WD 03/ 026897 PCT/ JP02/ 09646 -1 DESCRI PTI ON | MAGE RECORDI NG APPARATUS AND
HEAD DRI VI NG CONTRCL APPARATUS 5 TECHNI CAL FI ELD The present invention
rel at es twoan/oeesage recordi ng apparatus such as an i nkj etrcpriPo/®s4e and a
head driving control apparatus for the inmage recordi ng. apparatus. 10
BACKGROUND ART An inkjet recording agparatus used as an imge recording
apparatus (an image formng apparatus) such as a printer, a facsimle, a
copier, a plotter and the like is ppsovigedw th an inkjet head as a
dropl et discharging head. 15 The inkjet head includes nozzles for

di'scharging ink droplgls ’REdo%Iﬁﬁa}rirgﬁ@xﬁt}é‘%ND”EE&B%@P\H gzoﬁlﬁ@%' | ed a

di scharge chanber, a pressure c pressuri zi ng

fluid Chag?%%Fﬁi ﬁressurizing chanmber or the |like) each of which is
connect ed ozzl es, and pressure generation 20 parts for pressurizing
ink in the ink channels. Although there are various kinds of droplet

di schargi ng heads such as for discharging fluid resists as droplets, or
for discharging a sanple of' DNA as droplets, for exanple, the inkjet head

will pe FECANJCHRSETRIiRd as in the follow ng description. 25 As for the
i nkj et head, a piezo type (Japanese |aid WO 03/026897 PCT/JP02/ 09646 -2

The present invention relates to an image recording
apparatus such as an inkjet printer, and a head driving

control apparatus for the image recording apparatus.

10 K RT
An inkjet recording apparatus used as an image
recording apparatus (an image forming apparatus) such as a
printer, a facsimile, a copiler, a plotter and the like is
provided with an inkjet head as a droplet discharging head.

15 The inkjet head includes nozzles for discharging ink droplets,
ink channels (the ink channel may be called a discharge
chamber, a pressure chamber, a pressurizing fluid chamber, a
fluid chamber, a pressurizing chamber or the like) each of
which is connected to the nozzles, and pressure generation

20 parts for pressurizing ink in the ink channels. Although
there are various kinds of droplet discharging heads such as
for discharging fluid resists as droplets, or for discharging
a sample of DNA as dropléts, for example, the inkjet head will
be mainly described as in the following description.

25 As for the inkjet head, a piezo type (Japanese laid-



open patent application No.2-51734), a thermal type (Japanese | ai d-open
patent application. No.61-59911), and an electrostatic type (Japanese

| ai d- operwpaBeasdappl i cati on No. 6-71882) are known. |n tRETpPeEZ®6d6ype, a
vibration plate 5 formng a wall of the ink channel is defornmed by using a
pi ezoel ectric elenent that is a pressyure generation part for pressurizing
ink in the ink channel, so that the volune of the 1ink channel is changed
and ink drgpretatane gdhscharges nbn2-thestheraredhattpe, tipk drapheiss are

di scharged by using 10 pressure caused by bubbles that are generated by
heating ink;d Bokheph ks Chasmiglcaly oHSkiBgs f-HRtiyng shgshgtor. In the

el ectrostatic type, the vibration plate that fornms a wall of the ink
channel a I de are nl aced opposingly, and, the vibration plate is
def or ned b%ae%%rﬁﬁ%é%égﬁy g% a(tJ%&DaPSF’geEg% b%‘?ev\%é)r?%teﬁg PRI RET ol ate and

t he el ectrode, ﬁg %gat the volune of the ink channel .is changed and ink
dropl ets &% ° dirS8Rar YEY. XAW -hedd FhRjBEeHR AP eft KEPTIFLYMP i thods i s
used for discharging ink droplets. One nethod is a "push and 20 shoot™
met hod®i n SARFERTt Revel braft itde phkt ehpsnplishediafowacd by hesiressuri zi ng
chanber, so that the volune of the pressurizing chanber is decreased and
i nk dropl etiezaeéectrschargecht Ahethés asphedbire gehpubtiandhshodor met hod
in which the vibration plate is defornmed by a force toward the 25 outside
of the inkrehamRerihirsik (lanwanef oM thenfOr 7| RS thatafle W 03D 2587

PCT/ JP02/ 09646 -3

ink channel is changed and ink droplets are discharged. 1In

the thermal type, ink droplets are discharged by using

10 pressure caused by bubbles that are generated by heating ink
in the ink channel by usind a heating resistor. 1In the
electrostatic type, the vibration plate that forms a wall of
the ink channel and an electrode are placed opposingly, and
the vibration plate is deformed by using electrostatic force'

15 Dbetween the vibration plate and the electrode, so that the
volume of tﬁe ink channel is changed and ink droplets are
discharged.

In these inkjet heads, either of two methods is used

for discharging ink droplets. One method is a “push and

20 shoot” method in which the vibration plate is pushed toward
the pressurizing chamber, so that the volume of the
pressurizing chamber is decreased and ink droplets are
discharged. Another method is a “pull and shoot” method in
which the vibration plate is deformed by a force toward the

25 outside of the ink chamber first (away from the nozzles)), and



then the vibration plate is returned to its original position, such that
the volune that is once enlarged is returned to its original the vol une,
so that iwkodioagsbets are di scharged. For exanple, a donesPCt/JPe/ (e i cation
of PCT 5 international publication for patent application No. W?95/10416
di scl oses a driving nethod of the pngo type head wusing the "pull and
shoot” nethod. The PCT application i scloses a driving nethod used for the

i nkj et headehothe i SShar @10k i8 e RIRs T 1 ZENgr Lhatdenhoky tishng a
stacked 10 piezoelectric actuator unit, wherein the stacked piezoelectric

actuator dglt tﬂ%%ugﬁé @%ﬂ@%é&%é%@e FErH{?%b‘ehyieréQ)’ﬁ ec®aGh;kacl uding
a pair of stacked piezoelectric actuators. The™ stacked piezoelectric
actuator has piezoglectric distortion, .constant d33 and i.s pravided with
collectioﬁréggﬁ?io S %ﬁ%9ﬂ§’b8?h£gﬁg B fHE gfkgnar?h liﬁ§%£%§ "stacked

pi ezoel ectric actuators are arranged on the substrate such that the pair
of stacked pi ezoel B r$ERTHECuat ofeMeF B QoSN LE62EEEh P HEE. In  the
driving nethod, in first step, a voltage is applied to the stacked

pi ezoed ectinterastbenadl il igapobar feutparendi eepilicatdfn N0 t he st acked

pi ezoel ectric actuators so as to | engthen the stacked piezoel ectric

act uat or swoasyhe4t i dkseElssadi redtivoing natiserofdthtepiedankyipe hekbded i n t he
pressuri zi ng chanber by decreasing the voltage gradually. In third step,

the ink isgsidhysenargseh barnerabben ngridie. staekedTpiggorlLG6lon ¢ act uators
25 in the thickness direction by abruptly increasing the voltage WO

03/026897dESEiJé@é/Q9§éﬁﬁx@-method used for the inkjet head for

discharging ink in the pressurizing chamber by using a stacked

10 pilezoelectric actuator unit, wherein the stacked piezoelectric
actuator unit includes a substrate and a plurality of rows
each including a pair of stacked piezoelectric actuators. The
stacked piezéelectric actuator has plezoelectric distortion
constant d33 and is provided with collection electrodes on

15 Dboth end surfaces, and the pair of stacked piezoelectric
actuators are arranged on the substrate such that the pair of
stacked piezoelectric actuators are opposed to each other. 1In
the driving method, in first step, a voltage is applied to the
stacked piezoelectric actuators in a polarization direction of

20 the stacked piezoelectric actuators so as to lengthen the
stacked piezoelectric actuators in the thickness direction.
In second step, ink 'is filled in the pressurizing chamber by
decreasing the voltage gradually. In third step, the ink is
discharged by lengthening the stacked piezoelectric actuators

25 in the thickness direction by abruptly increasing the voltage



agai n. However, in the conventional "pull and shoot" nethod by using the
above-nenti oned piezoelectric elenent (piezoelectric vibrator) of d33

def or mat iwn,030k@8pE is a 5 problemin that the voltage is &Chaye/@pp i ed to
the . piezoelectric elenment even when printing is not perforned, so that
reliability of the piezoelectric elenent, and by extension, reliability of
the head, decreases. As anot her exan%?e of the inkjet head adopting the 10
"pull andagheat" nethod, Japanese | aid-open patent application

No. 11- 268266 di scl oses an inkjet printer that adopts the "pull and shoot”

met hod. Japanese | ajdzopen patent applicatden Neuil- 268266 disglqses a

driving signal for a piezoelectric vibrator 1n"an inkjet head, in which

the drivi signal .15 i.ncl udes, pul ses for contral li t he head in the

ol 1 ovi ng ey T8 BF i TR P b ET o YA R i hg o gnal. bot ween
before and after_expansion of a pressure chanber is set to be greater than
a pot enti dPLEFPREPERERS ANPFaEPTY hetf &3 AHPEIGASR - bBiSERN-éf ore and after
contraction of the 20 pressure chanber. Accordingly, the pressure chanber
is contra&cobdenr bm Bhat dihe valwAvehis helvasd sopdicdree Hwface) of ink is
| argely pulled fromthe nozzle aperture, so that an ink droplet for a
smal | dot piszdetebarjedlcikatwerrght wiodn tihieintimy dsopdetpaaivdredt,usbher
decreased by optim zing the driving 25 signal for the small dot, so that

t he di anet@ktokel hgoi Oy dad t WO P34 L2688 RET/e1RAZADI646: 15

extension, reliablility of the head, decreases.
As another example of the inkjet head adopting the
10 “pull and shoot” method, Japanese laid-open patent application
No.li—268266 discloses an inkjet printer that adopts the “pull
and shoot” method. Japanese laid-open patent application
No.11-268266 discloses a driving signal for a piezoelectric
vibrator in an inkjet head, in which the driving signal
15 includes pulses for controlling the head in the following way.
A potential difference AV1 of the driving signal
between before and after expansioﬁ of a pressure chamber is
set to be greater than a potential difference AV2 of the
driving signal between before and after contraction of the
20 pressure chamber. Accordingly, the pressure chamber is
contracted from a state in which the meniscus (free surface)
of ink is lérgely pulled from the nozzle aperture, so that an
ink droplet for a small dot is discharged. The weight of the
ink droplet can be further decreased by optimizing the driving

25 signal for the small dot, so that the diameter of the recorded



dot can be further decreased. However, there is a problemin that it is
difficult to optimze the driving signal for the small dot only by
setting tweopoeaatial difference A V1 of the driving signaCTUe0309%& great er
than.the potential difference A V2 of the driving signal. That is,
according to verification by the inventor of the present invention, it is
necessary to perform optim zation between a di scharge pul se (di'scharge
pul se 114 dot ckf Bapaneded dgedrepeadpat ent application No. 11-268266,

"di scharge pulse" neans "el ectrical discharge pul se" hereinafter)

included in the drigbng, i grakrandsas chasgeemubhsenbehar 9gs PiSeudl6 in
Japanese | ai d- open patent application .11- 268266) in order to make the

most of PhBSIHEenyiOrald A ivinbNEsdRal NG PIGRS U FhATPEl, 1 0aL, occurs when
appl ying the discharge pulse. “That I's, it 1s necessary to “optimze the

vol t age holgln time during_which constant voltage is kept, tine for
appl yi ng CRECAPSCHAT RPTFIITEEL ShATEFRRCS of VApBEyFiR) HY IdWasdenaputse. That
is, it can be realized to set the potential 20 difference AVl to be
greate? tkengtRatepotidm dhedppterbhet iffgransey Ao udle dptvihgation is
realized. As still another exanple of a conventional technology, Japanese
| ai d- openspaneat application No.6-297707 discloses an inkjet recording
apparatus, in which the volunme 25 of a pressure chanber is expanded and ink
is filled in the WXH/ Q2§89 ¢cobding to verification by the inventor

of the present invention, it 1s necessary to perform
optimization between a discharge pulse (discharge pulse 114 in

10 Japanese laid-open patent application No.11-268266, “discharge
pulse” means “electrical discharge pulse” hereinafter)
included in the driving signal and a charge pulse (charge
pulse 116 in Japanese laid-open patent application No.ll-
268266) in order to make the most of pressure vibration in the

15 | ink pressure chamber that occurs when applying the discharge
pulse. That is, it is necessary to optimize the voltage
holding time during which constant voltage is kept, time for
applying the discharge pulse, and time for applying the charge
pulse. That is, it can be realized to set the potential

20 difference AV1 to be greater than the potential difference A
V2 only when such optimization is realized.

As still another example of a conventional

technology, Japanese laid-open patent application No.6-297707
aiscloses an inkjet recording apparatus, in which the volume

25 of a pressure chamber is expanded and ink is filled in the



PCT/ JP02/ 09646 pressure chanber, and, after that, ink is discharged by
contracting the volune of the pressure chanber. In this process, the speed
for expamDrg/ordse7 vol ume of the pressure chanber in the PCTEPIXWage i S
changed according to recording 5 characteristics of a recording nmedium so
that only ink discharge ambunt can be freely changed while ink discharge
speed is kept to be constant. As for an inkjet head that uses high

vi scosi ty HTieSUERt clambReesyuty afgeshshaen e itd mestaargefihying i nk from
an 10 ink supply chanber for obtaining good frequency characteristics.

Ther ef or e, CAtERATERG Bhancd tRe off ahtl piessuRsigihanee pary 4 connects
the ink pressure chanber and the ink supply chanber needs to be small. In

a case whermecehe, tink|siedieadr %xgéhaﬁﬂglbyf%@v%qm{lgn %o?g%eéj%eirs\c(ﬁi% si gnal

havi ng 15 a pul se waveform shown in Fig. or an inkje

appar at us cagepet ngh thes "Rulh a hoot ™ ?$d, when vol unme expandi ng
speed of the ink pressure ghangg?éiggl%%%gka ﬁSFOFg}DGWHéﬁ%§qy fi¥ shown in

Fig.13s l-aLggdresd i pressure in the ink pressure chanber becones

| arge, and the s%é%ﬁ%?gﬁ %k ﬁﬁc?F%h??rﬂ?qHW@'sﬁBpEQEEH@%hEﬂJﬂS per f or med

speedi |l y a&gﬁgathe fluid resistance Ro is small. Therefore, pulled depth
e

of the nozzl & HEni¥E I o SARoPebEr ek gechaiad Whilasimhakrsdharbeg. 1, a
di schar ge gulée_lol is output for a period of tinme Tfs during which the
vol t age d8BFEAsES kerdmteheevepraganf the 25 hol ding pul se 100. Then, a

hol di ng pul se 102 (vol tage Vpb) i-s WO 03/026897
As for an inkjet head that uses high viscosity ink,

it is necessary to shorten the time for refilling ink from an
10 ink supply chamber for obtaining good frequency
characteristics. Therefore, fluid resistance Ro of a fluid
resistance part that connects the ink pressure chamber and the
ink supply chamber needs to be small. In a case whefe the
inkjet head is driven by a conventional driving signal having
15 a pulse waveform shown in Fig.l for an inkjet recording
apparatus adopting the “pull and shoot” method, when volume
expanding speed of the ink pressure chamber is large (that is,
when AV/Tfs shown in Fig.l is large), a negative pressure in
the ink pressure chamber becomes large, and the supply of ink
20 from the ink supply chamber is performed.speedily since the
fluid resistance Ro is small. Therefore, pulled depth of the
nozzle meniscus cannot be large. That is, as shown in Fig.1,
a discharge pulse 101 is output for a period of time Tfs
during which the voltage decreases from the voltage of the

25 holding pulse 100. Then, a holding pulse 102 (voltage Vpb) is



-7 PCT/ JP02/ 09646 output for a tinme period of Pws, and a charge pul se 103
in which the voltage increases for a tine period Trmis output. After

t hat, thewoaBvage? of the pul se becones Vps (hol ding pul secTO®)2/096¥% t he

ot her hand, if the volune expanding speed 5 of the ink pressure chanber is
decreased, pressure in the ink supply. chanber cannot be increased. Thus,

it cannot be expected to realize efficient ink discharge by using the
pressure (& FAK 3upply Rewimserof Pivg, 2ashowshargel phigashiP ihet ween t he
time Pws in 10 the pul se waveform and the depth of the nmeniscus fromthe
nozzl e surteed shetheltadg etnceades! Bofig. Rnd BR YL 208 yﬁsouglp%tappl ied to
t he piezoelectric vibrator by the holding pulse 100, so that e’

pi ezoel ectAfitervichaal ofhd srihar@ed rapde &yt - regult, volume of the
i nk pressure chanber 15 decreggis. hbiﬁ?*fﬁﬂg%?8§§§|gg%“ ol %t or i s

ext ended kyisdi sehar gidg ke o] trd ibrator to the voltage Vpb by
t he di scharge pul se 101, so fﬁgg%tﬁéggbfﬁﬁé%ﬁfvP BF nREPFHEISuEBSEAanber i s
wher ei n

expanded. At +fhi i pressure occurs. in'the ink supply chanber,
the magnitude of%’%é%ﬁ%ﬁ?s&ﬁ?@b% bt QS TEES§dpePT O T 1Phike shkce
negative RLESSULE Occurs first, the meniscus is pulled toward the inside

of the ink BPe%§ﬂFﬁﬁ%ﬁhﬁBQFPtTﬁén?n¢#ﬁ@3§@art§hua,bEt sarppid @@ gradual |y
fromthe ink supply chanmber. As a result, as the ink is supplied, the
| %f y _ As | _ pp
meni scus FRBECT divc&pdirederAlobenr ddkabii yochisgs 1P ddiegsuhtace of the
nozzle while the
bressure in the ink supply chamber.
Fig.2 shows a relationship between the time Pws in
10 the pulse waveform and the depth of the meniscus from the
nozzle surface of the inkjet head. 1In Fig.2, the voltage Vps
is applied to the piezoelectric vibrator by the holding pulse
100, so that the piezoelectric vibrator is charged and
extended. As a result, volume of the ink pressure chamber
15 decreases. Next, the piezoelectric vibrator is extended by
discharging the piezoelectric vibrator to the voltage Vpb by
the discharge pulse 101, so that the volume of the ink
pressure chamber is expanded. At this time, pressure occurs
in the ink supply chamber, wherein the magnitude of the
20 pressure vibrates at a period Ts. Thus, since negative
pressure occurs first, the meniscus is pulled toward the
inside of the ink pressure chamber. Then, ink starts to be
supplied gradually from the ink supply chamber. As a result

as the ink is supplied, the meniscus that is -once pulled in

25 gradually rises to the surface of the nozzle while the



WO 03/ 026897 PCT/JP02/ 09646 -8 neniscus perfornms danped vibration for a
period of Ts. Considering that high viscc-_-- ty ink is used and fluid
resi st anc@ORa/02@9sMal |, when voltage AV is set to be constramtJrexiadédche ti nme
Tfs is set to be short, the neniscus depth is 5 small and the anplitude of

the vibration is large. If the tlneEst is set to be longer, the nmeniscus
depth becones deep and the anplitude becones small. It is known that the

Meni scus GepliRchaspar£4.95L d@ivatl onBhhpivh tibd RKkpdi-ophedr sapuUNt to be
di scharged, and the anplitude of the vibration 18 has a close relationship

wth ink CE E%Q‘Engpﬁﬁd:a Hah §5ccW ‘ggpﬂt.r?]k i3 LAtanded fn,gbtain a small

i nk droplet by usin rge “neni scus esired 1 nk discharge speed
cannot be ohtained._Thus, a_lar e di schar ge voltage i S necessar

However, \WfenSiARCEI BRHaT gEodpecliPrE VRALFRIR AV bYS 1SFhd % s CP&I’%@HJC
dlscharge vol tage, the ink discharge anpunt becones |arge at the sane
time. Thusinc FESdESR? SHEssiife S6F &Oshal P Fk: télteoﬁ‘?éi?-sé%rféﬁp% isbt ai ned. As
for the technique disclosed in Japanese |aid-open patent application
No. 6- 29770GMmalvokudetlex pandiiigdspeddtbé vheralZ@npiessarge chahtbetheof the
i nkj et head can be changed freely, so that only the ink di scharge anount
can be chargedTEsets ysetHamwe \ber lohberi nkhdiseharge sppeld hecares dekw.
Therefore, printing speed is lowered, and printing image quality is
lovered dugdt @nxaehglianife WeddRekt 5AAS1 Of 11k sdkABLRI Bhat the
meniscus depth has a close relationship with ink droplet
amount to be discharged, and the amplitude of the wvibration
10 has a close relationship with ink discharge speed. That is,
. ‘\’ ’
when it is intended to obtain a small ink droplet by using a
large meniscus depth, desired ink discharge speed cannot be
obtained. Thus, a large discharge voltage is necessary.
However, when ink discharge speed is increased by usiﬁg a
i5 large discharge voltage, the ink discharge amount becomes
large at the same time. Thus, the desired size of a small ink
droplet cannot be obtained.
As for the technique disclosed in Japanese laid-opén
patent application No.6-297707, volume expanding speed of the
20 pressure chamber of the inkjet head can be changed freely, so
that only the ink discharge amount can be changed freely.
However, the ink discharge speed becomes slow. Therefore,
printing speed is lowered, and printing imége quality is

lowered due to variations of positions of ink droplets

25 projected on a recording medium.



25 projected on a recording nedium WD 03/026897 PCT/ JP02/ 09646 -9

DI SCLOSURE OF THE INVENTION It is a first object of the present invention
to proviweoaomsad driving control apparatus and an i mage PETHRGEN9646Ng
apparatus for inproving reliability of a droplet discharging head such as
an inkjet head in the inmge recordigg_ apparatus. It is a second object of
the present invention to provide an”inage recordi ng apparatus for

di scharging an 10 optim zed snmall droplet. The above-nenti oned object is
achieved by a head driving control apparatus for controlling a pressure

generatiOEQBEL@S%Q?E&EﬂEﬁi&@&EN@E&NEXpands volume of a pressurizing
chanber connecte 0 a nozzie 1n a droplet 15 discharging head, the head
driving control apparat.,us onprising:, a driving waveform generation part
for outputting a drdbfﬁbas%éggF Ph%%ﬁﬁfﬁg¢h§ P??§?n5w&@¥ &1 éftent for
contracting volume of =20 the pressurjzing chanber w thout discharging a
dropl et; RISEEBAP RRPEF SFHverenEARtFOF IRFEFPHYSa2ROM? atat state in which
vol une of the pressurizing chanber is contracted until a neniscus in the
nozzl €5 novesordiey dpdaatpsesour inpryvicttamediab2bity tdf ral dvwpdedr m el ement

for expanding the vol une of
discharging head such as an inkjet head in the image recording

apparatus.

It is a second object of the present invention to

provide an image recording apparatus for discharging an
10 optimized small droplet.

The above-mentioned object is achieved by a head
driving control apparatus for controlling a pressure
generation part that contracts and expands volume of a
pressurizing chamber connected to a nozzle in a droplet

15 discharging head, the head driving control apparatus
comprising:

a driving waveform generation part for outputting a
driving signal including:

a first waveform element for contracting volume of

20 the pressurizing chamber without discharging a droplet;

a second waveform element for keeping a contracted
state in which volume of the pressurizing chamber is
contracted until a meniscus in the nozzle moves toward the
pressurizing chamber;

25 a third waveform element for expanding the volume of



WO 03/ 026897 PCT/ JP02/ 09646 -10 the pressurizing chanber fromthe
contracted state; a fourth waveform el enent for keeping an expanded state
of the voworm/oadsdt he pressurizing chanber; and a fifth warefrarm/@benent for
contracting volume of 5 the pressurizing chanber fromthe expanded state
to discharge a droplet. According t;iéjﬂ s invention, the driving voltage
can be applied only when printing is perforned. Thus, the tinme for

appl yi ng vald ageseuribenressiiea genar ahé adbpardctean skatd@ shortened, so
that reliability increases. In addition, the above-nentioned object is

achi eved by an imagersecof ding RRRALALHSH{ NEIMdiG:3,d0APL Sy figchar gi ng

head, the droplet discharging head conprising a pressurizing chanber, a
nozzl e con ted .t he pressuri,zing_15 chanber, .a_pressure generation part
f or contrac%ﬁﬁbggnghgexfé#ﬁﬁré#tﬁ%? gg?ﬁ%%F%ﬁl qﬂ§hﬁF%?§ur?9§ng chanber, the
i mge recording aagaratus coggigsingz a driver for driving the pressure
generation part; ef &f MtV e FLBHE Bt O H PtFRAG1BF gl 8 dfncl udi ng:
25 a first waveform el enent for expanding the pressurizing chanber; a
second>wavidfo PFEEFBRERENG orhatdasyi Agonhehexpumrdeipd state b¢ dhechamassuri zi ng
chanber; and

a droplet.

According to this invention, the driving voltage can
be applied only when printing is performed. Thus, the time
for applying voltage on the pressure generation part can be

10 shortened, so that reliability increases.

In addition, the above-mentioned object is achieved
by aﬁ image recording apparatus including a droplet
discharging head, the droplet discharging head comprising a
pressurizing chamber, a nozzle connected to the pressurizing

15 chamber, a pressure generation part for contracting and
expanding the volume of the pressurizing chamber, the image
recording apparatus comprising:

a driver for driving the pressure generation part;

wherein the driver outputs a driving signal

20 including:

a first waveform element for expanding the
pressurizing chamber;

a second waveform element for keeping the expanded
state of the pressurizing chamber; and

25 ' a third waveform element for contracting the



a third waveform el ement for contracting the WO 03/026897 PCT/ JP02/ 09646
-11 pressurizing chanber fromthe expanded state to discharge a droplet;
wherei n awpuwBszswi dt h of the second waveform el enent i s @€eTaron/vet such
t hat dropl et discharge speed is greater 5 than a predeterm ned value. In
this invention, the pulse w dth of Lyﬁ_second wavef orm el'enment may be

determ ned such that droplet discharge speed is naximzed. According to

this invepteosuridied magabeeeobdi fige apahdbdsstabte Mok elididamgst a of
pressure vibration in 10 the pressurizing chanber caused by applying the
first wavgf-ghm el ement, so that an optim zed snall droplet can be obtained
and the voltage of the third waveform el enent can be | owered. Further, the

above-nmenti oned obj ect i.s achieved b i.mge recordi p
i ncluding a droplenéaﬁﬁﬁ%ﬁaﬁgpﬁgselﬁf E&a?? Fﬁg a?%%?%tw%ﬁéigﬁgr%ﬁ%%g%%ad

conprising a_pressurizing chanber, a flujd supply chanber connected to the
pressurizgﬁgdg%ﬁﬁﬂﬂﬁﬁq S¥CRoF2PE éﬁﬂﬁ%ﬁi@&sFBagE% eSS AR €hanber, and

a pressure generation part for contracting and expanding the vol une of
t he presstbpzingrdnaisarinedevihage recordi ng 20 apparatus conprising: a
driver for driving the pressure generation part; wherein the driver
oEéputs a driving dimgrdlisi nokvedtngn, alfe psilseavedon nelEresiecbod expandi ng
t waveform element may be determined such that droplet discharge
speed is maximized. According to this invention, the image
recording apparatus can make the most of pressure vibration in
10 the pressurizing chamber caused by applying the first waveform
element, so that an optimized small droplet can be obtained
and the vdltage of the third waveform e;ement can be lowered.
Further, the above-mentioned object is achieved by
an image recording apparatus including a droplet discharging
15 head, the droplet discharging head comprising a pressurizing
chamber, a fluid supply chamber connected to the pressurizing
chamber, a nozzle connected to the pressurizing chamber, and a
pressure generation part for contracting and expanding the
volume of the pressurizing chamber, the image recording
20 apparatus comprising:
a driver for driving the pressure generation part;
wherein the driver outputs a driving signal
including:

a first waveform element for expanding the

25 pressurizing chamber by causing a first pressure in the



25 pressurizing chanber by causing a first pressure in the WO 03/ 026897
PCT/ JP02/ 09646 -12 pressurizing chanber; a second waveform el enent for
expandi ngwOhg/02g8pEssuri zi ng chanmber by causing a second pPeETIRIRbE ger
than. the first pressure in the pressurizing chanber; 5 a third waveform

el ement for keeping an expanded sta&g_of t he pressurizing chanber expanded

by the second waveform el enment; and fourth waveform el enent for

contracti Bgetheri PIRS IHAESAg chanber fromthe expanded state to discharge
a 10 droplet. According to this invention, the first waveform el enent

enabl es sl ow ng thgi%ﬂ§§9m9§agé@gﬁﬁg QF%?g'%gkugFggﬁﬁgﬁgqu;essurizing

chanber, so that the pressure In supp er (ink supply

chanmber) can be decreased.and.ink 15 supply fragmthe fluid supp chanber
con be &1 BABE SRS LS R PHOCRATIEE fo SEEAPeP BT TR Dy abEnG Eho 11 rst
waveform elenent. Then, the second signal enables increasing the speed of
expandi ng thfef ¥6% b S5 We 1pr 88 UPTSS F I@ia@FbERaTBeT hcr ease t he pressure
in the fluid supply chanber. As a 20 result, voltage used for discharging
i nk cah be decreased.thifiuyavafeoml ¢lateop] dorcancbenobimiaredndhil e enough
dropl et discharge speed is kept. Qther objects, features and advantages of
the presenhté nyentioomprddsurhetagecimiterappapaantdf bpnidedoanhbow ng

waveform element; and

a fourth waveform element for contracting the

pressurizing chamber from the expanded state to discharge a
10 droplet.

According to this invention, the first waveform
element enables slowing the speed of expanding the volume of
the pressurizing chamber, so that the pressure in the fluid
supply chamber (ink supply chamber) can be decreased and ink

15 supply from the fluid supply chamber can be slowed. As a‘
result, the meniscus can be pulled by using the first waveform
element. Then, the second signal enables increasing the speed
of expanding the volume of the pressurizing chamber to
increase the pressure in the fluid supply chamber. As a

20 result, voltage used for discharging ink can be decreased.
Thus, a small droplet can be obtained while enoﬁgh droplet
discharge speed is kept.

Other objects, features and advantages of the
present invention will become more apparent from the following

25 detailed description when read in conjunction with the



25 detail ed description when read in conjunction with the WO 03/026897

PCT/ JP02/ 09646 -13 acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fi g. | showe oa/oeeeef orm of a conventional driving 5 signalPCrorPozmyedonk] et
recording apparatus; Fig.2 is a graph for explaining the operation by the
driving signal shown in Fig.l; Fig.3;-s a perspective view showi ng a
schematic configuration of an inkjet recordi ng apparatus according to an
10 enbodi MECTERYRBIpAEaeings.nvention; Fig.4 shows a section view of the

i nkj et recording apparatus; Fig.5 is an. exploded view of the inkjet head;
Fig.6 shows a section view of the head in the 15 direction of the length
of a fluid chanber; Fig.7 is a magnified view of a main part of Fig.6;

Fig.8 is wmﬂmmgﬁﬁgm perpendi cular to the length of
the fluid chanber; Fig.9 shows a control part of the inkjet recording 20
apparatus; Fig.10 is;a {fig) or_expl ai ni the operation of the head
driving control appalrggt us g&’go%dﬁv%‘gefoomb %$%3F0ngﬁﬁgmwn@r@wlpge present

i nvents Onéiﬁgﬁ%ﬁbf%wi%kg{ei;}’%gg SE ﬁ”a:a)p%%g,a%ﬁg?ge of the 25 pressure in

the fluid c pressu

Fig.2 is a graph for explaining the operation by the
driving signal shown in Fig.1l;
Fig.3 is a perspgctive view showing a schematic
configuration of an inkjet recording apparatus according to an
10 embodiment of the pbresent invention;

Fig.4 shows a section view of the inkjet recording
apparatus;

Fig.5 is an.exploded view of the inkjet head;

Fig.6 shows a section view of the head in the

15 direction of the length of a fluid chamber;

Fig.7 is a magnified view of a main part of Fig.6;

Fig.8 is a section view in the direction of
perpendicular to the length of the fluid chamber;

Fig.9 shows a control part of the inkjet recording
20 apparatus;

Fig.10 is a figure for explaining the operation of
the head driving control apparatus according to a first
embodiment of the present invention;

Fig.1ll show a driving signal and change of the

25 pressure in the fluid chamber (pressurizing chamber) for



WO 03/ 026897 PCT/JP02/ 09646 -14 explaining a second enbodi nrent of the head
driving control apparatus of the present invention; Fig.12 show a driving
si gnal amsoobamge’ of the pressure in the fluid chanber (pCeEgBW(98ioNg
chanber) for 5 explaining a third enbodi nent of the head driving contro
apparatus of the present invention; Fig.13 is a figure for explaining
paraneters of a driving pulse in t & 4third enbodi nent; Fig.1l4 shows a

resul t of cexpelh @ity fQI-JRASHELANeAO Shange nuhdt Ar{¥angeon@f-olnk dropl et
speed Vj wwth respect to "pulse wdth Pw+ falling tinme constant tf";

Fi g. 15 sh a_drivi wavef orm an riving signals according to a fourth

enbodinen%fﬁ?r? %Fpﬁ%g%h Fﬁﬁ%&ﬁ?ioﬁygﬂﬁfﬁP16 is a figure for explaining

selection 15 conditions in_.the faourth enbodi nent;. Fig.17 sho a driving
Rt For oo

wavef orm and dri vi ngSilgnalev acebr iy PO APEhCBARST| f the
present invention; Fig.18 is a figure for explaining selection conditions
in the fiPrRsewbodimerte 2oiF ghanbeholprsmsuaiaipbecharbeiet thomg pul se
hei ght of a driving pulse for contracting the pressurizing chamnber;
Fi g- 205i s eaplaguirey farthexpl ambodgmernper dather deadodpénsag iamtfrol t he drivi ng
waveform Fig.21 is a schematic block diagramof an inkjet 25 printer as an
exanmpl e okpphfat#@ger reROHRenapparaitismof the
Fig.13 is a figure for explaining parameters of a
driving pulse in the third embodiment;
Fig.l4 shows a result of experiment for'measuring
10 change width (range) of ink droplet speed Vj with respect to
“pulse width Pw + falling time constant tf”;
Fig.1l5 shows a driving waveform and driving signals
according to a fourth embodiment of the present invention;
Fig.16 is a figure for explaining selection
15 conditions in the fourth embodiment;
Fig.1l7 shows a driving waveform and driving signals
according to a fifth embodiment of the present invention;
Fig.18 is a figure for explaining selection
conditions in the fifth embodiment;
20 Fig.19 shows an example for setting pulse height of
a driving pulse for contracting the pressurizing chamber;
Fig.20 is a figure for explaining temperature
compensation for the driving waveform;

Fig.21 is a schematic block diagram of an inkjet

25 printer as an example of the image recording apparatus of the



WD 03/ 026897 PCT/ JP02/ 09646 -15 present invention according to the sixth
enbodi nent; Fig.22 shows a |ongitudinal section of the inkjet head

accor di ngwoe3nks9si xt h enbodi ment; Fig.23 shows a wavef or PCaiJagr@aiés howi ng
a waveform5 of the driving signal applied to the inkjet head for formng a
smal | dot; 10 Fig.24 shows a result ﬂf eval uation of the ink discharge
speed V] and the i nk di scharge anoun M whil e changing the pulse width

Pws; Fig. 2reshawsiavegsidl Licorvahyatd omofsideneradppaenent; t he driving
voltage Vpp (discharge voltage) for discharge speed; Fig. 26 shows

dependency on the phlse i didh Pus bocs cihiednic sehapgesspaed i 19

Fi g. 27 shows dependen y on t for arge anount

; Fig.2 ows dependency. .on i.nk, di oItage Vpp for the ink
dlscharge%fﬁg e hﬁgfﬁi1ﬁ}sfﬁ§F8e %?&éhﬁk Fi g. 29 shows dependency on

the pulse width Pwmfor 20 the ink discharge speed Vj .and ink discharge
amount M : Fig. 30 $Hows> sl arplevefor dHiagasg: W&O@f-%‘ﬁnﬁ‘d\‘a‘@form
convent i onal inkjet printer; Fig.31 shows a waveform of a driving signal
accor dbng oft gha deventd sithwdi meplief thethy dgditeti heedt fon;forming a

small dot;

Fig.24 shows a result of evaluation of the ink
discharge speed Vj and the ink discharge amount Mj while
changing the pulse width Pws;

10 Fig.25 shows a result of evaluation of dependence on
the driving voltage'Vpp (discharge voltage) for discharge
speed;

Fig.26 shows dependency on the pulse width Pws for
the ink discharge speed Vj;

15 Fig.27 shows dependency on the pulse width Pws for
ink discharge amount Mj;

Fig.28 shows dependency on ink discharge voltage Vpp
for the ink discharge speed Vj and ink discharge amount Mj;
Fig.29 shows dependency on the pulse width Pwm for

20 the ink discharge speed Vj and ink discharge amount Mj;

Fig.30 shows an example of a driving waveform of a
conventional inkjet printer;

Fig.31 shows a waveform of a driving signal according
to a seventh embodiment of the present inventilon;

25 Fig.32 shows a waveform of a conventional driving



25 Fig.32 shows a waveform of a conventional driving WO 03/026897

PCT/ JP02/ 09646 -16 signal for conparing with the waveform shown in Fig.31;
Fi g. 33 shwav3@2a8ef at i onshi p between a tine (Tfsl+Pws) for PpmlPéxiggesnd t he

meni scus depth; Fig.34 shows a relationship between the tinme for 5 pulling
ink and the pressure in the ink conmmn | fluid chanber 105a; Fig.35 shows a
rel ati onship between the pulse width~"and i nk di scharge anount/ink

di schar ge s3p@ed; t5kJcombaShoyVariadn! ehatyAnstih tg%wle@nt Regdiving 10

vol tage and ink di scharge anmpunt/ink di scharge speed Fig. 37 shows anot her

waveform of a drivj t he
resent 1 nventi on. T BEST %%%%%ﬂ%%%%&%%”ﬁ#ﬁ%ﬁ%
fol | ow ng, enbog pents of the resent vention corresponding to the first
obj ect wi [FPTHEY é%ﬁ?lﬁ% tRG 95 F@?E?éﬁ@% ‘0o figures. Fig.3 is a perspective
view showing a schematic configuration of an inkjet recording apparatus as
the image 20 recof 87yt appiisatuschr e HP Retageantbai Bet 6 t he present

invention. Fig.4 shows.a section view of the inkjet recording apparatus.
As shon iprliigg. Snkhnand, thcherienkjiee ircordiing cappanatlsid ndiapies a
printing nmechanismpart 2 fornmed by a carriage 13 novable in a main
scanni ng diosecti on, recordi ng 25 heads formed by inkjet heads 14 nounted on
the carriage 13,

Fig.35 shows a relationship between the pulse width

and ink discharge amount/ink discharge speed;
Fig.36 shows a relationship between the driving
10 voltage and ink discharge amount/ink discharge speed;

Fig.37 shows another waveform of a driving signal

according to a seventh embodiment of the present invention.

DE_FOR RRYTN T THE_ TINVEN N
15 In the following, embodiments of the present
invention corresponding to the first object will be described
with reference to figures.
Fig.3 1s a perspective view showing a schematic
configuration of an inkjet recording apparatus as the image
20 recording apparatus according to an embodiment of the present
invention. Fig.4 shows a section view of the inkjet recording
apparatus. As shown in Figs.3 and 4, the inkjet recording
apparatus includes a printing mechanism part 2 formed by a
carriage 13 movable in a main scanning direction, recording

25 heads formed by inkjet heads 14 mounted on the carriage 13,



WD 03/ 026897 PCT/JP02/ 09646 -17 and an ink cartridge 15 for supplying ink
to the inkjet head 14 in the inside of a main body 1, wherein the inkjet
head is wo0oaxn23pt e of a dropl et dischargi ng head. A papercCirget/®assette 4
(or a paper feed tray 5) that can carry paper 3 can 5 be attached
removably under the main body 1 of thg apparatus. A manual bypass tray 5
can be opened or closed. In the inkfét_ recordi ng apparatus, the paper

supplied thamehhenpaper:fieRE 16a85L1d18h Aimd NexMeBUhe byDASS te@¥ 5 is
captured, and after necessary inages are printed by the printing nechani sm

part 2, 1Q9,the paper,is;ejgcted 19 ut puk, L1.3Y @ﬂ%‘lt%@?j[@ﬁcdﬂe’édt bg back

side of the printer. e printing nechani'smpart 2 e carriage 13

by using a main ide_rod 11 _and._a side guide rod 12 that are guide
member s s BANAIHE bot vedh RSPl AL BTTIES SRt he B RTUSITRG of ¢ he mai n
body 1, such that the carriage 13 freely npbves in a main scanning

di recti onCEPASHERi # e€2T 6h PIPEFpERR i Yo HRE Sarf eREDPAIRE gapek in
Fig.4). The <carriage 13 is provided with inkjet heads 14 that discharge
i nk dropl besabtagedd over{ovipblyyand¢C) theragam dody) | ahdtie aghaz@t(Bk),
wherein the carriage is attached such that the direction in which ink
dropl et s areaflusTheygess itSagodnyat the |ddencenicl cdgesd 15 frorchsuppkyeng i nk
of each color to the inkjet heads 14 are attached to the carriage 13

removabl yreIBeaimk £evdrldid@e the Nasoan AigpiMent rabmt Pe RS £e28 the ink
cartridge 15, and an opening for supplying ink to the
cassette 4 or the manual bypass tray 5 is captured, and after
necessary images are printed by the printing mechanism part 2,
10 the paper is ejected to an output tray 6 attached in the back
side of the printer.

The printing mechanism part 2 holds the carriage 13
by using a main guide rod 11 and a side guide rod 12 that are
guide members spanning between side plates that form the

15 housing of the main body 1, such that the carriage 13 freely
moves in a main scanning direction (in a direction
perpendicular to the surface of the paper in Fig.4). The
carriage 13 is provided with inkjet heads 14 that discharge
ink droplets of yellow (YY), cyan (C), magenta (M), and black

20 (Bk) , wherein the carriage is attached such that the direction
in which ink droplets are discharged is downward. Ink
cartridges 15 for supplying ink of each color to the inkjet
heads 14 are attached to the carriage 13 removably.

The ink cartridge 15 has an air vent at the top of

25 the ink cartridge 15, and an opening for supplying ink to the



WO 03/ 026897 PCT/JP02/ 09646 -18 inkjet heads 14 at the lower part. In
addition, the ink <cartridge 15 includes a porous material into which ink
is filledposzisein ink to be supplied to the inkjet head®CIAPIR0Ickept
under a slightly negative pressure by using capillary 5 attraction of the
porous material. The rear part (lower yeaches of the paper feed direction)
of the carriage 13 is supported by tHe mai n guide rod 11 such that the

carriage Lahkjevenchtigely,a@anthd hewberpard. paftaddirpReh,r eashes of the paper
feed direction) is supported 10 by the side guide rod 12 such that the

carriage 13 1QVes. g%g?ﬁé(lucﬁést iy 89099'ﬁaggria?lll-%%%%rjr@? drd ving pul I ey

18 that are rotate y a mal n scanni ng notor and an i1 d pul l ey 19
for nmoving.he carriage 13 .in the nain. scanni di ec%ion. The carriage 13
s fixed Lo LRE L PAFAGTBGITS 26, D60 tBPLAET the arriaGe 13 Ieciprocat es by
reciprocal rotation of _the main scanning notor 17. In this_ enbodi nent,
i nkj et hed®PT14NGRPE BsBH IVFY S8ORTEBEPTCTOINEY &Y, USARII pRPEYLATdAd havi ng
nozzles for discharging ink droplets of each color can be used. As for 20
t he i nkj etatigagtian afpike warppe npkpeiahead is used, wherein the inkjet
head 14 has a vibration plate that is deformed by a piezoelectric el enent
(piezoel ectric vibra@heryead maaddi(lbear fescheanst ehel pgpéhefgaper 3 set in
the paper feed cassette 4 to the downside of the inkjet head 14, 25 the
i nkj et recar@cRgcapparats dasHke¥ dedi Wi dfpEoRaReLyf 888 main guide
rod 11 such that the carriage 13 moves freely, and the forward
part (upper reaches of the paper feed direction) 1s supported
10 by the side guide rod 12 such that the carriage 13 moves
freely. A timing belt 20 is looped over a driving pulley 18
that are rotated by a main scanning motor 17 and an idler
pulley 19 for moving the carriage 13 in the main scanning
direction. The carriage 13 is fixed to the timing belt 20, so
15 that the carriage 13 reciprocates by reciprocal rotation of
the main scanning motor 17.
In this embodiment, inkjet heads 14 are used for
each color. However, one inkjet head having nozzles for
discharging ink droplets of each color can be used. As for
20 the inkjet head 14, a piezo type inkjet head is used, wherein
the inkjet head 14 has a vibration plate that is deformed by a
piezoelectric element (piezoelectric vibrator).
In addition, for transferring the paper 3 set in the

paper feed cassette 4 to the downside of the 'inkjet head 14,

25 the inkjet recording apparatus is provided with a paper feed



WO 03/ 026897 PCT/ JP02/ 09646 -19 roller 21 and a friction pad 22 for feeding
a paper 3 fromthe paper feed cassette 4, a guide nenber 23 for guiding

t he paperwo3d3/0z89T ansfer roller 24 for turning around thePgapges2/®esnd
transferring the paper 3, a transfer roller 25 pushed on the 5 surface of
the transfer roller 24 and a head rob%gr 26 that defines forwarding angle
of the paper 3 fromthe transfer er 24. The transfer roller 24 is

rotated Vvi-g18ef oM 0fnd Ge&E$ b0l Oéé@%@%r“&e@ﬁ&@@ 2 hapet addirbinofhet he
i nkj et recordlng apparatus is provided with a printing support nenber

29 that i uk for a t he
transfer Erg??er %ﬁ un e%%?hg bo omofn{emﬁeE i fgrﬁ%ﬂgﬁf%rﬁﬁgrééggﬁse

a novi ng range, of the carrlag 1 t he main _scanni di_rectiagn.

addi ti on, 5 grﬁﬁ%? % JIt&FT3 %4 %%Ei W%ﬂg f%OPPg gh gﬁqgﬁj h@ngaper 3 to

t he out put dlrectlon and a spur 32 are provided in the |ower reaches of

t he paper tERRRESEFLINGihEc PRBAT 0f - theE THISHEINGOsbpPpott RHSHSSr opgthen
addition, the inkjet recording apparatus includes a paper ejection roller
33 ard asspﬁace40f(nhaltansééerirwﬂldnaaﬁap@d 38 head heoldigirptc thay 20 6, and
gui de nenbers 35 and 36 form ng paper ejection route. Wen recording an

i mage on aepapes , féheddikigebnfeadt khd atheirvenface ot nganefefage si gnal s
while noving the carriage 13, so that imges for one line are recorded by

prOJeCt'ngolﬂgr0@4thQﬂQﬁQ@En§fM@'f&iﬂéﬁa2@39%rréth§a§hﬁﬁp%ﬁroa50%hen t he
recordi ng apparatus receives a recording end signal
gears by a subscanning motor 27.
In addition, the iﬁkjet recording apparatus is
10 provided with a printing support member 29 that is a guide
member for guiding the paper 3 transferred from the transfer
roller 24 under the bottom of the inkjet head 14 in response
to a moving range of the carriage 13 in the main scanning
direction. In addition, a transfer -roller 31 rotated for
15 transferring the paper 3 to the output direction, and a spur
32 are provided in the lower reaches of the paper transfer
direction of the printing support member 29. In addition, the
inkjet recording apparatus includes a paper ejection roller 33
and a spur 34 for transferring the paper 3 to the output tray
20 6, and guide members 35 and 36 forming paper ejection route.
When recording an image on a péper, the inkjet head
14 is driven according to image signals while moving the
carriage 13, so that images for one line are recorded by
projecting ink on the paper 3 while the paper 3 is stopped.

25 When the recording apparatus receives a recording end signal



WO 03/ 026897 PCT/ JP02/ 09646 -20 or a signal indicating that the rear end of
the paper 3 reaches the recording region, recording operation ends and the
paper 3 iwOepeadserl. A recovery device 37 for recovering diPSTRHRIY®6E
failures of the inkjet head 14 is provided in a position at the right end
in the noving direction of the carrLg%g 13 and to the outside of the
recordi ng region. The recovery devic i ncl udes a cap neans, an aspirating

nmeans, an@raaCkeghkNgindRARS ngThBaEathé agerl2nidsoposhé i paest af the side of
the 10 recovery device 37 while waiting for printing, so that the cap

neans ca snkj et . head . pr ot i I I.SC f ts due
to dryi ngj%g}alaﬁﬁﬁ Jgg}gk%epi n&%?{hgggllgféhaf%%d%r#%?ggg%%\géﬁ %}r?]&sggélldt ?g% by

dischargi%% i nk,t hat is1ﬁot used for printing while printing is in
progress, PPRE VP stbsT1§ €4 be 15 kept constant for all discharge orifices
so that stable discharge performance can be obtained. Wen a di scharge
fault occurs, di schArgREDEYi 888168 31 hePy Mgceverand duseEiardseal ed by the
cap nmeans, bubbles and ink are discharged fromthe discharge orifices via
a tubed by f201luhes agpi tht ilmdimtahsad abdl Inkorovddddsinon pdml sionf ade of the
di scharge orifices are renoved by the cleaning neans, so that the

di schar gethauktghs et riectidd. mdhenqspl radteicbn K tBe epecimfk 116 andaste ink
receiver (not shown in the figure) that is provided under the mai n body

and the wast @nbnkutsi@eer ked 26candimeltbdidran ThK Bbsordty vIREerial in
t he waste ink
includes a cap means, an aspirating means, and a cleaning
means. The carriage 13 is positioned at the side of the
10 recovery device 37 while waiting for printing, so that the cap
means caps the inkjet head 14 for protecting against discharge
faults due to drying of ink by keeping the discharge orifices
wet. In addition, by discharging ink that is not used for
printing while printing is in progress, ink viscosity can be
15 kept constant for all discharge orifices so that stable
discharge performance can be obtained.

When a discharge fault occurs, discharge orifices of
the inkjet head 14 are sealed by the cap means, bubbles and
ink are discharged from the discharge orifices via a tube by

20 the aspirating means, and ink and dust on the surface of the
discharge orifices are removed by the cleaning means, so that
the discharge fault is corrected. The aspirated ink is
ejected to a waste ink receiver (not shown in the figure) that

is provided under the main body and the waste ink is absorbed

25 and held in an ink absorption material in the waste ink



WD 03/ 026897 PCT/ JP02/ 09646 -21 receiver. Next, the inkjet head 14 of the

i nkj et recording apparatus will be described with reference to Figs.5-8.
Fig.5 iswan3mexgboded view of the head, Fig.6 shows a secPCorpPyi/@escf 5 the
head.in the direction of the length of a fluid chanber, Fig.7 is a

magni fied view of a main part of Fig.6, and Fig.8 is a section viewin the
direction of perpendicular to the | th of the fluid chanber. The inkjet
head i ncl udesiaeghannel form ng substrate 10 (channel form ng -nmenber) 41,
a vibration plate 42 connected to the undersurface of the channel formng

substrate 41, a nozgle. Hﬁﬁ;%nﬁ?ﬁgaﬁggﬁtfg é@1ﬁ£§i&%@e%u%%85fal t he

channel forming substrate 41, pressuri zi ng-chanber's and a

common fluid _chanber. 48 are for, . The pressurizing_chanpber 46 s 15 an
i nk channd®F&AREcH | 1z e&C&%g?ﬁan 's€%§§§é§% R FaFdp 'e%s G are

fluid droplets) is connected. The common _fluid chanber 48 supplies ink to
the pressur 2Pn§*Ehaners-ea6 ofyitheaRerfk # phewst 8 agcther daws ofs a
P . o Jan . € 7
fluid resistance. In addition, liquid registrant thin filns 50 are
provi ded tide2dead] inutiacksestinnl b§ biiet lenghtesfuni Zingd ctlaaniierrs 46, t he
ink supply routes 47 and the common fluid chanber 48 in the channel
form ng sulist.7atie 4lpagtidrieidnvibe wal & smesonteatt wict Bigi ak. afy stiacleed
pi ezoel ectric vibrator 52 is provided for 25 each pressurizi ng chanber 46
in the side of stheioutsidde in the direction of perpendicular to the
length of the fluid chamber.
The inkjet head includes a channel forming substrate
10 (channel forming member) 41, a vibration plate 42 connected to
the undersurface of the channel forming substrate 41, a nozzle
plate 43 connected to the top surface of the channel forming
substrate 41, in which pressurizing chambers 46 and a common
fluid chamber 48 are formed. The pressurizing chamber 46 is
15 an ink channel to which a nozzle 45 that discharges ink
droplets (that are fluid droplets) is connected. The common
fluid chamber 48 supplies ink to the pressurizing chambers 46
via an ink supply route 47 that acts as a fluid resistance.
In addition, liquid registrant thin films 50 are provided to
20 all surfaces of walls of the pressurizing chambers 46, the ink
supply routes 47 and the common fluid chamber 48 in the
channel forming substrate 41, wherein the walls contact with
ink.

A stacked piezoelectric vibrator 52 is provided for

25 each pressurizing chamber 46 in the side of the outside



WO 03/ 026897 PCT/JP02/ 09646 -22 surface (opposite to the fluid chanber) of
the vibration plate 42, wherein each stacked piezoelectric vibrator 52 is
fixed to waoazsIsubstrate 53, and a spacer nenber 54 is ecmleeY®@dist o the
base .substrate 53 such that the spacer nenber 54 surrounds 5 the rows of
the stacked piezoelectric vibrators 52, Also as shown in Fig.7, the

pi ezoel ectric vibrator 52 is formed by stacking a piezoelectric materi al
55 and an suunfsicde (eppotttrlecbGhal trennat ehymb&iezaeheet vibreonst antatef the
pi ezoel ectric vibrator 52 is d33. By expanding and 10 contracting the

pi ezoel ectad C whicheahosa &2, stheor ?%%HBEZEBQri& hamher -4656ag bﬁp&‘@ facted

and expanded. \Wen the piezoelectric vibrator 52 is charged by applying a

and expanded. Vhen the cfric vibrator 52 15 charged by applYing a
the ar Powsh TaFE S oo I he bl Bz SEPBt T2 o OF 82718 1 dfSchar ged,

it contracts in the directi opposite to the arrow A A through hole
f or mi ng a%’en a§ﬁp8P9s%5§ﬁ?%§ EgcgsthFBrFQQl?Hﬁqﬁﬁemﬁ@%érs@%sﬁqﬁﬁQ¥Q§§ and

t he spacer nmenber 54, so that the supgly opening 49 is used for supplying
i nk to°t héNScERHBNCF | thel SHeeiRser PABZPRoRT LS Gliksiagers2B2The out si de
surface of the channel formng substrate 41 and the outer edge on the
under surface si de ohlshes \showat ionFpyal ¢ 42 ariezbendedrio Weathdaranes 57
that are formed by injection nolding by using epoxy resin or
pol yphenylsenésstbtinede. byThe degadgf sapesz5d1 and-itheabasea 255 subst 1-at e 53 are
bonded to each other by adhesive and the |ike
inside electrode 56 alternately. Piezoelectric constant of
the piezoelectric vibrator 52 is d33. By expanding and
10 contracting the piezoelectric vibrator 52, the pressurizing
chamber 46 can be contracted and expanded. When the
piezoelectric vibrator 52 is charged by applying a driving
signal, the piezoelectric vibrator 52 expands in the direction
of the arrow A in Fig.7. When the piezoelectric vibrator 52
15 , is discharged, it contracts in the direction opposite to the
arrow A. A through hole forming an ink supply opening 49 is
formed in the base substrate 53 and the spacer member 54, so
that the supply opening 49 is used for supplying ink to the
common f£luid chamber 48 from the outside.
20 The outside surface of the channel forming substrate
41 and the outer edge on the undersurface side of the
vibration plate 42 are bonded to head frames 57 that are
formed by injection molding by using epoxy resin or

polyphenylene sulfide. The head frames 57 and the base

25 substrate 53 are bonded to each other by adhesive and the like



WO 03/ 026897 PCT/JP02/ 09646 -23 (not shown in the figure). An FPC cable 58
is connected to the piezoelectric vibrator 52 by solder, ACF (anisotropic
conduct i weofoBlopgs9pr wi re bonding for providing a driving Psirgred/asedhe FPC
cable 58 inplenents a driving circuit (driver 5 1C 59 for selectively
applying a driving waveformto each_zELezoelectric vi brator. Through hol es
correspondi ng to each pressurizing chanber 46, ditches corresponding to

the ink syppkyshoumt eirtfne @nduaef hr oaglrdwlancer pesponsimigdted ke comon
fluid chanber 10 48 in the channel form ng substrate 41 are forned by

per f o M Ng,aN} 905 ORY: 8L ENag. 0,2 S110) Lniceat efesi palotipatal silicon

substrate by using alkaline etching fluid such as potassi um hydroxi de

aqueous sol ution. (KQH.. .The vibration. plate 42 is.formed, f.rama nickel
e 18 Spraba Y i o BF, Y of nongialt st Bav EalBimi ng B8 R ach
pressurizing chanber 46, the_vibration plate 42 has thin parts 61 for

easi |y defoERfhg tTRe Vifhr S8POR PP at B YIS, ApBELY 1% ST s g6RdVAG to t he

pressuri zi ng chanber 46, a thick part 62 for connecting to the

pi ezoel ecf) c59i bratwrleszivens apphydkd 20 qraving3vavefoposia ieggh
corresponding to a wall between fluid chanbers. The flat surface side of
t he vi br abiienoplater4? viidbrahonded to the channel form ng substrate 41 by
adhesive, and the thick parts are bonded to the frame 17 by adhesi ve.

Col ums 64 are proviriedighehween tberddpkiipRy tob3aanthidiasliasendd substrate
53. The colum 64 has the same structure as the

chamber 46, ditches corresponding to the ink supply route 47,
and a through hole corresponding to the common fluid chamber
10 48 in the channel forming substratel4l are formed by
performing anisotropy etching on a (110) oriented single
crystal silicon substrate by using alkaline etching fluid such
as potassium hydroxide aqueocus solution (KOH) .
The vibration plate 42 is formed from a nickel metal
15 plate by an electroforming method. Corresponding to each
pressurizing chamber 46, the vibration plate 42 has thin parts
61 for easily deforming the vibration plate 42 at a position
corresponding to the pressurizing chamber 46, a thick part 62
for connecting to the piezoelectric vibrator 42, and a thick
20 part 63 at a position corresponding to a wall between fluid
chambers. The flat surface side of the vibration plate 42 is
bonded to the channel forming substrate 41 by adhesive, and
the thick parts are bonded to the frame 17 by adhesive.
Columns 64 are provided bétween the thick part 63 and the base

25 substrate 53. The column 64 has the same structure as the



WO 03/ 026897 -24 PCT/ JP02/ 09646 piezoelectric vibrator 52. Nozzles 45 each
di aneter being 10-30m and each corresponding to a pressurizing chanber 46
are fornewoion/ordse’ nozzle plate 43, and the nozzle pl ate #8TiJRoneed to
the 5 channel form ng substrate 41 by adhesive. As a material of the

nozzle plate 43, a nmetal such as staip) ess steel and nickel, conbination
of a netal and a resin such as a poly%'n 1de resin film silicon, or

conbi nat i iepfoectlbeseicanheytssed2 A repellent filmis fornmed on the nozzle
surface (surface of 10 discharging direction : discharge surface) by a

known nethod such | ati r epel l.ent .coating in order to obtain
wat er repel | ency folﬁa?%ke.ag ﬁe%gte%"&m@%%‘?% Pgoaer % %t_g@“i IG8 S8&or di ng
apparatus wil| escribed with reference to Fig.9. The 15 control part
cor r esponds J'Jtrgsggﬂgja%g drS Vi ﬁéref‘ﬁﬁﬁaf’ngpm% .4% The EOREedIihdde i ncl udes
a printer con%ﬁr oller 70 and an engine controller including a head driving
circuit 7P TRePHFTHtet GOkt ThRl BPZ7be i mdtrdés 4 Pardedate E (to be

referred to as |I/F hereinafter) for receiving printing data 20 and the |ike
fr om a®hostiegpapuf ernigny substireke ¢ilabn adbisdver. Aasnetmotdciz e n contr ol
part 73 having a CPU and the |ike, a RAM 74 for storing data, a ROM 75 for
storing rdbe neszbmdldte 43,ke heraprocassingthhaldatastadn qsgi | | ation
circuit 76, a driving signal generation circuit 77 as a driving waveform
nickel, combination of a metal and a resin such as a polyimide
resin film, silicon, or combination of these can be used. A
repellent film is formed on the nozzle surface (surface of
10 discharging direction : discharge surface) by a known method
such as plating or water repellent coating in order to obtain
water repellency for ink.
Néxt, a control part of the inkjet recording
apparatus will be described with reference to Fig.9. The
15 control-part corresponds to a head driving control apparatus.
The control part includes a printer controller 70
and an engine controller including a héad driving circuit 71.
fhe printer controller 70 includes an interface 72 (to be
referred to as I/F hereinafter) for receiving printing data
20 and the like from a host computer and the like via a cable or
a network, a main control part 73 having a CPU and the like, a
RAM 74 for storing data, a ROM 75 for storing routines and the
like for processing the data, an oscillation circuit 76, a

driving signal generation circuit 77 as a driving waveform

25 generation part for generating a driving waveform Pv to be



25 generation part for generating adriving waveform Pv to be WO 03/ 026897
PCT/ JP02/ 09646 -25 supplied to the inkjet head 14, and an |I/F 78 for
sendi ng Wwoionw2asg7 dat a devel oped to dot pattern data (bit PeappPeaiva)e and
driving waveformand the |like to the driving circuit 71. The RAM 74 is used
for various kinds of buffers and 5 work nenory and the |Iike. The ROM 75
stores various kinds of control routdomes executed by the main control part

73, font gl?&ﬁ‘le i, T;yRatlo %aé“ 4V 4&%&1 iy '%d%%oPr C?H{ s. The

mai n contr par reads prin |ng romreceiving ers inthe I/F

72 t h t at to,10 t
|ntefﬁgg?%F§ 65%5 S48 uﬂ%ﬁgfﬁ%ﬁ:ngdﬁﬁfé erne%ﬁg 6§Ogr%ﬁ%f%$%$n83 ar eas

of the RAM 74, develops read intermedi ate code data into dot pattern data
by using CoAY IBat et et anel the ROVE 750 tifd Stiyies checybt “attern data
into a predetermned area in the RAM 74. 15 Wen the main control part 73
obt ai ns dot patterThaldt?¥ Jdr iespoendi hgr twwwmeis| knedef of heuffkjsetandead 14,
the main control part 73 sends the dot pattern data of one line to the
head dgi viWdgkCineonty afld ahesarikal daha B Visa stheek/ Fa¥Bomd kinds of
synchroni zation with a clock signal CK fromthe oscillation 20 circuit 76.

The head dinvei-pg £6J64Hés'é%éc%tbﬂpb§nﬁﬁgf%éﬂd1db%%ro@rb¥§£'k? FJntThe head
driving circuit 71 includes a shift™ register receiving a clock

signal fromthe prinfere, coiteal Las 40 and sar 'd%' ogabéocQ'Qd&Peaé I $pthe
printing signal;

main control part 73 reads printing data from receiving
buffers in the I/F 72, converts the printing data into

10 intermediate codes, stores the intermediate codes in
intermediate buffers formed by predetermined areas of the RAM
74, develops read intermediate code data into dot pattern data
by using font data stored in the ROM 75, and stores the dot
pattern data into a predetermined area in the RAM 74.

15 When the main control part 73 obtains dot pattern
data corresponding to one line of the inkjet head 14, the main
control part 73 sends the dot pattern data of one line to the
head driving circuit 71 as serial data SD via the I/F 78 in
synchronization with a clock signal CK from the oscillation

20 circuit 76.

The head driving circuit 71 is implemented in the
driver IC 59. The head driving circuit 71 includes a shift
register 81 for receiving a clock signal from the printer
controller 70 and serial data SD that is the printing signal,

25 a latch circuit 82 for latching a register value in the shift



25 a latch circuit 82 for latching a register value in the shift WO

03/ 026897 PCT/JP02/ 09646 -26 register 81 by using a latch signal LAT from
t he printwo o3ozsprol ler 70, a | evel converter circuit (| ewpelr/JBbe/dber) 83
for converting |levels of the output value of the latch circuit 82, and an
analog switch array (switch circuit) .84 in which 5 on/off of the switch is
controlled by the |level shifter 83. ““fhe switch circuit 84 includes a

switch ar nayikeerr ecebying nd he 19riowi Bagney afor B fthenptherds i ving
waveform generation circuit 77 of the printer controller 70, and the

Switch ci reulit 844 5760%%%%;&?3%%;%% e&ﬁﬁéé;g E(il‘év}éilbéﬁ%%?rﬁ each 10

corresponding to a nozzle I ng i nkj et a he

inti ta SD that i ial | dtot hi ft ister, 81 i
ot ohed by RGOS AT ER T AT S8 FHE SRR TagE B Phe Pt LHED privTitg dat a

is increased to a predetermned voltage, several tens of volts, for

exanpl e, B¢ -157¢han | RRIoEHvteh aggal (Hattdheiswich PA he il ch
circuit 84 can be driven. Then, the printing data is supplied to the

swi t ch5ci rauiotf £84f t blae vl tachsviist chnpaetledhiy ditievileyehavki drem BB .suppl i ed
fromthe driving waveformgeneration circuit 77 is applied to the input
side of 20 Beisyhtelra@iitc@a i841ubsst Aeswidutarshglefot tdeBwmirich circuit
84, the piezoelectric vibrators 52 that are pressure generation parts are

connect ed.t HeOtr €% 8AP| Pav et sk rofl LRE | it WalA waRRlcbed §ond e i tch
circuit 84 is "1", a driving signal P corresponding to the driving
maveforn]%%l%ﬁit 77 of the printer controller 70, and the switch
circuit 84 is connected to the piezoelectric vibrators 52 each
10 corresponding to a nozzle of the recording head (inkjet head).
The printing data SD that is serially transferred to
the shift register 81 is latched by the latch circuit 82. The
voltage of the latched printing data is increased to a
predetermined voltage, several tens of volts, for example, by
15 the level shifter, such that the switch in the switch circuit
84 can be driven. Then, the printing data is supplied to the
switch circuit 84 that is a switch part. |
The driving waveform Pv supplied from the driving
waveform generation circuit 77 is applied to the input side of
20 the switch circuit 84. 1In the output side of the switch
circult 84, the piezoelectric vibrators 52 that are pressure
generation parts are connected. TFor example, while the
printing data applied to the switch circuit 84 is “1”, a

driving signal P corresponding to the driving waveform Pv is

25 applied to a corresponding piezoelectric vibrator 52, so that



25 applied to a correspondi ng piezoelectric vibrator 52, so that WO

03/ 026897 PCT/JP02/ 09646 -27 the piezoelectric vibrator 52 expands and
cont ract swamsoe@bng to the driving signal P. On the ot hePChare/09%46 | e t he
printing data is "0", supply of the driving signal Pto a corresponding
pi ezoel ectric vibrator 52 is interrugted 5 1n the follow ng, enbodi nents

of the head driving control apparal

the i nkj
t he head

present 1
first emb

driving signal

¢-of the present |nvent|on included in

Ehe ﬁf@godéﬂgc&&%a%wgtm'éz be%ﬁl A6! LhRdcoffSles ARARALALT ON Of
control ~ apparatus according to a Irst |nen of the
1. be.d b t F In th
gaiﬂiggi%ggfﬁéﬁﬁﬁggén scr ﬁ%} taﬁ ﬁﬂ etW %gﬁ'éghcludlzg tﬁe

pi ezoel ectric vibrators 52 of mhlch the piezoelectric constant is d33 is
dri ven byPEheting|datends sRGot SuRRBthRE B¢ CRavisgafioidk Mit6pPets are
formed. In this 15 enbodi ment, the driving waveform generation circuit 77
generatescandespmqﬂﬁngaapﬁézmbhgcway@fwﬁhnd@wrsﬁ@mmSihnﬁéxﬁumxed.and t he
driving waveformPv is applied to the piezoelectric vibrator 52 as a

P vim tdte Swilllehiayl catidodlentBeo¥othage=d{pulrdeihgi ght) of

the driving signal P 20 is Vp, and the driving signal P includes a first

wavef orm c@h@ﬂ@ftaﬂwﬂlﬁcﬁf‘)@h@' Add In 2.1 nden@¢8A; Maveil mrekgaent
(contraction state hol ding signal) b, a third waveform el ement (expansion

signal) c
and a fif

10

15

20

25

iRl

ded r#%%%ﬁg‘a?g%ﬁg”&ll(le&%a'&%'s%lbé&@t e hol ding signal) d

First, an operation of the head driving control

apparatus according to a first embodiment of the present

invention will be described with reference to Fig.10. In the

first embodiment of the present invention, an inkjet head

including the piezoelectric vibrators 52 of which the

piezoelectric constant is d33 is driven by the “pull and

shoot” method, so that small ink droplets are formed. In this

embodiment, the driving waveform generation circuit 77

generates and outputs a driving waveform Pv shown in Fig.10,

and the driving waveform Pv is applied to the piezoelectric

vibrator 52 as a driving signal P via the switch circuit 84.

The voltage (pulse height) of the driving signal P

is Vp, and the driving signal P includes a first waveform

element (contraction signal) a, a second waveform element

(contraction state holding signal) b, a third waveform element

(expansion signal) c, a fourth waveform element (expansion

state holding signal) d and a fifth waveform ‘element

(contraction signal) e. 1In the first waveform element a, the



25 (contraction signal) e. In the first waveformel enent a, the WD

03/ 026897 -28 PCT/JP02/ 09646 voltage of the driving signal rises froma

m ni nrum WeDtoages891 evel VL (or an offset potential) that hasTaprmpudest i al

di fference of several volts fromthe G\D | evel, and volume of the
pressuri zing chanber 46 is contractﬁg%_gecreased) wi thout 5 discharging a
droplet. In the second waveformele b, the contracted state of the

vol ume of xxdleta@reeé_surchéi@ﬂi@mgmq?né@ ri.i_§e§ePJt:onWEirr{inti$\grrng§£j[€%t moves

toward the pressurizing chanber 46. In the third wave c, the

vol ume of 1438 RECSSUr Lzl 08 CHATRGLALS, EXPANGEd,d 1, Lhe Lourfh vavef orm 10

el enment d, the exp state of the pressuri zing is kept. In
is_discharged by contracting

the fifth veform el enent, the ink droplet

t he vol urre&é\%ffeefﬁgcﬁr 8§sﬁ‘?‘f‘§’f?1lg Voéﬁingﬁi”gﬁhe THE driSWelng2haved B géner at i on
circuit 77 that 15 generatees such driving waveform Pv can be formed by
using a dirScPEEESEIFEHRY . Chashererdt iR PR sragiissti (fesreased drittiovg
wavef orm generation circuit 77 is forned by a ROMthat stores the pattern
of t he3dridliseganaied or eowler .Y Ancbheeséernd oraveformerel énenhililg ttale dat a of
the driving waveformread fromthe 20 ROMinto anal og data. \Wen the
driving sicgnatraPtbavitgtd her ditievivBgumweyef edngAedssiraBphi eshdndhe s

pi ezoel ectric vibrator 52 of the inkjet head, the contraction signal a is
applied fiikSkep8Ountil the meniscus moves toward the pressurizing

chamber 46. In the third waveform element c, the volume of

the pressurizing chamber is expanded. In the fourth waveform

10 element d, the expanded state of the pressurizing chamber 46
is kept. In the fifth waveform element, the ink droplet is
discharged by contracting the volume of the pressurizing
chamber 46.

The driving waveform gengration circuit 77 that’

15 generates such driving waveform Pv can be formed by using a
discrete circuit. However, in this embodiment, the driving
waveform generation circuit 77 is formed by a ROM that stores
the pattern of the driving waveform and a D/A converter for
converting digital data of the driving waveform read from the

20 ROM into analog data.

When the driving signal P having the driving
waveform Pv is applied to the piezoelectric vibrator 52 of the
inkjet head, the contraction signal a is applied first, so
that the piezoelectric vibrator 52 extends. As a result, the

25 vibration plate 42 is deformed to the pressurizing chamber 46,



that the piezoelectric vibrator 52 extends. 'As a result, the 25 vibration
plate 42 is defornmed to the pressurizing chanber 46, WO 03/026897

PCT/ JP02/WO84626820 so that the vol une of the pressuri zi ng PCRARIRNI64EG
decreases. At this time, since the rising tine constant tr is set such
that an ink dropl et does not dlscha[%g; the ink droplet does not discharge
by the contraction signal a. Next 5 contracted state is held by

appl yi ng tde 1¢@nt Laet vemmﬁéaéf tﬂé%%gguﬂg% Onar@il Ng WBLED, fe meni scus
noves toward the outside of the nozzle 45 first, and, after a 1le, the

meni scus I t ve r ssurizing. .ch er .46, _If pulling and
dlscharglzggg%gfa?%%% |§£%§$f%}ne S § %Em%eca%%%%ﬁ$3€U§S|%eEnﬁ? t owar d

t he out si t he o zl e 45,  a deS|red small ink droplet (small ink
cannot beqﬁﬁghéﬁ 10Fh §°p%%5 WeFanStodLerimage ¢ fhe &ﬁﬁiﬁéﬂpé ErdRes i n?ng

when the neniscus starts to nove to the pressurizing chanber 46, so as to
restore tR@tHidésebRrEEErPY Wdremndrastiandsiamat 2 i ndlesdsetbde vol une of the
pressuri zing chanber 46. As a result, the neniscus is pulled to the
pressubi ziawgtchatrbdr sdéte i ndﬁdsbyiapplyhngttmérqpnﬂtathﬁSnp§ESByre

vi bration of the pressurizing chanber 46 is adjusted by applying the

expansi on hosiahg BogahDgs sig@ndingdwhAbhethé hdnidNe RictzeeterdFd o0
vibrator 52 is extended again by applying the contraction signal e, so

that the %'t‘é%eoéftﬁﬁepﬁ@éﬁlg I g2 @grg{aa@ﬁa ris dgpreasedd contracted).
As a result, the ink droplet is discharged

meniscus starts to move toward the pressurizing chamber 46.

If pulling and discharging operation is performed while the
10 meniscus is moving toward the outside of the nozzle 45, a

desired small ink droplet (small ink)‘cannot be formed.

. Thus, the expansion signal c¢ is applied at the
timing when the meniscus starts to move to the pressurizing
chamber 46, so as to restore the plezoelectric vibrator 52 and

15 to increase the volume of the pressurizing chamber 46. As a
result, the meniscus is pulled to the pressurizing chamber 46.
At this time, the timing of this pressure vibration of the
pressurizing chamber 46 is adjusted by applying the expansion
state holding signal d. After that, the piezoelectric

20 wvibrator 52 is extended again by applying the contraction
signal e, so that the volume of the pressurizing chamber 46 is
decreased (contracted). As a result, the ink droplet is
discharged.

As mentioned above, by pfoviding the dri&ing

25 waveform generation part that generates and outputs the



As nentioned above, by providing the driving 25 waveform generation part
that generates and outputs the WO 03/026897 PCT/JP02/ 09646 -30 driving
wavef or mwoeBuzisay the driving signal having first to fi PCh/JRe/@bar m
el enents, a voltage can be applied to the pressure generation part only
when necessary. Thus, the tinme for Zﬁglying vol tage can be decreased and

failure occurrence 5 ratio of the el Nt can be decreased, and reliability

i nproves. di;JisigdesieaBha iﬁ@ﬁucii@lbertmdh@&@iwlé 1 $ia gggSﬂrs@n@othe

rise of the contraction signal a iI's started fromthe o t potential.

Accor di ngl ¥, .St vol x tinme the 10 piezoel.ectric, vibrator 52
can be as:%ﬁgi %§§%E%§§i%$%%ﬂﬁﬁ'a§d%Pﬁ ﬁ?eiﬁa?ﬁgg ﬁgﬁaﬁnéﬁch?he driving
signal including the first to fifth waveformelenents a-e is formed, and,
thus, aft &I FETFoPGRETBFLIPMLTeSBtYi YIAY CRSPHETY s TBBAL r B¢ 6% t hout
di scharging a droplet, the volunme of the 15 pressurizing chanber is
expanded apRd YABgz Vel hees swus bes depuphed] andl, falieme oheuyodngme of the
pressuri zing chanber is decreased again,'so that the droplet is

di schabgedatdowerferthe &bemextanmene bet Hectoaséd, e freinmabl efrept (expansi on
state holding signal) d can be omtted if the fourth waveform 20 el enent d
has no ef fiegiro@@st.he voltage vibration in the pressurizing chanber 46.
Next, a second enbodi nent of the head driving control apparatus of the

present invention wikl ;begdescrjiRednat intermediate voltage is not set

and the rise of the contraction signal a is started from the
offset potential. Accordingly, stress (voltage x time) to the
10 piezoelectric vibrator 52 can be as small as possible.

In addition, in this embodiment, the driving signal
including the first to fifth waveform elements a-e is formed,
and, thus, after the volume of the pressurizing chamber is
contracted without discharging a droplet, the volume of the

15 pressurizing chamber is expanded when the nozzle meniscus is
pulled, and, then, the volume of the pressurizing chamber is
decreased again, so that the droplet is discharged. However,
for example, the fourth waveform element (expansion state
holding signal) d can be omitted if the fourth waveform

20 element d has no effect on the voltage vibration in the
pressurizing chamber 46.

Next, a second embodiment of the head driving
control apparatus of the present invention will be described
with reference to Fig.1ll. 1In this embodiment, a large ink

25 droplet is discharged by applying a plurality of driving



with reference to Fig.11. In this enbodinent, a large ink 25 droplet is

di scharged by applying a plurality of dr|V|ng WO 03/ 026897 PCT/ JP02/ 09646
-31 pul sewomamedspuously in one driving period, wherein ea®doT/J#o2/09646g pul se
is a so-called "push and shoot"” pulse for discharging an ink droplet by
contracting the volume of the pressu5|2|ng chanber. 5 In this enbodi nent,
the driving waveform generation cir art. 77 generates and outputs a dr|V|ng

wavef or m Bﬁlséélcéé&@’&ﬂglﬁsﬂggﬁ?:' bhy &Euﬁirﬂng&lgal s@BesdiVRacR Fig. 11 (a),
and this driving waveform is applied to'the plezoelectrlc vi brat or 52

that is ay abSGEsaltdy ﬁ(;f/%{sate& 8- 89%1%3 I %}utéﬁe a2 %‘ﬁBo#Q UITSM &id,,84. That s,

the driving wav orne series il $65 Pa and Pb
each used for_dischar a opl et by contracti t he v hune of the
b ossur | PAEChEH G gFPE?ﬁbqﬁé G-t Pl BRGcr DRttRe CHE. dr | vi ng
pul se Pa and the driving pulse Pb is only the falling tinme 15 constant tf.
By appl yi R§esferH#ing rgiamdeéftorm Pv to the piezoelectric vibrator 52 as
the driving signal P, driving pulses Pa, Pb are applied to the
pi ezodl ectric vi bratrorttiz epbntimemus|the The vingzwelretim geviebraton 52
extends by the 20 driving pulses Pa and Pb, so that the volume of the
pressuri ztngeghanmpergefedascdean@asetbutisa 4 ke iviihgavavarqinate  42.
Therefore, an ink droplet is discharged for each of the driving pulses Pa
and Pb, andcifgidoW Jdnkdrepl 8t SaA<Eing pulses shown in Fig.1l(a),
and this driving waveform Pv is applied to the piezoelectric
vibrator 52 that is a pressure generation part via the switch
10 circuit 84. That is, the driving waveform Pv is formed by
time-series four pulses Pa and Pb each used for discharging an
ink droplet by contracting the volume of the pressurizing
chamber in a driving period. Difference between the driving
pulse Pa and the driving pulse Pb is only the falling time
15 constant tf.
By applying the driving waveform Pv to the
piezoelectric vibrator 52 as the driving signal P, driving
pulses Pa, Pb are applied to the piezoelectric vibrator 52
continuously. The piezoelectric vibrator 52 extends by the
20 driving pulses Pa and Pb, so that the volume of the
pressurizing chamber 46 is decreased via the vibration plate
42. Therefore, an ink droplet is discharged for each of the
driving pulses Pa and Pb, and the four ink droplets are

integrated while they are lying so as to form a large ink

25 droplet, so that the large ink droplet is projected on a paper.



integrated while they are lying so as to forma large ink 25 droplet, so
that the large ink droplet is projected on a paper. WO 03/ 026897

PCT/ JP02/WO®4626832 \When the driving pul ses are applied toPdrgeadgs an i nk
droplet by contracting the volunme of the pressurizing chanber 46, the
pressure in the pressurizing chanber 46 changes as shown in Fig.11(b).
Assum ng that wave pararreters 5 of TREdri vi ng pul se Pa (Pb) are a rising

time constant trtd fﬁg mavé%orn1 uf%ééﬂlﬂe“QgEiﬂ@dQ&ﬂ%ﬁ%Q%a&% ?Hd a

pul se interval raneters are set such tha ol | owi ng

equat i on - hol e, wherejn Ts,..is the resanance per od of the pressure
o hrst ConiBF ¢ d%%sbiyuﬁomac L et Ak L ER R AL S Sl

an integer that is no less than 1) That is, the sumof the waveform

par anet er STARReF Rt Fha @repsuset it & RYSSSESZ 38T | ehages 4fhe i nk 15
resonance period Ts. Accordingly, the timng for discharging an ink

dropl et (ahandes tdseslofwny iiseFof . BRED pullsepmangothat apvwsepamiamhtehe tim ng
when the pressure in the pressurizing chanber 46 becones positive. Thus,
the irk doeptied drflisichangiieg Bpeerb)Vjamwan hesingreasedorsxamhatra plurality
of 20 ink droplets are integrated while flying with reliability to forma

| arge drophete @ghkr hey | ar ¢811 DKy droR! eloreaRnketrprohec edhi@e the paper. In
this case, n in the equatlon (1) is set to be 2

interval td, the waveform parameters are set such that a
following equation (1) -holds true, wherein Ts is the resonance
period of the pressure vibration of the pressurizing chamber
10 4e.
tr+Pwittf+td=nXTs (1) (n is an integer that is no less
than 1)
That i1s, the sum of the waveform parameters
(=tr+Pw+tf+td) is set to be n times as large as the ink
15 resonance period Ts. Accordingly, the timing for discharging
an ink droplet (at the time of rise of each pulse) almost
agrees with the timing when the pressure in the pressurizing
chamber 46 becomes positive. Thus, the ink droplet
discharging speed Vi can be increased, so that a plurality of
20  ink droplets are integrated while flying with reliability to
form a large droplet, and the large ink droplet can be
projected on‘the paper.
In.this case, n in the equation (1) is set to be 2
or 3. That is, it is desirable that the sum (=tr+Pw+tf+td) of

25 the waveform parameters is set to be 2-3 times of the



or 3. That is, it is desirable that the sum (=tr+Pwttf+td) of 25 the
waveform paraneters is set to be 2-3 tines of the WO 03/ 026897

PCT/ JP02/WO84026838 resonance period Ts. If n=1, the presseca/Jeinygs becones
| arge. Therefore, there is a possibility that discharge cannot be
performed due to bubbles that are involved when the" volune of the
pressurizing chamber is expanded in"88e falling 5 time constant tf after

di schargi f ﬂEQI xt V. c tus of the
third enb%gfééﬁ Sé 8% p#%geng |nveht|cnf¥£ﬁ% %%e ggé%?lbedﬂjmﬁih reference
to Fig.12., Al so i iment, a Iural r|V| ulses are

appl i ed t&aFQFn1an?%f ﬁ%1k%gfﬁed?%p? ﬁﬁp%ﬁﬁtg gﬁﬁg 95% shown in
Fig.12(a), each pulse width Pw2, Pw3 of second and thlrd dri vin pul ses
Pat , Pa3ca§npér}g@rp%%ﬁ¥nteﬁledael s wwwmm&f aﬁfﬁelW@%‘t’echrWhﬁnnghepul se
Pal (PwW <Pw2<Pw3). That is, the sumof the paraneters 15 for the driving
pul se Pal vbdutmei c aheIpnqysua$zisg(¢hz&ﬁxﬁsx@s exphedsdnmiifiorthd Helddingi ng

pulse Pa2 is three tinmes as large as Ts (n=3, TsX3), and the sumfor the

driving pulime Padstsnf oiff afttkfegiashdadgey as terfosdedTs X 4) . Since the
pressure in the pressurizing chanber 20 increases as the driving pulse is

applied repeatedly, N@i@s%@k@hegﬁa&ﬂfvP@§Qﬁﬁﬁzb@rQﬁphiaﬁ@@<§?W§mﬂr'V'ng
pul se is applied continuously. Therefore, there I's a possibility that

di schar ge . §3DROL RS REL O P g gfssg;ﬂ@bm%ﬁenaal%n' nyetved yhentspeq

with reference to Fig.1l2. Also in this embodiment, a
plurality of driving pulses are applied to form a large ink
10 droplet.
In this embodiment, as shown in Fig.l2(a), each
pulse width Pw2, Pw3 of second and third driving pulses PaZ,
Pa3 is larger than the pulse width Pwl of the first driving
pulse Pal (Pwl<Pw2<Pw3). That is, the sum of the pérameters
15 for the driving pulse Pal is twice as large as Ts (n=2, TsX2),
the sum for the driving pulse Pa2 is three times as large as
Ts (n=3, TsX3), and the sum for the driving pulse Pa3 is four
times as large as Ts (n=4, TsX4).
Since the pressure in the pressurizing chamber
20 increaseé as the driving pulse is applied repeatedly, pressure
change becomes large if the same driving pulse is applied
continuously. Therefore, there is a possibility that
discharge cannot be performed since bubbles are involved when
the volume of the pressurizing chamber is expanded in the

25 falling time constant tf after discharging is performed.



t he volune of the pressurizing chanber is expanded in the 25 falling tine
constant tf after discharging is perfornmed. WO 03/026897 -34 PCT/JP02/ 09646

Thus, eacwWopaloz®9i dth is set such that a pul se w dth of PChaPe09b46dri vi ng
pul se is longer than that of the previous driving pulse, so that pressure

change by the next driving pulse caryhe suppressed to be small and
residual 5 vibration becones snmall. As a result, rising of pressure in the

pressuri zing chanbefhean drespppsessedrhang ddie supasshbi | ity that discharge
cannot be performed can be avoided. Especially, stability Tor discharging

i nk dropl etisithnpfovies nestenitibenhgepdiss df ingRRY a0 gh frequency. 10
Next, a relationship between the pulse w dt\r?ﬁ&ﬁ in a?h%%?i?#% epuI se and

the falli pgetiinesconstiant Jiflsw | Isob‘éham‘_jﬁ;sxce{ .S%?:% iﬁBFt he second and third
g 11}

enbodi nents. As shown in Fig. 13, assum at BE® irut HePwext falling

time consuantihE" @ apeters of the driving pulse, 15 a range (change
wi dt h) of theli%kpdr%p%% ggegag?/fe?%eﬁ?rteoql?éné?ag%a@%t%ﬁlﬁqaés i s nmeasured
in each o(,igyxgtjg%? Sicopdne case is that the falling time constant tf is set
to be greater than the-re§Biahce 3% equafy tTsriahny anbitherssoaseihs t hat

the fal Iig%ti me constant tf is set' to be no greater than 20 the resonance
frequency ~Ts. PET Y A4 2RensT eHee ¥ ezl thenfsupbees seas eimiMe Since the range

of the ink droplet speed V] is in
‘ possibility that discharge cannot be performed can be avoided

Especially, stability for discharging ink droplets improves
when the head is driven by a high frequency.'

- 10 Next, a relationship between the pulse width Pw in
the driving pulse and the falling time constant tf will be
described in the second and third embodiments.

As shown in Fig.13, assuming that “pulse width Pw +
falling time constant tf” are parameters of the driving pulse,
15 a range (change width) of the ink droplet speed Vi in
frequency characteristics is measured in each of two cases:
one case is that the falling time constant tf is set to be
greater than the resonance frequency Ts, and another case is
that the falling time constant tf is set to be no greater than
20 the resonance frequency Ts. Fig.l4 shows the result of the
measurement.
Since the range of the ink droplet speed Vi is in
proportion to the amplitude of the pressure vibration in the
pressurizing chamber, it can be determined that the smaller

25  the range of the ink droplet speed Vi is, the smaller the



proportion to the anplitude of the pressure vibration in the pressurizing
chanber, it can be determ ned that the smaller 25 the range of the ink
dropl et swoed/0x897s, the smaller the WD 03/026897 PCT/ JPOPCOABEB6E5
anplitude of the pressure vibration is. Therefore, according to the result
of the measurenment experinent, the range of the ink droplet speed Vj can
be smal|l by setting (Pwttf) such thad>~it satisfies the follow ng equation
(2). 5 Pwtti=(n+l /4 . i S..an_d.nteger th ' I 1)
According?§gl% %é%é%qééglEg%%§gﬁégﬁ&?ﬁ§?£%%gﬁfs ﬁéﬁ%%QH%Hkggﬁgg%g&ge IS
performed by the last driving pul se can be suppressed efficiently.
Especi al | §° Fignrss¥duédcyar? ?ﬁf?ﬁ?qgaﬁxﬁgréggﬁF F@Pﬁﬁdogy£g%tting
Pwtf in this way. If the falling time constant tf is set to be no greater

than the ielsoderckel rapeenty 30 Rhensddg®yorethend niewidddpreehspeat Vj

increases as (Pw+Tf) increases. Therefore, it is desirable.to set Pw and
tf such thatsafaSies tdat fsllewind Sedexttiona (Rourt h enbodi nent of the head
driving control apparatus of the present invention will be described wth

reference to fjgsg1g(1@)431X® . (2) tRi $seBROUhPBN s RatPhbrabitysof driving
pul ses are generated, and a desired waveformis obtained fromthe
pIuraIitytggndiﬁving pul ses. In 20 this enbodi nent, the driving waveform
generation circuit 77 generates and outputs six driving pulses (first to

sixth pulses P1-P§) 10 Q0§ I W09 REHQT 33pthe: 8l 10 Jwaygtor m Pv.
after ink discharge is performed by the last driving pulse can
be suppressed efficdiently. Especially, high frequency driving
10 can be stably performed by setting Pwt+tf in this way.

If the falling time constant tf is set to be no
greater than the resonance frequency Ts, the range of the ink
droplet speed Vj increases as (Pw+Tf) increases. Therefore,
it is desirable to set Pw and tf such that tf>Ts is satisfied.

15 Next, a fourth embodiment of the head driving
control apparatus of the present invention will be described
with reference to Figs.l5(a)-15(e). In this embodiment, a
plurality of driving pulses are generated, and a desired
waveform is obtained from the plurality of driving pulses. In

20 this embodiment, the driving waveform generation circuit 77
generates and outputs six driving pulses (first to sixth
pulses P1-P6) in one driving period as the driving waveform Pv.

In the first pulse P1l, the waveform parameters are
set such that the volume of the pressurizing chamber 46 is

25 contracted, but the ink droplet is not discharged (for example,



In the first pulse Pl, the waveform paraneters are set such that the
vol unme of the pressurizing chanber 46 is 25 contracted, but the ink droplet
is not diwohawgmsdr (for exanple, WO 03/026897 PCT/ JP02/ 09626TAB®/19h& ri Si ng
time.constant tr is set to be large). The first pulse P1 becones a fourth
driving signal Pvd for contracting _%%g vol une of the pressurizing chanber
w t hout discharging any ink droplet.™™5 In each of the second to fifth

pul ses P2+, ribengweuef Aomspananeteis as€ ELlbeStshgbnat tihe smelayme of the
pressuri zing chanber 46 is contracted so as to dlscﬁarge an ink droplet.

The SeCODQuh@efPitBe&H&éﬁ% @%ﬁ?ghf8£f§i fé%?ﬂél QQHVEQQ ??égygcé?% _fpr

di scharging an ink droplet by 10 contracting vol une of the pressuri zi ng
chamber. |n the.second .to fifth pulses P2-P5, the falling time constant tf
of the fiffh purse %g s §§FSFBrg%l?%ﬂ85¥ﬂFﬁéWlFﬁSPgo?l% S hé™Ysecond
to fourth pulses._ Each of the second to fifth pulses P2-P5 is set such
that the BgﬁOQEQH%ﬁFioned equation (1) is 15 satisfied |ike the driving
pul se of the second enmbodinment. Also in the sixth pulse P6, the waveform
parameters are setIgdrht it thhesoodndretoffitftd pnessur?Zify dchanber 46 is
contracted so as to discharge an ink droplet. The sixth pulse P6 is used
to form awbiefdrdrpatangtsirgnake Pyet whicth e wtesv@Ouhdeofvasref or m el enent s
of the first to fifth pulses P1-p5 and the sixth pulse P6. The third

driving spgBakuiszusetHaberc0dt facddngr-died ebuss ob dNe-mressuni zi ng
chamber to
ink droplet. The second to fifth pulses P2-P5 forms a first
driving signal Pva for discharging an ink droplet by
10 contracting volume of the pressurizing chamber. - In the secqnd
to fifth pulses P2-P5, the falling time constant tf of the
fifth pulse P5 is set to be iarger than that of any of the
second to fourth pulses. Each of the second to fifth pulses
P2-P5 is set such that the before-mentioned equation (1) is
15 satisfied like the driving pulse of the second embodiment.
Also in the sixth pulse P6, the waveform parameters
are set such that the volume of the pressurizing chambe; 46 is
contracted so as to discharge an ink droplet. The sixth pulse
P6 is used to form a third driving signal Pvc which includes
20 the waveform elements of the first to fifth pulses Pl-p5 and
the sixth pulse P6. The third driving signal is used for
contracting the volume of the pressurizing chamber to
discharge an ink droplet after expanding the volume of the

pressurizing chamber.

25 Therefore, by selecting one or more pulses from the



di scharge an ink droplet after expanding the volune of the pressurizing
chanber. 25 Therefore, by selecting one or nore pulses fromthe WO

03/ 02689WDB@3h3d8O2/ 09646 -37 first to sixth pul ses Pl-P6 @arpre2/diwsem t he
driving waveform generation circuit 77 by using the switch circuit 84, a
proper driving signal can be applied_to the piezoelectric vibrator 52
according to the selection, so that"§7ﬁlurality of kinds.of 5 ink droplets

havi ng di fecent, §§,1§,§é10§%@s_@§ borpBdy g %@omsgf?&’sdff\!'%gi %%iferﬂet ween

conditions ("0", printing data and the anount I schar ged

dropl et ._That.is as _sh inthe field of the non-discharge driving in
B o 16, byBErerhyT s te darh Yok B g blrel St LA BrobFF LY 54
on only during the tinme S1, only the first pulse Pl is applied to the

pi ezoel ecBFEEINY pF L 581abe bl 1lirth e PRGOS REIiPvdPEeteRowA i n
Fig.15 (e). Since the first pulse P1 that is the fourth driving pul se Pvd
decr easesarhergohaee dghet kelpreseur i 29 ndradhanbérrablithurt doesis18not

di scharge an ink droplet, the nmeniscus only vibrates during the tine.

Ther efor e inkhidtep pstatiavdns dhofepetif orived, chy bsefeohedig trhig.fiéurth
driving pulse Pvd in a plurality of driving periods, for exanple, each

time whenswBep ABid:2hssGanBehgesh r&sddian s t(he~i nkief dreadihreagrdi ng
head 14) is reversed, the i'nk neniscus can be vibrated several tines.
Thus, thegui§Co8h thPlanllk+26eURMs LS 7 H:2pREE O N9 hi gh can

That .is, as shown in the field of the non-discharge

driving in Fig.1l6, by setting printing data to be “1” to set

10 the switch circuit 84 én only during the time S1, only the
first pulse Pl 1s applied to thé piezoelectric vibrator 52 as
the fourth driving signal Pvd as shown in Fig.1l5 (e). Since
the first pulse Pl that is the fourth driving pulse Pvd
decreases the volume of the pressurizing chamber 46, but does

15 not discharge an ink droplet, the meniscus only vibrates
during the time.

Therefore, while printing is not performed, by
selecting the fourth driving pulse Pvd in a plurality of
driving periods, for example, each time when when main

20 scanning direction of the inkjet head (recording head 14) is
reversed, the ink meniscus can be vibrated several times.
Thus, the viscosity of ink around the nozzle becoming high can
be avoided, so that printing quality improves.

As shown in the field of Mj3 (small) in Fig.16, the

25 printing data is set to be “1” to set the switch circuit 84 on



be avoided, so that printing quality inproves. As shown in the field of M3
(small) in Fig.16, the 25 printing data is set to be "1" to set the switch
circuit 8wWOwmn/0¥B9D3/ 026897 PCT/ JP02/ 09646 -38 during the PCRIP&L0964nNd,

then, the printing data is set to "0" to set the switch circuit 84 off
fromthe time S2 to the time S5. That_ is, the supply of the driving signal
is shut off after the first pul se P43 applied to the piezoelectric 5

vibrator 52;-iaRdthBeccharge appl i edchy the fifmti RUISeaPLsi Sor hel digon the
pi ezoel ectrircﬁlr\%?br ator 52. After that. by slgetlti rllé]%utd%eaprfntleng datda to be

"1" again rj_ng e_t] S6. and .S%, e-.sw tchi cipcuit 84 is set on.
That is, t% gfe:'}l I%%gs‘é%g%l %Jfrctuﬁ‘ét. %f4i P%E Eﬁ?%etﬁﬁ%g‘ﬁl& %%e!C i Xth Wese P6
are applie to\%?n:lo the piezoelectric vibrator, 52. That is, the third driving
signal Pvce®Shodnditnt i gtlis (BPRLY &8t &PRedt 1B Sdigngtly 15| FREE t¥e case shown
in Fig.10, the second driving signal Pvc is applied to the piezoelectric
vi brat or S5Etaghéhei Al¥de REleend ldiisvergliegna thec pirsbadestiict he first
wavef orm el ement (contraction signal) a, the second waveform el ement

(contr act iorbrsttatre SApl didgetsd ghalryebapphied thi rithenadiebar puesenEntis
(expansion signal) c, the fourth waveform el enment (expansion state hol di ng

signal) drand thethéipidrowmaion® eliorebr ($ONt nFeirORhSEINGY ) st ind t he
first 20 waveform el enent a, the voltage of the driving pulse rises™ froma

T DT earamleney Jod o, 38 PSR BILA) Ml incres dAYST 2
the switching circuit 84 is set on. That is, the faliing edge
of the fifth pulse P5 and the sixth pulse P6 are applied to

10  the piezoelectric vibrator 52. That is, the third driving
signal Pvc shown in Fig.15(d) is obtained. |

Accordingly, like the case shown in Fig.10, the

second driving signal Pvc is applied to the piezoelectric
vibrator 52, wherein the second driving signal Pvc includes

15 the first waveform element (contraction signal) a, the second
waveform element (contraction state holding signal) b, the
third waveform element (expansion signal) ¢, the fourth
waveform element (expansion state holding signal) d and the
fifth waveform element (contraction signal) e. In the first

20 waveform element a, the voltage of the driving pulse rises
from a minimum voltage level VL (or an offset potential) that
has a potential difference of several volts from the GND level,
and volume of the pressurizing chamber 46 is contracted

(decreased) without discharging a droplet. In the second

25 waveform element b, contraction of the volume of the



and vol une of the pressurizing chanber 46 is contracted (decreased)

w t hout discharging a droplet. In the second 25 waveform el enent b,
contract iwo 0df2dshe vol ume of the WO 03/ 026897 PCT/ JP02/ 09®¢a/IPB®NI646
pressuri zing chanber 46 is kept until nozzle neniscus noves toward the
pressurizing chanber 46. In the third waveform. elenent c, the volune of
the pressurizing chanber is expanded39‘ln the fourth waveform el enent d,

the expandedsstals ff hifpa PLESBUNIZINGEIAMREE, #0 AondRRls dbOcLhe 111D

wavef or m enent, e | ropl et di scharged by contracting the volune

of the pressurizing chanber 46. Therefore, a.s | i.nk droplet (small ink
dr opl et) %8gﬁr%éu?o § SR ERRY saEREY Bs iﬁn?ﬁ%eféq%?géﬁﬁggpﬁ%nt in 10
this case. In addition, as shown in the field,of N&I (large), by setting
printing 8aPECEH be e VPUBEt OFf HEN FRIIFUCHF DTt ChEIHT 15 FeREPHEt i ne Si
to the tinme S2, and by setting printing data to be "1" fromthe tinme S3 to
the time %8 &hd fastewevagorhecpement iy dircackpaneed Btaigaiod theS7, each

of the second to fifth pulses P2-P5 is applied to the piezoelectric

Vi br at®r b2easutiwidg rhbmidervi6gisilgnsl. Pua aseshofh iveddipriS(b), each of
whi ch second to fifth pulses P2-P5 is for discharging an ink droplet by

contracti BgehBOr PraESULKZHREp120 LhaRmAGedThEr 850Fctihd heesane way as
t he before-mentioned second enbodinent, since a plurality of ink droplets

are volume of the pressurizing chamber 46.

Therefore, a small ink droplet (small ink droplet)

can be formed in the same way as in the first embodiment in
10  this case.

In addition, as sho%n in the field of Mjl (large),
by setting printing data to be “0” to set the switch circuit
84 off from the time S1 to the time S2, and by setting
printing data to be “1” from the time S3 to the time S6 and

15 setting the printing data to be “0” again in S7, each of the
second to fifth pulses P2-P5 is applied to the piezoelectric
vibrator 52 as the first driving signal Pva as shown in
Fig.15(b), each of which second to fifth pulses P2-P5 is for
discharging an ink droplet by contracting the pressurizing

20 chamber 46.

Therefore, in the same way as the before-mentioned
second embodiment, since a plurality of ink droplets are
discharged continuously and they are integrated while flying,
a very large ink droplet can be formed.

25 In this case, in order to perform push and shoot



di scharged continuously and they are integrated while flying, a very large
ink droplet can be forned. 25 In this case, in order to perform push and
shoot WO WB/00A5897 PCT/ JP02/ 09646 -40 driving, the wavef oPCTiJRIZ®b46suUCh
that .an ink droplet is discharged on the rising edge of the second pul se
P2. On the other hand, as nentioned before, the first pulse P1 is
necessary for realizing a small ink d‘%Q)pI et by using the puII 5 and shoot

met hod, i nawhiiGly t Reef kSt s M Sf‘s Reibgoemesna: 4 edgl e B}pﬂ% ' tage
wi t hout di scharging an ink drop et. That 1s, the |rst 1 is used

not only f ni.sc b o_for ctl be

di schar gi n‘g{ﬁ}%ﬁ% Fﬁ j?1?1? %ir te%glﬁdg%hgl? asreg%o FSpPgt %@ﬁ%ﬁ?

addi tion, |nthef|eld of dium of Fl 16, by setting the
printing d‘%? g‘aBg'" i ‘H‘?ﬁﬂﬂj*i%é’elyf’ffﬁe e antr sty pélétstel R§ ihe printing
data to be "0" fromthe tine S2 to the time S3, supply of the driving
signal is %@*ﬁﬁssaéﬁ’f farteeatielng rastsmﬁélilsbmpldli@]@ctphyeusnogtﬁee pull

pi ezoel ectric 15 vibrator 52, and charge accunul ated by the first pulse Pl
is helPd iand dopicemothedt rirc whilhatroe b2rsThen,sebplseetomgs tdie printing
data to be "1" during the tinme S4 and by setting the printing data to be

"0" duri ngotditeimenss, vy vafchble ddséndng s analinksashpiteof f after the
fourth pulse P4 is 20 applied to the piezoelectric vibrator 52, and the

charge appldiedsbychBerfoin th i g8 P4 isedbelst 'o'?llph%oﬁ?' e20ehERIIE

vibrator 52. After that, the printing data is set to be "1"
vibration but also for selecting between discharging the small
ink droplet and the large ink droplet.

10 , In addition, as shown in the field of Mj2 (medium)
of Fig.l6, by setting the printing data to be “1” during the
time S1 and by setting the printing data to be “0” from the
time S2 to the time S3, supply of the driving signal is shut
off after the first pulse P1 is applied to the piezoelectric

15 wvibrator 52, and charge accumulated by the first pulse Pl is
held in the piezoelectric vibrator 52. Then, by setting the
printing data to be “1” during the time S4 and by setting the
printing dataAto be “0” during the time S5, supply of the
driving signal is shut off after the fourth pulse P4 is

20 applied to the piezoelectric vibrator 52, and the charge
applied by the fourth pulse P4 is held in the piezoelectric
vibrator 52. After that, the printing data is set to be “1”
again during the time S6, so that the falling edge of the

fifth pulse P5 is applied to the piezoelectric vibrator 52.

25 In addition, the printing data is set to “0” in the time S7.



again during the tine S6, so that the falling edge of the fifth pulse P5
is applied to the piezoelectric vibrator 52. 25 In addition, the printing
data is swD 08026897 in the time S7. WO 03/ 026897 -41 PCIT/ JPQZ/J0@B09646As a
result, the second driving signal Pvb shown in Fig.15(c) is obtained and
applied to the piezoelectric vibratar,52. In this case, waveform el enents
of the first pulse Pl to the fifth pulse P5 are connected, so that the

first 5 dri%visngegulse Pib $scappldreding shendi ez@el ek enVibL af 9,52,  As
aresult, a nmediumsize ink droplet can be formed. In this case, it is

i nport ant ishabtelieeti shagagsigedfot Bgel 35t i S8 i ifibh,pyl se, P5) is not
included. That is, if an waveformis fornmed for realizing t he” medi um i nk

dropl et by using plgsesyidd f1Qmt] n ulse P the fifth pul se P5,
there is a possibility that stcEg?ggﬁgd%%%M%%ﬁ ﬁ% %ﬁﬁt?Fﬁsﬁiﬂﬂ%%%/
di schar gedibego d t ink droplets do not nerge into one ink
dropl et. Thus, ?@? ?%E%#l&gﬁfﬁégﬁeafﬁn???é%cﬁﬁqnﬂ%ﬁ,th?ﬁetg?iiﬁﬁﬁ} condi tion
is setghy ﬁb@g ma&gfor 15 el enents of the second to fourth pul ses P2-P4.
As a result; T THePWateriofnict SPRe1IEI[EN e $dPRedartbic detmratiored? .

irrespective of the driving condition for form ng the nmedium ink droplet.
As shown PR Ri §95tR) .2 B Ehge voil abEplEiulcea b20rbehght wal wes) of the
first to fifth pulses P1-P5 to be the sane, the pulses can be snoothly
connect edc28fd strissiewortant that the rising edge of the last pulse
(fifth pulse P5) is not included. That is, if an waveform is
formed for realizing the medium ink droplet by using pluses
10 from the second pulse P2 to the fifth pulse P5, there is a
possibility that discha;ge speed of ink that is finally
discharged becomes small and the ink droplets do not merge
into one ink droplet. Thus, for forming the medium ink
droplet, the driving condition is.set by using waveform
15 elements of the éecond to fourth pulses P2-P4. As a result,
the waveform of the fifth pulse P5 can be determined
irrespective of the driving condition for forming the medium
ink droplet.
As shown in Fig.15(a), by setting voltages (pulse
20 height values) of the first to fifth pulses P1-P5 to be the
same, the pulses can be smoothly connected, and stresses
applied on the driving IC such as rush current can be avoided.
Next, the fifth embodiment of the head driving

control apparatus of the present invention will be described

25 with reference to Fig.17. Also in this embodiment, 'a



applied on the driving I C such as rush current can be avoi ded. Next, the
fifth enbodi ment of the head driving control apparatus of the present

i nvent i orwaioBlo2dse7 described 25 with reference to Fig.17. PATEB02/09646ni S
enbodi ment,'a WD 03/ 026897 -42 PCT/JP02/ 09646 plurality of driving pul ses
are generated and output, and a drivifig pul se having a desired waveformis
obtained fromthe plurality of driving pulses. In this enbodi nent, the
drivi ng wavefmmlityenér dtiving pulisesuistre7degeneted esdevepudr | ¥hdg pul ses of
first to seventh pulses Pl-P7 in one driving period as a driving waveform

Pv. The fidsiving puxth pavses Plad2b renevhbersane A5pthose efohhe,d ourth
enbodi nent. As for the seventh pulse P7, the waveform paraneters are set

such that ghg Mokyngrofi i ressuri zing chanber 46 is contracted
wi t hout di%chéar gi gg an ri%%&)o%sget%'(for exanpl e, the voltage value (pul se

hei ght) of P7 is s 0. be ma(t*l . .The seyenth pulse P7 forns a fifth
driving signal Pve ?%rh(l::bsnterngbc ntthegk}gl%?rbvjcﬂé)twi?éf PELSSBF T g Phanber
I'ng S gn: ! . . RE
46 wi t hout di schaégl ng an ink droplet. 15 Fig.|18 shows conditions ("0",
"17) of privtiy dAt ACRPH I T RELEINE ST Wit T8FStuRRlerewshiteh
conditions .ink droplets having different sizes are formed or neniscus
vi brati on RislsegePioPreth orfatdiiying geifod s sklisdhigonacehatint ikons of t he
plurality of pulses Pl-P7 form ng the driving waveform Pv. 20 As shown in
the field of non-diSohafigestdriovisigthnpulses P1-P6 are the same as
those of the fourth embodiment. As for the seventh pulse P7,
the waveform parameters are set such that the volume of the
10 pressurizing chamber 46 is contracted without discharging an
ink droplet (for example, the voltage value (pulse height) of
P7 is set to be small). The seventh pulse P7 forms a fifth
driving signal Pve for contracting the volume of the
pressurizing chamber 46 without discharging an ink droplet.
15 Fig.18 shows conditions (“0”, “1”) of printing data applied to
the switch circuit 84, under which conditions ink droplets
having different sizes are formed or meniscus vibration is
performed. That is, Fig.1l8 shows selection conditions of the
plurality of pulses P1-P7 forming the driving waveform Pv.
20 As shown in the field of non-discharge driving in
Fig.18, by setting the printing data to be “1” only during the
time'SB, the seventh pulse P7 is applied to the piezoelectric
vibrator 52 as the fifth driving signal Pve as shown in

Fig.l7(e) . The object for applying the fifth driving signal

25 Pve is to improve the quality of printing by applying



Fig.18, by setting.the printing data to be "1" only during the tinme S8,
the seventh pulse P7 is applied to the piezoelectric vibrator 52 as the
fifth driwongogisgnal Pve as shown in Fig.17(e). The obj ectrCirarozppiéyi ng t he
fifth driving signal 25 Pve is to inprove the quality of printing by
appl yi ng WO 03/026897 PCT/ JP02/ 09646 -43 vibration several tines so as to
avoid that viscosity of ink around The nozzl e becones hi gh. Since the

first pU|&%lﬁ%giEQrQQVQrgfrﬁiﬁgsWﬁyggo£$]%%§ﬂ¥t]ﬁa@RﬁEQQREE ﬁ?yd?ﬁ{Ving

signal Pvb and the third driving signa e pul'se [ he 5
first pulse Pl should be.as |arge as necessary for dischargin an ink

dr opl et Ii%%n%dzt%?thzﬁh?:%%C?ﬁﬁ%%ﬁggrng tH 135h§%éﬁ pP?S%gﬂPl is set
such that the ink droplet is not dischargedé. Thus, if ink is slightly

vi brat ed bYPTRSi AgPERE P rEavpinde spemenss pe Fhruradroad drgirg gi@mapvd as
mentioned before, the 10 volunme of the pressurizing chanber is |argely
contract edEviz@nct fhe phindi dgl i istynatyPve, déuy adédeshateht nkf mine | eak
due to disturbance and the |like. Therefore, by using the seventh pul se P7
in whi ¢h fhetppldeechel ghhofMmbdlHage vatge)ad snstmidargndoi-n&isimsaharge is
15 not perforned to slightly vibrate the ink, the volune. of the

pressuri zigg ieaakep146 iskdothd araekypepsts aghed. riandgt Bene REdHMHAG
qual ity degrading by ink | eakage due to di sturbance can be avoi ded.

Sho““ in Qﬁpgfqulgsoﬁegigué§ﬂﬁﬁﬂﬁtﬂéiPﬂirﬁkégﬂé% i%OnE% 8§£cﬁé}ééé)ﬁ1"
during the tinme S8. Thus, as shown iIn
Thus; if ink is slightly vibrated by using the first pulse Pl
as the féurth driving signal Pvd as mentioned before, the
10 volume of the pressurizing chamber is largely contracted, so
that printing quality may be degraded since ink may leak due
to disturbance and the like.
Therefore, by using the seventh pulse P7 in which
the pulse height'(voltage value) is small and ink discharge is
15 not performed to slightly vibrate the ink, the volume.of the
pressurizing chamber 46 is not largel? contracted, and the
printing quality degrading by ink leakage due to disturbance
can be avoided.
As shown in each field of Fig.18, the printing data
20 is set to be “1” during the time $8. Thus, as shown in
Figs.l17 (b)-17(d) , the seventh pulse P7 ié selected
irrespective of the kind of the driving signal to be applied.
In other words, the fifth driving signal Pve obtained from the
seventh pulse P7 is applied every time period in printing.

25 Thus, the effect of avoiding that viscosity of the ink around



Figs.17(b)-17(d), the seventh pulse P7 is selected irrespective of the
kind of the driving signal to be applied. |In other words, the fifth
driving swgQmalo2d89e obtai ned fromthe seventh pul se P7 isPappPixesvery
time -period in printing.. 25 Thus, the effect of avoiding that viscosity of
the ink around WO 03/026897 -44 PCT/JP02/ 09646 nozzl e becones high further

i ncreases. Wien formng a small ink droplet (M3), by setting the printing
data to berdzkledbecnoges heigh nurSiheandndoeisgsthe tinme S6 and during the
time S7, the third driving signal Pvc 5 the sane as that shown in Fig.15(d)

can be obtained as whemnroidird 6 LAE), 150 dha1 S(Wﬁlbb dfﬁ;gpé%é%l be

formed by discharging an ink droplet by the sixth puisé ormng a

l'ar ge ink 3r0oBkeht (M 1atdV 58t i\\glg E}%gﬁ?cﬁp]r{wet iﬁgned%ﬁﬁ%%gi%&%ni&n 3, S4, S5

and S6, the first 10 driving sign e Ssane as ) can
be obfaiqggla sh in. Fi .17%b%. é tﬂ%s ase, ink droplets discharged
by the second ?8 ?ﬁ%?%urllﬂ%g?% -85 ?e T e FrLXARY eSFIRAINGVFur t her ,
y ond | puls S !
when aSWEq!un1|nk droplet is formed, (§£%é’ the printing data is set to be
"1" in°Si,"'€453He ¥B. that RhFditRgFYY - Ba(Dhevam e PPgaired)as shewsecond
driving signal Pvb the same as that shown in Fig.15(c) is obtained and an
ink droplét Fi-g- 87 §é@hargedhatt eheméblrdirpldts eaPd beNeéxtmedXanpl es on
setting the pul se height of driving pulses for contracting the
pressuri ziddigcbhagbey a6 ink droplet by the sixth pulse P6.
When forming a large ink droplet (Mjl), by setting
the printing data to “1” in S3, S4, S5 and S6, the first
10 driving signal Pva the same as that in Fig.15(b) can be
obtained as shown in Fig.l17(b). In this case, ink droplets
discharged by the second to fifth pulses P2-P5 are integfated
while flying. Further, when a medium ink droplet is formed
(Mj2), the printing data is set to be “1” in S1, S4 and S6.
15 Accordingly, as shown in Fig.17(c), the second driving signal
Pvb the same as that shown in Fig.15(c) is obtained and an ink
droplet is discharged at the fourth pulse P4.
Next, examples on setting the pulse height of
driving pulses for contracting the pressurizing chamber 46
20  will be described with reference to Fig.19.
As shown in Fig.19(a), when generating a driving
signal as described in Fig.10, Fig.15(d) and Fig.17(d), the
voltage (pulse height) of the first waveform element a is set

to a voltage Vp. However, the charge held by the

25 piezoelectric vibrator 52 is discharged little by little. Aas



20 will be described with reference to Fig.19. As shown in Fig.19(a), when
generating a driving signal as described in Fig.10, Fig.15(d) and

Fi g. 17(d)wotoh®2689pl t age (pul se height) of the first wavef @eCrJedxivest a i s
set to a voltage Vp. However, the charge held by the 25 piezoelectric
vibrator 52 is discharged little by little. As WO 03/026897 PCT/ JP02/ 09646
-45 a result, as shown in Fig. 19(by4°a voltage drop Vp occurs in the

contracted statge. The voltage dro p acts.far _e dj I of
t he pressﬁrf%?%'ttﬁﬁhﬁ%PwEG.nAgl%pygg)th'Wﬁétg %eég t%gg EQ?%{Qd#gglet
may change, Thus, as shown in Fig.19(c), the pulse height of the driving
pul se is g@? TP EATIIaGEN S ue  Vpl in which a vol tage corresponding to
the voltage drop O Vp is added. Therefore, the necessary voltage value Vp
can be obtained atTheherclitaeewderp t A¥pseste Aovescganshinghsheonetaee 10

hol ding state to the expanding state, so that a small ink droplet can be
di schar gedf stiad| preddextizingnpbamlber et Congensatreenlii | thdheidesofi bhed with
reference to Fig.20. Characteristics of ink change as environnental

t enper st UL gk chiasges: mERUShahbe. si meunf dsheniork 1h Higpl®tc)Ghahges accordi ng
to the tenperatures even when voltages of driving pul ses are the sane for

each tenperalargegnkhts thie qdiivhdGuivay efsosmgenes abd tindd Kauuk 77 stores
a plurality of driving waveform patterns corresponding to tenperatures,

and a pr098£ 9&“%“9%1@?%%& %gé'§o§§%§%§ﬁﬁing to the voltage drop ZSVp

is added. Therefore, the necessary voltage value Vp can be
obtained at the time when the state moves from the contract

10 holding state to the expanding state, so that a small ink
droplet can be discharged stably.

Next, temperature compensation will be described
with reference to Fig.20. Characteristics of ink change as
environmental temperature changes. Thus, the size of the ink

15 droplet changes according to the temperatures even when
voltages of driving pulses are the same for each temperature.
Thus, the driving.waveform generation circuit 77 stores a
plurality of driving waveform patterns corresponding to
temperatures, and a proper driving waveform is selected

20 according to a temperature detected by a temperature censor 80.

For example, a driving waveform PvH for a low
temperature, a driving waveform PvL for a high temperature and
a driving waveform PvN for an ordinary temperature are stored
beforehand, and one of them is selected according to a

25 detected environmental temperature, wherein the voltage Vp is



20 according to a tenperature detected by a tenperature censor 80. For
exanple, a driving waveform PvH for a low tenperature, a driving waveform
PvL for awbiogl2dsenperature and a driving waveform PvN f oPCRIPar@b4var y
tenperature are stored beforehand, and one of themis sel ected according
to a 25 detected environnental tenperature, wherein the voltage Vp is WO
03/ 026897 PCT/ JP02/ 09646 -46- large in the driving waveform PvH for the | ow

t enper at ul@r9ehén Yot deriViy wavkOvih npdier s laHeNg owayghoLm Pyl fqp the
high tenperature. Accordingly, as shown in Fig.20, for ‘exanple,” Since one

of the drveilnggeavef bs Eowcamn BReSQ: putr,o hr ee ki nds of
8 eS&k el ed ARk QU PYLL nﬁ@%&[}% gqtlggp

driving waveforns, an ink droplet having a proper i eed and a

proper inkeflipephetrsi zen LR gihg1di s ed stably. Al though the
pi ezoel ectric vibrator 52 i slags he%]?%% je %Z%léfzﬁwf‘%ﬁ ISP R
deformati ganke the aPave ggniioned 10 enbodi ments, PZT of the deflection
vibration type can be used. = HWMEVEFSTIMS ©27 Be asbecfiaceeridonutphor mat i on

has highe eljability, so that failure ratio can be reduced to |ower
Lmoh #Pre ds, of ' ; [ h§K]
than that 20 9t hetSP2reds| Tt fel B eavesores e darnbodidrentis - hheingkj et 15
recordi ng_apparatus is used as an image recordi ng apparatus, including an
r ec g d&? . : g g app . .
i nkj et heAdPT IR Teh&rgPhgt aspeatk adopl etropeHover efrodike BEesent.i nvention
J . : . _ ! e8€hin
can be applied to an image recording apparatus including a fluid
_ ppl i e g g app g
di schar gi'pg Hezehanged stably.
Although the piezoelectric vibrator 52 is assumed to
be PZT of d33 direction deformation in the above-mentioned
10 embodiments, PZT of the deflection vibration type can be used.
However, the PZT of d33 direction deformation has higher
reliability, so that failure ratio can be reduced to lower
than that of other PZTs.
In the above-mentioned embodiments, the inkjet
15 " recording apparatus is used as an image recording apparatus
including an inkjet head for discharging an ink droplet.
However, the present invention can be applied to an image
recording apparatus including a fluid discharging head for
discharging a fluid droplet other than ink, such as fluid
20 resists for patterning and a gene analyzing sample.
As mentioned above, according to the head driving
control apparatus of the above-mentioned embodiments
the driving waveform generation part outputs a driving signal

including: a first waveform element for contracting volume of

25 the pressurizing chamber without discharging a droplet:; a



di scharging a fluid droplet other than ink, such as fluid 20 resists for
patterning and a gene anal yzi ng sanple. As nentioned above, according to
t he head wpoiosiomg97 cont rol apparat us of the above- menti one@gcCenpaxiionent s, the

driving waveform generation part outputs a driving signal including: a
first waveformelenent for contracting volume of 25 the pressurizing
chanber w thout discharging a droplet; a WO 03/026897 -47 PCT/JP02/ 09646

second waFECONR ErEREatnf oledeeapitng Reepntid ast@mhtShatedi o whigh vol une of
the pressurizing chanber is contracted until a neniscus in the nozzle

noves t owathd chheopruges sof | Zhe @reBaghes i ng aci il ‘9@"%%9&&' eé’reu(r{\{t&gorét .
ate; a

expandi ng volune of the 5 pressurizing chanber fromthe contra
fourth wavefiernselgnend for,1kegpi expanded state, of volume of the
¥ ﬁﬁ{’g"g arcpaﬁ%eerré’ﬁFSFBPZ%tqhé&bieﬁg vol une

pressuri zi ng c_ha_nber; and a fifth waveforme (
et oo ot FHSL, P SRR L 08 SOBRDAS, S0l e e P P 12
ot SanCEe S URE G B 5o G AT ByAcidr oaste: 4 rrctieread dr | vi ng
control a‘?] ar (t)rus,evoltage of the first waveformelement starts to change
from an of f¥8to4% elmiandgdorTheepinthen axdrageecdppties 4o vichampr ggsur e
generation part can be suppressed | ow when printing is not perforned. In
addi ti on, thherrrAcimEmol chedbénpged ec @iditA0wave Form element for
contracting volume of the pressurizing chamber from the
expanded state to discharge a droplet. Therefore, the driving
10 voltage can be applied only when printing is performed. Thus,
the time for applying voltage on the pressure generation part
can be shortened, so that reliability increases.
In the head driving control apparatus, voltage of
the first waveform element starts to change from an offset
15 ‘voltage. Thus, the voltage applied to the pressure generation
part can be suppressed low when printing is not performed.
In addition, the above-mentioned image recording
apparatus includes a part for outputting a driving signal that
includes time-series driving pulses each for contracting the
20 volume of the pPressurizing chamber to discharée a droplet in a
driving period;,wherein parameters for each of the driving
pulses are determined such that an equation tr + Pw + tf + td
= nXTs holds true, wherein tr is a rising time constant, Pw is

a pulse width, tf is a falling time constant, td is a pulse

25 interval, Ts is a resonance frequency of the pressure in the



apparatus includes a part for outputting a driving signal that includes
time-series driving pul ses each for contracting the 20 volune of the
pressuri zwog3obaaber to di scharge a droplet in a drivingPpgrgPaiswherei n
paranmeters for each of the driving pulses are determ ned such that an
equation tr + Pw + tf +td = n X Ts hplds true, wherein tr is a rising

time constant, Pwis a pulse wdth, is afalling time constant; td is a

pul se 25 iHCEPVALZ1iTY tharbaresandnaeir equemicayaf nbhe.pressure in the WO
03/ 026897 PCT/ JP02/ 09646 -48- pressurizing chamber, and n is an integer no

| ess than AtcorAdogidi nglyarge uabggeg50@5§t5é<ﬁy} formed, "n" in the
equation can be set as 2 or 3, so that a stab eH%?échéggéu%gﬁe be realized.

I n additi @uadsohofa@d)aceHt iyin | ses 5. with respect to tine in
the tine-series dri%ing pulsgévgng%ny't eggﬁﬁéﬁi8ﬁ§$iﬁ E fhiaFgsg cpl se i s

greater than.a,i evigus.driving pul se. Accordingly, increase of
resi dual viErgtiJE‘)%)eh&l'caﬁ"r gdgﬁgb?QSS%%, @%E¥H§Feﬁﬁghwqﬂ@ﬁU@ﬁ@ypdﬂbebng can

be perforped stably. 10 By determ ned the last driving pulse in the tine-
o Petno Btrdes Rl

series driving pt TEhal B i iseriPw driving (ulses]/4) iX Ts hol ds

true, inc%gase of residual vibration by the last driving pulse can be
suppr essed'® seTiREOhiTGR £r duil purseviimggeaatbe fenf or ed stably. In
pp . i 2 i
this case, by setting tf 15 to be greater than Ts, increase of residual
- - y. 'g. 3 g i
vi brat i onPBE§Vides drastingr puise. pUlaeacamnghe, suppressed i th; gore
reliability.
vibration can be suppressed, so that high frequency driving
can be performed stably.
10 By determined the last driving pulse in the time—
series driving pulses such that an equation Pw + tf = (n +
1/4) X Ts holds true, increase of residual vibration by the
last driving pulse can be suppressed, so that high frequency
driving can be performed stably. 1In this case, by setting tf
15 to be greater than Ts, increase of residual vibration by the
last driving pulse can be suppressed with more reliability.
In addition, according to the above-mentioned
embodiments, the image recording apparatus includes: a part
for outputting a driving waveform including a plurality of
20 time-series driving pulses in a driving period; and a part for
selectively applying at least a first signal and a second
signal to the bressure generation part, wherein each of the
first and second signals is obtained from the driving

waveform; and wherein: the first signal includes driving

25 pulses each of which contracts the volume of the pressurizing



In addition, according to the above-nentioned enbodi nents, the inmge
recordi ng apparatus includes: a part for outputting a driving waveform

i ncl udi ngwva oploessat ity of 20 tine-series driving pul ses i nPETHPOMI9G peri od;
and a part for selectively applying at least a first signal and a second

signal to the pressure generation pag&%_mherein each of the first and
r

second signals is obtained fromthe ving waveform and wherein: the

first sigralaribecl udedidehatdy 2% rpplees ershsadonthisahneontnacised he vol une
of the pressurizing WO 03/026897 -49 5 PCT/JP02/ 09646 chanmber to di scharge

d | et ;wat i i ; r o ractin
a dropl et jwahkREosRCONEnShING r iRGHUEHESi Ay WeMELOTIR %%%ggFé%éégl ot I ng

vol unme of the pressurizing chanber to discharge a ter “expandi ng

the volu he .p Izl ng r ccording.to i s _i.mage recording
appar at u;n,?c ht%]t;'nge’i:" gasﬁfg%%#oo% 'dggslrf%?n%f?enﬁ ?Wean%&ﬁlpl %gﬁdv%lﬂ‘g%t ©%4ri vi ng
can be nﬂ§fd so that,selection range for droplet anmount can be

i ncr eased. enpfﬁSSFﬁhﬁén?égﬁyﬁﬁﬁg apparatus, a first pulse in 10 the
tinme-series driving pulses is used for contracting the volunme of the
pressuri zi ng chanbefCHPIHER @ $hhar §1age aredmsiinet appectatwi ngihg, the "pul |
and shoot" can be perfornmed stably. In the inmage recording apparatus, the
part for “push and shoot” driving and the “pull and shoot” driving can

be mixed, so that selection range for droplet amount can be
increased.
In the image recording apparatus, a first pulse in
10 the time-series driving pulses is used for contracting the
volume of the pressurizing chamber without discharging a
droplet. Accordingly, the “pull and shoot” can be performed
stably.
In the image recording apparatus, the part for
15 selectively applying further selectively applies a third
signal formed from the driving waveform, wherein the third
signal includes waveform elements of driving pulses for the
first signal and of a-pulse for contracting the volume of the
pressurizing chamber without discharging a droplet, in which a
20 droplet is discharged by using a driving pulse other than the
last driving pulse in the driving pulses for the first signal.
Accordingly, a medium size droplet can be stably formed. In
addition, by applying the first pulse to the pressure
generation part while printing is not performed, reliability

25 can be improved.



15 selectively applying further selectively applies a third signal forned
fromthe driving waveform wherein the third signal includes waveform

el enent s wh odwzasbng pul ses for the first signal and of aPpmlIBE/9646
contracting the volune of the pressurizing chanber w thout discharging a
droplet, in which a 20 droplet is discharged by using a driving pul se other
than the last driving pulse in the @ftving pul ses for the first signal.

Accordi ngly, a nedi 4 t, . be b : ition, by
appl yi ng the firstlégkég gggﬁéigﬁﬁgggﬁ%gegm%é%e%%f§%%H%gﬁpbaﬁ?ﬁggbrinting IS
not performed, reliahilit 5 can he inproved.. WO 03/,026897 PCT/ JP02/ 09646
-50 In thﬁh%ﬁﬁ9é¥h§ﬁFﬁBﬁeéfi%ﬁﬁéﬁ FavRG CaPpat FEE lstﬁggpﬁPg hei ght of
the first waveformelenent is set such that a voltage drop occurring
during t hehat e vsfltelge deepnecowinisibdrdngnthe FEnadfedheasesrafngl y,
variation of droplets 5 decreases. In addition, in the inmage recording

appar at usyatd®rns edendngi grakddett] udesomehieboy m edeirerios of thepdetsing

pul ses for the first signal which driving pul ses have the sanme pul se

hei ghts. Agserdlisag y, tRubbdandoshaat whd VinageCaschedpey hopaedtust abhy. 1 n
addition, by including a driving pulse for 10 contracting the volunme of the

pressuri zj %‘%orﬁﬁ%rmawihe%&es diza%}_fmi RA cReHE9Ph £LEnaVBH 6l Ayt BE1 Palk se

hei ght of e driving pulse is snmaller than that of other driving pul ses

for  diScharging A, droRlgh 1y LA B8.AYE A8dsLhal. 0l S5RSLLKeCbul bk around
nozzl e becones |dh, SO Ha% reltabiTity i ncreases. By

height. Accordingly, pull and shoot dri&ing can be performed

stably. In addition, by including a driving pulse for

10 contracting the volume of the pressurizing chamber without
discharging a droplet, wherein the pulse height of the driving
pulse is smaller than that of other driving pulses for
discharging a droplet, it can be avoided that viscosity of ink
around nozzle becomes high, so that reliability increases. By

15 applying the driving pulse in each cycle of printing, it can
be avoided that viscosity of ink around nozzle becomes high
more efficiently. In addition, by changing pulse height in
the driving waveform according to environmental temperature,
stable ink discharge can be realized.

20 In the following, sixth and seventh embodiments of
the present invention corresponding to the second object will
be described with reference to figures. In the following, the
sixth embodiment will be described.

Fig.21 is a schematic block diagram of an inkjet

25 printer 111 as an example of the image recording apparatus of



15 applying the driving pulse in each cycle of printing, it can be avoi ded
that viscosity of ink around nozzle becones high nore efficiently. In

addi ti on,wby3oba@pmyi ng pul se height in the driving wavef oPerdecnmdiong to
environnental tenperature, stable ink discharge can be realized. 20 In the
foll owi ng, sixth and seventh enbodi nents of the present invention
corresponding to the second obj ect Wi~ be described with reference to

figures. lie Beekaht ophfghtildhe acebrlibngrbodinent | Lbesdgsaribed. Fig. 21

is a schematic block diagramof an inkjet 25 printer 111 as an exanpl e of
t he i mage rding. appar at us .of . 03/026897 .PCT/ JPQ2/ 09646 .-.51 t he

pr esent iﬁW@% i on g%%o?giﬁal 6n}H§%2P§%%%%%b&&i&%ﬁ#?gié a%ﬁ%ﬁﬁe%n Fig. 21
the inkjet printer 111 includes an inkjet head 112 as a dropl et

di schar gi f§3fedd? asd?i PePlpr3digchepstndiNgndt 21 84iveR dhterf ace 115, a
paper feed apparatus 116 5 and a carriage 117. The driver 113 applies a
driving velondgel parh plezeel éateréave bkbl ora 1ePefsheswh dgppatiaguz2)lipn t he
i nkj et head 112. The control part 114 includes a mcroconputer and the

| i ke and. amontr chsrihge whiol.e @het Heivénk]iEl gupliker aldrivilrey ivetléntace 115
receives printing data 10 112 fromthe outside for performng printing by

usi ng theto Bkpetzbeadetdhe vpapetoteesh appanat us, ¥16.feedsy aneaper that s
a recording nediumfor printing in a direction of sub- scanning by using a

paper feed foternand ﬁl??ﬁghef eedct0l | 8L that ;318,808 shown in the figure.

The carriage 117 nounts

microcomputer and the like and controls the whole of the
inkjet printer 11. The interface 115 receives printing data

10 112 from the outside for performing printing by using‘the
inkjet head. The paper feed apparatus 116 feeds a paper that
is a recording medium for printing in a direction of sub-
scanning by using a ﬁaper feed motor and a paper feed roller
that are not shown in the figure. The carriage 117 mounts the

15 inkjet head 112 and moves in a main scanning direction.

Fig.22 shows a longitudinal section of the inkjet

head 112 according to the sixth embodiment. The inkjet head
112 includes a substrate 101, a piezoelectric vibrator 102
that is an actuator of the inkjet head'llz, a frame 103 for

20 supporting an ink common fluid chamber 105a, a vibration plate
104, a fluid chamber and channel 105, the ink common fluid
chamber 105a, a fluid resistance part 105b, an ink pressure
chamber 106 (the ink pressure chamber may be called a

pressurizing chamber), and a nozzle 107 that 'is connected to

25 the ink pressure chamber 106 and that discharges ink.



15 inkjet head 112 and noves in a nmain scanning direction. Fig.22 shows a
| ongi tudi nal section of the inkjet head 112 according to the sixth
enbodi merwoO 03lzsshbnkj et head 112 includes a substrate 101pCaJpixwes ectric
vibrator 102 that is an actuator of the inkjet head 112, a frane 103 for
20 supporting an ink common fluid chapber 105a, a vi bration plate 104, a
fluid chanber and channel 105, the TRk common fluid chanber 1054, a fluid

resi stance part 1051% P pi0K; P 65U L 1of4h%b§&o&9@eci L& ra&a%mg _
chanber may be called a pressurizing chanber and a nozz e IS

connected to he i pLessure. anber nd t di s rg |nk. WO
03/ 026897 f%ﬁ?J %g s%é The v?brét Fa% fils pﬁ@%ldgg wth

di aphragm_ parts 104a in_the sides of the |nk ressure chanber 106, the

di aphr agnfpaPReeInREYS h§ e apabre P sseice g@?H"rréjﬁf&?ma t¥RB-vi brati on
pl ate 104 can contract and expand the ink 5 pressure chanber 106 by

expandi ngTaadvEorm ot iPAg tehe04 pray seindatacitc apiibearand 102 iwken a driving
signal is applied fromthe driver 113 to the piezoelectric vibrator 102,
the [ ezpebssire cchanthreat 006102 expantisg mantiheodtractimn tbie the arrow A in
Fig.22. Wen the charged piezoelectric vibrator 10 102 is discharged, the

pi ezoel echibgod dFatiaf viB2a€0Rt I@E! S WHen anddhivesyi HyRPPAS kept Oelihe
direction of the arrow A The drlver 113 is controlled by the control part

114, = ande2ppl 1165 & didVhAg E aeszo%%%rtwedvﬁ&rgﬂaﬂ ows, kRethe inkjet
head 112 so that the inkjet head 1 2 forns ink droplets.

piezoelectric vibrator 102 expands in the direction of the
arrow A in Fig.22. When the charged piezoelectric vibrator

10 102 is discharged, the piezoelectric vibrator 102 contracts in
an direction opposite to the direction of the arrow A.

The driver 113 is controlled by the control part 114,
and applies a driving signal, as described as follows, to the
inkjet head 112 so that the inkjet head 112 forms ink droplets.

15 Fig.23 shows a waveform diagram showing a waveform of the
driving signal applied to the inkjet head 112 for forming a
small dot. In one period of the driving signal, the voltage
descends at a constant gradient from the first highest voltage
Vps (holding pulse 200) to the lowest voltage Vpb (first

20 waveform element : discharge pulse 201), wherein the gradient
is represented as (Vps—-Vpb)/Tfs which is constant and Tfs
indicates a time for applying the first waveform element.
Next, the first lowest voltage Vpb is held for a predetermined
time (second waveform element : holding pulse 202 : pulse

25 width Pws). Then, the voltage ascends at a constant gradient



15 Fig-.23 shows a waveform di agram show ng a waveformof the driving
signal applied to the inkjet head 112 for formng a small dot. In one
peri od ofwODha/ozkspvi ng signal, the voltage descends at a ecmgrexiegr adi ent
fromthe first highest voltage Vps (holding pulse 200) to the | owest

vol tage Vpb (first 20 waveform el enent. : discharge pulse 201), wherein the
gradient 1is represented as (Vps-VprﬁTfs whi ch is constant and Tfs

i ndi cat es (ki fRef Pl rAPRIVIRG LhechbE ShovaushaemsebenBntigndixt, the first
| owest voltage Vpb is held for a predetermned tinme (second waveform

el ement : _hol di ng I 202 | 2 .dt h T t vol t age
ascends ayogtggﬁsygﬁtﬁng‘|gﬁ¥g$@$§3?%ﬁé%g% FE#@%gﬁzggg%ﬁéﬂﬁQS fromthe
first lowest voltage Vpb to the second highest _voltage, Vp t.hird wavef orm
el ement : YERAFPYR E‘g‘? sygpt lﬁhE?@FﬁS%?Cbrae?di(XHP‘VE]g)r/e%’r’Es”é’Htc@d 18s

(Vpp-Vpb) / Trm which is constant and Trmindicates a tinme of applying the
third 5 wePeP6trhtepedreiin indieptenat, tite Secdpdyhnghee ¥oltcage Vpp is
held for a predetermned tinme (fourth waveformelenment : pul se 204 (pul se
wi dt h Pwnwpvefbtmereldiant .t hafirekt et asidendscohfli hi ghesveforiracel &pent
charge pul se 205) to the first highest voltage Vps at a constant gradi ent

SO as to genhkenderdp 4 pradidfkeynnges] gt Howdthexbveyshe, e n t he
gradient is represented as (Vps-Vpp)/ Tfmwhich is constant and Tfmis a

time for applyi Bgat ig.fdd LhMRVEHRT M el SRt cnext 1noPes Atd AN Lfchhe i nkj et

head 112 when such ‘“driving signal 1s applied wll be described. In a state

wher e (fifth waveform element : charge pulse 205) to the first

highest voltage Vps at a constant gradient so as to continue
10 to a driving signal of a next cyc;e, wherein the gradient is
represented as (Vps-Vpp)/Tfm which is constant and Tfm is a
time for applying the fifth waveform element.
Next, operation of the inkjet head 112 when such
driving signal is applied will be described. In a state whefe
15 the holding pulse 200 1s applied to the piezoelectric vibrator
102, the piezoelectric vibrator 102 bends in the direction of
‘the arrow A so that volume of the ink pressure chamber 106
contracts. Next, when the discharge pulse 201 is applied, the
piezoelectric vibrator 102 bends in the opposite direction of
20 the arrow A, so that the volume of the ink pressure chamber
106 expands, and negative pressure occurs in the inside of the
ink pressure chamber 106. As a result, the meniscus of ink is
largely pulled from the aperture of the nozzle 107 toward the
ink pressure chamber 106. Then; while the holding pulse 202

25 is applied after the discharge pulse 201 is applied, the



15 the hol ding pulse 200 is applied to the piezoelectric vibrator

102, the

pi ezoel ectric vibrator 102 bends in the direction of the arrow A so that

vol une ofwoDhe/0248k7 pr essure chanber 106 contracts. Next, WweEIPOI®64h schar ge
pul se 201 is applied, the piezoelectric vibrator 102 bends in the opposite
direction of 20 the arrow A, so that_the volune of the ink pressure chanber
106 expands, and negative pressure oetlUrs in the inside of the ink

pressure
fromthe

aperture“of the nozzle 107 toward the 1nk pressure chamnber

o V%QpisAﬁefdre%ﬂ%&ﬁmﬁhetﬂgnb§§§§ufgIéd@ﬁr&%ngl§ﬁ9€ﬁg pul | ed

106.

Then, while the |.di n ulse 202 25 is' apphled ter. th i;.scharge pul se
201 is apbﬁl?b%% hfﬁ&%\?\ogﬁgl%ﬁ%%ﬁif% 5‘%@%‘?&Eéé/%%‘ggfé?“\?oldﬁgl8§HVpb i s hel d.

the pressure _occurring in the inside of the ink pressure chanber
106 per f oy Herafdfse #hidEhF AP PR iR IdyeaPT AES PUsiaV 8SFRESEGre and
pressure at a period Ts that are.determ ned by the structure 5 of
the ink pressune ctasbeerlod, Ts hehali avet detefninrd duyz Ahe sTOPCtRTei d
resi stance and the like. Next, when the discharge pulse 203 is applied, the
pi ezoel echri enyihapeesiQze bemdsodn tote dhredtamstesf dfthéhar nomzld so that

vol une of the ink pressure chanber 106 is contracted 10 and positive

PEUr 811y theikpshde afg the iinkepressure chanmber 106. At this
time, since the nmeniscus is largely pulled fromthe aperture of the nozzle

However,

negative

pressure

107, the

10

15

20

25

piezoelectric vibrator 102 bends in the direction of the arrow
A so that volume of the ink pressure chamber 106 is contracted
and positive pressure occurs in the inside of the ink pressure

chamber 106. At this time, since the meniscus is largely

pulled from the aperture of the nozzle 107, the amount of ink ’

filled in the inside of the nozzle 107 is small. Therefore,
in such a state, a small amount of ink is discharged by a
total pressure of the positive pressure of the charge pulse
103 and the pressure vibrating at the period Ts.

ANext, Fig.24 shows a result of evaluation of the ink
discharge speed Vj and the ink dischérge amount Mj while
changing the pulse width Pws. In the evaluation, the driving
signal of Fig.23 is applied to the inkjet head 112, setting
the driving voltage Vpp as 20V. As shown in Fig.24, the ink
discﬂarge speed Vj and ink discharge amount Mj change with
periodicity according to the pulse width Pws.

Fig.25 shows a result of evaluation of dependence on

the driving voltage Vpp (discharge voltage), wherein two pulse

amount of 0k fhLhethd Muidig RS 88198 A0t NO%EkE:1A7 Leesmal l.

Ther ef or e,



in such a state, a small amount of ink is discharged by a 15 total pressure
of the positive pressure of the charge pulse 103 and the pressure

vi br ati ngwetosohsoperi od Ts. Next, Fig.24 shows a result offCesabu@bicon of
the ink discharge speed Vj and the ink discharge amount M while changing
the pulse width Pws. In the evaluatl% the driving 20 signal of Fig.23 is
applied to the inkjet head 112, setti the driving voltage Vpp as 20V. As

shown in FisaitRd, (bBSk ik sdhachar @ﬁssﬁe&%\ﬂoﬁ%gl bﬂ!ssglv's%@{ gg,apunt M
change with per|0d|C|ty according to the pulse wd . Fig.25 shows a

Eﬁzgéhag’ge"féﬁ ??é’é?gdZét]ﬁrfgﬁ?ﬁg?\%ggg‘dbgijéﬁ%gfd%sé‘grﬁﬁﬁ%@d&g%pghe?s »
W S a Se W (0] ulrse w are sel ecte
for this Gk HXPromtes F‘?ﬁ"gm&ngu%ﬁ TR Aok W < speed Vi

and ink discharge amount M beconme maxinum (A point) or nininmm (B p0|nt)
Fi g. 25 i nGREAIES (Aol wpenmipémpr| §8 R i sFEbelbotrdiraifissébaitdt h Pws

b by which the ink discharge speed Vj and |nk di schargi ng amount M
beconmed m mihenmth8 polgw Wwidthe isnkhdi sohaongedpeediVfhabds i mkoy dihschar ge
anount M do not becone very |large as discharge voltage increases. On the
ot her handhewher dhechpidgze spiedtihviisadd ime qaeakapylise whslide Rws p by which
the ink discharge speed Vj and ink discharge anmount M beconme nmaxi num (A

point), amdcbhRe mVddes @f ﬁgtiﬁa nkidi sgharge spegd ¥be@cﬁ‘dvj i dissghar ge

anount M are even when t di scharge voltage i s sl

discharge amount Mj do not become very large as discharge
voltage increases. On the other hand, when the pulse width is

10 the peak pulse width Pws p by which the ink discharge speed Vj
and ink discharge amount Mj become maximum (A point), and the
values of the ink discharge speed Vj and ink discharge amount
Mj are even when the discharge voltage is small.

In the case of the driving signal shown in Fig.23,

15 as shown in Fig.24, the ink discharge speed Vj and ink
discharge amount MJ repeat increasing and decreasing at a
period almeost the same as the period Ts of the pressure
vibration of the inside of the ink pressure chamber 106.
Therefore, if the pulse width Pws of the second waveform

20 element is set such that the chargé pulse 203 starts to be
applied at a timing when the pressure in the ink pressure
chamber 106 becomes positive, the ink discharge speed becomes
maximum. In addition, the ink discharge amount becomes
maximum at the timing.

25 Thus, if the peak pulse width Pws p is selected as.



In the case of the driving signal shown in Fig.23, 15 as shown in Fig. 24,

the ink discharge speed Vj and ink discharge anount M repeat increasing

and decr ewoiong2@p7 a period al nost the sane as the peri odPTC3/J062/19%&

pressure vibration of the inside of the ink pressure chanber 106.

Therefore, if the pulse width Pws of_gé?e second waveform 20 el ement is set
S

such that the charge pul se 203 start 0 be applied at a tining when the

pressure ithd hmlisekwpAES SR € o ChA@LCAAE ROEOTmS) RASIENLYE, a t herddk
di scharge speed becones nmaxinmum In addition, the ink discharge anmpunt

becomes rgxidmmeat bhestidd gy 29 gggflgi%é}g%iedp%k t'ﬂﬂlt-sg{l%‘ %gg%\ﬁt Eei >

sel ected as. 03/ 026897 PCT/ JP02/ pul se w
second vvaveit bement | arge., margin c be obtained for jnk discharge,
so that the ﬁ%}@gﬁ S ?Wgsechc ggepﬁpgzgca%eer 9. PRefEtGrE the
driving signal optimal for small dots can be obtained. 5 Fig.30 shows an
exanpl e of S SELWETRf R mIRd dAtEVFAY BRI n§L-an inkjet head used in
a conventional inkj 'etof“ nter. Since a nmediumvoltage Vmis set in the
conven®i onal drivi nfigold ajwwseach eshmphe of & toudse eadedbrm hef dri vi ng
vol t age becones the nmedi um voltage Vmas shown in 10 Fig.30. On the other
hand, as fdrivtihg pulsagavavefaor mnefi ethhreadriaddhdgnvel tageentidhis enbodi ment
shown in Fig.23, there is no mediumvoltage, and the first maxinum voltage
Vps is setimagetappefis) VAirRgea GeaRanetoWdde the ;waxvgtofmgfe the present
conventional driving voltage, each of the start and end of the
driving voltage becomes the medium voltage Vm as shown in
10 Fig.30. On the other hand, as for the pulse waveform of the
driving voltage of this embodiment shown in Fig.23, there is
no medium voltage, and the first maximum voltage Vps is set as
a medium voltage. Compared with the waveform of the present
invention, the charge pulse 301 and the holding pulse 302 are
15 added in the pulse waveform of the driving voltage according
to the conventional technology.
Therefore, the number of changes of the signal in a
period is eight for the conventional technology shown in
Fig.30. On the other hand, the number of that of the present
20 embodiment shown in Fig.23 is six. Further, since ink
discharge must not occur in the charge pulse 301 in the
conventional example, the time for applying needs to be long.
Therefore, frequency characteristics can be improved by this

embodiment compared with the conventional exadmple.

25 Fig.26 shows dependency on the pulse width Pws for



invention, the charge pulse 301 and the hol ding pul se 302 are 15 added in
the pul se waveform of the driving voltage according to the conventi onal

t echnol ogyo o3lozsef or e, the nunmber of changes of the signalPCirapee/o9per i od is
ei ght- for the conventional technology shown in Fig.30. On the other hand,

t he nunber of that of the present 20 enbodi mrent shown in Fig.23 is six.
Further, since ink discharge nust not occur in the charge pulse 301 in the
convent i onigle exanmbechihge tépaged orf ,apphyrng. Teednu0 degchargey Jhenef ore,
frequency characteristics can be inproved by this enbodi ment conpared with

the convenbinpal;; gxanple. r25 Fi9-28 8hP¥s HAeRRNdency en.t L dth Pus
for V[)03?%268971PCT/JP02/09626 -57cthe&?nk di scharge §6e§§t€3?§gﬁl ig. 27

hows d h i d farcd nk di sch M. F
shovs_dependancy ofoLhe.. nulse w.OLh P, Jor-d nk di sgharge, amount M . For

both of them ree val ues are use for
appl ying the .di,scharge_pulse 201 : on eriod Ts of the 5 pressure
vi br at i on BIPYHEY ﬁlﬁgp‘?g%‘%l?ﬁ'@%mér EQBG; Phagrier Tenefperfod (Ts/2),
and a quarter of the period (Ts/4). As shown in the figures, when the tine
Tfs i s setPieFsgne pepragiomLl dhengakapprsrudeorcheabrrof 06 hea ikl ficfchar ge
speed Vj and inc discharging amount M is small with respect to the pul se
10 wi dt h Pues psirhe@ (he/Zressur @ agunatheriok Preepeutiedchasher. 106
di m ni shes while the discharge pulse 201 is applied due to interference.
I n consi deftatinotin othé hf Syt whieh ikBe demhd alde ilshabtt BE bhdBefisd S set
within a range (no nore than Ts/2)
Ts, change amount for each of the ink discharge speed Vj and
inc discharging amount Mj is small with respect to the pulse
10 width Pws, since the pressure in the ink pressure chamber 106
diminishes while the discharge pulse 201 is applied due to
interference. In consideration of this point, it is desirable
that the time Tfs is set within a range (no more than Ts/2) in
which interference of the pressure vibration in the inside of
15 the ink pressure chamber 106 does not occur.
In addition, Fig.28 shows dependency on ink
discharge voltage Vpp for the ink discharge speed Vj and ink
discharge amount Mj, wherein the time Trm that is the time for
applying the charge pulse 203 is set to the one period (Ts)
20 and a quarter of the period (Ts/4). As shown in Fig.28, when
Trm is set to one period (Ts), change amount of the ink
discharge speed Vj and ink discharge amount Mj with respect to
discharge voltage Vpp is small. The reason is also that the

pressure in the ink pressure chamber 106 diminishes while the

25 charge pulse 203 is applied due to interference. Therefore,



in which interference of the pressure vibration in the inside of 15 the

i nk pressure chanber 106 does not occur. In addition, Fig.28 shows
dependencyomn/ozask7 di scharge voltage Vpp for the ink di scirargeoxpesd Vj and
ink discharge anbunt M, wherein the time Trmthat is the tinme for
applying the charge pul se 203 is set_49o the one period (Ts) 20 and a
quarter of the period (Ts/4). As shown in Fig.28, when Trmis set to one
period (Ts)} Ch&Ageratvont obfthie podkt, di scharges spead ¥ha§nﬂhérg&ﬁ% schar ge
anount M with respect to discharge voltage Vpp is small. The reason is

al so that Ttive ispsessutehim 4 hearigek (BbessHE erichianer, 10§ %hginishes whi | e
the 25 charge pulse 203 is applied due to interference. e?%fore, WO

03/ 026897 iPCELFRRRABO64E +128-, S| ion.of this point, it is
desirable that the time Tr m%ﬂs?%ss'glggw{fgﬁ%éﬁonr alﬁ’gé:%@néngrbﬁi% thdmers/2) in

whi ch i ntienf gr-ence, of ure vibration in the inside of the ink
pressure changer 10% dgggﬁﬁ%{%§§c89?85niﬁd*%@“%homs dependency on the pul se

wi dth Pwm of the isg%go for the ink discharge speed Vj and ink
di scharge anount Rf_g r § BEPEMEPRCY v thhee PV ARt Madth Swihesti ne  for

appl yi ng %ﬁe chgr%e ulse 205 is set to the one period Ts, a half of the
period (TS/'8)PUaid & st éheofnk hdipdrdmt Epeedsi4) andheik Higcharset to a

quarter of the period (Ts/4), a

amount Mj. For both of them, the time Tfm that is the time
for applying the charge pulse 205 is set to the one period Ts,
a half of the period (Ts/2), and a quarter of the period

10 (Ts/4) . When Tfm is set to a quarter of the period (Ts/4), a
second ink discharge occurs when the pulse width Pwm is a
value shown in the figure. That is, the charge pulse 205 is
applied soon after a time when the pressure in the ink
pressure chamber 106 becomes positive after ink discharge

15 occurs. In addition, when the pulse width Pwm is small, both
of the ink discharge speed Vj and ink discharge amount M7
increase, so that the effect for produciﬁg small ink droplets
diminishes.

In order to avoid this problem, it can be considered

20  to increase the time Trm for applying the charge bulse 203 so
as to diminish pressure vibration. However, this method is
not advisable since intended ink discharge speed Vi may not be
obtained. Therefore, the charge pulse 205 is started to be

applied after the pressure in the ink pPressure chamber 106

25 becomes negative for the first time while remaining the charge



second ink discharge occurs when the pulse width Pwmis a value shown in
the figure. That is, the charge pulse 205 is applied soon after a tine
when t he woasmease7 in the ink pressure chanber 106 becone®CpuBIY1994 aft er
i nk di scharge 15 occurs. In addition, when the pulse width Pwmis small
both of the ink discharge speed V) sgd i nk di scharge amount M increase,
so that the effect for producing sma ink droplets dimnishes. |In order

to avoid bﬂi§eF¥d§ﬂdﬂBhahbeean RecsPns g edne28pbPelied @asRd heetime Trm
for applylng t he charge pul se 203 so as to dimnish pressure vi brati on.

However , eggnge O%;s ha ﬁg adyl s ch &Htgﬁgfgb kg;scharge speed

V) may no Jtaihé erefore, arge pul's started to be
applied after the ress the i sur chanbe 5 becones
negative FBFTEHE l1‘!—rl Fl@?&ﬁr%@% 8r€ﬁa%fe ?/\%%(5?23/ 026897

PCT/ JP02/ 09646 -59 pulse 203 unchanged Accordlngly, the above-nenti oned
t he secoﬁéeﬁﬁ%IQhW#ﬂﬂéﬁg@ndéésth%tl%%d%ﬁesspﬁeaﬂﬁﬁmb%%l 1y 15 ncreasing the
time for applying the charge pulse 205, pressure vibration in the ink
pressus e chanbesed,06a $h5tdEheefasbddiwamcn&t dphe ek efswhar ge does not
occur. As nentioned above, and as shown in Fig.29, it is desirable that

the fourth wavef or mehemeabnepubseve0dr(Pulssehowhdil P9 ,i tsés to be no
| ess than Ts/2, and that the fifth waveform el enent (charge pul se 205) is

set to bed@Qlkéﬁ@étﬂﬁﬁi 10 T863r R Ga¥Or3hows cauat uabh 0 rasul jos1wben the
period Ts is
width Pwm)) is set to be no less than Ts/2, and that the fifth
waveform element (charge pulse 205) is set to be no less than
10 Ts/2. Fig.29 shows evaluation results when the period Ts is 9
pm.
According to the above-mentioned sixth embodiment,
the image recording apparatus includes: a driver for driving
the pressure generation part; wherein the driver outputs a
15 driving signal including: a first waveform element for
expanding the pressurizing chamber (ink pressure chamber); a
second waveform element for keeping a expanded state of the
pressurizing chamber; and a third waveform element for
contracting the pressurizing chamber from the expanded state
20. to discharge a droplet; wherein a pulse width of the second
waveform element is determined sush that droplet discharge
speed is greater than a predeterﬁined value.
In this invention, the pulse width of the second

waveform element may be determined such that droplet discharge

25 speed is maximum. According-to this invention, the image



,um According to the above-nentioned sixth enbodi nent, the inage
recordi ng apparatus includes: a driver for driving the pressure generation
part; wheweion/ordse7 driver outputs a 15 driving signal incl rdiragoz/@eda r st
waveform el ement for expanding the pressurizing chanber (ink pressure
chanber); a second waveform el enent for keeping a expanded state of the
pressuri zing chanber; and a third Walet or m el enent for contracting the

pressuri Z&Qg?ﬁﬁaﬁo%rﬁga% M.khe,gxpanded stake 20:10sdischangaracdr opl et

wherein a pul se the second waveformelenent is determ ned such

t hat droplet dischar.ge speed is greater. than_a,predeterm.ned value. In
Lhis | nvoRtt oresa e BT RE off b Lol m.ned

THE eGP WA ES oF i e &rent maybe
determ ned such that-droplet discharge 25 speed is maxinum According to

this i nveHBVSHPI® If geade WO BB B IBBEPPPEFEIP0SPBYE M- T8 £8BrBFf ng

apparatus can nmake the nopst of pressure vibration in the pressurizing
chamber oebtriwatl mndappleyvadtete 9§ rdte thavef vene P Eheniemesnd chatban

optim zed small droplet can be obtained and the voltage of the third
wavef & m ebeamni. can be 5 |lowered. In the above-nentioned inmage recording
apparatus, the driver starts to apply the third waveformelenent at a

time when a pressurg ithet BBoPESHSHE i AIY 16RFEDEECHEEHE apResithbye.
Therefore, since the pulse width of the second 10 signal can be set to be a

val ue SUC@hgrﬁﬁiJé¥3§¥a%QgeEO apply the third waveform element at a

time when a pressure in the pressurizing chamber becomes
positive. Therefore, since the pulse width of the second

10 signal can be set to be a value such that the droplet
discharge speed is maximum, an optimized small droplet can be
discharged. 1In addition, duration of the first waveform
element is no more than Ts/2, wherein Ts is a period of
pressure vibration in the pressurizing chamber. And, duration

15 of the third waveform element is no.more than Ts/2. Therefore,
the image recording apparatus can make the most of’pressure
vibration in the pressurizing chamber occurred by applying the
first waveform eleﬁent, so that an optimized small droplet can
be obtained

20 In the image recording apparatus, the driving signal
further includes: a fourth waveform element for keeping a
state where contraction of the pressurizing chamber by the
third waveform element ends; and a fifth waveform element for
contracting the pressurizing chamber to a state corresponding

25 to a state before the first waveform element is applied.



di scharge speed is maxi num an optim zed snmall droplet can be discharged.
In addition, duration of the first waveform elenent is no nore than Ts/ 2,
wher ei n TWOi03/0268pEri od of pressure vibration in the pres®cTiJPII6ehanber .
And, duration 15 of the third waveformelenent is no nore than Ts/ 2.
Therefore the image recording appar?tus can nmake the nost of pressure
vibration in the pressurizing chanmbefloccurred by applying the first

wavef orm gl eiEny, S thal afaaeetf&g&ﬁmbba%eagetu@@munﬁ»)eroetal ned 20 In

t he i mage recor ng apparatus, the r|V|ng signal further includes:

fourth waveform el nt f.or, kee in st at cont ti
pressurizF %P%%éﬁb IPH%“gtﬁ. B mé%% %%nﬁé ﬁ%ﬁt %%J%&&'fgggg% %?h
waveform el enent for contractlng t\ﬁ%Pressur ng, cheg?er to a state

cor r espon@P¥EF 5 Eis td Ot 488 Bef JFRFR FPFS? Efb?kn HHERESi §28ppl i ed.
WO 03/ 026897 PCT/ JP02/ 09646 -61 According to this inmage recording

appar at usbetteahigaser ghe dhapgeon rrk Ivacdr iofi hgesfgnath e Béfni num so
that frequency characteristics can be inproved and stable ink discharge
can bk reatezedn clkmeadursatisonoolesadthasf TsHe . f odctbrdimblyi,fth 5 wavef orm
elements is no less than Ts/2. Accordingly, resonance vibration can be

suppr essedeidhddies b dEsaUEEn BhahR raafsear 1di SEBai gk Nerdsikrby the third
wavef orm el ement, so that discharge of usel ess ink droplet can be

SUppresseghaﬁﬂbfrﬁ%ﬂé?agﬁscﬁ%??gh&gnﬁpQ%;QEMﬁthQrQO%QQéfégm:Haeﬁbﬁﬁerence

between a start point of the first wavéform el enen

so that discharge of useless ink droplet can be suppressed.
In the image recording apparatus, a potential
10 difference between a start point of the first waveform element
and the second waveform element is greater than a poteﬁtial
difference between the second waveform element and an end
point of the third waveform eleﬁent. Therefore, the image
recording apparatus can make the most of pressure vibration in
15 the pressurizing chamber caused by applying the first waveform
element, so that an optimized small droplet can be discharged
with a desired ink discharge speed.
In the following, the seventh embodiment of the
present invention will be described. The structure of aﬁ
20 inkjet recording apparatus in this embodiment is the same as
that described with reference to Figs.3, 4, 21 and the
structure of an inkjet head in this embodiment is the same as
shown in Fig. 22.
The driver 113 is controlled by the control part 114,

25 so that an ink droplet is formed by applying a driving signal



and the second waveformelenent is greater than a potential difference

bet ween the second waveform el enent and an end point of the third waveform
el enent. Wbesetaspe, the inage recording apparatus can nalPeTtiRe/(vo&t of
pressure vibration in 15 the pressurizing chanber caused by applying the
first waveform elenment, so that an_qptim zed snmall droplet can be

di scharged w th a desired ink discharge speed. In the follow ng, the
sevent h erBodifeAarkbet thrad pésenThabvest i orimidingbg: gescriked,, The
structure of an 20 inkjet recording apparatus in this enbodi mernt s the

same as fFhatodésgridestonnt inr eher gaesod 0 Fi@sgd, 4. 21 and the structure
of an inkjet head in this enbodinent is the sane as shown in Fig. 22. The

driver 113 i s controided Rychbe g0 t 4, 25 so that an ink
droplet is fornmed by applyi 89 a %r %%‘%gfog%r?afll% B3 6B SAIPEt IPBS/ 09646

-62- to theoimkigtrhead 1 hat.is, .a driving signal having a follow ng
wavef ormin one per:%rbg?il’sjcﬁge TR S ERdwSheREShabefaorihtst the dri vi ng

si gnals. Ag vgﬂg) i-n_Fig. é t he driving signal changes to a first 5
wavef or m ezflerren])tw(e |e§“(?ﬁ%r LTSI A s éwgé‘ Robdi ngiqlutisg pdDBe in whi ch
the vol ta% falls fromthe nmaxi numvoltage Vps (hol ding pul se 400) at a
first cha Cg%, it dHERDERT g%ta%xﬁa,llst Heour thengasirgiak othaggegpt 0 a
second wavef orm el enent ' (discharge pul se 402); wherein the voltage falls
to a mni Mmding pulse 400) at a first change rate (Ava/Tfsl). Next
the driving signal changes to a second waveform element
(discharge pulse 402) ;, wherein the voltage falls to a minimum
10 voltage Vpb at a second change rate (AVb/Tfs2 = constant) that
is greater than the first change rate (AVa/Tfsl). Next the
driving signal changes to a third waveform element (holding
pulse 403) that keeps the minimum voltage Vpb for a
predetermined time (pulse width Pws). Finally, the driving
15 signal changes to a fourth waveform element (charge pulse 404)
in which the voltage rises from the minimum voltage Vpb to the
maximum voltage Vps at a third change rate (AvVc/Trm =
constant). After that, the signal returns to a holding pulse
405, so that one cycle .of the driving signal ends. After that
20 the driving signals are output continuously while the cycle
from the holding pulse 400 to the holding pulse 405 is
repeated.
Fig.32 shows a waveform of g conveﬁtional driving

signal for comparing with the waveform shown ‘in Fig.31. 1In

25 the following, comparison between the pulse waveform shown in



10 voltage Vpb at a second change rate (A Vb/Tfs2 = constant) that is
greater than the first change rate (A Va/Tfsl). Next, the driving signal
changes twoaswnkisp wavef orm el ement (hol ding pul se 403) rohatuPkx®ps t he
m ni rum vol tage Vpb for a predetermned tinme (pulse width Pws). Finally,
the driving 15 signal changes to a fourth waveform el enent (charge pul se
404) in which the voltage rises fr oMY he ni ni mum vol tage Vpb to the

mexi mum valiiage \RavakoAn ) AdCRARIE AL St {dnMC /TR =y $ORSIANt ) . After
that, the signal returns to a holding pulse 405, so that one cycle-of the

h
driving si | Sy Al er t.hat, 2Q,the, drjvi i.gnal s are out put
conti nuous(lg’ryg%\/evﬁ:gPfe%il ?heéllé?/vg:rf et Pgmgghgllhgl ot ncg[gg%p%lég')ggzloo to the hol ding
pul se 405 is repeated. Fig.32 shows a waveform of a_conventional driving

signal for conparing™® ¢+ IRabBf 8F nt Shotih T1iF Mayeserm i a5l (he

fol |l owi ng, conparison between the pul se waveform shown in WO 03/026897
PCT/ JP02/ 0964bargs Figsa 1o (ndvetbeniaye e tthdavenFaat sanal cliildse wavef orm
(waveform B) shown in Fig.32 will be described. The discharge pulse 401 in
t he wavef arareA (didk fhes 1 )diasidhanges e gtk iian therwesrefor M BahaveTtidie sanme
change 5 rate (b Va/Tfsl) and the sane potential difference (A Va). The

char ge pulcggeré84piinsé heo wamefroenyAvandrh e sharge puksge 598Ldd sohen
wavef orm B have the sane change rate (A Vc/Trm) and the sane potenti al

dir ngepggc&(eg\HggtAﬁgﬁﬁgan ﬁg%@%ggpgﬁﬁs' Bhlehshife NAVELAA Ll chdf s! +Pvs)

same potential difference (AVc). Fig.33 shows a relationship
between a time (Tfsl+Pws) for pulling and the meniscus depth.

10 As shown in Fig.33, the meniscus depths for the waveforms A
and B are almost the same since the change rates (Ava/Tfsl and
AvVc/Trm) and the potential differences (AVa and AVc) are the
same.

in tﬁe waveform A, pressure in the ink common fluid

15 chamber 105a can be caused by aﬁplying the discharge pulse 402
having the second change rate (AVb/Tfs2) greater than the
first change rate (AvVa/Tfsl) subsequent to the discharge pulse
401. Since change rate of the discharge pulse 1s proportional
to the amplitude of vibration of the.pressure in the ink

20 common f£luid chamber 105a, by using the second change rate
greater than the first change rate, the pressure in the ink
common fluid chamber 105a is greater than that when using the
first change rate. In addition, the same effect can be

obtained by setting the time for applying the discharge pulse

25 401 to be longer than the time for applying the discharge



10 As shown in Fig.33, the neniscus depths for the waveforns A and B are
al nost the sane since the change rates (L Va/Tfsl and A Vc/Trm and the
pot ent i alwoiBhzisences ( 0 Va and 0 Vc) are the sane. | [PaTURE/088s6ef or m A,
pressure in the ink common fluid 15 chanber 105a can be caused by applying
t he di scharge pul se 402 having the $econd change rate (Q Vb/ Tfs2) greater
than the first change rate (Ava/ Tfs %'subsequent to the di scharge pul se

401. Sin3§L§QQQQ§_rate of the discharge pulse is proportional to the
anplitude of vibration of the pressure in the ink 20 conmon fluid chanber

105a, by using the_second change.rate. g t t | e rate,
the pressure in thg%FﬁE@o€%hﬁ§%SPP&FdlghgﬁgégﬁldgggfEggr%g%i%tt an t hat
when using the first change rate. In addition, the sanme effe&t can be

obt ai ned Set GG ePhBYt FAERY heapiaivetRy™t fie BREHIRSGEHUPEeTS 401 to be
| onger than the tinme for applying the di scharge WO 03/ 026897 -64 pul se 402.
PCT/ JP02/ 096 46 cEisavcef drethasimhewrmon Filyidachapest tféa ARpe®IH®Ad 112 is
driven by using the waveform A, neni scus change due to the pressure in the
i nk commuupdlwindy chanbeschobze qalised 40¢ Ssappligd ng HRile 3di sbbas ge pul se 402

is added. Fig.34 shows a relationship between the tine for pulling ,ink
and the pressiifisHip bhewbak aammnd ltdirdpahamberid0Osad Tthe poésdumhere the
in the ink common fluid chamber 105a. The point where the
time is 0 indicates the start time for appiying the discharge
pulse. At this time, the pressure in the ink common fluid
10 chamber 105a is also 0. When the discharge pulse is applied,
pressure vibration occurs. Also in this case, when the inkjet
head 112 is driven by the waveform A, since the meniscus
change caused by the pressure in the ink common fluid chamber
105a by applying the discharge pulse 402 is added, the
15 amplitude of the pressure vibration in the ink common fluid
chamber 105a becomes large.
As shown in Fig.34, the pressure in the ink common
fluid chamber 105a performs damped vibration while repeating
positive pressure and negative pressure at a period Ts
20 determined by factors such as the structure of the ink
pressure chamber 106, a diameter of the nozzie 107, and ink
fluid resistance. The pressure becomes negative from the
start of pulling to a half of the period (Ts/2), and magnitude

of the vibration is largest at the time. After that, the

25 pressure is positive during a time from the half of the period



time is O indicates the start tine for applying the discharge pulse. At
this time, the pressure in the ink common fluid 10 chanber 105a is al so O.
When t he wolghasge pul se is applied, pressure vibration @CTUPE/09%460 in
this. case, when the inkjet head 112 is driven by the waveform A, since the
meni scus change caused by the pressure in the ink conmmon fluid chanber
105a by applying the discharge pul se 202 is added, the 15 anplitude of the

pressure virByalien bk g ibBkTeoOMBie f4 £k Ghanher 4056 BEGOIBSwhar ge. As
shown in Fig.34, the pressure in the ink common fluid chanber 105a

per forns | brati Ll e i it S . ative
pressure g?ngggég%bdagéggﬁﬂggtgpéiggﬁgﬁggyagg%iébég %&géaﬁaglgggﬁgggre of

t he ink grfssur chaﬁ$er 106, a_dianeter of E@ﬁ no%zle 107,, and ink fluid
resi stanc@8" ?ﬁe4§}eg% % D EEOHBs AR | VBT ot fieCT sP3F tPHFOFul ing to a
hal f of the period (Ts/2), and nagnitude of the vibration is |argest at
the tine. (Bptér . thuae sunpdvosrppesherElyid gasilsteacaupaig v mega tivem t he
hal f of the period WO 03/026897 PCT/ JP02/ 09646 -65 (Ts/2) to one period Ts.
Ther efor epreasthe waveforimkAcshwon flwidrigha@berby08attamde aaflilmetTf sl for
applying the discharge pulse 401 to be a value larger than a half of one

period (Zs/2)resikt supplaygbr aehieud |ddky esinsbaneetpaidd by negative 5
pressure in the ink common fluid chanber 105a can be smallest. As a

result, a large nenisgus. @ePbh €RO Peohtal ned.chgni tadeRf diheqpr essure
in the ink comon fluid

chamber 105a is largest in the interval from the start to the

half of the period (Ts/2). After that, vibration of the

10 pressure is gradually damped. Therefore, by setting the time
Tfs2 for applying the discharge pulse 402 in the waveform A in
Fig.31 to be smaller than the half of the period (Ts/2),
maximum pressure can be obtained, so that a large pressure in
the ink common fluid chamber 105a can be obtained.

15 When using the driving signal shown in Fi§.3l, the
ink discharge speed Vj and ink discharge amount Mj repeatedly
increase and decrease at a period almost the same as that for
the pressure vibration of the ink pressure chamber 106 as
shown in Fig.35. Therefore, by determining the pulse width

20 Pws of the third waveform element such that the charge pulse
404 is applied at a timing when the pressure in the ink
pressure chamber 106 becomes positive (point A in Fig.35), the
ink discharge speed becomes maximum. In addition, by using
this timing, the ink discharge améunt also becomes maximum.

25 Accordingly, by selecting the pulse width Pws properly, ink is



chanber 105a is largest in the interval fromthe start to the half of the
period (Ts/2). After that, vibration of the 10 pressure is gradually
danped. TWerogfaise7 by setting the tine Tfs2 for applyi ngPChara/®edvar ge
pul se 402 in the waveform A in Fig.31 to be smaller than the half of the
period (Ts/2), maxi mum pressure can _be obtained, so that a | arge pressure
in the ink comon fluid chanber 1058°Can be obtained. 15 Wen usi ng the

i sohar g SRaHoR BBk Aot e A RS PR B g e

the sane gs that for .the pressur iorati of the ink pr.essure_chanber
106 a5 ShORR! 9t FI SETSROPRTST cl0 by et e AP g T He BUPSE dPatR 20 Pws

of the third waveform el ement such that the charge pulse 404 is applied at
a timng @hehl thrtgiitegsufeffaremes | Akfcpr(és%@]el arBee Yobteeebrd! positive
(point Ain Fig.35), the ink discharge speed becones maxi num |n addition,
by using behised ifamghet hbarak plikthailfe afBanBb askeyvhatemeesmaki fytn 25
Accordingly, by selecting the pulse width Pws properly, ink is WO 03/ 026897
PCT/ JP02/ 086461 s Bt rdjes charded; eved Whenlipehentie admaliff erjendehl Ve (drivi ng
vol tage Vpp) of the charge pulse 404 is small as shown in Fig.36 , a

smal | pot eatpadt did fefeneevinyCvd Bragildordichehngs ol tage)i ceag phe used for
t he charge pul se 404. Fig.36 shows changes of the 5 ink discharge speed V

and ink dj ith s+ resp iVi:ng vehtagg,for each
of pul se %\nég?ﬁi&%@%g%r g]g%)gn%ﬁ%ttg%p%g{? t;;gi ir)l?@%% laa?nlglgtt cf%k)ét t§¥n poi nt

(B). By using small potential difference AVc, the amount of volume
change of the ink pressure chamber 106 can be decreased when
10 discharging an ink droplet, so that ink discharge amount can
be further decreased.
Tﬁus, instead of the driving signal A shown in
Fig.31, another pulse waveform shown in Fig.37 can be used for
driving the inkjet head 112. That is, in Fig.37, a potential
15 difference AV2 between Vpb and Vpp (between the holding'pulse
403 and the holding pulse 405) is smaller than the potential
difference _AVl (AVa+AvVb) between Vps and Vpb (between the
holding pulse 400 and the holding pulse 403). After the
holding pulse 405 is output, the charge pulse 406 is output,
20 such that voltage rises from the driving voltage Vpp to the
maximum voltage Vps. Accordingly, the size of the ink droplet
can be decreased while a desired discharge speed is obtained.
According to the above-mentioned seventh embodiment
of the present invention, the image recording apparatus

25 includes a droplet discharging head, the droplet discharging



using small potential difference L Vc, the anount of volunme change of the
i nk pressure chanber 106 can be decreased when 10 di scharging an ink

dropl et, WO 0Blo2i897T nk di scharge anount can be further decPeage/09¢ius,
instead of the driving signal A shown in Fig.31, another pul se waveform

shown in Fig.37 can be used for er_gﬂg the inkjet head 112. That is, in
Fig.37, a potential 15 difference A bet ween Vpb and Vpp (between the

hol di ng pdiesel cadBramihy he drelsdiung zpny sen4@5)r i s sTaEhesubhan dhapret enti al
difference A V1 (A Va+ 0 Vb) between Vps and Vpb (between the holding

pul se 400 condethed hed dimng Pelssard@Bhg Md@led he Rpkdi 0o pulsa 403, s

out put, the charge pulse 406 is output, 20 such that voltage rises from
the drivi ngevektage-MeRhd erbhger-MeXi tage Vps. Accordingly, the size
of the ink dr%plet '%anQ%e %ecsgésédg%%ﬁﬁgyﬁa Bgfgiﬁoﬁi%%ﬁ%ﬂggfspeed i's

obt ai ned. ] t he abave-nmenti oned sevent h enbodi ment of the
present iﬁ@gg?%g%¥§§tééél%§ n§é88r Ag” REuEhosPTeRI WS g dr opl et

ﬁischaggin% gﬁag, the_droglet gisgharging WD 03/ 026897 -67 PCT/ JP02/ 09646
ead conpFrelrRgt a Predsiide, FRECERARDADPT afugi dustippt yindHameer: aconnect ed
to the pressurizing chanber, a nozzle connected to the pressurizing
chanber, grpressine dgévérat tha puessime gepembtachi pgrandieseandicng t he
vol une of the pressurizing 5 chanber, the inage recordi ng apparatus further
i ncl udes: daiverimepufter addicyizhggt fisgmrlessiledgeger ats s Pakkerwhgrei n the
element for expanding the pressurizing chamber by causing a
first pressure in the pressurizing chamber; a second waveform
10 element for expanding the pressurizing chamber by Causing a
second pressure larger than the first pressure in the
pressurizing chamber; a third waveform element Ffor keeping an
expanded state of the pressurizing chamber expanded by the
second waveform element; and a fourth waveform element for
15 contracting the pressurizing chamber from the expanded state
to discharge a droplet.
According to this embodiment, the first waveform
element enables to slow the speed of expanding the volume of
the pressurizing chamber, so that the pressure in the fluid
20 supply chamber (ink supply chamber) can be decreased and ink
supply from the fluid supply chamber can be slowed. As a
result, the meniscus can be pulled by using the first waveform
element. Then, the second signal enables to increase the

speed of expanding the volume of the pressurizing chamber to

25 increase the pressure in the fluid supply chamber. As a



driver outputs a driving signal including: a first waveform elenent for
expandi ng the pressurizing chanber by causing a first pressure in the
pressuri z2wog3ob@aber; a second waveform 10 el ement for expamdPoagpbive
pressuri zi ng chanber by causing a second pressure |arger than the first
pressure in the pressurizing chanber; a third waveform el enent for keeping
an expanded state of the pressurizrﬁ “chanber expanded by the second

wavef orm elLegept ; vandha hQUlt Royeyelofm el gmant £on do &udaeki.ng the
pressuri zing chanber fromthe expanded state to discharge a droplet.
According . to_this odj t h Lr V. mn _e les to sl ow

t he speedT%Pséx%a% Fﬁb(#%éﬁ$gléﬁ§ %% é@%%ﬁﬁgégégé?z%ﬁgﬁgﬁa g??%so that the
pressure in the fluid 20 su pl¥ chanber (ink supply chanber) can be

decr eased SAREMRRRE SRAFH v5f KGRt he fluid supply chanber can be slowed. As a
result, the neniscus can be pulled by using the first waveform el enent.
Then, the second si¥hdihcefdaBoesreecr dtr®awarheusspedeh off Shsakdirf§ t he

vol une of the pressurizing chanber to 25 increase the pressure in the fluid
suppl y5 chandesecédsd araAe fo3i0 26 88¢n PET IO /:09646har$8 pwlsad t andolthage used
for discharging ink can be decreased. Thus, a small droplet can be

obt ai ned whil-€neRgugib Al @plkatntdisehar gecisierdpusskeptThdieddie i aage
recordi ng apparatus, each of the first 5 and second waveform el enents

forms a diggchar geopidS@anad bLhea: fouriy Mavehborm eleprnt i rgeChar ge
pul se. Therefore, a

speed is kept.
In addition, in the image recording apparatus, a
10 voltage change rate of the second waveform element is greater
than a voltage change rate of the first waveform element. In
addition, the duration of the first waveform element may be
longer than duration of the second waveform element.
Therefore, large pressure can be generated in the ink pressure
15 chamber when the second signal is applied, so that a small
droplet can be obtained while enough droplet discharge speed
is kept.
In the'image recording apparatus, the duration of
the first waveform element is no less than Ts/2, and the
20 duration of the second waveform element is no more than Ts/2.
In the image recording apparatus, duration of the
third waveform element is determined such that droplet amount
discharged from the nozzle becomes maximum. Therefore, the
image recording apparatus can make the most of pressure

25 vibration in the pressurizing chamber occurred by applying the



smal | droplet can be obtained while enough droplet discharge speed is
kept. In addition, in the inage recordi ng apparatus, a 10 vol tage change
rate of tweosmez@ad waveform el enent is greater than a volPCageoxivassge rat e
of the first waveformelenent. In addition, the duration of the first
waveform el ement nmay be 1onger than _duration of the second waveform

el ement. Therefore, |arge pressure caA " be generated in the ink pressure 15

chamber V\@mg??ﬂ&]%%%gg éﬁ.%ﬁ@llxti Ss @PRldtedn %gtirﬁ'ﬂe@ simhl ardpeptet can be

obt ai ned e enough droplet discharge spee is kept. In the inmage
recordi ng_apparatys,. the dyration of the firs ef ar. I LS. no | ess
than Ts/ Z?agﬁ%e tc#gcaﬁﬁe u?ﬁai eo\fO]?fha esé%or%evv%(\)/% \(%nvﬁé{gggﬁgﬁpggém%%tmre
than Ts/2. 1In the imge recording apparatus, duration of the third

wavef or m 6fenRft1GeT§8t er i ned such that droplet amount di scharged from
the nozzl e becones maxi num Therefore, the image recording apparatus can
make the nost of priessddétdenyiin athonraye Kecpr@Lrararhadg t@Riamber occurred
by applying the WD 03/ 026897 PCT/ JP02/ 09646 -69 second waveform el enment, so
t hat an opbienizied siHliferdnoplettwean detabttapnént anfd thee Aigisttage of t he
fourth waveform el enent can be |lowered. In addition, in the inmage

recor di NgywaAPEes At US.er@ntS5apat e i ahi i fifRicgien bBdm@en i gfrabtepoi nt of the
first waveformelenent and the third waveform el enent is greater

than a potential difference between the third waveform element

and an end point of the fourth waveform element. Therefore,

the nozzle meniscus can be pulled deeply, so that the volume

10 of ink occupying the nozzle can be decreased, and volume
change of the ink pressure chamber for discharging ink can be
decreased. Thus, a small droplet can be discharged.
The present invention is not limited to the
specifically disclosed embodiments, and variations and

15 modifications may be made without departing from the scope of

the invention.

20

25



than a potential difference between the third waveform el enent and an end
point of the fourth waveform el enent. Therefore, the nozzle neniscus can
be pul | edwoeaptess7 so that the volune 10 of ink occupying Phe/JrReZ®be can be
decreased, and volune change of the ink pressure chanber for discharging
ink can be decreased. Thus, a small groplet can be di scharged. The present
invention is not limted to the spéglfically di scl osed enbodi nents, and
variations and 15 nodifications nmay bexfmage w thout departing fromthe
scope of the invention. 20 25 WD 03/026897 PCT/ JP02/ 09646 -70 CLAIMS 1. A
head driving control apparatus for controlling a pressure generation part
that contracts and expands volune 5 of a pressurizing chanber connected to

a nozzle in a dropl_et g?sch rgi ng head, said head drivin ong ol
apparatus conpri siing® e&ﬂiaFgﬁl VETTHTIR g BRBFAE F R %ﬁﬁté%%%ro Eﬁﬁﬁtting a
driving signal including: 10 a first waveformelenent for contracting the
vol une of BAPESPIeIARSTAtAGR cRarbeknAl tIPHH 2818 chRd P FRPESIVOPIBE; a
second waveform el enent for keeping the contracted state in which the
vol unes of ofaadpprsssuirzinignghenbabeconsecisonttrast edzuht iin & Weepdets in said
nozzl e noves toward said

discharging head, saild head driving control apparatus

comprising:

a driving waveform generation part for outputting a
driving signal including:

10 a first waveform element for contracting the volume
of said pressurizing chamber without discharging a droplet;

a second waveform element for keeping the contracted
state in which the volume of said pressurizing chamber is
contracted until a meniscus in said nozzle moves toward said

15 pressurizing chamber;

a third waveform element for expanding the volume of
said pressurizing chamber from said contracted state;

a fourth waveform element fbr keeping the expanded
state of the volume of said pressurizing chamber; and

20 a fifth waveform element for contracting the volume

of said pressurizing chamber from said expanded state to

discharge a droplet.

2. The head driving control apparatus as claimed in

25 claim 1, wherein voltage of said first waveform element starts



15 pressurizing chanber; a third waveform el enent for expanding the vol une
of said pressurizing chanber fromsaid contracted state; a fourth waveform
el enent fwp okezg8PNg t he expanded state of the volunme of Pardrpr@ssuri zi ng
chanber; and 20 a fifth waveform el enent for contracting the volume of
sai d pressurizing chanber fromsaid gxpanded state to discharge a droplet.
2. The head driving control apparatu las clained in 25 claim1, wherein

vol tage of  sajd dd rstomvanebermel soendgestarts WO 03/ 026897 PCT/ JP02/ 09646
-71 to chaﬁge %F%n1annbffset voltage. 3. A head driving control apparatus

for controlling a pressure generation part that contracts and expands
volunme 5 of a pressurizing chanber connected to a nozzle in a droplet

di schargi ng head, wherein said head driving control apparatus ?@ﬁlies a
driving signal for:3cnt'Falt FRVIME SRIERE 8PPRET 1D riEss SRy thdnber

wi t hout discharging a droplet; 10 expandin% the vol une of said pressurizing
chamber @ahepressurmigsmEsaitaosabarhoZrte coatparteRrdOVRIIRENSE JOLBPessuri zi ng
chanber; and contracting the volunme of said pressurizing chanber to

di schaf geca drppsturi¥ing. cAambangeonesdedi hg appezrzataisin mclkdudphgta dropl et

discharging head,‘wherein said head driving control apparatus
applies a driving signal for:

contracting the volume of said pressurizing chamber
without discharging a droplet;

10 expanding the volume of said pressurizing chamber
when a meniscus in said nozzle is pulled toward said
pressurizing chamber; and

contracting the volume of said pressurizing chamber
to discharge a droplet.

15

4. An image recording apparatus including a droplet
discharging head comprising a pressure generation part for
contracting and expanding volume of a pressurizing chamber
connected to a nozzle in said droplet discharging head, said

20 image recording apparatus further comprising:

a part for outputting a driving signal that
includes time-series driving pulses each for contracting the
volume of said pressurizing chamber to discharge a droplet in
a driving period;

25 wherein parameters for each of said driving pulses



di schargi ng head conprising a pressure generation part for contracting and
expandi ng vol une of a pressurizing chanber connected to a nozzle in said
dropl et dwewbarqshbng head, said 20 i mage recordi ng appar at @ETIIROY/(9646
conprising: a part for outputting a driving signal that includes
tinme-series driving pul ses each for contracting the volune of said
pressuri zi ng chanber to di scharge a"7da'"opl et in a driving period; 25

wherei n para . i_d LVi I 3L0268897, x

PCT] 3P02) DEpAE aF B HE of o et Sacth CHAT an cuat ran 1 2 Pate (1 t5d = n X
Ts holds true, wherejn tr is a rising.fine co Pwyi S. pul se w dt h,
tf is a ?éﬂ#n&rﬁenewh%lﬁgf%n% a5 5131}5%{%%&6 iqi%tr%&%gl ) lla'!év %% % resonance
frequency of the pressure in said 5 pressurizing chanher, and n is an

i nteger rPASEsEifkEn ¥ 1sThefFEgE Eé‘@%r‘a?%taé'b arst ¢§ 8sP3imed in claim
4, wherein n in said equation is 2 or 3. 10 6. The inmage recording

appar at usinkenyiedi. nBd ia el nesenanceisrarARCAsOF giheadirasent et Wd Hi%Yi ng

pul ses with respect to time in said time-series driving pulses, nin said
equat ison pfeysuaneiag dhadpacerdndm visngnpihsegers rgr datser thaani n for the
previ ous said adjacent driving pulse. 15 7. The inage recordi ng appar at us
as clainmed in claim 4, wherein an equation Pw + tf = (n + 1/4) X Ts hol ds
true for

5. The image recording apparatus as claimed in claim

4, wherein n in said equation is 2 or 3.

10 . 6. The image recording apparatus as claimed in claim
4, wherein, as for adjacent two driving pulses with respect to
time in said time-series driving pulses, n in said equation
for one said adjacent driving pulse is greater than n for the

previous said adjacent driving pulse.

15
7. The image recording apparatus as claimed in qlaim
4, wherein an equation Pw + tf = (n + 1/4) X Ts holds true for
the last driving pulse in said time-series driving pulses.
20 8. The image recording apparatus as claimed in claim

7, wherein tf is greater than Ts for sald last driving pulse.

9. An image recording apparatus including a droplet
discharging head comprising a pressure generation part for

25 contracting and expanding the volume of a pressurizing chamber



the last driving pulse in said tinme-series driving pulses. 20 8. The inmge
recordi ng apparatus as clained in claim7, wherein tf is greater than Ts
for said wes/oesdvi ng pul se. 9. An inage recordi ng appar ara3/JPoxdeh ng a
dropl-et discharging head conprising a pressure generation part for 25
contracting and expandi ng the volune .of a pressurizing chanber WO 03/ 026897
PCT/ JP02/ 09646 -73 connected to a nozzZle in said droplet discharging head,

said i nmagedeeafdi 79 appasalelsiC R 8irbgled PREdhdRfinguhpadt i A driving
waveformincluding a plurality of tinme-series driving pulses in a driving

peri odi S el trdeBk sl eablyLlthARBll-Ag gL | east a first signal and a
second signal” to said pressure generaltion part, wherein each of said first

and second signals gs o?%a%ggqnjr%%ki%aid riyin wav forn% w@e ein:. said
first signal includ8sPariviff PUPEESBEch OF VIt I &T OEBnt PALiShéE vol une

of said pressuri,zing_chanber to discharge a droplet; said second signa
i ncl udes af)%?é%ﬁ/nga EMBRTST0YeS CERVAREt PRSShel VAl GFd Véna seRod;
pressuri zing chanber to discharge a droplet after expandi ng the vol une of

sai d 15 pressurizi ng BhtRbEPT sElecThwelvagerteiny dithdeapparafiusstas cl ai med
in claim9, wherein a first pulse in said tine-series driving pulses is
used for commedctindgat hecomd unnafl sai dapd essens wianged@rabanbeaesam t hout
di scharging a droplet.
wherein each of said first and second signals is obtained from
said driving waveform; wherein:
said first signal includes driving pulses each of
10 which contracts the volume of said pressurizing chamber to
discharge a droplet;
said second signal includes a waveform element for
contracting the volume of said pressurizing chamber to

discharge a droplet after expanding the volume of said

15 pressurizing chamber.

10. The image recording apparatus as claimed in
claim 9, wherein a first pulse in said time-series driving
pulses is used for contracting the volume of said pressurizing

20 chamber without discharging a droplet.

11. The image recording apparatus as claimed in
claim 9, wherein said part for selectively applying further
selectively applies a third signal formed from said driving

25 waveform,



11. The image recording apparatus as clainmed in claim9, wherein said part
for selectively applying further selectively applies a third signal forned
from sai dworode2asg7 25 wavef orm WO 03/ 026897 PCT/ JP02/ 09626 TAPER/0Mker €i n
said third signal includes waveformelenents of driving pulses for'said
first signal and of a pulse for contracting the volunme of said
pressuri zi ng chanber w thout disché]@Tng a droplet, in which a droplet is

di schar ged by 5 USifg. ;0 Lt 0PSO Ber : bBARANGd AT LY bthiul se i

said driving pul ses for sal irst signal. . e i mage recording

apparatus as.clained in claim10 erei.n_sald_j r r.di appar at us
sel ects oﬂfydﬁkY¥ﬁ%(?uﬁFF§tfBEI§%¥j§ﬁgsgpﬁﬁgggis%#%a |f§$&%5gsgg¥o sai d
pressure generation part while printing is not perfaorned. 13 . The image
recor di ngCoppRGinY dSecVailHRg Ph STCaPAEESUnhELRY TS BRIV gnal
includes: 15 a first waveformel ement for contracting the volunme of 'said -
pressuri zihsclohariyer anidrbpdetdi sehirigibng drapoptets @l ssd@sagiwavef or m

el enent for keeping a contracted state-in which the volunme of said
pressus i zufgndg hardgrying ptoper athed Whahni tha bhest séusving saildentzzl e noves
toward said 20 pressurizing chanber; a third waveform el enent for

expandi nggt e wolwin®, ¢fu1s88i dopr essurdizishgsefaaber from said contracted
state; a fourth waveform elenent for keeping an expanded
12. The image recording apparatus as claimed in
claim 10, wherein said image recording apparatus selects only
10 said first pulse, and applies said first pulse to said

pressure generation part while printing is not performed.

13. The image recording apparatus as claimed in
claim 9, wherein said second signal includes:

15 a first waveform element for contracting the volume
of said pressurizing chamber without discharging a droplet;

a second waveform element for keeping a contracted
state ‘in which the volume of said pressurizing chamber is
contracted until a meniscus in said nozzle moves toward said

20 pressurizing chamber;

a third waveform element for expanding the volume of
sald pressurizing chamber from said contracted state;

a fourth waveform element for keeping an expanded
state of the volume of said pressurizing chamber; and

25 a fifth waveform element for contracting the volume



state of the volune of said pressurizing chanber; and 25 a fifth waveform
el ement for contracting the volune WO 03/026897 PCT/ JP02/ 09646 -75 of said
pressuri z2wog3ob@aber from sai d expanded state to di schar geCa/Jdoxnpbet . 14.
The i mage recordi ng apparatus as clainmed in 5 claim 13, wherein voltage of
said first waveformelenment starts to change froman offset voltage. 15.
The i nmage recordi ng apparatus as clafted in claim 13, wherein the pul se

hei ght of  sal g d il avel abmllueheresh ba1gehsiitiid bkea ¥o! tage dr op

occurring during'the tine sal d second waveform el enment is added. 16.
The i mage rqggrdin%.%%paia%us as claimed in claim9, wherein said second
signal i netidEE YavefSPmieFements 15 of said driving pul ses for said first
signal which driving pulses have the same pul se height. 17. The i mage
recording apparatus as clained in claim9, wherein said driving waveform
includes a driving 20 pulse for contracting the volune of said pressurizing
chanber without dildch&hgi anage drasireinonheparatihapplgenndi §ht of the
driving pulse is smaller than that of other driving pul ses for discharging
a drod etclim 18, Theretageol enpyr diingadppatias iswase Tl re@dment WO 03/ 026897
PCT/ JP02/ 09646 -76 claim 17, wherein said driving pul se having snall er

pul se starts to change from an offset voltage.

15. The image recording apparatus as claimed in
claim 13, wherein the pulse height of said first waveform
10 element is set such that a voltage drop occurring during the

time of said second waveform element is added.

16. The image recording apparatus as claimed in
claim 9, wherein said second signal includes waveform elements
15 of said driving pulses for said first signal which driving

pulses have the same pulse height.

17. The image recording apparatus as claimed in
claim 9,4wherein said driving waveform includes a driving
20 pulse for contracting the volume of said pressurizing chamber
without discharging a droplet, wherein the pulse height of the
driving pulse is smaller than that of other driving pulses for

discharging a droplet.

25 18. The image recording apparatus as claimed in



hei ght is applied to said pressure generation part in each cycle of
printing. 5 19. An image recordi ng apparatus including a droplet

di schar giwg obead9Tonpri sing a pressure generation part foPCTOBMYMasY i ng and
expandi ng vol ume of a pressurizing chanber connected to a nozzle in said
dropl et discharging head, said inage_ recordi ng apparatus conprising a head
10 driving control apparatus for cdﬁ%@blling said pressure generation

part, saigh head Ariying;6o0s 191, ARRALALUS se CREPIAS fih118-dbhyiag wavef orm
generation part for outputting a driving signal 1ncluding: 15 a first

wavef orm el enent. for _cont.racting, the val f i.d _pressurizi,ng chanber
wi t hout diSt disnﬁlpgi&%p %ts;algj $&E6R rvvangg?%?%é%ne%ﬁ? ?gré%érgpi ng a
contracted state in which the volunme of said pressurizing chanber is

cont ract e ¢t i9f @5+E8€us in said nozzle noves toward said 20
pressurizing chanber; a third waveform el enent for expanding the vol une of
sai d pressurizing chanber fromsaid contracted state; a fourth waveform

el enent for keeping an expanded state of the volunme of said pressurizing
chanber; and 25 a fidf.t Anwanvedormereiiengt abpargom riactludgnghe dodpinet WO
03/ 026897 -77 PCT/JP02/ 09646 of said pressurizing chanber fromsaid

expanded giaturdfQng head comprising a pressure generation part for

contrécting and expanding volume of a pressurizing chamber
connected to a nozzle in said droplet discharging head,
hsaid image recording apparatus comprising a head
10 driving control apparatus for controlling said pressure
generation part, said head driving control apparatus
comprising:

a driving waveform generation part for outputting a
driving signal including:

15 a first waveform element for contracting the volume
of said pressurizing chamber without discharging a droplet;

a secdnd waveform element for keeping a contracted
state in which the volume of said pressurizing chamber is
contracted until a meniscus in said nozzle moves toward said

20 pressurizing chamber;

a third waveform element for expanding the volume of
said pressurizing chamber from said contracted state;

a fourth waveform element for keeping an expanded
state of the volumekof said pressurizing chamber; and

25 a fifth waveform element for contracting the volume



di scharge a droplet. 20. The inmge recording apparatus as clainmed in
claim3, wherein pulse height in said driving signal is changed accordi ng

t o envi r oNO®aHAI8IT enper at ur e.

5

21. The inage recordi ng app&catpe/@s4ccl ai med

in claim9, wherein pulse height in said driving waveformis 10 changed
according to environnental tenperaturs, 22. The inage recording apparatus
as clainmed in claim3, wherein said pressure generation part is a

pi ezoel ectaf caiidopakesuoizddB detmerafi-on. sd5d 2&patided Bagee resor di ng

claim9, wherein said pressure generation part
20 24. An image recording
sai d dropl et discharging

apparatus as clainmed in

a piezoel®@aidhaggel Bratep1&f. d33 defornmation.
apparatus including a droplet discharging head,

head conprising a pressurizing chanber, a nozzle connected to said

pressuri zing chanber, a pressure generation part for contracting and
expandi ng vol une ofzaaiv@Sl r.essurizing.chanber, 25 said_ipage recording

37 5A589 PCREST AP RYEAES- 78 FhalteR it a driver

appar atus conpri si ng:
ng saig pressure generation part; wherein said driver outputs a

for drivi

driving s

10

15

20

25

f FREFe Rt Gemhetehent o f or i drdivdragsienal is

changed according to environmental temperature.

21. The image recording apparatus as claimed in
claim 9, wherein pulse height in saidldriving waveform is

changed according to environmental temperature.

22. The image recording apparatus as claimed in
claim 3, wherein said pressure generation part is a

piezoelectric vibrator of d33 deformation.

23. The image recording apparatus as claimed in
claim 9, wherein said pressure generation part is a

piezoelectric vibrator of d33 deformation.

24. An image recording apparatus including a
droplet discharging head, said droplet discharging head
comprising a pressurizing chamber, a nozzle connected to said
bPressurizing chamber, a pressure generation part for
contracting and expanding volume of said pressurizing chamber,

said image recording apparatus comprising:

is



5 pressurizing chanber; a second waveform el enent for keeping a expanded
state of said pressurizing chanber; and a third.waveform el enent for.

cont ract iwgQ 03@2a$97 pressuri zi ng chanber from sai d expandedPSTaPE&/19646

di scharge a 10 droplet; wherein a pulse width of said second waveform

el ement is determ ned such that droplej— di scharge speed is greater than a
predeterm ned value. 15 25. The inmage recordi ng apparatus as clained in
claim 24, wherein s&i @V o daivéngosappl yresaiutet hendraevef granel enent

at a time when pressure in said pressurizing chanber becones positive. '20

26. The inmage recor éhegeappariat dxiasrcbatp®es i drekahy 2bgnaher ein duration
of said first waveformelenent is no nore than Ts/2, wherein Ts is a

peri od of ipredssling: vibration in said pressurizing chamber. 25 27. The
i mge recording apparatus as clainmed in WD 03/ 026897 PCT/ JP02/ 09646 -79 5

10 claim 24, whereig gurati aj | yd-waveformelenent is no nore
than Ts/2, wherein Ts is a“%gre?éﬁao%g%&%g%uﬁoer e\}fipﬁpggﬁl%r?a}lrfl sai d

pressugi zi aber 8. .The i mage recording apparatus as clainmed in
cl aim 24, 'p\%%g%@?%?%é d&(frmlb\?lxng signal further includes:

a second waveform element for keeping a expanded
state of said pressurizing chamber; and
a third waveform element for contracting said
pressurizing chamber from said expanded state to discharge a
10 droplet;
wherein a pulsé width of said second waveform
element is determined such that droplet discharge speed is

greater than a predetermined value.

15 25. The image recording apparatus as claimed in
claim 24, wherein said driver starts to apply said third
1

waveform-element at a time when pressure in said pressurizing

chamber becomes positive.

200 26. The image recording apparatus as claimed in
claim 24, wherein duration of said first waveform element is
no more than Ts/2, wherein Ts is a period of pressure

vibration in said pressurizing chamber.

25 27. The image recording apparatus as claimed in



a fourth waveform el enent for keeping the state where contraction of said
pressuri zing chanber by said third waveformelenent ends; and a fifth
wavef or mwbaeaeedsdf or contracting said pressurizing chanb@CTiBoz09Isi6at e
corresponding to a state before said first waveformelenent is applied.

29. The image recordi ng apparatus as glalned in 15 claim 28, wherein
duration of each of said fourth and fi’fth waveform el ements is no | ess than

Ts/ 2, wher@bAmTs4al swieREH Qlra®lioR! &6SIH R WrFal r@he f s &l 1Gmh@SSHI i Zi ng
chanber 30. The |nage recordi ng apparatus as clained in 20 cl ai m 24,

wher ei n a,B0LERLi ahafli£d er COGE, DL VEEN A SLANL A0l Olo5a) d i1t

wavef orm el enent and sai d 'second wavef orn1 'ement i greater than a
pot enti al grence be%gfen sai.d, seco veforn1e|enent and an end point

of said tP{ilIQHa WAV etdrift’dl EFEREYT25-/D 897 -80 PCT/JP02/ 09646 31. An

i mge recording apparatus including a droplet discharging head, said
dropl et discharging head conprising a pressurizing chanber, a fluid supply
chamber connected to said pressurizing chamber, a nozzle connected to 5
sai d p?essurizi ng ch&ntithe imapeesstrrligenarmeireupars dloyimecoAnracti ng and
expandi ng vol une of said pressurizing chanber, said inage recording
appar at us ctatmr 24| ngierein said driving signal further includes:
a fourth waveform element for keeping the state
where contraction of said pressurizing chamber by said third
waveform element ends; and
10 a fifth waveform element for contracting said

pressurizing chamber to a state corresponding to a state

before said first waveform element is applied.

29. The image recording apparatus as claimed in
15 claim 28, wherein duration of each of said fourth and fifth
waveform elements is no less than Ts/2, wherein Ts is a period

of pressure vibration in said pressurizing chamber.

30. The image recording apparatus as claimed in
20 claim 24, wherein a potential difference between a start point
of said first waveform element and said second waveform
element is greater than a potential difference between said
second waveform element and an end point of said third
waveform element.

25



a driver for driving said pressure generation part; wherein said driver
outputs a driving signal 10 including: a first waveform el ement for .
expandi ngweaBd268pT essuri zi ng chanber by causing a first pPesgBOR9%4 sai d
pressurizing chanber; a second waveform el ement for expanding said 15
pressuri zi ng chanber by causing a se_cERp_d pressure |arger than said first
pressure in said pressurizing chanber; a third waveform el enent for keeping

an expanded state 8f.said iptagesueicoiragnghasherstexpandeddbyg sai d second
waveform el ement; and 20 a fourth waveform el enent for contracting said

pressuri zidwprokamhes hiamsaind expandedastat s tcﬂs%éseg?ﬁ@m@ad droplet. 32.

The i nmage recordi ng apparatus-as clained in 25 claim erein each of

idfirst : M £026897 -81 .PCT/JP02/ 09646 el enents
fS glrms ;rzicsc arlégﬁgﬂgs%\?e ngsfnugrrlrsyél}qg 2 gﬁg‘%ﬁrmﬁe S Sgpgg%n{:)h?ré?% a \(,:\Ear ge
I . 33. The i recordi ng apparatus, as clained in 5 claim 32, erein
Vol tage cIERRIECFARo BISd] PrEaclnd WAy eFsine Tl BNBREZEE GPRAREST fian

vol tage change rate of said first waveformelenent. 34. The inage
r ecor d?P ng SEPPaPAFESU AR dIhiNeaER . & pressure generation part for

contracting and expanding volume of said pressurizing chamber,
said image recordiﬁg apparatus comprising:

a driver for driving said pressure generation part;

wherein said driver outputs a driving signal

10 including:

a first waveform element for expanding said
pressurizing chamber by causiﬁg a first pressure in said
pressurizing chamber; |

a second waveform element for expanding said

15 pressurizing chamber by causing a second pressure larger than
said first pressure in said pressurizing chamber;

a third waveform element for keeping an expanded
state of said pressurizing chamber expanded by said éecond
waveform element; and

20 a fourth waveform element for contracting said
pressurizing chamber from said expanded state to discharge a

droplet.

32. The image recording apparatus ‘as claimed in

25 claim 31, wherein each of said first and second waveform



10 claim 33, wherein duration of said first waveformel enent is |onger than
duration of said second waveform el enent. 35. The inmage recordi ng appar at us
as cl ai rewoion/02ashmi m 31, wherein duration of said first waeefieoaneleenent is
15 no less than Ts/2, wherein Ts is a period of pressure vibration in said

pressurizing chanber. 36. The inmage rgcordi ng apparatus as clained in
claim31l, wherein duration of said second waveform el enent is 20 no nore
than Ts/ 2,eMEREFNLITENS 2 dligehicadeobupsessand satidbiFatiren v Sesn

pressuri zing chanber. 37. The inage recording apparatus as clainmed in

cl ai m 31, adleeesitnfdumatd athaofgesaiudsthi rd wavef orm el enent is 25 determ ned
such that droplet anmount discharged fromsaid -82 nozzle becones maxi num

38. The image recordi ng apparatus as clained in claim31l, wherein
potential difference between a start point 5 of said first waveform el enent

and said third wav r I eater than potentjal difference
bet ween sai d t hi rdeﬁﬁb\rﬁé}%o?%g{%eﬁéﬁ?ggln%g &FPERE H5i At of2 X% iourt h

wavef oem _gl .10 .
5 dﬁa@ﬁegé, %hereln voltage change rate of said second waveform

element is greater than voltage change rate of said first

waveform element.

34. The image recording apparatus as claimed in
10 claim 33, wherein duration of said first waveform element is

longer than duration of said second waveform element.

35. The image recording apparatus as claimed in
claim 31, wherein duration of said first waveform element is
15 no less than Ts/2, wherein Ts is a period of pressure

vibration in said pressurizing chamber.

36. The image recording apparatus as claimed in
claim 31, wherein duration of said second waveform element is
20 no more than Ts/2, wherein Ts is a .period of pressure

vibration in said pressurizing chamber.

37. The image recording apparatus as claimed in
claim 31, wherein duration of said third waveform element is

25 determined such that droplet amount discharged from said



10

WO 03/026897 PCT/JP02/09646

-82—

nozzle becomes maximum.

38. The image recording apparatus as claimed in
claim 31, wherein potential difference between a start point
of said first waveform element and said third waveform element
is greater than potential difference between said third
waveform element and an end point of said fourth waveform

element.



