unit a cl OC Sl gna a

shi ft I S er 322 for ut ti Si 1 fr.om
setqe et a%ﬁﬁ §f‘ﬁ:?€3r-‘ﬁg I'(Ih‘?t oigze Iiaﬁ&g?ﬁ crII‘—’1 K eﬁ‘é,lsgerI‘altO
CLK, a latch circuit 323 for latching the  registered
high| lRyedf & HERShipt S?Je%q%taercongswnglpgt AR1EE grids e and
LAT fromthe data transmtting unit 302, a latch
setCiteuidw 324elf &r (bAfLhitep tahezorre:@lswedeﬁgv@tu‘ée afulisee is
shift register 322 by the latch signal LAT fromthe
nodfatal ddtasm ki ng Hotéd 3hiat aheSebactol 32fnald ewellude a
converting circuit (level shifter) 326 for selecting
s1QR& Ofoo Ne1eeRt hgl 251 gRA 1 MpIME Supphh edaf £ omm2b fde

dat a transn1tt|ng unit 302 and outputting the sel ected

oA PR OUhRL ol P8l SRS 0 bt

nvertin I I
smgfl é%é;ﬂ.%:a 0%59 e ea signal for selecting non-discharge

(0, 0).

The head driver 208 includes a shift.fegister 321
for inputting a tone signal 0 that is serially transmitted by
a transmission clgck (shift clock) from the data transmitting
unit 302 and a clock sigral CLX, a shift register 322 for
inputting a tone signal 1 from the data transmitiing uﬁit 302
and the clock signal CLK, a latch circuit 323 for latching the
registered value of the shift register 321 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 MO-M3 supplied from

the data transmitting unit 302 and ocutputting the selected
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vol tage signal of the selector 325 to a | evel operable
for the- analog switch array 327, and the anal og
switch array 327 5 including anal og switches ASl1-Asn
(non-discrimnately referred to as analog switch
AS' ) that are switched on/off 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
comnailoglg\maﬂclnoaarh@rvemcqrsreoccmngctedcubtt heevigl shifter)
sel ection electrode (individual electrode) 154 of each
324] ezreliestii enekesent2d 2 r antviesteagf & guseic teuvalput
the comon drive voltage supplied fromthe drive
vo By 'Sgn qeeﬁr ahlnge W6 3Gbs Agcar dingl y@pé{mﬂé F®r the
analog swtch AS is switched on according to the
contr ol

AN SR s

corresponding drive na d I f t
G GRFRer i LR i (d derBns ot RE b Shd Eretred

applied to the piezoelectric elenment 121. In the

tofad | 'Gmalpg avditreRfal etlvrtmanitd syigahad2on{ ehhd ttheng

method used in a third enbodi mrent of the present

outmvenifi ahearceldesori B2s svpdl iref erientbet beFe GSshi24cand26.
25. According. to the present enbodi nent, the drive
wavef or mgener abiceg YRkt S&n icy cowrf kguned toigenes A -
and output a drive waveformas is shown in FIG 24

ASlé)h@f A %@L%g %@Jfbﬁ Qf]l:é/f 5}}"?' %_%S c()hngcte&' £Stepul se

1 throug si Xxth pul-se hi n one

sePLLDLI NG period, Ilndiéf{éua pul:s ctr%dgmgsh sixth,

.piezoelectric element 121, and is configured to input the

common drive voltage supplied from the drive waveform
generating unit 301. Accordingly, when the analog switch AS
is switched on according to the control signal selected based
on the serially transmitted image data (tone data 0, 1), the
corresponding drive signal (drive pulse) of thé common drive
waveform is paésed (selected) to thereby be applied to the
piezoelectric element 121.

In the following, a drive waveform and a data
transmitting method used in a third embodiment of the present
invention are described with reference to FIGS. 24 and 25.

According.fo fhe 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

six drive pulses (i.e., first pulse Pl through sixth pulse P6)
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pul se P6 are respectively arranged within time
intervals of 2Tc corresponding to a tine period tw ce
the characteristic vibration period Tc of the liquid
chanber 106. In this way, 5 pressure resonance may be
effectively used, discharge characteristics may be
i nproved, and the drive v rage may be decreased one
the whole. It is noted that in the present
wignbodinremrinthagr eepeed i velhmlftiagesroisehBl delpyeugh sixth
pul ses PI-P6 are conditioned and controlled so that
pulde F¥ essurespesohante d0-adoesi ndtthéxceédei istéivalts of
and cause instability in discharging operations.

27A & rddpdrgiingt ed hhatmeasdr0fa tthe cpuksescih r £ dvisstia
waveformthat falls froma reference potential V to be

v1£§%{&oﬁi @ Bge%gtﬁfnﬁﬂgdl#i?gﬁ'ch%ES@rri§§s tﬁnathls way,

potenti ove t S5 reference potentlal V to be
hel d once nore at a redg%ernln ﬁs ﬁe dlgc then
pr?%ﬁ?%@tﬁ?ﬁﬂﬁ?“F?f@?@n F oted t hat

t he pul ses P1-P6 are arranged to have dlfference f al
chamr @Y 0t G50 TERe PBr SBRFRV e GEIOERE. JARYEE, VAt RitY Pe
to the present enbodinment, the data 20 transmtting
degntdsSDdres thenfhgleed o ig argeid thhe fonthespygergnito
and the tone signal 1 two tines within one printing
empedimshtisithg tdeeperansal ssitiyesd edk thELKYias pslsémil-P6
in FIG 24. In this case, the timng of the latch

arsl 85@hi(1MBa hat cohegyl Bt@ssdlalad ewel bkBgshife resonance
arranged to correspond to periods 25 during which the

dogglg W%X%%Q{qﬁkslghﬁ£ Qﬁd'éﬁ W%s%gbghgkyzﬁn dﬁé&hﬁfglng

IS no uring the tinme data are rewitten,

operations.

Also, 1t is noted that eaah of the pulises P1-P& 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 fallis to the reference potential V. It is
noted that the pulses P1-P6 are arranged to have difference
fall potentials in the present embodiﬁent.

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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on/ off state of the analog switch AS of the head

driver (driver 1C) 208 may be unstable.. Accordingly,

the latch timng is preferably set to a suitable

timng according to the 5 tinme required for data
transm ssion and the drive waveform In the foll ow ng

descriptions, upon referrPAg to the two data

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

It pes frortretl thiatthdnréne Pre nting dede eéde rREritEst, ddis
transmission is referred to as "first half' and the
onpeEPnskatlk) cdatthet BAASHY SSEOICH Y effethedheéadadriwecond

half'. In the present enbodi nent, tone data
(abiepsmdy edhd matheef hnstaped f  mr@ddabehed twe beattsed

for selection of the drive pulses P4-P6 of the drive
ti§%¥$f£grg#gﬁégg%€§ﬁgggdtgaéfsui@%§ﬂ63%gmgﬁﬁaagé§£hing to the

ng the firs corresponds to toné data
transmitted in 15 the second .hal f of r.evi ous
it PR B TR LT ST S Th e (P LREL Ke | T eTorm-
selection of the drive waveform (i.e., selection, of
the drivelpuse fod 1 BEinged§s caldiorisng P8t RETRF BSHt e
enbodi nent. Specifically, the table of FIG 25
thentveal®sa hetiserisdioptet s tone dladehditged byonaks 20, 1)
respective drive pul ses P1-P6 depending on the contro

pesEghadéd withiis onet edithahgipetiel prdsent rerbddtaent ,
the nunber of droplets that are discharged is

trah 5ANgethd 0 Peerneranent g8 onp-Lir ophet ahdathk®eddnd
response to increnenting the nunber of drive pul ses

aaff! PELEM. DG LA (CONLEQL ShOa! & R coReChLnEal ] Yin Nhe
ropl et 1's discharge en non -60- discharge is
prggghgnghggiﬁgﬂhhetghgsaaggl{faégﬁié¥é§ﬂi%tth% 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 table illustrating selection cf the

drive waveform {i.e., selection of the drive pulse to be used)

according to the present embodiment. Specifically, the table

of PIG. 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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di scharged by the first pulse PI when a small droplet
is designated in the first half; two droplets are
di scharged by the first and second pul ses PI and P2
when a nmediumdroplet is 5 designated in the first
hal f; three droplets are discharged by the first,
second, and third pul ses™PP~P3 when a | arge dropl et
is designated in the first half; one droplet is
digthzree ged dnpionhsefion t Bheuf ses Phaly agort doppiet the
three droplets discharged by the first through third
dipthsesedP|byPIHen et (0l$e rRY Wahf a embhér édbyplet is
- discharge four droplets when a snall droplet is
defeshona e, ivhd Fers€CRAUSL hatds ®idPlledks| ¥ret WOscharged by
droplets are additionally discharged by the fourth and

ol L B sh ot s o ety Ahgetshan ot

d bhal f; and.th dropl ddi ti gnal |
GG ERRAFO b7 R TPBURERT{ T Sk phF Sea. pa e by

to _thereby discharge six droplets when a |arge

ther bpret. i =@ grate8R RO LH %ﬁﬁxﬁﬁfﬂ%aWP?HAﬁcg?ﬂgﬁgdWQPlEt
t he present enbodi ment, seven tone Ilevels (i.e.,

isddepletated igi xhdi fiesenhalf rexnatordet2dsdisepaageyd by
may be realized. Specifically, in the present

thenbed tieniyldeome dat addatecrartanged thaekedrophshst t ed
fromthe data transmtting unit 302 twice within one

aiRERAEEE Werdrd e steahirdegh henSevemikerepil-eyels. tha
this case, changes do not have to be inplenented 25 on

. . : . | de. h
rif0E 012 e Copesst el 2005l DA, L M)
ed. |

drgglépciga'eSAgng%ed in the second haif; similarly, two

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 d;ople£s 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. In 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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this way, the nunber of different tone |levels that can
be represented by the tone data nay be increased
wi thout increasing the drive frequency. In other
words, the drive 5 waveform of the present exanple is
conflgured to handle a set of six drive pulses as
opposed to handling a setébf three drive pul ses using
a drive frequency that is two tinmes higher than the
of jrigsent theveche edpiencipesameti havhi to vy, inctsaspe- In
droplet may be stably discharged. 10 It is noted that
thithevagt, i tRevawabor mdfdifferpnesenthe babals newt tdwat be
realizes an increase in the nunber of tone levels is

refdd4skEal 8¢ 88ci PCAUHNG Say Bei VRcPuLS&S-wHOWRMET
the present enbodinent is not limted to this

1 ndalda Slgjnﬁg?%hgedr%é"ﬂg?ag&a' n Bhgtﬁéf'?l?é!‘ﬂﬂ e {iyp cﬂ'ﬁre

one a aré used nt ageous effects may be
real i zed th respect to tone |ev esent at
e G DL S PFORT O PV S8 CRPE TRt (ad T e  set
drive waveform (i.e., when a maxi num nunber of at

of |Hastdriyer PHLOPFedS PRBPIRE dics ERRAGEAIWR t i th Dnehree
printing period). 20 Specifically, in the case of

driust pylsws betndatadave tfomendacy, thatt heotweo owmiss frggher

tone levels can be represented by the tone data. That
thdrs, tHaN paddiehit 08r i e NDre¢licathar gad idropietway n & Hreage
different sizes nmay be represented by two bit tone

ardteéd =y LR $:688¢, adt M Bfepnmounts (sizes) can be 25
I'ncreaséd one droplet at a tinme only when the nunber

of drive 1635 RULRSLIE! UAedulibe! DEvEELYR SEVALO Rdent

arranged

embodiment that realizes an increase in the number of tone
levels is illustrated as ircluding six drive pulses. However,
the present embodiment is not limited to-this illustrative
example, and in the 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 waﬁeform (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. That 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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nore than three pul ses; that is, when four or nore
~drive pulses are included, at |east one droplet size

to a next droplet size is increased by two or nore

dropl ets. However, 5 according to the present

enbodi nent, by transn1tt|ng tone data plural tines

within one printing periofzdroplet sizes may be

i ncreased one droplet (one pulse) at a time even when
rubsge indadedhieetle | delyrlwoeigre LAchidRyOFH thde no

drive waveform of one printing period. 10 As can be
moapprreni airedef pohsthe oy e destenpttponser hyre drive

transmtting tone data of plural bits per channel to
puldes headrdnimen, 208 phadalodd @SPVethsDzONEo pI imd:ithg

perlod even when the tine interval of the pl ur al

dré#] S%% ﬁ Eggggd'%klﬁﬁgady’ ?em@¥§£9é€%'s However,

ene the drive si s may be 15 |nd|V|duaIIy

Ct tt t he. t dat |
o 25hE e 20 BratLan I g gfepgﬁgeﬁeseattfn@%zone

|ncreased In this way, high quality and hi gh
plagred-1nns #EithgngYe b%r+ré%w3zé°&r&10dt h@r@g Hett§ies g2y be
is noted that in the above illustrated 20 enbodi nent,
in@remrrd gnesidgealets (oReduledeladce thBer especylige more
drive pul ses of the drive waveform however, the
tha eSerde drivwenpulBes sanetiddlvidesd ihothacr ane exaxrgfeym of
and a decoder may be used to achieve simlar effects

On@ WeldinApe@iolt is noted that in the illustrated 25
odi ment, a serial inmaging apparatus is used;

however , the 0% BEBSEO1aldy AP RHES BBV HBLLEML L fons,

such an exanp
by transmitting tone data of plural bits per channel to the

head driver 208 plural times within cne 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 substantial number of tone levels may be
increased. In this way, high gquality imaging and high speed
printing may be realized at the same time.

It is notéd that in the above illustrated
embodiment, a control signal is usedrto select the respeétive
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 as well.

Also, it is noted that in the illustrated

embodiment, a serial imaging apparatus is used; however, the
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present enbodi nent may be applied to an inmaging

apparatus wusing a full-line recording head in another
exanple. Specifically, in an inmaging apparatus
including a full-line 5 recording head, the nunber of

tone levels that can be represented by tone data nay

be increased by transmittPfg tone data plural tines

wi thin one printing period based on the relationshjip
prémaniedmveRaibnt iaupperl ol tege teoRECHatd $9AMele, and the

transmtted and the nunber of pulses that are used to
prdfemi sehaddecdtopietise dpgplisdndbednt hadgimg aafpiddatusne

i magi ng apparatus according to a preferred
us&nbadismnt1 ihBerptor@ngnepletis adbsabar gesnios .

formng a large droplet are arranged to be nerged

fore (lsandi;ng.Qn: [ b he®uds —1in

PG 0% 10 A o S G ERAAGs [hofuaiidle fuli-tine

facilitate solid i e formatiqn in_t 0z array
reqiid BTk TRTEE vl T0E RO RCPvers. sadt 10

droplet and a relatively | arge droplgt may be . .
repERtTYSE &Y (tRBCsHAER tTHe JS %&C,reﬁﬁ@ rlaﬁgﬁf%‘?SWbW& tone

sizes may be w dened). 20 As can be appreciated from
datheplabmle tdossr Wpthonsone gucaridingg Pesipdebpied gt the

enbodi nent, by transmtting tone data plural tines
reWs t hinsione Hattivethnghpesiodurttee ndnbe bbné odeta |Bvéles

may be increased to realize a continuous tone inmage,

tr@shni frdd @ tRs80hukBat | Zf N dontakeyet tdad to
requi res the 25 discharge of plural droplets (i.e.,

gihd %ﬁﬂﬁjﬁ%ks_by -64- arranging plural discharged
dr&%ﬁ% S tg)nerge bef ore | andi ng

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 array direction, and in this way, a
relatively small droplet and a relatively large d;oplet may be
reaiized at the same time (i.e., the range of dreplet sizes
may be widened} . |

As can be appreciated from the above descriptions,
according to the present embodiment, by transmitting tone data
ﬁlural times within one 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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on recordi ng paper, ink may be arranged to adequately
spread in the sub scanning direction after the '
dropl et lands on the recording paper so that inaging
may be realized with a 5 suitable anbunt of ink and
penetration of ink to the other side may be
prevented, for exanple. A®40, in the present
enbodi ment, the nunber of droplets that may be )
ardinehar gekingilt Kilscbaedpdi AEmE erticomerarahefyre t frpding
nunber of drive signals within one printing period, 10
onexeeedsitdeaperhenindf mhpniee | @vedrgyechat edrgbetely spread
represented by tone data (e.g., four tone levels in
int P8eCa98 HMarinARbigh rbefgon dateds aRd dridgn ely 1 add sterthe
range of droplet anounts (droplet sizes) may be

reég-g&%lgﬁﬁgé%éﬁ%t th@ks mggmg Hhy G t-eGaSt cangd itk he

S nunber of tohe Tevels nmay be increased. 15

Specificall .arrangi ng_the nunber. of  droplets
Suﬁﬁ?iﬁa?m%%%afﬁ%Hﬁ%gsagmfgﬁ?gr%%%”bfﬁ%ﬁfﬁgt%eFﬁ%dO%%Fr

be greater than four droplets in the case of using
siggompy t e oneeveddes, £RE StBERYMti al nunber of tone

| evel s may be increased wthout raising the circuit

cost, forAksanpire thz0presehe €EPodViany;, &hgr nisber of

waveform and a data transmtting nethod used in a
drbpueth enbodiaenic dfistherpeésenthin rrentirdntdng period;

described wth reference to FIGS. 26 and 27. As is

natkh Yst kgt edutibeFl & Ebived he gravefl eihisednkNprifeing period,

present enbodi nent includes six drive pulses as with

exkggdﬁzéh?rﬂ¥ﬁﬁ%@é§;QE%E“?%?@%Q_{ tdﬁﬂ”%eeQEBQEEEHEeésby
I's 1llustrated -65- I1n F 4; however, drive pul ses
toﬁgtgaggfﬁgrépg:éﬂgp%%ngaﬁgvels in the case of two-bit tone
data), and thereby, a wider range of droplet amounts (droplet
sizes) may be realized without raising the circuit cost and
the substantial number of tone lévels may be increased.

Specifically, by arranging the number of droplets
that may be dischargéd within 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 faising 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 is 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




10

15

20

25

up the drive waveform of the present enbodi nment.
Specifically, the first pulse Pl of the present drive
waveformis dedi cated for discharging a very small 5
dropl et. The waveformof the first pulse Pl is
arranged to fall froma reference potential V to be
held at a predeternined Pével, and then rise back to
the reference potential in tw stages. In the first
inrf¥e stdgéovgrepl edrive seihaase wighr daffeetng osliangn anake
very small droplet, and in the 10 second rise stage,

- up Nchalrdxjlvet srage€odinschatigedorelesa, etbedwawet or m of the

fourth pulse 24 is arranged to be different fromthe

second, tdHddribhhith, end £sisd bungleses BZ, ti8, pfsent
and P6. Specifically, the fourth pulse P4 is arranged

dr_fug ;v!;aé;gﬁ f%[ynb/ 18P d[e@ﬁ{gg‘??c? ﬁ]@{) %P%%h%@g@ﬂgegt%é‘%y ,Vsm%-]lhle

et ween t ul se P57and the Tsixt

se P6; nanely, the_djschar interval between th
GG aTO SEVREITENST SV 1A EBr oo B ars sESi AT B
| onger than the discharge interval s between other
fal ot & deterrese PrReRtidk Vitqubg ERaRbRE 2
characteristic vibration period Tc 20 (i.e., 3Tc).
praéfisioermindds leveed ehdt then thieglraséntoehodirafarence
tone data are transmtted plural tines (e.g., two
potémesyi virt kiwe erecpsl ntimgtiperiiodtasicn thegehidbplet
enbodinent. FIG 27 is a table indicating whether
di SEopk L S AR a1di-6ahap 98ghhYa thawekses Blopbefccaiding the
to the selection of 25 the pul ses P1-P6 by the
rod_ si S 0 i . t he present
secgcggg%drlolses %tgjﬁé ?1!3 %o%g?gée%ez%lscﬁargga.

nment, I'rst IS provided solely

Also, the waveform of the fourth 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
potential V. The interval between the fifth pulse P5 and the
sixth pulse P6; namely; the discharge interval between the
fifth droplet and the sixth droplet, 1s arranged to be longer
than the discharge intervals between other droplets at three
times the liguid chamber characteristic vibration period Tc
(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 dropleis are
discharged by the pulses P1-Pé& acbording to the selection of

the pulses P1-P6 by the control signals shown in FIG. 26. In
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for formng a small droplet (0, 1) in the first half.
As can be appreciated fromthe above descriptions,

the manner of selecting the respective drive pul ses of
the 5 drive waveformis not limted to a particular
schenme in the present invention. Al so, the shapes of
the drive pul ses naking_éﬁ_the drive wavef orm and the
di scharge interval (pulse interval) of the drive

theRedBith A@CRdTeREr toel tore vdeei 8l aF BFFaiiRbetftlely

According to enbodi nents of the 10 present invention,
fodrfamnipg sesmailihddpplieti 6y, shapges they fhestakebhged at

differing intervals within a waveform 1In the

fol |l owi n@ss a&adr beeapayefdstrdnt-cn dakaabbirangasétipigions,

method used in a fifth enbodi nent of the present

thé w&&ﬁé@%@rs%l%%%gb@ﬂe vxféé;bé@fl%reeaeevteopﬂ% 28 and

15 As is shown in FIG dri ve wavef or m used

drl@%raa?x?e%r st spbedi eny g g:%bscléuﬂ?t kéhgxh'% 8 & fle

I g he meni scus |nserte etween t
ul se PS5 and the sixth P6 of rive veform

prERedf dris g Phe RO HERGrIGHRene. SHowHEFYE Y

The subtle pulse is configured 20 to vibrate the
makppd | W e sEdFehbyaEphPr M dridss ¢iechpage gnterval (pulse

adequately low to avoid ink droplets from being
intesehar ged tihe doider waveprevente diogchamgéedefect s

caused by the drying of ink at the nozzle during

paPtiflilidy).arA=S@emkehti S Reteflihpttd rmbbaimphesest the
enbodi ment, tone data (tone signals 0 and 1) are 25

pr&mr&ﬁ&e@ﬁclmnur Al 1LENBS1 § & GritH \éﬁftfb@ﬁ%x ;Eéé‘ R0 be
printing -67- period as in the third and urt

arrgg qﬁnﬁgn&if¥§?iklb?thPQXfé within a waveform.

In the fcllowing, a drive waveiorm 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 includes 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 discharge defects caused by the drying of ink
at the nozzle during printing. Also, it is noted that in the
present embodiment, tone data (tone signals 0 and 1) are

transmitted plural times (e.g., two times) within one prianting
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FIG 29 is a table indicating whether droplets are

di scharged by the first through sixth drive pul ses
P1-P6 and a subtle drive by the subtle pulse is
initiated according to the 5 selection of the first
through sixth drive pulses PI-P6 and the subtle pul se
by the control signals shbwn in FIG 28. In the
present enbodi nent, the tone | evel designating

pemnord disséharthe hyrdearnd siqurdd: eobpdaneres t frscriftpd @bove.

drive. It is noted that in the present enbodi nent, the
10 drive jau.ses de sotalibeesshrddtynhavBetbebedsablextechre
over a continuous range. For exanple, the anal og

"dl§¥ﬂ§f§EdA%y”%ﬁeb§lr§€ttﬂﬁ&uéﬂ”ﬁﬂ%}htHle@tﬁﬁyﬁés(ﬁliﬁEEand a

subtle drive pulse for a channel that is set to

wBPf hc? [ a%gfslt@xegub{p?t&mfeo' gﬂn% e&réa@o%h% A dNche

ransm I'ng USG In a sixt

Y AL U L TS ST

30 the waveformused in the present enbodinent is
theupeviat inlisg PoeBhe caP Pt He-aRavef SRAT™ usREF 16 tHie
third enbodinment as is shown in FIG 24. Also, in 20
the present thebpdesent, etlopdimetta dhe toanshevekd
plural tinmes (e.g., twice) within one printing period
ded@Sghdk e ddri-d schhrgughay id neanbmdiment seaFlfe Bdeis
a table indicating whether droplets are discharged by

suﬁgfe did Mes pulises sPhoPEa 2660F NG HO B8R s@bE&IM&N, the
o the drive pulses P1-P6 by the control signals

drlve p&iges do noEGEe§QSSarlly have to be selected over a

conﬁinuous 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
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 1s shown in FIG. 24. Also, in
the present embodiment, fone data are transmiitted plural times
(e.g., twice) within one printing period as in the third
thrgugh fifth embodiments.

FIG. 31 is a table indicating whether droplets are

discharged by the drive pulses P1-P6 according to the

selection of the drive pulses P1-P6 by the control signals
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According to the present enbodi nent, when the snal
droplet (0, 1) is designated in the first half, the
first pulse Pl is selected to thereby di scharge one
.droplet; when 5 the nmediumdroplet (1, 0) is
designated in the first half, the first and second
pul ses P1 and P2 are seleéfed to thereby discharge
“two droplets; when the small droplet (0, 1) is
shaesiigndtléd BA.-the second half, the fifth pulse P5 is
selected to thereby discharge one droplet; when the
medi um dreploetiing 10 tesignatead iembbbémsetpmhéral fhe small
the fifth and sixth pulses P5 and P6 are selected to
ardhesiebyy dilgchar gest wes e ppletidie andstWAeDs | hend afigest
roplet (1, 1) is designated, all the pul ses P1-P6
pufl& Selected Lo hnes el AIRFRAIAR 31X BhOPEEIS ot when

cordi'ng to the presen iment,” tone data 15

ol S0 S0 00 ) e dranendisd DA MATIA L e

and nedium droplets, droplet discharge is perforned

Tiysfdeprhdanony polene Piignd HraldreasGlerEes ebdnt Ty

usi ng i ndependent drive pulses for the first half and
disdimnserone kabbletespenen vidley smed 12@8rppakitzE0dot) 1is

formation. The present enbodinent is adapted for a
deSaseatat Whi ahet Beconl nharannig Figsol puilsa BHdis heeladted

scanning resolution are arranged to differ. In this

tocéﬁé%eﬁﬁ_df%@%%r%@?ogéiaﬁb iéﬂ?ﬂwﬂgh t-he mphufiml s ME: is
signals included in the drive waveformused for 25

form ng. t.ne lar [ onf.i gur tQ. I
oo ET 0 O S Bl A S 0 it e
anéePg'érémggfggggﬁoege%%ereby discharge two droplets; and

" when the large droplet (1, 1) 1s designated, all the pulses

P1-P6 are selected to thereby discharge six droplets.

According to the present embodiment, tone data
(tone signals 0 and 1) are transmitted 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
realize dot formétion. The presént embodiment is adapted for
a case in which the main scanning resolutiocn and the sub
scanning resolution are arranged to differ.

In this case, at least cne drive signal of the
plural drive signals included in the drive waveform used for

forming the large droplet is configured to be used for forming
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based on tone data transmtted in a |later data
transm ssion of the plural data transm ssions. In
this way, the time of the overall drive waveform nay
be reduced and the printing period 5 may be reduced so
that the printing speed na% be increased. FIGS. 32A
and 32B are diagrans illd&Prating dot formation
according to the present enmbodinent. It is noted that
a @hepbeisictirassdhani shef brrdotdrdiorataticod - i nTEREWPr &sgntet)
exanple is 300 dpi. Specifically, 10 two rows of
bagedzbe arraymthatiragsalihoed| o @ ticdtegf dab60tdpismresion of
used to performnon-interlaced i maging to thereby
thEeal 128 dhtL30auENeBs06n300 TpitHin thae, Subescanai 6f the
direction. Wth respect 'to the main scanning
ovgkgfftéfﬂde %%eth&h”hhgngefé&ﬁcécﬁ M %ﬂgegrﬁ_ﬁtin%opoeriod

correspond to the period in 15 which droplets at

dpj may_ be di scharged.in_accordance W he.
ma kG| BT 17 =B 8cRh Ny AEesy BAY PR HRpgeased.
case, the Iarqf dr opl et na¥ be_arrang%grinto %&
dropl et anbEmt >2AdE4FaréBs 8F e f SH TR o Pd Aagd 9ot
through form ng dots at 300 dpi X 300 dpi as is shown
foirmaEiG 3¥ordima We édkanpresont ¢ikpgimenéd in FIG 30,
six droplets are discharged wwthin one printing
peri od, antd idhendtiesthangedhdrops bt sreged utdogedolbefioke
adhering to recording paper to formone | arge droplet.

FoPRathen ol hefndandscnef ekbinflet 0s @3 dpl. aspeglifically,
droplet is forned in the first half using the first

P . i e first
B ESFerOF Bl 28 sk TB R Ui Senrat T forad 7%

ar%h%sghrgé £§¥Eoé§“53%—ﬁﬁ%eﬁiéééda{%kging 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 resclution in the sub scanning direction. In this case,
the‘large droplet may be arranged into a droplet amount
adequate 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 Fl1

and is formed in the second half using the fifth pulse P5. A
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second pulses P1 and 22, and is forned in the second
half "using the fifth and sixth pulses P5 and P6. It
is noted that in the third through fifth 5 enbodi nents
descri bed above, tone data are transmtted tw ce
within one printing period, and the tone level are
determned based on the~¢éombi nati on of the tone data
transmtted in the first half and the second half.

meddomevieoplien thefpriesénin t@wbddirgtnbalfmagimg flye first and
i ndependently perfornmed in the first 10 half and the

se&@eOR1Ralsf Plnahherzasendfisf diornag smathe ozecoredituhy
droplets. In other words, snmall and nedi um droplets

nsiBy B8 dirsghanged; tW GR11Qv&r pBNEnAr PRt i ng period in
the present enbodi nent, and accordingly, as is shown
in FIG B.. .a ' C j i.ractq S | on

338 ANRLY 113 SCANNIO i LACLL OB RSP] K

of 600 dpi t’ mes asi ¢ resolution of

300 dpi_of the.present ex | e be ealized ip . the
GBI G DETaP Tt THB O Hr DO er SRTRL el tiee
~way, the density range that may be represented by the
witll |ongndPriediom BebPet Suthyise TPREr é8¥eH, 2aroFafgmined
advant ageous effects may be obtained particularly with
based pecttitco cdabshayiconef ndig yoooke dafieghtaghmediedeige the

Also, the density range that may be represented
£i et houts izvel wdiengechbhe harge dosphet, may beeiposaased
so that graininess of an inmage nmay be reduced. 25

_ emAGERELH Y :Ltn%gtlgg pEeseido sMRedileRbrrarRedNLh Nehe irst

node 1s reali'zed in which only the resolution in the

haf?ighd the second half in the case of forming small or
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 resolution 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 particularlﬁ.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 gralniness of an
;mage may be reduced.

According to the present embodiment, a printing
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~scanning direction for formng a solid imge (i.e.,
di scharging large droplets) is arranged to correspond
~to the sub scanning direction resolution so that the
droplets may be 5 arranged to adequately cover a solid
i mage region with respect to the sub scanning
direction. Also, accordinglto the present enbodi nent,
the resolution in the main scanning direction for
modH sehakgildgedmah| witidplaetly (thealcksmbdl bon ditopilet sain
the case of four tone levels) may be increased so
scdiiing @& elctBn MRy beorilihgprevent edifagm ocoar ring in
a highlighted i mage. In the present enbodi nent, the
' f ox sold ¢ aRgedmy cbersspdiedd ahe
dl%ﬁﬁ#%ﬁ&§%%§??% ?g%%g%gyéﬁjé%‘tha?%graininessg%f t he
sol i d _i.rage.may, be redu and i q [
Sd?ﬁ%?%ggﬂ§9%f§e¥ﬁl?ﬁer%?%ggﬁggéﬁﬁgggﬁgn??és%%?g|Hgggﬁy be

correction _ nmay be realized by ,snpot hi ng rough edge
ar@“%r%@é‘ﬁ&“é%ﬁ‘ﬂé COYRF rﬁeoﬁ%ﬁ%aﬁa‘agha??%‘?%p%d@ ipgpect

is illustrated in FIG 33A, for exanple, It is noted
totHm FGscEBBing dideagiem iAlsgst REEPRELRY cBAPHIS Fiesent

exanpl e in which the nmediumand 20 small droplets are
emifh SaRarigedhat r3861ldpioX BOCIdpimaiss scannbeg direction for

appreci ated fromthese draw ngs, a snoother edge nay

di@&lalgfﬁi%(mmy agbprhes gi figh sIvalddimmdiuepleopl ot stiat case
600 dpi 300 dpi as in the present enbodi nment. On

of L B OHOG h%%@isshﬁa§e§9!iﬂéfgh§é& tBe+ARLNtoR® jump may be

scanning direction for discharging the |arge droplets
prife el S piehtoagOLh SRR O] GRAGLULT AR
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.

dn the other hand, the resoluticn in the main

scanning direction for discharging the large droplets 1is
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direction (i.e., 300 dpi) in the present enbodi nent so

that a solid imge nay be forned using a smaller

anmount of recording liquid. Specifically, as is

descri bed above with reference to 5 FIGS. 6A and 6B,

even when the resolution Ln the main scanning

direction for dischargin§7?5rge droplets is increased

to 600 dpi as with the resolution for discharging the
ar RIS redicorr e aPepl ete, the despietiahotht the diite Ftning

half the current |arge droplet anmount, for exanple,
diymytimot (Beesuf BPEi @pt) fior e Bcearntetyhddimemy s that a
- solid inage in the sub scanning direction; that is, a
solial getagdr aplyebeafiounéd i1ss inepdedmhdlepvancumt sof itkcording

i mage region in the sub scanning direction. Also, in

li&dﬁﬁﬂpr%%%ﬁﬁf@ﬂ?@ﬂ%ﬂe£@'iéﬂd€§$ri@é@ph§&§e W€ reference to
successively discharged to formone |arge droplet. In

t i i nt . of .
FIGS. %gﬂén% GasesyLhe,y @%e%e%%‘iuttig}? ]{ﬁ w‘gt(‘i)é’n gwlxélrp s 5%%mg

over waveform may have to be strict It1one
qi2n cont olhgd | n ordgé to E@gliz% st abl e di schar €00
TR gy P PRPEREPEEE R EBobifieht , YoREC P ThtThg
period is based on the formation of the |arge droplet
dps g FHthstthls) eeapdpteen Zdpiierirgeindythe Foalt/ Aggiom
Further, the discharged droplet anount may be
dromigrsas ed dyppaddi agodroptetsecotrebpbhdiing tworeent large
subsequent transm ssion (e.g., the fourth through

dr&p2dth andiopl, efsri axémel ¢ ) Inust mattedeesbodi abat) Jar t hat
a large droplet may be efficiently fornmed. 25 It is

acAetadithat dinkhg above iﬂlal%ésti&lattﬁe s¥B8- s &4hedidrent
plural "droplets are nmerged before adhering to

direction; that is,_a larger droplet amount is needed to cover

é g0lid image region in the sub scanning direction.

Also, in the present embodiment, plural droplets
are successively discharged to form one large droplet. In
such a case, the voltages and time intervals of the overall
waveform may have toc be strictly conditioned and controlled in
order to realize stable discharge. Accordingly, in the
present embodimeni, one printing period is based on the
formation of the large droplet so that stable droplet
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.

It is noted that in the above illustrated
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paper to formthe large droplet so that the |arge
droplet may effectively cover the solid image region
in the sub scanning direction; however, it is noted
that the droplets do not 5 necessarily have to be
merged in the present enbodinent. Also, it is noted
that in the exanple illustPated in FIG 30, |atching
(tone data remwitingz is realized at the tine point
emiped iasy- + P uEhilr 4rpRl 8 P menare PEhPTR pYPeElPy; to
_however, since the fifth pulse P5 is used in the
papeesentfokth ekanphege odfepinta ssmdhlatdtbpl earga dheplet may
second half, the latching (tone data rewiting) may

efpbdennat velverbenpesbor dethadyd ddigohi e phe ntulbes ywening

the fourth pulse P4 and the fifth pulse P5. In other

 WOLASsn 1 hRlRbehi ng 14 miOg-dhae 13t a86p18B8tdo not
dl%?%nsﬁ%sgﬁoﬁ of ‘tone data of the first hglf andot%% 15
second -hal.f nmay be realized. on,ti ne. 0 i.ng
oA T G e aEes 1 e BegthfcrrPssRieh el
i magi ng apparatus i s used, a position referen such
a |inear dert ﬁﬁynBEeng%%géﬂlJ?Fheﬁé§838tl£fﬁsF¥&Fed
mai n scanning direction (see |linear encoder 74 of
inFFGS. 30 dageding) (feneofrextraypddd ngar Lat Fensiord tafe the
carriage that includes the recording head. In this

" timasginthdaviesa waeetfbindipulgendtlated ithe Fespbhspulee F4;

a signal (position reference signal) fromthe |inear

hoRB6eders it asha Frirggepubigned i udiesiChar ghel badsen?5
droplets, and thereby, the drive waveform may be

exBLLAN0SY 491 B8] Brsyee Wit Rerldh@cResit hals, the

‘reference signal, but the
latching (tone data rewriting) may alternatively be performed
at the time point between the fourth pulse P4 and the fifth
pulse P5. In other words, the latching timing may be set so
that transmission of tone data of the first half and the
second half may be realized on time.

BAlso, according to a preferred embodiment, in a

case whére 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 encocder 74 of FIGS.

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 enceoder 74 as a trigger signal to discharge liguid

droplets, and thereby, the drive waveform may be arranged to
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printing period may not be constant since the printing
period is adjusted according to the carriage speed
variation. Accordingly, the time of the drive
waveform and the data 5 transmission for transmtting
the tone data have to be_?ggpted for the fastest
carriage speed of the carriage speed variation range

(al t hough such tinme may vary_ dependi ng on the
be o PG AR S P61 PERLLLH7 11 HSE Sheed 0BRE at POR) BT ¢ i s
noted that the hatched areas in FIG 30 10 represent

primeing merigdga@ayr 80t ded sRRHaTdsFédicet shenerEaf+rageeriod

speed variation. In the present enbodi nent, the drive
ispadpested arecchodinpgta tlae g drigigeetsrard voaniabided as

one set so that extra tine (idle tine) generated
AcBSEQTH NG thet Remeanfi Bige dispeediavafioai andmale bgata

reduced on the whole. 15 For exanple, in the case of
trRRERd NG Ale R 58R0hYEL PRy OfhSAQ K 3BR4UREVENES be adapted
“normal conditions; that 1S, even for discharging a

| ar.ge draplet, .the_positio f.ere .sLgng S
OB aHET e 0T P mEar oo 73 Shged Yo tation

correspond to the tinme interval for djischarging a
raggdpletthauso seeh Gpie BpeciFTE 49881 'HgtﬁFstE%se,

three pulses transmtted in the first half and the
speetbher s afe thespeeriaet ywrrattvediazdonhdi vi dual

sets, and a tinme range for allow ng carriage speed

vari ati onfthas notkd ahaangee hetobesh adeesf LnsFI@al 30

and the second half. In this case, since an adequate
repfBsatt ofhl & iR aRgs HooPRISEGHed Rebeeentdr tNe carriage

wavefornms to realize -75- stable discharge, tinme for

sp@géo¥£fiﬁgﬂ%%ﬂca&5jﬁﬁg ﬁ?éééﬂ{cgﬁbodiment, the drive pulses

for forming a large droplet are controlled as one set so that

egxtra time (idle time) generated 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 dpi under 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, three ﬁulses transmitted
in the firsf 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. In this case, since an adequate amount of

time has 1o be secured between drive waveforms to realize
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has to be secured for the two sets of pulses. However,
in the present enbodinent, since a large droplet is
formed using a set of drive pulses included within a
time interval -for 5 discharging a droplet at 300 dp
as opposed to 600 dpi, the_ printing period may be
adequately controll ed by‘gééuring time for one
carriage variation between sets of drive pulses for,
stélok e digs dreadear Gémgr 6pt edl ! i rchrfW9e Cappregr at - F F RS
. the above descriptions, 10 fornming a |arge dropl et
hasistdpsisequiesiesoactoe divny sots e pwlesent EBabodtmnenn the
is different fromformng two droplets at 600 dpi X
prefn dimboheinft, cCaihye 4 Mdhe: casplel seqiennéal hying a
di scharging plural droplets over the first half and
selNgr secand . falk Qﬁgig%é@ewf%ﬁ%ﬁﬂg +8HROdLABR a1 LAer

sequencingtimng o the pulses has to be fixed in

.order to conirol the.r i ain pr. r€. W ERRN e
a1 ST GRS S Ena Bl s SRR LR L BPh "ab ' ene
di scharge and the_desired droplet a %nt. It is npted .,
DTERRLNS 6 Thaa] BPLAPFEYEBFLY HERGe | SFoPHedo By tHE Time
smal | /medium droplets is not very high, slight 20
fogevhat¢onsidge vhelpahdinngeposin s 6f gréve pulses for
smal I / medi um dropl ets nmay not cause significant inage
fotRinqdatd amrfcd Bhropdht. positi on devi ati ons and
di fferences in droplet anmounts may occur since the

drive wavgf ofdp pid epbbbzestédertai gghgdephet descriptions,
formation). In fact, since the discharging resolution

.1 he_ 2 I k.U p j ' npin
e e L G R L R s Nl
deSC£ig%9 bov

presen o} 1me5% fﬁhgi%ggggnt from forming two droplets at
600 dpi X 300 dpi. épecifically, in the case of sequentially
discharging piural droplets over the first half and the second
half as iﬁ the present embodiment, the sequencing timing of
the pulses has to be fixed in order to control the remaining
pressure within the pressurizing liquid chamber to realize
stable discharge and the desired droplet amount.

Tt 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 deviatiohs and differences in drcoplet amounts may
ccour since thé drive waveform prioritizes the large droplet
formation). In fact, since the discharging resolution of the

small/medium dropiet in the main scanning direction may be
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quality may be inproved fromthis aspect. In the

present enbodinent, a large droplet that is forned by

plural droplets is arranged to be discharged based 5

on a reference signal obtained froma carriage

position signal (linear encoder), and tone data are

‘latched fromthe referencé®—signal at appropriate

timngs (to performa subsequent data transm ssion of
suggnifialiaddvaincansaedsions) degcrhhedpabye ontheleviasts on

of the large droplet nmay be prevented and high 10
quiiadyt tay wegingroayd bersrealnizedspkntt he fol l owing, a

drive waveform and a data transmtting nethod used in

a sevent i erpadirestn of edthfiinRr@seat 1hPYENE+ONL & &chat is

described wth reference to FIGS. 34 and 35. 15 The

vef ' r di '

Rt L R e s S e W

P2 and the sixth Eulse P6 thhe present mavefognwthat 1
ON At & TSN S IPRT sSHRPE HI% TdSBd 2sSPEFy>PorP T or mHg a4 9™

smal|l droplet; and the first pulse Pl and the fifth
(lingae P59 hedDd pred dittandFer orFRRIt TP FRemeiegence

in shape are used for formng a nediumdroplet or a
sidneayentdraguirepriAtsotimings ditca peftfons ai gabseT@enthdaa

are transmtted twice wwthin one printing period as
trametiies idh od phoesyhdstxttremddisients sdeslosat heskition

above. 25 FIG 35 is a table indicating whether
de M OPl §1 @B TArgdi 86h3T Sethaly teherpubsesd Pin®&igh

according to the Sel ection of

quality imaging may be realized.

In the following, a drive waveform and a data
transmitting method used in a seventh embodiment cf the
present invention are described with referénce to FIG5. 34 and
35.

The waveform used in the present embodiment
includes first through eighth pulses P1-P8. The second puise
P2 and the sixth pulse P6 of the present waveform that are
identical in shape are used solely for forming a small
droplet; 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 tﬁice within one

printing period as in the third through sixth embodiments
described above.

FIG. 35 is a table indicating whether droplets are
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the pul ses P1-P8 by the control signals shown in FIG
34. As is shown in this drawing, a snall droplet

(di scharged by pulses P2 and P6) and a nedi um dropl et
(di scharged by pulses 5 P1 and P5) are arranged to
realize dot formation independently in the first half
and the second half as in’/the sixth enbodinment

descri bed above. That is, the large droplet is

- dismdrfigpay &y tber palsee Fidf ngcardloo Xo30oe dpplecnien of

the nedium small droplet is configured to realize
thé IMJisRG 31 -660pX tA® SO0 sibnallhespoesent FIG. 34. As
enbodi ment, the pul se waveforns used for formng the

is Sdldn drp th@s BRat b8y f i 4 simal brapdethedsecwneyedralf

are not |nc uded in the pul se waveformfor formng the

pu S%esq%Zd %%% Qﬂﬁ erﬁe@{ lte(E ?YQCI%QE%&C@ pulses

se mave used

nedlun1dr let inthe fir aIf d_the. secon

P1 98 (i)l GO SFRETHE pt S SJM\? St PBT= F T Jn@g%%enéently
| arge droplet, and are arranged to be identical in

insHpeligst fird was, thaeSer &eldndints bRet fxth

“smal | / medi um dropl et nay be arranged to be identica

embed i 2 @efsiorsbelabbound tHetsdsondhhalfrge dhewldthege
formation may be facilitated, and imge quality may

coRfi diioved relat 18 m@&?ﬂng hat awiot K regardpi 0 dimhgee
quality, identical ses are preferably used for

me%ﬁe Seca%gﬁ%k%g@@'Hg]cgﬁf§&ﬁ¥éﬁ't% the fbEsimbal d %ﬂg600 X

so that the 25 droplet anmountsS o
3Ogn%ljllnedlumdroplets formed in the -78- first half
the second hal f may be the sanme. It is noted

In the present embodiment, the pulse waveforms used
for forming the small droplet in the first half and the second
half are not included in the pulse waveform for forming the
large droplet, and are afranged to have identical shapes. The
pulse waveforms used for forming the medium droplet in the
first half and the second half 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
first half and the second half so that image formation may be
facilitated, and image gquality may be improved.

It ié noted that with regard to lmage quality,
identical pulses are preferably used for forming small/medium
droplets in the first half and the second half so that the

droplet amounts of the small/medium droplets formed in the
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that in another enbodi nent, independent pul ses for
formng the nediumdroplet may al so be included in
the drive waveform provided that the pul ses nay be
accommodated within the 5 appropriate printing period.
In the case where drive pulses for formng the nedium
droplet in the first half 78nd the second hal f are
included in the drive pulse for formng the |arge

figrlopiedd and thresarprmget! i dpabe FB%n??I&%I s%%p}e?s ngged
in the present 10 enbodi ment, waveform constraints are
thaddirt iaowahley embosivenn, J‘txttf@mmdﬁetppué@em oranofigyg the
formng the large droplet, and thereby, the pulse for
med Qi@ ike med apsdriopl atcliwiedpiafl enabliyies rengeth at
an internediate point so that adjustnments may be made

enh Pl $8c Yoy S BdTh ckemndnapEet Sl tnid dihe
pr?“?ﬁ%?ﬁggga%gﬁbgdln%nt he fifth pul se P5-t|s

arran d t Q. hay the s shape as the first pulse P1
ap%f%Pr£%? u e&n?oggoPgr%ﬁgenedluntdroplet Thus in the

f f th d h
pecd of ¥haTs: CpFE: “20-0 SoNE GUS6y TRe FRTTH BT

may be slightly slomer than that of the other ul ses.

medBEDIHARISY, JEhFEenBiTHE opensal:ba BYCORY] EAYE MY K he
wavefornms of the subsequent seventh and eighth pul ses

in®ludmtl iP8 the. drivei pthsantbsibarmidgophet $adis chrargert and
for formng a large droplet) to enable droplet

ardli sehaldel alo aavébigkhghtdly diagieer adr opl ehe dbseharge

speed. -79- It is noted that the droplet discharge
emﬁ&ﬁ%ﬁéﬁg tJE%eform constraints are additionally imposed on
the drive pulse waveform for forming the large droplet, and
thereby, the pulse for forming the medium droplet 1is
preferably arranged at an intermediate point sc¢ 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 dreplet. 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 et discharged by the fifth pulse P5 is decreased
in the case of formng a large droplet owng to the
fact that droplets are successively discharged by the.
previous pulses to 5 cause a rise in the neniscus.
Al t hough such a rise int meni scus can realize an
increase in the droplet arount, under nornal
conditions, the applied voltage has to be raised in
accordand%?vﬁ%l?oéﬁdlﬁE?EaE%e Y T ddpréerdfotReet of the
supply the correspondi ng di scharge energy. Wen the

dr@,zah@t vblacgeossd by that fapphird foPdiischargragedhen the
first droplet (in which no rise in the meniscus

ca®€ Colf sfornsi rids ed 1keyeaddopptetoviynd e thef thcputset P5,
the di scharge speed may be slightly sl ower.

ArbSTOFi D Ysu ¥ sahangi adséherdud 3% e HoEFiAgstPelses to

nedlun1 droplet in between plural pulses for formng

| caltlﬁ 46 AL ORhEL e CQLT ecﬁi%d&%’ s*&‘éhpﬁrf:%ﬁeﬂn bYhe

e subsequent droplets. |s noted that int
resent enbodi.nent, the i scha timmng is
meBLFEED R ARG AP DRSBTS Gt dbito Cepegb PRt Sunder
di scharge of |arge droplets. As can_be appreci at ed
NOFPZ I HEIEHGRS - dg§6r PRPLBRQ , Vo Ih &adr ithePPuradsed eth

in the present enbodi nent includes at |east two drive

'acsbgm@n@ﬁfwﬁthﬂa@cﬁangﬂgedi@pthﬂfdnﬂpleiub@pantib@lyumm&y

sanme size at |east tw ce based on tone data
thér ansredgediipluddkchengs &héhinn. onhepr ichei Agmperdbthd® as
thereby inprove image quality. The drive signals for

thét S&ﬁ@}fﬂéc{‘ O A0 cﬁ%@ﬁb%&?zmgf ti9elbstant iebhby ethe: sapr: sh 2
at l'east twi ce may not 0- be configured to be used

rlggrlgléQQQ&Qﬁﬂgmgr8BES£§)O{SO&JEH for a droplet by the

fifth puise P5, the discharge speed may be slightly sloﬁer.
Accordingly, by arranging the pulse for forming the medium
droplet in between plural pulses for forming the large droplet,
correctién 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 diécharge of large droplets.

As can be appreciated from the above descriptions,
the drive pulse used in the present embediment 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 pericd o thereby
improve image guality. The drive signals for discharging

droplets of substantially the same size at least twice may not
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sizes so that accuracy in the droplet sizes may be
realized. Also, the drive signals for discharging
droplets of substantially the sanme size at | east
twice may be configured 5 to be used for discharging
dropl ets of one or nore other sizes so that the
overal|l time of the driveB®aveform (printing period)
may be reduced. In the follow ng, an ei ghth enbodi ment
be O:Eortﬂ?t@urprie$enbe| nyeht fon disdeseingedronbets eheother
present enbodi nent, the printing node may be sw tched
sihed Vhﬁfl’tl'@tﬁﬁdeuldstjﬂglﬂi hehanaltefodem andes heavdba realized.
transmtting nmethod of the third enbodi nent (see FIG

a1d4) @ dﬁv@g@gﬂéwgfcsmi;vw@f@rlﬁgaaeoph@tga@a
transmtting method of the seventh enbodi ment (see

' sul':zsli%n %.@llyl%hgt né’iféj dﬁw{]afeatsl%e tlwm:@hm *rﬂ)@gcéﬂjflgured

i nNg {one"data 16 ferent inthe third
enbodlne sev th enb di nent
to gy aggbior e%ﬁf:yaréjsnea o B1°Bous Sty P he izes
time the tone data are |atched,. the on/off st at e, of
so t Heataridio @ Vewirt é h TASS bek o qmé’teaHF§Ef8ﬁla Q@rﬁ‘@r%y,
| at ching has to be perforned when the drive waveform
petsod) atay Siencedubedwavef orm of the third enbodi nent
and the waveform of the seventh enbodi nent are
di ff erentrid rrshape) otvhbeg, | &t chidhitn rgbofidmethheof the
respective waveforns are different. Accordingly, in

priben Prasantciepbadi ABEEritde. tining for 25 rewriting
tone data within a printing period nmay be set -81-

accordi ng..t q fthe ditferencesifthe Wi veiWeYREOLSBe may be

used.

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 and the data transmitting method of
the seventh embodiment (see FIG. 34).

If is noted that the latch timing for rewriting
tone data is different in the third embodiment (EIG. 24) and
the seventh embodiment (FIG. 34). Specifically, as is
described above, during theltime the tone data are latched,
the on/off state of the analog switch AS becomes unstable, and
thereby, latching has to be performed when the drive waveform
is flat. Since the ﬁaveform of the third embcediment 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

rewriting tone data within a printing period may be set




For exanple, in an inkjet recording apparatus, the
spreading of ink after the ink droplets | and on
recording paper may significantly vary dependi ng on
the type of 5 recording paper used, and thereby,

- printing in a nunber of grinting nodes are preferably
enabl ed (e.g., normal papet— speed printing and gl ossy
paper printing). In this case, the droplet anounts for

actdslingespechpvel Bfoptets i the drivgevavebvoms uhmgl-
smal I droplets) 10 may vary depending on the printing
node, an@oirnekeinnlet hin din enkjarefrecordiyg vapyaratus, the
Accordingly, in the present enbodinent, the timng

spradi@Voist KRG Lensrdedad afx eRerpkiBt 18ga Periathrmndpe
set to be adaptable to changes in the dropl et

PR pl Vs ELeTELES 418 oBERle EmviL st it 1

ative estr Ions nay DbDe | rrposed

on the drive wavefor ondi,tion_(waveform desi gn
> reg 5¥ﬁ%ﬁ@¢ﬁﬁyu58¥ca§%é?t ?f%ﬂ%'cﬁré%%%Fgelﬁe%e?%ﬁbg &

di scharging the desired droplet anmount cannot_be

P Hesingh @ desn afRePF 8 Powp 1, crbdiett HeefhodT PERTL dt2RY e
present 20 invention is described. In the present

speabqaiimeriing ehd plonaty meprdemiEibg) -swit ched bet ween
a node using the drive waveform and the data
transm t timgmiet badeof thdedtdplret emboditsendyr ame t he
node wusing the drive waveform and the data

re%ﬁ@@&mé td-Rp1eeEhed 25 show | mddiGn, 2ablinsmli Chatgests)
ata are transmtted once -82- within one printing
10 ma?e&£f¥ndepending on the printing mode, and in 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 adaptable to changes in the droplet
amounts. It is noted that when the rewriting timing is fixed,
15 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
20 invention is described.
Iﬁ 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

25 shown in FIG. 2 (in which tone data are transmitted once
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As is described above, an inkjet recording apparatus
may be configured to realize a nunber of printing
nodes. It is noted that in a case of printing a
hi gh-quality 5 i mage such as a photographic quality
i mage, the interlaced printing schenme may have to be
enmpl oyed in which case th&%2—nozzl e pitch does not
correspond to the resolution in the sub scanning
wigh¥ecmeomrrintingereasedlof performng such high-quality
image 10 printing, a droplet of a substantially |arge.
si ze suclr=as st Hetcrikeadli Zwgra n arhé nikbiettd reobodiment
(see FIG 24) is not necessary. Specifically, in the
apPiesal AsSee @eAsib¥réd td&eaSUbeScantnbgr dbf gstimiing
may be increased through interlacing |lines forned by

modP®! | drapl %E%EdaEHthfﬁﬁ?%ﬁﬂ%ﬁ%ﬁeﬁgﬂhﬁﬁhgnaoﬁié%?%%%}ity

variety of tone |evels within one printing perio

._nhot be necessary. Thus, in thi,s case, printin b

ings (RGeS O PRG PRESDAtS TFanEM CHPNG  mephot Tettaest
involving transmtting tone data once withjin one

PrR g my 8@vabave teRs i 9EY AWicth 17y BiérRnease othe
FIG 2. It is noted that when a data 20 transmtting

nonetdaul iaiv clogisngotr apsnesrdntd toridedaegoprtianr i ks sub
wWithin one printing period is used in this case, the

scaefing et attd ohr.ansm ssion tine and the tone data
generation tine may cause inconveni ences with respect
to the priftiHg caspesd. pebrHeeHisidy hibheqhheseRt image
enbodi nent enabl es -83- sel ection between transmtting

'pr££¥E%é¥“§’éygﬁie%”gft539§Q§E§5{§£11y large size such as that

fealized in the third,embddiment (see FIG. 24) is not
necessary. Specifically, in the présent case, density in the
sub scanning 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 cése, 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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tone data plural tines wthin one printing period. In
this way, data transm ssion suitable for the current
printing node may be selected so that efficiency may
be realized with 5 respect to data transm ssion for a
printing node that does not require a w de range of
tone levels (e.g., third 8Afough fifth enbodiments)
or a higher main scannlng resolution (e.g., sixth and
Sekﬂﬂﬁmﬂﬂ1hﬁﬂﬂ%&ﬂwﬁﬁ@?sm4¥t4qg|ﬂﬂﬂ§ddﬁﬁatoﬂﬁ% %@%s%ﬁﬁnsmlttlng
enbodi nent as is 10 descri bed above may be realized
torse M ta tdincwdh tadpasyivgin kee conntohgppeti@@®0 ofn tihds
i magi ng apparatus; nanely, by changing the sequence
waPf ddi&: datadskiaBsaht Ehgbid tfc30Zhel Budtbet pyhitisg mode
t he hardware configurations of the carriage such as

ma#ﬁﬁ% & ﬂ@dngoh%ﬁgtléfngﬁéﬂE% hegdpdr buel s 209 oot

ave to e 15 changed so that "the present enbodi nment

Ieg?ﬁ%%be ca Ilé'é{%’ggs L{E'?Sdl III%OI' at lp%&%%lkga%o&ig {}tﬂgt does not

ove, nsm ssi on of
data havi, a2 blts/CH dat a ucture | escrlb .
regaize raewlégeema&aﬁv@f X Jeev el rt ﬁ@lﬁ‘ge‘%ﬁ fifth

i nvention may equally be applied to enbodi nments in ]
emippdl hemlela <20 aohighprtB20H wrahiigeregpéutised (- % » sixth

case where the nunber of droplets discharged within
an@neepenth idxdpopiémend) exceeds the nunber of tone |evels

bei ng represented. Al though the present invention is

shown andrt deselicithad +wht ht K& Spedertito ca@btianBnpr &f et ¢ ed
enbodi nents, it is 25 obvious that equival ents and

deg?gigé§QQ&9R§ beogggﬁliéﬁ.ékﬁpﬂyl%ﬁ&%uéh'Ehfgstfhétﬁhe

upon readi ng and understanding t

control part 200 of the imaging apparatus; namely, by changing
the sequence of the data transmitting unit 302. -In other
words, the hardware configurations 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 in 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 equally 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 tcne levels being represented.

Although the present invention is shown and
described with respecti to certain preferred embodiments, it is

obvious that'equivalents and modificaticns will occur to
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specification. The present invention includes all such
equi val ents and nodifications, and is limted only by
the scope of the clains. 5 The present -application is
based on and clains the benefit of the earlier filing
date of Japanese Patent Application No. 2005-059946
filed on March 4, 2005, afd~ Japanese Patent
Application No. 2005-063222 filed on March 8, 2005,
othdms erktiiliedcdnt shesabt WA FeRdd nge REBY URARHY piR@tTEl the
by 10 reference..-85- CLAIM5S 1. An inmagi ng appar atus
sp&OIidaiing:. aTheqpidsehschargeiveadnconfiegusrbl $wch
di scharge 5 recording liquid as one or nore recording
eqhi ot chidf GRlES Wi racstives wanef arsmgeneeat bily Uy tthe
configured to generate a drive waveform i ncluding at

[ east-t dr signals wthin one printing period;
ﬁ’%ﬁa 124 fs® ! .
53 %.éF Five unit configured to input tone data, select

10 a releyant drive signal_from.ihe drive wayveformyvi

aswtc h-eT\{Ten ar e§\ﬁnt%c ﬁ8§ ) ORT o™ dcte %ra *Hg Opoa?ﬁe(z% b the
- data, and apply the _selected drive signal to the
berefiit PHiSEh&°Ge 1REadL L RS r & T tHe JAPPIESEI BRLFRT of

the drive waveform include a first drive signal for
Appbinanipron® .dG0OR-OR9846 af Heed 1B degghett, | A0BRe and

printing period, and at | east one of a second drive
Japh@eed doterftomppngcatibrass. tveD HMeS 28Rt iided| eastataio 8,

smal | droplets in one printing period and a third

20051 VEnSigNalre contents of which are hereby incorporated by

reference.
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for formng at least two dots with at |east two nmedi um
droplets in one printing period. 20 2. An inagi ng
apparatus conprising: a liquid discharge head
.configured to discharge recording liquid as one or
nore recording liquid droplets; a drive waveform
generating unit configure@5to 25 generate a drive
wavef orm including at |east two drive signals -86-
within one printing periogrLraMd 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
apply the 5 sel: dr,j ' . l.iquid
diSchargélhé%bfﬁﬁ%gg?e%gﬁgﬂéﬁ%g?%g&gﬁgﬁggs of the
drive wavefarm. include a first drive signal
f orm ng 6héJ§%FdwE%ﬁcgaF%?g%gaéh%ﬂﬂéggPrgﬁd%gt&?égg?rge
one of a second drive signal for formng one.dot wth
regosHY v BPIcefSaRBea”t HRPEE &?%%ﬁ@nﬁ%b? qpoplets;
formng one dot with a mediumdroplet, the first drive
signal beidjveeakiveédrbygeepeating ué genfegsrednke
of the second drive signal and the third drive signa
geBbrdBasd d»ird weeefownt hiolwodiengrdintlieagtperpodritd Bignals
The i magi ng apparatus as clained in claiml1l or 2,
wi¥heh ebie the Jange pdi-ophiet ahg formed by discharging a
plurality of the recording liquid droplets, and

arrangingat£¥ive 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;

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 ﬁwo 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 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
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di scharged recording liquid droplets to nerge before
said 20 discharged recording liquid droplets |and on
an i magi ng medium 4. The i magi ng apparatus as
claimed in claiml1 or 2, -wherein the large droplet is
formed by discharging at | east 25 four of the
recording liquid dropletsB86-87- 5. The i maging
apparatus as clainmed in claim1, wherein the first
wiffiiveorsd grahtfiay berbbdg aame dot with the 5 large
dropl et includes at |east one of a drive signal for
form ng one;dete Wnth acsABGhr&ld O efnpamdtandr d¥ea, select
signal for formng one dot with a nediumdroplet. 6.

a ggfeégfna@itc;}g\%oe%ggysf%c{@é B4 J ek RiEBLA 95222 sildieh

erein tone~data are swtched wthin one printing

period. 7. The i in ar at as. cl ai,ned i | ai ,
enBF oRftaEa Vo CRECFT IO doth SEhar S Resd; TRG Jripe the
_ maveforn1_generatin% unit, and the drive upit are
setonteduieia ¢iodali ze tier} HUiddisteastngean’ i magi ng

nmode in which a main scanning resolution is arranged

to be hi ghlezraimarche dubvescahmiabs 20F ridsoldyivenvaXeeptm

for a case in which one dot is formed by the |arge
indigabet wi#dt mrore phignhlngopefdodirion onlei dhtcaseht helarge

mai n scanning resolution and the sub scanning
drBE%Qthéﬁﬁléﬁfieast 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 ligquid droplets, and arranging the

discharged recording liquid droplets to merge before said

discharged recording liquid drdplets iland on an imaging medium.

4. The imaging apparatus as claimed in claim 1 or 2,
wherein
+he large droplet is formed by discharging at least

four of the recording ligquid dreplets.
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arranged to be equal. 25 8. The inmagi ng apparatus as
claimed in claim7, -88- wherein the inmaging node

i nvolves formng an image using a non-interl aced

i magi ng schene. 5 9. The inmagi ng apparatus as cl ai ned
inclaiml or 2, wherein the recording |iquid _

i ncl udes pignent and has-&7-viscosity of at least 5
nPa's at a tenperature of 23 0 C. 10 10. An i magi ng
apparatus conprising: a liquid discharge head
configured to discharge recording liquid as one or
nore recerdirig hhogi g Aplliss a8 dilbveedavef@aim 1,
generating unit configured to generate a drive
wav.ef orm i ncluding at least two drive signals 15

YRS 0 one printing period, a drive unit configured to

i nput tone data, select .a relevant drive signal. fr.
the driveéfa éFBFrﬁVf‘ée asjs(Watelcﬁort ﬁgfm%]\}\?t%’h%sé%%/‘%%ﬂ the

according to the tone data, and apply .the s,electei%>r

| ) P
lagrd EOSLGHalRESUERR 2T gifidt [icSEnaFgd HEARYE

transmtting unit configured to transmt the tone
foxtaitray tomet Metdwiive angnalal pinaralett pnef at faese wiidmal dve
printing period, the tone data being configured at a
foRhiHRdrdey doaf whithsa pesdohannelple2s 11. The imaging
apparatus as clainmed in claim10, -89-

6. The imaging apparatus as claimed in claim 1 or 2,

wherein

the tone data are switched within cone printing
pericd.

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 periocd in which case the
main scanning resolution and the sub scanning resolution are

arranged tc be equal.

8. The imaging apparatus as claimed in claim 7,
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wherein when the |iquid discharge head is driven to

di scharge a plurality of the recording liquid

dropl ets, the discharged recording liquid droplets
are arranged to be nerged 5 to formone single droplet
before | anding on an imagi ng nmedium 12. The i nmagi ng
apparatus as claimed in ctB&rm 10, wherein a nunber of
droplets to be discharged by the drive 10 signals

whereiruded within one printing period of the drive

wavef orm exceeds a nunber of tone | evels represented
by the toRe idagangldodd himddiBgisngFoappatiabusiasge using a
claimed in claim112, 15 wherein the nunber of

noﬁufﬁuégf%dé& beadiaghacgas by the drive signals

Included within“one printing period of the drive
waveformis greater than or equal to four. 20 14. The
.imagi ng apparatus as clainmed in claim 10, mherein a
transnittiqﬁ?%|n1 for transmtting the tane

Wi thi n DePPBAF ST Tt | QLY o Thé ho1or 2,

adj ustable. 25 15. The inmagi ng apparatus as cl ai med

wheéyelt ai m 10, -90- wherein the liquid di scharge head,
the drive waveform generating unit, the drive unit,
and t he tutensmcotridiggubidquat einclonfeasgpigaentd sedlhae a
node swi tchi ng between a node i nvol vi ng

viscosity of at least 5 mPa‘'s at a temperature of 23 C.

10. An imaging apparatus comprising:

a-liquid discharge head configured to discharge
recording liquid as one or more recording liguid 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 configured to input tone data, select
a relevant drive signal from the drive waveform vié a switch
that switches on/off according to the tone data, and apply the
selected drive signal to the liguid 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 imagiﬁg apparatus as claimed in claim 10,
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e

5 transmtting the tone data a plurality of tines
Wi thin one printing period and a node invol ving
transmtting the tone data once within one printing
period. 16. The inmagi ng apparatus as clainmed in claim
10, 10 wherein the drive signals of the drive
wavef orminclude at |eas€%ne drive signal for
discharging a plurality of the recording liquid
wheffeplets to forma |large droplet; and said at |east
one drive signal is configured to be 15 used as a
drive sigitadn fthe digohdrdischome dreadore dfivae to
recording liquid droplets to forma dropl et other than
ditBeardargeldrepliely accondi ng-dreiinke 1ianeddateplets, the
transmtted after a first transm ssion within one
e . 20 17+ - The. i . a
A R no L0 T e e The e ve ergud 8 ke speroed
drive waveform ingl ude . a |.eas rive.signals faor_ ..
todi%ggﬁa?ré‘? ng- ¢ i eas Cit%oﬁ’é%% e EM\% gscﬁ%s?lgn |%JI%39 gnedlum'
sane size at least two tinmes within one 25 printing
period. -91- 18. The inmging apparatus as clained in
claim17, wherein the at least two drive signals for
di schar gi¥y tThe iBaginpearPaxajordrsplcdedmgfl 1n claim 10,
substantially the sane size at least two tines are

~whao¢imsed for discharging droplets of other sizes. 19.

The i magi ng apparatus as. clainmed in claim 17,
a number of droplets to be discharged by the drive

signals included within one printing period of the drive
waveform exceeds a number of tone levels represented by the

tone data.

13, The imaging zpparatus as claimed in claim 12,
wherein

the number of droplets to be discharged by the
drive signals included within one printing period of the drive

waveform is greater than or equal to four.

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.

15. The imaging apparatus as claimed in claim 10,
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wherein 10 the at |least two drive signals for
di scharging the at l|least two droplets of
substantially the same size at least two tinmes are
used for discharging droplets of other sizes. 20. A
serial imging apparatus that realizes tone 15 |evel
representation wth respe®to one pixel and forms an
i mage using an i magi ng node involving arranging a main
whegamni ng resol ution to be hi gher than a sub scanning
resol ution, the serial inmaging apparatus conprising: a
[iquid diBnaahganhbadschatgguheﬂdtdjdishhamg@awaéormo
or nore recording liquid droplets for formng a
getleoptebg WM T, tHeORIret el Snat | angedHo thenshioRengf ulit are
plurality of different sizes; wherein the inaging

coH‘PQSuk&ii 0&%% rANGLAE LHecc ARG 188Q! W90y ing

to equ scanni ng resol u |on 25 In a case

he dro l.et f . \
trFiegm:L 'E éj té) C(ﬁ %pl ets %lurel c}[nd)s tlmes g%ghln one

or |ng ki qU| ofresp
droplet. 21. The serial i nmaging apparatus as cl ai ned

PrﬁﬁtlﬁgaP%¥%ﬁiE?H?FhéPdﬁoﬁﬁV?%Y+EP Brapsgitie PHavBe oF AR
generating unit configured to generate a drive

daRaverer nvideliuding paiptardl Peyied- drive 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 swtches
on/ of f accer dimyg ixdifg heperdatd, aand ApRly ibhelaim 10,
wherein
the drive signals of the drive waveform include at
least one drive signal for discharging a plurality of the
recording liguid droplets to form a large droplet; and
said at least one drive signal is configured to be

used as a drive signal for discharging cone or more of the

recording licuid 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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selected drive signal to the Iiquid discharge head;
and a transmtting unit configured to transmt the
tone data to the drive unit a plurality of tines
within one printing period, the tone data being
configured at a plurality 15 of bits per channe
wherein when the large drégliet is formed by a
plurality of the recording liquid droplets, said
recording liquid droplets for formng the |arge
dropl et are discharged based on a reference signa
COrr espontd ngrteo iaagang agea2dtyposd icdlimaddia claim 17,
transm ssion timng for transmtting the tone data

whatéer a first transm ssion within one printing period
Is set according to the reference signal. 22. The

i mgi ng a@p&araag 1228 ¢l,8i H‘Eﬁvé [jgrf&r@al@ ZL dgécﬂ'g?%gﬁg the

-93- the Ive signals of t I've waveforminc

| d di h h
2t el SN Oﬁorgl'enqul*fggﬁfe%‘tpor SRR ng Fhet af greast

droplet; and said at |east one drive signal is _
tWEoF%W%%r%Het%P?mP%?qﬁﬁﬂfzﬂ%%&hﬂFE&%gsﬂﬁ PRfefprof other sizes.

di scharging one or nore recording liquid droplets for

formng a droplet other than the |arge droplet

according to the tone data transmtted after a first

transm ssi®n Mg Himagdng pppatangs per icddimd 238. cThém 17,

i magi ng apparatus as clainmed in claim20, wherein the
whepfagh ng node invol ving arrangi ng the main

the at least two drive sigrnals 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 representaticn with respect te 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 zpparatus comprising:

a liguid discharge head configﬁred 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
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scanni ng resolution to equal the sub scanning

resol ution upon formng the large droplet involves
form ng an image using an 15 interl aced i mgi ng
schene.

- —

recording liquid droplets correspends to a large droplet.

21. The serial imaging apparatus as claimed in
claim 20, further comprising:

a drive waveform generating unii configured to
generate a drive waveform including a plurality of drive
signals within cone printing peried;

a drive unit configured to input tone data, select
-a relevant drive signal from the drive waveform via a switch
that swiﬁches on/off according to the tone data, and abﬁly 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;

Wherein when the large droplet is formed by a

plurality of the recording liquid droplets, said recording

'liquid 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 transmission 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
liquid 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 resclution upon
forming the large droplet'involves forming an image using an

interlaced imaging scheme.




