DESCRI PTI ON AN | MAGE FORVMATI ON APPARATUS TECHNI CAL
FI ELD The present invention generally relates to an

WO pgmeodsey mat i on appar at us, and especi al |y rel BECBEIP2GH009040
an i mage formati on apparatus equi pped with an ink drop
di schargi ng head. BACKGROUND ART [ Patent reference 1]
JP, 4- 15735, B [Patent reference 2] JP, 10- 81012, A
An ink jet head for discharging an ink drop is used by
an ink jet recording device serving inmge formation
appar at uses, such as leﬂQﬁ%§R¥%Egpﬁile appar at uses,
copiers, and plotters. As the ink jet head, products
based on various technol ogi es have been avail abl e,
such as a piezo type product wherein an ink drop is
di schar ged by 3@¥dﬁﬁ¥ﬁ% BORMAPRPHgAFEHEIAEbhst i t utes a
partition of an ink passage (pressurized i nk chanber)
by a piezoelectric device serving as pressure
enerating means for generating pressure for
grqumGHHIﬁéLiEEEthhe i nk passage such that the
vol unme of the ink chanber ischanged, a thermal type
product wherei Aihgn dndceirbpingeditdomargeteylly relates to
generating air bubbles by heating the ink in the
pressurimedei Mloroldnimer agpagaans, and especially relates

to an image formation apparatus equipped with an ink
drop discharging head.
10

BACKGROUND ART

[Patent reference 1] JP, 4-15735, B
[Patent reference 2] JP, 10-81012, A
An ink jet head for discharging an ink
15 drop is used by an ink jet recording device serving
image formation apparatuses, such as printers,
facsimile apparatuses, copiefs, and plotters. As the
ink jet head, products based on various technologies
have been available, such as a piezo type product
20 wherein an ink drop is discharged by deforming a
diaphragm that constitutes a partition of an ink
passage (pressurized ink chamber) by a piezoelectric
device serving as pressure generating means for
generating pressure for pressurizing ink in the ink

25 passage such that the volume of the ink chamber is



exothermc resistor, and an el ectrostatic product
wherein an ink drop is discharged by changing the

waQ odoaeosed t he pressurized i nk chanmber by def op@i/mepoes/009040
di aphragm by an el ectrostatic force applied between

the di aphragm and an el ectrode that opposes the
di aphragm For driving the ink et head, there are two

nmet hods. Nanely, one is called a "push and strike"
met hod whereby an ink drop is discharged by, reducin

t he AP 0f 2t FE SFES's kYRR P F ARVUCHa b T p%%hf‘tﬁg drop
t he diqghragn1tomard the pressurized ink chanber, and.
a " put | daRaReEPEke LIt TRE 9ReREDF 1dn Ul W ppPY sheating
di scharged when the diaphragmthat is first pulled out
i s e +Bkrébuthe PHaSS WF gRAalinfositarder Wi nfepn
a method of formng a large ink drop is disclosed by
Pat €O FreEméfca eF Wierei et oadr epsicd nrigita el ¢ nkroduct
drops, i.e., ink droplets, are sequentially
8i sotteegedn and itfke dovke diopliesshawogel ef orlangachi nge
a recording nedium (paper form to forma large ink
dr opro Famé hefnmbhe, pere ssppat a¢ds ihkatchissnlcapady edéforming a
gradation printing is disclosed by Patent reference 2
wherdiapharbégnsbydiany e lmtseo st sthar gexr e fapsiiekbetween
drop, and a second drive pul se di scharges
the diaphragm and an electrode that opposes the
diaphragm.

10 For driving the ink jet head, there are
two methods. Namely, one is called a “push and
strike” method whereby an ink drop 1s discharged by
reducing the volume of the pressurized ink chamber
by pushing the diaphragm toward the pressurized ink

15 chamber, and a “pull and strike” method whereby an
ink drop is discharged when the diaphragm that is
first pulied out is made to return to its original
position.

Further, a method of forming a large ink

20 drop is disclosed by Patent reference 1 wherein two
or more minute ink drops, 1.e., ink droplets, are
sequentially discharged, and the ink droplets merge
before reaching a recording medium (paper form) to

form a large ink drop.

25 Furthermore, an apparatus that is capable



a second ink drop, dinensions of which are different

fromthe first ink drop; and nore than four gradation
waL@ps0Ese nade avail abl e by conbi ni ng the firBCT/ared04/009040

the second drive pulses. [Problem (s) to be sol ved by

the Invention] Generally, Iarge_épk drops are used to

print a wide area, and snmall ink”drops are used to

print a fine pattern. Accordingly, the large ink drops

need t.o contai.n sufficient ink volune that is a

f unct o 6% 9é%%+%%?8ﬁ déf S F IRP T helBi ek srt

nozzl es and the nunber of nozzle colums. For exanple,

t Wo ﬁ%?ﬂr&n&ﬂ UmEBFiRnE $4s tesliohV haRPhgcadadeiiarges a

pitch,of 150 dpi provide a 300 dpi resolution. If the

i nk VoFdie 6% tHe? argedi Ak sgcopsl idr e BuipPeciddmdharges

great, the wde area may not be fully printed, |eaving

whit@ 86084 el ezl dinehgmeondi rattwloheh( sgle- different

scanning directions) . This requires interlacing,

whi chrsiMoid eddirt 2 thel pki Arbng spsediond thanndozire

pitch is nmade finer, less ink drop volune nay be .

suf f gerdatticdowelars ahésmpdsesvpriddlehs, bguchmisining the

there being a limt inreducing the nozzle pitch due to

avai fabké pmocdedse psecosdodriviee pulisds ng speed

becom ng sl ower unless the nunber of nozzles

i ncr éasedbleanc)t heo dostsolved by the Invention]

Generally, large ink drops are used to

10 print a wide area, and small ink drops are used to
print a fine pattern. Accbrdingly, the large ink
drops need to contain sufficient ink volume that is
a function of the resolution defined by the pitch of
nozzles and the number of nozzle columns. For

15 example, two noézle columns for the same color
having a nozzle pitch of 150 dpi provide a 300 dpi
resolution. If the ink volume of the large ink drops
is not sufficiently great, the wide area may not be
fully printed, leaving white spots in the nozzle

20 column directions (sub-scanning directions). This

requires interlacing, which slows down the printing
speed.

If the nozzle pitch is made finer, less
ink drop volume may be sufficient. However, this

25 poses problems, such as there being a limit in



i ncreased due to the increased nunber of channels of
control IC for controlling the increased nunber of
wWoomzloess? For this reason, the volunme of ink PERE004/009040
for large ink drops is still great. On the other hand,
the small ink drops are required to be smaller for
realizing a finer pattern to bé™printed. That is, the
ratio of the ink drop volume M of the large ink drop
to that of the small ink drop is increasingli and

accorHingtyy ithe Q% rRUEERatVEnd &Fet f3R18r Bpgcess
and the small ink drops be distinctively controlled.
In RERFLEHOB0l &S I Pt obt entPasdnPRGBHEW abboBert Heless
met hod for merging small ink drops before reaching the
t ar gete meanher( pdp@sokey forrebesgicni ’ h the geokhk
drop as disclosed by [Patent reference 1] is desired
to ben¢npreedddsgcta dte thecyebamd ofumlder syl thenkels of
drops can be reduced, and the nunber of the small ink
dr opxoriorol o dgpra daryeol hkndr bpecdmdizzd sed emspler of
In addition, in order for the large ink drop to spread
i n tihezslés .scanni ng directions, thesmall ink drops
need to be nerged before reaching the target nedi um
(paper form , rFolr ddhiregitedesnt hahet ke 1smmd | o £ nknHr apeded
be di scharged at short intervals
for large ink drops is still great. On the other
hand, the small ink drops are required to be smaller
10 for realizing a finer pattern to be printed. That is,
the ratio of the ink drop volume Mj of the large ink
drop to that of the small ink drop 1s increasing,
and accordingly, it is required that the large ink
drops and the small ink drops be distinctively
15 controlled.

In order to solve the problems as
mentioned above, the method for merging small ink
drops before reaching the target medium (paper form)
for obtaining a large ink drop as disclosed by

20 [Patent reference 1] 1is desired to be improved such
that the volume of the small ink drops can be
reduced, and the number of the small ink drops for
forming a large ink drop can be increased.

In addition, in order for the large ink

25 drop to spread in the sub-scanning directions, the



such as m croseconds. For exanple, if the gap between
the nozzle and the recordi ng nmedi um (paper form is
wa@edosaoosabout 1 mm and the speed of the ink dropsP20)4/009040

is considered to range between 5 and 10+ m's, as

usual ly practiced, the ink drOQ%}jeach the target
medi um (paper form in 100 - 200 ,,s. In this tine
interval, pressure vibration of the pressurized ink

o di schar recedi ng, ink_drop is

chanber ﬂue i ng, a p not

SUTTTOT bt 1) Sdmset Feaat Fi sDFOHEaREt (RF F7 60 ERES IaE0

mhichhin drogs are sequentially discharged needs to

be at'@ pPOPEF MEFIR i PFRFEr EREE) o Whidtat FeAuSFephdhat

pressurized_ink chanber. Here, the timng dependence

whentRaoSTAk Ldidgks HiRP i Rehdt §ed g sk pi i Heer i thtervals

reference to Fig. 39 and Fig. 40, wherein a

pi ezVetRchpi BigEPSEE (Il ez obPECEXPEDYISDr at Hrihehaap

di spl aces in d33 directions constitutes a head. Fig.

39 dhohéeandihee oAz fard dtbehaegiong it mewiink (paper

drops , the drive pulse containing two drive pul ses

P501f @) P562seltn attheelvaise bf mnheahdad-hssismeéetieof the ink

pi ezoel ectric devi ce(piezoelectric vibrator)

di spleepagVinishec33 diredt tonsaagemirdtivored sbeud, 10+

an ink drop is discharged when the pressurized ink

chamés , i 8s usually practiced, the ink drops reach the
target medium (paper form) in 100 - 200 ,s.

10 In this time interval, pressure vibration
of the pressurized ink chamber due to discharging a
preceding ink drop is not sufficiently damped. For
this reason, the frequency at which ink drops are
sequentially discharged needs to be at a proper

15 timing in reference to vibration of the pressurized
ink chamber.

Here, the timing dependence when two ink
drops are discharged is explained with reference to
Fig. 39 and Fig. 40, wherein a piezocelectric device

20 (piezoelectric vibrator) that displaces in d33
directions constitutes a head.

Fig. 39 shows a drive pulse for
discharging the two ink drops, the drive pulse

containing two drive pulses P501 and P502. In the

25 case of the head using the piezoelectric device



contracted by a wave el enment P50l1a (rising inclination
identified by an arrow) and a wave el enent P502a

w@ eiosionFsd ncl i nati on identified by an arrow) tPEL/JR206€4/009040
ri sing edges of the drive pulses P501 and P502,
respectively. Fig. 40 shows an_gﬁgnple of measurenents
of the ink drop speed Vj and the ink drop volune M ,
when a tinme interval Td of the ink discharge
(di scharge interval) hetween the two drive pul ses P501
and &%30‘?9?’@19& red. VHS%%%*—%E AARPdAGH D ©peid3s
obt ai ned based on the time fromthe discharge of the
firtTRART4PES 86 MR ErIRSAlI 2BPVEhe 31 ridtk kORI 65 at
the target nmedium (paper form) that is 1 mmfar. For
t hi s2teakargethahienk dropPspesdr Vi sghdmusdripert he
second ink drop is slightly I ower than actual.
Furt¢ertrpreetde®vpadi mave hatemes ts FOWA conl 34 Hingl ack
triangles (i.e., white triangles are not associ at ed)
Pndi e binpatlonhé denk idf opd sheednVjp rafowhearid rat wanle
drop and the second ink drop are the sane, and the
secontemaktdPOpP 2ies (mersggiety wihblthe tiorstiderkt Uf bpd( blye an
two i nk drops have coal esced) . Furthernore, the ink
dr oppmvodwhethpti & rebtai stedy f edgthke offottdle afrivk pulses
consunption after ink drops discharge for a given
num®30 df ahtlnes02and-dspddrei sayof the first ink drop
and the second ink drop in

Fig. 40 shows an example of measurements

10 of the ink drop speed Vj and the ink drop volume Mj,
when a time interval Td of the ink discharge
(discharge interval) between the two drive pulses
P501 and P502 is varied. Here, the ink drop speed Vj
is obtained based on the time from the discharge of

15 the first ink drop to the arrival of the first ink
drop at the target medium (paper form) that is 1 mm
far. For this reason, the ink drop speed Vj when
used for the second ink drop is slightly lower than
actual. Further, plotted points that are shown only

20 Dby black triangles (i.e., white triangles are not
associated) indicate that the ink drop speed Vj of
the first ink drop and the second ink drop are the
same, and the second ink drop is merged with the
first ink drop (the two ink drops have coalesced).

25 Furthermore, the ink drop volume Mj is obtained from



this exanple. As seen fromFig. 40, in the cases of
Td=8 and Td=12 wherein the properties (Vj and M) have
w@2@s0e(589 ncl i nati on, the ink drop speed V] aneCT/me2004109040

drop volume M tend to greatly change when the
vi bration frequency slightly shifts due to external
factors, such as variation of the head, tenperature,
and negative pressure, which change is not a desirable
resul t t he ot her hand, when Td is near 10,
pr essit egoﬁﬁtlué’lfl v et SwHPt1gRd e T e ir 8B°BBeed
V] tends to becone | ow, which undesirably causes the
seco%ﬁSFthaﬁoEOtro P hirRip| eubBefede TS t hendj 5t the
ink drop. That is, it is desirable to discharge ink
dr op3uit O£ hEhei il twhigtle @hePprass ifes $8eoRA spkcdrop in
(peak timng) . However, as the nunber of ink drops
t hattlate esamplge is i ncreased, and the ink drops are
sequentially discharged at the peak timng, the
pressuri zed i nRschlr@EtberfiemvFopgentdlOy, excitles tcaseer vg Td=8
of vibration. The vibration, i.e., residual vibration,
causesd aBdii Rowale rarich urivanpedpemk ite bedj scidrgégd. have a
Since the additional ink is discharged with '
I nappteppi ahelpnessitre, tie fhRchaoge diseddped f &8t, the ink
causi ng the surface of the nozzle to

drop volume Mj tend to greatly change when the

vibration frequency slightly shifts due to external

10 factors, such as variation of the head, temperature,
and negative pressure, which change is not a
desirable result. On the other hand, when Td is near
10, pressures mutually cancel out, and the ink drop
speed Vj tends to become low, which undesirably

15 causes the second ink drop to be unable to merge
with the first ink drop.

That is, it is desirable to discharge ink
drops at the timing where the pressures are in sync
(peak timing).

20 However, as the number of ink drops that
are to merge is increased, and the ink drops are
sequentially discharged at the peak timing, the
pressurized ink chamber is violently excited in
terms of vibration. The vibration, i.e., residual

25 vibration, causes additional and unwanted ink to be



becone soil ed. Wien the nozzle surface is soil ed,
direction of ink injection can to be bent (deflected

wo p@soetssai ght down) , the nozzle nmay becone cPOTgEN04/009040
and i ncapabl e of squirting, the ink drop speed V] may
be decreased, and the discharge fray be not nake a drop
but beconme a mst, resulting in poor printing To cope
with this, i.e., in order that the residual pressure
does _not  cause, the di scharge of additional and
unwafit BEEPAREG t F'P0F t BRSprREELTdER dhat Mk hesS dPilgebarged
voltage is | owered. However, when the nupber of ink ’
dr op&* FRc-BaPEL R 13| PAGESHERgI 1A thi FCAFER 1s
di scharge can be stably carried out becones narrow.
That *PBETE6Reri fPUhengoFhageurdasst o viBys BAzaAswdo
. DISCLOSURE OF THE INVENTION It is a general object
of thecpresent liafeiheon tbeprovizde @11 hage for setiled,
apparatus that substantially obviates one or nore of
the probremencafsddbylrheckipint aEirons dmel bent (deflected
di sadvantages of the related art. A nore specific
obj e€roonf stire jghes etywmy enthennioz ztle prayildecamnei wdgeged
formati on apparatus that can print a high - definition
i mgendt ihicglpagpeed f wigneirnihhe ithe dirmop dobpmepMed 377
able to be varied over a wide range, while ink drop
di schay gbagdiegreased, and the discharge may be not make

a drop but become a mist, resulting in poor printing.
10 To cope with this, i.e., in order that the
residual pressure does not cause the discharge of
additional and unwanted ink, it is often practiced
that the driver voltage is lowered. However, when
the number of ink drops increases, the voltage
15 margin within which discharge can be stably carried
out becomes narrow. That is, lowering the voltage is

not always an answer.

DISCLOSURE OF THE INVENTION

20 It is a general object of the present
invention to provide an image formation apparatus
that substantially obviates one or more of the
problems caused by the limitations and disadvantages
of the related art.

25 A more specific object of the present



stably carried out. Features and advantages of the
present invention are set forth in the description
W b@s/00389 ows, and in part will beconme appar eneCT/aR004/009040
the description and the acconpanyi ng draw ngs, or nmay
be | earned by practice of the igygntion according to
the teachings provided in the deScription. Cbjects as
wel | as other features and advantages of the present
invention will be realized and attai ned b% the i mage
f or Y SR CASPRr A UES pRF BT COPaRTy PRTE EOBBE HLAT PDaratus
specification in such full, clear, concise, and exact
D MEREE £0 bt &Y o pBl G R Tt G0 hBFGeoR Ihagh speed,

the aft tq practice the invention . To achieve these

and BEREF1ZVAEIR abes ARAPI HoadEst dhincks wabhet ke be varied

purpose of the invention, as enbodied and broadly _
descPVBédah&ﬂg?Lr%%%einW@ﬁﬂﬁoﬂﬁﬁwﬂﬁQ@sdh§Chémqyﬁg is
[Means for Solving the Probleni The inmage formation
appaf 88Bd Yaceoried ¢Btt he present invention that
sol ves the above problensincludes a structure for
sequenti al |y dilhtryengaadpeddetrsrad eedo hutber pofesiarke
drops, wherein at least one .ink drop other than the
| ast innkngiopm cfre heeufbirphe innk oy opss ¢sigdidoharged
after its preceding
follows, and in part will become apparent from the
description and the accompanying drawings, or may be
10 learned by practice of the invention according to
the teachings provided in the description. Objects
as well as other features and advantages of the
present invention will be realized and attained by
the image formation apparatus particularly pointed
15 out in the specification in such full, clear,
concise, and exact terms as to enable a person
having ordinary skill in the art to practice the
invention.
To achieve these and other advantages and
20 in accordance with the purpose of the invention, as
embodied and broadly described herein, the invention
provides as follows.
[Means for Solving the Problem]

The image formation apparatus according to

25 the present invention that solves the above problems



ink drop at an interval of about (n+l1/2) x Tc, where n
is an integer equal to or greater than 1 , and Tc

WO e@smes8e S resonance cycle of a pressurized iP&T/JP2004/009040
chanber . Here, it is desirable that n be set at 1
(n=l), i.e., the interval be sg& at 1.5 x Tc. Further,
as for ink drops other than one 8r nore i nk drops that
are discharged at the intervals of (n+l1/2) x Tc after
theiy respective preceding_ink drops, they are .
desi?%%f?gaFséhgﬁﬁﬁFEﬁr%nf?ﬁtE?@H@qﬁiﬁﬁﬁﬂndhsih?Eglng a
after their respective precedln% ink drops . Further,
t he B¥FLELPRRIAROD HWkfesi PAbljRdACORS gath dyeln at least
contractlng,ﬂbut wi t hout first expanding, the

pres¥tf i 2l PaRPclRAMFET  thrnabber Agsitvelnk gyop of the
contracting the pressurized i nk chanber by a vol une
A

gredtettipan anki dsorsphpdihgcheraes. aftahi steapseceding

it is desirable that the second ink drop be discharged

at theki@repvalt e dovirr{akl1p2) akond afrtiek/2 hexf Fest where

ink drop. The ink drop speed V] is calculated by the

ti men dus aznohndkgedi sthaaletdoi ok drep tresacthany theand Tc

target nedium (paper fornm) , which distance is set to

be Ilremreassunl mgsidratndderecaeeoio ampireed ke tzepsink

follow ng. Furthernore, the ink drop speed Vj of ink
chamber.

Here, it is desirable that n be set at 1

10 (n=1), i.e., the interval be set at 1.5 x Tc.
Further, as for ink drops other than one or more ink
drops that are discharged at the intervals of
(n+l/2) x Tc after their respective preceding ink
drops, they are desirably discharged at an interval

15 of about n x Tc after their respective preceding ink
drops.

Further, the first ink drop is desirably
discharged by contracting, but without first
expanding, the pressurized ink chamber, or

20 alternatively, by contracting the pressurized ink
chamber by a volume greater than a first expanding
volume. In this case, it is desirable that the
second ink drop be discharged at the interval of

about (n+1/2) x Tc after the first ink drop. The ink

25 drop speed Vj is calculated by the time duration of



drops discharged at intervals of about (n+l/2) x Tc
after respective preceding ink drops is desirably set
W eooseoggseat er than 3 nis, at which speed sequREL/IRA004/009040
ink drops are able to nerge. Furthernore, it is
desirable that four or nore ink,drops nerge to form
one ink drop during flight fron% he nozzle to the
target medium Further, it is desirable that the drive
pul se |[pnclude a waveformfor suggressing t he residua

vi briat FoRCRFEEP I REIANRP ptif 3B FBF diPSeHardifig PREI UM

last ink drop. In this case, the waveform for

supptRAREHgEPRB) rediPdirdt S BFARFBN 1SS S@dsitudtsy Lhaped

such that the vibration is danped within the resonance

cycléS sngmargethaits SR&TH e heC| Bet e dlekdrdpps following.

Furthernore, it is desirable that a selected part(s) .

of the drive plhgéhlegmang i Bgealndr geomiemgep Ba of ink

capable of formng a small - sized ink drop and a

hedidimers silizedhipniedr . Futeheelsi ofi abgesirabt&/2hate Tc

the drive pulse include a waveformthat vibrates a

nmenistusy yespacthoe mekiediag inkddoprdi sichadgeirably

Further, it is desirable that there be an interval

whersstth o vbkt ggeaitsrappiared3 to/ pr, esasumé igenes ¢ &89

means even if a given channel does not discharge an

i Nk stfppehhial giviékn dafdpd idie able to merge.
Furthermore, it is desirable that four or

10 more ink drops merge to form one ink drop during

flight from the nozzle to the target medium.
Further, it 1s desirable that the drive

pulse include a waveform for suppressing the

residual vibration after the drive pulse for

15 discharging the last ink drop. In this case, the
waveform for suppressing the residual vibration is
desirably shaped such that the vibration is damped
within the resonance cycle Tc after discharging the
last ink drop.

20 Furthermore, it is desirable that a
selected part(s) of the drive pulse for forming a
large ink drop be capable of forming a small-sized
ink drop and a medium-sized ink drop. Further, it is

desirable that the drive pulse include a waveform

25 that vibrates a meniscus, yet without making an ink



cycle. In this case, it is desirable that the pressure

generating neans be a piezoelectric device, and the
w@r@soalsextri c device be recharged during the Peit/ar20e4/009040

where the above-nentioned voltage is applied . Here, a

pi ezoel ectric device, the displagenent direction of

which is d33, can serve as the_g essure generating

nmeans. Further, support sections of the piezoelectric

devi ce, which_support_sections correspond t

paHﬁ%?BnngFhﬁﬁQﬁmw§%£ﬁ¢%éd Fﬁkl@hﬁﬁﬁ%ﬁﬁb%%ntbétathere

part of the piezoelectric device . BRI EF DESCRI PTI ON

OF THE DRAWKSSVE g vhierein pevepéediove Hiakpaned to

shomnng an exanpl e of a nechani smsection of an ink

j et RERDPUL RgIGAREEL T vinpgnascHAN fdge® fHEVeRi ehannel

apparatus of the present invention. Fig. 2 is a side

vi evil@#s t hetnddlsaliasrasexn i bnkoflrpe limle jeivercprdinng ng

device. Fig. 3 is a cross- sectional view show ngan

examyelef an ithki g etaswadithas desdtiahltestlaat the

recordi ng head of the recording device taken along 1

t he mhreestrengehdret Irongecass dbeoh piliadochaobelc device,

Fig. 4 is across- sectional diagram

and the piezoelectric device be recharged during the

interval where the above-mentioned voltage 1is
applied.

10 Here, a plezoelectric device, the
displacement direction of which is d33, can serve as
the pressure generating means. Further, support
sections of the piezoelectric device, which support
sections correspond to partitions of the pressurized

15 ink chambers, can be a part of the piezoelectric

device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective diagram showing an
20 examplg of a mechanism section of an ink jet
recording device serving as an image formation
apparatus of the present invention.
Fig. 2 is a side view of the mechanism
section of the ink jet recording device.

25 Fig. 3 is a cross—-sectional view showing



showi ng the ink jet head taken along the shorter side
of the ink chanber. Fig. 5 is a block diagram show ng
wo b@sousBe ne of a control unit of the ink jet Perorao4o040
device . Fig. 6 is a block diagram show ng a portion
of the control unit concerning_?give control of the

ink jet head. Fig. 7 is a graph

howi ng a drive signa

according to the first enbodi nent of the present

the drive.s

i ion. Fig. 8is a h showi !
of G| PRTEOTAl ot 1Yot Bk anfFeh SRy FITF § sCoP BE AR ther o

explainin% reI?tions bet ween i nk drop speed and

vol t B§e°F

10Kk Lof tRReTEFPSAIGh SR WERE hAdSThélong

first conparative exang%e . Fig. 10 is a graph for
beRfeth

expl B fi HgTeSTtHbRE

RORE @sle Vof udrelakd chamber.

voltage in the cases of the first enbodi nent and the
first conpar at B exnpd ea FE§ossT ssidvisoiamk digpram

di schargi ng situations corresponding to the drive

pul sehe¥iphe thie sinlerboti heat. tEkgn L stowshenkhdrdaer

di schar gi ng

10

15

20

- 25

side of the ink chamber.

| Fig. b5 ié a block diagram showing the
outline of a control unit of the ink jet recording
device.

Fig. 6 is a block diagram showing a
portion of the control unit concerning drive control
of the ink jet head.

Fig. 7 is a graph showing a drive signal
according to the first embodiment of the present
invention.

Fig. 8 is a graph showing the drive signal
of a first comparative exampie.

Fig. 9 is a graph for explaining relations
between ink drop speed and voltage in the cases of
the first embodiment and the first comparative
example.

Fig. 10 is a graph for explaining
relations between ink drop volume and voltage in the
cases of the first embodiment and the first |

comparative example.



situations corresponding to the drive pulse of the

first conparative exanple. Fig. 13 graphs frequency
w@eb@saetser i stics of the ink drop speed in the PEEER00£009040

the first enbodi ment and the first conparative

exanple. Fig. 14 graphs frequeggx_characteristics of

the ink drop volune in the cases“of the first

enbodi mrent and the first conparative exanple. Fig. 15

graphs frequency characteristics of the ink drop speed

for the sane i AR%r dpt VvOIW® +RXt A& OPasds Tra¥hensi r st

enbodj ment and the first conparative exanple. Fig. 16

gr aphst ¥ E40BACFOTRSRATI 1BYi €8 &h ot W& ik Rlerbpe of the

volunme for the same ink drop speed in the cases of the

firstiepboamRedtimesd t he first conparative exanple

Fig. 17 shows ink drop discharging situations

correspondi ng Fdat-hd Adrihvewpuisl dfforhelifiglarging

enbodi nent. Fig. 18 shows ink drop discharging

§i t tnt toasiocosr espurdipnnd ongheodithee duilse pilse of the

thefirst conparative exanple. Fig. 19 graphs the drive

si gn@al rat copnpag attd tehe=samopohd . enbodi ment of the

present invention. Fig. 20 graphs voltage

characteristicgief. 13 graphs frequency characteristics

of the ink drop speed in the cases of the first
embodiment and the first comparative example.

10 Fig. 14 graphs freqguency characteristics
of the ink drop volume in the cases of the first
embodiment and the first comparative example.

Fig. 15 graphs freguency characteristics
of the ink drop speed for the same ink drop volume

15 in the cases of the first embodiment and the first
comparative example.

Fig. 16 graphs freéuency characteristics
of the ink drop volume for the same ink drop speed
in the cases of the first embodiment and the first

20 comparative example.

Fig. 17 shows ink drop discharging
situations corresponding to the drive pulse of the
first embodiment.

Fig. 18 shows ink drop discharging

25 situations corresponding to the drive pulse of the



the drive pul se according to the second enbodi nent.
Fig. 21 graphs the drive signal according to the third
wepdsmoesent of the present invention. Fig. 22 PCE@RS04/009040

the drive signal according to the fourth enbodi nent of
the present invention. Fig. 23_9%§phs the drive signa
according to the fifth enbodi nent of the present
invention. Fig. 24 graphs the drive signal according

of the present invention. Fig.

to t estmh enbodi,ment
25 graphs FEMRETGS WetS®dhPtRe ink drop vol ume and
t he nunber of %ulses corresponding to the drive pul se
according to tRe%irst EndRlfmehe BirdV o6 Fphsaccording
relations between the ink drop volune and ink drop
speetP cbifespERAChERPIHRCHEI 9€ &M@ @Tsfsehe dpVeation.
pul se according to the first enbodinent. Fig. 27
graphs a voItagégMn%Q(ﬁ?ﬁE#StﬁéléﬁQVeqhﬁ3ﬁ£t©rlstlcs of
di schargi ng the second ink drop. Fig. 28 graphs a
vol e davERopPmlste tancardiegplbséhfors afiauhasybngiment.
the second ink drop. Fig. 29 graphs the drive signa
accordi ngt o t h&igevent loemposi tbat dofi iches jyeskntccording
invention. Fig. 30 graphs the drive signal according
to the ehghthiedbedibmehimaittbé phesentedsemtenthoantion.
Fig. 31 graphs the drive signal according
Fig. 22 graphs the drive signal according
to the fourth embodiment of the present invention.
10 Fig. 23 graphs the drive signal according
to the fifth embodiment of the present invention.
Fig. 24 graphs the drive signal according
to the sixth embodiment of the present invention.
Fig. 25 graphs relations between the ink
15 drop volume and the number of pulses corresponding
to the drive pulse according to the first embodiment.
Fig. 26 graphs relations between the ink
drop volume and ink drop speed corresponding to the

drive cycle of the drive pulse according to the
20 first embodiment.
Fig. 27 graphs a voltage waveform of the
drive pulse for discharging the second ink drop.
Fig. 28 graphs a voltage waveform of the
drive pulse for discharging the second ink drop.

25 Fig. 29 graphs the drive signal according



to the ninth enbodi nent of the present invention. Fig.

32 is an expanded view of Fig. 31. Fig. 33 graphs the
waleiosmoqssd se for explai ning gradation recordi NRCT/H2004/009040

34 graphs the drive pulse for formng a large ink

drop. Fig. 35 graphs the drive_gglse for formng a

m ddle - sized ink drop. Fig. 36 graphs the drive

pul se for formng a small ink drop. Fig. 37 graphs a

lied to a non- dischargin

vol t age, wavef or m app . . .
chanr@l EOp; a.e‘f@éltg*f SR EHoPEafé T@FefigRepr invention.
generating nmeniscus Vvibration agplied to a non_- _

di schar gi ng chdrfel .3 FidF2R38S gF 8Fh& Td Wol T 4fe? hadEFBERL R
for discharging two ink drops. Fig. 40 graphs timng.
char'aet BFPsEi88 Hhn Ao Eaaen bf 08 SERalfiaRFtwolhnrntion.
drops . BEST MODE FOR CARRYI NG QUT THE | NVENTION In the.
fol | owi ng, enb&didnertls Grarnhe phesentvimvargnah aceording
described with reference to the acconpanyi ng draw ngs

S Filye thesnangér spdcd eenlt agf athshowiemert nechankson .
section of an ink jet recordi ng device

Fig. 32 is an expanded view of Fig. 31.

Fig. 33 graphs the drive pulse for
explaining gradation recording.

Fig. 34 graphs the drive pulse for forming

10 a large ink drop.

Fig. 35 graphs the drive pulse for forming
a middle-sized ink drop.

Fig. 36 graphs the drive pulse for forming
a small ink drop.

15 Fig. 37 graphs a voltage waveform applied
to a non-discharging channel.

Fig. 38 graphs a voltage waveform for
generating meniscus vibration applied to a non-
discharging channel.

20 Fig. 39 graphs a voltage waveform for
discharging two ink drops.

Fig. 40 graphs timing characteristics in

the case of discharging two ink drops.



serving as an imge formati on apparatus of the present
invention. Fig. 2 is a side view of the nechani sm

w@ewbioessof the ink jet recording device. The PCRJI}P2004/009040

recordi ng device includes a recording device main part
1 that includes a printing nech |sn1un|t 2 that

further includes a carriage 13 is novable in the
mai n scanning direction, one or nnre ink jet heads 14

14. The ink jet recordln deV|ce further i ncl udes a

feed cassette 47 ¢ RN rY i REPGFeSSR anef the

feeding tray 5 , for supplylng a recordi ng nmedi um

(papereIorh) 13vendH AhaTra desrréelermigdh scpfererge to

thereon by the printing nmechanismunit 2 , and a

del i%t y2 EEQPPEFLHE wHgfe rear side of the ink

jet recording device for delivering the recording .

Aedi um 3 . TheFp@i-ntli ngs rechanssartdivie Ziawtameshowing a

‘araain guide rod 11 and a sub - guide rod 12, both

ser vigghagianggeditigpmenbern pitepari ed herdaohtad| gevice

across side plates provided (not illustrated) on the

ri griemmningett snddsmaddef gunalt hgnmempperrastuppos £i hge

the carriage 13 so as to be sliding - free in the main

scamiewgedir éovieart ion .. Eigerpendi eulsdrdd oridwe papehe
mechanism section of the ink jet recording device.

10 The ink jet recording device includes a

recording device main part 1 that includes a

printing mechanism unit 2 that further includes a

carriage 13 that is movable in the main scanning

direction, one or more ink jet heads 14 mounted to

15 the carriage 13, and one or more ink cartridges 15

for supplying ink to the ink jet heads 14. The ink

jet recording device further includes a feed

cassette 4, and optionally includes a hand feeding

tray 5, for supplying a recording medium (paper

20 form) 3 such that a desired image is printed thereon

by the printing mechanism unit 2, and a delivery

tray 6 provided on the rear side of the ink jet

recording device for delivering the recording medium

3.

25 The printing mechanism unit 2 includes a



of Fig. 2) . Each of the ink jet heads 14 di scharges
one of yellow (Y), cyan (O, magenta (M, and bl ack

W@ BlF/0005RS, with the direction of ink drop di SBEEIRPB04/009040
bei ng set downward. The ink cartridges 15 are provided
in the upper part of the carriagg 13 for supplying
respective inks to the ink jet heads 14, the ink
cartridges 15 being repl aceable. Each of the ink

cart e d a her i t epar

at éq%p élgl%éa%fé#o??fggg tagls%zlgj ojfd? h]g gl %'a% e‘ﬂk

su t e d at the ttom art supply

Ingpgxrgqglgggp%uag afhg) MEnBn PR o et tBRatA Dy

fill up W t.h erein the k to be lied t

the EHEOREL H dpﬁ%snamf@.dﬁéﬂ G5 S TREFgEed)’ on the
ati.ve pressure_ by the capillary tube actlon of the

po?oﬁ§ ﬁﬁt dzliequ“r@e?,upglrhl CedHF 112 PRROPEL Sh@RGFting

mrespective ink cartridges 15. A's briefly

escﬁy‘ﬁe&a Bove® thé tar#fage issthdisear fegeshiipdithe main

- free wwth its rear sideinserted into the main guide

rod T2DRRE Y SHraSEEOBelhgSon PIRERRAGL Gt eanits ddefpaper

the recordi n% medi um 3 aﬁer form) being conveyed,

and @t BiPts #rorftadh def behag iplkadet dreatie sdbdiguibderges

rod 12, the front side being on the upper stream side

of taBereéor@ildgvret um 8ydai §)comeayemtta | AMdr, demdt dlack

nove
(Bk) inks, with the direction of ink drop discharge

10 being set downward. The ink cartridges 15 are
provided in the upper part of the carriage 13 for
supplying respective inks to the ink jet heads 14,
the ink cartridges 15 being replaceable.

Each of the ink cartridges 15 includes an

15 atmospheric mouth prepared at the upper part for
free passage of the air, an ink supply mouth
prepared at the bottom part for‘supplying ink, and a
porous material-containing object that is filled up
with ink wherein the ink to be supplied to the ink

20 jet head 14 is maintained at a slightly negative
pressure by the capillary tube action of the porous
material. Ink is supplied to the ink jet heads 14
from respective ink cartridges 15.

As briefly described above, the carriage

25 13 is installed sliding-free with its rear side



the carriage 13 for scanning in the main scanning

direction, atimng belt 20 is installed between a
waleiosmosed | ey 18 and a fol |l ower pulley 19 thatPEr/@2004/009040

driven by a main scanning notor 17. The timng belt 20

is fixed to the carriage 13 sugﬁthat the carriage 13

nmoves to and fro as the rotation of the main scanning

notor 17 is reversed. Further, although one of the ink

jet heads.14 i.s .prqui ded as the recordi head f or .

bach® 85F oF SRerd tond: ek hadig it pi & nbdg! 68Fos +4e
di schargi ng i nk drops in_each cqlor can .al so be used.
R e San b S Coe 306 e et | it  pROPAE LG
heads are used as the_ink jet heads 14, each of which
i ncl HaesuR di dpRPsgmttat) f BRAEJaCAesstcd part i thdts
surface of an ink passage partition, wherein a
piez%éP%&tFﬂéedéV¥€éJd%?%Fﬁ§ Pﬁeﬁﬂ%nﬁﬁQﬁﬁHlﬁﬁ &Pderl2, the
to conve¥ the recordi ng nmedium (paper form) 3 set to
the fERBtcadSEt PRI PR hEhPoePSPFaratzeafe dEdehethéde®
14, the printingnechanismunit 2 includes a feed
rol | Becordang aeddiuwn i pnbpang22ongrevsehar bt i agdemd to move
feeding a sheet of the paper form3 fromthe feed
casstheecarriaage de nEwbescas8nfiog dui ditrg mhénpagenning
form 3, a conveyance roller 24 for conveying the paper
formi3renttibe reveriseidireel itoB0 d scanveyahtedpbetiween a
roller

drive pulley 18 and a follower pulley 19 that are

10 driven by a main scanning motor 17. The timing belt
20 is fixed to the carriage 13 such that the
carriage 13 moves to and fro as the rotation of the
main scanning motor 17 is reversed.
Further, although one of the ink jet heads
15 14 is provided as the recording head for each color
here, one head having multiple nozzles for
discharging ink drops in each color can also be used.
In the present embodiment, pilezoelectric type ink
jet heads are used as the ink jet heads 14, each of
20 which includes a diaphragm that forms at least a
part of the surface of an ink passage partition,
wherein a piezoelectric device deforms the diaphragm.
In order to convey the recording medium
(paper form) 3 set to the feed cassette 4 to the

25 lower part side of the head 14, the printing



25 pushed to the circunference of the conveyance

roller 24, a tip pinch roller 26 for defining the
weovseyasce angl e of the paper form 3 conveyedP@lJR2et/009040

conveyance roller 24, and a sub- scanning notor 27 for

rotating the conveyance roIIer_%%_through a gear

sequence . The printing nmechaniSmunit 2 further

i ncl udes a paper formreceiving nmenber 29 for guiding

t he paper _f.orm 3 conyeyed. by the conveyan rol ler 24

corrggggﬁ&ﬁﬁTt%Fﬁméy :%?ﬁB&FénGe'?? tﬁPﬁgﬁﬁ ¢daffihg

direction,of the Qggr%a?e 13 at the |lower part of the

nk 5L CR&ATs PR et oF | AEPAG SHIIAr n GRFEIET a sheet

furthgr i ncludes the followng itens on the downstream

si de®bf TPRe PREYET FOF T ohtefaide dieethecpapettrordm @

recei ving nenber 29, nanmely, a conveyance pinch roller

31 aPdLdCsPEnEr thatfebt atedisg ddivva3amgrt Rerpaper a

form3 in the delivery direction, a delivery roller 33

and @CBPEYaBL e grolded ¥ vt | Agrt Renyapeind ot e 3peperhgorm 3

deliverytray 6, and guide nembers 35 and 36 for

f or MAgthedaleivearse phthecWoh , t he coonvéypmati panak roller

descri bed above, -printing a line is carried out by

movi £y phehear icagehd T incuhéemenmescanniing dbneetizome

by driving the ink jet heads 14 according to an inmge
roller 24, a tip pinch roller 26 for defining the -
conveyance angle of the paper form 3 conveyed by the

10 conveyance roller 24, and a sub-scanning motor 27
for rotating the conveyance roller 24 through a gear
sequence.

The printing mechanism unit 2 further

includes a paper form receiving member 29 for

15 guiding the paper form 3 conveyed by the conveyance
roller 24 corresponding to the moving range in the
main scannipg direction of the carriage 13 at the
lower part of the ink jet heads 14. The printing
mechanism unit 2 further includes the following

20 items on the downstream side of the paper form
conveyance of the paper form receiving member 29,
namely, a conveyance pinch roller 31 and a spur 32
that rotate for conveying the paper form 3 in the

delivery direction, a delivery roller 33 and a spur

25 34 for delivering the paper form 3 to the delivery



signal, and by discharging correspondi ng i nks onto the
paper form 3 that is stopped. Wien printing of the

wo pows/odssconpl eted, the following line is prinPEHIRD04009040
conveying the paper form 3 by a predeterm ned anount.
When one of a print end signal_ggg a signal indicating
that the paper form3 has arriv at a predeterm ned
bottom of the print area is received, printing is
terninateg and the paper form3 is delivered. Further,

in a-po%i ProRTOUESHE JFeTRRE Br Brt ARG st Vh tpENing a
ri ght-hand side of the noving direction of the
car ri%eVe8Y Ret8covery apparatus 37 for recovering
from poor discharging of the ink jet heads 14 is
arranged. The Wé&glvetrqxﬁ dppaf hgusalions aauigpedippdhabove,
cap nmeans , suction means , and cleaning neans. Wile
t he R&EFRFHRE 23 ligendts beanglededuti Y snamved thet he
recovery apparatus 37, and the capping means caps the
Pnk §afrheadsld4 icudhe heaim sobshiscatd wfcthen, by
nozzl es i s mai ntai ned, andpoor discharge due to ink
dr ynbissvisgpteeentndd faomezdsar tkngccandlimk thadni $mage
not related to printing is punped out  (purged) such
t hatsigikaVi seodi by dfisatianpralesoirseadiatsiatyfbiks onto
obt ai ni ng stabl e di schargi ng performnce. Wen poor
di scites gbapgeoCEOr®, 3t MehLcapps Ngtopped. When printing of
the line is completed, the following line is printed
10 after conveying the paper form 3 by a predetermined
amount. When one of a print end signal and a signal
indicating that the paper form 3 has arrived at a
predetermined bottom of the print area is received,
printing is terminated and the paper form 3 1is
15 delivered.

Further, in a position outside of the
printing area on the right-hand side of the moving
direction of the carriage 13, a recovery apparatus
37 for recovering from poor discharging of the ink

20 jet heads 14 is arranged. The recovery apparatus 37
is equipped with cap means, suction means, and
cleaning means. While the carriage 13 1s not being
used, it is moved to the recovery apparatus 37, and

the capping means caps the ink jet heads 14 such

25 that a moist state of the nozzles is maintained, and



means seal s the nozzle of the ink jet head 14, the
suction neans evacuates ink, air bubbles, etc., out of

wo b@snessd e t hrough a tube, and the cl eani ng NeE$P2004/009040
renoves ink, dust, etc., adhering to the nozzle. In
this manner, adequate dischargLQ%_is restored.
Further, the evacuated ink is exhausted to an ink
di sposal tank (not illustrated) installed in the | ower

part_of _the in aré 2 and.an, i nk absprber arranged

in t gofn l&ﬁ;ﬂﬁéﬁ Ak 8b B S I shosREeVRR.ted from

Next ggscnippions f ol oglagout the ink jet heads 14

of tREPARIPG rdtdriithgthadi ¢é widh reteredcéot rring:ing

3 and Fig. 4 . Here Fi%. 3 is a cross - sectional

di agr &nPBFPERe G0k [RETAedds SPEN Fhafe 1hgeisspaéty of

direction of the ink chanber, and Fig. 4 is a cross -

sect FbhaPoditaGsamh DfadhestaR drantedrtasining phRrbjlet

heads 14 in the shorter side direction . The ink jet

Readsi3g4hpreiitde e Hereagebeard 41 formed by a single

- crystal-silicon substrate, a diaphragm42 joined to

the undersurf ddernfpade passhgedicar dddyrandthe capping

nozzl e plate 43 joined to the upper surface of the

passagenBoaed 141, thehindz zbastift the dnk essurhzed iidk the

chanber 46 for forcing the ink through a nozzle

passaget46a swems evacuates ink, air bubbles, etc., out
of the nozzle through a tube, and the cleaning means

10 removes ink, dust, etc., adhering to the nozzle. In
this manner, adequate discharging is restored.
Further, the evacuated ink is exhausted to an ink
disposal tank (not illustrated) installed in the
lower part of the main part 2, 'and an ink absorber

15 arranged in the ink disposal tank absorbs the
disposed ink.

Next, descriptions follow about the ink
jet heads 14 of the ink jet recording device with
reference to Fig. 3 and Fig. 4. Here, Fig. 3 ié a

20 cross—-sectional diagram of the ink jet heads 14 in
the longer side direction of the ink chamber, and
Fig. 4 is a cross-sectional diagram of the ink
chamber of the ink jet heads 14 in the shorter side

direction.

25 The ink jet heads 14 include a passage



that a nozzle 45 di scharges an ink drop, and an ink
supply way 47 serving as a fluid - resistance section

WO 0038uFpY yi ng ink to the pressurized i nk chanmP&r/JeR804/009040
froma comon ink chanber 48 to which the ink is
supplied froman ink supply nng% _49 . Further, a
| am nat ed type piezoelectric device 52 serving as an
el ectro -nmechani cal transducer, i.e., pressure
generati ng neans ctuator peans) for pressurjzing the
K TR r 20T Y | Dk LRANGEF 96 120 ot a8 Jon
the external surface side (the side opposite to the
pr esSRF L8t Pnk 3c KRR T 39 et 2 of OERE itepHrgntagersurface
correspondi ng to each pressurized i nk chanber 46. The
pi ezdkl elerPesdedicc®3rd st oi ABE Po N® A7l BLDEEr 4B8e
53. Further, in the piezoelectric device 52, support
sect]@Hseg4tar éhforyaRE ot v BEpEARdPHg the mF3sagenboard 41,
sections 4la that separate the pressurized ink
Shareish4eopbitd tpittecte spreesurefed Hevke clamhbeér 46 for
process of half - cut dicing is carried out such
t hatfdrec prgztbleedtvki ccldevigle &sndizvildegdsdege héSshapeh
of conb teeth, adjacent teeth alternately serving as
t he phezoel eotrile dévides SRaagdst he suppaitosecihdnan ink
54. Al though the support section 54 is materially and
st ructpp By | watrhd 7s areraisnds hes phezaelieictrd €1 sleyhee 52ction
the difference is that a driver voltage

for supplying ink to the pressurized ink chamber 46

10 from a common ink chamber 48 to which the ink is
supplied from an ink supply mouth 49.

Further, a laminated type piezoelectric
device 52 serving as an electro-mechanical
transducer, i.e., pressure generating means

15 (actuator means) for pressurizing the ink in the
pressurized ink chamber 46 is provided on the
external surface side (the side opposite to the
pressurized ink chamber side) of the diaphragm 42
corresponding to each pressurized ink chamber 46.

20 The piezoelectric device 52 is joined to a base
substrate 53. Further, in the piezoelectric device
52, support sections 54 are formed corresponding to
partition sections 4la that separate the pressurized
ink chambers 46 (bi-pitch structure). Here, a slit

25 process of half-cut dicing is carried out such that



is not applied to the support section 54. In this

manner, the support section 54 serves as a nere
w@baosioewEB9 support. Further, the perinmeter of tPET/JP2004/009040

di aphragm 42 is joined to a franme nenber 44 with an

adhesi ve 50 that contains gap léuj ling material . The

frame nenber 44 includes a concavity serving as the

common i nk chanber 48, and an ink supply hole, which

is n ill,ustrated, for supplyi.ng jnk, to.the common

ok ERE BT T O t RedBYEGS 0t AT ¢ P Henbae mhape
is forned i njection,nolding wth, for exanple, .
epox?fsﬁ&ﬁﬁgqﬁéﬁ%'O?Q%GF§Bﬁe%ﬁﬁﬁﬂa%&W?Faé?eﬁéréerV1ng as
alth% h the passage board 41 is formed by anisotropic

et chi E% O e 74 eXahpfedeyigiengl%e andriieapupprirdorFection
substrate of a crystal - face direction (110) using an

al kaPfne At IR b @it FBRPOFiCIF &t fpot aB4i i materially
hydr oxi de sol uti on (KOH% , for formng the concavity
5¥ SERQi B

d PRE Béirercsertd bhy ges achetlozeiezpadsageic

45a, the pressurized inkchanber 46, and the [nk suppl y

way 42VigehérZ netles i @l §feapnoe Usedihauch dsisea Modssage

steel substrates, photosensitive resins, etc. Although

t he dFapbragmppi2iéd torhkd, shippexanptetibnodva met alhis

pl ate of nickel by an electrof orm ng nethod, other

mat empahsrmaytiee agmdort section 54 serves as a mere
rhysical support.

10 Further, the perimeter of the diaphragm 42
is joined to a frame member 44 with an adhesive 50
that contains gap-filling material. The frame member
44 includes a concavity serving as the common ink
chamber 48, and an ink supply hole, which is not

15 illustrated, for supplying ink to the common ink
chamber 48 from the exterior. The frame member 44 is
formed by injection molding with, for example, epoxy
system resin or polyphenylene sulfide.

Here, although the passage board 41 is

20 formed by anisotropic etching of, for example, a
single-crystal silicon substrate of a crystal-face
direction (110) using an alkaline etching solution,
such as potassium-hydroxide solution (KOH), for

forming the concavity and the hole section serving

25 as the nozzle passage 45a, the pressurized ink



such as other netal plates, a resin board, conbined

materials of netal and resin, and the |ike. The
walr@ploEgm 42 constitutes a thin part 55 (di apPCEIR004/009040

section) for making deformation easy in the portion

corresponding to the pressurizgg ink chanmber 46, and a

thick part 56 (in the shape of i sland) for joining

to the piezoelectric device 52. Further, at the

portion corresponding.to the support section 54 and

the GIHRCSchbr of o Wi FRANEIRBNBeH 44 ATy (HHERT par t

57 is formed. The flat side of the diaphragm42 is

fi xdPEDCiRESpaSTale PR Y 4AUGht ASak tadids s, shaal

the thick part 56 is fixed to the piezoelectric device

52 Wulds bre hfRes PO toRRN I Wi ERe parE 18P /i €3G xed to the

support section 54 and the franme nenber 44 with

adhesi ves 50. PReéitdoudie thaphtaghragn £ 2castfewmed, byor

a nickel plating layer fornmed by electrof orm ng, and

bhe didkeplehefeprn ehimckimesspbiteheft hilmkgdr tby an

(di aphragm section) 55 is set to 3 ,,mand width is

set dle@breofvfoiegsimds)had Thethezzhe tplrdted stnancbadesed,

t he nozzl e 45 having a dianeter of 10 through 35

, , mearglespondiheg rt aegach pressyl i 2edeisiln cheatb®y 46mbined

and adhesively fixed to the passage board 41. As the

NOZZzhe- ot 84 Bs43f wafdaQuUSam@t £65ahs ead heaisedke suthe

as stainless
diaphragm 42 constitutes a thin part 55 (diaphragm

10 section) for making deformation easy in the portion
corresponding to the pressurized ink chamber 46, and
a thick part 56 (in the shape of an island) for
joining to the piezoelectric device 52. Further, at
the portion corresponding to the support section 54

15 and the joinf section to the frame member 44, a
thick part 57 is formed. The.flat side of the
diaphragm 42 is fixed to the ﬁassage board 41 with
an adhesive, and the thick part 56 is fixed to the
piezoelectric device 52 with an adhesive. The thick

20 part 57 is fixed to the support section 54 and the
frame member 44 with adhesives 50. Here, the
diaphragm 42 is constituted by a nickel plating
layer formed by electroforming, and the like,

wherein thickness of the thin part (diaphragm

25 section) 55 is set to 3 ,m, and width is set to 35



steel and nickel, conbinations of netal and resin such
as a polyimde resin film silicon, and conbi nations

W b@spafssd Here, the nozzle plate 43 is forned BYT/aP2004/009040
ni ckel plating filmprepared by the el ectrof orm ng
nmet hod, and the |ike. Further,_Egg i nternal shape
(inner side forn of the nozzle“43 is shaped |ike a
horn (alternatively, a shape near to a cylinder, and a
shape near to.,a right circular cone) , and the
dianﬁ?e?oaﬁ fRéE'ozzl e 45 is set to about 20- 35 ,,nat
the ink drop outlet side. Furthernore, the nozzle
pitch of each AO&zI %ehtieRtates 4Setingtluds dphe nozzle 45
Further, on the nozzle surface (surface in the ink
di schay§Rfigadidiestaten) of thethoezioh %t 430rgengoading
- repellent finish layer (not illustrated) is
pr ep? edaciTthgrggtsairize@penkephambieimidh |ayéradhpsboely
fornmed in various manners such as PTFE - nicke
éut eEided pbattiiey pasd sxye oboaddpddi.t ifon Pee monglef plate
fluororesin, evaporation - coating of fluororesin
wi t ¥ apoeabpluist ynesiechi @bs f taor bde usicdch, swamid bakshginless
after application of a solvent of silicon systemresin
and $teeli apdsydtaknl eséamb Anaadeguatos wed€sl -and resin
repellent finish |layer is selected dependi ng on
physicah psopepbilgsinifdd hees bk $uckh ,t hatl fdwen | nkndr op
formation, and the ink flight property, for

combinations thereof. Here, the nozzle plate 43 is

10 formed by a nickel plating film prepared by the
electroforming method, and the like. Further, the
internal shape (inner side form) of the nozzle 43 is
shaped like a horn (alternatively, a shape near to a
cylinder, and a shape near to a right circular cone),

15 and the diameter of the nozzlé 45 is set to about
20-35 ,m at the ink drop outlet side. Furthermore,
the nozzle pitch of each nozile sequence 1s set at
150 dpi.

Further, bn the nozzle surface (surface in

20 the ink discharging direction) of the nozzle plate
43, a water-repellent finish layer (not illustrated)
is prepared. The water-repellent-finish layer can be
formed in various manners such as PTFE-nickel
eutectoid plating, electro-deposition painting of

25 fluororesin, evaporation-coating of fluororesin with



exanpl e, are stabilized in order obtain high -
definition image quality. The piezoelectric device 52

WO 200600589 t ut ed by | am nating piezo - el ectri CPCEHYE064/009040
61 of lead zirconate titanate (PZT) , the thickness of

each | ayer being 10- 50 ,, mand Hqternal el ectrode
| ayers 62 of silver - palladi um®AgPd) , thickness of

each | ayer being several nicroneters, wherein the
internal el ectrodes 62 are electnicallﬁtconnected to

i ndi §I'8B&F 38t rhdRiCB3and T odditforP EF el r 8¢ epking

alter %tely. The i ndividual el ectrodes 63 and the :

conmBh tEFe CARIdE B4 AP eOfePniSRalV St e R F oBlbd 1 coRt anvifdiem

el ectrode) provided on the edges. Wth the arrangenent

descFFPBed Ayl itel pPes¥dtiered a5k chiinbefeggaits water-

contracted and expanded by expansi on and contraction,

resp&EPPveloRt dfinheh pieyssl éct sied eieved ed sRehaiiing

pi ezoel ectric constant of d33 . Wen a drive pulse is

appl PR stgatth@ pinzoel et pifc theviigk 5uchhehat the ink

pi ezoel ectric device 52 is chargedand expands; when

t he éhaprgédrmatemvedantdhéhpi éndeldcighic devpeety? for

contracts . The termnal electrodes on a side of the

pi ezesbmptlei,c adevicealb2l dpeddiivi dedidy @bhalh hig-

di cing process to formthe individual electrodes 63,

whi | éefanitthemtivergdagdalthe .t erm nal el ectrodes on

The pilezoelectric device 52 is constituted

10 by laminating piezo-electric layers 61 of lead
zirconate titanate (PZT), the thickness of each
layer being 10-50 ,m, and internal electrode layers
62 of silver-palladium (AgPd), thickness of each
layer being several micrometers, wherein the

15 internal electrodes 62 are electrically connected to
individual electrodes 63 and a common electrode 64
alternately. The individual electrodes 63 and the
common electrode 64 are terminal electrodes
(external electrode) provided on the edges. With the

20 arrangement described above, the pressurized ink
chamber 46 is contracted and expanded by expansion
and contraction, respectively, of the piezoelectric
device 52 having a piezoelectric constant of d33.

When a drive pulse is applied to the piezoelectric

25 device 52, the piezoelectric device 52 is charged



the other side are not divided, and the common

el ectrode 64 is forned, the common el ectrode 64 being
webk@snnissal | y connected to all the piezoel ect rPCT/JP2004/009040

devices 52. In order to provide a drive pulse to the

i ndi vidual electrodes 63 of the,piezoelectric device

52, an FPC cable 65 is connecte% to the individua

el ectrodes 63 by one of solder junction, ACF

(ani sotropi c_condugtivit fikn% junction, and wre
bondi ), SARGTEI JUHET Hha BRAEAS RRC CHBPESSs Foe
connected to a drive cjrcuit (driver IC) such that the
dri VB HaPEe e Eet SR VEF y° appPPéd 3T %ach
pi ezoel ectric device 52, Further, the common el ectrode
64 i s connect edt% tHE R dUNEl EEBP @R otleSbflet kR the
FPC cable 65. According to the ink jet head configured
as dbbveCewRer ra drdsrel prl 3¢ Rag A VA dssl thigeaohalforcut
exanple, 10- 50 V is applied to the piezoelectric
devi@kCcERJapEOH Iy 1@ Bopri hhesigWdlviduh Speheeneodes 63,
occurs in the direction of the |ayers of the
pi ezolel tetr bo ddd cetlsPr hawd, ithet HemwB83hal reteicomodes on
according to the present enbodinent, the ink in the
pr essiuei geternls iclmnber @A6ti diplessyriazetl tie oughmblae
di aphragm 42, the pressure of the ink rises, and an
i nk efeptrsdei schargetb fmed t heenezzinen electrode 64
being electrically connected to all the
10 piezoelectric devices 52.
In order to provide a drive pulse to the
individual electrodes 63 of the piezoelectric device
52, an FPC cable 65 is connected to the individual
electrodes 63 by one of solder junction, ACF
15 (anisotropic conductivity film) junction, and wire
bonding, and the other end of the FPC cable 65 is
connected to a drive circuit (driver IC) such that
the drive pulse is selectively applied to each
plezoelectric device 52. Further, the common
20 electrode 64 is connected to the ground (GND)
electrode of the FPC cable 65.
According to the ink Jjet head configured
as above, when a drive pulse having a voltage of,

for example, 10-50 V is applied to the piezoelectric

25 device 52 according to a print signal, a



45. Then, with the end of ink discharge, the ink

pressure in the pressurized ink chanber 46 decreases,
W@r@sneFse i ve pressure occurs in the pressuri zBdT/irMo04/009040

chanber 46 due to the inertia of the ink flow and the

el ectric discharge process of the drive pulse, and an

ink filling process starts. At ERTs time, the ink

supplied fromthe ink tank which is not illustrated

flows into the common ink chanber 48, and passes al ong

t he ¢} 8Pdacepesitsiafiter sethi 6he4Aiaugt t hE thR lavers

supply nmouth 49 fromthe common ink chanber 48, and

t he ®¥e§§@rpé@@Qﬂﬂ@Qﬁﬁm%eﬁenécﬁsQZAI%demithniﬁhe I3 3

addition, while the fluid - resistance section 47 has

an efirertipndampiandoigt he thsi dralsqresyupediment, the

vi bration after discharging, it serves as a resistor

to rehkl bnnghduepnas suriaeé teksichrmmbAecotdi hgl preypurized

suitably selecting the fluidresistance val ue of the

Bl ui thronghai shanck gectagn 47, t hdcbadmrnceubet wenhe ink

danpi ng of the residual pressure and refill tinme can

be seleetedasnad tdmtidbedtopvescyidlseshdrged fhemt itk nozzle

bet ween a di scharge and the next discharge can be

shoriened. Next, an outline of the control unit of the

ink jet recording device is explained with

Then, with the end of ink discharge, the
ink pressure in the pressurized ink chamber 46

10 decreases, and negative pressure occurs in the
pressurized ink chamber 46 due to the inertia of the
ink flow and the electric discharge process of the
drive pulse, and an ink f£filling process starts. At
this time, the ink supplied from the ink tank which

15 is not illustrated flows into the common ink chamber
48, and passes along the fluid-resistance section 47
through the ink supply mouth‘49 from the common ink
chamber 48; and the pressurized ink chamber 46 is
filled with ink.

20 In addition, while the fluid-resistance
section 47 has an effect in damping of the residual
pressure vibration after discharging, it serves as a
resistor to refilling due to surface tension.
Accordingly, by suitably selecting the fluid-

25 resistance value of the fluid-resistance section 47,



reference to Fig. 5 and Fig. 6 . Here, Fig. 5is a

bl ock di agram showi ng the outline of the control unit,
w@rsPogs9 6 i s a bl ock di agram showi ng a port i POT/JP2004/009040

concerning head drive control of the control unit

The control unit includes a prlghgr controller 70, a

notor driver 81 for driving the in scanning notor 17

and the sub- scanning notor 27, and a head driver 82

for driving the ink jet heads 14, the head driver 82

constiet i hglencs F?@&dfecﬁri VEABPiRgi PL &N iRRFifealepgessure

The printer controller 70 includes an interface (I/F)

72 fardreediviingigya MamhdPdat al eFERCa Sfosth&bnplicefrive

and the like through a cable and/or a network, a main

cont?!ﬁl%ni@-¢3rcé%§sﬁi%@ e tdeepUaand aHa ¥ yReanRAVhe

74 for storing data, ROM 75 for storing routines for

dat argrocessrrhgrasn wycid¢ ashontaned .76, a drive

signal generating unit 77 serving as drive pul se

gener ati ng neabexftor genevatl hgedpifvéehpulsestfol thét of

ink jet heads 14, an I/F 78 for sending printing data

i n ttiee f bnin 9k tdotepatrtdeirmy dad¢ai ¢bi tsmexpdat @) ed diicvie

pul ses, etc., to the head driver 82, and an I/F 79 for

sendtefie nehoe dobi We at® dwdt hegnobor HEde/err83. Thes a

RAM 74 serves as various buffers,

block diagram showing the outline of the control
unit, and Fig. 6 is a block diagram showing a

10 portion concerning head drive control of the control
unit.

The control’unit includes a printer
controller 70, a motor driver 81 for driving the
main scanning motor 17 and the sub-scanning motor 27,

15 and a head driver 82 for driving the ink jet heads
14, the head driver 82 consisting of a head drive
circuit, a driver IC, etc.

The printer controlier 70 includes an
interface (I/F) 72 for receiving printing data from

20 a host computer and the like through a cable and/or
a network, a main control unit 73 consisting of a
CPU and the like, RAM 74 for storing data, ROM 75
for storing routines for data processing, an
oscillation unit 76, a drive signal generating unit

25 77 serving as drive pulse generating means for



wor ki ng nenory, etc. The ROM 75 stores various contro

routines perforned by the main control unit 73, font
waoelaia/oogsaphi ¢ functi ons, various processes, ePCT/JPR0&H009040

main control unit 73 reads the printing data in a

recei ving buffer included in thglL/F 72, and converts

the data into internediary codes™. The internediary

codes are stored in an internmediary buffer constituted

by a predeterm ned area of the RAM 74, and, are

conV%g?%Ha%bngbgﬁﬁﬁﬁtQH%Sﬁﬁtgoﬁsﬁﬁff%ﬂﬁ atahstgreds. an

in ROM 75. The dot - pattern data are stored in a

th . _
di ff%f%n?%ﬁ@aets@ﬂﬂlﬁ&l RF At 6R Ot He tRAM 7 4L h¢ nfppm of dot-
case that the printing data are converted to bit nmap

dat PdYTarpr Fatér Ritvetenfdathdst dEdiffutiitlsehe RAM. ., toO

74 sinp;% stores the égirni ng data in the bit map

f or nete WReRAngrader %7, taedconvarsi dif dsoweserilbag motor

above. Wth reference to Fig. 6 , the main contro

gni td7Bvehdatpr 6w déxe bpiergdadaeirodlsi gnals 0 andl

according to the printing data, a clock signal CLK, a

| atch signal LARLe &id! cohtservsignal yavNOddhrouflichN3

to the head driver 82. As shown in Fig. 6, the drive

si gnadrgengr aemeg yunidtd7 Thel ROMES 78n saipte d | ear23uand

a wave generation unit 91. The wave generation unit 91
control routines performed by the main control unit
73, font data, graphic functions, various processes,

10 etc.

The main control unit 73 reads the

printing data in a receiving buffer included in the
I/F 72, and converts the data into intermediary
codes. The intermediary codes are stored in an

15 intermediary buffer constituted by a predetermined
area of the RAM 74, and are converted to dot-pattern
data using font data stored in the ROM 75. The dot-
pattern data are stored in a different predetermined
area of the RAM 74. In the case that the printing

20 data are converted to bit map data by a printer
driver of a host computer, the RAM 74 simply stores
the printing data in the bit map format with no need
for the conversion as described above.

With reference to Fig. 6, the main control

25 unit 73 then provides 2-bit gradation signals 0 and



contains a ROM which ROM function may be served by a

part of the ROM 75, for storing pattern data of a
waleiosmoqssd se Pv, and a D/ A converter for carryP@rJR:04/009040

digital - to- analog conversion of the drive pulse

data read fromthe ROM The head,driver 82 includes a

shift register 103 for inputting“the gradation signa

0 and the clock signal CLK fromthe nmain control unit

shift ister 104 for input the gradati.on
S|gnglafc§m9%$%'%?63@esPﬁﬁﬁFl #QYéLtﬂe icff signal CLK,
controi unit 73, a latch CIrCUIt 105 for Iatchln% a
regi St R CR §d Bt HA Shi #Rdr 66T 199§ 1 8 h¥NDattdrough

signal LAT fromthe main control unit 73, a latch

ci r iV 106 thér Heptinyvarr 8di-ster val ue of the shift

regi ster 104 by the latch signal LAT fromthe main

control unit 733 &hk¥fecierFigz for Bes e@rivig saonefl

the control signals MNO through MN3 fromthe main

Sont geneyaittinzd wested’ bninnlodeputay @nuel bfieheRakoll a

circuit 105, and an output valueof the latch circuit

106, wavkeveh egarviersiwni ti 9 Eui Thel enete shefiepayrid@8unit 91

for receiving the output of the selector and for

changpngatihe laewresIM ofwlt heh oBROHMUE wnad tuieof rroayt he served by

sel ector 107, and an analog switch array (swtch

means) pd09, o®NAOEF KMt 5 of fokri ehdrsiropnba ot éed hﬁtfah@;f a

| evel shifter 108.
drive pulse Pv, and a D/A converter for carrying out

10 digital-to—-analog conversion of the drive pulse data
read from the ROM.

The head driver 82 includes a shift

register 103 for inputting the gradation signal 0
and the clock signal CLK from the main control unit

15 73, a'shift register 104 for inputting the gradation
signal 1 and the clock signal CLK from the main
control unit 73, a latch circuit 105 for latching a
register value of the shift register 103 by the
latch signal LAT from the main control unit 73, a

20 latch circuit 106 for latching a register value of
the shift register 104 by the latch signal LAT from
the main control unit 73, a selector 107 for
selecting one of the control signals MNO through MN3

from the main control unit 73 based on an output

25 wvalue of the latch circuit 105, and an output value



The switch array 109 consists of an array of the
swi tches ASI through ASmto which the drive pulse Pv
wo soospansgded from the drive signal generating REI/gP2674/009040
Each of the switches ASI through ASmis connected to
one of the piezoelectric 'devices, 52 corresponding to
one of the nozzles of one of the Trecording heads (ink
jet head) 14. The 2- bit gradation S|gnalf 0 and7%
serially.tr Lited fro main control unit are _
Iatcﬁgdng ?%@H#gtg r%P%gLﬁpg'ld% nee O%OﬁYeFﬁéoﬂ:CerUlt
begi nni of .a printi cycl e, and sel ected ones o
$hete HaR A

the swtches AL S o %ﬁn&F%ﬁﬁy%ﬂWtEheaPP§?U£ogf the
di t trol_signal selecte

Fr on? PhECEM FBIE of Ghat e RROPEh ARG RGL . f heheotatarit

si gna

| .sel ecti on _being based on the gradation data .
Whi | 82LHE %6%5%0'?%396%@1?&100% G tehednASPY switch
through ASm of the switch array 109 is turned on, phe _
dri vRTpalsd st i apprnel €89 hepl/&fRk| seatecodewhdeh is
52 , and the piezoelectric device 52 expands and
cont FABFE04EE6Y dishgtho eeedr svd fhdsel0®n the ot her
hand, while the corresponding one of the switches AS|
t hrough ASm i s Tiher i oflf, asuppl L 08 ddresdstveopubse array
to the piezoelectric device 52 is interrupted. Here,
the of the switches AS1 through ASm to which the drive

pulse Pv is provided from the drive signal
10 ~generating unit 77. Each of the switches AS1 through
ASm is connected to one of the piezoelectric devices
52 corresponding to one of the nozzles of one of the
recording heads (ink jet head) 14.
The 2-bit gradation signals 0 and 1
15 serially transmitted from the main control unit 73
ére latched by the latch circuits 105 and 106 at the
beginning of a printing cyclé, and selected ones of
the switches AS1 through ASm of the switch array 109
are turned on according to a control signal selected
20 from the control signals MNO through MN3, the
control signal selection being based on the
gradation data.
While the corresponding one of the
switches AS1 through ASm of the switch array 109 is

25 turned on, the drive pulse Pv is applied to the



signal provided to the switches ASl through ASmis

called the "drive pulse" , and the signal that is
wa@ppbioedse o t he pi ezoel ectric device 52 is cal PerInzae/009040

“drive signal”". Here, the shift registers 103 and 104

and latch circuits 105 and 106 are constituted by

logic circuits, and the | evel céfiversion circuit 108

and the switching circuit 109 are constituted by

anal og circuits. Further, the circuit arrangenent for

swi tRh? RYCLRELHRG e heams® Baseadoich® it adkt pelRric

signal (gradation data) is not limted to the above -

ment d@vnedecdaf iegheatd vran@ueonny acenf iFt ¢ bRdt kat the

can turn on/off a desired switch can be used. Next,

t he deiafl pudseth® itlse ehbedi nemd ofwitiee ptleeent

invention are explained with reference to Fig. 7

t hr ocghr Esgond8@ndgriarst , o Fi ghe7sghdwheashA ik i Verpubbe ASm is

according to the first enbodi nent of the present

iSnvettroad blf€  drsupep pul s& beendgriive sanesastohehdri ve

signal in the firstenbodi nent. The drive pul se

i nclptesoalkbicrsti drdarei el 52 Pk, iatsacanst«d i vRepurl, se&he

P2 , athird drive putse P3 , and a fourth drive pulse

P4 thagnalepedtfideserd athy baegueris aldy)thAotibREASAH is
the rising period indicated by a , each drive pul se

makesat Dedprass wd:zeek i k1 sbanbenh Ao igesl andt is

makes
applied to the piezoelectric device 52 is called the

iO “*drive signal".

Here, the shift registers 103 and 104 and
latch circuits 105 and 106 are constituted by logic
circuits, and the level conversion circuit 108 and
the switching circuit 109 are constituted by analog

15 circuits. Further, the circult arrangement for
switching the switch means based on the gradation
signal (gradation data) is nét limited to the above-
mentioned configuration, but any configuration that
can turn on/off a desired Switch can be used.

20 Next, the details of the firs£ embodiment
of the present invention are explained with
reference to Fig. 7 throﬁgh Fig. 18. First, Fig. 7
shows the drive pulse according to the first

embodiment of the present invention, the drive pulse

25 being the same as the drive signal in the first



an ink drop be discharged. According to the first

enbodi nent, the tine interval (discharge interval)
wheddoerssa first ink drop di scharged by the fiPGI/JRMOIMBI0O40

pul se Pl and a second ink drop discharged by the

second drive pulse P2 is set at 1.5 x Tc, the time

interval (discharge interval) peteen t he second ink

drop discharged by the second drive pulse P2 and a

third kng,drop di scharged by the third drive pulse P3

i s s&PPgIReRt. THhe JRHiVRePULe iimekydes (ai Sémartgeirive

interval) between the third ink drop discharged by the

t hi rBU4PPVE Lpulds & PO RAIIEIVGUIH S kP Ar 0p Hhéekadgdde

by the fourth drive pulse P4 is set at 2 x Tc . Here,

Tc rBpréseRts o spekpriéhvidiviats ambyel B4otheheare

pressurized ink chamber 46 . For conparison, a first

conp@PaPPfe sexdml & i ésproendedllThe irivenpul 8¢ ahe

the first conparative exanple is as shown in Fig. 8 .

The fissngcompdrat i vedexatpbebiyna udescla drive pullse makes

PlA, adrive pulse P102 , and a drive pul se P103 that

are bhtppresenirdlded i imki okambeesa drdore: patsesamakaakes

the pressurized ink chanber 46 contract at the pul se

risiag peki ddopndiecal edchyrged.and make ink drops be

di scharged. As seen, the pulse rising period a of the

drive pul se Pl @cdsrdhegsasetas tthatsiOfedi®diment, the

time interval (discharge interval) between a first
10 ink drop discharged by the first drive pulse Pl and
a second ink drop discharged by the second drive
pulse P2 is set at 1.5 x Tc, the time interwval
(discharge interval) between the 'second ink drop
discharged by the second drive pulse P2 and a third
15 ink drop discharged by the third drive pulse P3 is
set at 1.5 x Tc, and the time interval (discharge
interval) between the third iﬁk drop discharged by
the third drive pulse P3 and a fourth ink drop
discharged by the fourth drive pulse P4 is set at 2
20 x Tc. Here, Tc represents the specific vibration
cycle of the pressurized ink chamber 46.
For comparison, a first comparative
example is provided. The drive pulse of the first
comparative example is as shown in Fig. 8. The first

25 comparative example includes a drive pulse P101, a



drive pulse Pl of the first enbodi nent, the drive
pul se P2 of the first enbodinent is elimnated, (i.e.,
wo b@spuisse rising period a of the drive pul se R2I/IER004x109040

present in the first. conparative exanple) , the drive
pul se P102 is the sane as the %é%ye pul se P3, and -

the drive pulse P103 is the sa as the drive pul se

P4. Accordingly, as for the first conparative exanpl e,

ween the first ink

the tipme int rvalﬂﬁﬁ dro
di sc Jé?‘é@dpblgsteng | Vel hdl SedpREe %Jdlstehepﬁ%%oﬁﬁaitn@re
drop discharged hy the drive pulse P102 is nearly
equaPUtBUETESE e 1Y ETRiRe?) These (e 1§ ki fesr pgke the
bet ween the second ink drop discharged by the drive
pul sR*PIBPTARE% HE R HFRIPAK GfoFOdi i el Biet palse
drive pulse P103 is nearly equal to 2Tc. Then, ink
dr opt tf $BHaP§E LRss lexberd hredt Y @it Rndsitke henlir fgeps be
pul se of the first enbodi nent and the drive pul se of
the #ischargepar &5 veeaxanpheThelsesHitsing epshded nof
Fig. 9 and Fig. 10. In Fig. 9, the results of the ink
dr optBpeddiVe Pwerstd Gal0hxis) tber sesporeh nghab thiethe
maxi mum vol tage of the drive pul se (horizontal "axi's)
are d¢howa. pbaskE @1 X tihe féssht emdifodiheentk dhepdrive
volume M (vertical axis) corresponding to the maxi num
vol tpgesef PRhef the first embodiment is eliminated,
(i.e., the pulse rising period a of the drive pulse
10 P2 is ndt present in the first comparative example),
the drive pulse P102 is the same as the drive pulse
P3, and- the drive pulse P103 is the same as the
drive pulse P4.
Accordingly, as for the first comparative
15 example, the time interval between the first ink
drop discharged by the drive pulse P101 and the
second ink drop discharged by the drive pulse P102
is nearly equal to 3Tc (i.e., 1.5Tc x 2), and the
time interval between the second ink drop discharged
20 by the drive pulse P102 and the third ink drop
discharged by the drive pulse P103 is nearly equal
to 2Tc.
Then, ink drop discharge was experimented

with using the drive pulse of the first embodiment

25 and the drive pulse of the first comparative example.



drive pul se (horizontal axis) are shown. For the
purposes of Fig. 9 and Fig. 10, the drive pul se wave

WO 2005900589 Fig. 7 and Fig. 8 were simlarly trapcH/arewo9040
i.e., gain adjustnments were carried out. Further,
repetition frequency was set to kHz. Here, the solid
line in each of Fig. 9 and Figffﬁd'shoms the results
of the first enbodi ment, and the dashed |ine shows the
resuggs of 'the first conparative exanple. As shown in '
Fi g. *9%af@g-S 1971 AlPHE dasd i theapdrEig. 10. In Fig.
conparative exanple , _ink drop discharge becane _
unst dbl &0% GG T vef GBet dg& fraR speed| Viodglenthecal
vertical value for 22 Vis shown as being zero, this
does@Kef ) nERAT HTROLAERE has the distheigevobitoehef the
di scharge was unstabl e, and neasurenent of an exact
nunmeflfé Vealnd Sfas(iopbeenbié. arbiss warst abhewdi. s@marfgey. 10,
was determned to be due to the surface of the nozzle
Fei n§hai repulits chit welse causedroy aralemiscid (vertical
significantly rising due to theresidual pressure (or a
veryasliew diosuleammdpeedroafther ndissiohan geo bt atjke olfasihe
ink drop (the third ink drop) , and the ink was not
dr awdr baek pudtse t fonbdzaheal Gxitd)e atdeshband, For thes
case of the drive pulse of the first enbodi nent, even
i f therposes of Fig. 9 and Fig. 10, the drive pulse wave

forms in Fig. 7 and Fig. 8 were similarly

10 transformed, i.e., gain adjustments were carried out.
Further, repetition frequency was set to 8 kHz. Here,
the solid line in each of Fig. 9 and Fig. 10 shows
the results of the first embodiment, and the dashed
line shows the results of the first comparative

15 example.

As shown in Fig. 9 and Fig. 10, in the
case of the first comparative example, ink drop
discharge became unstable at the driver voltage of
22 V. Although the vertical value for 22 V is shown

20 as being zero, this does not mean that there was no
discharge, but the discharge was unstable, and
measurement of an exact numeric value was impossible.
This unstable discharge was determined to be due to

the surface of the nozzle being dirty, which was

25 caused by a meniscus significantly rising due to the



driver voltage was increased to 24 .V, ink drop

di scharge was not disturbed. Further, for the sane
woodosagssy the drive pul se of the first enbodi PENIP2004/009040

di scharged a greater ink drop volune M than the first

conpar ati ve exanpl e, although fggr i nk drops were

di scharged according to the first enbodi nent. That is,

the first enbodi ment nore stably discharged a | arge

i nk drog.aslnce the time fromthe first djscharge to

the T8t HPdcRFGSWRR (RE §aff§ryn$e1qvar<§3es%ﬁra@oﬁpeed
was obtained with no additional tinme required, and it
was %gg?rf@ﬂ%ﬂ%@qQﬁnoanhﬁréésﬁolm&1ﬁ¥QWththﬁetﬁﬂmﬂ ink
ink drop. Fig. 11 shows a discharge state in the case
of t®ECP] r sENENHEE ek . WEBgnot2 dsieews ke ek sthapgéhe
state in the case of the first conparative exanple.
Her enOfhéemaxi num vol t age of the drive pul se of t he
first enbodi mrent was set at 16.9 V , and the maxi num
vol t age of the O rgte cobparabind,exanpites wassseb fatthe
15.3 V, both vol tages bei ng determ nedbased on the
chardctieei ptiles showrhdyfFrgt 8mboctindrat, tdecsanE ithie
~drop speed of Vj=7 nis was obtained in both cases. .
Usi ndravetr obaseepe, wddeistryakiedn trears the nnkzheowas
observed 80 ,,safter the drive signal was generated.
Her edi s brakgpetiatd oo r@gyenepedas rsettisdr 4 K62, the same
voltages, the drive pulse of the first embodiment
10 discharged a greater ink drop volume Mj than the
first comparative example, although four ink drops
were discharged according to the first embodiment.
That is, the first embodiment more stébly
discharged a large ink drop. Since the time from the
15 first discharge to the last discharge was the same,
the large ink drop was obtained with no additional
time required, and it was easy for the last ink drop
to merge with the first ink drop.
Fig. 11 shows a discharge state in the
20 case of the first embodiment. Fig. 12 shows a
discharge state in the case of the first comparative
example. Here, the maximum voltage of the drive
pulse of the first embodiment was set at 16.9 VvV, and

the maximum voltage of the first comparative example

25 was set at 15.3 V, both voltages being determined



The difference between Fig. 11 and Fig. 12 is that a

meni scus M due to the residual pressure vibration was

W e@sobosspr esent after discharge in Fig 12 (theCT/iR204/009040
conparative exanple) , while there was no neni scus
observed in the case of the fi rs§ enbodi ment. This

provi des evidence that the drive 9ij| se of the first

enbodi ment successfully suppressed the residual

pressure vibrat The residual] pressure_vibration

i on. . .
al so “Affectdy ?$%qﬁ@ﬁ5§‘°€ﬁd@aﬁ%ﬁ:$s?hegnof’y Fig. 9 such
di scharging. Fig. 13 and Fig. 14 show the frequency
Bedr i cadine

char & héEn i@ RYR@dO Y] Vard fHe A

drop volune M, respectively, according to the drive

pul s@P3R IR 117 sPoehhE@disRENt Bheng he $trsboscope, the

conparative exanple. In Fig. 13 the vertical axis

r epr E$eHEE He RoRTdEDE Sveed o/jwaanebiarfeg. 84 theafter

vertical axis represents the ink drop volune M . The

hor i £515t AT iakeess pPNFLgwas3 gemkRiged 14Heepr,esént #dmpetition

repetition cycle T . Here, the maxi mum voltage of

t hedfirgaiusuiase wist betf artstd &ioodi nent was set at 16.9

V , and the maxi mum voltage of the first conparative

exanpl e was setT¢ d5f3e¥Yendeotdetpdémgrsgbeilng and Fig. 12

determ ned based on the characteristics shown by Fig 9

suchishahatthes saemi s oksdMogiugpeed e Vkedi8LS 1WgSressure

obtained in both cases. Further, the solid line
vibration was visibly present after discharge in Fig.

10 12 (the first comparative example), while there was
no meniscus observed in the case of the first
embodiment. This provides evidence that the drive
pulse of the first embodiment successfully
suppressed the residual pressure vibration.

15 The residual pressure vibration also
affected frequency characteristics of discharging.
Fig. 13 and Fig. 14 show the frequency
characteristics, the ink drop speed Vj and the ink
drop volume Mj, respectively, according to the drive

20  pulse of the first embodiment and the first
comparative example. In Fig. 13 the vertical axis
represents the ink drop speed Vj, and in Fig. 14 the
vertical axis represents the ink drop volume Mj. The

horizontal axes of Fig. 13 and Fig. 14 represent the

25 repetition cycle T. Here, the maximum voltage of the



shows the result of the first enbodi nent, and the
dashed |ine shows the result of the first conparative
wex@sphiss? As seen from Fig. 13, the drive pul BET/a#20041@®9040
first enbodi ment provided better flatness of the ink
drop speed Vj than the first cog%qrative exanpl e This
I

i ndi cates that where the residual pressure was small,

the influence of the repetition cycle becom ng short
on the,discharging_characteristics was snmall. Further

t hat SEhE&Sf P &F cHaf attépits P WFLReRE | HRSdESF 2t 16-9

speed Vj; was flat neans that an Lg?act position (where

t he Vnk28Fofis Maes"dR YRé tergcordfi g erebli bRy goansstative

fluctuate with an inmage pattern, and that discharge

st abFR PP lRagdprdovedit Far8hdr, bt eenl freasFbginm,

there was no significant difference between the first _

embodfRermiged thRsgdren chepataiaectexbaplesashfom by Fig.
the range of fluctuation (DMJ ) of the

r eqlieAeygbhdhadt érlist$ageof nkhelriark svepd voFug=N m/s was

Neverthel ess, the drive pulse of the first enmbodi ment

di schargéded gredierh ar@ant .o urithaénk thansohe ddiiives

pul se of the first conparative exanple. Next, Fig. 15

and #Fhgwsl@hshowddiet of the first embodiment, and the
dashed line shows the result of the first
comparative example.

10 As seen from Fig. 13, the drive pulse of
the first embodiment provided better flatness of the
ink drop speed Vj than the first comparative example.
This indicates that where the residual pressure was
small, the influence of the repetition cycle

15 Dbecoming short on the discharging characteristics
was small. Further, that the frequency
characteristic of the ink drop speed Vj was flat
means that an impact position (where the ink drop
arrives on the recording medium) did not fluctuate

20 with an image pattern, and that discharge stability
was improved.

Further, as seen from Flg. 14, there was
no significant difference between the first

embodiment and the first comparative example as for

25 the range of fluctuation (AMj) of the frequency



frequency characteristics when the maxi nrum vol t age of
the first conparative exanple was raised to 18.5 V so

WO b@s/00056€9 | nk drop vol ume M becane the sane aRCT/he2004x09040
the first enbodinent. In Fig. 15 the vertical axis
represents the ink drop speed V 7 and in Fig. 16 the
vertical axis represents the |ﬁ% drop vol une M
Here, the data of the drive pulse of the first

enbod'nent in Fig, 15 and Fig. 16-are the sane as the
dat a® &éﬁﬁtﬁre‘os c8\p L. LheRSPIEMEI® VERFUTEN Mi-g. 13
and Fig. respectlvely As clearly seen fromFig.

15 aH&VF.rd‘—heﬂeaS%eh eheTrie does P fineh®) e ste

di scharged was equal i zed, the fluctuation of the ink

dr opeEPesd Mentofdi heharese eompmadis ¥ eamRunpl © thedemeink
greater than before (when the applied voltage was 15.3
V , than the tdweicaseubbeFiod. th3d) fimnd chwpdratdve
pul se of the first enbodi nent provided the snaller
rrangexefipflleuct uati on DM J of the ink drop volune M .
The mechani sm of the first enbodi nent isexplained with
reference to FiNgxiy/ Bhd.Fil§. abil tthiag. shéwshb& the

di scharge state of the ink drops according to the
drivérpasecyf diwrdctstiembed merdn afite t hexdmuve voltage
pul se of the first conparative exanple, respectively.

Her eo ft hemdiramm yohp agetof ot ke i Me pabseadkddeao 18.5
first enbodi ment was set at 16.9 V , and
V so that the ink drop volume Mj became the same as
10 that of the first embodiment. In Fig. 15, the
vertical axis represents the ink drop speed Vj, and
in Fig. 16 the vertical axis represents the ink drop
volume Mj. Here, the data of the drive pulse of the
first embodiment.in Fig. 15 and Fig. 16. are the same
15 as the data identified by "Vj: FIRST EMBODIMENT" in
Fig. 13 and Fig. 14, respectively.

As clearly seen frém Fig. 15 and Fig. 16,
when the ink drop volume Mj to be discharged was
equalized, the fluctuation of the ink drop speed Vj

20 of the first comparative example became greater than
before (when the applied voltage was 15.3 V, i.e.,

in the case of Fig. 13), and the drive pulse of the

first embodiment provided the smaller range of

fluctuation AMj of the ink drop volume Mj.

25 The mechanism of the first embodiment is



t he maxi num vol tage of the first conparative exanple

was set at 15.3 V, both voltages being determ ned
whawsmdoseo t he characteristics shown by Fig. 9 BUDIP20AI09040

the sane ink drop speed of Vj=7 nmls was obtained in

both cases. The stroboscope neghod was used to observe

the situation near the nozzle 43 ,,s after the drive

signal was generated. Here, the timng, i.e., 43
,, S.is.when .the . lLast ink p.he t L sgharg
O EhE ABgL AT § e SAeE 5P ERE 1t embodirent, Tt

the seco ink drop. and the third,ink 0 :

r eachey ?ﬁg gﬁﬁﬁhﬁﬁﬁ?cﬁ%ﬁggsoghgﬁﬁ ﬁﬁgifg?ggg.ggkofﬁéng
ot her nd,, i,n the case of the first c rative
exéﬁ%lgﬁetﬂ§l§§téﬂﬂiﬁﬁﬁ°grB%ehg&rﬁéié%@gﬁg%ﬂeFﬁeapﬁrshe
ink drop as_shown in Fig, 18. That is,.in the case of

t hel B VOeDPiRSe ot e T1FEE GRBBAMTY® dPERRAG ng

at the 1.5Tc intervals causes the residual pre syre .
Sandc ¢ peeaitd¥Rdige Hissubket BEIACE %ﬁﬁﬁ@%ghSE, %ﬁﬁdrlve
the speed of the second inkdrop and the third ink drop
becawes§| BfeithaNdiigrd hepBRRALPENs Wamhot e hnett A4 2 V. and
di scharging be correctly carried out’ even if the speed

i s the mpeiaun fvalhiegol eagehef e Hr¢YBPPEREE Vies example

made | ower, |like the so- called danping wave, in an
at teapt set supprfess ¥ hebpebi dodltaggras e engi Beasiray-ned

based on the characteristics shown by Fig. 9 such
10 that the same ink drop speed of Vj=7 m/s was
obtained in both cases. The stroboscope method was
used to observe the situation near the nozzle 43 ,s
after the drive signal was generated. Here, the
timing, i.e., 43 ,s, is when the last ink drop began
15 to be discharged from the nozzle.

In the case of the first embodiment, the
second ink drop and the thira ink drop had not
reached the first ink drop as shown in Fig. 17. On
the other hand, in the case of the first comparative

20 example, the second ink drop had merged with the
first ink drop as shown in Fig. 18. That is, in the
case of the drive pulse of the first embodiment,
discharging at the 1.5Tc intervals causes the
residual pressure and the discharge pressure to

25 cancel each other, and the speed of the second ink



after the first ink drop, sufficient effect is not
achi eved. Rather, by generating a pressure that can
w@awseotske second ink drop to be correctly di SBOTEHIRPOCL/009040
the effect as in this enbodinment is achieved. Further,
since the last ink drop (the fourth ink drop) needs to
"~ gather in the second and the t %3 i nk dr ops that
travel at a slow speed, and nerge with the girst i nk
drop,, the last ink drop has to be discharged at an
nngdffﬁPeravaCi W ht]Phégpll@&‘ediirr?g’ iRRCYFBpS LRV At an
(n+1/2) xTc interval. According to the present _
embolFfEMtRF175% helFadf AR CIGNT t Hea ix e Sicheaigidsly be
is used and ink drop speed is nade higher. As
descPPBER Aol 2 iheRd bt siven nkf dilopssreed ¢ shelow.
sequentially discharged, ink drops other than the | ast
ink drop are dikeharged ahei nodrhads mBakhy daiate troilse is
(n+l1/2) x Tc (where, nis an integer equal to or
gr eainadet Rave), i hibedehet sosupprlest daeppngssuare, in an
vi bration of the pressurizedi nk chanber, and the |ast
i nk ditpmps dischapgedsat tae imtserdiad 1 neaekbyguegualidmetion
n x Tc in order to forma large ink drop. In this
mannefiea shksefiuent ink drop,camthei di sshaegedct is not
earlier than before (wth no need to wait for decay of

the sehiidwald.prressie, dig tenkh@ting a pressure that can
cause the second ink drop to be correctly discharged,

10 the effect as in this embodiment is achieved.

Further, since the last ink drop (the
fourth ink drop) needs to gather in the second and
the third ink drops that travel at a slow speed, and
merge with the first ink drop, the last ink drop has

15 to be discharged at an nxTc interval with the
preceding ink drop, not at an (n+l1/2) xTc interval.
According to the present embédiment; for the last
ink drop, the nxTc interval is used and ink drop
speed is made higher.

20 As described above, when multiple ink
drops are to be sequentially discharged, ink drops
other than the last ink drop are discharged at
intervals nearly equal to (n+l1/2) x Tc (where, n is
an integer equal to or greater than 1) in order to

25 suppress the pressure vibration of the pressurized



preceding ink drop) , and the tinme required to forma

| arge ink drop can be shortened, resulting in high
w@ri0an0esge speed. Further, since the tinme fromPE&EIFA004109040

ink drop to the last ink drop is shortened, it is easy

for the last ink drop to nerge wth the preceding ink

drops, which nergi ng suppresses the speed of the |ast

ink drop. In this nmanner, a satellite SATE

(uncan eggfd i nk drog)Fésee FI Gs. 15 _and 17) that

ot herhi Fhses th Eor'disiy Hltli dhPPatér ddisgharged at

mai n_drgp can now reach the recordi ng medium after

ner gPMg TR S RERELYt REYEIk e dp ¥ oF fatRor ndeme tanform

be further shortened by making n=l , i.e., causing the

i nk @r 65 4% belHi SEPRrF ged at an interval nearly equal

to 1.5 x Tc after the preceding ink drop, the interval

suppr essi ng t helpredssr Bapnigrat iorsubfFeaubet, inkk drop can

drops ot her than ink drops that are discharged at

it ePgalds. stderngedgeal liefntb/a2) beforér onitheno need to

correspondi ng preceding ink drops are discharged at

i nt ergalts fofr mherdy efuahet casddukcl fpoasthee due to the

correspondi ng preceding ink drops . Since the interval

n x Pececsdimgyintk wWitbpi heapeaknf 4hee pregstiked to form a

vi bration, variances of the discharge characteristics,

i . e. laVpearddhkMdrditlecd® Be shortened, resulting in high
printing speed. Further, since the time from the

10 first ink drop to the last ink drop is shortened, it
is easy for the last ink drop to merge with the
preceding ink drops, which merging suppresses the
speed of the last ink drop. In this manner, a
satellite SATE (unconverged ink drop) (see FIGs. 15

15 and 17) that otherwise reaches the recording medium

later than a main drop can now reach the recording

medium after merging.
In this case, the ink drop formation time
can be further shortened by making n=1, i.e.,
20 causing the ink drop to be discharged at an interval
nearly equal to 1.5 x Tc after the preceding ink
drop, the interval suppressing the pressure
vibration.

Further, ink drops other than ink drops

25 that are discharged at intervals nearly equal to



variation in the head, and a specific vibration cycle
shift due to an external cause can be mnimzed . In
wWao bios/onEsener, i.e., by providing ink drops di SBCTEHIRPOG/009040
at intervals of nearly equal to (n+l/2) x Tc fromthe
precedi ng i nk drop, except for tgg | ast ink drop, the
pressure vibration of the pres§§ i zed i nk chanber is
prevented from becom ng excessive. In addition, A
al thqugh the piezoelectric vibrator displacing in the
d33 3P?éé@i>oﬁ£ 1S el hBet Rera@aRARfiny PReCRAk jetink
head, other actuators can be used such as a
pi ez8EPBEL e AT dFIafs pltadmfe v B3 108i reatilongqual to
However, it is desirable that the specific vibration
cycl B ¥cThe I8t tthicpo ¥ hasrewd iorg moreceédkndr 6pg careps.
easily nmerge, and the passage board constituting the
pr esSuRFedhienki retrampet tan Be flisr My $whd. wIThat ths, peak
as for the head structure, theso- called bi- pitch
st ruefutbe preesivzbl elphetébn ,comridnkes sbicede
portions of the actuator that are not driven support
t he pastheirges adfarndwterissiciszed .ienk, chanbed. Min due to a
addition, it is nore desirable that the piezoelectric '
devi cerasttibe dct udtorhbadcapabl @ ofpecific vibration

cycle shift due to an external cause can be
minimized.

10 In this manner, i.e., by providing ink
drops discharged at intervals of nearly equal to
(n+l1/2) x Tc from the preceding ink drop, except for
the’last ink drop, the pressure vibration of the
pressurized ink chamber is prevented from becoming

15 excessive.

In addition, although the piezoelectric
vibrator displacing in the d33 directions is used as
the actuator of the ink jet head, other actuators
can be used such as a piezoelectric vibrator

20 displacing in d31 directions.

However, it is desirable that the specific
vibration cycle Tc be short such that two or more
ink drops can easily merge, and the passage board
constituting the pressurized ink chamber can be

25 firmly held. That is, as for the head structure, the



qui ck response, and for this reason, the piezoelectric
devi ce should be structured with a |ow profile. For

wao bios/omsspose, it is desirable that the actuatPCT/UER004009040
pi ezoel ectric device that displaces in the d33
di recti ons, because the piezoe[gftric constant is
greater with d33 than d31. Next,qfhe drive pul se
according to the second enbodi ment of the present
invention_.iis explaipned with reference to Fi 19 and

-l 9. .
Fi g. S20°3FHEUriveP blif BeSsruchd Bechhdl efbsaPhentiier ein
designed such that the interval between the first ink
dr optaibeHarGed bycthePaFitirng Ml sE1Pl 2ghdathe ddeohare
ink drop discharged by the driving pulse P2 is set at
1. 5TBOT RE ivATersHpPoet weBfR Phe tdviomis pafséhe pressurized
di scharged by the driving pulse P2 and the third ink
dr op*8is€harear by the driving pul se P3 is set at 2Tc,
and the interval between the third pul se discharged by
tthe driving pulTe R¥lahtlonhe iftourst mamk desprable that the
di scharged by the driving pulse P4 is setat 2Tc. The
vol t ajezeokdreadisrd siécscef ashehsecondignbodbeerbpatte of
shown in-Fig. 20. I'n addition, the head structure is
t he gafrekasetshainof, tdedf Fost teodie®ndn, thethis
drive pulse, the second ink drop is discharged at the
1 . 5gteknkervalrifa adtheef Eh5u1d be structured with a low
profile. For this purpose, it is desirable that the
10 actuator use a piezoelectric device that displaces
in the d33 directions, because the piezoelectric
constant is greater with d33 than d31.
Next, the drive pulse according to the
second embodiment of the present invention is
15 explained with reference to Fig. 19 and Fig. 20. The
drive pulse of the second embodiment is designed
such that the interval between the first ink drop
discharged by the driving pulse Pl and the second
ink drop discharged by the driving pulse P2 is set
20 at 1.5Tc, the interval between the second pulse
discharged by the driving pulse P2 and the third ink
drop discharged by the driving pulse P3 is set at
2Tc, and the interval between the third pulse
discharged by the driving pulse P3 and the fourth

25 ink drop discharged by the driving pulse P4 is set



i nk drop, which works such that the second ink drop

cancel s the residual pressure vibration. To the
wa@omsnensyy the third ink drop and the fourth iP&T/gir20{/009040

are discharged at intervals of 2Tc to the respective

precedi ng i nk drops, which intq&*gjs tend to increase

t he residual pressure vibration,” 'and i ndeed a neni scus

after discharge was slightly visible as conpared with

t he gkri&,e dinen% Howeyer, the discharge did not

becofie Gnstabies eveh>@fief eé Trg % et tY6Ft 8de thas second

raised. tao.24 V as shown in Fig. 20. Further, the ink

dr opSUBPITE N ATE helSBBoAd &ritshdi #nt 1 haddgiddtear, the

than _the first enbodjnment at the sane voltages . Next,

t he H?Fges&ﬁ%ﬁF%&%o+ﬂiEBetéqmﬁa%%ﬂ?@aénﬁédﬁﬁénﬁiﬁst

t he gresent invention is explained with reference to

Fi g. SBPOHRe™dri ve pul se of the third embodiment is

desi gned such that the interval between the first ink

o op di schar gedibytithe driver ppuilsse, Pthandethedséadndirop

i nk dropdi scharged by the driver pulse P2 is set to

2Tc, 1eheisstherngnd bet wekd fhéTsedoneiwkldfopm the first

di'scharged by the drive pulse P2 and the third ink-

dr oplaksdmnargedrifych heodksveuphl sthaR3 tisesetcbadl.imk drop

Tc, and the interval between the third ink drop

di schanged sbychtcher ey idea pupse s rands 1hea £ bunt hTionkhe

drop '

contrary, the third ink drop and the fourth ink drop

10 are discharged at intervals of 2Tc to the respective
preceding ink drops, which intervals tend to
inerease the residual pressure vibration, and indeed
a meniscus after discharge was slightly visible as
compared with the first embodiment. However, the

15 discharge did not become unstable, even when the
driver voltage was raised to 24 V as shown in Fig.
20. Further, the ink drop voiume Mj of the second
embodiment was greater than the first embodiment at
the same voltages.

20 Next, the drive pulse according to the
third embodiment of the present invention is
explained with reference to Fig. 21. The drive pulse
of the third embodiment is designed such that the
interval between the first ink drop discharged by

25 the driver pulse Pl and the second ink drop



di scharged by the drive pulse P4 is set to 2Tc. Here,

the head structure is the sane as that of the first
weedsaoesent . According to the drive pul se of P&EIRZ004/@9040

enbodi ment, the third ink drop is discharged at an

interval nearly equal to 1.5Tc q%%er the second ink

drop, the third ink drop cancelihy out the residua

pressure vibration. Next, the drive puLse of the o

fourth enbodi t is.explained with reference to Fi

o TR oY he"r BFdThA <8 bfet Ré Feuee o Fic, the
enbodi_nent, the interval between the first ink drop

di scﬁé’rr%eerd’ao]y%% VAPV &DFuISSE P abigk t AEOBeEdEhakged by
drop di scharged by the drive pulse P2 is set to 2.5Tc
(i.eﬁ,%v%ﬁ%v?r@P¥ﬁFeP@aﬁnﬁbﬂ%E%nt@hédsé@bndﬂQﬂ<dﬂ%ﬁharged

di scharged by the drive pulse P2 and the third ink
dr op P4 g&’r%r%@d"%yptlﬂaéedﬂ%elspm%’@ P3 1s5séct @ cthe

and the interval between the third ink drop;discharged

by t R8t@hvAe g seePB &she tthd fdurnhi dkodr dpscharged by

di scharged by the drive pulse P4 is set to 2Tc. Here,

the Ré&d dstintetme s ¢ sPBhensanheast ¢iath of nkhel forr st

enbodiment. In this drive pulse, the second ink drop

i s didelsdegarbdatbmnthat dmiale mearsy BYuak tet2.txlC2Tc. Here,

after the first ink drop, the second ink drop
the head structure is the same as that of the first
embodiment.

10 According to the drive pulse of the third
embodiment, the third ink drop is discharged at an
interval nearly equal to 1.5Tc after the second ink
drop, the third ink drop canceling out the residual
pressure vibration.

15 Next, the drive pulse of the fourth
embodiment is explained with reference to Fig. 22.
According to the drive pulse of the fourth
embodiment, the interval between the first ink drop
discharged by the drive pulse Pl and the second ink

20 drop discharged by the drive pulse P2 is set to
2.5Tc (i.e., n=2), the interval between the second
ink drop discharged by the drive pulse P2 and the
third ink drop discharged by the drive pulse P3 is

set to 2Tc, and the interval between the third ink

25 drop discharged by the drive pulse P3 and the fourth



cancel ing out the residual pressure vibration. The
first through the fourth enbodi nents of the present

WO poosf0458n provi de drive pulses (i.e., a drivePGT/gread4/009040
for formng a large ink drop) that widen the available
vol tage range, w thin which von@@g range operations
are stable w thout excessive vibration due to the
resi dual pressure Nevert hel ess, fromthe viewoint of

I t he, second enbodi nent
rgrﬁégb %%e re%cﬁ%rgﬁg'gﬁhfé% ° ebbYF el Sebégbu%% set to
he f t d
f our Bl %%%Lvﬁfﬁe HE L Gt GhE hent Ps "msTeas raRat of

is | er_th e agcond enbodi ment where the tota
inte % ﬁ%?% 5?% ReD%he drive pul se of the flfth
enbodi nent is explalned wth reference to Fig-.
According to therdihde gifise gtulse. f Fhehserissdl mmt drop
the first ink drop is discharged by "pull and strlke"
that 1Fs diHhqHERIuptzea ilmEeiemnbereaslyseaustl to 2.5Tc
expanded, and then contracted to discharge the first
ink @Eder Rdre thiBSpuipbserad weliee et ecentl Bbnkhethem
the voltage falls froma reference voltage Vref , and
a wagengiedrd @uihehei mestielvadpanse onustate bafa ttien .
pressurized i nk chanber 46 is nmaintained are inserted
before the drivhpufsesPl through the fourth embodiments
of the present invention provide drive pulses (i.e.,
10 a drive signal for forming a large ink drop) that
widen the available voltage range, within which
voltage range operations are stable without
excessive vibration due to the residual pressure.
Nevertheless, from the viewpoint of
15 merging all the four ink drops, the second
embodiment is more preferred to the fourth
embodiment, because the total interval from the
first ink drop to the fourth ink drop of the fourth
embodiment is 6.5Tc that is longer than the second
20 embodiment where the total interval is 5.5Tc.
Next, the drive pulse of the fifth
embodiment is explained with reference to Fig. 23.
According to the drive pulse of the fifth embodiment,
the first ink drop is discharged by "pull and

25 strike", that is, the pressurized ink chamber 46 is



In the fifth enbodi nent, the interval between the
first ink drop discharged by the drive pulse Pl and

wo b@ssersend | nk drop di scharged by the drive peCEEP20R4/009040
is set to 1.5Tc, the interval between the second ink
drop di scharged by the drive pg%%g P2 and the third
i nk drop discharged by the drive pulse P3 is set to
2Tc, and the interval between third ink drop
di scharged by th rive pulse P3 and the fourth ink
Ot op AF SEnSPRAT ER £ HETe FUE T P TSds0P (g spherae the
In this dri.ve pul se sequence, the second ink drop is
di scharféd* Bt ef 04l TheSr PPTRASS - t® 12ETc sdrmant b
the fjrst ink drop,.  the second ink drop canceling out
the VBEFGGR HheseutB29ebEatilon frme @ puefeapacst Madgrage
has pros and cons. Drawbacks include the first ink
dr opVB&EonitAgG shefdveuel eBenfe craristeish behAgespe@s ion
drawn back when the pressurized i nk chanber is
expahiede &id threrroesngidefs il tqezmbarcéht iel | i ng
because change of inkdrop speed to voltage change is
greafainteingdhaimairoarsedt be fnole agee chaivet euilstd L.
is steep) due to piled up pressure of expansion and V
contraction. Advantlagesifhbl eddddiendmot al thaveénticreal
bei ng short because tine to return to the reference
vol thgewesnndatheneeidestt ankd tihep miiecthongddr Bet it drive

pulse Pl and the second ink drop discharged by the

10 drive pulse P2 is set to 1.5Tc, the interval between
the second ink drop discharged by the drive pulse P2
and the third ink drop discharged by the drive pulse
P3 is set to 2Tc, and the interval between third ink
drop discharged by the drive pulse P3 and the fourth

15 ink drop discharged by the drive pulse P4 is set to
2Tc.

In this drive pulsé sequence, the second
ink drop is discharged at an interval nearly equal
to 1.5Tc after the first ink drop, the second ink

20 drop canceling out the residual pressure vibration.

The "pull and strike" has pros and cons.
Drawbacks include the first ink drop becoming small
due to the meniscus being once drawn back when the
pressurized ink chamber is expanded, and there being

25 difficulties in controlling because change of ink



bei ng correctly maintained with the neniscus being

drawn back once even when the nozzle is dirty. As
waoelemsoidsed above, the present invention can bePEppiri0em09040

to the case where the first ink drop is discharged by

"pull ‘and strike” . Next, the driyve pulse of the sixth

enbodi nent of the present invention is explained with

reference to Fig. 24. According to the drive pul se of

t he Exth eg%gginent %he pressurized i nk chanber is
firstr8RpdRfat Hnd’thendgo %ed™¥ o¥ 8P ScHar G g
t he tirit i nk drgg' however, the contraction volune is
gr eat BF 1iR&TtHe 2kpaRSi BRIVGI9FEh AR Shepl §iFides s steep)
di scharging in the mddle of "pull and strike" (the
fiftHENGGdiRtERY BWRIPYBESHIEN @ St F KBNS { PRe M st
through the fourth enbodinents) . Specifically, the _
waveCeRrEFEftt 19T orA@%pakarRg the presstihfzegtiogk wave time
chanber 46, and the wave elenment ¢ for holding the
expahsiad sttt drechpspr ddger itredr¢Fkrehanbshedg efference
i nserted beforethe drive pulse Pl, wherein the wave
fornvblseget s aldt ngeederh, aavd tdye Maj ebat oins diowsrtion
than the reference voltage Vref. The-interval s between
the deiivg puimesctPly RP2inptB3nand wMtlarehé heesdmeas being
the fifth enbodi nent. Accordingly, the second ink drop
is drawn back once even when the nozzle is dirty.

As described above, the present invention
10 can be applied to the case where the first ink drop

is discharged by "pull and strike".

Next, the drive pulse of the sixth
embodiment of the present invention is explained
with reference to Fig. 24. According to the drive

15 pulse of the sixth embodiment, the pressurized ink
chamber is first expanded, and then contracted for
discharging the first ink drop; however, the
contraction volume is greater than the expansion
volume, which provides discharging in the middle of

20 "pull and strike" (the fifth embodiment) and "push
and strike" (the first through the fourth
embodiments) . Specifically, the wave element b for
expanding the pressurized ink chamber 46, and the

wave element ¢ for holding the expansion state of

25 the pressurized ink chamber 46 are inserted before



di scharged at an interval nearly equal to 1.5Tc after

the first ink drop, the second ink drop canceling out
w0 b@snessdual pressure vibration. The sixth enmbCOiroet/009040

of the present invention is characterized by

di scharging a | arge ink drop, ng_p retaining the

advantages of the fifth enbodinent. In order to

enlarge the ink drop volune M with a small nunber Ef

ul ses, the second e di nent (wherein the first in

Srop%%g aﬁﬁﬁu%@gsEgggpugﬁﬁﬁﬁP%tF??ew?v? dRFT He starts
Ssi xt odi nent (wherein the first ipk drop is
disc%&ﬁ&g@g ?mgﬁdvg FERE Wher? t heS cbRPPActisR the
volune is greater_than the expansion volune) are
advanti§EGice Next tagRe Vitktfer val  between the drive
pul se for discharging the first ink drog and the
second drive pufe iBFedvediFaras titeehetBecend vienkowkadps P1L,
is explained with reference to Fig. 25. Fig. 25 shows
how FRe Fk alrdpP Yoptifrethfe ismereeasestiae £héEthuredrodiment .
pul ses is increased in the case of the drivepul se of

t he second enbdteendipypysh tdred steoka" jnk Bacip tisre

a pul se was transmitted, the total "discharge volune

M" dascieasieedtaad théevrolaimnedr bachqdrap twasl . 5Tc

obt ai ned by calculating the difference, i.e. , the

i ncr efféete. the feasoninky dirbhe vaheresefohlie iaécantbp
canceling out the residual pressure vibration.

10 The sixth embodiment of the present
invention is characterized by discharging a large
ink drop, while retaining the advantages of the
fifth embodiment. In order to enlarge the ink .drop
volume Mj with a small number of pulses, the second

15 embodiment (wherein the first ink drop is discharged
by "push and strike"), and the sixth embodiment
(wherein the first ink drop is discharged "pull and
strike" where the contraction volume is greater than
the expansion volume) are advantageous.

20 Next, the interval between the drive pulse
for discharging the first ink drop and the second
drive pulse for discharging the second ink drop is
explained with reference to Fig. 25. Fig. 25 shows

how the ink drop volume Mj increases as the number

25 of pulses is increased in the case of the drive



ink drop is small is that the pressurized ink chanber

46 was not sufficiently refilled with ink after
wale@sihensgd ng the first ink drop of great vol uneCT/arndo4/009040

t he meni scus was drawn back. Since the nmeniscus was

restored as it proceeded to theS%hlrd ink drop and the

fourth ink drop, the volunes of

he third and the

fourth ink drops becanme great. Fig. 26 shows the

fre uenc% characteristiés of

ulse in the case of

& " ; "
Sfr FRE SRAPTLIRRARANEPE (RO B cRaRgatrike")

|nterval becones short (i.e., the frequency is hlgh)
si nde2Fhet HBAI &cRISE MRS r BERBPBALLERE ithe dFepa

volume M tends to be snmall as clearly seen from Fig

26. "THesFanpe FRIWTDWH gragsmepRs rSsbomPd nkhar @ﬁlume
volunme being small) is largely attributed to the
meni@Eusaabt dsePnyaesiloredned bymealrorlat frgenhe

amount of energy, if the ink drop volune M is nmade
Smaldiffaeehnk  dioE spete Vinbeewans .gr eat .

Accordingly, in the case of thesecond enbodi nent

("push and stritke" jremmbn hehgi xhke svlodierent thpukkcond
and strike") , as for the second ink drop, the ink

dr opisipeédody] ikemtdmltlo becohethicgk, phecauseithd ink

meni scus i s drawn back, and the ink drop volume M is
smaldhasbshows wiasFirght 25uffFbcoeden vt aqeveatl whehi Ak
drop speed

10

15

20

25

after discharging the first ink drop of great volume,
and the meniscus was drawn back. Since the meniscus
was restored as it proceeded to the third ink drop
and the fourth ink drop, the volumes of the third
and the fourth ink drops became great.

Fig. 26 shows the frequency
characteristics of a pulse in the case of "push and
strike" for reference. If the discharge interval |
becomes short (i.e., the frequency is high), since
the meniscus i1s not restored, the ink drop volume Mj
tends to be small as clearly seen from Fig. 26. The
result shown by Fig. 25 (the second ink drop volume
being small) is largely attributed to the meniscus
not belng restored in time.

For a given amount of energy, if the ink
drop volume Mj is made small, the ink drop speed Vj

becomes great. Accordingly, in the case of the



from becom ng excessively high, the second ink drop is
di scharged at the interval nearly equal to Tc x

w@ poeip@)ssafter the first ink drop as practi cedPCTIR2064/009040
drive pul se of the second enbodinent and the drive
pul se of the sixth enbodi nent. _this manner, a w der
range wherein stable discharge |s “available is
obt ai ned. Next, the ink drop speed of an ink drop

following a preceding ink drop is e ed
e P BREBCL GTRAE B pig 28 e PR b B o e o 1xtn
and the ink drop volune of the drive pul se of
the PP 18R] hé?ﬁl%\e%dné%&#@d oy dakFPg &heolsesgnd
Vp2 of the drive pulse P2 into arameter, Vp2 being
showh™kn dFiog - Zﬁe'ﬁﬁkr@§apt§ §ﬁmeePﬁSF¢@ bpgromg high,
seen froanl%; as the voltage of the drive pul se
P2 ikefalsed, ftehéne?new%%l igr dganie B4 B at #bf itHe ink drop
cancelled out little by little, and both the ink drop
Speedo Ypmgn#it Hes i ska HE o@SvehQW@erbe%mre bl | .
Further, the second ink drop was not discharged at
vol t ages | ower Trhard@r Vto pmeviehd sBoonthknlrdpoppeed
starts to be discharged at slightly above 12 V ; - '
howeVeom bleedmijrecteoresls teeliyomiwgs, bem¢ $debhelctieck drop
fromthe downward direction) . This is because the
secohds dhk ctmomesbrehovhél batedyval nearly equal to Tc x
(n+tl/2) after the first ink drop as practiced in the
10 drive pulse of the second embodiment and the drive
pulse of the sixth embodiment. In this manner, a
wider range wherein stable discharge is available is
obtained.
Next, the ink drop speed of an ink drop
15 following a preceding ink drop is explained with
reference to Fig. 27 and Fig. 28. The ink drop speed
Vj and the ink drop volume Mj of the drive pulse of
the first embodiment were measured by making a
voltage Vp2 of the drive pulse P2 into a parameter,
20 Vp2 being shown in Fig. 27. The results are shown in
Fig. 28.
As seen from Fig. 28, as the voltage of
the drive pulse P2 is raised, the residual pressure

vibration is cancelled out little by little, and

25 Dboth the ink drop speéd Vi and the ink drop volume



rather than flew, due to the voltage of the drive
pul se P2 being too low, which resulted in the third
war@ssuissequent i nk drops nergi ng at a defl ect BAI/awrpg04009040

Accordingly, it was determ ned that a certain anount

of speed is required for the sggggd ink drop. In order
for the direction bend not to octur, a speed higher

than 2 ms was required for the second ink drop. This

was determ ned E%Hﬁfasuring the time required for the

secdidl PRRCBFoS edCh $RfHy ak®&d SGIMt ink drop was

di scharging the third and the fourth ink drops . On

t he Bt hef1RgR@rIoskialy TPetagesnd omwse drivph sgéea,t god the

high produces a satellite that is separated fromthe

nains?%RnéréBF WHicth S52hbs desPrabliechmigedt pg slightly

hi ghest speed for the second ink drop is limted. In

t he ¥a’¥eof 2t Niis hemsoti frenthewhed ettie amkd dreptspaedas

exceeded 7 nm's, a satellite was produced. \Wen the

wholleedii véepllesd eshoiwpm nt Fegd2wnwaes Sl fredt dpwar.d This

(given a voltage offset) , and the voltage Vp2 of the

dri ves poeseubP2 W fagadmed inkr dased,s distdtar feohadda

tendency to becone unstable fromthe vicinity where a

sat etdtherwadapr dduced dyethe skeond litdgarep. the drive

Accordingly, as for the ink drop that is
pulse P2 being too low, which resulted in the third
and subsequent ink drops merging at a deflected

10 angle. Accordingly, it was determined that a certain
amount of speed is required for the second ink drop.

In order for the direction bend not to

occur, a speed higher than 2 m/s was required for
the second ink drop. This was determined by

15 measuring the time required for the second ink drop
to reach 1 mm ahead without discharging the third
and the fourth ink drops.

On the other hand, making the second ink

drop speed too high produces a satellite that is

20 separated from the main ink drop, which is not
desirable. Thus, the highest speed for the second
ink drop is limited. In the case of this embodiment,
when the ink drop speed exceeded 7 m/s, a satellite

was produced.

25 When the whole drive pulse shown in Fig.



di scharged at an interval of Tc x (n+1/2) to the
preceding ink drop, it is desirable that the ink drop
WGQp@smoised set hi gher than 3 ni's, and | ower thaPCHIER0eE@9040
for ink drops to dissociate (fail to nerge) |,
producing a satellite. Thus, bx§%etting the ink drop
[

speed Vj of the ink drop that di scharged at the

interval nearly equal to (n+1/2) x Tc after the
soiling of the

prec Zin i nk .dr.op, hi gher than 3 m's,

hozzf 6 HAE GRSTHN HPETALT GRS VaTe 4 & Dbbr I8 SRaRgd - and

are prevented fromoccurring. In other words, the ink

dr op“BpeddL¥e enR? tof bERBNETRER IHULIR §ht BAvalfurgher

set pearly equal to (n+l/2) x Tc, the | ow speed

caust RGTERE oz Al 1P BeR ohBds @i Iteddenaly f bp PRicome

reason, a higher voltage is set, at which voltage the

nozztes #sbsd endtr wecohe BobflirdtyFuleier atpetodlidge vies

set lower than a voltage at which a satellite is

Br odbeeduckd thi shamnweeondt abke ddiogchar ge of i nk

drops i s obtai ned. Next, the drive pulse of the seventh

enbodi ment of Hreqresentyi nweentfiogn tlss ekpk adned wihtat is

reference to Fig. 29. The drive pul se according to the

sevedt bckabodidnert contmtasvihbeoffi It st htwugh2)i ftbh the

drive pulses Pl through P5 for discharging the first

i nk drepetihnougmit hixdp f t bti bk de@drable that the ink
drop speed be set higher than 3 m/s, and lower than

10 a speed for ink drops to dissociate (fail to merge),
producing a satellite.

Thus, by setting the ink drop speed Vj of
the ink drop that is discharged at the interval
nearly equal to (n+l1/2) x Tc after the preceding ink

15 drop higher than 3 m/é, solling of the nozzle and
unstable operations due to poor discharge are
prevented from occurring. In other words, the ink
drop speed Vj tends to become low if the interval is
set nearly equal to (n+l/2) x Tc, the low speed

20 causing the nozzle to become soiled, and for this
reason, a higher voltage is set, at which voltage
the nozzle does not become soiled. Further, the
voltage is set lower than a voltage at which a

satellite i1s produced. In this manner, stable

25 discharge of ink drops is obtained.



respectively. The intervals between Pl and P2 , and

between P3 and P4 are set at 1.5Tc; and the intervals
wheindnerssP2 and P3, and between P4 and P5 are BET/JE004/009040

2Tc. Thus, five ink drops are discharged, wherein the

second ink drop and the fourth ink drop are di scharged

at the interval 1.5Tc after the Tespective preceding

ink drops . The present invention is effective,

especi al ly when_four re ink ops are_ di scharged

" and nerged,ir&y%ﬁﬁngggﬁg%§56V%- oﬂgdggﬁb&ﬁWﬁﬂﬁ%
. Fu%h erys t he ggﬁch%ic vi bration cycle Tc of the
pr esSUPCTEF S hk ChahB&r PAESETdi N TR theleABodimarit ined
of the present invention,was about 6.5 ,,s,and in the
casewﬂﬁEtHQ#%ﬁﬁQﬁﬁ 5PefdfscRargeh @t A hv er Palg pfaccording
nxTc, it _is desirable that n=3 or greater, i.e., at
10. 550, &Pt REFEC A SPRREAmeRt (£ s} eRicEhEs fifest through
conventional exanple as shown by Fig. 40, a peak is
stil Fiptbssiftivr rpbses28l, teinstuslval s, fohedpesat@rging the
being due to the influence of the residual pressure
becaGd&ssdf lids #ieRi Ehrodahpithe HoWelveinkt Hiropi,s
better than repeatedly discharging ink drops at
i Nt eFfAPSCHLVETY - APhexanpeevalier diatwderePlnkndr 35, and
are discharged is considered. The third ink drop is
madebetween P3 and P4 are set at 1.5Tc; and the

intervals between P2 and P3, and between P4 and P5

10 are set at 2Tc.

Thus, five ink drops are discharged,
wherein the second ink drop and the fourth ink drop
are discharged at the interval 1.5Tc after the
respective preceding ink drops. The present

15 invention is effective, especially when four or more
ink drops are discharged and merged, including the
above-mentioned embodiments.

Further, the specific vibration cycle Tc
of the pressurized ink chamber according to the

20 embodiments of the present invention was about 6.5
»S, and in the case that ink drops are discharged at
intervals of nxTc, it is desirable that n=3 or
greater, i.e., at 19.5 ,s intervals at least. With
reference to the conventional example as shown by

25 Fig. 40, a peak is still present at about 20 oS



to start 2 x 19.5 = 39 ,,safter the first ink drop.
Suppose that the speed of the first ink drop is set at

W® 200560058Dr the third ink drop to catch up to POBEIFA004109040
ink drop while traveling the 1 mm di stance, a speed of
7.8 ms is required. In the casgﬁyf four ink drops ,
the fourth ink drop pursues after 3 x 19.5 ='58.5
'S, and the speed of the fourth ink drop has to be 9.2
ms at  |east. In order i@lse t he speed, the

pr es$lrE AT S0 %%ergﬁg 5 G HWS aFSedhfr éaddrupnce of

narrggﬁ the margin for stable dlscharge due to the

resi 408 TFcd<ite RYBPAPFEnPaGRUTR ehsknapEfilvd 4k

drops, the fifth ink drog starts flying 78 ,,safter

t he fiPPIs’tlfﬁ%k Ropy eandtohé dpedip et hehepf pienamtedly

drop has to be 11.3 ms at least. Reliable and stable

di scRaPGEaRTIHT siRlpe@BOPS Bar d Tt mchlever. 2Tie

sevent h enbodi ment, containing 1.5Tc intervals that

Fave the vi br atAToreSaBpl es yher adifif et see ag nesnoitech re

above solves this problemwhere the fifth ink drop is

di scRapgearatsouti Agc@nsideakror e thisd ink drop is made

successfully merging with the preceding ink drops

W t hoat sgemdr & ixngl exEesside ,pr esSurre vhbr dtiren. iNeXtdrop.

the drive pul se of the eighth enbodi nent of the

pr esénpppeerithaon tlse expkatned the first ink drop is set
at 6 m/s. For the third ink drop to catch up to the

10 first ink drop while traveling the 1 mm distance, a
speed of 7.8 m/s is required. In the case of four
ink drops, the fourth ink drop pursues after 3 x
19.5 = 58.5 ,s, and the speed of the fourth ink drop
has to be 9.2 m/s at least. In order to raise the

15 speed, the pressure has to be raised, and the raised
pressure narrows the margin for stable discharge due
to the residual pressure vibration. In the case of
five ink drops, the fifth ink drop starts flying 78
»S after the first ink drop, and the speed of the

20 fifth ink drop has to be 11.3 m/s at least. Reliable
and stable discharge at this speed is hard to
achieve.

The seventh embodiment, containing 1.5Tc

intervals that have the vibration suppression

25 effects, as described above solves this problem,



with reference to Fig. 30. The drive pul se accordi ng

to the eighth enbodi nent contains a wave Pe having a
woos/oalserent e for damping after di scharge of P€TaP20eL109040
i nk drop, wherein the second ink drop is discharged at
the 1.5Tc interval. The pressurized ink chanber 46 is

contracted by the rising edge of"Pe, the ink drop is
di scharged, the pressurized i nk chanber 46 expands by
i bration, and after a, period of about

th i fi )
thg %@%%%:#ﬁ%l trthelBReSE@R A1 #hRCRALHBEr abputert&. 8 s
to b t ted by the specific vibration. At this

omeRE E S he W B bk &

moneRt FSthd mefk STt HEHFHYLRSLEpplsitaing with
t he Eressurized.ink,chanber 46 such that the tendency '
of th8SpPESARI A 1Rk ERamser 48 @6t contpaetiing excessive
counter - bal anced by the expandi ng power of the wave
el enBRESEUTeTHELPTEL1QRen the pressurized i nk chanber
46 contracts again, the wave el ement e expands the
pY essuri zed i nkisHanbehed@rime trhilseramfiethet ke ghth
vi bration of the pressurized ink chanber46 is
suppfebsddmeTiatof sthe heresea teliemest tocat 5i expdfined
pressure-danping of the last ink drop, the speed of
whi ctiiténds e diecseto hF gl .f G0 .meMtge nriAs geseld betbording
above, by providing the discharge interval of Tc
(n+1£Q) tbycles,glarid drhigodampintg cwavea £t €nBnfaeeWrldithving a
the Tc cycle just
wave element e for damping after discharge of the
10 last ink drop, wherein the second ink drop is
discharged at the 1.5Tc interval.

The pressurized ink chamber 46 is
contracted by the rising edge of Pe, the ink drop is
discharged, the pressurized ink chamber 46 expands

15 Dby the specific vibration, and after a period of
about the Tc/2 interval the pressurized ink chamber
46 tends to be contracted by the specific vibration.
At this moment, the wave element e for damping is
applied to the pressurized ink chamber 46 such that

20 the tendency of the pressurized ink chamber 46 to
contract is counter-balanced by the expanding power
of the wave element e. That is, when the pressurized
ink chamber 46 contracts again, the wave element e

expands the pressurized ink chamber 46. In this

25 manner, the vibration of the pressurized ink chamber



behind the last ink drop, the pressure vibration is
suppressed, and stable ink drop discharge is carried
wo@i05/000589 Wi de oper ati onal range . Next, the drCT/a&P2004/009040
pul se of the ninth enbodi nent of the present invention
is explained wwth reference to Fig. 31 and Fig. 32.
Fbre Fig. 32 is an expanded Vlg& of an area marked as
|n Fig. 31. The drive pul se according to the ninth
génent i ncludes -a Mﬁvefqrn1Pf that contains a
vvave | 8fe AEBP TS Yanpi R Tt HE r SRV Predsheat e
vibration wiwthin the Tc (the pressurized ink chanber
specF?FEl9§bfﬁﬁiéﬁr%%%vE? gereinhe@ § askhe | hrsdr dpk drop,
di scharge, in addition to the second ink drop being
di schfg88csC He 5T FRRESVAIC Qﬁuﬁ?%ehkﬁgeféﬁemaﬁglng-
e nentioned above being ovi ded. The danping drive
within the int é*rﬁ/aﬁesr%r%gﬁﬁdlabpéﬂ%ﬁ 3t epreweddingchdrge
is hig effective in suppressing the pressure
Vi br%w@%aaa@ tiatevabeeff Ce Vinbrlatdlorcyytee Fodashe
conpared w th usual danpi ng. Specifically, the wave
eIen@ﬁmpinﬁowaﬁﬂnﬁkgp¢stferW¢¢MMKuﬂhmgT¢heycle just
pressurized i nk chanber 46, and is applied to the -
pr essehnirdd thek letminberk 46ropen thke pressurezedbimakion is
chanber 46 tends to expand by the specific vibration
af t esupbeepsesisurdmzkec takl ehanked rdp idi Ofk€rge is carried
contracted and
out in a wide operational range.

10 Next, the drive pulse of the ninth
embodiment of the present invention is explained
with reference to Fig. 31 and Fig. 32. Here, Fig. 32
is an expanded view of an area marked as Pf in Fig.
31. The drive pulse according to the ninth

15 embodiment includes' a waveform Pf that contains a
.wave element f for damping the residual pressure
vibration within the Tc (the.pressurized ink chamber
specific vibration cycle) after the last ink drop
discharge, in addition to the second ink drop being

20 discharged at the 1.5Tc interval, and the wave
element e mentioned above being provided.

The damping drive within the interval Tc
immediately after the discharge is highly effective
in suppressing the pressure vibration due to the

25 specific vibration cycle Tc as compared with usual



di scharges the ink drop. In this manner, the vibration

of the pressurized ink chanber 46 is. suppressed. This
WO 2008/060584 | ve for suppressing the pressure of POEIP26L009040

ink drop that tends to be discharged at a hi gh speed

for nmerging. As described abovg,_by providing the

di scharge interval of Tc (n+1/§3 cycle, and the

danmpi ng wave el enent within the Tc cycle just behind

the ;Last. i nk dr ressuyre vi.brafi [
sup%?glés%lcﬁq’ a%dgg%ggpgl?ﬁk gtlrﬂoep V}@ﬁs%h%%{e‘l‘e:‘“zc cfarfrol%d
out .in a w de operational range.,.Next radati o

pr | AETRG 1% "Gt & nBat i B rathr Bhees F 8 Frge. Sp 1%
t hr ough . 38. ncerni ng the _enb q%ne ts described :
aboGEURRRTL 1t | HE. BFe REdd S46 10 How RErargeIRe ink
drop,is_ for by staply discharging t 0 re i
droﬁgénﬁﬁﬂbaﬁga %&aﬁgﬁepﬁﬁsﬂﬁﬁ¥%ﬁ%1ﬁéﬁgfgﬁgﬁrﬁﬁ I§ tenas
!£rinting by switching a drive pulse within 1 printing
yclke esnsisl fnetleFepec fitte ke beRBr &G GF Uit 91
(ref.Fig. 6) generates and outputs a drive pulse as
shoirf Siss W g e B3 nirhehgppge se° | PRFBdESTSIBE Hr§Fernd
pul ses P20 through P25, wherein the drive pulse P24
condaised ar g estueeinksdppressidbnBi gnarnpR R hdthe s
provided within the specific vibration cycle Tc of the
pr e¥dbriatdcbt nkE chlhfbpressurized ink chamber 46 is.
suppressed. This is effective for suppressing the
10 pressure of the last ink drop that tends to be
discharged at a high speed for merging.

As described above, by providing the
discharge interval of Tc (n+1/2) cycle, and the
damping wave element within the Tc cycle just behind

15 the last ink drop, the pressure vibration is
suppressed, and stable ink drop discharge is carried
out in a wide operational‘range.

Next, gradatilion printing is explained with
reference to Figs. 33 through 38. Concerning the

20 embodiments described above, descriptions are made
as to how a large ink drop is formed by stably
discharging two or more ink drops. Below, an example
for performing gradation printing by switching a

drive pulse within 1 printing cycle is explained.

25 First, the wave generation unit 91 (ref.



Figs. 34 through 36 show drive pul ses applied to the
pi ezoel ectric device for a large ink drop, a nmedium -
wa@ewsmoisek drop, and a snmall - sized ink drop, PCT/JP2004/009040
respectively, corresponding to gradation data fromthe
-~ main control unit 73. Further,gkLg. 37 shows the drive
pul se when no printing is perfornmed in a printing
cycle. Switching signals shown in Figs. 34 through 37

ags6$§t Sh éﬂéﬁ éﬁaé&néﬁggﬁQsl%“dfgﬁgoﬁFﬂggr%%e@%own

ans vol’tage va ues wi tchi ng signa

efine lLow ive

a sﬁ?tgﬁ?ng3§|g&g ?Hé%ve pggsgnéﬁﬁh %cﬁyg ng%

turne form | arge i nk dr

of ¥H 58F| \?é\%pﬂikgeosu%g?ﬁﬁrou 524 arlggu%lggé ?’uei%%e%m
di schar four ink drops as shawn in, Fi g. h .

i e Bt Rt AT SEPPRE o (B SRhr Bod B e
rive pul se P21) and the second ink d d h

Shy PReVarede Wplda)fgiél P2 ?gegétf%clo Vll%%%gbiga' E%&Teg%dc of
i nterval between the second ink drop and the third ink

dr opPedPsERSVGEF I M ahw@em%ﬁs P23) is set to

1. 5Tc. As ment i oned above, the pressure - suppression

si gnal i's ﬁ?@ﬁ%ﬁéﬂ4mFbﬁPH9@h§6ﬂ§W?We@€éVet@Uﬁﬁfs

for the fourth ink drop. This effect is the same as in
t heapbdwed to the piezoelectric device for a large ink

drop, a medium-sized ink drop, and a small-sized ink

10 drop, respectively, corresponding to gradation data
from the main control unit 73. Further, Fig. 37
shows the drive pulse when no printing is performed
"in a printing cycle.

Switching signals shown in Figs. 34

15 through 37 indicate the timing of switching, but do
not represent absolute voltage values. The switching
signal is defined as "low is.active", i.e., when the
voltage of a switching signal is low, an analog
switch ASm is turned on.

20 When forming a large ink drop, rising
edges of the drive pulses P21 through P24 are used
for discharging four ink drops as shown in Fig. 34.
The interval between the first ink drop (discharged
by the drive pulse P21) and the second ink drop

25 (discharged by the drive pulse P22) is set to 1.5Tc,



menti oned enbodi nents, that is, the resonance of the

specific vibration cycle Tc is properly suppressed,
war@sa0058¥ ge i nk drop is stably forned. Fig. 3BCEHR2M064/009040

the waveform for form ng a nmedium - sized ink drop

wherein the drive pulse P23 (th ;Sane as the third ink

drop of the large ink drop) is uSed. Neverthel ess,

since it is necessary to raise the voltage by an

inclinatjon that does.not cause.ink discharge at the
begi i NG5t L8 SEFVAL RF TYCER, EPRe SRS eSEPBERE the
al of th ulse P20 i s used. Here, the inc]ination of

fhe St tS Pekefiron (Lo eath Pathaos Lhapnlle®has)

di scharged. Fig. 36 shows the drive signal for formng
a snef | S€tsfFRed -PHIE -drfoh, "RBREAPRPNGANE drFve PuPSEUTe~
25 that is not used when formng the |arge ink drop.
Al t FRRIPTES paPE SR IR df f ves paFsearsd forrihy the Tc
| arge ink drop can al so be used, an independent wave
el emeghtervaysed Peort it Hget heugidl |ink (dv@®. i nk drop
in this exanple.Thus , according to the present
i nvention, theThilse afdtpdt etisf bhef samenggs 1argbei pkove-
drop is-shortened, which enabl es incorporating another
wav enew t houedr edibeidigndrhtes pr theitng sspedte (fegonpance of the
W t hout extending the printing cycle) . Al though
sel egpe afyf bnevabrroriedraeyel pulfsed sf rom@e diy veupplreesed,
sequence

and a large ink drop is stably formed.

10 Fig. 35 shows the waveform for forming a
medium-sized ink drop, wherein the drive pulse P23
(the same as the third ink drop of the large ink
drop) i1s used. Nevertheless, since it is necessary
to raise the voltage by an inclination that does not

15 cause ink discharge at the beginning of a printing
cycle, the rising wave element al of the pulse P20
is used. Here, the inclination of the wave element
al is set such that ink is not discharged.

Fig. 36 shows the drive signal for forming

20 a small-sized ink drop, containing the drive pulse
25 that is not used when forming the large ink drop.
Although a part of the drive pulse for forming the
large ink drop can also be used, an independent wave

element is used for forming the small-sized ink drop

25 in this example.



containing two or nore drive pulses for formng two or

nmore sizes of ink drops has been in practice, it is

waldosioeasBe for a printing cycle to contain a gPEHRIP2004/009040

nunber of drive pulses for formng different sizes of

i nk drops where high printing Spg d is required. The

present invention solves this problemas described

above. Wth reference to Fig. 37, the smLtcﬂlng si gna

for a non- printi cycl e stays high such that an .

equi - potential%bggélgﬁgﬁﬁ '%ego(lhg:Pﬁﬁfﬁ%ﬁsﬁazentlon'

exce far. the | ast _sta of _the, printing cycle, ere
& i 4 Fhier

the switcHimy STGRAFSEhiT s X THWS Fhil&t§ figyk drop is

turni n the analog switch ASm and for recharging
tﬁcra :c“??’g’zrgce?%% ri¢ a%gi &e thEPTEREAGES T edkether wave

fromthe piezoelectric device are restored, and '

pot eﬁ’tlitgjiopl{%alfe%ﬁlﬁgv$h\‘?arﬂ’@d_ 15 5ng eBPPGAed I A t howghhout

the recharging pulse is provided at the |ast of the

&?iv@xgﬁ 9 ntRfi BréR&MI%, cx e ) echatfrnghpu seeching

be provided at another place.ln this manner, when the

pi ezB88Fed IMCHRVIEEVSePVdS s frempRedsive gerlerats eguence

‘means, the potential displacenent by charge Ieaklngl C

f r onFPRE3FineAtE | Bee r PE devicceltisvpreveated foroMorming two

occurring by providing a section where the swtch

mean8Taf@neadal 4% o0 f hén®Ndstoaatse. hd s bhes tanNmarasctice, it

reproduci bl e
is difficult for a printing cycle to contain a great

10 number of drive pulses for forming different sizes
of ink drops where high printing speed is required.
The present invention solves this problem as
described above.

With reference to Fig. 37, the switching

15 signal for a non-printing cycle stays high such that
an equi-potential level is provided (i.e., no
pulses) except for the last stage of the printing
cycle, where the switching signal shifts to low.
This is for turning on the analog switch ASm, and

20 for recharging the piezoelectric device such that
charges leaked from the piezoelectric device are
restored, and potential that may have varied is
realigned. Although the recharging pulse is provided
at the last of the drive pulses in this example, the

25 recharging pulse can be provided at another place.



operations and stable ink discharge are realized.

Further, the drive pulse for the non printing cycle
w@amwsheises a form as shown in Fig. 38, wherei n BCU@GI0OaQ®9040

that does not cause an ink drop to be discharged is

applied. This is for vibrating t meni scus of a

non-printing channel such that itk dryness of the

nozzle is prevented fromoccurring. Further, since the

anal og switch ié tgﬁned on, charge that may have '

| eaked can be restoféd. "Bt Her Mbre? HRBeRdiCFP O Tteic

Ieng&gvo% the wave, a recharging period can be

pr epar &d °&F t%61° ¥ F s g t1Re BF& S5y a@em BERGLE Il g the

t he vo%tagg. [Effect of the Invention] A s described

abovBC T&CEGAd Tl TR R REMEREGSY cHEyonlappanat fsraf the

the present invention, at |east one ink drop other

t hanPEtREOFASCHHKC dEepLirs dissamavrutad &nomnperweiring by

nearl¥ equal to (n+l1/2) x Tc after the preceding ink

ot opPTPHIEHING faniretidhewpeass e i athoneahst kere made

pressuri zed i nk chanber isprevented from becom ng

exces8fPefhEhé®N Heate. ndn &pplsi ethrtroet herbpsbduk ble
drop such that a large ink drop can be formed. The ink
dr opoReraireoNs card rabgelei deky diStaid egénkrdr epalized.

di scharge is realized. As a result thereof, a high -

definition i m@emcdrebe themddiate M Spe6d. the non-
printing cycle can take a form as shown in Fig. 38,

10 wherein a voltage that does not cause an ink drop to
be discharged is applied. This is for vibrating the
meniscus of a non-printing channel such that ink
dryness of the nozzle is prevented from occurring.
Further, since the analog switch is turned on,

15 charge that may have leaked can be restored.
Furthermore, depending on the length of the wave, a
recharging period can be prepared affer raising the
voltage and before dropping the voltage.

[Effect of the Invention]

20 As described above, according to the image
formation apparatus of the bresent invention, at
least one ink drop other than the last ink drop is
discharged at an interval nearly equal to (n+1/2) x

Tc after the preceding ink drop. In this manner, the

25 pressure vibration of the bPressurized ink chamber is



Further, the present invention is not Iimted to these

enbodi nents, but various variations and nodifications
woragpshoerseade wit hout departing fromthe scope PET/IR604/009040

present invention. The present application is based on

Japanese Priority Application hgg_JPA 2003- 183158

filed on June 26, 2003, with thé”Japanese Patent

Ofice, the entire contents of which are hereby

i ncorporated by reference, CLAIM5S 1 . An image )

f or R TR BPPar&Cds REfRIB RI 0PXFEERING -a Te af F¥8I §S Dot

| arge ink drop by sequentjally discharging a plurality

ofi%ﬂ@%%%%stPré#%n¥Q%W W bpddrecKaCH rdidlead, Lerge ink

sequential ink drops nerging before reaching a print

t ar geicpred@rBnP et Ko Tmfshe T mabkodr@Ppaiciise MJ can range

conprising: pressure generating neans for discharging

one wrdedye BtabRe iinkk diops dfikehattdgsn ian Fekldeeg. As a

that is not followed by any nore of the ink drops in a

gi verepurl bt thgrepdl e H tiheghadefiink tdrogp)imggancan be

interval nearly equal to (n+l1/2) x Tc, where n is an

i nt eermeduak hagbr sgressder than 1 , and Tc represents

a- resonance cycle of a pressurized ink chanber of the-

iI'mage formati oORuapparm|t ushe bheskefterivaterbeioy is not

nmeasured from when a correspondi ng

limited to these embodiments, but various varlations

and modifications may be made without departing from
10 the scope of the present invention.
The present application is based on
Japanese Priority Application No. JPA 2003-183158
filed on June 26, 2003, with the Japanese Patent
Office, the entire contents of which are hereby

15 incorporated by reference.



preceding ink drop is discharged. 2 . The inmage
formati on apparatus as clained in claiml1l , wherein

wo b@somssor nmore of the ink drops ot her than tPET/IR904/009040
ink drop are discharged at an interval nearly equal to
1.5 x Tc. 3 . The image formation apparatus ascl ai ned .
inclaiml , wherein ink drops ot'her than the one or
nore ink drops that are discharged at an interval
nearly equal to (n+1l/2) x Tc are discharged at an
interval nearly equal to n x CEAIMS  The i mage
formati on apparatus as clained in claiml , wherein a
first ink drop is discharged by the pressurized ink
chanber being contracted after being expanded, where a
vol une of cont fact?®niPadgr dsraraiivgn appaetabusofcapable of
expansi on, and where the volunme of expansion may take
a poSPEMVEoGvAl v lrt¥erdy BargFhd rnikradpeop obyatieomentially
apparatus as claimed in claim4 , wherein a second ink
@r opii§CHRECHAYed Riuaalibveofalinteattgpeqfiabmt @n ink
(n+1/2) x Tc fromthe first ink drop that precedes the
secodEOPnRigehproiig Hhedi mape fsergradi oha Appakatismas
claimed inclaim1 , wherein a speed of one of the ink

dr opgetyheqgi bl fdnop speedivy) adipschar gedr@étthedium, the

image formation apparatus comprising:
pressure generating means for discharging

10 one or more of the ink drops other than an ink drop
that is not followed by any more of the ink drops in
a given printing cycle (the last ink drop) at’an
interval nearly equal to (n+l/2) x Tc, where n is an
integer equal to or greater than 1, and Tc

15 represents a resonance cycle of a pressurized ink
chamber of the image formation apparatus, the
interval being measured from when a corresponding

preceding ink drop is discharged.

20 2. The image formation apparatus as
claimed in claim 1, wherein the one or more of the
ink drops other than the last ink drop are

discharged at an interval nearly equal to 1.5 x Tc.

25 3. The image formation apparatus as



interval nearly equal to (n+1/2) x Tc fromthe

preceding ink drop is set at greater than three nis,
wW@nwsm00589 speed at which the sequential ink dreEBEIJP2004/009040

arenerged . 7. The inmage formati on apparatus as

claimed in claiml1l, wherein foufrsor nore of the

sequential ink drops nerge during flight to form one

of the relatively large ink drops . 8. The inmage

fornmti.on appara imed.in,c .

Wavg:‘?iol e%? itLﬁémdrl vi't ]befﬂ%ejsn# 9r8P§cﬁ%?ﬁgt$%’é the

sequential ink drops includes a wavefor

S BPEs T o P e Radr SRt G aF & ées%&r%%ga*bu?ge

for .di schar e last .ink dro

f or S HpArat oy 20Tl ed T bl LPA 1 BC Ve i Eheroed

wavef orm f or suppreSS|ngé}he residual vibration is

profitdéd wi hehvan BFapsdd 194! efli faFerdCto Tc after

the last ink drop is discharged. 10. The i mage

¥ormation apparatus as clainmed in claim1l1, wherein a

medi um - sized ink drop and a small- sized ink drop

are each fornmefl: byhseliggdandt arpakionf agpiadatg i pur ses

for formng the-relatively large ink drop.11. The

i mage sfigremht foncappar dt.ustesreiai aefiksteliaindoop is

wherein the driving pul ses
discharged by the pressurized ink chamber being
contracted after being expanded, where a volume of

10 contraction is greater than a volume of expansion,

and where the volume of expansion may take a

positive value or zero.

5. The image formation apparatus as
15 claimed in claim 4, wherein a second ink drop is
discharged at an interval nearly equal to (n+l1/2) x
Tc from the first ink drop that precedes the second

ink drop.

20 6. The image formation apparatus as
claimed in claim 1, wherein a speed of one of the
ink drops (the ink drop speed VJj) discharged at the
interval nearly equal to (n+l/2) x Tc from the
preceding ink drop i1s set at greater than three m/s,

25 and at a speed at which the sequential ink drops are



i nclude a waveform for vibrating a nmeniscus w thout
causing an ink drop to be discharged. 12 . The inmage

wo coosmbisen apparatus as clainmed in claim 10, WAET/@P2004/009040
the driving pul ses include a section wherein a voltage
is applied to the pressure gquﬁgjing means for
pressurizing ink in the pressurized ink chanber. 13 .
The image formati on apparatus as clained in claim12,
wher ein %{e pressure generating neans is a
pi eZ66P& i c device, and the piezoelectric device is
recharged in the section wherein said voltage is
applied. 14. The inmge formation apparatus as cl ai ned
in claiml, wherein the pressure generating neans for
generating t he’ prelsur@ads et P2i AGPERE Gtk &t
t he Eressuri;ed I Nk chanber is a Piezoelectric devi ce,
a dFdpiacshert @18t Lon "d¥eifitht PYrdl3 MPFe THe the
i mage formation apparatus as clainmed in claim 14,
hepeidm esupipok t iskclreRs glendre Prezdel défoiht deviferm one

support partitions of the pressurized ink chanber.
of the relatively large ink drops.

8. The image formation apparatus as
claimed in claim 1, wherein a waveform containing
10 driving pulses for discharging the sequential ink
drops includes a waveform for suppressing a residual
vibration after a driving pulse for discharging the

last ink drop.

15 9. The image formation'apparatus as
claimed in claim 8, wherein the waveform for
suppressing the residual vibfation is provided
within an elapsed time egquivalent to Tc after the
last ink drop is discharged.

20

10. The image formation apparatus as
claimed in claim 1, wherein a medium-~sized ink drop
and a small-sized ink drop are each formed by
selecting a part of driving pulses for forming the

25 relatively large ink drop.
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11. The image formation apparatus as
claimed in claim 10, wherein the driving pulses
include a waveform for vibrating a meniscus without

causing an ink drop to be discharged.

12.~The image formation apparatus as
claimed in claim 10, wherein the driving pulses
include a section wherein a voltage is applied to
the pressure generating means for pressurizing ink

in the pressurized ink chamber.

13. The image formation apparatus as
claimed in claim 12, wherein the pressure generating
means 1is a piezoelectric device, and the
piezoelectric device is recharged in the section

wherein said voltage is applied.

14. The image formation apparatus as
claimed in claim 1, wherein the pressure generating
means for generating the pressure for pressurizing
the ink of the pressurized ink chamber is a
piezoelectric device, a displacement direction of

which is d33.
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15. The image formation apparatus as
claimed in claim 14, wherein support sections of the
pilezoelectric device support partitions of the

pressurized ink chamber.



