WD 03/ 026897 PCT/ JP02/ 09646 -1 DESCRI PTI ON | MAGE RECORDI NG APPARATUS AND
HEAD DRI VI NG CONTROL 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 inkrehameerihirsik (lanwanef oM thenfOr 7| RS thatafle W 03D 2G8%% e

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

03/026897dggzigggglQgﬁéﬁﬁjﬁﬂhethod 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 et T PepER ool YA e i hg st gnal | bet 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@ktobel hgoiBrEey dad MO P34 H26B97:RET/e1RBAZLOI646] 15yD-

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 WX/ A2689¢cPedi dF026 064Ficabion 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



pressure chanber, and, after that, ink is discharged by contracting the
vol unme of the pressure chanber. In this process, the speed for expandi ng

t he vol unwooB/otdse7 pressure chanber in the first stage isPchanreg@esccordi ng
to recording 5 characteristics of a recording nedium so that only ink

di scharge anount can be freely changegd while ink discharge speed is kept
to be constant. As for an inkjet head that uses high viscosity ink, it is
necessary R0 “SHEPt ERATIRRE ¢ iaRel f e teaf Ehit pginlnkisf taecanrgd® hpk supply
chanber for obtaining good frequency characteristics. Therefore, fluid

resi st ancEREroFtang| thel valesiestodntrepprésshal GRRABELS theyink pressure
chanber and the ink supply chanber needs to be snmall. In a case where the

i nkj et headocssdyi vied dpecl TRV RRbLAARG dfi kRg SLonal ving 15 a pul se
wavef orm shown in Fig.1l for an inEjet r%cofﬁingUEgpggrE usSa 6%Fﬁng t he

"pul | and ceheser DRtHed, s when s‘E%g’T@? T(feﬁsﬁ}gqqe%';l\%%fzﬁggfgg ‘i’{? tsrhe,e%{jrrgﬁpgr 255‘” €

chanber is large (that is, when

negatiye RHESSHEL 4L ; i nk_pressure chgmber becones |arge, and the
supply of ink 20%%%%‘% gf: ﬁkr§885 W%Hﬁﬁ?ﬁé’f“ri §OpEREbromly sipéedi |y since
the fluid.resistance Ry is smal Therefore, pulled depth of the nozzle

| .
Meni scus ganno?r%ﬁaﬁgf . “¥habPei §reaky sHewgeinwhige | ink alidichehaege pul se
101 is output for a period of time Tfs during which the voltage decreases
fromthe §§F?%g€3&?*ﬁhéOZBGh@P@$h@W@uIse 100. Then, a hol ding pul se 102
(vol tage Vpb) is WO 03/026897 PCT/JP02/ 09646 -7
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



output for a tinme period of Pws, and a charge pulse 103 in which the

vol tage increases for a tine period Trmis output. After that, the voltage
of the puweasbamsenes Vps (holding pulse 104). On the ot hecThamieid t he
vol ume expandi ng speed 5 of the ink pressure chanber is decreased, pressure
in the ink supply chanber cannot bejncreased. Thus, it cannot be

expected to realize efficient ink discharge by using the pressure in the

i nk suppl yPERATHEPT i DS Drivich ofePas i onshisp dbetryeepuibe 13 Pws in 10
t he pul se waveform and the depth of the nmeniscus fromthe nozzle surface

of the inkjldchhéhd. vohtdgg. ihcrdiserokbage Mas des18BPLLE; § Oo}%%t
pi ezoel ectric vibrator by the holding pulse 100, so that the pieZoelectric

vi brator ixftelrathed, afiee wxtendeds Ae ayfesubl., Lupe_of the ink pressure
chanber 15 decreases. Next, tﬁgﬁpiezo%ﬁ%c§%?gkﬁfﬁggtggsiém%§ﬁéﬁbed by

di schar gi pi1tshe1prezo i iL.ar t.o. the voltage Vpb by the discharge
. F QhPQ&kJ%t%FQtﬁéﬁﬁ' i 85¥8h8m herrEtding erpadded. At

pul se 101, so that the volune o e 1hK

this time,prgss curs_in the ipk supply chanber, wherein the
nagnitudecbf t éﬂggzggﬁégﬁFecgﬁﬂgﬁfegsé@9§eﬁé?ﬁodpqg$$$ﬁu§m dhacénkegat i ve

pressure %ﬁgﬁ%s fﬂéﬁ%’ the nmenjscus is pulled toward the inside of the ink
pressure C (< &T, SPRRCSt Bet snexeased . sufphis edigreaduald pef rom t he ink

supply chanber. As a result, as the ink is supplied, the neniscus that is
once pul | ESPPAYS TGy deaaiey pFSbsient tihe duséhseg®fby hesiRezzhe while the WO
03/ 026897 PCT/ JP02/ 09646 -8
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



meni scus perforns danped vibration for a period of Ts. Considering that
hi gh visco- _-- ty ink is used and fluid resistance Ro is small, when
vol t age AVO0I08/0x@8P7t 0 be constant and the tinme Tfs is set PCo/Jp@/®hert, the
meni scus depth is 5 small and the anplitude of the vibration is large. If
the tine Tfs is set to be longer, the neniscus depth beconmes deep and the
anpl i tude becones small. It is known that the neniscus depth has a cl ose

rel ati onshidaiwctB %@kf&fn@olc@hpeamﬁiatrawo:b_efdﬁ scharged, oangs t he anplitude
of the vibration 10 has a close relationship with ink di scharge speed. That

is, whendl J.§.LE nggg:t .obt al. " sipal | [o]e] by,using a |arge
meni scus é%fﬁ?eggégre |nEu'|sg%gfgé‘ggé%ﬁlggnﬁggebgﬁdo %%ﬁ%ed. Thus, a

| arge di scharge voltage is necessary. However, when ink di scharge sEeed is
i ncr eased 15 1GSPREE &RO 155 159°g¢ - d"EERAY R tAPels t PRE i%ik Rfi SORSFFRCanount
becomes |arge_ at the sanme tinme. Thus, the desired size of a small ink
dropl et c@WotthBeteBe alffed:s AStf 6P PReSheEhnitGGe™ariervs e d8panese

| ai d- open patent application No.6-297707, vol unme expandi ng speed of the

20 preSsursmadBaphér tiod anipd iitnikdeet fhehd cirrdigochangédrde eel 34 e that only
the ink di scharge anount can be changed freely. However, the ink discharge
speed becanes SFewis Téher efone, lopgent i tige speadcus Hopel atkcand pickent i ng
image quality is |owered due to variations of positions of ink droplets 25

proj ect ed Qi1 ankesmpti NGidTedicddme s\V\n931 026897 PEELIR024 00646, - 9-

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. Thq? is{
when it is intended to obtain a small ink droplet by uégng a
large meniscus depth, desired ink discharge speed cannot be
obtained. Thus, a large disqharge 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-opeén

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.



DI SCLOSURE OF THE INVENTION It is a first object of the present invention
to provide a head driving control apparatus and an inmage 5 recording
appar at uswbas/ozaspr ovi ng reliability of a droplet dischar@cagrixm@eisuch as
an inkjet head in the inmage recording apparatus. It is a second object of
the present invention to provide an_image 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
generation part that contracts and expands vol une of a pressurizing

chanber cg 2 TRRZ 28 ek dropl et 15 di scharging head, the head
driving control apparatus conprising: a driving waveform generation part
for outputting a drij,vi,ng_signal including:.a first waveform el ement for
contracting vol une d#zJfbatﬁgrBFeggb??Eﬂﬂgt@ﬁaﬁﬁgﬁeﬂft+EXﬁn?H¥%ﬁﬁrging a
droplet; a second waveform el enment for keeping a contracted state in which
vol ume of PERELAR e difd% idhg VeRANBRRLTRL RMRRAEe e8 &Y | 1%2%%eni scus in the
nozzl e noves toward the pressurizing chanber; 25 a third waveform el enent
f or expandierngrdiry anaretos VWOr 0302689 PEILIPORL0D64E a -Opled
pressuri zing chanber fromthe contracted state;

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



a fourth waveform el enent for keeping an expanded state of the vol une of
the pressurizing chanber; and a fifth waveform el enent for contracting

vol une ofwoIslsIpressuri zi ng chanber fromthe expanded statrdroxwodicschar ge
a droplet. According to this invention, the driving voltage can be applied
only when printing is performed. Thus,,the tinme for applying voltage on
the pressure generation part can be 10 shortened, so that reliability

i ncr eases. tlen paddistic09ind hehalpae -frent tRaechobiRaled Staehi.eved by an inmage
recordi ng apparatus including a droplet discharging head, the droplet

di schargi ng head cogpeieifg avd¥RESHiLALRNY ey, ng aggékﬁamect ed to

the pressurizing 15 chanber, a pressure generation part r contracting and

expandi ng val.-u of 1he pr urizing chanber, the ina recordi ng
appar at us %%errcﬁr |8§| %:e ‘§°£ rrfl?/eor??%re 85?5?%@1%%%; 5 EERTFé a’gﬁer ation part;
wherein the driver outputs a driving_signal 20 including: a first waveform
el ement for expandi Agtthe! FHELQ %#ﬁﬁe%mﬁ%ﬁon&rﬁééﬁa V&9 el enent
for keeping the expanded state of the pressurizing chanber; and 25 a third
wavef oPm etherPaessBriebrd rataniey tthemWi @ 302687 PCRLEPOR/ dbsd®rgel 1
pressuri zing chanber fromthe expanded state to discharge a

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



droplet; wherein a pulse width of the second waveformelenent is

determ ned such that droplet discharge speed is greater 5 than a

pr edet er ivoped/ox@bue. In this invention, the pul se w dth ofrcrheoz®sond
wavef orm el ement nmay be determ ned such that droplet discharge speed is
maxi m zed. According to this inventi_ci)ﬁ)L the image recording apparatus can
make the nost of pressure vibration in 10 the pressurizing chanber caused

by applyi pgetherfdinsd maweker frorl €@ nixpasdetinatatd optdiscradgenal | dropl et
can be obtained and the voltage of the third waveform el enent can be
lovered. Ruphher, the above-nentioned object is achieved by an imge
recordi ng apparatus including a droplet discharging 15 head, the droplet

di schargi ng head conprising a _pressuri.zing.chamb a fluid s hanber
connected to the pﬁgggﬁ?Pz%nSUE%%dﬁbéP;og E%nggg%g%ﬁgﬁﬁggg?bgﬁﬁggng
pressuri zing chanber, and_a  pressure generation part for contracting and
expandi ngEheetIHARE SHCPh&PpF eSEW IS H@SEﬁaﬁﬁ%r,p??ﬁa%%n%ﬁ?aiﬁﬁordigg 20
apparatus conprising: a driver for driving the pressure generation part;
wher ei h t iBadrd werednigroiged #aiveng signal including: a first waveform
el ement for expanding the 25 pressurizing chanber by causing a first
pressure in the WOIB/h268974vEPLTLIPOHEO 646 se- #2dtlpres surd siergndhanber

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



a second waveform el enent for expanding the pressurizing chanber by
causing a second pressure larger than the first pressure in the

pressuri z2wog3ob@aber; 5 a third waveform el enment for keepipag/Jao/@spanded
state of the pressurizing chanber expanded by the second waveform el enent;
and a fourth waveform el enent for cogggacting the pressurizing chanber

fromthe expanded state to discharge 10 droplet. According to this

i nventionprtbenfisstg waveiRrm el ement enabl es sl owi ng the speed of
expandi ng the volume of the pressurizing chanber, so that the pressure in

the fluid supply %PﬁﬂgﬁE“fk£5ﬁ§#§9“*fﬁﬁgﬁp%5% o aR§§Q§qﬁ§§sed and ink 15
supply fromthe fluid supply chanber can be sl owed. result, the
meni scus can beﬁgujled}%%Fysigg the first mave&orn1 el emrent . Th?ﬂ t he
second si §NEFSEREHIEE THEPELs PR T I ¥hEe § S 0P JeRpERTT Iy t1HIVoFiAB of the
pressuri zing chanber to increase the pressure in the fluid supply chanber.
As a 20 ftBsufirsydigenfeinsseéd bf RFSTWHIFRG FAR™ESR’ be decreased. Thus,
a small droplet can be obtained while enough droplet discharge speed is
kept. ©@ her objects tflEatdumeyedndn aehemsrdagéorokeehéng prresepandadenti on wil |
becone nore apparent fromthe followng 25 detailed description when read
i n conjunethdd of tthd rdMEuR3L0R68H el $RP2HA8646y tHS-seapadnmpanyi ng
dr awi ngs.
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 enough 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



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.1 shows a waveform of a conventi onal
driving 5 signal for an inkjet recording apparatus; Fig-2 is a graph for
expl ai ni yotobe2asper ati on by the driving signal shown in PCyJR2/®6ep. 3 1S a
perspective view showing a schematic configuration of an inkjet recording
apparatus according to an 10 enbodinent of the present invention; Fig.4
shows a section view of the inkjet recording apparatus; Fig.5 is an.

expl oded ViSRTBEY ABY| Akgwindsead; Fig.6 shows a section view of the head
inthe 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 a section viewin the direction of
perpendi cular to the length of the fluid chanmber; Fig.9 shows a control

part of tBRIER %49] 4 atyus; Fig. 10|saf|gurefor

expl ai ni ng the oper ation of the r| ving control apparatus according
to a first enbodine lof H r nt_invention; 11 show a driving
signal and change of ° %%gpge‘g%ﬁeréoﬁnh Qtfﬂé FPBi"ﬁngh%ﬁﬁﬂerdr(lpfr-‘@gsurl zing
chanbes) for, 0 689 /JP02/ 09646 -14 explaining a second

enmbodi nent gfgghe%e%ld Gy \?l nGECUTHIS abRgFatasus of the present invention;

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



Fig.12 show a driving signal and change of the pressure in the fluid
chanber (pressurizing chanber) for 5 explaining a third enbodi nent of the
head dri vwog@302d8pT ol apparatus of the present invention; PETgPL0%4 a
figure for explaining paraneters of a driving pulse in the third

enbodi nent; Fig.14 shows a result of experinent for nmeasuring 10 change
wi dt h (range) of ink droplet speed V]14\7\,ith respect to "pulse width Pw +

falling timeconstand §é°cdnd:'e91b$élﬁ&9%@ t‘i{e‘ wiag wavefor mardogriving
signals according to a fourth enbodi ment of the present”invention; Fig.16

is afi gutragpﬁ%tﬁé(iplﬁ ngjr el.ection 15 O%ondl tions in the fourth

enbodi nmen riving Waver orm and dr| ving signals according
to a fifth enbodi nent of the present, inventiaqn; .18 is_a figure for

expl ai ni ng sel ecti 0’5?11‘1:&'r?dlsthioffné1 ARYiRe fsilﬂnﬁleﬁﬁGdF P¥e 2h PEy. 19 shows an

exanple for setting pulse height of a driving pulse for contracting the
pressuri zPAgseweRrber  therifgidd ichamber glRteSsor 1exphaFhimee terfeer at ur e
conpensation for the driving waveform Fig.21 is a schematic bl ock di agram
of an bnkjeepl2bnjmg rd erthiasl ambexanphie of thee hedgdrietny dioygrappar at us of
t he WO 03/ 026897 PCT/JP02/ 09646 -15 present invention according to the
si xth enbedpaeitus RO 2% Prewend hengidiwdi;nal section of the inkjet
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



head according to the sixth enbodi nent; Fig.23 shows a waveform di agram
showi ng a waveform5 of the driving signal applied to the inkjet head for
form ng awovnmbdsotot; Fi g.24 shows a result of eval uati onPof/JPiezodssok

di scharge speed Vj and the ink discharge amount M while changing the
pul se width Pws; 10 Fig.25 shows a r_g%u_lt of eval uation of dependence on
the driving voltage Vpp (discharge voltage) for discharge speed; Fig.26

shows depgjidesey oRveRe: PMlSeoMadhl PYStEOrsidthe dbadinsshar ge speed Vj; 15
Fi g. 27 shows dependency on the pulse width Pws for ink discharge anmount

M ; Fig.28 shows de o i,n L SLhay \, p r..Lhe ink

di scharge speed V] gﬁ q%k%ﬂgcﬁarﬁagé{gmunt Ms(%lcttglgg gg E}ﬁ%\%/snkéreégcendency on
the pulse wi dth Pwm.for 20 the ink, discharge speed Vj and ink discharge
amount M ;heagi §C50° SHaRs AN Bk &HIE B %&lﬂﬁgﬁr{ﬁ’ng wavef orm of a

conventional inkjet_printer; Fig.31 shows a waveform of a driving signal
according to a seveh?hemitRiismente@Beiee HiresEdm ShAVERTi driravefoEy. 32

shows a waveform of a conventional driving WO 03/026897 PCT/ JP02/ 09646 - 16
si gnal 5f orofcGhpadichging thianed waveled ntshidwn linkjkitgh8agd 6 £BJiskons a
rel ati onship between a tine (Tfsl+Pws)

small dot;

Fig.24 shows a result of evaluation of the ink
discharge speed Vi 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



for pulling and the neniscus depth; Fig.34 shows a relationship between the
time for 5 pulling ink and the pressure in the ink common fluid chanber
105a; Fi gwBd3mksws a rel ati onshi p between the pul se w dt hPCarI#02/09k46

di scharge anmount/ink di scharge speed; Fig.-36 shows a rel ationship between
the driving 10 voltage and ink di scharge anount/ink di scharge speed;

Fi g. 37 shows anot her waveform of a dri*ving signal according to a seventh

enmbodi mentsighat Neopr 8S@M ridly @AthOBne RERIFMAPEHEWR CARRYY NG OUT THE
I NVENTION 15 In the follow ng, enbodinents of the present” invention

corresponding to tf@%f §§ Sghoc\)/«tg gckeﬂjci%rpsﬁngg%cerﬂv}%%q a%&rne r ?n gl%—@%% to

figures. Fig.3 is a perspective view show a schematic c |gura8ion of
an inkjet recording a ratus as the i e 20 recordi ng apparatus
accor di ng 3§ Bﬁgéﬁggdgﬁiﬁg“%ﬁﬁPﬁécb?é?@% invention. Fig 4 shows a section
view of the inkjet recording apparatus. As shown in Figs.3 and 4, the
i nkj et recording B&ppPadatifusnél tae3tEPIIIR iNeFeeahiheskfario2 forned by
a carriage 13 novable in a main scanning direction, recording 25 heads
f or med>by pudkjiet hekdsnd4thmpreeduna ihettsarinkagemhdn T 0B/DREBRT
PCT/ JP02/ 09646 -17 and an ink cartridge 15 for supplying ink to the inkjet
head 14 i195ahe inside of a main body 1, wherein the inkjet head is an
exanpl e of a droplet discharging head. A paper feed

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,



cassette 4 (or a paper feed tray 5) that can carry paper 3 can 5 be
attached renovably under the main body 1 of the apparatus. A manual bypass
tray 5 cawowg/ozgsened or closed. In the inkjet recording apparerass4é t he
paper supplied fromthe paper feed cassette 4 or the manual bypass tray 5
is captured, and after necessary ingges are printed by the printing

mechani sm part 2, 10 the paper is ejecfed to an output tray 6 attached in

the back aghdenofnk heaPrdiier 15Ther %%ﬂgﬁﬁ%&aebs%@%ﬁk%eﬁ@@a the
carriage 13 by using a nmain guide rod 11 and a side guide rod 12 that are

id | g t | t : t ; e f th
i nbody 1. Rubne (R TR ol Pr ALY (radry eabybas; okt Py

direction (in a djrecfion rpendi cul ar, to.the surface of_the paper in

Fig. 4). TRE SEAPPIRge 3 TSRIFOVRHRe T RS MG cr el S96RL di schar ge
ink droplets of yellow (Y), cyan (C), magenta (M, and black 20 (Bk),

wherei n t F@SEqFt? ahe(ds cateREhefiecdchirathat) tHetdrrBCER D HapakhiBcAaRnk
droplets are discharged is downward. Ink cartridges 15 for supplying ink
of each cbkoettachér Fangweilyhevadsr Ithanme iat tedyed ©0 the apgamaage . 13
removably. The ink cartridge 15 has an air vent at the top of 25 the ink
cartridgealhanasl wypapenidag Botasupplopdargd v tdokbe. WIDIM26897 et

PCT/ JP02/ 09646 -18 inkjet heads 14 at the lower part. In addition, the ink

cartri dgerdsckaehddass A RHOUSHhEBE S84 Al s 19 WhiceBmi Ake igapdd Ideed, Wherein
ink to be supplied to the inkjet heads 147is
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



kept under a slightly negative pressure by using capillary 5 attraction of
the porous material. The rear part (lower reaches of the paper feed

di recti oriwOamB/02dse7 carri age 13 i s supported by the main guipde/JPoxdedsl such
that .the carriage 13 noves freely, and the forward part (upper reaches of
the paper feed direction) is suppor[%ﬂY;O by the side guide rod 12 such
that the carriage 13 noves freely. imng belt 20 is | ooped over a

driving puldkgytl8eatiBat 4a8€ 1t abedrbyaatr MBI T SERRAIRE, Meheridy and an
idler pulley 19 for noving the carriage 13 in the nmain scanning

direct | on.cohe s6ALM 1308 ddes b g@&iohg hBecLim ngfelhi afl. 120 Jo that the
carriage 13 reciprocates by reciprocal rofation of  the main scanning notor
17. In thi odi ment, inkjet heads 14, are used f.or . ch col or., However,
one i nkj etfsj*r*}ég ’hé"vfaﬁﬁi%olz"g% g@ &r SUBPEERAr G ngd'S Hﬁﬁ‘a?gp %?‘is 01fJ ggch col or
can be used. As for 20 the inkjet head 14, a piezo type inkjet head is
used, wher€Ptr URABTI AkFetOHedd Regakake aPYPEFHIS S psane ematliarydef or ned by
a piezoelectric elenment (piezoelectric vibrator). In addition, for
transferriatgrergéipapef Gheatonomst petepaper feed cassette 4 to the downside
of the inkjet head 14, 25 the inkjet recording apparatus is provided with
a paper feed WO 03/ 026889aPCHrIPQ2608646ecacHS: rad ee Bdpandfasd riction pad
22 for feeding a paper 3 fromthe paper feed cassette 4, a guide nenber 23

g o; ngui di rg rkbeipapesr Bhe adrrangkensr ol sipgdh-dedr HUERE NG & QNG he paper
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



transferring the paper 3, a transfer roller 25 pushed on the 5 surface of
the transfer roller 24 and a head roller 26 that defines forwarding angle
of the pawero3@2dspom the transfer roller 24. The transfer PColIPe0984 | S
rotated via a row of gears by a subscanning notor 27. In addition, the

i nkj et recording apparatus is 10 prﬁ ided with a printing support nenber
29 that is a guide nenber for guidi é—the paper 3 transferred fromthe

transfer rBQiéﬁrZﬁ%ﬂ@%eErﬁbﬁi@&%ﬂaﬁnﬁ Ade renki gl headhckd 3i Arbmsprase to

a noving range of the carriage 13 in the main scanning direction. In

addi ti on, Q%é£ap%géﬁcé%%%§%% 31 gq&%%ﬁgnkg%e}52 ;g@§f§ﬂﬁéi the Pe gr 3 to

t he outpuP Irection, Spur are provi I the "ower ches of

t he paper _transfer _direction_of _the pri.nting support nenber, 29.. In

addi ti on, 3thd t??ﬁﬁ%ﬁf‘ﬁ@@@?ﬁi%g-%ﬁbawiﬁﬂhP% ﬁgPﬁaﬁst ¢ FAFS” &j 88tion roller
33 and a spur 34 for transferring the paper 3 _to the output tray 20 6, and
gui de nenb&rBsBEraHE 3B BRRPAGS pabira]sdEt dR1EBELE PURRER Pécéﬁﬁing an

i mge on a paper, the inkjet head 14 is driven according to inage signals
whi | e "ovengfebe ofTarlrd dgend8er soolttmt d4eges af beadneolliare 24r shesgcor ded by
projecting ink on the paper 3 while the paper 3 is stopped. 25 Wen the
recor di ngdappasat fisr¥Relngeangl ¢ esoriapaprd Si gnah WL GH026897

PCT/ JP02/ 09646 -20 or a signal indicating that the rear end of the paper 3

reaches theg1{esosdi NGrHeL@rals rELCAS I 20PekakbeRt&Nds: Ard rbheocpaper 3 is
ej ect ed.
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



A recovery device 37 for recovering discharge 5 failures of the inkjet head
14 is provided in a position at the right end in the noving direction of
the carriwge3a®sand to the outside of the recordi ng regi @CT/JIPRIsECOVErY
device includes a cap neans, an aspirating nmeans, and a cl eaning neans.
The carriage 13 is positioned at the ﬁtde of the 10 recovery device 37
while waiting for printing, so that @ e cap neans caps the inkjet head 14

for proteeid agsagabnsindlicsGhapgenat athd sralite dn@ dEYyLRY ©ipdks by keeping
t he di scharge orifices I'n addition, by discharging ink that is not

wet .
used for LiALLN j rinting:Ls | I L.ok: vis j t be 15
capt constantrer Tl | Ao REPoe R T oo rer abt 8 e b 2
per f ormance_can,be obt ai.ned. When a di scharge fault occurs, discharge
orifices &FPSFhd %%k?%ﬁcﬁéiad 14 are seal ed by the cap neans, bubbles and
ink are discharged fromthe discharge orifices via a tube by 20 the
aspirating means, ahd*§GReENdGUSESon/ thRF simryesiny hechali%schar ge
orifices are renoved by the cleaning nmeans, so that the discharge fault is
correct edfathuraspp¥ athed dindik eitsheajl et b tirovidedt &ni akpoesidgioreat( not shown
inthe figure) that 1is provided under the main body and the waste ink is
absor bed 2heandghel ehd nrarhienkoabsgr @i st imat efi ahei dathieagwasize angk WO

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

iFinISj gt reeor @hBJouBPRM AfUshwl kbcbea desaidiesh W the e ese6e de¥ikBkgs. 5- 8.
| 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



is an expl oded view of the head, Fig.6 shows a section view of 5 the head
inthe direction of the length of a fluid chanber, Fig.7 is a magnified

vi ew of awoaBm2qsart of Fig.6, and Fig.8 1is a section vieRCITIPOX®6dh rection
of perpendicular to the I|ength of the fluid chanber. The inkjet head
includes a channel form ng substrate ;.10 (channel form ng nmenber) 41, a

vi bration plate 42 connected to t he 4nder surface of the channel form ng
substrat e kbeideQzzl e plate 43 connected to the top surface of the
channel formng substrate 41, in which pressurizing chanbers 46 and a

fluid chanb 8 - ared | Zi h is 15
OO it o hATORELES e doguety The, Bzt s ggaehofhnto | 15 o

i nk channel to which a nozz i scharges in hat are

fluid droplets).is co cted. Th o] n _fluid chanber 48 supplies _ink to
the pr essuaﬁp?ir)ﬁécughg ‘r?bse ng@esc5?§e§ng¥ﬁlﬁ E%"Lpep‘ieﬁlcreo eFﬁ?Stﬁééj' act'd-as a

fluid resistance. _In addition, liquid registrant thin filnms 50 are

provi ded t'¢ 28 &FPleded acey OF APl Bead. t el fr S5oUSi 2 ReCEhembErY 48, the
ink supply routes 47 and the common fluid chanber 48 in the channel
form ng sulbst hegpe an, theheligiastine wél tle changdt ofi ehflihdt. cladieacked

pi ezoel ectric vibrator 52 is provided for 25 each pressurizing chanber 46
in the sidegofl/ ttheaowdiide dMOvA3N02688 TmPCT/pHA26EG96486 . 6 ; 22n& Wifase
(opposite to the fluid chanber) of the vibration plate 42, wherein each

stacked piiezeekeetisd® MidW aOkh82gk seixed 40 peaphagecsibstiatgH3, and a
spacer menber 54 is connected to
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 ali 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



t he 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 ecwpiog/oxasbTr ator 52 is fornmed by stacking a pi ezoelPeatIPdx09nat er i al
55 and an inside electrode 56 alternately. Piezoelectric constant of the
pi ezoel ectric vibrator 52 is d33. By_fzx_pandi ng and 10 contracting the

pi ezoel ectric vibrator 52, the pressurizing chanber 46 can be contracted
and expandacd:fadkerioppesife ezxoejrecttiiuedvihamber) ¥ ithechapgedidy @RAying a
driving signal, the piezoelectric vibrator 52 expands in the direction of

the arrowsk i RnEk@ifh. eMhensdhacpi preebestsis: i'\}lrﬁia‘i'llbr5gi\l_?%i §i)g<iho§ qhar ged,

it contracts in the direction opposite to the arrow A rou hol e
formng an i S iNg LS med i.n t base substrate 53 and

t he space?d r?e%%ergggli?r%ggrgt at‘;llll?'lh%1 §8%§{3§ %%r[]ebneirng%4ési goﬁ%%%tef%rtosuppl yi ng
ink to theC cg)mmn f ujcd ch%g;oer 48 Lromthe out side. 20 The outside
surface of ¥h&3ERafHBT “Frhiig SEehs tPat et 1SRaTE Tt REMBAE e eHyer BiRdShe

undersurface side of the vibration plate 42 are bonded to head franes 57
that are 6 FHSHYLi HiectiaskefoPdragebyctsi ny idpeskyree8in or
pol yphenyl ene sul fide. The head frames 57 and the base 25 substrate 53 are
bonded to each ot hehlypy sdlséorme iandighe, | tike PAOz0316826897 PIhfald2/ 09646
-23 (not shown in the figure). An FPC cable 58 is connected to the
pi ezoel ect5ei dsviEbrat@rbba taykiabder pidédeadiset apeeiatomsiugtd we filn) or
wi re bonding for providing a driving
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



signal. The FPC cable 58 inplenents a driving circuit (driver 5 1C) 59 for
sel ectively applying a driving waveformto each piezoelectric vibrator.
Thr ough Wwbag/ 08T espondi ng to each pressurizing chanber PE&JPad/i964ves
corresponding to the ink supply route 47, and a through hol e correspondi ng
to the common fluid chanber 10 48 in he channel form ng substrate 41 are
formed by perform ng anisotropy etchlng on a (110) oriented single

crystal sithbeoshswbstd ahe Bygusényg adkatpea@lehbsgis | cithanield tas
potaSS|un1hydrOX|de aqueous solution (KOH). The vibration plate 42 is

rormed remuayniekelodmlal vidPabhal & by albielect ok oty g drRiied

Correspondi ng to each pressur|2|ng chanber 46, the vibration plate 42 has

thin parts g& %1 qe%! ge&0£nln he %&pra&lon Iate 4%_at a position
correspondigto Y he esgurlilﬁg ¢ a r46F*3 %% ¥ D829 f or

connecting,to the |ezoelectr|c V|brator 42, and, a, thick 20 art 63 at a
position EoFRasponthihd tocalhal pé bie‘f‘@&e%ﬁ‘?rfq%laddrbhh%eqlsm% (FFAVeEurf ace
side of the vibration plate 42 is bonded to the channel formng substrate
41 by dhd§)ved &ew sallsetileék prPiging & FEHFAEIt vavHEONT dite SEEhpy
adhesive. Colums 64 are provided between the thick part 63 and the base
25 substratiezb8ledhelicolibmat64. has t he sane structure as the WO 03/ 026897
PCT/ JP02/ 09646 -24- piezoelectric vibrator 52. Nozzl es 45 each di aneter

being 10-30m and eamiroug@r hesRONEb Al iINGe$5UEAEh NGrdAiHIeing6 are
formed in 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 between the thick part 63 and the base

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



nozzle plate 43, and the nozzle plate 43 is bonded to the 5 channel form ng
substrate 41 by adhesive. As a material of the nozzle plate 43, a netal
such as swaiolozsg7 st eel and nickel, conbination of a net @CTaRe/@646esi n
such-as a polyimde resin film silicon, or conbination of these can be
used. A repellent filmis forned on_#i;e nozzl e surface (surface of 10

di scharging direction : discharge surface) by a known nethod such as

pl ati ng orpiwaicelectepet |ei¥raa@at isng in order to obtain water repellency for
ink. Next, a control part of the inkjet recording apparatus wll be

descri bed with ref eﬁﬁ@%est qlt5lljise'%.c%:rﬁ%gge%5r ooenltglgcg?'w?%@fﬂfﬁg%{ se%roc_ gtseﬁo a

head driving control appara contr t

controller an_engine controller includi a head driving circuit

71. The pcrol?c%tegsgc%ln? gfﬁgear PFOSCHErGued %Weg%aééeﬁoﬂ%db]él erred to
as |/ F herein fte{_% for_receiving printig&data 20 and the like froma host
conput er ARFZRePHike 44 a 3@ dbrensrzla matordd, ia handedon ridle part 73
having a CPU and the like, a RAM 74 for storing data, a ROM 75 for storing
routi nes &RGRRRE Lo¥Kad srubsitoesssihgby helldatiae .anAeseihdadiiond eifrcuit 76,
a driving signal generation circuit 77 as a driving waveform 25 generation
part for déeenatibeg wdrievialy wametal nyidh tax ke aWD)1 034 0268917 ST/ JP02/ 09646
-25 supplied to the inkjet head 14, and an I/F 78 for sending printing

dat a devehapeedlf ocstedimaticer Brdat Aethi tasmp daka) andn 4ivifg Maygtorm and
the like to the driving circuit 71.

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



The RAM 74 is used for various kinds of buffers and 5 work nmenory and the
| i ke. The ROM 75 stores various kinds of control routines executed by the
mai n contwolo3p2asp7 73, font data, graphic functions and vacroee/igesds of
procedures. The main control part 73 reads printing data fromreceiving
buffers in the I/F 72, converts the printing data into 10 internediate
codes, stores the internediate codes4>T internediate buffers formed by

predet er iy g1 36898, ofnd NeyBAN 1180 develaps gad. bat epredigts,pode data

into dot ern da ont “data stored in and stores
t he dot att rn_dat pr.edet area in the RAM 74. en the
i - cont PRI EAPE SR EORE: Tatv B e S éEbBﬁa?%gd%f&J’oﬁa i ne of
the inkjet head 14, the main control part 73 sends the dot pattern-data of
one |ine C5iVABY FRREU™ winsy toPr sike e seiivaradat 8% vile the 1/ F 78
in synchronization with a clock signal CK fromthe oscillation 20 circuit
76. The head drivi MtheiRUIE 1% bsednpbensntiedisi kindHe cfrbhwifedsCabd. The
head driving circuit 71 includes a shift register 81 for receiving a clock

si gnal 5f r edrkhgepstntaid weentiekl er THO roM Berdtalredatrar Sbud hatndss ofthe
printing signal, 25 a latch circuit 82 for latching a register value in the

shi ft WO %%Q%@ﬁ%o@@iﬂelf%e@%%@ 572605 96115t @onBLobYpuSE N, 3 dfich Si gna

LAT fromthe printer controller 70, a level converter circuit (leve

shifter) %%tatO&r&ﬁﬁ&@”éddgilo%%egﬁdoéaéigﬁs %5%%% g%'ﬂgogéd&pg ]aﬁﬂg circuit

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



82, and an analog switch array (switch circuit) 84 in which 5 on/off of the
switch is controlled by the I evel shifter 83. The switch circuit 84

i ncl udes wWoOyoeash7 array for receiving the driving wavef oPeTRBPIXem t he
driving waveform generation circuit 77 of the printer controller 70, and
the switch circuit 84 is connected tqg the piezoelectric vibrators 52 each
10 corresponding to a nozzle of the recording head (inkjet head). The

printing daiasSPrtéatny susigld & hwtkbhapshess etht elhe+pBi prikseg ster 81 is
| at ched by the latch circuit 82. The voltage of the latched printing data

S i ncr easeq b0 g s edel o fed KoLLa0e - SeXALal 11eas g ¥OLES o Of

exanple, by 1 I fter, suc the swtch rnthe swtch

circuit 84 can be driven. Then, e printing data_s, su ied to the

S soh ci o EOBREE ALY e St hBaPE P rh &P AWy g SHEv B b in B Stipp! | ed
fromthe drivi ng wavef orm generation circuit 77 is ,ag)pl ied to the input
side of A%t RBISHE t PR EIT it B4 2TFRYt M B RiTsudE) o4t He YSvidhch circuit
84, the piezoelectric vibrators 52 that are pressure generation parts are
connecbed.orFef fexinplhe, swiidhe itsheonproht ¢dhdpwldthe dppkiledhibteheBIwi t ch
circuit 84 is "1", a driving signal P corresponding to the driving

wavef orm Bhd sw2bclappli@d 4 @4 ieeluaspoadiwicdi ezeebecbri eeydbriaior 52, so
that WD 03/026897 PCT/JP02/ 09646 -27 the piezoelectric vibrator 52 expands

and cont r ag{es dac6oR g e At B GbMi Bfe SIERAINPwaPR bR giherathand, while
the printing datais "0", supply of the driving signal Pto a
circuit 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



correspondi ng piezoelectric vibrator 52 is interrupted. 5 In the foll ow ng,
enbodi nents of the head driving control apparatus of the present invention
i ncl uded Wo 084026897 nkj et recordi ng apparatus wi Il be descr Po@dPo¥i9ost , an
operation of the head driving control apparatus according to a first
enbodi ment of the present 10 invention will be described with reference to
Fig.10. In the first enmbodi ment of "fe present invention, an inkjet head

| ncl udi ng.hhe, pl £z0el GGl Qflg&grcsg £ Ao g)fdswghahq&ﬂ@t%@&dse%%%%g&ﬁbc

constant is riven oot so that "smal |
ink droplets areforrred An odi Vi wavef or m

gener at | o% OcFRe HFLVART SaeLA t ‘g{)ﬁ &g% haPEm‘g%l orm Pv shown in
Fig. 10, and the driving vvaveform Pv is appl ied to the piezoelectric

vi brat or B57inking diatd d¢ si0gnaPupPly £% HdesWirt¥hngi FE¥RaLl §4.5°TRe vol t age
(pul se height) of the driving signal P 20 is Vp, and the driving signal P
i ncl udes aofiesponiref ohezekérehti¢ coftnedoti 68 $bghatgrzupt@dsecond

wavef orm el ement (contraction state holding signal) b, a third waveform

el ement (expansi on =i gt ot loaifigurdibosdvehasmoEl eneried{d®xpdarshgn state
hol ding signal) d and a fifth waveform el enent 25 (contraction signal) e.

In the fi E%Bt%‘@l’eiﬁaﬁ?a%ﬁn%&t tBe pASMR 034R26884 PLd1JRA2/:09646 -28

voltage of the driving signal rises froma mninmmvoltage |evel VL (or an

of f set poteptial )othal, ias,B.Rotentialy ol L{:eeAge0f several volts from

First, an operation of the head driving control
apparatus according to a first embodiment of the present
10 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
15 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
20 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

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



the pressurizing chanber 46 is contracted (decreased) w thout 5 discharging
a droplet. In the second waveformelenent b, the contracted state of the
vol une ofwohe/opisessuri zi ng chanber 46 is kept until the PERIJBEUB64OVES
toward the pressurizing chanber 46. In the third waveformelenment c, the
vol une of the pressurizing chanber i,s,6 expanded. In the fourth waveform 10
el emrent d, the expanded state of the—%ei'"essuri zing chanber 46 is kept. In

the fifth waveler Brekaaeat:vide Jdikadr epLEE Fsom 4 $ERALIED QY SNt racti ng
t he volune of the pressurizing chanber 46. The driving waveform generation

[ it 7 t vl Ly f Pv . be f db
ising o dSerery drPeni o tive Rt R A AR f R i Vi ng.

vvaveform%ei ation c%frcuit 77 ij( f or.ned gl%/ a ROMthat stores the pattern
of the driving WAVEf 8F n? AR H HPATEonTETt ERC (B0 ‘Sitder BRAgvRfigie A data of
the driving waveformread fromthe 20 ROMinto anal og data. Wen the
driving sitgifaPTPSRAVLAYRY hehalber A§ ieavetoranid | slegpphbed) twil thuait

pi ezoel ectric vibrator 52 of the inkjet head, the contraction signal a is
appl i e@ fidischagginghatdrdwleli.ezdel ebersecandrnatvafozd extwads.b, Ahed
result, the 25 vibration plate 42 is defornmed to the pressurizing chanber

46, WO 03/02689ZtRECTSIF02/ 0646 vo2OmsOot hate thieswokunenof ciiddir @gsuri zi ng
chanber 46 decreases. At this time, since the rising tine constant tr is

set such ikhakpanuhoki driepleinidess ROYedi SSRADeN RecLk A1;9p) et does

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,



not discharge by the contraction signal a. Next, the 5 contracted state is
hel d by applying the contraction state holding signal b, during which the
meni scus wowas2daseivar d the outside of the nozzle 45 first pcando2/@bicer a

while, the neniscus starts to nove toward the pressurizing chanber 46. |f
pul I'i ng and di schargi ng operation is perfornmed while the 10 neniscus is
novi ng toward the outside of the noi’5€'45, a desired small ink droplet

(smal | inkgd, qaprotnhevb B s HAUSrebbBBr EXPARSLIONIING! acisS ) i ed at
the timng when the neniscus startS to nove t0 the pressurizing chanber

46, so as jfo.restore the.piezaoel eGtri thrator 52 .and .15 to ingrease the
vol une ofz% §h§?e§éﬁ?rz?h§égﬁgl §§S&8§ %éR% %%%%E??:Eﬁélﬁeﬁ?gdﬂgz s pulled
to the pressurizin cganber 46. At this tinme, the timng of this pressure
vibration i lﬁ#e 5T 2T P hanbe 12807599 d) the dd oG Tapptyi RES he
expansion state holding signal d. After that, the piezoelectric 20

vi brat or 34 gisghargedoughlis aptapptybngsideakont r deritonthei gnal e, so
that the volunme of the pressurizing chanber 46 is decreased (contracted).
As a résulaontirhetedkstadpl 24 hesld tysehaigeoy #se nentiranedoabovese by
providing the driving 25 waveform generation part that generates and

out puts t he1Wdng3503689 7o PR HO96A6the ekl d M thovavet efind nglaudi ng the
driving signal having first to fifth waveformelenents, a voltage can be

flppl i ed tQuithedePHBSSHE CngLNRS alsl BR-RAT L 08! Yo IEN NGEeSSaryhe Thus, the
I e

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



for applying voltage can be decreased and failure occurrence 5 ratio of the
el ement can be decreased, and reliability inproves. It is desirable that

i nt er nediwDe®3vad8bage is not set and the rise of the contragtPeIsicgnal a
is started fromthe offset potential. Accordingly, stress (voltage x tine)
to the 10 piezoelectric vibrator 52 can be as small as possible. In
addition, in this enbodi nent, the drT%Qﬁg signal including the first to

fifth wavel,oringl eaRAES A~ EnbBudidiy R démoila;gﬁ%r}ag ﬁ,ﬂé‘fgﬁﬁfg%%%‘”@% ﬁfe the

pressuri zing chanber is contracted w thout

vol unme of the.1 r rizing .chanber .i.s_expanded when the npzzl e neni scus
is pulle fngﬁd?agﬁgﬁé tﬁée@o.ﬁheaoyogﬁ%g%r %%ﬂ%?fﬁﬁ l@ﬁaﬁ%eﬁ%?s decr eased
again, so that the droglet i s discharged. However, for exanple, the fourth

wavef or m ' ETENE S FRPERSFOT" RHtte OTHY| HIAD BPERRIITY cARUBe t %6 i f the
fourth waveform 20 el ement d has no effect on the voltage vibration in the
pressuri ziifF crRMyéRI48olhese caa becordreabedianchtfagflurheoheadratrdasi ng
control apparatus of the present invention will be described wth
ref er ehce tadiei gflthel althest emnotbendntreasédr gend ndel25bdidpyet i s
di scharged by applying a plurality of driving WO 03/026897 PCT/JP02/ 09646
- 31 pul sesingticgUously in one driving period, wherein each driving pul se
is a so-called "push and shoot" pulse for discharging an ink droplet by
contracting the vol yge; of 44di€-ap1e that 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



pressurizing chanber. 5 In this enbodi ment, the driving waveform generation
circuit 77 generates and outputs a driving waveform Pv including a

pl ural i t ywofo3@eds9i ng pul ses shown in Fig.11(a), and thisPdrivomesavef orm
Pv is applied to the piezoelectric vibrator 52 that is a pressure
generation part via the switch 10 Ci‘%iu” 84. That is, the driving waveform
Pv is fornmed by tine-series four puFses. Pa and Pb each used for

di schargi pg188s d&ke droplat, By soatdachifg Jhe oMol we-&fy thenpressuri zi ng
chanmber in a driving period. Difference between the driving pulse Pa and

the driving. e s only t I\ ti ns By appl yi ng
the drivi ﬁgl% f%lf%éP\s;lst% %ﬁeggjié%go egf ra:ﬂ? \%?ngt oélﬁg:ﬁze agsort he driving
signal P, driving, pulses_ Pa, Pb are applied to the piezoelectrjc vibrator
o aont | ASEER T n G B b e F o B 9% ph e VB Bire 180" rl 91 g
pul ses Pa and Pb, so that the volunme of the pressurizing chanber 46 is
decr easedPVRasEhez MPretd§rpl ate 42. Therefore, an ink droplet is

di scharged for each of the driving pulses Pa and Pb, and the four ink
dropl é¢ s are integrit echiwhiehbotregniar ecHeyidyg vdogasavefdur meackracgeni nk 25
droplet, so that the large ink droplet is projected on a paper. WO

03/ 026897 cPcdh HP02/ 06l a ted2aMedutiec Ard \Agipyl s&sefiren @appl ied to

di scharge an ink droplet by contracting the volune of the pressurizing
chamber 46n.1hg: Ry esWNE-a11 thNer PELSSUY F1Gechalbrs AP Fig.11(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.



changes as shown in Fig.11(b). Assum ng that wave paraneters 5 of the
driving pulse Pa (Pb) are a rising time constant tr, a pulse width Pw, a
falling twom3pozsgtant tf, and a pulse interval td, the waealiBomdpsr anet er s
are set such that a follow ng equation (1)-holds true, wherein Ts is the
resonance period of the pressure vibration of the pressurizing chanber 10
46. tr+Pwtf+td=n X Ts (1) (n is an‘?ﬁt‘eger that is no less than 1) That

S the sum of the MAMPLOEMIRA AP ANS.od e BYst L2d do I 26t Le B n i mes

as large as the ink 15 resonanc eriod Ts. , the tirmng for

di schargin n_i roplet (at.the . tinme.of rise of each pulse) al nost

20r oon ui LR RERTRR (5 TRETERBLYY S B IS RE bh BB g Bhanber 46
beconmes positive. Thus, the ink droplet discharging speed Vj can be

i ncr easedChaBPeRhat a UPEPEEYL B 1RO IPTHSSHFEE snar & d RSy #&t ed whil e
flying wth reliability to forma large droplet, and the large ink droplet
can be prbiegtecdorehidie papEig. l1h(hi s casaing that hevsurareortety is set
to be 2 or 3. That is, it is desirable that the sum (=tr+Pw+tf+td) of 25

t he wavef ofF mipardmetiars pgud seebat Pie a3 d intesngf tihe MMARING26897a
PCT/ JP02/ 09646 -33 resonance period Ts. If n=1, the pressure change

becomes hatge. wildnet ehor @, rhhelgyisink RRISHBNL by, thAad Ldisgharge cannot be
performed due to bubbles that are invol ved when t he"
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



vol ume of the pressurizing chanber is expanded in the falling 5 tine
constant tf after discharging is perforned. Next, the head driving control
appar at uswofo3is97 t hi rd enbodi nent of the present inventi @aT#02/09%6
described wth reference to Fig.12. Also in this enbodinent, a plurality
of driving pulses are applied to forma large ink 10 droplet. In this
enmbodi ment, as shown in Fig.12(a), €d88h pul se width Pw2, Pw3 of second and

third drivyi e Pa3 is_Lar t i PWM of the
first drié%%gngg% é%eigﬁdéﬁiM <E§Q%ﬁ38?&&% at F??%tﬁggéﬁﬁﬁﬁégéﬁ%§ paraneters
15 for the drivin ulse Pal is twice as large as,Is, (n=2, TsX2), the sum
for the dEFGPRg pFSESFUE | STERAFeL® (7 M U dide 8T FooIRZSE Toxa), and
the sumfor the driving pulse Pa3 is four tines as large as Ts gn:4, Ts X
4) . SincéapRetpbeskeramec Heeptestib? B hdetafber 12001 YR d8Es TS 't he
driving pulse is applied repeatedly, pressure change becones large if the
sane drivivngupel s& tise appisisediziogt ¢imcest yis Exprefledein t ey €ald iag
possibility that discharge cannot be perforned since bubbles are invol ved

when 3 hetyskusenotathe PraEssUr HZs g cdaiders iperéspasded in the 25 falling
time constant tf after discharging is perfornmed. WO 03/ 026897

PCT/ JP02/ 09646 - 34ydhus +reagh,pubse,y Wddtdds-c3eh %HEQtﬁé"aéf gyaul se  width
of the next driving pulse is longer than that of F e previous driving

pul se, sotkﬁ%& Bﬁggéiméhéﬂg%ngﬁebgréggn@e%&vention will be described

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.



driving pul se can be suppressed to be small and residual 5 vibration
becones small. As a result, rising of pressure in the pressurizing chanber
can be suwproe®s@sa; and the possibility that di scharge camootiPixodper f or med
can be avoided. Especially, stability for discharging ink droplets
inproves when the head is driven by g high frequency. 10 Next, a

rel ati onship between the pulse width Pwin the driving pulse and the

falling tinme constaftugf eddH pudsedesdthbed dat tshensegepds gng 4hi rd
enbodi nents. As shown in Fig.13, assumng that "pulse wdth Pw+ falling

time constidttht pf the parareteisgobul be ok i pulse, r.ange (change
wi dth) of the ink droplet speed Vj in frequeﬁ%%rcha§§c¥%%?§%%§:eis nmeasur ed

in each ofbrewdoqas&sivi Waase ks e falli ti constant tf is set
to be greater than thé@$§gonaﬁce f%gﬁéé%%f S e Sﬁgn%%ggﬁéﬁmté§étis t hat

the falliagith nst f Ls set to be no greater than 20 the resonance
frequency Ts. g?d%%h s%%&s%FhSEP E0F 150t e gWﬁé%u@%ﬁnﬁﬂSldgaﬁce t he range

of the ink; speed V| is in proportion to the anplitude of the
pressur e Vﬁg%§?+§ﬁlq%%opﬁg Sﬁﬁi%sur%%i%mfﬁﬁﬂdﬁber%Simgoaﬁlnm£s@akermhned t hat

t he snallgé 25 the range of the ink droplet speed V] is, the smaller the WO

03/ 026897 "PCH IPU210§628 chasbemptan Ure sobprhesed psatd a-nd bration i s.
Therefore, according to the result of the nmeasurenent experinent, the

range of PRESLPHItar sphet dépeletrdd damoire benpbtrdih&etdinNge( Bust £  such

t hat
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



it satisfies the followng equation (2). 5 Pwtf=(n+l/4) XTs (2) (nis an
integer that is no less than 1) Accordingly, the residual vibration that
occurs avDeps/o2ask7 di scharge is perfornmed by the |ast drivipag/Jpw/®escan be
suppressed efficiently. Especially, high frequency driving 10 can be stably
performed by setting Pwtf in this way. If the falling time constant tf is
set to be no greater than the resonégce frequency Ts, the range of the ink

dropl et speed. V .ing¢ es £, eases. fare LL s
desirableg eP%%%déweéﬁﬁﬁét?rgé%é£¥¢gﬁ ﬁ%ﬂyﬁé ?g'sa g; %é?. ’1§cﬁ%§?%§% fourth
enbodi nent of the head drivin control apparatus, of .the present jnvention
will be dERcHiDHEESHit REr LR ESRIIDE GSXPSEATERE( &N H7IFHRi 8% B! ment
a plurality of driving pul ses are generated, and a desired waveformis
obt ai ned {rbrixdrelel et VI otamrbeismg lgulsesetE RN 0(RWHItE) e fB68I FRRE, t he
driving waveform generation circuit 77 generates and outputs six driving
pul ses (fitstatisSied HhepiibsbswRig Rejuaticond2dri vi ng period as the driving
waveform Pv. In the first pulse Pl1, the waveform paranmeters are set such

that tshe vol usp.of= {ha Manessdri @ingnchanhar idbedsr 3ha¢0nkr Ast Bess but the
ink droplet is not discharged (for exanple, WO 03/026897 PCT/JP02/ 09646
-36 the r{gé@glgine constant tr is set to be large). The first pulse P1
becomes a fourth driving signal Pvd for contracting the volunme of the

pressurizing Chanb?icé@f%@%&&ygiéﬁgwgégfa%a%n¥ibration that occurs
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,



ink droplet. 5 In each of the second to fifth pul ses P2-P5, the waveform
paraneters are set such that the volune of the pressurizing chanber 46 is
contract ea090/0a891 0 di scharge an ink droplet. The secondPCa/IPiFi9k46pul ses
P2-P5 forms a first driving signal Pva for discharging an ink droplet by
10 contracting volume of the pressurizing chanber. In the second to fifth
pul ses P2-P5, the falling tine consté t tf of the fifth pulse P5is set to

be | arger thkarikhay oimanpnefahherr sesosdk te frunbbgeyl sesme Eaghof the
second to fifth pulses P2-P5 is set such that the %efore-nentloned

equation %%ﬁs%fPi5b§é%ﬂégﬂa¢%ohk%ﬁ &Pf%égégggaiaﬁubgg 9£rté555¥§%¥yﬁg

enbodi nmen so In the sixth pul se € waveform paraneters “are set
such thatt%gevg Lugeo f}&ﬁe ggessuriziqggg anbent46 %s .cqontracted so as to
di schar ge “aR I’ RKVAT opt et PRESERRT AU “%ﬁ% S tHYRE A% RV
driving signal Pvc which includes 20 the waveform el enents of the first to
fifth pul s §,§{98%e5nd the sixth pulse P6. The third driving signal is
used for contracting the volune of the pressurizing chanmber to discharge
an i nkSdropl et aft el esgslin@ifnghe heegerdinee ofifithepupsessk2+24 nghehanber. 25
Therefore, by selecting one or nore pulses fromthe WO 03/ 026897
PCT/ JP02/ 686460rm3Fafametterboase Xt pakgescal: Rheoud puthe fdOraHahe dri vi ng
waveform generation circuit 77 by using the switch circuit 84, a proper
driving spgaakuganiie @RRbieedst it heomiezoeleebr b VoA MarBR an
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 second
to fifth pulses P2-P5, the falling time constant tf of the
fifth pulse P5 is set to be larger 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 chamber 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



according to the selection, so that a plurality of kinds of 5 ink droplets
havi ng different sizes can be forned. Fig.16 shows relationship between
condi t i orwO(03026897 1") of printing data and the anount of Pdirgesaged
droplet M. That.is as showmn. in the field of the non-discharge driving in
Fig.16, by setting printing data to be "1" to set 10 the switch circuit 84
on only during the tinme S1, only t he3fir st pulse Pl is applied to the

pi ezoel ectki.c+ Vi br o} rd, M i.N i : wn in
Fig. 15 (e%?k%}:n%(g %}ﬂ{eh i rlg"[%spﬁ seé P%H%ﬂ%lat? fiiréhlt %%éf%ﬂ% @éﬁaﬁﬁéggm se Pvd

decreases the volunme .of the_pressurizi chanber, 46, but does 15 not

i Schar geSRASF ARl Gt e b o Font et "Shet U Eapa oro Ttk Ao S hEoPRre.
Therefore, while-printing is not perforned, by selecting the fourth
driving pHFSEIRYAESIFRa SPOr BRI #RPbied drq Vihey PpEEPBHRCTH g VebamsPE, 28ach
ti me when when main 20 scanning direction of the inkjet head (recording
head 14) Bscor@iyry skal theheeilakthemi stusthedn abelvrdkbted s iadsl ofi nes.

Thus, the viscosity of ink around the nozzle becom ng high can be avoi ded,
so theat phnRtdnopetad iHayingpioyesredS sihwemsn can baefdimddl ofFid.36(small) in
Fig.16, the 25 printing data is set to be "1" to set the switch circuit 84
on WO 03/ QR6RY 7+ £ :A324 B9646weeBBesiiiti®rishg b men 1) @nchrihheng the

printing data is set to "0" - to set the switch circuit 84 off fromthe tine

S2 to thegbkde,n$Send Nabuht: oENg: SupBlgeLlabBedriyi ng signal is shut off

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



after the first pulse Pl is applied to the piezoelectric 5 vibrator 52, and
the charge applied by the first pulse P1L is held in the piezoelectric
vi br at or WD.03kdseT t hat, by setting the printing data toPo&Jraovagai n
during the tinme S6 and S7, the switching circuit 84 is set on. That is,
the falling edge of the. fifth pulse P5 and the sixth pulse P6 are applled
to 10 the piezoelectric vibrator 52. ~Iat is, the third driving signal Pvc

shown in Rigeikd( ¢hel &:9@@1 neghg A%%dl l@ggypmﬂé&%gt RerGase sbowy, iwp-Fig. 10,
the second driving signal Pvc i's appl'ied to the pi ezoel ectric Vi brator

52, wh I l.ud f t f
ol errent ?L%H%ﬁ%ﬁg&% R R R et e bamE: Rt ontiacti on

state hol d| ) the third waveform el enent (expansion_signal) c,
the fourt v’fég h%m@?ffen%up(pé%pgﬁsﬂcaﬁ dtarhoditAg $PgRarY ffand the

fifth waveformel ement (contraction signal) e. In the first 20 waveform

el enent a,2f4fx FHet Agesofpulie &li visngrplise 9 s& piesaedeatnierum vol t age

| evel VL (or an offset potential) that has a potential difference of
sever ab votilsaftognbg hear@ND HeevilargeangdpVbédiney dfhet Herptessuse z#Ing schanber
46 is contracted (decreased) w thout discharging a droplet. In the second

25 wavef ornaiel efenhe bpicMdTaetiien vobriher val uma ekt Rga VO 93/ 26894
PCT/ JP02/ 09646 -39 pressurizing chanber 46 is kept until nozzle meniscus

moves  t owafd JhetPheSeiid 2iNgeChamdera 48. alh dhey hﬁ&ﬂemgyeér% g7 el ement
c, the volune of the pressurizing chamber i s expande

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



In the fourth waveform el enent d,

t he expanded state of the 5 pressurizing

chanber 46 is kept. In the fifth waveform elenent, the ink droplet is

di schar gewolwg/oaasat r acti ng the volunme of the pressuri zi ng PCHARIRA964K6.
Therefore, a small ink droplet (small ink droplet) can be fornmed in the
same way as in the first enbodinment in 10 this case. In addition, as shown
inthe field of MI (Iarge) by sef??ﬁg printing data to be "0" to set the
switch cipeulty, 84 LBELL AR 14 MR hR1ANROLLTE s setting
printing ata %%ﬁ%I&{ on1tﬁe ire 53 10 tﬁg t?%e g6 an 15 settlng t he
printing data n_.S7.. eac [of ifth pul ses
P2-P5 is BB?Fédtq Hﬁ%&sﬁgéébﬁge%??TQFr\A%braf Q%% gg iiwﬁyefgf Mdri ving

si gnal ses

P2-P5 i s PPl sthdt§i NE

Pva as shown in FI% 15(b each of which second to fifth pu
§ﬁe|ﬂ EW?WRQQSQ&ilééﬂgr%E%Wbﬁft%ﬁaeﬁpéggﬁ?r2|ng

20 chanber 46. Therefore, in the same way as the before-nentioned
enbodi nentn Shﬁc@xaﬁmlMﬁabﬁpymo$l$mmnwﬁbpﬁéﬁseaP@nd@ﬁSﬁhﬁk@éﬁ ¢bati nuously

and they are integrated while flying,

second

a very large ink droplet can be

fornmeds 2brekasthisimasdambarosdess tioemger f ahmtpashi atid vehoediorO 03/ 026897
PCT/ JP02/ 09646 -40 driving, the waveformis set such that an ink droplet

di schaf ggednen 4he ihis a@eﬁﬁégelgfdima&%@anﬂy pubserfZ:idgdn thee ot her

is
hand,

as mentioned before

10

15

20

25

e first pulse P1 is
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
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
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
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.

In this case, in order to perform push and shoot



necessary for realizing a small ink droplet by using the pull 5 and shoot
nmet hod, in which the first pul se P1 becones a predeterm ned voltage

wi t hout oweohaeqbng an ink droplet. That is, the first peCIaPRL09%4 used
not only for ink meniscus vibration but also for selecting between

di scharging the small ink droplet and the large ink droplet. 10 In
addition, as shown in the field of hﬁ%pinndiun) of Fig.16, by setting the,

printing d@fﬁfﬂr%,b%h"elsvaﬁjé'féﬂg tdhegeqt 'sﬂghsg-h%darp%.rﬁqetdwoggewg hes printing

data to be "0" fromthe tine S2 to the time S3, supply the driving

signal is t the first, pulse Pl is applied tq.the
pi ezoel ect?%gh {‘%lhbrggt glﬁe ,Slaﬂr%ii eéjﬁ%ra% 5%%@%?%&25’”&7% ﬁ% f i(?rétthﬁhl se P1
is held intthe pi ezoel ectric vibrator 52. Then, by setting the printing
data to be® ™ §GPPng2 e MRS inasy befqrey St gt Felssr Phtifg data to be
"0" during the tine S5 supply of the driving signal is shut off after the
fourth pulRFFAFY P0rapprieding & keapl eivlel deanlat Wybraiog B2 rand t he
charge applied by the fourth pulse P4 is held in the piezoelectric
vi brat or 5d Ahcet nhahedt hien pihiinthi mhedatast oslete Pa becdmés agai n during
the tine S6, so that the falling edge of the fifth pulse P5 is applied to
the pi ezoghwateteemvhbaatreltds wWinbitaddsdnOnyidhenpihrt ipgodata is set to
"0" in the time S7. WO 03/026897 PCT/JP02/ 09646 -41 As a result, the
second dr i :si, 08AL PYbsshamnd 1Mt dddnod Soabt abaedhand.anphi.ed to

. ve

t he piezoelectric vibrator n this case, wa rmel ements of the first

pul se 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.



Pl to the fifth pulse P5 are connected, so that the first 5 driving pul se
Pvb is applied to the piezoelectric vibrator 52. As a result, a nedium
si ze i nk wpeplzisoTan be forned. In this case, it is inpoPCanPoYivate t he
rising edge of the last pulse (fifth pulse P5) is not included. That is,
if an waveformis formed for realizi the nmediumink droplet by using

pl uses 10 fromthe second pulse P2 to the fifth pulse P5, there is a
possi bi | i tAF thaesyilschahgesspeedl dofiving shatiai sodh naldwn 1di seharggd becones
small and the ink droplets do not nmerge into one ink droplet. Thus, for
form ng the mbdiadmeinknd digpl £3d tbhendr hyi g conditd [ t.by using
waveform 15 el enents of tﬁgﬁéecond to f%ur?@%pulséé!%nggpggsag'result,

t he wavef orm of therfi e_gdetermn i rrespective of the
driving condition for %%?%P%tﬁﬁhggx%g?ﬂﬁ1el?ﬂ?%ﬁﬁa %theAglE foviatlise ‘

Fi 9. 15(a) p1by SehLi pgs ﬁ”é es gpulse 20 height values) of the first to
fifth pul ses P1-P5 0 %e 1@%%35 me; St i %ﬁg%g'é§htﬁét5ﬁb@tﬁu fconnect ed,
p . N
and stges&g&viggplbfd q£ the driving IC such as rush current can be
avoi ded. Next, P8 tTT th enfodPRehtd oo t e Rig¢osriievtngc cidntatolr agpar at us
of the present invention w |l be described 25 with reference to Fig.17.
Al'so in thfsdehbddl frert Megling 93102580 MiREIIPR2M096460rmd? plrdr @hiky Of
driving pul ses are generated and output, and a driving pulse having a
ving p are gener: b ; o
desi red w&#&foratiss obtmintedtf thattties pildimg ebiye0b £ dEhy i NG PYLIES
(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 discharge 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 second 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



In this enbodi ment, the driving waveformgeneration 5 circuit 77 generates
seven driving pulses of first to seventh pulses Pl-P7 in one driving

peri od aswe odiweésbng waveform Pv. The first to sixth pul sepCPlIPPB9%8se t he
sanme ‘as those of the fourth enbodiment. As for the seventh pul se P7, the
wavef orm paranmeters are set such that,4he volune of the 10 pressurizing
chanber 46 is contracted w thout discharging an ink droplet (for exanple,
the vol t agelwedliey( pdl deineghtylsefs aPé penseitdd hel smbl):, The seventh
pul se P7 fornms a fifth driving signal Pve for contracting the vol une of

the pressufiiziing phasbehadfnghid i dusehacsbRe AN Jors1deapketn &R Fig. 18
shows conditions ("0", "1") of printing data applied to the switch circuit

84, under [:Gh 1e9ndiet jons; idhk, dronl ets  having different sizes are forned
or nmneni scu%wvi brla?i on Is J|Loedrrﬁl1l‘i)orms . That is, Fig.18 shows sel ection

conditions of the lural ity .of . .pulses Pl-P7, formng the driving waveform
Pv. 20 As shown in ?Hejé]?}sel%nbo?dﬁq}?ﬁl-%di Egﬁa%;b‘”d}q \)“’lag@fioﬁm EPC AR LBy

setti ng t he, ri,@t'zgg data to be "1" only during the tinme S8, the seventh
pul se P7 iS'&ppiti 64 P8RS SATS e SV ERT Wbk 5 Eiastt he $evarthdri vi ng
signal Pve.as shown in Fig.17(e). The object for applying the fifth driving
signal 23Ppesi B1rB7 | iprove dieriggabetryodfagprd midingnhywapptgim @0
03/ 026897 PCT/JP02/ 09646 -43 vibration several tinmes so as to avoid that
viscosity of ink aFfoantiztdie twozdikehbpcbses Hi-EHe aBen¢het Band igsSt pul se P1
forns a part of waveform el enents of the second driving signal
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



Pvb and the third driving signal Pvc, the pul se height of the 5 first pul se
P1 shoul d be as |l arge as necessary for discharging an ink droplet |ike the
ot her pulwe3(rdse7rising tine constant tr of Pl is set swch/Ipoeaiosache i nk
droplet is not discharged). Thus, if ink is slightly vibrated by using the
first pulse PL as the fourth driving signal Pvd as nentioned before, the
10 vol unme of the pressuri zing chanbertis | argely contracted, so that

printing i g j nceLjn .0 di st.urbance and
t he Iike.q#%%%§¥8%g¥eggrggi%g t éﬁ%%%eﬁ%h§%€?%€h§§¥fﬂ%% Fcﬁy %iéLﬁﬁlse

hei ght (volta | ue) _i mal | _and.ink djscharge i 5 not performed to
slightly vi %é%%e en%ﬁﬁfet 2ol %éggof ?ﬂf?ﬂéﬁﬁnﬁi?f%nau farber 46 is not
| argely contracted, and_the rinting quality degrading by ink | eakage due
to di stur bEHE® cBATheCAVER IR ITASISHENAS | i cih F9cond 6 1Ry ¥8.oneHe
printing data 20 is set to be "1" during the time S8. Thus, as shown in

Fi gs. 17( b)Evir @@y, theetbeveéndhipuicseipal sPeel edteeduliser bspelt iafe tdfe t he
kind of the driving signal to be applied. |In other words, the fifth

driving signalt Puésebrai siecduld dre thelaseyend mqud=sa 7 rbs appit-Lediievery
time period in printing.. 25 Thus, the effect of avoiding that viscosity of

the ink argunek\V\@ro3h 02689 RGE A2, 09646 s - dd 16228 becpies, fuwgh f urt her

i ncreases. Wien formng a snmall ink droplet (M 3), by Setting the printing

data to betfzgf @ﬁrﬁggsé@eéﬁéﬂ“%ﬁgt %Hg gﬂﬁi&§bﬁfg% is not discharged) .

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



time S6 and during the time S7, the third driving signal Pvc 5 the sanme as
that shown in Fig.15(d) can be obtained as showmm in Fig.17(d), so that a
smal | dr opDes/oz@s’ be formed by discharging an ink dropl ePCoygPodi@ess xt h
pul se P6. When formng a large ink droplet (M 1), by setting the printing
data to "1" in S3, S4, S5 and S6, thefirst 10 driving signal Pva the same
as that in Fig.15(b) can be obtained as shown in Fig.17(b). In this case,

i nk dropl etezzldi behangedhiyh thertdeecondcteadédt h pul ses P2-P5 are integrated
while flying. Further, when a nmediumink droplet is fornmed (M2), the

printing data is SeWhé@ f&tﬂiﬁg|ansﬁhllSﬂn@ngmﬁﬁfﬂ;QNﬁgyorg% : Xﬁj@ﬁ shown
al S

in Fig.17(c), the second driving S|gnal Pvb the sanme as

Flg 15(c)-m§3995ﬁt§§g é%@%aﬂakﬂ%“ 1 dr f% %ﬁparged %tdthe fg&¥;h pulse

Next, exanpl es on setting the pu r|V|
contracti he .press r|2|n chanber 46 20 mn be descrlbed W th
referenceq%b%F§6 Sé is aﬁl %’EFQSEQ(%Be Rﬂﬁﬁ? GERELATI PP dEYAE ng
S|gnal %Fscrlbed in Flg 10, Fig (%g and Fig.17(d), the voltage (pulse
hei ght Y h&3Ffr 3% Tr%ﬁﬂ‘ef%%%ﬂeﬁér@hg (d) sam oétv@m@@g?es VhowHowever
t he charge hel d by the 25 piezoelectric vibrator 52 is discharged little by
little. A§nvfﬂ931%2@89?MPcﬁﬁﬁPQZEm@BMGdrOpﬂbtaq@@sbbtfoame@hgmn in Fig.
19(b), a voltage drop Vp occurs in the contracted state. The voltage drop
0 Vp act s disrhexpamgli avg itrfle drolpliee 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 Sé6.

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 discharggd at the fourth pulée 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 dfiving
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



of the pressurizing chanber 46. As a result, the size of the 5 ink droplet
may change. Thus, as shown in Fig.19(c), the pul se height of the driving
pul se i s weto3nzs8a7 vol t age value Vpl in which a voltage cecraspmydiong to
the voltage drop O Vp is added. Therefore, the necessary voltage value Vp
can be obtained at the tinme when the state noves fromthe contract 10

hol ding state to the expanding state45so that a small ink droplet can be

5
di scharged sta . Next, tenperat onpen Lon w d ibed wth
ref erence®t 0~ B %/’2(33.5 (ﬁrlf‘é’rwélcggr ?%?%f(bgf’ ianﬁfggtﬁgﬁae&%@ gﬁ\?i rg(g%%%t%
tenperature changes. Thus, .the size of the ink 15 dropl et changes accordin
to the te%lb%r%?rhg?é:té?fgﬁ €n vol tages of driving pul ses are the same forg
each tenperature. Thus, the driving. waveform generation circuit 77 stores
a plurality of driBhengoidestornepabier asteofpesparalidi@ct shet epdiEraat ur es,
and a proper driving waveformis selected 20 according to a tenperature

det ect ed by Bh¢ enpersatnirzengenbanbd0.46 Forserampbelta the \dirg wdveher m PvH
for a low tenperature, a driving waveform PvL for a high tenperature and
a drivi nginevefesratPuddyf ehaageor dimas y denrperat uner ag el Stor,edhebef or ehand,
and one of themis selected according to a 25 detected environnent al

temper at upg: s @het ehit: 1419 %al bages Mp ol AD:03L6897a RET/ iA24A9646 - 46
large in the driving waveform PvH Tor the | ow tenperature, the voltage Vp
is lowin

L Sroun TRUEHS AP o W RGR, E¥ted Hoddin 8" enk SR A o AR & NI,
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



since one of the driving waveforns can be sel ected and output 5 anong three
ki nds of driving waveforns, an ink droplet having a proper ink droplet
speed andwe opoagser i nk dropl et size can be discharged st @birgPo2dsssough t he
pi ezoel ectric vibrator 52 is assuned to be PZT of d33 direction
deformation in the above-nenti oned lgugnbodinents, PZT of the defl ection

vi bration type can be used. However, the PZT of d33 direction defornmation

has higheﬁarﬁélﬁabthétQinﬂmgtMaVefakmupﬁHrgﬁﬁ(%Héanogetéﬁgggg%% 0 lower
than that of other PZTs. In the above-nentioned enbodi nents, thé inkjet 15

recor di ngvappagat Us is ltsne(inaﬁhélndj:ﬂ@i}ﬁ? ;v%g;gfyr&g,?@gpgﬁ;tq%r é’&éﬁfl uding an

i nkj et head for discharging an ink drop . However, i nvention

can be appkhnpdrieusd, | MRYE k di aratus,,including a fluid
di schar gi ng head ?or discﬁg?gggg’dggfﬁﬁplhﬂﬁb?ég'g%hé?“%ﬁ%ﬁmpﬁﬁ; such as

fluid 20 gegkstsndo tterning and a gene anal yzi ng sanple. As nentioned
above, accordi ngnto(gftlﬁcg1 eéév%ﬂg?vvi’%?f S Bppastaiedofngheutput

above-gqrent j oned, .embodi.ments, the driving wavef orm generation part outputs a
dri vi n%es%}&ér?fg? e 3&“&‘5 of frisingipetedioriel earnink airopaRtr aeting vol ume
of 25 the pressurjzing chanber w thout discharging a droplet; a WO

03/ 026897% PETIRIFH 29 646P el 7sprasb rhdnay efropar el giretofien keepi ag, a
contracted state in which volume of the pressurizing chanber is contracted
until a Peristalmdged keahdzzl e noves toward the pressurizing chamber:

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 apparétus 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



a third waveform el ement for expandi ng volune of the 5 pressurizing chanber
fromthe contracted state; a fourth waveformelenent for keeping an
expanded wopaB®26h7 vol unme of the pressurizing chamber; anecCa/IPdFiohsenavef orm
el ement for contracting volume of the pressurizing chanber fromthe
expanded state to discharge a droplet,, Therefore, the driving 10 voltage
can be applied only when printing is perfornmed. Thus, the tinme for

appl yi ng \i§iqcagevaref ham pe bswurte fgenkeabing Pasdntreanehesshal tigped, so that
reliability increases. In the head driving control apparatus, voltage of

the first widedf ook edBnthes pkksul 0z CHANGE fom;an 1P ntalitage.
Thus, the voltage applied to the pressllh}?e generat]"l oﬁ%%%%teccg#nﬁél a

suppr essethehowcuwb enn prhdtidNg 1i.S peLro ._In _addition, the
above- menti oned i mage recordi r?gmgg%%afg #s({?%cel GAEESHT pArtY f4eMbgEput ti ng a

driving signak & ! es tine-series driving pul ses each for
contracti r?g t he gﬁé%%#%e%gﬁmFﬁéng?ﬁs%’fﬁqrﬂW é’ﬁgﬁ’iﬂ@rof o-héi scharge a
dropl et i Ergs 1(eri Vi n eri od; wherein paraneters for each of the driving
pul ses” are" det ernym Cgifé‘}?etrhgfo%nt%mﬂf@@qtﬁdwm&; td fourdh = n X Ts

hol ds true, wherein tr is arising time constant, Pwis a pulse width, tf
is a fall FRYCEPHHe Toiannifort Heering mi sexpahdedt etyed ,ofTolsmd Lesonance
frequency of the pressure in the WO 03/026897 PCT/JP02/ 09646 -48

pressuri zFhg R¥REmErziagd chaibean dmt eger Mo LessréRanibnenACegrdi ngly, a
| arge droplets can be formed. "n" in the equation can be set as 2 or 3, so
t hat a stebherabtsichargdua@nof 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



be realized. In addition, as for adjacent two driving pulses 5 with respect
totine in the tine-series driving pulses, nin the equation for a driving
pul se i s Wo@awes9than n for a previous driving pul se. AcecTdrorgivg4o

i ncrease of residual vibration can be suppressed, so that high frequency
driving can be performed stably. 10 By determ ned the last driving pul se
inthe time- series driving pul ses such that an equation Pw + tf = (n +

1/ 4) X Ts HGisgerirhey choveaseaotl nessdyal invidyeat hanibysthe, last driving
pul se can be suppressed, so that high frequency driving can be perforned

stably. |hcchirsdiogse, dHylaefd drgptbrdocie he QL ganer \tll;,anir;l' i ncrease of
residual vibration by the last driving pulse can be suppressed with nore

reliabiliteguathbonadshthdetaggopdingsto t bove- nenti oned enbodi ment s,
the inmage recording apparatus i nc{sg e's:s%h%le?% & PEPP LRIt Pridiargea cani vi ng

wavef or m i,ackudi plyrality.of 20 tine-series driving pulses in a
driving period; g%%éa p%lr fadfj(l) lo@el%%t%%lifljéﬁﬁpyi HeP #driwast palkesst

signal: and.a, second  signal to the pressure generation part, wherein each
of the fugr“g? SREPSE el Mg nat sthe oiserisead efr dnivirey dniddesg nwanef or m
and mhere%g: the first signal includes driving 25 pul ses each of which
contr act s “FReSYH ki dort Redpt et mwisey IWOg034 02689 A PET/F3R0R/ 09646 - 49
chanber to discharge a droplet; the second signal includes a waveform

el ement fBFECHMT abtivigovplilsre. ofaddvedanessur i Rk RehsLhamher; Q. ¢i scharge a
droplet after expanding the volunme of
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 Pressure generation parf, 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



the pressurizing chanber. 5 According to this inmage recording apparatus,
the "push and shoot" driving and the "pull and shoot" driving can be

m xed, sowOhawn2ee! ecti on range for droplet anmpbunt can be PCROP@a®es. | n the
i mge recording apparatus, a first pulse in 10 the tinme-series driving

pul ses is used for contracting the _xg*yne of the pressurizing chanber

w t hout discharging a droplet. Accordingly, the "pull and shoot" can be

per f or ned chrstrleiry tol ditheatdmge drepedi NfhappedAtdsighhe pastudy o 15
selectively applying further selectively applies a third signal forned

fromthe drdwdrdgmnayehesm fd@@:ro%it@at:@fné hi-d dimsSignah ol Pgéé'%ﬁx]sﬂ.s%ﬁdf\@gﬁ orm

el ements of driving pulses for the first signal and o
contractingthe veLu Sgﬁaé e, Rressuri zkng chanber. mﬁ% out di scharging a
droplet, in which a gg ropl et i°s él%%h%#%éki?ﬁpﬁﬁélﬁﬁ EﬁrY?ﬁqﬂf | se ot her
t han t he %%strdriviﬂg.gul e in the driving pulses for the first signal.
Accor di ngl§*¢ BERETFIHT 519 & Fet can be stably formed. In addition, by
applying the first pulse to the g(essure generation part while printing is
not pePformed, reli2dBFPTdiRg 5 EhAS bEMRGHITRAEIING 6BPEREBYY, RO JP02/ 09646
-50 I n the above-nentioned i mage recordi ng apparatus, the pul se hei ght of
the first "Raedf anth shepEhtdiiyiggt asdcthe t*hatlla andl sagettr ap vaeeutainng
during the tinme of the second
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.



waveform el ement is added. Accordingly, variation of droplets 5 decreases.
In addition, in the inmage recordi ng apparatus, the second signal includes
wavef or mwbaeaweess7 of the driving pulses for the first si @oalPodivess dri vi ng
pul ses have the sane pul se height. Accordingly, pull and shoot driving can
be perforned stably. In addition, bg including a driving pulse for 10
contracting the volune of the pressu??zing chamber without discharging a

droplet, wherein t s ight .of the.driyi I i l.Ler than

t hat of other drivﬁﬁbQ§ﬁ|§8§$%f¥gn§§?§§ha%g%95 gg%ﬁ%ﬂ%“???bé?§ggﬁébe avoi ded
that viscosity of in round nozzl e becones high, so.that reliability

i ncreasesJ‘.:h‘B;}g/‘%§eaq?ﬁﬂlﬁih g° hgh‘?jr Wiy Wﬁﬁﬁggrf“neg%ﬂﬁptcﬁél &S5t Sb??nti ng, it
can be avoided that viscosity of ink around nozz|le becones high nore
ef fi ci ent¥fat | vaddiageodropyoediangingg dyarise keeghine f the 8PFORAg wavef orm
according to environnental tenperature, stable ink discharge can be

real i zed. w2@efarnt kd chent-ows ngddesi xt IRcaoddsegént hvanddiomeptfsdopplehe
present invention corresponding to the second object will be described

wi th ref enenesdes fi gur e8ditiod heid alHeownage tbeording hppataduspntha || be
described. Fig.21 is a schematic bl ock diagramof an inkjet 25 printer 111

as an exagpl e, ofsithe 1l 1Rgeu58€ A d¥h APRALALHS s 0b r WAL AZ688 /pulses
PCT/ JP02/ 09646 -51 the present invention according to the sixth

ﬁgggdaggn%%rAéﬁa%ﬂgs %Egﬁ%g'%gicﬁ'3%%¥1%§e§uggggt§%yét¥ké Eghgdﬁélég i nkj et
a dropl et dischargi'ng head, river 3, a
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



control part 114, an interface 115, a paper feed apparatus 116 5 and a
carriage 117. The driver 113 applies a driving voltage to a piezoelectric
vi br at or wO23%ds9Wwn in Fig.22) in the inkjet head 112. TIR€TABI (9646 part
114 includes a mcroconputer and the |like and. controls the whole of the
inkjet printer 11. The interface 115 receives printing data 10 112 fromthe
outside for performng printing by aéﬂﬁg the inkjet head. The paper feed

appar at us 116 -f-eeds+ a; RARAN: dNakcok§1 Ay Me5oFll RY MRALMERA Qe | NBIsNg i N a
direction of sub- scanning by using a paper feed notor and a paper feed

roller that _are _ngt s in.the figure. The .carriage 117 .mpunts the 15
ki ot heatortfanitagote e ahhirn Sekbreng dr reciae U T e hovs a
| ongi tudi nal section of the inkjet head 112 according to the sixth

enbodi nent'®2fhélinRPet WeRRtet192srheretRe Reachbst Aat B0k S a i ezoel ectri ¢
vibrator 102 that is an actuator of the inkjet head 112, a frane 103 for
20 suppor tdoagran PAKtcbhhoirf fotdrénanbelS 106dargrvipedtdmmpystase 11604, a
fluid chanber and channel 105, the ink conmmon fluid chanber 105a, a fluid
resi stancenplaat cdfsbaganliynk phesduteer chibdizgpli@s &t &eivinlg proésagee
chanber may be called a pressurizing chanber), and a nozzle 107 that is

connect ed Hooa Bbekbe1édke 1y RS BHEEoEhambe(sHAG andrtatedischalges i nk. WO
03/ 026897 PCT/ JP02/ 09646 -52 The vibration plate 104 is provided with

di aphragm; jRaeksnd4arin t ReStdas 0] Lhe: ik RLeSFUES £hanber 106, the
di aphragm parts 104a bei ng capabl e of el astic defornation.
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 paper 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.



The vibration plate 104 can contract and expand the ink 5 pressure chanber
106 by expanding and contracting the piezoelectric vibrator 102. Wen a
driving swgQralo2dss7 applied fromthe driver 113 to the pi eroglIect 096

vi brator 102, the piezoelectric vibrator 102 expands in the direction of
the arrow Ain Fig.22. Wen the charged piezoelectric vibrator 10 102 is
di scharged, the piezoelectric vibrafég—loz contracts in an direction

opposite to the dirgel OR-QL; LR AILOW A L8 E014&E Wil IS apaRkERl | ed Dy
the control part 114, and applies a driving signal, as described as

follows, to th | hkj et . head 112 that .the inkjet head 1 fo i nk

dr opl et 5. PTE T K403 Fhie SaoTavat PR di ko PEReShet A D S OPor Faf  t he
driving signal applied to the inkjet head 112 for formng a ,small dot. In
one peri oBTBPLEHE Ra5Hend V4R gRat Y tIRPaRNS Rfe L adbte i Hag1e8nst ant
gradient fromthe first highest voltage Vps (holding pulse 200) to the

| owest volkageilvpbtidn psateol Vvedmronrdirasintnd gxeaitarige pokse 201),

wherein the gradient is represented as (Vps-Vpb)/Tfs which is constant and
Tfs ifdi patesuee tahmendear 18ppbyi expdriteifg ratl wanefarimret etient . Next, the
first lowest voltage Vpb is held for a predetermned tinme (second waveform

el ement :phebsbng-pulseiBR2tor PUbsE ZmaM Gt BrPwshg Jirem) tikeayphtage
ascends at a constant gradient WO 03/026897 PCT/JP02/ 09646 -53 fromthe

first '0‘_’\@%%mv9éé 3&%@2 § thersecond ahghest o yoliags MR (third waveform

14
el enent arge pul se 203), erein the gradient 1s represented as

(Vpp-Vbb)éggg%e éct}fé;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



constant and Trmindicates a tinme of applying the third 5 waveform el enent.
After that, the second highest voltage Vpp is held for a predeterm ned
ti me (fouwoOhsmeosef orm el ement pul se 204 (pul se wi dt h PwnPCT/ IR @e46 hat |
the voltage ascends (fifth waveform el enent : charge pul se 205) to the
first highest voltage Vps at a constant gradient so as to continue 10 to a
driving signal of a next cycle, wherern t he gradient is represented as

(Vps-Vpp) /£EoM WALCP: s aopkanto@Rdgd TRl Scf thl BBcHRE @Rlading the fifth
wavef orm el enent. Next, operation o? t he inkjet head 112 when such driving

signal is_applied. w | d ri-bed. st.at r hol di ng pul se
200 is apg ?gag ov?%ehggggbg 38 ??% 34 W%h%n’ f§5¥8§h§u%%§f%e dctric

vi brator 102 bends. in the direction of the arrow A so that vol une of the

i nk pressUfETERANDRF FF6' TontFatEBref@Kted \ﬂ*?er{VPHéVBIP)s}cWa? $€ 201 is
applied, the piezoelectric vibrator 102 bends in the opposite direction of
20 the ar comspansoardgirn fjadichtae af titre dhkkPplEssdr ehehdnisl 106
expands, and negative pressure occurs in the inside of the 1ink pressure
chanbe 166vefsrm eksudrtt,. t Afterentsets tdfe isdcong highget ywelildged Vibpom t he
aperture of the nozzle 107 toward the ink pressure chanber 106. Then,

whi | e theiBohdiagrul 52l t22mi seapplhed @fdreh thecdbsshargemul.se 201 is
applied, the WO 03/026897 PCT/JP02/ 09646 -54 voltage Vpb is held. However,

the pressyresacsyir (Aadd wil@n bRf) A€ ofrddie tnak PLRsSH £ £hamelend6
perforns danped vibration while repeating positive pressure and negative
(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



pressure at a period Ts that are determ ned by the structure 5 of the ink
pressure chanber 106, the dianeter of the nozzle 107, fluid resistance and
t he |i ke.whNagi26s%hen t he di scharge pul se 203 is applied, Phe/JpPm/@®seel ectric
vi brator 102 bends in the direction of the arrow A so that volunme of the

i nk pressure chanber 106 is contracted 10 and positive pressure occurs in
the inside of the ink pressure chafmb&r 106. At this tinme, since the

neni scus |l 0%y sRURLEA Tromdne aReLt presald ediozake 07ed he amount

of ink in“the insi ozzle 107 1s small. Therefore, in
such a state, . a small ampunt of ink.is. dis rge a.l tal pressure of
t he posit?%@ﬁ?ﬁeﬂﬁgahg 6$Etﬁﬁe%ﬂﬁ¥béjﬁﬂpgg E?€§&3nég¥ﬁbdﬁggégure vi brating
at the period Ts. Next, Fig.24 shows a result of evaluation,of the ink

di schar gevilpeddiof viddet FePeaking RITGECaRBEFTIN NS PEY2ERYSRGI ng t he
pul se width Pws. In the evaluation, the driving 20 signal of Fig.23 is

appl i ed tpredmuialgte heatlod1Ps Wetlh iavg deherdiied Ry Vot &§8LVppras 20V. As
shown in Fig.24, the ink discharge speed Vj .and ink di scharge anount M

change wi ph tiperimdiptietyuas coghivig t1d 6, hehputl saneiiatt loPuwbe EpgzR& shows a
result of evaluation of dependence on 25 the driving voltage Vpp

(di schar gepyol £308) »WNEEEhBe tWR P a s WO 03/ 026897 PCT/ JPO2/ 09646 - 55
wi dt hs (peak pulse width Pws p and bottom pul se width Pws b) are selected

for this evaluation gt ‘A@M&H 100 Pl S8 Wedbisst Neos 1k Psehar genspeed Vi
and i nk di scharge anbunt become
piezoelectric vibrator 102 bends in the direction of the arrow
A so that volume of the ink pressure chamber 106 is contracted
10 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 ofAthe 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
15 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

20 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

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



maxi mum (A point) or mninmum (B point). Fig.25 indicates that, 5 when the
pulse width is the bottom pul se width Paws b by which the ink discharge
speed V) wpod3iopdsdti schargi ng anount M  becone m ni nrum ( BPp@iJre2q9etshe i nk
di scharge speed Vj and ink discharge amount M do not becone very |arge as
di scharge voltage increases. On the qther hand, when the pulse width is 10
t he peak pulse width Pws p by which the ink discharge speed Vj and ink

di schar ge ;arRuUAt ( albggmrg% RRIRUBY, 6 A PO Dot tRRd philge WohUeSf Wyhe ink
di scharge speed Vj and ink discharge ambunt M are even when the discharge

schar g ount " are"even when the di scha
Shown in Brg 32 PRI GraEnay gt erbeh Al oReY Ao MR et M

repeat incgreasing and decreasi.n t, eriod al nost the sane as the period
Ts of the egéﬁgﬁarQEtﬁgﬂﬁdoﬁjognghég¥n 1909 RBOPRK 1Bt R chanber

106. Therefore, if the pulse width Pws of the second waveform 20 el enent
is set sufR*ERER (herhdrgerphiisémpo3(Bikging)t.o Bég.applidiraiesa i ng
when the pressure in the ink pressure chanber 106 becones positive, the

i nk di schathge $peeduberonesh faxichanbotiomaddiliseonidthePwanko diysetdicge anount
becones nmaximum at the timng. 25 Thus, if the peak pulse wdth Paws p is

sel ected ase Y6x031H268%L RGELIPOZ/ 896460k -6 chhegphl Senaigit IvjPws of the
second waveformelenent, a large nargin can be obtalined for ink discharge,

so f, .hﬁ; t e cBRbORiniMin (e RRARYE PHESEICAN REaSEB! bpedhei£IQEL inkhe

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.



signal optimal for small dots can be obtained. 5 Fig.30 shows an exanpl e of
a pul se waveformof a driving voltage of an inkjet head used in a

convent i owalo3/oz4skj et printer. Since a nmedium voltage Vm i CIAP0/¥646he
conventional driving voltage, each of the start and end of the driving
vol t age becones the nedi um vol t age \@g 1S shown in 10 Fig.30. On the other
hand, as for the pul se waveform of the” driving voltage of this enbodi nent

shown in Fiige Zhlskheteth SPwd & MBI Beehl ag8ye @ themkhist r@ﬁcﬁ@lm vol t age
Vps is set as a nediumvoltage. Conpared with the waveform of the present

I nvention,nd.Ae ChahgBe PohSe AL ARd shhe holdl P s¢n3Q2, AL eliéd?\/%hﬁijdEd Ln

t he pul se waveformof the driving voltage according t0 the con i onal
t echnol ogy nunber of changes of the signal in,a periodis

erefore, t E %3
ei ght for ?%E%o%&%ﬁg?o%% 5§ &chh &% 55 ﬂown M S H8EG 36Tt RE Dt her  hand,
t he nunber of that of the present 20 enbodi nent shown in Fig.23 is six.
Furt her, sTHR8L ARUBRE R gEatds okt ceeceR qhtaimecehar ge pul se 301 in the
conventional exanple, the tinme for applying needs to be long. Therefore,
frequeficy characterFs9i3s fwmvshen sproped of a s secembudiaentotenpared with
t he conventional exanple. 25 Fig.26 shows dependency on the pul se width Pws
for WO 03/d32689¢ PCTLIROHDWGA6 nk8E hbediwediischargavepeeshdf , and Fig. 27
shows dependency on the pulse width Pws for ink discharge amount M. For
both of themjett preetyal uesindee sUusedifRrvédhedd W Tkssthatinig,d he tine for
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



appl yi ng the discharge pulse 201 : one period Ts of the 5 pressure

vi bration of the ink pressure chanber 106, a half of the period (Ts/2),
and a quawDes/ozfs9t he period (Ts/4). As shown in the figuPes/JrPodi@adct he time
Tfs i's set to one period Ts, change amobunt for each of the ink discharge
speed Vj and inc discharging amount_ M is small with respect to the pul se
10 width Pws, since the pressure in the ink pressure chanber 106

di m ni shestiviing thecHisgbasgePutisear@lrig. ZPRHAG AeechlentPt&d frgrence.
In consideration of this point, it is desirable that the tinme Tfs is set

Wi thin a range (RQtALERs AKX {18/ Q) sicarbi Ghhd it g1 er %Q%SEQEthP e Sur €

vibration in the inside of 15 the ink pressure chgdber oes not dccur.
In additian,, & ¢ gg h dge n op.in di,schar.ge oI%a eﬁg for the
. ) r a . .
i nk di scharge spee e%/j Q%‘{% i n{r}%sﬂ (séc(lﬁagb%e anount ,l%v\ﬁé?e Hg? dp’{)l me Trm
that is the tine for lying the charge pulse 203 is set to the one
peri od (Tsﬁp%laﬁdt%eqﬁ%lér% F’t"ﬁéepgﬁ)?oﬂ s PHTL08s T8hehnthd Fi g. 28, when
Trmis_set to one period (Ts), change anmount of the ink discharge speed V
and inR diRGFEMge BHPUFELN) Qi tHher dBperTesviradicheibege 106l t agea Mpp£fi s
small. The reason is also that the pressure in the ink pressure chanber
106 di m nigleepewhodie (THE2)25 althrgguputse @03 Hes pappbiledTdye) t 0 As
interference. Therefore, WO 03/026897 PCT/JP02/09646 -58 in consideration
of this paimtm ih tise desguady e whbat thbetindTeresTH ketseb vhé hidviag ange (no
nmore than Ts/2) in which interference of the pressure vibration in the
inside of dd€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,



i nk pressure chanber 106 does not occur. 5 Fig.29 shows dependency on the
pul se width Pwm of the pulse 204 for the ink discharge speed Vj and ink

di schar gewOanoessp7 M . For both of them the tinme Tfmthat PCI/IPh09b46ne for
appl ying the charge pulse 205 is set to the one period Ts, a half of the
period (Ts/2), and a quarter of the pgriod 10 (Ts/4). Wen Tfmis set to a
quarter of the period (Ts/4), a second ink discharge occurs when the pul se

wi dt h Pum % @nsigleaatspownt i thisheofihgur et Thates Ssadike tahar ge, pul se 205 is
applied soon after a tine when the pressure in the ink pressure chanber

106 becone&mpdsi sevewathen 4 nkardjeshar 86rd StpGEUFS/o)! N addi ti on, when the
pul se width Pwmis small, both of the ink dischargé Spee and i nk

di schar ge iaretfitrbhce | HEMEAS € r3Q,,t-0aAL ; ef fect for .produci ng small ink
droplets dininishes. In or dg:’rr touagg%ﬁlg?%lsonprldblt@ﬁ] lBFl?l%erﬁogﬂ@onsi der ed

20 to incrieaserthe,kd . far applying the charge pulse 203 so as to
di m ni sh presgﬁre I\J/i‘prgﬁ on.Lj Iﬂlg\gegg?%/ IE%? LBthod is not advi sabl e since

i ntended ink disch e eed Vj may not be obtained. Therefore, the charge
pul se 205 is startgﬁd%ggg@%oé’gpﬁﬁeﬁn%ﬁ@f Ithdher pvdaeewiatit Pemi Bl pressure

chanber lgg 25%2%%0%‘5 negative for the first time while remaining the
charge WO §/6. jﬂﬁbﬁﬁgp@@pogagadlsgﬂhqgﬂ $@eéﬂ3vﬂn§ﬂ@ﬂgﬂﬁdié@ﬁgigépg!y’
t he above-nentioned the second ink discharge does not occur. In addition,
by incre@SPHYt thk- t ifinr foorhappl yheg the chaegderRULES: 205.the +ime
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



pressure vibration in the ink pressure chanber 106 is 5 decreased, so that

the i nk discharge does not occur. As nentioned above, and as shown in

Fi g. 29, iwoiog/o2asesirabl e that the fourth waveform el enment PCpuUPex09864 (pul se
width Pw)) is set to be no less than Ts/2, and that the fifth waveform

el ement (charge pul se 205) is set to ge no less than 10 Ts/2. Fig.29 shows
eval uation results when the period T3°Ts 9 Am Accor di ng to the

above- mn%h@@@%@j xtnenbedi et eord 1Ry liyTRE8er 866%ELMeh @RpRIGAtUS | ncl udes:
a driver Tor driving thé pressure generation part; wherein the driver

out puts a_1 VI NG, :S] [ 1 ng: firs ellog,rnsnt for
expandi ngS?E%Q%rlensks%rl;%zc%%ggce;h(g%%?ﬁ%n%&gﬁéssEng%ﬁ%%ﬁ’); a second
wavef orm el enent, for

keepi ng _a ex ded ate_of the r uri zi ng chanber;
and a t hi FBCRRRR il gﬁr@ﬁt f?Braggrpﬁ*%t%ﬁchﬁEgﬁr%%Js i |55rig chamber from
the expanded state 20 to discharge a droplet; wherein a pulse width of the
second wavessnrs élidwerions inetlr i MedseHrehghadrepl e diSscharge  speed
is greater than a predeterm ned value. In this invention, the pulse width
of theb sedendeaswmiefsor mheltetrbat inkydiss detrgieniined sochocdiat .- dr opl et
di scharge 25 speed is maxinum According to this invention, the inmge W
03/ 026897 PCT/ JP02/:396#6+i068dr 66¥4j Nthcappasabuws CArF e t he aest of
pressure vibration in the pressurizing chamber occurred by applying the
first wayetormel et +n30rbiatn afaRPtdrd 2ednshal (peIaplafs qanibe
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 such 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



obtai ned and the voltage of the third waveformel enent can be 5 |owered.
In the above-nentioned i nage recordi ng apparatus, the driver starts to
apply thewohBnoezksomvef orm el ement at a tine when a pressuPETIIRIY (9646
pressuri zi ng chanber becones positive. Therefore, since the pul se wi dth of
the second 10 signal can be set to be a value such that the droplet

di scharge speed is maxi nrum an optiﬁ?%éd smal | droplet can be discharged.

In addi ti QQcofﬁﬁ.rr%f ia@ggquFheecéhrﬁékéfvacﬁ%f RbE: SEePROtsi:% RALFREEE han Ts/ 2,

wherein Ts Is a peri pressure vibration in the pressurizing chanber.

And, duratjon 15 of .the third waveform el ement iS.no re.than Ts/2.

Therefore%het?ﬁ?%%ﬁﬁﬁ?lpgcgbawgard%cﬁyﬁfﬁs% aﬁpﬁ%%%n?Hgﬁﬁggrsgf pressure

vibration in the pressurizing chanmber occurred by applying the first
1Etdadatety

wavef or m BREHERTI SEmeRat SR bRt Ay sPteAerPIdFBD &3BpP%i ned 20 In

the image recording apparatus, the driving signal further includes: a

f ourt h wavktainmcklaarervhef gplkeapi v e shard whAseEowbrRlementofabiLe he
pressuri zing chanber by the third waveform el enent ends; and a fifth
wavef & m ebessad. for contracting the pressurizing chanber to a state
corresponding 25 to a state before the first waveformel enent is applied.

WO 03/ 026897 PCT/ JRQR1PR6480ve et Rgate tBESrdImgegiReatdsNg
apparatus, the nunber of <change in the driving signal can be mninmm so

E:Qﬁt frequgocy,:-£NATACteL $hi G5 FAMIRE thiREOYEde AL SIAbif d Ok di scharge
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.



be realized. The duration of each of the fourth and fifth 5 waveform

el ements is no less than Ts/2. Accordingly, resonance vibration can be
suppr essewoion/oedse’ i nk pressure chanber after dischargi ngPcmkaPioobdse t hird
wavef orm el ement, so that discharge of usel ess ink droplet can be
suppressed. In the inmage recording 33 aratus,,a potential 10 difference
between a start point of the first eformelenment and the second

waver of M gLeNEiy | S ORsALehrLNAN: SodOLE i:@ba:dihl er o uhipisegn the second
wavef orm el ement and an end point of the ird wavef orm el enent .

Therefore,, the im recordi_ng. apparatus _can ¢ t t ure
vibrationc?%P%%:¥hg%§r§§§X%Pgi%bgd%% E%?%ﬁhﬁgggggﬁ’a%%f@?ﬁbf?%ge%ﬁﬁzt
waveform elenent, sq that an optim zed snmall droplet can _be di scharged
with a deSPPERFFHESHiSEh&RGelLspe@IECYSH tRE SRR hig* rRereEgEntRn

enbodi rent of the present invention will be described. The structure of an
20 i nkj et beeeerdigny -apfdcatusatron % eadboditnBhe feurHe y¥hd145h t hat
described with reference to Figs.3, 4, 21 and the structure of an inkjet
head i% thasefnhodlnerintiss isheoshaes ahansiievl .i nAEcgrdR®y1yThe driver 113 is
controlled by the control part 114, 25 so that an ink droplet is forned by
appl yi ng acséhan &g «Sitgnali MO0/ B2 68 RAeHedPO2/ 88646nk -Hizkslsarthe i nkj et

head 112. That is, a driving signal having a follow ng waveformin one
period i s Hstkr Fid3 SRoWa HiEg WaYe Ry el thheqdih v AdrdidRAknLAS
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



shown in Fig.31, the driving signal changes to a first 5 waveform el enent
(di scharge pul se 401) froma holding pulse 400, in which the voltage falls
from t he waodtoeispvol t age Vps (hol ding pul se 400) at a fi pPstr/Jexvge rate (A
Va/ Tfsl). Next, the driving signal changes to a second waveform el enent

(di scharge pulse 402); wherein the vgltage falls to a mninum 10 vol t age
Vpb at a second change rate (A Vb/TfsZ = constant) that s greater than
the first ®h&h§eirkiet (7ead/lT8s| ) Thalexts, their idiingi BYgsh 0Ny iGRAaRges to a
third waveform el enment (holding pulse 403) that keeps the m ni'num vol t age

Vpb for afopiedétermivetbrii iR 6pul sermgtds Rus) Finally, the driving 15
signal changes to a fourth waveform el enent (charge pulse 404) in which

the voltage rises framiihengipi pym Aage V| 0 the . maxi numvol t age Vps
at a third change rate (L Ve/ Trm = ‘yééil)érlstant . th?té?l‘f]rﬂ& SiRelsi ghal

returns tengyholding, pyl s 4 so that one_cycle-of the driving signal
ends. After that, 2 ﬁ]ié gplevﬁgﬁ%gvjsl?%r‘?digél Ehahigpatte entiiimssusl y while the

F 85 ORIk R S it 960\ PRt s rgatiroputesbar | g
with the eformshown,in Fig.31. In 25 the follow ng, conparison between
the pul se” Waverbriiishowie Ko D08/ BEE89 7 rBETHIP0RANNAS vol630Ei Go31
(waveform A) and the conventional pul se waveform (vvaveform%) gﬁglown in
Fi g. 32 wi (Holsngesurlisbed00Ther di sthergenaubser4dd | Aythesywavel grm.A and the
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 driv%ng 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



di scharge pul se 501 in the waveform B have the sanme change 5 rate (b

Va/ Tfsl) and the sane potential difference (A Va). The <charge pulse 404 in
t he wavefwormsmand t he charge pul se 503 in the wavef or m BChave/9he sane
change rate (A Vc/Trm and the sane potential difference (A Vc). Fig.33
shows a relationship between a tine (Tfsl+Pws) for pulling and the

meni scus depth. 10 As shown in Fig.3’§'the meni scus depths for the

wavef or ms gAy aad (BaRkEoAh S tankin@n8afBn$ERELINE £NARIRT&ESS, (L Va/ Tf s
and A Vc/Trn) and the potential differences ( 0 Va and 0 Vc) are the

same. In th o] sur.e Lp the i 0 fluid 15 chanmber 105a
can be cadgggggégépéry$%aﬂ{ﬁ§'gﬁ?é%gr6%E%J$§é&£%gg%ﬁQVing t he second change
rate (Q Vb/ Tfs2) greater, than the first change rate (AVa/ Tfsl) subsequent
to the di scharge puf&® diRAlargenpBlefanye 1t e oM AR OHF§%HEF%§“§UIse is

proportional to the anplitude of vibration of the pressure in the ink 20
comon f| H¢ckragBePul®s a0 0hyinyshagverief eeedhdiadifage sate Cpnsst er t han
the first change rate, the pressure in the ink conmon fluid chanber 105a

i S great ercatthan AVt TH816N ausli Be t dme fpgisintdhangerratencd n( Add) t i arhe t he
sane effect can be obtained by setting the tinme for applying the discharge

pul se 25 40hrbe palkenges thamet hevbEsEnfOramppliy Reathe shsghange WO
03/ 026897 PCT/JP02/ 09646 -64- pul se 402. Therefore, as shown in Fig. 33,

when the it%@é%&v@%@ﬂn A% bl YER PYnMSLDG-4NE VRYES AL AndTRALSCUS

change due t

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



the pressure in the ink comon fluid chanber 105a caused by 5 applying the
di scharge pul se 402 is added. Fig.34 shows a relationship between the tine
for pulliwgosnkesand t he pressure in the ink comon fl ui dpPchamip9ed05a. The
point where the tine is O indicates the start tine for applying the

di scharge pulse. At this tine, the gressure in the ink coomon fluid 10
chanber 105a is also 0. Wien the di's ﬁhrge pul se is applied, pressure
vibratioqngﬁ&y@@Q_Also in this case, when the inkjet head 112 is driven by
t he wavef'orm A, since the nmeniscus change caused by the pressure in the

i nk cormon fluid chanber. _105a hy appl.yi t i e. IS
added, the 15 anpl it 048 3F t e pré’é”glu%é Q?Bfg l%ﬁeﬁ%%elﬁﬁig‘goﬁem%ﬁm f1 uid
chanber 105a becones large. As shown in Fig.34, the pressure in the ink

common 1A dScREHYER PUSHS P SEmayRhBEl 1 bPERIHSWATPRIT epdatihg
positive pressure and negative pressure at a period Ts 20 determ ned by
factors stivh rressheestirucharnofcommen Akuigr eBamher dharbeR1ISS LA di anet er
of the nozzle 107, and ink fluid resistance. The pressure becones negative
from tshe agdlaringofthpubisngat@e oulale 402 titheapéed od Hits/B2) shawmsl amagni t ude

of the vibration is largest at the tine. After that, the 25 pressure is

posi tive gurdngraHiipBetiohthe Rakfe ebrt palpend othMEnd3£8268Bdssure
PCT/ JP02/ 09646 -65 (Ts/2) to one period Ts. Therefore, in the waveformA

shown i nlrllz'wgrb Lmib¥oifbhi PO i@ HAR r Th 8k Al O TRPRINIHIT whBee dischar ge
pul se 401 to be a value [arger than a half of one period
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



(Ts/2), ink supply fromthe fluid resistance part by negative 5 pressure in
the ink common fluid chanber 105a can be smallest. As a result, a large
meni scus wWepBl2aan be obt ai ned. Magni tude of the pressurePCR/JPIROYI4K CoOMMDN
fluid chanber 105a is largest in the interval fromthe start to the half
of the period (Ts/2). After that, vi %éation of the 10 pressure is gradually
danped. Therefore, by setting the tinmg Tfs2 for applying the discharge

pul se 402 (irg /bheryayed dpiBdi s . Fi dhddetO-de ssmehkefatbadidt he shalh of the
period (Ts/2), maxi mum pressure can be obtained, so that a | arge pressure

in the ig fL.ui b I i t he
i ving StonaroShourtY FH g gL R et Sohar BB LpMBaY] ARG RS

di scharge _anoun repeat ed i ncrease and decrease at a period al nost
the sane B% tc‘ﬁa%oyd?o %{)%é‘ BFEé%ui@r%%rgﬁfbﬁ g”fa(itfh8 i FRE 1SS e chanber
106 as shown in Fig.35. Therefore, by determ ning the pulse width 20 Pws
of the thilF8/davei®f mwirdyefitosuthe t hatid Hesdisiegee ppase buogsorEiEppl i ed at
a timng when the pressure in the ink pressure chanber 106 becones positive
(poi ntS> A preFegr85)y thwe inknkodinst héihged speedbareddbescamxensmallesaddi tion,
by using this timng, the ink discharge anount al so becones maxi num 25

Accor di nghy, abyesel €ctd ngriybempul seusv ddgrPwanpbepsbtyinddik i s WO 03/ 026897
PCT/ JP02/ 09646 -66 di scharged even when potential difference L Vc (driving

voltage Vpp) of thesgharge BYl 8- 404 4S8l A8 SHOWLIMbFid38, a small
potential difference A Vc (a small driving voltage) can

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 amount also beécomes maximum.

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



be used for the charge pul se 404. Fig.36 shows changes of the 5 ink

di scharge speed Vj and ink discharge anount M with respect to the driving
vol t age fwo oeazds9pf pul se wi dths Pws correspondi ng to pe&kT@eiamive46A) and
to bottompoint (B). By using small potential difference L Vc, the anpbunt
of volume change of the ink pressure _chanber 106 can be decreased when 10
di scharging an ink droplet, so t hat “PAK di scharge anount can be further

decreased,. i ns d t I ViNQgy.Sd [ I ot her
pul So.sav P SHOIA T REn e L AR Bhef A B ieadtD
112. That_is, ipn . Fig.37, a potentj 15 difference A V2 t n Vpb and Vpp
(bet ween Yﬂ%) h%]?ﬁ}heg (%ﬁFgS Bﬂ%%e aJ‘no}1 t'te sﬁlgll&i ﬁa Sbu?"%ne E %?Lgﬁggsﬁl | er than
the potential_ difference A V1 (A Va+ 0 Vb) between Vps and Vpb (between
the hol dPRYL P E™MOE laAd L EnEeTRR dﬁN@" pal sBakb3rivipgeirot hadhbl GRhg pul se
405 is output, the charge pulse 406 is output, 20 such that voltage rises
fromthe deivsed St tagecppoe doutee 4t mildov o t slyesy/phanaesordi Agey, the
size of the ink droplet can be decreased while a desired di scharge speed

i S obtmai nedk Acearadigag sbeetihe] adyov etriikentiischedgs earemnirht enbodithent of the
present invention, the inmage recordi ng apparatus 25 includes a dropl et

di schar gi pgsphead, td hacduepl ehg ik schaggimg WO-A360268%%k REHHB02(,89646 -67

head conprising a pressurizing chanber, a fluid supply chanber connected

to the prEéfPééﬁcir{&&anh%bgéakapéﬂ%@' ?A)C%@l@e%eﬂo{@om%&n@ agsuri gy,ng
chanber, a pressure generation part for
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



contracting and expandi ng the volune of the pressurizing 5 chanber, the

i mage recordi ng apparatus further includes: a driver for driving the
pressur e yonana8Pon part; wherein the driver outputs a dPCTIIRE/®bgnal
including: a first waveform elenent for expanding the pressurizing chanber
by causing a first pressure in the pressurizing chanber; a second waveform
10 el enent for expanding the pressurizing chanber by causing a second
pressure |t@egecomhaisite & igretsspressngechanddis apressyr sdppg, chamker; a
third waveform el enent for keeping an expanded state of the pressurizing

chanber expandedefiytd hthe SRCRRE WAYRE OLMARIEMEAL 1020 eform
el emrent for 15 contracting the press%rizing éhan%gr ?g%§§%%ﬁg§%§%ded state

to discharge 8:dsoplelinicsardeng Lo Lhis, erbodipent, . the first vaveform
el ement enabl és to slowthe speed of expandi %nfﬁég%%Tu%%FEﬁé6rthe
pressuri zingy QﬁgB@ ..SPp that the pressure in_the fluid 20 supply chanber
(i nk supply c%a er %ﬁﬁi%&EaBQ&Pgag%% %éhf“%1?f SHBpPYET Y UMALRE f1uid supply
chanbeg cg&g@g SlOWFd“ As a_ resuylt, the neniscus can be pulled by using
the fitst Por M E1RERt TeFREALINY RPRAEGHE §hghher emedliveestoai ner ease
the speed of expanding the volunme of the pressurizing chanber to 25
i ncrease FReVHF es¥UdE ividnphshe| nies swpplgenelatben . paAst A WMBr@3h02A897
PCT/ JP02/ 09646 -68 result, voltage used for discharging ink can be
decr easeddriThusoutpusisalel ddiophet s tgmibenebtiaingd awhideEernayahogrop! et
di scharge speed is kept. ‘
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



In the image recordi ng apparatus, each of the first 5 and second waveform
el enments forns a discharge pul se, and the fourth waveformelenent forns a
charge puwea3/oddserefore, a snmall droplet can be obtai nedPeifiJPe/@aeugh
dropl et discharge speed is kept. In addition, in the inmge recording
apparatus, a 10 voltage change rate of the second waveform el enent is
greater than a voltage change rate “8f7the first waveformelenent. In

addi tion, rteeﬁl‘éur%i«@%e%steeefakréisa\f@a\/ﬁl%ml%hceegﬂtbme&eeasl canger than
duration of the second waveform el enment.” Therefore, |arge pressure can be

gSBFIZBEdSétha ég%%al iop ? can é£ %%gﬂﬁéggmﬁgﬁgﬂgnoﬁ%ﬂggropIet

di scharge speed is kept. In the inage recordi ng apparatus, the duration of
t he flrstd&59€?69ﬁ1%9%%%ﬁﬁ ¥§Pho | ess than Ts/2, and the 20 duration of the

second waveformelenent is no nore than Ts/2. 1In the inmage recording
appar at us, durat i onlbfthehdmaghi FecyadEtD raRRATaFEAL ?%C@eigﬁﬂﬁhéér§ﬁch t hat
dropl et amobunt discharged fromthe nozzl e becones naxi num Therefore, the
i mage 5ecandi ngcapparataforcarlmmkets hfomosta dfi sphesgermulate vidmdatthen in the
pressuri zi ng chanber occurred by applying the WD-03/026897 PCT/ JP02/ 09646

- 69 secondovevef psvelemenbmese FHahs ad @pidgd paldssnmal thalferet, acan be

obt ai ned and the voltage of the fourth waveform el ement can be | owered.
small droplet can be obtained while enough droplet discharge
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



In addition, in the inmage recording apparatus, a 5 potential difference
between a start point of the first waveformelenent and the third waveform
el enent iwogs®ai8eT than a potential difference between tReTURIZ@®6xAVeEf Or m
element and an end point of the fourth waveform el enment. Therefore, the
nozzl e nmeni scus can be pulled deeply, so that the volume 10 of ink
occupyi ng the nozzl e can be decreasé@?“and vol ume change of the ink

pressure gaaﬁ%;@f&iﬂsgm Lng dkLan aaeogéﬁﬁff@é%%aﬂh@%op@eﬁm”

dropl et can schar ge The present invention is not limted to the
specifically disclosed.enbqdjments,, and variati T Jmdif L gﬁ'ons may
be made mF?%&ﬁ?‘%%ﬁﬁFF?n@nar $ﬁt¥é§¥§'ebgnghgtﬁgﬁﬁﬁgenv%bﬁ. 20 .ﬁ %V)
03/ 026897 PCT/JP02/09646 -70 CLAIMS 1. A head driving control apparatus
for contr®&RFiPR) 1rS5EEssure generation part that contracts and expands
volume 5 of a pressurizing chanber connected to a nozzle in a droplet
di schargi ng head, dai @dgéadonr i nghae dmads rappadMULPreGHHSsi Ag: a
driving waveform generation part for outputting a driving signal
i ncl udi ngpoténtaidl rdtf femeatorvetelemerd ftarrtconinactf ndet Heredl une  of said
pressuri zi ng chanber w thout discharging a droplet;

waveform element and the third waveform element 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



a second waveform el enent for keeping the contracted state in which the
vol unme of said pressurizing chanber is contracted until a neniscus in said
nozzl e noweysvasard said 15 pressurizing chanber; a thir@Cravelosm el enent
for expanding the volune of said pressurizing chanber fromsaid contracted
state; a fourth waveform el enent f017§geping t he expanded state of the

vol ume of said pressurizing chanber; ‘and 20 a fifth waveform el enent for
contracting the volume of said pressgpirggng chanber from sai d expanded
state to discharge a droplet. 2. The head driving control apparatus as
claimed in 25 claiml1l, wherein voltage of said first waveform el enent
starts WD 03/ 026897 PCT/JP02/ 09646 -71 to change from an offset voltage.

3. A head driving control apparatus for_caontrolli ressur eneration
part that contract§“aﬁd%§%aa Hév%%gdﬁﬁﬁn§goﬁp8aﬁ?£€§u&wgi dl&ﬁi%gﬁg
connected to a nozzle in a droplet discharging head, wherein said head
driving cénPressupphaemaratiagppPares Bhalk icAnigastgnand fofRandnicas®ng t he
vol une of said pressurizing chanmber w thout discharging a droplet; 10
expandi ngofhe motasmericfingaiciapbessorizgigede tanbenoznhenim argwiopdas in sai d
nozzle is pulled toward said pressurizing chanber; and contracting the
vol ume of dsatHapfass Wdazi,Ngathanbetl 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



to discharge a droplet. 15 4. An image recordi ng apparatus including a
dropl et discharging head conprising a pressure generation part for

cont ract iwg oanebsexpandi ng vol une of a pressuri zi ng chanbePCT@BMI®6i6ed t0o a
nozzl e in said dropl et discharging head, said 20 i mage recordi ng apparat us
further conprising: a part for outpu%iing a driving signal that includes
time-series driving pul ses each for ¢ontracting the volune of said

pressuri zi pg-ghapben 40 odi sehacge, s dippl et in a driving period; 25
wherein para%eters ﬁbr gach of said dfﬁeing pul ses WD 03/ 026897

PCT/ JP02/ 09646 -72 are determ ned such that an equation tr + Pw + tf + td
=n XTs holds true, wherein tr is arising tinme constant, Pwis a pulse
width, tf is a falling tine constant, td iis a pulse interval,.Js is a
resonance frequencf“o%‘Pﬁédpgéégh?% ??P?ES#daBng%EEﬁn¢9ﬁ ﬁ@n%HSH%é?? and n

is an integer no less than 1. 5. The inmage recordi ng apparatus_as clai med
in clai madpregmras wareiratéandretuatiagn coatragEs 3and (2panfise VPHEHR
recordi ng apparatus as clainmed in claim 4, wherein, as for adjacent two
drivi g puoEsespmidsuriespecthbobetioennartsdi tdot ameesete e dr dvppgepul ses, n
in said equation for one said adjacent driving pulse is greater than n for
the previ9ysh&HithAdideentindibyhnge fIleed &Piving 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



7. The image recording apparatus as clained in claim 4, wherein an
equation Pw + tf = (n + 1/4) X Ts holds true for the last driving pulse in
said ti meweasiozsItri vi ng pul ses. 20 8. The i mage recordi ngCagper@biss as
claimed in claim 7, wherein tf is greater than Ts for said |ast driving
pul se. 9. An inmage recordi ng apparatus including a droplet discharging
head conprising a pressure generatrbﬁ}bart for 25 contracting and expandi ng
the vol ung of PRaHr Ll eL MO 034 026897, PGTAIPG2L 99646 1573
connectegﬁfﬁdg%ﬁgégﬁggi%&éggt drg%legxg?s%éarging head, said inagg
recordin pparatus ¢ rising:..a_part.faor put tJ a I Vi wavef or m
includinguglﬂbFﬁpgriWyeo?l?i%%fg%ﬁi%%gﬁﬁngﬁgéﬁﬁ%gg%%Fh g&d¥%3?ng period; 5

a part for selectively applying at least a first ignal and a second
si gnal tdp%%ﬁ%jwﬁ9§§su¥€ b%n%r%éi%ﬁ?gpgﬁW? CMErET §§EHSOF BY3F first and

second signals is obtained from said driving waveform wherein: said first
si gnal i nolietweldr T¢i hg puresenanmsh fePquencyii & Ehomresstset He SAi%tine of
sai d pressurizing chanber to discharge a droplet; said second signa

i ncl udes @roawvefiaimebtkraswber f oand conisr act imgegdre noolless Ghagal d
pressurizing chanber to discharge a droplet after expanding the vol une of
said 15 pressurizing chanber. 10. The inmage recording apparatus as cl ai ned
in claim9, wherein a first pulse in said tinme-series driving

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



pul ses is used for contracting the volunme of said pressurizing 20 chanber

w t hout discharging a droplet. 11. The image recordi ng apparatus as cl ai ned
in clai mvO,03mb@pei n said part for selectively applying f®ecTle2/09646
selectively applies a third signal forned fromsaid driving 25 waveform
WO 03/ 026897 PCT/JP02/ 09646 -74 wherein said third signal includes
waveform el enents of driving pulses for said first signal and of a pul se

for contragiridtgddheoval Hoez0é SAisdipr 6ssPIEEi Mg GRaen WebdoWaid
di scharging a droplet, in which a droplet is discharged by 5 using a

driving puiseietbaag Lhsalasic dohgig:pylse in said driving pul ses for
I 2. Th I

said first signal. 1 e 1rmage recording apparatus as clained in claim
10, wherein said inmage_rt rat us.sel ects onl first

. a rfp édiggﬁﬁ%ggang Sdr ve é 10 %@i i :
pul se, and applies SaPd fit3t PUPSE 893 A bf e Iy SFemBr 22T o & whi | e
printing is not perfaornmed. 13. The inmage recordjng apparatus as clained in
claim9, vﬁiéﬁré‘i aPd SeRBRtPSIgh A iVaRFuBRES e 5 & idrdv i@V B af el enent
for contracting the volune of said pressurizing chanber w thout
di schaPgi ng a dropl &t paitséewrmtlwerévelm eprhwing fagr leespi agfrsont ract ed
state in which the volune of said pressurizing chanber is contracted unti
a neni scussiignadaiaddnez géeomd veisynizdwands s d dpr 265 pree sptieira t Hen ghwarther ; a
third waveform el enent for expanding the vol une of
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,



sai d pressurizing chanber fromsaid contracted state; a fourth waveform
el ement for keeping an expanded state of the volune of said pressurizing
chanber; woM3a%s897 fifth waveform el ement for contracting wvheJval/ess WO
03/ 026897 PCT/JP02/ 09646 -75 of said pressurizing chanber fromsaid
expanded state to discharge a droplet. 14. The inmage recordi ng apparatus
as claimed in 5 claim13, wherein T/Z)‘ﬁage of said first waveform el enent

starts to change fr 0 t d 29612151 ndhEqd SBER IR RN 81 &Re@ppar at us
as claimed in cl aiw% 1 t}n\/\%%%i%}\{%e p%lnsae ﬁreli ght of said first waveform 10

el ement is_set, such that a_volta rop accurtring.during t ime of said
second m@%f%?lrﬁlé’lgelpélﬁ‘rserssf%d%%ggl .r#hgl ﬁ%%ealg%cogécﬁ éllggpg(%%t us as
clainmed in claim9, wherein said second signal includes waveform el enents
15 of sai BORFTAAHED HhSe¥OLBIe saf FFiG BresPRAF ki ARSI nG Pif ses have
the same pul se height. 17. The inmage recording apparatus as clainmed in '
claim9, dhecwinyisw @ dropilag, waweflooh engirabést aleirdhaaigreedpy se for
contracting the volume of said pressurizing chanber w thout discharging a
dropl e85, wheigian ddierip pelbei ghhenftHahe thdr Leshgdpistisey ipmlsaaiher than
that of other driving pulses for discharging a droplet. 25 18. The inage

recor di ngsappaiattsAHudlsdisMedri s MD f33/:026894= PCT/ JP02/ 09646

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



-76 claim17, wherein said driving pul se having smaller pulse height is
applied to said pressure generation part in each cycle of printing. 5 19.
An i mage wemanzisay appar at us i ncluding a droplet di schar @cCagprinedsc
conprising a pressure generation part for contracting and expandi ng vol une
of a pressurizing chanber connected to a nozzle in said droplet

di schargi ng head, said image recordi | apparatus conprising a head 10

driving coatroly g&%@%@&ﬁ?:ﬁ@rc}?é?rﬂ;erroklrbﬂgs§§ﬁde}%£r§c§é&' @ta@€nesation part,
said head driving control apparatus conprising: a driving waveform

generat i rt. for out ing a driving signal including: 15 a first
maveforn1éh%§hﬁﬁg%(ﬁ' %#F%Ctlng the volunme of said pressurizing chanber
wi t hout di scharging a droplet a second waveform el enent for keeping a
contracted state in which the volume of said pressurizing chanber is
contracted until a neniscus in said nozzle noves toward said 20
pressuri zi ng chanbdrk. Zhehimdosvanasfoscinel apparatey axFdArdiag the vol une of
sai d pressurizing chanber fromsaid contracted state; a fourth waveform

el energt ferakedm nghareexpantlieshe stfatseidf £ihet viedwaomf edamenpr essuri zi ng
chanber; and 25 a fifth waveform el enent for contracting the volune WO

03/0268975%5?%§H@2k@§@@@ fréf 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



of said pressurizing chanber from said expanded state to discharge a
droplet. 20. The inmage recordi ng apparatus as clained in 5 claim 3,
wher ei n pabyg/obsppht in said driving signal is changed a®corgdg6460
environmental tenperature. 21. The inage recording apparatus as clainmed in
claim9, wherein pulse height in said driving waveformis 10 changed
according to environnent al tenperatﬁ?%f 22. The image recordi ng appar at us

as claimegh iy, 107',aivme%ei§h§£fa giﬁ%iﬂgp{o@ig@rﬁaeﬁqgers?ﬁailgerp@ﬁisés a

pi ezoel ectric vibrator of d33 deformation. 15 23.” The i nmage recording
apparatus_as .clainmed iin_.claim.9, wherein ig [ £SS r%tgggeégéﬁon part is
a piezoe?%igﬁﬁ(?%ﬂqu&fgg f %ﬁi?(ﬁﬁ%gfﬁg i%%? 5% 3§%lé&n i mage fecording
apparatus including a .droplet discharging head, said droplet discharging
head conpY$ss f ®pP¢<8dri zi ng chanber, a nozzle connected to said
pressuri zing chanber, a pressure generation part for contracting and
expandi ng vol une of said pressurizing chanber, 25 said inage recording
apparatus conprising: WO 03/026897 PCT/JP02/ 09646 -78 a driver for driving
sai d @ressure generigt.i an pasdge raedoerdgng sppdratuyeimadutpogsaaddepleng
signal including: a first waveform el enent for expanding said
discharging head comprising a pressure generation part for
contrécting and expanding volume of a pressurizing chamber
connected to a nozzle in said droplet discharging head,
said 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 volume of said pressurizing chanmber; and

25 a fifth waveform element for contracting the volume



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 droplef_ discharge speed is greater than a
predeterm ned value. 15 25. The image recording apparatus as clainmed in

cl ai m 24, atheyagdich psaisdudizirey Staaies foomapphyd Saithrideidr dtavaves or m el enent
at a time when pressure in said pressurizing chanber becones positive. '20
26. The i rege-H=ecer di Ago@pparatus as clainmed in claim24, wherein duration
of said first waveformelenent is no nore than Ts/2,. wherein Ts is a
period of pressure vibration in said pressurizing chanber. 25 27. The

i mge recording apparatus as clained in WD 03/026897 PCT/ JP02/ 09646 -79
claim 24, wherein dggatton of said third waveformelenent is. no nore than
Ts/ 2, wherein Ts is°8 perf od°GF FrESSTFRY HBFATISn 2FnCEai®eDridssuri zi ng
chanber. 5 28. The inmge recording apparatus_as clained in claim?24,

wher ei séﬂ@iﬁ¥?viWﬁeg?ﬁ%éﬁﬂﬁﬁ¥PﬁéghgnéPLﬁR%ﬁ G ivénet Aigaskfior m el ement for

keeping the state where contraction of said pressurizing chanber by said
third changed according to environmental temperature.

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

10 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.

15
23. The image recording apparatus as claimed in
claim 9, wherein said pressure generation part is a
piezoelectric vibrator of d33 deformation.
20 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,

25 said image recording apparatus comprising:



waveform el ement ends; and 10 a fifth waveform el enment for contracting said
pressuri zing chanber to a state corresponding to a state before said first
wavef or mwbaeaeesd? s applied. 29. The i mage recordi ng apparaeTugz®esl ai ned
in 15 claim 28, wherein duration of each of said fourth and fifth
waveformel enents is no |l ess than Ts/Z3_wherein Ts is a period of pressure
vibration in said pressurizing chanber. 30. The inmage recordi ng apparatus
as claimed in 20 cl & #F2% T Viiver dirdvanposend i plesdivreeyensea basvgen-a start
point of said first waveform el ement and said second waveform elenent is

greater than a pot enhémtindiffier emdechbebwesn:sai @n@@ﬁg\g@i form el ement
and an end point of said third waveformelenent. 25 03/ 026897

PCT/ JP02/ 0946Gding0® 31. An inmage recordi ng apparatus including a droplet
di schargi ng head, said droplet discharging head conprising a pressurizing

chanber, a fluid sugptmﬁghqggggorﬁpgfgﬁé§ﬁ£;%é%gggngressurjzing chanber, a

nozzl e connected to 5 said pressurizing C f%%s%ﬁ%ggeneration part
for centracting;and expandi ng volume of said pressurizing chanber, said
i mge rec%ﬁg%ng é%%g a ﬁ%EE%hprising: a driver for driving said pressure

generation part; wherein said driver outputs a driving signal 10
i ncl udi ng: 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 first waveform el enent for expanding said pressurizing chanber by
causing a first pressure in said pressurizing chanber; a second waveform
el enent fwo oanpapmi ng said 15 pressurizing chanber by caugcmgre/®@esond
pressure larger than said first pressure in said pressurizing chanber; a
third waveform el enent for keeping az expanded state of said pressurizing
chanber expanded by said second wav Porn1e|enent and 20 a fourth waveform

el enent fenagpnblackhdigeisAiadrapk 68 S | 74y &ﬁ%@b@évéf&fﬂ sAicthe@xpanded state
to discharge a droplet. 32. The inage recording apparatus as claimed in

25 claim r o] aLd f can WO 03/ 026897
PCT/JPOZ/géG% € gﬁ eleﬁgktgh o%%% T£§£s%ﬂ F%g%gu ge an ]%%ld fourth
wavef or m e# nt forns charg Pulse The i mage recordi ng appar at us
as cl ai med*PASETE a3 RAEPRIR %%HQéﬁgl arge rate of said second

waveform elenent is greater than voltage change rate of said first

waveform el enent. 34. The inage recording apparatus as. clained in 10

claim 33, wherein duration of said first waveformelenent is |onger than

duration of said sezdndhsavaeboenretembmg Fparihesiamgelaiewcr dinng appar at us

as claimed in claim31l, wherein duration of said first waveformelenent is
claim 24, wherein saild 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



15 no less than Ts/2, wherein Ts is a period of pressure vibration in said
pressurizing chanber. 36. The inage recording apparatus as clained in
cl ai m 31, watvatozise? dur ati on of said second wavef orm el emrentPCIrgP02®6450 nor e

than-Ts/2, wherein Ts is a period of pressure vibration i

n said

pressuri zing chanber. 37. The inage _rgﬂdc_ordi ng apparatus as clained in

claim 31, wherein duration of said third wavef orm el ement

is 25 determ ned

such that droplet asbuntariiseher gedolaony sabsh \WRuR34Q2689InyG/ JP02/ 09646
-82- nozzl e becones maxi num 38. The inage recordi ng apparatus as cl ai ned

in clai m@bplrehenespnPa} e irdlqdi fs,fa%eaﬁgfai)@é ‘ﬁ%’&h@r?&ﬁ?

first waveform el enent and said third wavef orm el enen

thopint 5 of said
S greater than

potent i al dffatenge. betyeen sabd Lhird., vayeonm eLerpnt and,an end poi nt

of said fourth wa el enen

connected to said pressurizing chamber, a nozzle connected to

5 said pressurizing chamber, a pressure generation part for

contracting and expanding volume of said pressurizing chamber,

said image recording 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 causing a first pressure in said

pressurizing chamber;

a second waveform element for expanding said

15 pressurizing chamber by causing a second pressure
said first pressure in said pressurizing chamber;

a third waveform element for keeping an

larger than

expanded

state of said pressurizing chamber expanded by said second

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

15

20

25

PCT/JP02/09646

WO 03/026897

—-81—-

elements forms a discharge pulse, and said fourth waveform

element forms a charge pulse.

33. The image recording apparatus as claimed in
claim 32, wherein 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
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
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
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

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.



