WD 2004/ 000560 PCT/JP2003/007882 1 DESCRI PTI ON HEAD CONTROL DEVI CE AND

| MAGE RECORDI NG APPARATUS 5 TECHNI CAL FI ELD The present invention rel ates
to a headwocomoeicodevi ce and an i nmage recordi ng appar alPG3/JPnmB/e07832
particularly, to a head control deviceé that controls a |I|iquid droplet

ej ection head including an 10 el ectronechani cal transduci ng el enent, and an
i mge recording apparatus having the head control device. BACKGROUND ART
An inkjet imge form ng apparatus, such as a 15 printer, a facsimle

machi ne, a copier machine, or a plotPBBCREBAPONSes an inkjet head to eject
ink droplets to record inmges. The inkjet head has nozzles through which
ink droplets are ejected, ink flow ng paths usually including chanbers for
appl ying pressure to the ink 20 therein and in conmunication with the
correspondi ng noZAASs,CENTROK Fredingapmt hvaendrsoorpIN@NdrpRREATOES for
creating and applying pressure to the ink in the flowng paths to eject
ink droplets. There are al so devices for ejecting other kinds of |iquid
droplets, for exanple, 25 those ejecting droplets of liquid resists, and

t hose WO 2804/10005H60-BCTH TH32003/ 007882 2 ejecting droplets of DNA sanples.

The present invention relates to a head
control device and an image recording apparatus, more
pa;ticularly, to a head control device that controls a
liquid droplet ejection head including an

10 electromechanical transducing element, and an image

recording apparatus having the head control device.

BACKGRQUND ART

An inkjet image forming apparatus, such as a

15 printer, a facsimile machine, a copier machine, or a
plotter, comprises an inkjet head to eject ink droplets
to record images. The inkjet head has nozzles through
which ink dropiets are ejected, ink flowing paths usually
including chambers for applying pressuré to the ink

20 therein and in communication with the corresponding
nozzles, an ink feeding path, and so on, and portions for
creating and applying pressure to the ink in the flowing
paths to eject ink droplets. There are also devices for
ejecting other kinds of liquid droplets, for example,

25 those ejecting droplets of liquid resists, and those



In an inkjet head, various nethods are enployed to apply pressure to the
ink in an ink flowwng path so as to formdroplets of

The 5 folwowongponssbhods are well known in the rel ated arPCI/JPImpacrsse
Unexam ned Patent Publication No. 2- 31734 discloses an inkjet head in
whi ch an el ectronechani cal transducer, for exanple, a piezoelectric

el ement (a piezoelectric crystal),

wal | deforns and vibrates, therefore changing the volume of the ink
chanber and forcing sonerd5a0fiikeetnkekd, t herebasbeernylist Aeaugh the
nozzle. This is the so-called "piezoelectric inkjet head". In addition,

Japanese Unexagfigied, fatentaphuplp cadd one Noo ©le 590911; di 8¢! psesr et hgr
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51734 discloses an inkjet head in which an
electromechanical transducer, for example, a
piezoelectric element (a piezoelectric crystal), is used
as a vibrating plate to form a vibrating wall of a
chamber to apply pressure to the ink (the pressure
application chamber). When the crystal receives a charge,
the vibrating wall deforms and vibrates, therefore
changing the volume of the ink chamber and forcing some
of the ink in the chamber out through the nozzle. This is
the so-~called “piezoelectric inkjet head”.

In addition, Japanese Unexamined Patent
Publication No. 61-59911 discloses another inkjet head in
which a resistor is used in each pressure application
chamber to create heat; this heat vaporizes the ink in
the chamber and creates a bubble. As the bubble expands,
some of the ink in the chamber is pushed out by the
pressure. This i1s the so—called “thermal inkjet head”.

Further, Japan Unexamined Patent Publication

No. 6-71882 discloses still another inkjet head in which

ink and eject them

the vibrating

which a resistor is used in each pressure application 20

i i L and
As the bubbl e expands, sone on%%eQ%%igsﬁ%?ﬁgngﬁanber
hed outsb r fhis, i - cal " i nkj.et head".
pushed out 5by 4di@ o s st iGioddllad §,d e 180%ieal e nd NEL IR k£

Furt her, Japan Unexamned Pat ent

still another inkjet heggaégngg%c@n¥§g%9$%égpgﬁggtP§ﬁ££5@99§é90§§322_3 an

el ectrode is placed facin

is used 10 as a vibrating plate to form
a vibrating wall of a chanber to apply pressure to the ink (the pressure
application chamering Whespldies sy S saneiayes a charge,

is



forms a wall of each pressure application chanber. Because of the

el ectrostatic force created between the

t he
of

el ectrode and the vibrating pl ate,

vi br aworegoqaioatee 5 def orns and vi brates, therefore clramgeem3nemssy ol ume

t he chanber and forcing sonme of the ink in the chanber

nozzle. This is the so-called "electrostatic inkjet head".
heads nentioned above exhibit two 10 kinds of nmethods of form ng ink
droplets. In one of them a vibrating plate is pushed inward relative to
pr essur e aappiliecamiosle disamBecedddacddasi iy ik atingnwlgfte tiH@thanber ,
forcing sone of the ink out. In the. other nethod, a vibrating plate is
pul | ed outmardorﬁsrela@ﬂ&eOﬁbeEW@.@h&m@aranapnﬂﬂﬁaﬁﬁqnﬂﬂham?aﬂmavolune
thereof; then the vibrating plate deforns so as to recover fromthe
expanded shap8eicauisks odr ithienall estiape,tatand fdmerefares tddisawesomecid t he
out. In an inkjet head using the second nmethod 20 (pulling the
vi brating pl ak@ectasdan and tthal vitateingy diiease vaHeage s tapp iddideo t he
pi ezoel ectric elenment to charge the elenent. Then the piezoelectric

t he
and

i nk

el enent

out through the
The i nkj et

& schargens( beleases e ,Stuiieat fihar gdandieafdiig t L eantgmct i on

of the piezoelectric elenent. Accordingly, 25 the volune of the chanber

i ncr eases,

t he

chanber from outside, for exanple, the ink
out through the nozzle. This is the so-called

“electrostatic inkjet head”.

anénlkehichaRers s & W 120 4FRROE0 HRel/:HR2 003/ §8mfed Nk i nto

The inkjet heads mentioned above exhibit two

10 kinds of methods of forming ink droplets. In one of them,

a vibrating plate is pushed inward relative to the

pressure application chamber, decreasing the volume of

the chamber, and forcing some of the ink out.

In the

other method, a vibrating plate is pulled cutward

15 relative to the chamber and thus expanding the volume

thereof; then the vibrating plate deforms so as to

recover from the expanded shape to its original shape,

and therefore, forces some of the ink out.

In an inkjet head using the second method

20 (pulling the vibrating plate), as an initial

state, a

bias voltage is applied to the piezoelectric element to

charge the element. Then the piezoelectric element

discharges (releases the stored charge), leading to

contraction of the piezoelectric element. Accordingly,

25 the volume of the chamber increases, and this pulls more



feedi ng channel. Then, a driving signal is applied to the piezoelectric
el ement to charge the elenent rapidly, causing rapid expansion of the

el enent, wocoediiossenapi dly 5 decreases the vol unme of thePcharbws/oenssk f or ces
sone ink droplets out through the nozzle. Next, with reference to FIG 12
and FI Gs. 13A through 13H, explanations are nade of the operations of a
head control device for controlling an inkjet head that 10 enpl oys the
second nmethod to formthree kinds of ink droplets (referred to as "dots"

bel ow) by usingyit hen @33 naodePhe? PLEROSLESIHEC E6¥SERhmpELG A2 Shews a
head control device of the related art. 15 In the head control device

shown in FIG ﬁ@edﬁq%d&%—éé!;;zp&l signal, Veom ipehydingnay nugber, 01 dr LY Ple

pul ses (shown in Fl s output froma dfiving signal generator 101,

and i s input tﬁ%@%éé%%%?%\f&é%i&n@ﬁ@@gt%}a&@g EEQUQ effe i I‘&Ei&@%f pThe

switch 102 is s or swtch F dependi ng on the out put
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PCT/ JP2003/ 007 gg%lgkgegggcgﬁlOggﬂiggesgogglég sel ect the desired recording
- Next, with reference to FIG. 12 and FIGs. 13A
through 13H, explanations are made of the operations of a
head control device for controlling an inkjet head that
10 employs the second method to form three kinds of ink
droplets (referred to as “dots” below) by using the d33
mode of a piezoelectric crystal.
FIG. 12 shows a head control device of the
related art.
15 In the head control device shown in FIG. 12, a
driving 'signal Vcom including a number of driving pulses
(shown in FIG. 13) is output from a driving signal
generator 101, and is input to a piezoelectric element
103 through a switch 102. The switch 102 is switched ON
20 or switched OFF depending on the output signals of a
decoder 104 through a level shifter 105.
The decoder 104 includes gate circuits 110
through 112, which receive recording data signals LO, L1,

L2 stored in a not-shown memory and gate signals MO, M1,

25 M2, respectively, whose levels are controlled within a



data, and an OR circuit 113 that sends the signals from the gate circuits
110 through 112 to the level shifter 105. 5 Here, it is assuned that a
smal | dotwpD=0e400b%0 formed when LO = 1, a medi um dot i s PCa/JB200B/0678820 wWhen
L1 =1, and a large dot is to be forfed when L2 = 1; further, when LO =
L1 = L2 = 0, the piezoelectric element will not operate and no dots are
formed. 10 FIGs. 13A through 13H show timng charts of signals in the head
control device in FIG 12 when operated to formthe above dots.

Speci fically, FErqilRA pd QUL 138 shovenavel erasqod i tde debyiagngi gna
Vcom signals selected fromthe driving signal Vcomand applied 15 to the

pi ezoel ectric glwerentny ad dle-gat e 81 onal sn MO, sMas M WigDa 85| argg dot
is to be fornmed, that is, when L2 = 1, by setting M =1 in the period
fromthe ti el t e, 45 as, shown { 1w LG rivi 0 pul se
for formng geﬁar %eat%ot&g%&s o?/mlljion FI'G %B j?ZS ex%%%;%‘%fr%%?ﬁggdrivi ng
si gnal Vcom an( ;Tapplied to the piezoelectric elenent 103. In addition,
when a nmediumdot ' is to be forned, that is, when Li =1, by setting M =1
in the period 25 fromt time, TI'l _to_the ti T12 as o] in_FLG .13G a
WO 2004/ 000560 PCT/ JP20037 507855 3 AFPVIRG %ﬁ?%eafé?a?grﬁgﬁgli dPm dot

as shown in Hé%rmed when L0 = 1, a medium dot is to be formed when L1

I

= 1, and a large dot is to be formed when L2 1l; further,
when LO = 1.1 = L2 = 0, the piezoelectric element will not
operate and no dots are formed.

10 FIGs. 13A through 13H show timing charts of
signals in the head control device in FIG. 12 when
operated to form the above dots. Specifically, FIGs. 13A
through 13H show waveforms of the driving signal Vcom,
signals selected from the driving signal Vcom and applied

15 to the piezoelectric element, and the gate signals MO, M1,
M2.

When a large dot is to be formed, that is,
when L2 = 1, by setting M2 = 1 in the period from the
time T10 to the time T1l as shown in FIG. 13F, a driving

20 pulse for forming a large dot as shown in FIG. 13B is
extracted from the driving signal Vcom and applied to the
piezoelectric element 103.

In addition, when a medium dot is to be formed,
that is, when L1 = 1, by setting Ml = 1 in the period

25 from the time T11l to the time Tl2 as shown in FIG. 13G, a



13C is extracted fromthe pulses in the driving signal Vcom and applied to
the piezoelectric elenment 103. Wien a small dot is to be forned, that is,

5 when LOVO 2004/(v9568etting MO = 1 in the period fromthePCIiJreo3a®ssn t he
time T13 as shown in FIG 13H, a drivbng pulse for formng a small dot as
shown in FIG 13D is extracted fromthe pulses in the driving signal Vcom
and applied to the piezoelectric elenent 103. 10 In this way, by
generating a comon driving signal Vcomincluding driving pul ses for

form ng vari ousrikimflsowf s&8otse §@£@£ﬁ%r@ ORI @Rr gt ea dr Enbhg pul ses.from
the driving signal Vcom according to the predeterm ned gate signals and

recordi ng dat a st Gl Sx 02 S¥bG CA-EN e 15us¥e S Chn OFFc t h8i APREORE HALE
channel, and applying the selected driving pul ses (wavefor to the

pi ezoel ect i ¢ v kerBnl ki £ Opb ok Ofs S PEeAL L 51 ZESnohh Opber vor ds.

dots of different grade levels, can be formed wth a sing driving signa

Vcom 20 In the above prgfess. bgloreqacPiezeg! gat k¢ 8 engat E%éoperated,

it is preferable to apply a bias voltage to the piezoelectric elément in

savance L oskeShel i BLeZosh pclit shegrL |y pherge9, shakerf xpaned
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pulse for forming a small dot as shown in FIG. 13D is
extracted from the pulses in the driving signal Vcom and
applied to the piezoelectric element 103.

10 In this way, by generating a‘common driving
signal Vecom including driving pulses for forming various
kinds of dots, selecting appropriate driving pulses from
the driving signal Vcom according to the predetermined
gate signals and recording data signals to switch ON or

15 switch OFF the appropriate channel, and applying the
selected driving pulses (waveform) to the piezoelectric
element, ink droplets of different sizes, in other words,
dots of different grade levels, can be formed with a
single driving signal Vcom.

20 In the above process, before a piezoelectric
element 1s operated, it 1s preferable to apply a bias
voltage to the piezoelectric element in advance to keep
the pilezoelectric element in a charged state (expanded
condition). As described above, this charged state is the

25 initial condition of the piezoelectric element when it is



treatment is necessary for a piezoelectric elenment not required to forma
dot in the present recording period. Additionally, even for a

pi ezoel ecwpi2o04loessent t hat has 5 been operated to form &CaaP2a08/047882 pr esent
recording period, it is still prefer@able to keep the piezoelectric

element in a charged state before the next driving pulse is applied.
However, in a head control device having the 10 above configuration, for
exanpl e, considering a piezoelectric elenent not formng a dot in the

present recorshaehpedied, re¥aNihheAarapbkas . vebtageahgiappkhed in the
precedi ng recordi ng period and the piezoelectric el erent is kept in a

charged state py-48alnbi as Mgbéégﬁry1§o§e§aﬁ§§z8E1@éEHEé|e@bﬁ%ﬁ%rﬁ%tOf the
pi ezoel ectric elenment, the potential of the el enent decreases in the

present  reoorslag PE! 0. <D LoaLbl o uhenpaedebyl noBubsayl oE Shacti ng

an ink dropl et |ed In a omnng rec I ng perio ecause the

pot ent i al r|9%£8€95§££f %ogn'fogog o oL§ o b8l Lh GhLE L @uLor fuan i nk

dr opl et contalnlng a anoun way,

pi ezoel ectric elenent fgggn 0 £atedt£8 fgéﬂ%n dot irdghe
preceding ~25 7eTHr t fie %ura i GRCi REWACER ASEPFOTHE wo
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element in a charged state before the next driving pulse
is applied.

However, in a head control device having the
10 above configuration, for example, considering a
plezoelectric element not forming a dot in the present
recording period, even then a bias voltage is applied in
the preceding recording period and the piezocelectric
element is kept in a charged state by that bias voltage.
15 Because of natural discharge of the piezoelectric element,
the potential of the element decreases in the present
recording period.
Due to this, when a driving pulse for ejecting
an ink droplet i1s applied in a following recording pericd,
20 Dbecause the potential right before ejecting is too low,
it is difficult to form an ink droplet containing a
desired amount of ink.
In the same way, for a piezoelectric element
that has been operated to form‘a dot in the preceding

25 recording period, in the duration in which a driving



nat ural discharge occurs. If this duration before a driving voltage is
applied is long, the potential of the piezoelectric elenent decreases

not i ceabl wokeecenes®oof t he 5 natural discharge; consequeRCTyp2m@3/e6788X a
desired driving pulse for ejecting a8desired ink droplet is selected and
applied in the present recording period, since the potential right before
ejecting is too low, it is difficult to forman ink droplet containing a
desired 10 anount of ink. As a solution to this problem Japanese

Unexam ned Patwent+fublisatdonaphll i2008o 10035, dé s6&0se6rdd el bkbgt , rererdi ng
apparatus in which, at a specified timng in each recording perlod a bias

level is sel eGied;db fapg@ﬁilﬁg@rwwﬁsmﬁﬂathw ad€rshabgepthsrpi gzoel ectric
element to the bias |evel. However, in the above inkjet recording

apparatus, a tdg, {4y e&ﬂﬂaé@' f‘é %%éPlé@elé e1&h@r 9t g ?$€¥§£1Q§Sokotf?§

allocated in the driving signal. e 20 length of the time interval is

determ ned taki #@ec%ﬁfgtéf&\,&l@d@ér %tﬁ&ié‘égbfg”ﬁéggu%' 8g tﬁQat

is, the duratlon rom en a swi tching comman I ssue
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selected and applied in the present recording period,

since the potential right before ejecting is too low, it

is difficult to form an ink droplet containing a desired
10  amount of ink.

As a solution to this problem, Japanese
Unexamined Patent Publication No. 2001-10035 discloses an
inkjet recording apparatus in which, at a specified
timing in each recording period, a bias level is selected

15 from the driving signal to re-charge the piezoelectric
element to the bias level.

However, in the above inkjet recording
apparatus, a time interval related to the re-charging
level has to be allocated in the driving signal. The

20 length of the time interval is determined taking the
reaction time of a switch into consideration, that is,
the duration from the time when a switching command is
issued to the time when the switch is actually switched
ON or switched OFF. Usually, the time interval should be

25 set relatively long.



speed, it is desirable to make the ink droplet ejection period short, so
it is difficult to secure an additional re-charging tine period that is

i rrel evarwot2oo4/aoksedr opl et 5 ej ecti on operation. Further PCIrAP20s/@s78820
increase the nunber of the grade levels to inprove inage quality, it is
required to allocate nore pulses in the driving signal, and this also
makes it difficult to secure the additional re-charging tinme period in the
driving signal. 10 DI SCLOSURE OF THE | NVENTI ON Accordingly, it is a general

object of the present imygatéen 19 sphye tbeinbewespr ohkgm ebrhheionel ated
art. 15 A specific object of t he present inventionis to provide a head

control devi cephle 1o res ciayge e @ ecdionaedangalrdp posdirch £gi 6hement
with a driving™ pulse without providing an additional re-charging tine

period in ar gﬁd‘%rﬂﬁfﬂ odyo and 28 d B PEOLSl £9c.20s APPas AL HRYE NO

t he head cont evice. To attain the above objects, according to a first

aspect of the A esent. 4 1 gr}eorbef:ﬂ?c{ Hast pIQVi‘ﬁlegle I@@ago %ﬂg@fo%@g{:ce

t hat applles a dr|V| t'o an ectronec anlca trans i ng enent
to change pe .25 of the el ectr q%%p 1ani ¢ [ n% 0 change
2D 2004) BooBal FERrEAITE GeTee7 a0 oot i S Ve S et ect o
chanber filleq %%ggkééf the grade levels to improve image gquality, it

is required to allocate more pulses in the driving signal,

and this also makes it difficult to secure the additional

re—charging time period in the driving signal.

10
DISCLOSURE QOF THE INVENTION
Accordingly, it is a éeneral object of the
present invention to solve the above problem of the
related art.
15 A specific object of the present invention is

to provide a head control device able to re—-charge an
electromechanical transducing element with a driving
pulse without providing an additional re-charging time
period in a recording period, and an image recording
20 apparatus having the head control device.

To attain the above objects, according to a
first aspect of the present invention, there is provided
a head control device that applies a driving signal to an
electromechanical transducing element to change a shape

25 of the electromechanical transducing element to change a



liquid to eject a liquid droplet through a nozzle in conmunication with
the liquid droplet ejection chanber, conprising a head driving unit that
gener at eswOleo4dwdxbng 5 signal including a plurality of PCYaPz®3/00788e
plurality of driving pul ses, selectsltand applies one of the driving

pul ses to the el ectronechani cal transducing elenment to change the shape of
the el ectronechani cal transducing elenent for ejecting the liquid droplet,
each driving 10 pulse having a first portion varying froma first level to

a second | evelvdlome hahgi rgi didied edesp 1 oreshact Coh chiapsSHuei NO&! oAt 2f rom
a first shape to a second shape, and a second portion varying fromthe

second | evel tuiddiel dd retedevel1fqiie hIek thier&hget 4 oneehani cal 15
transduci ng el enent fromthe second shape back to the first shape to eject

the |iquid dr orgtun wher&id witttnd eﬁﬂuﬂﬁ‘edpéﬁl’é@gefé%’éfoxjﬁncﬁgﬁgefyd e,

the second portion includes a third portion varying fromthe second’|evel

to a third |Q%%bﬂﬂgidgﬁﬁuﬂéght&?ﬁéﬁﬁ%?ﬁﬁgttf%ﬁé“éé%é?ﬁﬁ%ﬁﬁ%ﬁ?”@f ing

transduci ng el enent to eject the |iqui .drop nd a porti

b : : i i f ‘higd | | he_fi
subseauents o dhpasecond yport Lo uaryi g TEOm AT I Level bR v

I evel for changing shape e romechani cal” ttansduci
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froma first pulses to the electromechanical transducing element to

change the shape of the electromechanical transducing

element for ejecting the liquid droplet, each driving

10 pulse having a first portion varying from a first level
to a second level for changing the electromechanical
transducing element from a first shape to a second shape,
and a second portion varying from the second level to the
first level for changing the electromechanical

15 transducing element from the second shape back to the
first shape to eject the liquid droplet, wherein in at
least one driving pulse in each éycle, the second portion
includes a third portion varying from the second level to
a third level for changing the shape of the

20 electromechanical transducing element to eject the liquid
droplet, and a fourth portion subsequent to the second
portion varying from the third level to the first level
for changing the shape of the electromechanical

transducing element back to the first shape.

25 Preferably, the first portion discharges the



potential equivalent to the first level to a second potential equival ent
to the second | evel, the second portion charges the el ectronechani cal
transduciwg 2eds0vessd 5 to the first potential to eject tireTlIPZIUB/MO7E8DPI et ,
the third portion charges the el ectrdmechanical transducing elenent to a
third potential equivalent to the third level to eject the liquid droplet,
and the fourth portion re-charges the el ectronmechanical transducing
elenent to 10 the first potential. According to the above aspect of the
present i nverstlicsrranfeschelrsictalonecdresd wal ndg rensokict nereh ereft r$15
re-charged by a portion (the fourth portion) of the driving pul se varying
from a nmedi umpeddene ilheddiivad ertd Hevield tirdtheldidsted evelecdd not by a
signal at the first level, thus re-charging of the el ectronmechanica

transduci ng elpertenitican g istaardad warliersedith tOnsequelt | dacdhie duration
of re-chargi ng becones short. Further, since the fourth portion is applied

20 to the el egor@Teehahagajes A QUGE AT Sl &f t eiréri?duéiglgf 4 RYLdAon

i nduces liquid droplet ejection, the re- chargi ng operation does not

influence 3i quiod tBicOpliotst @cR&HAR] and dhis: fﬁ%lclﬁe Jihe &}%}Iﬁig ! H%e ?‘;urt ]

m staken ink ejection due to re-charging. 25 Furt nor e, nce

Pﬁ;tg??vgﬁgvg?éggﬁ{9%?@?%nﬁ§%ﬁ&%%gpgﬁgplﬁ%%tf%ﬁédﬂéﬂ%ggiiﬂ}éﬁgﬁé:fﬂfeOf
element to a third potential equivalent to the third
level to eject the liquid droplet, and the fourth portion
re-charges the electromechanical transducing element to

10 the first potential.

4 According to the above aspect of the present
invention, the electromechanical transducing element is
re-charged by a portion (the fourth portion) of the
driving pulse varying from a medium value (the third

15 level) to the first level, but not by a signal at the
first level, thus re-charging of the electromechanical
transducing element can be started earlier, and
consequently, the duration of re-charging becomes short.

Further, since the fourfh portion 1s applied

20 to the electromechanical transducing element after the
third portion induces liquid droplet ejection, the re-
charging operation does not influence liquid droplet
ejection, and this reduces the possibility of mistaken

ink ejection due to re-charging.

25 Furthermore, since the fourth portion is



necessary to provide an additional tinme interval to allocate the signal
for re-charging, so it is possible to increase the speed of inage

f or mat i orwerrdod/copseove i mage 5 quality. To attai n the abece/Jenjozot7ss2
according to a second aspect of the ¥resent invention, there is provided
an i mage recording apparatus conprising a liquid droplet ejection head
including a plurality of liquid droplet 10 ejection chanbers each filled
with a liquid and comunicating with a nozzle, and a plurality of

el ect romechani tatltaaasgducong el,emenbs tReCariespendesnagiw th thenbicquid
dropl et ejection chanbers; and a head control device that applies a

driving signalnéeesberiScsl gebionBCAANLEAL t1HARSAYERBT: LEPBRAL S+LHO change
shapes of the el ectromechanical transducing elenments to change vol unes of

the correspondingoddedi ghdr 9phel 1 eEget Lan-Lshanher ssfotk ej ecting. | qui
dropl ets through the corresp%nding nozzlgs tg rgéo?é gﬁ %%a %?g%hgghggd 20

control device; Coppsisi aghead gei vihRgc Uit th e he LVing
si gnal includi%g a plura ?tygogg cyc?esggf a % u?gPi?§go?§%?§V%ngmgé ses,
and selectsg aqgu fp@%ies one of the driving pulses to one of the

el ect romechani tal tr nsduci ng el enents to change the 25 shape of the

el ectromechani cal transduci ng. el t for WO 2004/ 000560 PCT/ JP2003/ 007882
13 ejecting the liquid d?%p?gF?lgggﬁe FBPKS %‘?F%g SﬁFggglng to a

second aspect of the present invention, there is provided
an image recording apparatus comprising a liquid droplet
ejection head including a plurality of liquid droplet

10 ejection chambers each filled with a liguid and
communicating with a nozzle, and a plurality of
electromechanical transducing elements in correspondence
with the liquid droplet ejection chambers; and a head
control device that applies a driving signal to the

15 electromechanical transducing elements to change shapes
of the electromechanical transducing elements to change
volumes of the corresponding liquid droplet ejection
chambers for ejecting liquid droplets through the
corresponding nozzleslto record an image, the head

20 control device comprising a head driving unit that
generates the driving signal including a plurality of
cycles of a plurality of driving pulses, and selects and
applies one of the driving pulses to one of the
electromechanical transducing elements to change the

25 shape of the electromechanical transducing element for



having a first portion varying froma first level to a second |evel for
changi ng the el ectronechani cal transducing elenent froma first shape to a
second shaipepodoassd a second portion varying fromthe secon#dozoeisst o the
first level for changing the el ectrom8chani cal transducing elenment from

t he second shape back to the first shape to eject the liquid droplet,
wherein in at |east one driving pulse in each cycle, the second portion 10
includes a third portion varying fromthe second level to a third | evel

for changi ng tdireshiape diiet hequetedtophechaskenl ofr ansduetngngl paeBst 0
eject the liquid droplet, and a fourth portion subsequent to the second
portion varyi nga¥ieg dheitbirdoteveh veryheqf Fesh heyelksi51Eee1changi ng the
shape of the el ectromechanical transducing el enent back to the first

shape. Preferabdyndtheyéirsbrpenthgingi sebacgestibgeehgst r@MeChani cal
transduci ng elenent froma first potential equivalent to the first |eve

to a second 20-poientiRy So8h¥Atepl hoathersecongdplevsl 5 Eggoﬁacgﬂg e,
portion charges the el ectronechanical transducing elenent to the |r§t

potential o ejest, the.bigubd-drop! oL ~1hg £t #rghQOEEEBHdCTQQQEStﬁgﬁpetO

el ectromechani cal. transducing element”to”a third potential equiva
e oSk T okah Oy I B ebcoaebbes LaurLh portion Vo
transducing elﬁ%&ﬁgdﬁéﬁng element from the second shape back to the
firé£ shape to eject the liquid droplet, wherein in at
least one driving pulse in each cycle, the second portion
10 includes a third portion varying from the second level to
a third level for changing the shape of the
electromechanical transduéing element to eject the liquid
droplet, and a fourth portion subsequent to the second
portion varying from the third level to the first level
15 for changing the shape of the electromechanical
transducing element back to the first shape.

Preferably, the first portion discharges the
electromechanical transducing element from a first
potential equivalent fo the first level to a second

20 potential equivalent to the second level, the second
portion charges the electromechanical transducing element
to the first potential to eject the liquid droplet, the
third portion charges the electromechanical transducing
element to a third potential equivalent to the third

25 level to eject the liquid droplet, and the fourth portion



the first potential. Preferably, the head driving unit selects the fourth
portion of said at |east driving pulse in each 5 cycle to re-charge the

pl ur al i t ywof2oel/m@aisoonechani cal transduci ng el enents at PCRGPI@BO7TRETE.

BRI EF DESCRI PTI ON OF THE DRAW NGS Theke and ot her objects, features, and 10
advant ages of the present invention will becone nore apparent fromthe
follow ng detailed description of preferred enbodi nents given with
reference to the acconpanying drawings, in which: FIG 1 is a perspective
view of the mahidieidgedSc0éd @ledtikjécHLEOELl NGrappanei g ascmanexappl e of
an inmage recording apparatus according to an enbodi ment of the present
invention; Fl Gne fdiSrd Csossnsegtional side view of the machinery of the

i nkj et recor di ng apparatus of the 20 present enbodinent; FIG 3 is an

expl oded perspective V'e@&@ﬁe@@blﬁxaﬂﬁéeh@édaarhOKhStuﬂ?%dsb@%EQQthbn the
i nkj et recording apparat us of the present enbodi nment

cross-sectionagd, miew rcgfogla A5, coptalni ags rdi ng
head of the present O GODSEo- et JE500%3) Doy %%& g%i %bD§|%§§ along

the long edge Qf e Pordion Fl Gne A B0 a5 gegh YW, 0L 4 1g; poftion

transducing elements at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features, and
10 advantages of the present invention will become more
apparent from the following detailed description of
preferred embodiments given with reference to the
accompanying drawings, in which:

FIG. 1 is a perspective view of the machinery

15 of an inkjet recording apparatus as an example of an
image recording apparatus according to an embodiment of
the present invention;

FIG. 2 is a cross—sectional side view of the
machinery‘of the inkjet recording apparatus of the

20 present embodiment;

FIG. 3 is an exploded perspective view of an
example of an inkjet head included in the inkjet
recording apparatus of the present embodiment;

FIG. 4 is a cross-—sectional view of a poftion

25 containing liguid in the recording head of the present



containing liquidin FIG 4; FIG 6 is a cross-sectional view of the 5
portion in FIG 4 along its short edge; FIG 7 is a block diagram
schemat i cabl2go4/®biwi ng a control section of the inkjet PeTAPiosgo78sppar at us
of the present enmbodinment; FIG 8 is B circuit diagramof the portion 10
subsequent to the decoders in the control section showmmn in FIG 7; FIG 9
is a cross-sectional view of a principal portion of the inkjet head of the
present enbodi ment for explaining the operation thereof; 15 FIGs. 10A

t hrough 10C aremss@sfesechiongl th¥i BvARgoédiibecsanReppbkt0Bnof the inkj et
head in FIG 9 in different operation steps; FIGs. 11A through 111 are

timng charts show ng thecoperati an ehithgeblead Gonis ahede)deg f the 20
present enbodinent; FIG 12 shows a head control device of the related

art; and Fl Gs.-d3fthigyohid3khalg +i@ing;charts show ng the operation of
t he head control device of the 25 related art. W 2004/ 000560

PCT/ JP2003/ 007882 16 BESTMORE;EOR CABRYLNG QYT THE iNVENH QN Bel ow,

preferred enbodi nents of the present
5 portion in FIG. 4 along its short edge;

FIG. 7 is a block diagram schematically
showing a control section of the inkjet fecording
apparatus of the present embodiment;

FIG. 8 is a circuit diagram of the portion

10 subsequent to the decoders in the control section shown
in FIG. 7;

FIG. 9 is a cross-sectional view of a
principal portion of the inkjet head of the present
embodiment for explaining the operation thereof;

15 FIGs. 10A through 10C are cross-sectional
views of the same portion of the inkjet head in FIG. 9 in
different operation steps;

FIGs. 11A through 11I are timing charts
showing the operatioﬁ of the head control device of the

20 present embodiment;

FIG. 12 shows a head control device of the
related art; and

FIGs. 13A through 13H are timing charts
showing the operation of the head control device of the

25 related art.



invention will be explained with reference to the 5 acconpanyi ng draw ngs.
FIG 1 shows a perspective view of an inkjet recording apparatus as an
exanpl e ovoanod/aweipe recordi ng apparatus accordi ng to amCerIpzus/nenss2 of the
present invention. FIG 2 is a crosskésectional side view of the 10 inkjet
recordi ng apparatus. The inkjet recording apparatus shown in FIG 1 and
FIG 2 has a nmain body 1 and printing machinery 2 acconmopdated in the main
body 1. The printing machinery 2 has a recording head including a carriage
13 novabl e 15 along a main scan direction, an inkjet head 14 attached to
the carriage 13, and an ink cartridge 15. The printing mnachinery 2 takes
in paper 3 fedHIDMGeEPapEr dzaerk INGSSED tFHE vENTEROWal feed tray 5, then
records a desired Iinmage on the paper 3, and then delivers the paper 20 3
to a paper delivery traypé1attaghedetpecihempeaimshde 6fF thbhepappanatus. In
the printing machinery 2, a first guide rod 11 [ays across two

not -i |l ustrat eghwdrdel Y03F OS], 1SEr &4tk 1 i3S av Ot dee FEPbEE Of o thige Ccarri age 13,
and by the first 25 guide rod 11 and a secondary guide rod 12, the carriage
WO 2004/ 009560, MR /BB gsl7 13 is maintained to be able to freely
slide in the main "scan direction (the axial direction along the guide rod

11). The inkjet head 14 ﬁfé.alnyﬂgﬁé pré£§§é8t§9éogiew of an inkjet

recording apparatus as an example of an image recording
apparatus according to'an embodiment of the present
inven&ion. FIG. 2 1s a cross-sectional side view of the
10 inkjet recording apparatus.
The inkjet recording apparatus shown in FIG. 1
and FIG. 2 has a main body 1 and printing machinery 2
accommodated in the main body 1. The printing machinery 2
has a recording head including a carriage 13 movable
15 along a main scan direction, an inkjet head 14 attached
to the carriage 13, and an ink cartridge 15. The printing
machinery 2 takes in paper 3 fed from a paper feed
cassette 4 or a manual feed tray 5, then records a
desired image on the paper 3, and then delivers the paper
20 3 to a paper delivery tray 6 attached to the rear side of
the apparatus.
In the printing machinery 2, a first guide rod
11 lays across two not—illustrated side boards, serving
as a guide member of the carriage 13, and by the first

25 guide rod 11 and a secondary guide rod 12, the carriage



i nkj et heads to eject ink droplets of yellow (Y), cyan 5 (C), nmagenta (M,
bl ack (B) or other colors. The inkjet head 14 is attached to the carri age
13 ext enawogoaioanigar d al ong the direction of ejecting toa/Jpr3/de7sgd et s.
The ink cartridge 15 has a nunber of ¥nk tanks for storing and supplying
i nk of the above respective 10 colors to correspondi ng single color inkjet
heads of the inkjet head 14. The ink cartridge 15 is attached to the
upper side of the carriage 13, and each ink tank in the ink cartridge 15

i s exchangeablig whemd e dhRILidD iFe dbMdifg Ode1dSThesi nk €rsthddge 15
has an air hole on its upper side for communication with the atnosphere, a

feeding hol e anedd Sl Qners i dﬁaﬁ@raﬁ@pldif@c&%nt@léﬁ@ thakgelqdeass 14,
and a porous material of which the inside is filled wth ink. Due to the

capi | lary forgg of {the 20.porgus,drefenial .. thenbdk $o bengropLigd-to the

inkjet head 14 Fs_nalptalned at a slightly negative pressure. Fromthe
oK cart 190 edihdnd 5 8 dhe M Siopeat Jherdl o e o 11
279 he 0 20041 QU0neg FEULOCROMA0OTEER . A8 et conyesatees i gel o0
11. The front , 8189 £h I N8 GRLII 298, 18,4 UPSHL £A 51 e, A O09: A 02 B g
along the direction of ejecting the ink droplets.
The ink cartridge 15 has a number of ink tanks
for storing and supplying ink of the above respective
10 colors to corresponding single color inkjet heads of the
inkjet head 14. The ink cartridge 15 is attached to the
upper side of the carriage 13, and each ink tank in the
ink cartridge 15 is exchangeable when ink therein is
running out.
15 The ink cartridge 15 has an air hole on its
upper side for communication with the atmosphere, a
feeding hole on its lower side for supplying ink to the
inkjet head 14, and a porous material of which the inside
is filled with ink. Due to the capillary force of the
20 porous material, the ink to be supplied to the inkjet
head 14 is maintained at a slightly negative pressure.
From the ink cartridge 15, ink is fed to the inkjet head
14.

The first guide rod 11 is inserted into the

25 rear side of the carriage 13 (downstream side along the



conveyance direction) is firmy held by the secondary 5 guide rod 12 while
keeping the carriage 13 freely slidable along the secondary guide rod 12.
I n order woO 20alwi0v&0t he carriage 13 to scan al ong t he maiPeTgez003/0@i882Ct i on,
atimng belt 20 is wound between a dBiving pulley 18 driven by a main
scan notor 17 and a driven 10 pulley 19, and is fixed to the carriage 13;
due to the forward an backward rotation of the main scan notor 17, the
carriage 13 is noved back and forth. Note that as an exanple, the inkjet
head 14 is despébertbroeymves adinabeionf shhfkekeobdngi tkpetaheadse 135
The inkjet head 14 may al so be configured to have a single head having a
nunber of nozzimselk eclidypiakal digpties sfofsdi fliedentogol or sthEUELbgE, as
descri bed below, the inkjet head 14 is a piezoelectric head, in which at

| east part of dide siflecvaldaofiagPress s apPhiCal8oNa 20nghanbepaps-f or ned
by a vibrating plate, and this vibrating plate is deforned and vi brated by

a piezoel ect ragnwed diFedheo®f hes handlyi Re DA Ay 1R COBVENRAPEr 3
fromthe paper feed cassette 4 to the position below the 25 inkjet head

14, there gre qrranges apanef1d aedino.g olher-¥0. 2004/ P90
PCT/JPZOOS/OO%%%? 19 21 and a fricf@oﬁﬁpad 2% for gepara??%%l%nd f eedi ng

paper 3 fromdihes pARera f&ed Gasseldendard, ngigg PELES 23, T0Fq.QULging the

paper 3, a conveyance roller 24 for reversi
drive the carriage 13 to scan along the main scan

direction, a timing belt 20 is wound between a driving
pulley 18 driven by a main scan motor 17 and a driven
10 pulley 19, and is fixed to the carriage 13; due to the
forward an backward rotation of the main scan motor 17,
the carriage 13 is moved back and forth.
Note that as an example, the inkjet head 14 is
described to have a number of single color inkjet heads.
15 The inkjet head 14 may also be configured to have a
single head having a number of nozzles ejecting ink
droplets of different colors. Further, as described below,
the inkjet head 14 is a piezoelectric head, in which at
least part of the side wall of a pressure application
20 chamber is formed by a vibrating plate, and this
vibrating plate is deformed and vibrated by a
ﬁiezoelectric element.
On the other hand, in order to convey paper 3
from the paper feed cassette 4 to the position below the

25 inkjet head 14, there are arranged a paper feeding roller



the paper 3 for further conveyance, a roller 25 pressed 5 against the
surface of the conveyance roller 24, and a roller 26 for limting the
angl e at wbi2obw/pejer 3 is sent out. The conveyance rol [P€T/JP2008/807882 ven t o
rotate by a sub scan notor 27 via a Weries of gears. 10 A paper guide
menber 29 is provided corresponding to the novenent range of the carriage
13 along the main scan direction to guide the paper 3 sent out fromthe
conveyance roller 24 to the position below the inkjet head 14. On the
downst r eam si d&l admige t fiei d6igapesd coRveyansepdiaechioandareeil ey Bipard a
spur 32 are arranged to send out the paper 3 in the delivery direction.

Further, a del3 viromrohd esaddr BesPutaddetdads, gui geiaeraense 3528ndo36
form ng a paper delivery path are provided to send paper 3 to the paper

delivery tray duihd\heme regesdi 1g @ncoiRgpanbet he1papes 13rowhibecrthgy
carriage 13 is being noved, the inkjet head 14 is driven to eject ink

droplets to thendaRed AlrdLSturBEEPT dbRPa{ /AL, | fBYET PLONAL %Pe5§88rd one
line; then the paper 3 is noved by one line so as to record t'he next 25

line. Wiensa ragording.conpletd on St ol . 8% j 004/ 00056
PCT/ JP2003/ 007882 20 indicating that thecpf%§%§?8€g£?¥¥%% %?’t%%éc%rriage

oo S ST A0S oA S LB PAREEn o SOEL Ve
out.
The conveyance roller 24 is driven to rotate
by a sub scan motor 27 via a series of gears.

10 A paper guide member 29 is provided
corresponding to the movement range of the carriage 13
along the main scan direction to guide the paper 3 sent
out from the conveyance roller 24 to the position below
the inkjet head 14. On the downstream side along the

15 paper conveyance direction, a roller 31 and a spur 32 are
arranged to send out the paper 3 in the delivery
difection. Further, a delivery roller 33, a spur 34, and
guide members 35 and 36 forming a paper delivery path are
provided to send paper 3 to the paper delivery tray 6.

20 When recording an image‘on the paper 3, while
the carriage 13 is being moved, the inkjet heéd 14 is
driven to eject ink droplets to the paper 3 at rest
according to an image signal to record one line; then the
paper 3 is moved by one line so as to record the next

25 line. When a recording completion signal, or a signal



paper 3 is delivered. 5 At a position out of the recording region along
the first guide rod 11, a recovery unit 37 is arranged in order to resolve
i nk ej ectworroprombisens of the inkjet head 14. The recovelPgTdeu08/@07882 has a
cap, an absorber, and a cleaner. At 2tandby, the carriage 13 is 10 noved
to the recovery unit 37, where the recovery unit 37 caps the inject head 14
to keep its nozzle wet to prevent 1ink ejection problens. In addition,
during recording operations, an additional anount of ink is ejected from

the inkjet heaghdd.iotnd ofydecord pe buite 95 ULk Nge L hRe 1aERkigL head 14,

keeping the viscosity coefficients at all ~the nozzles constant fo nmaintain

nozel o of thed mk el Heal 14 18 LR ed by net Barr ot P 28T SEavery uni

nozzle of th jet head 14 is sea he Cap o ecovery unit

37, and throu - : b i n; an C esy. Lnk,

and bubbl es i%n?%ﬁkggf’ %Q§e§$§¥% f%%é?#ﬁ%gn%gg%%?9%§d1$h%n§¥ga%%§ g?%ans

i nk and ot her dustzgqagr%gghto t&e nozzle to allow the inkjet head 14 to
K ejec

recover from tHe in i'on troubl e. The ink 25 drawn out by the absorber

is exhaustgd to a tank Lgﬁ WO 2004/ 000560 P éﬁ§2003/087882 21 collecting
waste ink, >and is stored Fn*aR°Fhk*8Bs8Fbi R t BPFRF S REXEEIERB i nkj et

head 14 of the | nkjet
along the first guide rod 11, a recovery unit 37 is

arranged in order to resolve ink ejection problems of the
inkjet head 14. The recovery device 37 has a cap, an
absorber, and a cleaner. At standby, the carriage 13 1is
10 moved to the recovery unit 37, where the recovery unit 37
caps the inject head 14 to keep its nozzle wet to prevent
ink ejection problems. In addition, during recording
operations, an additionai amount of ink is ejected from
the inkjet head 14 not for recording but for purging the
15 inkjet head 14, keeping the viscosity coefficients at all
the nozzles constant to maintain constant ink ejection
performance.
When ink ejection trouble occurs, the nozzle
of the inkjet head 14 is sealed by the cap of the
20 recovery unit 37, and through a tube, the absorber takes
suction on and evacuates ink, and bubbles in the ink
together, from the nozzle, and the cleaner cleans ink and
other dust adhering to the nozzle to allow the inkjet
head 14 to recover from the ink ejection trouble. The ink

25 drawn out by the absorber is exhausted to a tank for



recording apparatus is explained in detail with reference 5 to FIG 3
through FIG 6. FIG 3 is an expl oded perspective view show ng a

conf i gur awDano4afoosche i nkjet head 14; FIG 4 is a crossPsedrrosad’ssd ew of a
portion of the inkjet head 14 contaiXling ink along its long edge; FIG 5
is an enlarged view of the core portion of the 10 portion shown in FIG 4;
FIG 6 is a cross-sectional view of the portionin FIG 4 along its short
edge. As shown in the above figures, the inkjet head 14 conprises a

substrate 41 foymediQm sdng eigkysddd 1Si$t608d 8nVabr bk OsbPbabEng?2
joined with the lower side 15 of the substrate 41, and a nozzle plate 43
formed wth v ezzles 45 and joined with the upper side of the
substrate 41. In FIG 4 through FIG 6, the reference 46 represents a

pressure application chagbgf f@ﬁgegnpyekhgeaaolgug§tEggelﬂk cthe vibration
plate 42, and the nozzle plate 43 e pressure application chanbers 46 are

in  comuni catj de%yq(trt% J@M&&sslﬁexg{&ﬁ@ée{ﬁn &cdBy rgpegseats aaliaui d

roomthat fee e pressure application ¢ t hr ough

Eg$/ggggbg?oogg§g£&§ he s L'%?'f?e63?2£§ﬁ?% aﬁ%$$§é$?826ochanber
a0, the Ini T egqlng ahanney; &/ %ﬁgﬁlﬁgea'&&!ﬂfquégemr?SoeC{hgsiﬁfefeei de
head 14; FIG. 4 is a cross—sectional view of a portion of
the inkjet head 14 containing ink along its long edge;
FIG. 5 is an enlarged view of the core portion of the
10 portion shown in FIG. 4; FIG. 6 is a cross—sectional view
of the portion in FIG. 4 along its short edge.
As shown in the above figures, the inkjet head
14 comprises a substrate 41 formed ﬁrom single crystal
silicon, a vibration plate 42 joined with the lower side
15 of the substrate 41, and a nozzle plate 43 formed with
many nozzles 45 and joined with the upper side of the
substrate 41.
In FIG. 4 through FIG. 6, the reference 46
represents a pressure application chamber formed by the
20 substrate 41, tﬁe vibration plate 42, and the nozzle
plate 43. The pressure application chambers 46 are in.
communication with the nozzles 45.
The reference 48 represents a liquid room that

feeds ink to the pressure application chamber 46 through

25 an ink feeding channel 47 acting as a liquid resistor.



are in contact with ink, and on these side walls, a film5 50 is forned
froman organic resin tolerable to liquid erosion. As showmn in FIG 3

(al so refworoogpodsmoFl G 4), two |ines of stacked piezoeCagrrios/oeisgnents 52
are provided at positions each corre®ponding to a pressure 10 application
chanmber 46. The piezoelectric elements 52 are joined wth the | ower side
of the vibration plate 42 and fixed on a base 53. A spacer 54 is arranged
around the two lines of stacked piezoelectric elements 52 and joined wth
the base 53. 15 As shownTha Ei&e Baleachfpickzoplectuire aepengrttibd iS
formed by alternately stacking a piezoelectric film 55 and an inner

el ectrode 56. diwenexpass] othanihlkonésachyoshaineach7 pi gz@etret Liguetienent
52 causes expansion and contraction of the pressure application 20

chamber 46. Hefgomidsgiscasssmegkethadet berphegoebectrbcsepastant of gagh
pi ezoel ectric element 52 is d33. If a driving signal is applied to one of

the piezoel ectdi& i€l €imnd st S2ith henpl e2nel 8t thesel 80BOL821kS ghagggd and
expands; on the other hand, if the charge stored in the 25 piezoelectric

el ement 5251 S gl easesafslh SERai 08d) o his 4O-2004! 000560, PLTLIP2O031 QO7852

23 piezoelectric elenment 52 contracts. In the base 53 and the spacer 54, a
penetration rugf% I{ormad to feed ink to the liquid room48 fromthe
outside. This Is I nk

As shown in FIG. 3 (also referring to FIG. 4),
two lines of stacked piezoelectric elements 52 are
provided at positions each corresponding to a pressure

10 application chamber 46. The piezoelectric elements 52 are
joined with the lower side of the vibration plate 42 and
fixed on a base 53. A spacer 54 is arranged around the
two lines of stacked piezoelectric elements 52 and joined
with the base 53.

15 As shown in FIG. 5, each piezoelectric element
52 is formed by alternately stacking a piezoelectric film
55 and an inner electrode 56. The expansion and
contraction of each plezoelectric element 52 causes
expansion and contraction of the‘pressure application

20 chamber 46. Here, it is assumed that the piezoelectric
constant of each piezoelectric element 52 is d33. If a
driving signal is applied to one of the piezoelectric
elements 52, the ﬁiezoelectric element 52 is charged and
expands; on the other hand, if the charge stored in the

25 piezoelectric element 52 is released (discharged), the



feeding hole 49 shown in FIG 4. 5 The periphery of the substrate 41 and
the ,edges of the vibration plate 42 are joined wwth a head frane 57
formed frwmaempsky resin or PPS (Pol yphenyl ene sul fi e@€)x/pyosmenss2 of
injection nolding, and the head fram 57 and the base 53 are fixed by an
adhesi ve agent. 10 Further, in order to apply the driving signal to the
pi ezoel ectric elenment 52, an FPC (Flexible Printed Circuit) cable 58 is
connected to the piezoelectric eIenent 52 by sol der, or ACF (Anisotropic

Conductive eﬂ’@ CS&B éthEPf EPC f@bhgr@as@ sgiyhag 15

circuit (driver |xe to se ectively apply iving signals to

| ect : Il
X F?Sineiuééfrﬁe%#a oot A R A R T Tl e B R
ani sotropi c etcthgéL§ ?% n(%Q?a epus pgg355|un1$%dr@%|de so{ tlonk(KCH)
sol uti ons, Y,

or other alkarine etéh And resurt? ornlng
penetration hole erv h ressur ppjication chamber 46, grooves
serving as th@kf %% %ﬁg Ee]é{%d % penetration hole serving as
the liquid roon148 25 The vi brat | on plate 42 is nmade o

2004/ 000560 PCT/ JP2003/ 0677882 5% f"‘fﬂ:}ﬁt %gsﬁlﬁﬁ SEPREEREE, 4én8”§st#18r med by

electroformng. As shown in FIG 6, ih order for the V|brat|on plqge 42 to

def or m easi | y S39%F &fs &f redpotdt g RP thet pracgureined with a

frame 57 formed from an epoxy resin or PPS (Polyphenylene
sulfide) by means of injection molding, and the head
frame 57 and the base 53 are fixed by an adhesive agent.

10 Further, in order to apply the driving signal to the
piezoelectric element 52, an FPC (Flexible Printed
Circuit) cable 58 is connected to the piezoelectric
element 52 by solder, or ACF (Anisotropic Conductive
Film), or by wire bonding. In the FPC cable 58, a driving

15 circuit (driver IC) 59 is fixed to selectively apply
driving signals to piezoelectric element 52.

Here, as the substrate 41, a single
crystalline silicon substrate with a crystal orientation
(110) is processed by the anisotropic etching using an

20 aqueous potassium hydroxide solution (KOH) or other
alkaline etching solutions, and resultantly, forming a
penetration hole serving as the pressure application
chamber 46, grooves serving as the ink feeding channel 47,
and a penetration hole serving as the liquid room 48.

25 The vibration plate 42 is made of a metal



application chanbers 46, these areas are fornmed thin 5 (referred to as
recesses 61 below), and the areas of the vibration plate 42 for connection
wi th the woeaorloessvric el enments 52 are formed thick (reCenrPaod3nesss
projections 62 below). Additionally,24he areas of the vibration plate 42
corresponding to the separation walls between two 10 liquid roons are al so
formed thick (projections 63 below). The flat upper surface of the
vibration plate 42 is connected with the substrate 41 by an adhesive
agent, and thelapesswththe profeltiand 52 Avemednbgcéddctrbhothénghead
frame 57 also with an adhesive agent. Between the 15 base 53 and the
projections 63haol umsFB3. a ¢ foroeder Ahe tlobtunbsrédibavelihe sanmeoshape
as the piezoelectric elenents 52. The nozzle plate 43 is joined with the

substrate 41. defdhe ewzzle ptaieedd, covzesesndbngr o 2Refpraggute be 10g m
through 30 gmin dianmeter and at positions corresponding to respective

pressure appldmsitiet chanbeishdbs 40 exaePl redbeapozzbenphatgi43 my be
made from stainless, nickel or other netals m xtures of a netal and a

pol yi mi de pesi prdidimas @ hes 254850551 %él&@ﬁ; fia ML UL 88, Of o Ehepabove
materials. I n WD 2004/ 000560 PCT/JP2003/007882 25 addition, on the surface

of the nozzl e plsde A3 3 0Nk the fdf‘kcc?nh?&é‘tﬂfhdsb{ ttﬁé‘ ;tgféégeisé@%gd to

as "ejection surface"), a water-shedding filmis 0 secure t
elements 52 are formed thick (referred to as projections

62 below) . Additionally, the areas of the vibratioq plate
42 corresponding to the separation walls between two

10 liquid rooms are also formed thick (projections 63 below) .
The flat upper surface of the vibration plate 42 is
connected with the substrate 41 by an adhesive agent, and
the ends of the projections 62 are connected with the
head frame 57 also with an adhesive agent. Between the

15 Dbase 53 and the projections 63, columns 64 are formed.
The columns 64 have the same shape as the piezoelectric
elements 52.

The nozzle plate 43 is joined with the

substrafe 41. In the nozzle plate 43, nozzles 45 are

20 formed to be 10um through 30 um in diameter and at
positions correspohding to respective pressure
application chambers 46. For example, the nozzle plate 43
may be made from stainless, nickel or other metals,
mixtures of a metal and a polyimide resin film or other

25 resins, silicon, or mixtures of the above materials. In



wat er - sheddi ng quality of the nozzle plate 43 with 5 respect to ink. This
wat er-shedding filmmay be forned by any well-known nethod, for exanple,
pl ati ng owocoationgsoa wat er-sheddi ng agent. Next, the ceamrIetooseecsson of

t he above inkjet recording apparatus2sis explained with reference to FIG
7. 10 FIG 7 is a block diagram showi ng the control section of the inkjet
recordi ng apparatus of the present enbodinent. The control section of the
i nkj et recording apparatus of the present enbodinent is conprised of an
15 engi ne cont@@iileronhadni hokudesfacpr pht ehecontzredkl pla’é dAdadohgadhe
driving circuit 71. The printer controller 70 includes an interface (I/F)
72 for receivihgkretectding datactiom dalbhostefempetietot Bsotghecahbes or
networks, a CPU 73 for 20 overall control of the printer controller 70, a
RAM 74 in whishrfacedus davataresstddédg a1iROVEES5fbpmeti €B ¥aeEuedSthe
routines for data processing are stored, an oscillation circuit (OSC) 76,
a driving signatgenshaddnggciteuity ¢ ENRIR) ndZzthapigerenat gsthhe driving
signal Vcomto 25 control the operation of the inkjet head 14, and an WO
2004/ 000566 PGl iRO03LH0T8B2 TREs | wheefasrelbihy zalﬁlom?rge&%%wgb&he

recording data expended as dot pattern data (bitmap data) and the driving
signal to the dweadedri viRGwei h&thdd/1lfor example, plating or coating a
water—-shedding agent.
Next, the control section of the above inkjet
recq;ding apparatus is explained with reference to FIG. 7.
iO FIG. 7 is a block diagram showing the control
section of the inkjet recording apparatus of the present
embodiment.
The control section of the inkjet recording
apparatus of the present embodiment is comprised of an
15 engine controller that includes a printer controller 70
and a head driving circuit 71.
The printer controller 70 includes an
interface (I/F) 72 for receiving recording data from a
host computer through cables or networks, a CPU 73 for
20 overall control of the printer controller 70, a RAM 74 in
whi;h various data are stored, a ROM 75 in which various
routines for data processing are stored, an oscillation
circuit (0SC) 76, a driving signal generating circuit
(GNRTR) 77 that generates the driving signal Vcom to

25 control the operation of the inkjet head 14, and an



The RAM 74 is used as buffers and working 5 nmenories. The ROM 75 stores
various control routines executed by the CPU 73, font data, graphic

f unct i onswoane/000sni ous procedures. The CPU 73 reads outPCrieaaoomssh ng
data in the reception buffer of the I126F 72, converts them to internediate
codes, and stores the internediate codes 10 in an internediate buffer at a
specified area of the RAM 74. The CPU 73 first reads out the internediate
codes fromthe RAM 74, and expands the internedi ate codes to dot pattern
dat a usi ng t he.rftmmfadag a( SARr 1B | fo1t hier RO 7S] Liagdthdene sb od &g t detalot
pattern data to another specified 15 area of the RAM 74 again. Once the
CPU 73 obt ai nexareraimurds afott heatdodrn pdtaer tb datap wid te whied tihe i nkj et
head 14 can record one |ine on the paper 3, this anount of the dot pattern
data is transibittiedy t€idriwel headil ivédd i€y Jdlrasit el 20 serial data
SD through the I/F 78 in synchronization with the clock signal CK

generated by the oscill athemrgureaiis (SedThe beadedsi ¥hAGwEkkeHEt 71 is
built into the driver IC 59, and conprises a shift register 81 (SHT-REG

25 to which themsanial . dala & contaididg +4ei h 9ckost ghnal » WA 2004/ 000560
PCT/ JP2003/ 007882 27 CK and the recording data fromthe printer controller

70 are input oAl 15} G tefi? {4 TGH-)n ¢ halcd atehgs iheryyal ueh of ihe
shift register 81 with the latch signhal LAT

various procedures. The CPU 73 reads out the recording
data in the reception buffer of the I/F 72, converts them
to intermediate codes, and stores the intermediate codes
10 in an intermediate buffer at a specified area of the RAM
74. The CPU 73 first reads out the intermediate codes
from the RAM 74, and expands the intermediate codes to
dot pattern data using the font data stored in the ROM 75,
and then stores the dot pattern data to another specified
15 area of the RAM 74 again.

Once the CPU 73 obtains an amount of the dot
pattern data with which the inkjet head 14 can record one
line on the paper 3, this amount of the dot pattern data
i1s transmitted to the head driving circuit 71 as the

20 serial data SD through the I/F 78 in synchronization with
the clock signal CK generated by the oscillation circuit
76.

The head driving circuit 71 is built into the

driver IC 59, and comprises a shift register 81 (SHT-REG)

25 to which the serial data SD containing the clock signal



fromthe printer controller 70, a decoder 83 (DEC) that 5 decodes the data
stored at the latch circuit 82 according to the control signal CS fromthe
printer cwotweideseo70, a |level shift circuit 84 (I evel PEhiIPLE@B/NOTREA - SHT)
that changes the | evel of the output27of the decoder 83, and an anal ogue
switch array (or a switch circuit) 85 that is 10 switched ON or sw tched
OFF by the level shifter 84. The switch circuit 85 is for inputting the
comon driving signal Vcomfromthe driving signal generating circuit
(ONRTR) 77 of drer@ itHeerreaonidiold elatd frandths moimest ecbmit tdl rach70

pi ezoel ectric el enent 52 15 corresponding to a nozzle. Here, it is assuned

that in the i nigeetingi&cording: @pparadwist of2 t ETqH ese t erpochanthet he
recordi ng data have two-bit data DO and D1 for each channel of the inkjet

head 14 in orderded gtaid dmke20-&lf opt & sg fwiourcigs age-dievel gnan one
recording period. The serial recording data SD transmtted to the shift

register 81 isfdyf stnd alchedbycdfe-dateh i I calide 82 ANgE o) atighed
recording data SD (two-bit data DO and D1) are decoded at the decoder 83

to which the conidols signalaZs &S Addcluding signal s MN « MN 2 Med-q and
MBN) is input. WO 2004/000560 PCT/JP2003/007882 28 The |evels of the

bl o fo drive Tha o TaRes of THE: S tEh sl Feai T BT o svarm & he.
a level shift circuit 84 (level shifter: LVL-SHT) that
changes the level of the output of the decoder 83, and an
analogue switch array (or a switch circuit) 85 that is
10 switched ON or switched OFF by the level shifter 84.

The switch circuit 85 is for inputting the
common driving signal Vcom from the driving signal
generating circuit (GNRTR) 77 of the printer controller
70, and is connected with each piezoelectric element 52

15 corresponding to a nozzle.

Here, it is assumed that in the inkjet
recording apparatus of the present embodiment, the
recordiné data have two-bit data DO and D1 for each
channel of the inkjet head 14 in order to obtain ink

20 droplets of four grade levelé in one recording period.
The serial recording data SD transmitted to the shift
register 81 is first latched by the latch circuit 82, and
the latched recording data SD (two-bit data DO and D1)

are decoded at the decoder 83 to which the control signal

25 CS (including signals MON, MIN, M2N, and M3N) is input.



| evel s of the decoded recording data are increased to 5 several tens of
volts. The signals of the increased Ilevels are input to the swtch circuit
85. The dwDwoewposiegnal Vcom fromthe driving signal gemerdpPRoogocissxuit 77
is input to the input termnals of t8e switch circuit 85, and the

pi ezoel ectric 10 el enents 52 are connected to the output term nals of the
swtch circuit 85. Accordingly, for exanple, in the period when the
recording data applied to the switch circuit 85 are "1", a driving pul se
obt ai ned fromThee ledrdd ngf Silgmale Modenl | seapplieg dotd herei ezoftedtbyc 15
el ements 52, and the piezoelectric elenents 52 expand and contract in
response to ththarliexidlg qHilBSesr 194 contaasto bé mbhhe perdoidvahenet he
recording data applied to the switch circuit 85 are "0", no driving pul se

is output to duie-qiea7 ot etid i Sweteediscd2e 290; Héxr Sahovs, athexanpl e of
a circuit subsequent to the decoder 83 in FIG 7. Note that FIG 8 shows

only one channelyfs tdte ol & cdd&dli teched U Cdd Pedh abovesréHEc@aeh channel
of the inkjet head 14, two-bit data DO and D1 (referred to as 25 "ink

ej ection data’'s el @l |t Gheded N dhe 4 adcdn IR 20044 000560z sed
PCT/JP2003/007882 29 circuit 82. Here, as an exanple, it is assumed that

when D =1 r € r dot is ejected,
When D = 1 and iDL G2 Ak O Sl S AL 168,

The driving signal Vcom from the driving
signal generating circuit 77 is input to the input
terminals of the switch circuit 85, and the piezoelectric

10 elements 52 are connected to the output terminals of the
switch circuit 85. Accordingly, for example, in the
period when the recording data applied to the switch
circuit 85 are “1”, a driving pulse obtained from the
drivipg signal Véom is applied to the piezoelectric

15 elements 52, and the piezoelectric elements 52 expand and
contract in response to the driving pulse. In contrast,
in the périod when the recording data applied to the
switch circuit 85 are “0”, no driving pulse is output to
the piezoelectric elements 52.

20 FIG. 8 shows an example of a circuit
subsequent to the decoder 83 in FIG. 7. Note that FIG. 8
shows only one channel of the whole circuit.

As described above, for each channel of the
inkjet head 14, two-bit data DO and D1 (referred to as

25 “ink ejection data” below) are latched in the latch



mediumdot is ejected, when DI = 0 and DO = 1, an ink 5 droplet formng a
smal |l dot is ejected, and when DD = 0 and DO = 0, no ink droplet is

ej ect ed. Wheosionmbieol signal CS fromthe printer controlPCEIPIO3/HE88NpUt tO
a decoding unit DCN of the decoder 83. The control signal CS includes gate
signals 10 MON, MLN, M2N, and M3N defining tinme intervals for formng ink
droplets of desired grade |levels and for re- charging the piezoelectric

el enents 52. The sane gate signals MON, MLN, M2N, and M3N are input to al
the decodi ngcliinct$tDEN.i Hetree decaderx@8plEs e idecsdiumpdiriinatDeten
includes four gate circuits GO through G3, and an OR gate circuit G4. The
data DI and DOlardit hedgabe=silgnains iMRNJ ridibNe tdVEN rramd; aVBM aree daipuits t o
the four gate circuits GO through G3 at the same tine. The outputs of the
four gate cirefyetsc@) 28ehhpough 1GAnar ®0i BpUL, tao tikk CRogAler darmetiing G4.
The output of the decoding unit DCN is input to an analog sw tch ASN

included in theqswnt eBtCiikCUhlR2d, hiowghpa < evelnshid terl LSM acid ng as
the |l evel shifter 84. The driving signal Vcomis input to the analog 25

swi toh ASN, andophen i:Bendndl a0 M1NCASH d & jaMeheduiaN A 2004 QD0560
PCT/ JP2003/ 00788 30 a corresponding portion of the driving signal Vcomis

appl i ed to the,pi ggoel gt iC ;ehenRRl132 8% 2iWdrdng signal of “the inkjet
head 14.

The control signal CS from the printer
controller 70 is input to a decoding unit DCN of the
decoder 83. The control signal CS includes gate signals

10 MON, MIN, M2N, and M3N defining time intervals for
forming ink droplets of desired grade levels and for re-
charging the piezoelectric elements 52. The same gate
signals MON, MIN, M2N, and M3N are input to all the
decoding units DCN in the decoder 83.

15 The decoding unit DCN includes four gate
circuits GO through G3, and an OR gate circuit G4. The
data D1 and DO and the gate signals MON, MIN, M2N, and
M3N are input to the four gate circuits GO through G3 at
the same time. The outputs of the four gate circuits GO

20 through G3 are input to the OR'gate circuit G4. The
output of the decoding unit DCN is input to an analog
switch ASN included in the switch circuit 85 through a
level shifter LSN acting as the level shifter 84.

The driving signal Vcom is input to the analog

25 switch ASN, and when the analog switch ASN is switched ON,



Accordi ngly, according to the gate signals MON, 5 MLN, MZN, and M3N, which
are respectively related to ejection of |large dots, nediumdots, snal

dot s and wo 20ef/@eicoon of dots, the correspondi ng anal og PSEJP2I03/ABBEDf t he
switch circuit 85 is switched ON or siitched OFF. Specifically, when the
out put of the decoding 10 unit DCNis "1", the analog switch ASN is ON,
and the common driving signal Vcomis applied to the piezoelectric

el enent 52. \When the output of the decoding unit DCNis "0", the anal og
swi tch ASN i saOkcbrras@oinide ngdipiordignsicgnalheVenmviisignaticapdl it a.d he

pi ezoel ectric 15 elenent 52, and the output of the decoding unit DCNis in

a high inpedaagpistat @c New! piwidde1reefreriencs drerd G2 %s H GivliGy through
10C, and FI Gs. 11A through 11I, explanations are mnade of the operations of

the above headigontrelr dew 6ex3Q+ efaeonta ol ling ink droplet ejection. FIG
9 is a cross-sectional view of a principal portion of the inkjet head 14

of the present embodi mantso.Fl G L0 EhE Ruahy 10C shanthe anesalionul,

the inkjet head 14 of the pres enbodi ment. 25 First,” with reference to

FIG 9 and; Fl G5y 10A0,2004/:00560 JPCT/-1P2Q0Q3/Q07%882 3L ftdypugh, 10C
e of t

expl anations are m e operations of the pressure application

chanmper and t Qﬁ e@ltﬁégelo%ﬁlralr%e %ﬂoetrge,mmetcﬂ%tm 'd%t%o,ers‘%aqq. t&?:)thJlgIlCPrnCPUSh the

side wall of

ejection of dots, the corresponding analog switch ASN of
the switch circuit 85 is switched ON or switched OFF.

Specifically, when the output of the decoding

10 unit DCN is “1”, the analog switch ASN is ON, and the
common driving signal Vcom is applied to the
piezoelectric element 52. When the output of the decoding
unit DCN is “07, the analog switch ASN is OFF, and the
driving signal Vcom 1is not applied to the piezoelectric

15 element 52, and the output of the decoding unit DCN is in
a high impedance state.

Next, with reference to FIG. 9, FIGs. 10A
through 10C, and FIGs. 11A through 11I, explanations are
made of the operations of the above head control device'

20 for controlling ink droplet ejection.

FIG. 9 is a cross-—-sectional view of a
principal portion of the inkjet head 14 of the present
embodiment; FIGs. 10A through 10C show the operation of
the inkjet head 14 of the present embodiment.

25 First, with reference to FIG. 9 and FIGs. 10A



the pressure application chanber. Note that although the 5 shapes of the
constituent elenents of the inkjet head shown in FIG 9 and FIGs. 10A

t hrough 1WGQ 2a6400086Df erent fromthose shown in FIG 3 tRCoUgmoshEEsss, t he
basic configurations of the inkjet hdad are the sane, therefore, the sane
reference nunerals are used here for the sane 10 constituent elenments as
showmn in FIG 3 through FIG 6. The inkjet head 14 shown in FIG 9 is in a
free state, that is, no driving voltage is applied to the piezoelectric

el ement 52. Fridmdugls 50@f esxplanat omg dhe mpawes £ suppl yp&bhtibessbat e of
the inkjet head 14 changes 15 to that shown in FIG 10A. The state shown in

FIG 10A is athd nptdadusd adgpofcdheon nietbdcagnd 4 Herpngzb8escopekati on
thereof. Inthe initial state, a bias voltage is applied to the

pi ezoel ectric «lammnt HRat o shasgeatde tpigzoel @Egéu§he{1@ére§id§2waﬁﬁcgfv' ng
t he charge, the 20 plezoelectrlc el ement 52 expands in its thickness

direction (theso-gwaldodee dggglf@g@lorﬂeéﬁrmwnmﬂet@ﬁattm%&@ R the

direction), and the volunme of the pressure application chanb

decreases gonpay A S04 Aun SoshoMe | 25 Wen
an ink dropl et |a§%té3n%e %}]{%C% ed flr%?nét he %%%%%/%%0560 P%%%%%%%?OO?%Z

32 nozzl e 45, AmaNoMN jik F'ﬁﬁﬁ@%zéé‘e Pieselts,apPdcaliony; £hapber 46 s
pul l ed outward first. In detai e charge stor e piezoelectri
el enent 52"1fggﬁléﬂé§§“shown in FIG. 3 through FIG. 6, the basic
configurations of the inkjet head are the same, therefore,
the same reference numerals are used here for the same
10 constituent elements as shown in FIG. 3 through FIG. 6.
The inkjet head 14 shown in FIG. 9 is in a
free state, that is, no driving voltage is applied to the
piezoelectric element 52. From this state, if turning the
‘power supply ON, the state of the inkjet head 14 changes
15 +to that shown in FIG. 10A. The state shown in FIG. 10A is
an initial state of the inkjet head 14 during the
operation thereof. In the initial state, a bias voltage
is applied to the pilezoelectric element 52 to charge the
pilezoelectric element 52. Receiving the chérge, the
20 piezoelectric element 52 expands in its thickness
direction (the so-called “d33” mode: deformation in the
thickness direction), and the volume of the pressure
application chamber 46 decreases compared with the
equilibrium state as shown in FIG. 9.

25 When an ink droplet is to be ejected from the



state is released (discharged), and the piezoelectric 5 el enent 52
contracts, therefore, the volune of the pressure application chanber 46

i ncreaseswoAs)Ap®OuUl t, ink is pulled into the pressur@Cappliosaiisgn
chanber 46 froman ink tank outside.32In the neantinme, the neniscus of the
nozzle 45 is drawn inward relative to the pressure 10 application chanber
46. Next, as shown in FIG 10C, a driving pulse is applied to the

pi ezoel ectric el enment 52 through the cable 58 to rapidly charge the

pi ezoel ectri c wbeiEat452 andsexpantn i FI@gal 0B, Acker gdiragkyret Agpvotaaroaf
the pressure 15 application chanber 46 decreases drastically, ejecting an

ink droplet. ldhdieProgess,pdllédyodtpptet reaptberhonsedilbyceentnakleng
t he expansion | evel of the piezoelectric elenment 52, for exanple, at steps

smal | er than tdal-shown 20 i piEL&e1d0 1 bteionpresEpl ent endeihcately
control the formation of the tiny droplets and attain nore grade |evels

by maki ng the Langl hon hgv ; i ectric
el enent 52 suf%%c?éenﬁ ylcsmal%@F*%st,épﬁﬁgfﬁfbuahglﬁegﬂcr)éé?ig?r?ﬁg%gﬁgrts of

25 si gnal suseg L. Lhes aboye: head. copis plcdey! oeof 4 g0, 20044 000560

PCT/ JP2003/ 007 present enbodi ment for further explanations of the
operations of the head £onfrol. gy canELG 1414, shousLhepayefgrmef the

driving
ink is pulled into the pressure application chamber 46
from an ink tank outside. In the meantime, the meniscus
of the nozzle 45 is drawn inward relative to the pressure
10 application chamber 46.

Next, as shown in FIG. 10C, a driving pulse is
applied to the piezoelectric element 52 through the cable
58 to rapidly charge the piezoelectric element 52 and
expand it again. Accordingly, the volume of the pressure

15 application chamber 46 decreases drastically, ejecting an
ink droplet.

In the process, a tiny droplet can be formed
by controlling the expansion level of the piezoelectric
element 52, for example, at sfeps smaller than that shown

20 in FIG. 10A. It is possible to delicately control the
formation of the tiny droplets and attain more grade
levels by making the steps of changing the expansion
level of the piezoelectric element 52 sufficiently small,

FIGs. 11A through 11I are timing charts of

25 signals used in the above head control device of the



signals Vcom generated by the driving signal generating 5 circuit 77. In
the driving signal Vcom there are a driving pulse P1 for formng a | arge
dot in thwopesd/@aseof romthe tine TOto the tine T1l, a decCTiyrgopoé’ss P2 f or
formng a nediumdot in the period fr8mthe time T1 to time T2, and a
driving pulse P3 for formng a small dot 10 in the period fromthe tinme T2
to tinme T3. In this invention, the driving pulse P3 contains a conponent
P31 after the time T3 as shown in FIG 11A, and the conponent P31 rises to
a specified |meend.erfivdieemdrnrifutthsriavehtinaonionn shechenme 15
period of the conponent P31, the inkjet head 14 is not operated to form

ink droplets. dddzatlilshomstiae nesponsensignadewhtéd . of the piezoelectric
el enent 52 (voltage on the piezoelectric elenent 52) of a channel for

formng a large dot, FIG1@20 11£ shews ankeqpoBsErsi gRath¥hb©iohinghe
pi ezoel ectric elenent 52 of a channel for formng a nediumdot, FIG 11D

shows a respons%egrﬁl%a}co\éh%eﬁré{@d RhpZORk egt 1+ £ng ek Rt é@n@fa@lﬁ annel

for form ng a snmall dot, and FIG 11E shows a response” si gnal VhOO of the

pi ezoel ect t ofe & £l ecth ngt@egé opl et
2004/ 00056 CTJ72L§:I5§LOOP%O7I§§2 e34 FI G ﬁ%lg%ﬁlough 111 “show t he gate

signal's MBN, A\% ﬂ\ﬂ“}g M S0t ot flegOph Age bt BENnéspelioyg 10

FIG 11F thro si'gha
from the time TO0 to the time Tl, a driving pulse P2 for

forming a medium dot in the period from the time Tl to
time T2, and a driving pulse P3 for forming a small dot
10 in the period from the time T2 to time T3.

In this invention, the driving pulse P3
contains a component P31 after the time T3 as shown in
FIG. 11A, and the component P31l rises to a specified
level Vb. Furthermore, in this invention, in the time

15 period of the component P31, the inkjet head 14 is not
operated to form ink droplets.

FIG. 11B shows a response signal Vhll of the
piezoelectric element 52 (voltage on the piezoelectric
element 52) of a éhannel for forming a large dot, FIG.

20 11C shows a response signal Vh1l0 of the piezoelectric
element 52 of a channel fo; forming a medium dot, FIG.
11D shows a response signal Vh0l of the piezoelectric
element 52 of a channel for forming a small dot, and FIG.
11E shows a response signal Vh00 of the piezoelectric

25 element 52 of a channel not ejecting a droplet.



MBN is "0" in the period fromthe time TOto the tine T1 5 and in the
period fromthe time T3 to the tinme T4, the signal MNis "0" in the period
from t he wormeo4liooz60 the time T2 and in the period fromPChaP2i0s@078R t 0 t he
time T4, the signal MINis "0" in th® period fromthe tine T2 to the tine
T4, and the signal MONis "0" in the period from 10 the tinme T3 to the
time T4. Next, with the above configuration, the operations of ink droplet
ejection at different grade levels are explained. In the period fromTOto
Ti of the recording 15Fmer. ddlBhowough FLGL $hdy the gndkod ismialech MBN
corresponding to the piezoelectric elenent 52 that causes ejection of a

| arge i nk dropbeat Monf omMoNa ih@fige tdotthies deswidtictgechin@N. D¥at is, the
recording data SDin which DO = 1, DO = 1, together with the control

signal CS in which 20 M3N sHhwrar iFmIt 1107 titerslegodi D, uriid HChaD as to
eject an ink droplet to forma large dot. Accordingly, the correspondi ng

anal og swi t chyARNiiss @M iip the prdiod fidemthQ tamEl Toand tdie drimd Mgl pul se
Pl residing in the period fromTOto Ti of the driving signal Vcomis 25

applied tosthe pi e20eheCtidhG ol &Rt 2 Barause dendD2eR4/100056(
PCT/ JP2003/ 007882 35 driving pulse Pl is applied to the piezoelectric

el ement 52, ggg%EQWZiNn iEl G -11B, trhe Riszpel sl ithelamnir5dd she
re-charged, and~the signal Vhll (the potential of the
time T2 and in the period from the time T3 to the time T4,
the signal MIN is “0” in the period from the time T2 to
the time T4, and the signal MON is “0” in the period from
10 the time T3 to the time T4.

Next, with the above configuration, the
operations of ink droplet ejection at different grade
levels are explained.

In the period from T0 to Tl of the recording

15 period shown in FIG. 11A, the analog switch ASN
corresponding to the piezoelectric element 52 that causes
ejection of a large ink droplet to form a large dot is
switched ON. That is, the recording data SD in which D1 =
1, DO = 1, together with the control signal CS in which

20 M3N = 0, are input to the decoding unit DCN so as to
eject ah ink drpplet to form a large dot. Accordingly,
the corresponding analog switch ASN is ON in the period
from TO to Tl, and the driving pulse Pl residing in the
period from TO0 to Tl of the driving signal Vcom is

25 applied to the piezoelectric element 52. Because the



pi ezoel ectric element 52) increases fromthe |level of the 5 discharge state
to the potential Vb again, ejecting an ink droplet for formng a | arge dot
t hrough twe 20erwbhz045. During this period, the anal ogu@CIPLbeessSN ar e
OFF in other channels that are not rejjuired to eject ink droplets for
formng |arge dots, that is, the analog 10 switches ASN are OFF in the
channel for ejecting an ink droplet to forma nmediumdot, the channel for
ejecting an ink droplet to forma snall dot, and the channel not ejecting
ink droplets idrithing pederdipg iperdppd.icthereftire pidzvdlveserichamient t he
pi ezoel ectric el ements 52 start to 15 discharge slightly. Consequently, as
shown in FI Gs52116s shoaughnl HEG.f nam t hthd ipezHE 1 ddter ipotelmniaalis 2 ide

pi ezoel ectric elenments 52 (that is, the signals Vvh10, Vhd, VhOO

respectivel y) rstank dyeddearrnse es|dightdly iriam @hd iddealtipot ess ige Vb. 20
In the period fromTi to T2 of the recording period showmn in FIG 11A, the

anal og sw t ch AgN G QIFesRORdIdR A0 d)e i @zalactfidn eliiENdve? dhathe
causes ejection of an ink droplet for formng a nediumdot is swtched

ON. In Oth§r Wﬁ%@%ﬁﬁ?ga§§¥§¥q&ﬁgﬂﬁﬁ%%ﬁ%%ﬂﬂ&fﬂ%ﬁMH Pl & dat il =W,
together with the control signal CS 2004/ 000560 PCT/ JPZ2003/007882 36 in

D MEN, = OnghL gl 0, eseslg nid I forou g s oo sty anssrk
switch ASN is ON During this period, the analogue switches ASN
are OFF in other channels that are not required to eject
ink droplets for forming large dots, that is, the analog

10 switches ASN are OFF in the channel for ejecting an ink
droplet to form a medium dot, the channel for ejecting an
ink droplet to form a small dot, and the channel not
ejecting ink droplets in this recording period. Therefore,
in these channels, the piezoelectric elements 52 start to

15 discharge slightly. Consequently, as shown in FIGs. 11C
through 11E, from the time TO, the potentials at the
piezoelectric elements 52 (that is, the signals VhlO0,
Vh0l, Vh00O, respectively) start to decrease slightly from
an initial potential Vb.

20 In the period from Tl to T2 of the recording
period shown in FIG. 11A, the analog switch ASN
corresponding to the piezoelectric element 52 that causes
ejection of an ink droplet for forming a medium dot is
switched ON. In other words, the recording data SD in

25 which D1 = 1, DO = 0, together with the control signal CS



in the period fromTl to T2, and the driving pulse P2 5 residing in the
period fromTi to T2 of the driving signal Vcomis applied to the

pi ezoel ecwpi2oo4loessent 52, and an ink droplet for form mgTaPr@sienssxot is
ejected fromthe nozzle 45 in this c¥annel. In the above step, because the
driving pulse 10 P2 is applied to the piezoelectric elenent 52, as shown
in FIG no, the piezoelectric elenment 52 is re-charged, and the signal
Vhl O (the potential of the piezoelectric elenment 52) is increased fromthe
| evel of the il schachyeM28tat @,terehénpotehti dhevieagdiing gpéct PRY &R Ti nk
droplet. 15 In addition, because the analog switch ASNis OFF in the
channel for eppetthgnanfi ak dnrplebvplietfopmfarml ar geddaom, das.shown in FI G
11B, fromthe time Ti, the potential at the piezoelectric elenent 52 in
this channel aétbedashgngl Vhkl rostaspsntiandeaneasegus! isghtkp somitsheN20
potential Vb. Further, because the analog switch ASN remains OFF in the

channel for ejgcthagpapn:bakrdbapret tbor2f orAdatssebiridohy aslskosn in FI G
11D, the piezoelectric elenent 52 in this channel continues to discharge,

and, thespotegtiglngt ihhenpi gaeebackibs eherentro525i Rnkhissi8nehannel (the
signal Vh01) continues to decrease. W 2004/ 000560 PCT/JP2003/007882 37

of oct ng | nk GrSnT et e rh TR PP eLerd NG perrod as chawn I Ela T1E the
piezoeleCtriCaREegﬁnEnk droplet for forming a medium dot is ejected
from the nozzle 45 in this channel.
In the above step, because the driving pulse
10 P2 is applied to the piezoelectric element 52, as shown
in FIG. 11C, the piezoelectric element 52 is re-charged,
and the signal Vhl0 (the potential of the piezoelectric’
element 52) is increased from the level of the discharge
state to the potential Vb again, ejecting an ink droplet.
15 In addition, because the analog switch ASN is
OFF in the channel for ejecting an ink droplet to form a
large dot, as shown in FIG. 11B, from the time T1, the
potential at the piezoelectric element 52 in this channel
(the signal Vhll) starts to decrease slightly from the
20 potential Vb. Further, because the analog switch ASN
remains OFF in the channel for ejecting an ink droplet to
form a small dot, as shown in FIG. 11D, the piezoelectric
element 52 in this channel continues to discharge, and’

the potential at the piezoelectric element 52 in this

25 channel (the signal VhOl) continues to decrease.



52 in this channel continues to discharge, and the 5 potential at the

pi ezoel ectric elenment 52 in this channel (the signal VhOO continues to
decr ease.wWNeverdbsshbess, in the period fromTO to T1l, b@causzosherssmal ogue
switch ASN is ONfromTOto T1 in th¥ channel for ejecting an ink droplet
to forma large dot (FIG 11F), the amount of 10 discharge of the

pi ezoel ectric elenment 52 in this channel (the signal Vhll) is relatively
smal|l conpared with that in the channel for formng a snall dot and the
channel not fimilgrhyny decsusénthdeapelogdstibanh TRSKordBadhst ABET &vor di ng
15 period shown in FIG 11A, the analog swtch ASN corresponding to the

pi ezoel ectri c ElensmMnd@] cavsi afjecejegtiok dfophetakidropiet réoorfiongi ng a
small dot is switched ON. In other words, the recording data SD in which
Dl = 0, DO = hetioge) hes shdtinthe £OGt rolEsi ghal pCSz281 eotwhichl bhbhe O,
are input to the decoding unit DCN for ejection of an ink droplet for

form ng a snmaldz doi . thAeCOshngl Yeoh PEncos r espandtngrasal @gasvwhech ASN is
ONin the period fromT2 to T3, and the driving pulse P3 residing in the

period from T d0d3i £l thecsi¥idgoLbest g3l e VERENL S52PRhI €H1i50chBBnel
pi ezoel ectric element 52 in WO 2004/ 000560 PCT/JP2003/007882 38 this

channel, and ag;ﬂ@kspg;&api einb @) EORPiNged eHBhb Hoksei Suelectrdibsom the
nozzle 45 in this channel. In the above step, because the driving pul se
the period from TO to Tl, because the analogue switch ASN
is ON from TO to Tl in the channel for ejecting an ink
droplet to form a large dot (FIG. 11F), the amount of
10 discharge of the piezoelectric element 52 in this channel
(the signal Vhll) is relatively small compared with that
in the channel for forming a small dot and the channel
not forming any dots.
In the period from T2 to T3 of the recording
15 | period shown in FIG. 11A, the analog switch ASN
corresponding to the piezoelectric element 52 causing
ejection of an ink droplet for forming a small dot is
switched ON. In other words, the recording data SD in
which D1 = 0, DO = 1, together with the control signal CS
20 in which MIN = 0, are input to the decoding unit DCN for
ejection of an ink droplet for forming a small dot.
Accordingly, the corresponding analog switch ASN is ON in
the period from T2 to T3, and the driving pulse P3
residing in the period from T2 to T3 of the driving

25 signal Vcom is applied to the piezoelectric element 52 in



P3 is applied to the piezoelectric elenment 52 that causes 5 ejection of an
ink droplet for formng a small dot, as shown in FIG 11D, the

pi ezoel ecwpi2004oesent 52 is re- charged and the signal VeQJre®3siemssrased
fromthe level of the discharge stat¥ to the potential Vb again, ejecting
an ink droplet and formng a small dot. 10 In addition, because the anal og
swwtch ASNis OFF in the channel for ejecting an ink droplet to forma

m ddl e dot, as shown in FIG 11C, fromthe tinme T2, the potential at the
pi ezoel ectri cteliemehtnb2li,n ankdi sincHawmelrop(isie fSsimgriarmiicOa stmardtls dar
decrease slightly fromthe 15 potential Vb. Further, because the anal og
switch ASN regaensctel ifroihehehannzellef &5 djredthing cranmdl .droplet to form
a large dot, as shown in FIG 11B, the piezoelectric elenment 52 in this

channel continues to di sghafige,aiite dihe paietdusd die tdeiplegoehesdric
elenment 52 in this 20 channel (the signal Vhll) continues to decrease.

Sinilarly, bepause theiara ae Fwtd ¢hcANImiins QRmdot Fherchannalsawt
ejecting ink droplets in this recording period, as shown in FIG 11E the

pi ezoel ectgic ?leec@i@)tn 02 aiph it @m@ftelfocxorﬁdme@ t0 gi=Sichaige, =and the
25 potential af the piezoelectric elenent 52 in this channel WO 2004/ 000560

PCT/ JP2003/ 00£88%n 39 &ile s @nalth\éhg@)ez%@ltédﬂﬁ% to dagrease.1d n.d-he
period fromT2 to T3, the analog switches ASNs are OFF in the channel

formng a lar%%a%%%d and the signal VhO0l is increased from the level
of the discharge state to the potential Vb again,
ejecting an ink droplet and forming a small dot.

10 In addition, because the analog switch ASN is
OFF in the channel for ejecting an ink droplet to form a
middle dot, as shown in FIG. 11C, from the'time T2, the
potential at the piezoelectric element 52 in this channel
(the signal Vh10) starts to decrease slightly from the

15 ©potential Vb. Further, because the analog switch ASN
remains OFF in the channel for ejecting an ink droplet to
form a large dot, as shown in FIG. 11B, the piezoelectric
element 52 in this channel continues to discharge, and
the potential at the piezoelectric element 52 in this

20 channel (the signal Vhll) continues to decrease.
Similarly, because the analog switch ASN remains OFF in
the channel not ejecting ink droplets in this recording
period, as shown in FIG. 11E, the piezoelectric element
52 in this channel continues to discharge, and the

25 potential at the piezoelectric element 52 in this channel



the channel form ng a nmedium dot and the channel not 5 form ng any dots.

For the sane reason as descri bed above, in the period fromT2 to T3,
because tWe 2duvmbicon of di schargi ng of the piezoel ectrPCTAPZNBRNITSSS2 | S

| ongest in the channel not form ng a¥y dots (FIG 11E), and shortest in

t he channel ejecting an ink droplet for 10 form ng a mediumdot (FIG 110),
t he anobunt of discharge of the piezoelectric elenment 52 is smallest in the
channel form ng a nmediumdot, the second smallest in the channel formng a
| arge dot, andthbesigrgesvhon)tbentdéhannmekondectkensing any dots. 15 Note
that the driving pulse P3 causing ejection of an ink droplet for formng a
smal | dot increases untrnl theepeiri®dlFront Tdoes MR, rdige drzlidte  potenti al
Vb. That is, the driving pul se P3 causes ejection of an ink droplet for

form ng a smak}idetesbutn20ak8 bhirsigj eaki eRanhbe poezgekee! Nhegel emrnt 52
is not sufficiently expanded. The piezoelectric elenent 52 renmains in

this state af’cﬁé & théﬂef3§ml£§ en, mkAitRedper bad themchdnhe1T4oef the
recordi ng period own in 1A, the gate signals M3N, 25 M2N, MLN, and

MON are al M? z Ml%*' MY 520k WRs2004:00Q560 ibed ab
PCT/ JP200 /00? §é %Bagggt esanafgg smn?ghesrAsﬁ are ON in élF cﬁaﬁﬁﬁ?s

GeLLE oA 1e 131 LES LAl Eennr dbnidata Ducaud Do cied Hhatef are. - (he
discharging of the piezoelectric elements 52yis longest
in the channel not forming any dots (FIG. 11E), and
shortest in the channel ejecting an ink droplet fér

10 forming a medium dot (FIG. 11C), the amount of discharge
of the piezoelectric element 52 is smallest in the
channel forming a medium dot, the second smallest in the
channel forming a large dot, and the largest in the
channel not forming any dots.

15 Note that the driving pulse P3 causing
ejection of an ink droplet for forming a small dot
increases until the time T3; it does not rise to the
potential Vb. That is, the driving pulse P3 causes
ejection of an ink droplet for forming a small dot, but

20 in this ejection, the piezoelectric element 52 is not
sufficiently expanded. The piezoelectric element 52
remains in this state after the time T3.

Then, in the period from T3 to T4 of the

recording period shown in FIG. 11A, the gate signals M3N,

25 M2N, M1N, and MON are all “0” (M3N = M2N = MIN = MON = 0),



charged, and the piezoelectric elenent 52 in the channel 5 for formng a
smal |l dot is charged following the driving pulse P3. The above re-charging
in the pewpadofooswthe time T3 to the tinme T4 is perfoPceEdPp3neissy t he
signal P31, which is a conponent of 40he driving pul se P3 10 subsequent to
the tinme T3, at which an ink droplet for formng a small dot is ejected.
In addition, as shown in FIG 11B through FIG 11E, the level of the
signal component P31 at the tinme T3 is slightly |ower than the potenti al
Vb, and the skgnahelanadmpopenttcBak ristes o @R tin slllevdlanre lishalgratict i al
Vb. At the time T3, the anpbunts of discharge of the piezoelectric

el ements 52 i nndi Fhenest ochamrelrs doardinfrddtey DdotasndfD M féret aritersd fzmse ar e
slightly different, hence, the potentials of the piezoelectric elenents 52

in 20 differephechanneks cane 9l icghidentd foerientaldl dhamneld ader ame-t hese
potentials, the piezoelectric elements 52 in different channels are

re-charged tochhegrat erhisahn¥ gik zdde Rariod fdmtl$ 2 dnl4hdumdmdhe
re-charging, the piezoelectric 25 elenments 52 in different channels expand

and tend t w@b%OQ%QQQQEBQ %gghﬂP%QﬁgﬁQp%&%%géﬁlﬁﬂﬁ%ﬁwﬂdﬁ<ﬁHéﬂﬁﬁﬂVing
correspondi ng pressure application chanbers.” However, in the period from
T3 to T4, thepugg%nggg of the potentials of the piezoelectric elenents

The above re-charging in the period from the
time T3 to the time T4 is performed by using the signal
P31, which is a component of the driving pulse P3

10 subsequent to the time T3, at which an ink droplet for
forming a small dot is ejected.

In addition, as shown in FIG. 11B through FIG.
11E, the level of the signal component P31l at the time T3
is slightly lower than the potential Vb, and the signal

15 component P31 rises from this level to the potential Vb.

At the time T3, the amounts of discharge of
the piezoelectric elements 52 in different channeis for
forming dots of different sizes are slightly different,
hence, the potentials of the piezoelectric elements 52 in

20 different channels are slightly different at time T3.
From these potentials, the piezoelectric elements 52 in
different channels are re-charged to the potential Vb in
the period from T3 to T4.

Due to the re-charging, the piezoelectric

25 elements 52 in different channels expand and tend to



52 in different channels are small, and do not cause ink 5 ejection.
Summari zi ng the above description, the piezoelectric elenent is re-charged
by the siynabodRBs60t hat rises froma slightly | ower |eveCTuB2wbeonssx get
potential Vb, but not by a flat |evel4lat the target 10 potential Vb, thus
re-charging of the piezoelectric elenment can be started earlier than when
using a flat level Vb. Consequently, the duration of re-charging by the
flat | evel Vb beconmes short. Since the change of the potential of the 15

pi ezoel ect ri ¢ egleenenhkdfriony Hre deerredsragidighg Psymdune agrel e tciar gi ng
does not influence the next ink ejection operation. In addition, according
to the presentchammeefrt.i ervwedrgd urial idhe afeicey dt@ctTi ccelmBmenilse can be 20
re-charged at the sane tinme, so the associated circuits can be nade

simpl e. FurthehangleRCe it Re sSigiaintidl 4 SApMd gt dMe tdier i @ z0edneaits C
elenment at tinme T3 after the ink droplet ejection operation induced by the

driving pul se 525 ;B3 g :tde JeBriC ha=Gima PiadtdesrsdgnalafBladaast natuddfinence
WO 2004/ 000560 PCT/JP2003/007882 42 the ink droplet ejection operation,
and reduces nmc.stakeny ink ejection due to re-charging. Furthernore, since
t he signal P317is i1ncluded

Summarizing the above description, the
piezoelectric element is re-charged by the signal P31
that rises from a slightly lower level to the target
potential Vb, but not by a flat level at the target

10 potential Vb, thus re-charging of the piezoelectric
element can be started earlier than when using a flat
level Vb. Consequently, the duration of re-charging by
the flat level Vb becomes short.

Since the change of the potential of the

15 piezoelectric element during the re-charging is small,
the re—-charging does not influence the next ink ejection
operation.

In addition, according to the present
invention, a plurality of piezoelectric elemeﬁts can be

20 re-charged at the same time, so the associated circuits
can be made simple.

. Further, since the signal P31 is applied to
the piezoelectric element at time T3 after the ink
droplet ejection operation induced by the driving pulse

25 P3, the re-charging by the signal P31 does not influence



in one recording period (fromthe tine TOto the tine T4), 5 it is not
necessary to allocate an additional time period for the re-charging signal,
so it is wosseeloeseho i ncrease the speed of inmage formaPCTIP06/00788Y Ove
image quality. If the tine period el®psed after the analog switch is

swi tched OFF and the amount of discharge of the 10 piezoelectric elenents
after the tine period el apsed are known (assum ng the piezoelectric

el enents have been charged to the target potential Vb, that is, the

initial potemhealisnkokiridpa i eZeeltdety iopedagnient,s aarde Myycemndnidtakean can
be assured that m staken ejections will not occur 15 in other channels from

these i nf or matiingn egle@ARIS dud tos resWHarejierf. to set only the gate signals
MON and MIN to "0" in the period fromT3 to T4 so as to re-charge only

the piezoel ectric el emenig-ineidiershamets 010é ei@cil me1ink tiophess. 20
By doing this, the discharging states of the piezoelectric elenments in al

channel s | ast ;£,06,,R0 L -4itRADH LMD PEFARAS t1RNG il STAlIdOVELSA e BRI e
recording operation. In addition, the current generated during re-

charging may e disstribujed dd g nurhen £fagerdodsaandah i fas el
reduces the conplication of the control WO 2004/ 000560 PCT/JP2003/ 007882

3 o> WL ehe Masenl L enbian s dean desides vl sefsence
the speed of image formation and improve image quality.
If the time period elapsed after the analog
switch is switched OFF and the amount of discharge of the

10 piezoelectric elements after the time period elapsed are
known (assuming the piezoelectric elements have been
charged to the target potential Vb, that is, the initial
potentials of the piezoelectric elements are Vb)), and if
it can be assured thét mistaken ejections will not occur

15 in other channels from these information elements, it is
sufficient to set only the gate signals MON and MIN to
“0” in the period from T3 to T4 so as to re—charge only
the piezoelectric elements in the channels not ejecting
ink droplets.

20 By doing this, the discharging states of the
piezoelectric elements in all channels la;t for no more
than two periods, and this allows a more stable recording
operation. In addition, the current generated during re-—
charging may be distributed in a number of periods, and

25 this further reduces the complication of the control



of illustration, it should be apparent that the invention 5 is not limted
to these enbodi nents, but numerous nodifications could be nmade thereto by

t hose skiwbedodmosebhe art wi thout departing fromthe bagct/Jezsepssand
scope of the invention. For exanple, 43n the above enbodi nent, an 10 i nkjet
recordi ng apparatus including an inkjet head ejecting ink droplets is used
as an exanple to describe the inmage recordi ng apparatus of the present
invention. The present invention is not limted to this; it is applicable
to any i mage rs@e@adisng apparatus including 15 liquid droplet ejection
devices ejecting droplets of any other kind of liquid, for exanple, a

liquid dropl et ejectiongherd fios sieséhnginveptess bis| bgahddessisbetior
use of patterning in a sem conductor fabrication process, and a liquid

dropl et ej ectiQrrheaddem &l el i o elrfoo &t PN csep| Bsr Surpasé zi ng
the effect of the invention, according to the head control device of the

present inventd on,dde s PSS &HQTE-Khages ah el @ed £ opes ha &ation
transduci ng el enent using a driving 25 pul se w thout providing an

addi ti onal o e-schay 0l ng i, 1) VO 2A0AAN0860RCT) A20034,007852 44 a

recordi ng period, an iIs makes It possible to make the tine of

re-chargi ng t?neodgﬂﬁ%ccta{t%@@%&ad Bd R G-o€) IF N SHOT Lk i BNEG T IRrove
i mage qual ity and i'nmage

the art without departing from the basic concept and

scope of the invention.

For example, in the above embodiment, an

10 inkjet recording apparatus including an inkjet head
ejecting ink droplets is used as an example to describe
the image recording apparatus of the present invention.
The present invention is not limited to this; it is
applicable to any image recording apparatus including

15 ligquid droplet ejection devices ejecting droplets of any
other kind of liquid, for example, a liquid droplet
ejection head for ejecting droplets of liquid resist for
use of patterning in a semiconductor fabrication process,
and a liquid droplet‘ejection head for ejecting droplets

20 of DNA samples.

Summarizing the effect of the invention,
according to the head control device of the present
invention, it is possible to re-charge an
electromechanical transducing element using a driving

25 pulse without providing an additional re-charging time in



formati on speed. 5 This patent application is based on Japanese priority
patent application No. 2002-182284 filed on June 24, 2002, the entire

cont ent s WD 20dm/@bsear e hereby incorporated by referencePCIIP20DBMI78E0560
PCT/ JP2003/ 007882 45 CLAIMS 1. A he#dd control device that applies a
driving signal to an el ectromechanical transducing 5 element to change a
shape of the el ectronechanical transducing elenent to change a volune of a
liquid droplet ejection chanber filled with a liquid for ejecting a
liquid dropl et thcoudghng pezibd,i andommisi sakiesn W plsshiéllel Goi hadcopl et

ej ection chanber, 10 the head control device conprising: a head driving
unit that genenatesmeéhefdtivichgrgsingnahei ritkadirogeahphnicalli thyraofsdeydings of
a plurality of driving pul ses, and sel ects and applies one of the driving
pul ses to thecgbgehtopBehani eal tmpaseeciimggds qeladityt angadmagfe t he dri vi ng
pul ses having a first portion varying froma first level to a second |evel
for changi ngrtbgaek gt kpaeghani cal transducing el enent froma first shape
to a second shape, and a second portion varying fromthe second |level to
the first Jevel for 20 ghangigigdite SRcidamahan qlsdd ansdugidigesd ement
from the second shape back to the first shape to eject the

priority patent application No. 2002-182284 filed on June
24, 2002, the entire contents of which are hereby

incorporated by reference.



liquid droplet, wherein in at |east one driving pulse in each cycle, 25
the second portion includes: WO 2004/ 000560 PCT/JP2003/007882 46 a third
portion vapyosgobseom t he second |l evel to a third |evel pCarIpzdoangissy t he
shape of the electromechanical transéfucing elenent to eject the liquid
droplet; and 5 a fourth portion subsequent to the second portion varying
fromthe third level to the first level for changing the shape of the

el ectromechani cal transducing el enent back to the first shape. 10 2. The
head control device as clainmed in clainCLAIM&herein the first portion

di scharges the el ectronmechanical transducing element froma first
potential equivalent to the first level to a second 15 potenti al equival ent
to the second level; the second portion charges the el ectronechani cal

transduci ng el ement to the firséadpodettdBl dévieechathgppl gesdadropl et;
the third portion charges the 20 el ectronmechani cal transducing elenent to a

third potentigliaqy wlan t the dihd-dvdlat £ ectadft@uciddgui d
dropl et; and
5 element to change a shape of the electromechanical
transducing element to change a volume of a liquid
droplet ejection chamber filled with a liquid for
ejecting a liquid droplet through a nozzle in
communication with the liquid droplet ejection chamber,
10 the head control device comprising:

a head driving unit that generates the driving
signal including a plurality of cycles of a plurality of
driving pulses, and selects and applies one of the
driving pulses to the electromechanical transducing

15 element, each of the driving pulses having a first
portion varying from a first level to a second level for
changing the electromechanical transducing element from a
first shape to a second shape, and a second portion
varying from the second level to the first level for

20 changing the electromechanical transducing element from
the second shape back to the first shape to eject the
liquid droplet,

wherein

in at least one driving pulse in each cycle,

25 the second portion includes:



the fourth portion re-charges the electronmechanical transducing elenent to
the first 25 potential. WO 2004/ 000560 PCT/JP2003/007882 47 3. An inage
recor di ngweppev@bis®, conprising: a liquid droplet ejectcanrhmwadoissc| udi ng
a plurality of liquid droplet ejecti®wn chanbers each filled 5 with a
l'iquid and communi cating with a nozzle and a plurality of

el ectronmechani cal transducing elenents in correspondence with the liquid
dropl et ejection chanbers; and a head control device that applies a
driving 10 signal to the &héetir pnethan cakytingnsdoo nfeelsemenids ltesrelchange
shapes of the el ectronechanical transducing el enents to change vol unes of

t he correspondine | tigurd 1evepl ebregrehgbngchasbehapkosrerreti ng |iquid
droplets through the corresponding nozzles to record an i nage, 15 the head
control devi ceclTadprhédigan dchbat-dnsdn8dnygnklethhbat genefatesthbeldiiving
signal including a plurality of cycles of a plurality of driving pul ses,
and sel ects angr@ppit esa@ae of the driving pulses to one of the

el ectromechani cal 20 transducing el enents to change the shape of the

el ectromechani cal transdycipgrehepBptibar sebeehiRatt e +hiduied diop! et

each of the driving pul ses having a first portion varying froma first

level to a second-igyelafPing from the third level to the first level
for changing the shape of the electromechanical

transducing element back to the first shape.

10 2. The head control device as claimed in claim
1, wherein
the first portion discharges the
electromechanical transducing element from a first
potential equivalent to the first level to a second
15 potential equivalent to the second level;
the second portion charges the
electromechanical transducing element to the first
potential to eject the liquid droplet;
the third portion charges the
20 electromechanical transducing element to a third
potential equivalent to the third level to eject the
liquid droplet; and
the fourth portion re-charges the
electromechanical transducing element to the first

25 potential.



changi ng the el ectronechani cal transducing elenment froma 25 first shape to
a second shape, and a second portion WO 2004/ 000560 PCT/ JP2003/007882 48
varyi ng fwormedm@ozecond | evel to the first |evel for clrangPuy3Némss2
el ect romechani cal transduci ng el enent47from the second shape back to the
first shape to eject the liquid droplet, 5 wherein in at |east one driving
pul se in each cycle, the second portion includes: a third portion varying
fromthe second level to a third Ievel for changing the shape of the 10
el ectromechani cal transducing element to eject the liquid droplet; and a
fourth portion subsequent to the second portion varying fromthe third
level to the first |evel3.fan thaggi ngcvhdispapepprefathe, ekcenprasgokani cal
15 transduci ng el enent back to the first shape. 4. The image recording
apparatus as clainmed in aclaguid, dwnbeitetnetf hetibnshepdr thahudiaghar ges t he
20 el ectromechani cal transducing elenent froma first potential equivalent
to the first IEuetalicca sedogiidpaddepiat eecvbbenthimbéhe secondilexel ;
the second portion charges the electronmechanical transducing elenment to
the first 5 with a liquid and communicating with a nozzle and a

plurality of electromechanical transducing elements in

correspondence with the liquid droplet ejection chambers;

and

a head control device that applies a driving

10 signal to the electromechanical transducing elements to
change shapes of the electromechanical transducing
elements to change volumes of the corresponding liquid
droplet ejection chambers for ejecting liquid droplets
through the corresponding nozzles to record an image,

15 the head control device comprising:

a head driving unit that generates the driving
signal including a plurality of cycles of a plurality of
driving pulses, and selects and applies one of the
driving pulses to one of the electromechanical

20 transducing elements to change the shape of the
electromechanical transducing element for ejecting the
liquid droplet, each of the driving pulses having a first
portion varying from a first level to a second level for

changing the electromechanical transducing element from a

25 first shape to a second shape, and a second portion



25 potential to eject the liquid droplet; WO 2004/000560 PCT/JP2003/ 007882
49 the third portion charges the electronmechanical transducing elenment to
a third wotzemtioeaicoequi valent to the third | evel to ej eeCTURZ03007480 d
droplet; and 5 the fourth portion re-4harges the electronechanical
transducing el ement to the first potential. 5. The inmage recording
apparatus as claimed in 10 claim4, wherein the head driving unit selects
the fourth portion. of said at |east one driving pulse in each cycle to
re-charge thevalytiaki thronf tleeetacaiet Haviedaltd rdrs duicisiy lebesienisr at t he
sanme tine.
changing the electromechanical transducing element from
the second shape back to the first shape to eject the
liquid droplet,
5 wherein
in at least one driving pulse in each cycle,
the second portion includes:
a third portion varying from the second level
to a third level for changing the shape of the
10 electromechanical transducing element to eject the liquid
droplet; and
a fourth portion subsequent to the second
portion varying from the third level to the first level

for changing the shape of the electromechanical

15 trahsducing element back to the first shape.

4. The image recording apparatus as claimed in
claim 3, wherein

the first portion discharges the

20 electromechanical transducing element from a first

potential equivalent to the first level to a second
potential equivalent to the second level;

the second portion charges the
electromechanical transducing element to the first

25 potential to eject the liquid droplet;
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the third portion charges the
electromechanical transducing element to a third
potential equivalent to the third level to eject the
liquid droplet; and

the fourth portion re-charges the
electromechanical transducing element to the first

potential.

5. The image recording apparatus as claimed in
claim 4, wherein the head driving unit selects the fourth
portion of said at least one driving pulse in each cycle
to re-charge the plurality of electromechanical

transducing elements at the same time.



