WD 2004/ 096552 PCT/ JP2004/ 006204 -1 DESCRI PTI ON
| MAGE REPRODUCI NG FORM NG APPARATUS W TH PRI NT HEAD

wWORERAPER2 UNDER | MPROVED DRI VI NG WVAVEFORM 5 BACKER(OUMD6204

10

15~

20

25

OF THE | NVENTI ON The present invention generally
relates to an image reproducing/form ng apparat us,
and nore 10 particularly, to an inmge
reproduci ng/ form ng apparatus using an ejection head
dri ven under reduced i nfjrereeprofonesonance. Certain
types of image reproducing/formng 15* apparatuses,
such as printers, facsimle machi nes, coping

machi nes, or plotters, enploy inkjet-printing

equi pnment IMAGRRBDEROBUAINGY ORI NGreifeP BRA AU e Hild

I nkj et printing equipnent generally includes an

i nkj RRINBaHERBYORFRATEY WIDERZzENBROVED &jRctiNg WAKEEFORM
20 droplets. In the inkjet head, an ink chanmber (which
is also referred to as a pressure chanber or an ink

f | BWCKEROVND @B BIHEaAYEBNIdOAds to communicate with
each nozzl e opening, and an ink droplet is ejected
fromthe nozzl e openi ng upon application of pressure

25 to the ink in the ink chanber b actuat or or

other WOPSO@HUGHEE 2 BESPSPoB0AFEEZ0A Y - 5o Lo tes  to an
image reproducing/forming apparatus, and more
particularly, to an image reproducing/forming
apparatus using an ejection head driven under reduced

influence of resonance.

Certain types of image reproducing/forming
apparatuses, such as printers, facsimile machines,
coping machines, or plotters, employ inkjet printing
equipment to reproduce a hardcopy image on a medium.
Inkjet printing equipment generally includes an
inkjet head having a set of nozzles for ejecting ink
droplets. In the inkjet head, an ink chamber (which
is also referred to as a pressure chamber or an ink
flow channel) is arranged so as to communicate with
each nozzle opening, and an ink droplet is ejected
from the nozzle opening upon application of pressure

to the ink in the ink chamber by an actuator or other



sui tabl e pressure generating nmeans. There are severa
types of inkjet heads known. A so-called piezo-type

wonhj4mvesead uses a piezoelectric elenent as PO®JIP2004/006204
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pressure generating neans, which 5 deforns the walls

of the ink flow channel to change the volune of the

i nk chanber and eject ink droplets. A thermal-type

i nkj et head uses a heating resister for heating the

I nkswaingh T ©dpebBgubebljae - ihe h8knsChanber to ej ect

an ink droplet under pressure. An 10

el ectrostidre-sdypesenkjretl hegtbsises ankibtahiergipliaien. A
defining the ink flow channel and an el ectrode facing

t heordrht ¢dgrpeavetyBleeciniostatheafioneesi @ picthmedectric
between the el ectrode and the vibrating plate, which
foredlecrtiitorag the prissaung gereeabhidchgrges tHelals

vol une of the ink_flow channel, thereby_ ejecting ink

dr SRS | FRpevahdsd Tusig 1He GiBVaFhAgnslatle aplange
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droplets. Still another type is to drive the inkjet WD

2004/ 06652t PETLIRPLRRA006204 head uses a vibrating plate

defining the ink flow channel and an electrode facing
the vibrating plate. Electrostatic force is produced
between the electrode and the vibrating plate, which
force deforms the vibrating plate and changes the
volume of the ink flow channel, thereby ejecting ink
droplets.

Inkjet heads using the vibrating plate are
further categorized into several types. One type is
to push the vibrating plate into the ink chamber to
reduce the volume of the chamber in order to
discharge ink droplets. Another type is to pull the
vibrating plate outward to expand the volume of the
ink chamber and then to bring the vibrating plate
back to the original position to discharge ink

droplets. Still another type is to drive the inkjet



-3 head by a conbination of the push-di scharge nethod
and the pull-discharge nethod. In general, an inkjet

worbEtweg2zunit has several tens or nore nozzl esT/IP1004/006204
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each color, and nozzles to 5 be driven to eject ink
droplets are selected accordiqig to the pixel data in
order to forman inmage on the nedium Wen a nunber
of nozzles are driven (by activating the pressure

genekat bRy aRAI®ind Beonl 8&CIHEN Fiyical CatisedgBY meh@od
pressure for discharging 10 ink droplet acts on the

i nkheat theagultiselfsckargehingthiogason, the head shakes
under the application of ink- ejecting pressure,

dependi g grentchwmlpi xah takaetapdintds@gnancet obear seakeral
the natural frequency (eigen frequency) of the head.
15tkhst e eatk iozzieenfar gafobeieify, @ phezles to
resonant frequency, ejected droplets may curve in

fl bghﬂrtlmeéugw t4iEe & r inkherepdsitat %ﬁ%es%?céﬁénge

or satellite particles na form, I n such cases,

coPFEEE Sipgyd ey PioP L He! réﬁftéda@e&rdz%if TB°o§8FE‘oﬁ'€ image

thi bl JPA 9-29962 di sc h

va:P?h i ergelr%ct GER) BngLRE 6 dnd %l Tl oFE driven
t h

ot B8 e B o 2 PHEFEE) deh e ing po B C P ene

SIS oL ence, 0 e e o
ink droplet acts on the inkjet head itself. For this
reason, the head shakes under the application of ink-
ejecting pressure, depending on the pixel data, and
resonance occurs at the natural fregquency (eigen
frequency) of the head.

If the head is driven at a frequency near the
resonant frequency, ejected droplets may curve in
flight through the air, the droplet size may change,
or satellite particles may form. In such cases, a
correct image may not be reproduced.

To overcome this problem, JPA 9-29962 discloses a
technigque for varying‘the effective lengths of the
actuators (electromechanical transducers) in order to
reduce mutual interference due to resonance, thereby
removing adverse influence on the reproduced image.

However, the machining process for fabricating



WO 2004/ 096552 PCT/ JP2004/ 006204 -4 different sizes
of actuators is inefficient, and the head structure

woeomrmeesseonpl i cat ed. SUMVARY OF THE | NVENTI ONPCB/JP2004/006204
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Therefore, it is an object of the present invention
to provide an image reproducing and form ng apparatus
that can reduce adverse influence of resonance with a
sinple structure and out put an inmage 10 with i nproved
pr gAatf feuadrid Vs i dos achi aveubhe rabjiectiné heibead tdr iandithe
unit drives the ejection head of the apparatus at a
dr helang sfreguency bébemeshaoniic gmted al frequency of
the ejection head. 15 In one aspect of the invention,
an i mage reproducing and form ng apparatus conprises
an ejection head configured to eject a liquid droplet
f r STz A% TRE f BNWENA I0¥age on a nmedium a driving
signal generating unit configured to generate a 20
driving signal having a waveformthat causes the

ejection_head. to operate at a_ driving frequency other
tJhan thgjhﬁdﬁfr effjeguéﬁc?nof)btjﬁlé:vgej t?%%uﬂggg,enﬁnd

: JEUIOA b SOPLLNEEdot Syl e SLEERL oD e

25§§ﬁ¥¥§t&5”%ﬂ§%ianugghuce adverse influence of
resonance with a simple structure and output an image
with improved print quality.

To achieve the object, the head driving unit
drives the ejection head of the apparatus at a
driving frequency other than the natural frequency of
the ejection head.

In one aspect of the invention, an image
reproducing and forming apparatus comprises an
ejection head configured to eject a liquid droplet
from a nozzle to form an image on a medium, a driving
signal generating unit configured to generate a
driving signal having a waveform that causes the
ejection head to operate at a'driving frequency other
than the natural frequency of the ejection head, and
a driving unit configured to drive the ejection head
based on the driving signal supplied from the driving

signal generating unit.



WO 2004/ 096552 PCT/ JP2004/ 006204 -5 Preferably, the
driving signal generating unit produces the driving

weigrabeisacl udi ng a non-ejecting pul se that pPOUMRES4/006204
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energy for not ejecting the droplet, and the driving
unit applies the non 5 ejectiqug pulse to the ejection
head in a non-printing range in order to drive the

ej ection head at a driving frequency other than the

nat ur al pl-cequeney, oftnd hgrei,eelyi @nhead.gdherating unit
non-ej ecti ng pul se may be produced nmeking use 10 of a

poptbaicels ahejeeivnggpuligaaflorn ejlacding &hfondegpldiing
in the driving signal. The non-ejecting pulse may be a
pubsésthahadr awsodiwde § henbagyl €orenisicusj ethinbi she

case, it is preferable that the rate of voltage
chdmgeledr, B diridw ngriminbe undziz lawmieihesctkebson-
greater than the rate,of voltage change for restorin

t heimroring pvaiscis. LRt el setilgdl yieahelpon- BpECPIAGTing
pul se may be a_ pul se that pushes out the nozzle
nefipr886s 10 Radfs teodea¥e, the i §5terh abfedt R&t 2t he

w dt h-of the non ejecti pul se i, smal]er than the

PR OALEe TRty | HHNEEG Fedorit e a ety TraaigRCY of
ch er .of _ .the ejection head. The driving signal ma
R SE g o ) Sane

The non-ejecting pulse may be produced making use
of a portion of an ejecting pulse for ejecting the
droplet in the driving signal.

The non-ejecting pulse may be a pulse that draws
in the nozzle meniscus. In this case, it is
preferable fhat the rate of voltage change for
drawing in the nozzle meniscus be greater than the
rate .of voltage change for restoring the nozzle
meniscus.

Alternatively, the non-ejecting pulse may be a
pulse that pushes out the nozzle meniscus. In this
case, it is preferable that the width -of the non-
ejecting pulse is smaller than the period of
pressure—-induced resonance in the liquid chamber of
the ejection head.

The driving signal may include a first waveform

that pushes out the nozzle meniscus and a second



25 that pushes out the nozzle neniscus and a second WO
2004/ 096552 PCT/ JP2004/ 006204 -6 waveform t hat

woabdowsssthe first waveformto draw in the noPeILaP2004/006204
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meni scus, the pulse width of the first waveform being
smal | er than the resonant frgguency of the liquid
chanber of the ejection head. 5 BRI EF DESCRI PTI ON OF
THE DRAW NGS O her objects, features, and advant ages

of ywhhe roRfesat | FVENbirentwel £ ihecoe v@Ff erappar @taw in
fromthe 10 follow ng detail ed description when read

i Ntgennwacllicomav i ictBe aneomparyd ngidiflawbAgshel Mirst
which: FIG 1 is a perspective view of the major

pawtse fofrmamdinkg esmpl il arethbo Whehrddenpnesémequency of
invention is applied; 15 FIG 2 is a cross-sectional

vi gteofl itgve d i atbepr ot she EGCR ds kead.
cross-sectional view of the inkjet head used in the
inkjet printer, taken along the |[|ongitudinal axis of

t he i nk chanber 20 FIG 4 is_a _cross-sectional view

of BRAET %S&RH?]%%IN PEKEAEAPSAYT N wi dt h of the ink

chanber; FIG 5 is a block diagramof the control
section of the inkjet printer; FIG 6 is a block

di agram %%er og3ectdrl¥ %ures, and advantages of the

present invention will become more apparent from the
following detailed description when read in
conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view of the major parts
of an inkjet printer to which the present invention
is applied;

FIG. 2 is a cross—-sectional view of the inkjet
printer;

FIG. 3 is a cross—-sectional view of the inkjet
head used in the inkjet printer, takén along the
longitudinal axis of the ink chamber;

FIG. 4 is a cross—-sectional view of the inkjet
head, taken along the width of the ink chamber;

FIG. 5 is a block diagram of the control section
of the inkjet printer;

FIG. 6 is a block diagram of the head driving

control mechanism;



25 control nmechani sm WD 2004/ 096552 PCT/ JP2004/ 006204
-7 FIG 7 illustrates general waveforns of head
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droplets; FIG 8 is a graph used to explain the
resonant 5 frequency charactgeristic of the head; FIG
9 is the first exanple of waveforns of the head
driving signal produced according to the preferred

embodi nenig 0f7 ther hsveatkengehk@allGrdve thEme6ENBead
exanpl e of waveforns of the 10 head driving signal;

FI Grivinces gulesdé di Fdrexaeplanef diaiddosns st zklke ofhdark
driving signal; FIG 12 is the fourth exanpl e of
wadeb@lrssof the head driving signal; 15 FIG 13 is
the fifth exanple of waveforns of the head driving.
si gnal ; FEIGG. 8l4i% satheaphxtiseek dpplaxwiawaveher gesomnant
the head driving signal; FIG_15 is a cross-sectional
vi EwesheRing eheraotsrigdicr € ofthhed $@@d used in the
actual exanple; and FILG 16 illustrates an i_nmage
pat t er nTd&ed 9 nts eVRPUEEFSH 6FFR ichfg %%V?SPﬁg‘ﬁc&f the
PREE%%R%%J@%%%]g@ggglogfg %Jéﬁ”@gl§¥%ing to the
preferred embodiment of the invention;
FIG. 10 is the second example of waveforms of the
head driving signal;
FIG. 11 is the third example of waveforms of the
head driving signal;
FIG. 12 is the fourth example of waveforms of the
head driving signal;
FIG. 13 is the fifth example of waveforms of the
head driving signal;
FIG. 14 is the sixth example of waveforms of the
head driving signal;
FIG. 15 is a cross-sectional view showing the
structure of the head used in the actual example; and

FIG. 16 illustrates an image pattern used in

' evaluation of printing performance.

PREFERRED EMBODIMENTS OF THE INVENTION



25 WD 2004/ 096552 PCT/ JP2004/ 006204 -8 The preferred
enbodi nents of the invention are described below with

woebwreese to the attached drawings. FIG 1 ardTBP1804/@6204
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illustrate an inkjet printer, which is an exanple of
an i mage reproducing 5 and fgym ng apparatus to which
the present invention is applied. FIG 1 is a
perspective view of the nmajor part of the inkjet

printer rhangHfarred Se@b680mSntSCRtd aitd vhewhelfohhare
inkjet printer. In the inkjet printer, a printing
nedbapirdmed irseldW) hibtusedefpranes td ridne dttdbaed
printing nmechanism 2 includes a carriage 13 novabl e

i ndrhgihgst. §0an diamtt¥Fd@, aAnildkjsdtratemdan inkjet
(functioning as the print head) 14 nmounted on the
capriiagerl3d whainth ahsi AR egamplicdged 10 f ¥pagapprpragucing
ink to the inkjet head 14. 15 Paper is fed into the

pr pRfe oFEMY rﬁepmﬁétuéa@ew@écm e tH’l%eﬁﬁﬁEaFLnf@@d:lon
tray 5, and a prescribed im IS reproduced

pLFﬁtéﬁﬁ 16°dhe Papet by £he EEMQﬁ metA¥nP nFﬁe major

T t t fed h h

trﬁgké o Tne D PP AG RechaRb i Y *theteatr Age°"
1%%59.de% oPr Xnﬂﬂ%@?&{ qrgérand the

secon ary gul rod ina’sliding manher in the

fF ?Sét 2;3% +8id %qh&f@t(pﬂa%e@l cWl yritpr {8 8BERLNYEM 2 is

housed in a main frame 1. The printing mechanism 2
includes a carriage 13 movable in the fast scan
direction, an inkjet head (functioning as the print
head) 14 mounted on the carriage 13, and an ink
cartridge 15 for supplying ink to the inkjet head 14.
Paper is fed into the printer from the paper cassette
4 or the manual feed tray 5, and a prescribed image
is reproduced (or printed) on the paper by the
printing mechanism 2. Then, the printed paper is fed
out onto the catch tray 6.

In the printing mechanism 2, the carriage 13 is
held by the primary guide rod 11 and the secondary
guide rod 12 in a sliding manner in the fast scan
direction (perpendicular to the sheet of FIG. 2). The
inkjet head 14 is attached to the carriage 13 with

the inkjet surface facing down. The inkjet head 14



inkjet head 14 is attached to the carriage 13 with 25
the inkjet surface facing down. The inkjet head 14 WO

waQo/oes552 PCT/ JP2004/ 006204 -9 ejects i nk 8COpP®NE006204
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of each color of yellow (Y), cyan (C), nagenta (M,

and bl ack (B). Above the carrdage 13 are provided ink
cartridges for supplying the respective colors of ink
in a replacable manner. 5 The ink cartridge 15 has an

ope é@%§‘lﬁﬁ“ﬁf%§l@@s bhre em face; r apd yEKl%%pRHM cyan
ports for supplying ink to the inkjet head 14 on

botieom fRcfentfside, t had bk cgar(s) dogpdbei sha p,@rm&ge
naterlal filled with ink, and the ink to be suppl i ed

t o1Bherankjesvhead 14kbyatd rtikyeapfdt asypboydagoftide
porous material is retained at a slightly negative

- presspeetifhe catoragefl3nks ielal hyplheabiemmapngu de
rod 11 at the rear (located downstream of the paper

path), The aishicdkngriadamedS &e¢ ian ieperidgbyot ke air on
secondary 15 guide rod 12 at the front %Iocated
upé;heeammffem@, 9a§e|1n|?5atsh1)pl311|¥ PIFEH @rmﬁﬁﬁ@rlyﬂﬂg ink
order to nove, the carrla %g;n the fast sca
le@bﬁhﬁ11%$1?h1H@ageﬂé ;Rﬁtﬁ?%uﬁacﬁhelﬁﬁ3ﬂ§1the
pul.l 18 rot t ed .t he fast scan .notor .
Suth ﬁaeryt% 3680a% Ay BATRRR: Mg TR xbuITEA Rt 1k,
car Bt Be CALENAAS o3 e MPURARARKANG 4 by

f of orvard and reverse Fo of the fast

SC%%éngéglfiary force of the porous material is

retained at a slightly negative pressure.

The carriage 13 is held by the primary guide rod
11 at the rear (located downstream of the paper path),
in a sliding manner, and it is held by the secondary
guide rod 12 at the front (located upstream of the
paper path) in a sliding manner. In order to move the
carriage 13 in the fast scan direction, a timing belt
20 is put around the driving pulley 18 rotated by the
fast scan motor 17 and the sub pulley 19. The timing
belt 20 is fixed to the carriage 13, and the carriage
13 is moved back and forth by the forward and reverse
rotation of the fast scan motor 17.

Multiple inkjet heads 14 may be provided
corresponding to the respective colors, or

alternatively, a single inkjet head 14 having nozzles



Mul tiple inkjet heads 14 may be provided
corresponding to the respective colors, or 25

wabhv@rmetsevel y, a single inkjet head 14 havi ngPao/ari0e$006204

WD 2004/ 096552 PCT/ JP2004/ 006204 -10 for ejecting ink
droplets of the respective cohgrs may be enployed. In
either case, the inkjet head 14 is of a piezo type,
and has a vibrating plate defining at |east a portion
of fdwe améétohgt haki akopifdw shappel rakfe tive colors
pi ezoel ectric elenment for deformng the vibrating

pl ateey Yeshmplopkdpaper discimt | edsout tak tih&papaicad 14
cassette 4 by the feed roller 21 and the friction pad
22.isThef papepitedoi sypken agud dexs by vhbrguiidg 23,at@nd 10
‘the direction of the paper is inverted by the feed
roldefinping patolpept2s Periessedf aghenyelithef the ink
rotating surface of the feed roller 24. An edge

. ! g
Srolf¥av 26h2RRet oR8It Re PdEIZQRYSC BREFeCHENERE Fapger 3

fro he feed roller 24 to beneath the inkjet head 14.
15 o??%ﬁgrBﬁ?eylgﬁaﬁ§WQHQﬁ%§Fby t he sl ow scan

J Vi t_of . tch i de 29
s posi 1 A BeREaPRPBRG Lo MRJ che heRte 1. he e
g e RE FOS, TRELNEAP00F, 21 ab°HRE oo paa

cat;gh ouide,29-fegelwes nand Nl dsqth Qﬂ_@ebui%ef%, and

fromthe feed roller 24 during the printing

10 the direction of the paper is inverted by the feed

roller 24. A roller 25 is pressed against the
rotating surface of the feed roller 24. An edge

roller 26 controls the delivery angle of the paper 3

from the feed roller 24 to beneath the inkjet head 14.

15 The feed roller 24 is rotated by the slow scan motor

20

25

27 via a set of gears.

A paper catch guide 29 is positioned beneath the
inkjet head 14 corresponding to the moving range of
the carriage 13 extending in the fast scan direction.
The paper catch guide 29 receives and holds the paper
3 fed from the feed roller 24 during the printing
operation by the inkjet head 14, and then guides the
printed paper 3 toward downstream of the paper path
after the printing operation. The paper 3 bearing the

printed image is further fed along the paper path and
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operation by the inkjet head 14, and then guides the
printed paper 3 toward downstream of the paper path

The paper 3 beaPCmgP100€006204
25 printed image is further fed along the paper path

and WO 2004/ 096552 PCT/ JP20044 906204 -11 ejected onto
the catch tray 6 by the roller 31 and the spur 32,

the guides 33 and 36, and the roller 33 and the spur
34.cfAdtE@ dREoPEBL iR OPErB Y 0f), b henknkpet Heagh 14ng
5is driven to eject ink droplets onto the stationary
papsie @CL0B P nghtoguleiaa XE Sh@naks, anti ked trdiSler 33

noved in the fast scan direction together with the
cararicagehd 3spitheB4a |ine of the inmage is printed, the

paper 3 is fed in the slow scan direction by a 10

pr edet erivi ey apbanpriafd ncheoprsatione bhei ngd ats head 14
printed. In response to an end-of-print signal or a

Ssi grfaldrHereatP ngl ERAt itte drerlehy enge shet kEafdpmary
3 has reached the_ﬁrintiqgﬁ%one, the;printin% ) L
op&ERGore | RCELF ALt &8, RireehapePnales Ehddiedit is

15

of
t he

A mai nt it 37 for, tipg a, def ect.i
R CORGFRF ofeFlr PRGN M RICHEND TIPS OBFadet buthe

é%ﬁ%#ﬁ%éifgg Hggkng.ﬁﬁggfﬁg ét9%$§50&28§$¥%{§é the

ng zone, as ill ed’in ough’

.nog ipsthegfigures, stdnﬁﬂ r@éyﬁegfggstﬂeht 3! £0
in e a cl

S a cap, a suction device, an eani n
predetermined amount, and the next line of image is

printed. In response to an end-of-print signal or a
signal indicating that the trailing edge of the paper
3 has reached the printing =zone, the printing
operation is terminated, and the paper 3 is ejected.
A maintenance unit 37 for correcting a defective
ink-jet condition in the inkjet head 14 is placed out
of the carriage moving range so as to be offset from
the printing zone, as illustrated in FIG. 1. Although
not shown in the figures, the maintenance unit 37
includes a cap, a suction device, and a cleaning
device. In the waiting state, the carriage 13 moves
toward the maintenance unit 37, where the inkjet head
14 is capped in order to prevent the ink in the
nozzle from evapqrating and to maintain the nozzle

openings (ejection ports) moist. By purging excessive



device. In the waiting state, the carriage 13 noves
toward the nmi ntenance unit 37, where the inkjet head

wa4oi49esaEpped in order to prevent the ink in tRET/IJP2004/006204
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nozzl e fromevaporating and to maintain the nozzle 25
openi ngs (ejection ports) noigs. By purging excessive
WD 2004/ 096552 PCT/ JP2004/ 006204 -12 anounts of ink
unnecessary for printing between the printing

0PN, 0 Nenk NinKeCRH 4y CASY ber 1 ABE AALRAGIcen the
constant at all the nozzle tips. If something is wong
W tdrithei ndgikogeeetions 5 wandidik onistbeingzzhes wf the

i nkj et head 14 are capped tightly, and the bubbl es
anchaihetd ike@r eonstiehitorad frlomiidenegetei ahdpgarts by
the suction device through tubes. Dust and

i nk- adhelrf ngpiethheg épeottiomy poritls dre ahkoedewhieh

by the cleaning 10 device to restore the good ejection
comindighi omhethgusprgded iafk ke dirkned tg“@afihé‘l are

drai nage_reservoir (not shomn%hﬁéaced under the main
fr PP antoh hb¥or Bad ithe RbhkeabdprbéRei Anthare

P31 gL 3, 0, S LI Bl of

U S ol 2l VIR RAICIRL B osBhokiGd U ine

15,00 1 e SRS et
device to restore the good ejection condition. The
suctioned ink is drained to the drainage reservoir
(not shown) placed under the main frame 1, and
absorbed in the ink absorber in the reservoir.

FIG. 3 and FIG. 4 illustrate an example of the
inkjet head 14. FIG. 3 1s a cross-—sectional view
taken along the longitudinal axis of the ink chamber,
and FIG. 4 is a cross—sectional view taken along the
width of the ink chamber.

The inkjet head 14 has a channel plate 41 made of
a single crystalline silicon substrate with a
prescribed channel pattern formed therein, a

vibrating plate 42 attached to the bottom of the

channel plate 41, and a nozzle plate 43 attached to

the top of the channel plate 41. The channel plate 41,

the vibrating plate 42, and the nozzle plate 43



20 a single crystalline silicon substrate with a
prescribed channel pattern forned therein, a

wOi2biawessy pl ate 42 attached to the bottom of PO®JIP2004/006204

channel plate 41, and a nozzle plate 43 attached to
the top of the channel plate_4l. The channel plate 41,
25 the vibrating plate 42, and the nozzle plate 43 WO
2004/ 096552 PCT/ JP2004/ 006204 -13 define a nozzle

OPGRIANG A o hPZZ! 6peaAYINLY 4453.a hoPEESSURG ERAMDRY, &
46 conmmuni cati ng mntﬁ the nozzle opening via the

NOBZee A toh AbBer and aBmimik iS9PPiyg €hahnehed ho e
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i nk supply channel 47 functions as a 5 fluid resister
andpeenmeicid eshad hbzkhe cavnoty i4ka, chadben 48X arupply
supplying ink to the pressure chanber 46 via the ink
suehlaynredr t4749. The | anknatupgd 1y edosirel r¢é¢ fevcddars as a
supported on the base board 53, and is attached to

t hé lodicerrdsicsten papdnconausgsosie® wite bhet gemmen ink
chanber) of the vibrating plate 42 in such a manner

t hahaglar 4% ebok| BEPPILY 18eidiit B2 Bt rREpsaAds e Shaber
of the . prﬁisure chanbirs 46 (FIG 4). The

pi Podiiéctite 1R eFBRPIE2PCLT 47 el ect r onechani cal

transducer,, whi ch %5 functions as a ressur ener at.or

(or an t%ﬁﬂ%ﬂite 0?1368F§Fﬁ rﬁfé§%uré:.o %heufﬁﬁﬁﬁ$d on
t h?:h%r g:sag% ebogpémg@r ?\%toi ég?%éhe?&c{boghédﬂo'uscer face

| ocate ween ~each adj acent piezoel ectric

el gpNt§ % pdd€ite side of the ink chamber) of the
vibrating plate 42 in such a manner that each
piezoelectric element 52 corresponds to one of the
pressure chambers 46 (FIG. 4). The piezoelectric
element 52 is. an electromechanical transducer, which
functions as a pressure generator (or an actuator)
for applying pressure to the ink in the pressure
chamber 46. A support section 54 is located between
each two adjacent piezoelectric elements 52. The
support sections 54 are positioned corresponding to
the partition walls 4la located between each two
adjacent pressure chambers 46. In the example shown
in FIG. 4, the piezoelectric member is machined into
a comb shape by defining a plurality of slits using a
half-cut dicer. The piezoelectric elements 52 and the

supports 54 are arranged alternately with the slits



support sections 54 are positioned corresponding to 20

the partition walls 4l1a | ocated between each two
wadpeamests2 pressure chanbers 46. In the exanpl ePenarI04/006204

in FIG 4, the piezoelectric nmenber is machined into

a conb shape by defining a pluyrality of slits using a

hal f -cut dicer. The piezoeleé&ric el emrents 52 and the

25 supports 54 are arranged alternately with the slits

V0, 2004/0965R4, .P?%%PQQQ%QQ@%%M h%@%é(‘@@?i&ﬁewf the

The structure an e material of the support 54 and

t hguppezaelectyis ehenBibzad 138 Hihe e Bahent HOPe KRl the
since no driving pulse is applied to the support 54,

i t shuRGt inoRever el ¥isseansuppartind Piles petf & phppyiefd to
the vibrating plate 42 is bonded to the frame 44
usithg adipgsinvte HO, coht Aunchd ogap meapaElCerss a sepepsst.
t hat beconmes the comon ink chanber 48 and an
5 ext er nalThienkpesuipdigrporf thet vilowbiddrrlake efalilsy bonded
supplying ink into the common ink chanber 10 48 are
f otmedhien fneend rédreuaingThdhiesde £0 i O bR HRERIbPP
i njection nolding using, for exanple, an epoxy, resin
or Sp&IGFitfenyA e‘“r%c%%ﬁFfT—gé.t PrE GRS p‘F%‘fl%Oﬁll\’iﬁkt [phamber
the nozz|e cavity 45a, ., the pressure chanber 46 n
t hé8i AR fFbISF thahmel *1%s5S pi'rye RYbY i ?%?gdsﬁﬁwn%‘ For

e A L AR PRSI I LGRS e

Using an ne et’chan

108u%% %%é“%é?ﬁ%d”ﬁ@ygﬁét%rgﬁgﬂ44, The frame 44 is formed
by injection molding using, for example, an epoxy
resin or polyphenylene sulfide.
The channel plate 41 with the nozzle cavity 45a,
the pressure chamber 46, and the ink supply channel
15 47 are fabricated by performing anisotropic etching
on a (110) single crystalline silicon wafer using an
alkaline etchant, such as potassium hydrate (KOH)
solution. Of course, stainless boards or
photosensitive resins may be used as. the channel
20 plate, in place of the single crystalline silicon
wafer.
The vibrating plate 42 is made of nickel, and 1is
fabricated by, for example, electroforming. Of course,
other suitable metal plates, plastic plates, or

25 combinations of metal and plastic may be used. The



solution. O course, stainless boards or

phot osensitive resins may be used as the channel 20
wobheiimoeism pl ace of the single crystalline sil PCOaP2004/006204

wafer. The vibrating plate 42 is made of nickel, and

is fabricated by, for exanplg el ectroformng. O

course, other suitable netal plates pl asti c pl ates,

or 25 conbinations of nmetal and plastic nay be used.

The, 0) 2004/ 096552 BSTHdR20P4{P06208, <218 Vit nge

| ate 42 has sur ich I's bondedto

ch&mmﬂ ®l eberdd, caRGnaAN QPROSLt €1, URBYERNS WSS te
whi ch i% bonded tg thg'plezoelectrlc dechngnd the

frajfeddn JherdbeyerhswH ace wéndbe bovichealhitkddBé€tric
42 includes thin portions (di aphragns) 55 | ocated
cordespondang tbhet lieapieesSAlr eThehanbees 46Grffaice of the
facilitating deformation, and thick portions
5(i stidows)in bbsaked2cdamragpbasli higitopbhé&ions

pi ezoel ectric el ements 52. The islands 56 are bonded

10 tdblaweragspbchpve opiadask| ezt réerendipat $05Xxhg oressure

adhesi ve 50. The uneven surface of the vibrating
mzﬁhﬁmﬁﬁ%ﬁ566lﬁ@Fuéé?%ﬂ%?ﬂ&*ﬁﬁt@%ﬁ@rB?thﬂ«ﬂ?Q#eithk
bonded to the,s s 54 and the frane 44 vja

ad RS V%D, ?+ﬁf$ﬁg§se)§w%ca1{’%€ CPBFEPPRGIIRG - qothe
15 is a d ub e- ayer ed ic ate.fabri.ca

o s e eR e LTRSS . PHAL 010 TRRMESSES e ponded

10 to the respectlve piezoelectric elements 52 via
adhesive 50. The uneven surface of the vibrating
plate 42 also includes thick portions 57, which are
bonded to the supports 54 and the frame 44 via
adhesive 50. In this example, the vibrating plate 42

15 is a double-layered nickel plate fabricated by
electroforming. In this case, the thickness and the
width of the diaphragms 55 are 3 um and 35 dm,
respectively.

The nozzle plate 43 has nozzle openings 45 with a

20 diameter of 10-35 um at positions corresponding to
the pressure chambers 46. The nozzle plate 43 is
bonded to‘the channel plate 41 by adhesive, such that
the nozzle openings 45 communicate with the nozzle
cavities 45a formed in the channel plate 41. The

25 nozzle plate 43 may be made of metal, such as nickel



wi dth of the diaphragns 55 are 3 u mand 35 Am
respectively. The nozzle plate 43 has nozzl e openi ngs

wa3omovéssa 20 di anmeter of 10-35 /Lm at positi 8as/JP2004/006204

o

corresponding to the pressure chanbers 46. The nozzle
plate 43 is bonded to the chagnel plate 41 by

adhesi ve, such that the nozzle openings 45

communi cate with the nozzle cavities 45a forned in

t heochasaehlplkat e Aborihen2bi 8AZ ke mRhatie AR MBYsPE (e.g.,
made of netal, such as nickel WO 2004/ 096552

PCTd JP2004h006204 s i-nl 6f DImB} as Hi €86n ,a croipatbePifhtion
netal and resin (e.g., a polyanmide resin film,

si | teencodr any tbdrbicwammphe, t heeenbzzlle tdlistexadple, a
the nozzle plate 43 is a nickel plate forned by

el eeiebebralnge fremrsk e Slepbnpfigradnics SHapedozzle
likes a horn (or cylindrical or a truncated cone),

t hePRPRERIdF amifesiePathel Hoogl @ hepenileg wlohndheTal or
ink ejectin ide is. about, 20-35 Am and the nozzle

pi tach{ﬁ'fncé%gﬁal CRES)y 15t dhrnen fhel§hkStole Shgn razzle
the drawin the nozzle 10 surface gqr the ejection

sur‘?%%%sjnggzl?h@nn e af £SCEBNPs SdG\Feret #PPHLEa20-35 4m,

wat S dj at_.. ele di hg _coati t hods

an ﬁ%tgﬁga ng%%b Jgé ec %dggggpiégFig?eﬁgghgg%hding
the i ‘ rties, Lot chj e .desi
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10t hroughs ébe 8kl thandsi@on surface) of the nozzle plate
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43 is covered with a water—shedding'coat. Water—
shedding coating methods and material can be selected
appropriately depending on the ink properties, so as
to achieve the desired shape of ink droplets, which
shape is stable flying through the air, and high
image quality. For example, eutectic PTFE-Ni plating,
fluoropolymer electro-deposition coating, vapor
deposition using evaporable fluoropolymer (e.g.,
fluorocarbon pitch), baking after fluoropolymer flux
coating, and other suitable methods may be employed.

The piezoelectric element 52 includes alternately
laminated piezoelectric layers 611and internal
electrode layers 62. The piezoelectric layer 61 is
made of PZT (Lead Zirconium Titanate) with a

thickness of 10-50 um, and the internal electrode
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fluorocarbon pitch), baking after fluoropolynmer fl ux
20 coating, and other suitabl e, nethods may be

enpl oyed. The piezoelectric eFenent 52 i ncl udes
alternately |am nated piezoelectric layers 61 and

I nt | gt I T ezaeh et I
61 1 e O BRSPSy T Bt oy T S BeY

t hiyglkiness @ﬁléﬁnées, on saRebddre mhiéesnsl. ehectipde-y0
2004/ 096552 PCT/ JP2004/ 006204 -17 | ayer 62 is nade of

Ag-Ad:distddes - pal badi umtadlayed wmid althicekress of

several mcrons. The internal electrodes 62 are

I nteerdresedednal ebeattiedsl 1o tomnecdedidubér rdtesdtyrdde

the individual electrode 5 group 63 and the common

el emtaupled $4andsthel gommareceléot @ §4,The illustrated

i ndi vidual electrodes 63 and the common el ectrode 64

ar & priolf dedl- oRhehénggaricvp ergil eqLiFPEEES 66f amige the

pi ezoel ectric device as external,K _electrodes. The

p|&ﬂﬂﬂ%&t?1%CEF@ﬁ€n§45?qﬁxP%PW£ﬁ%@e98eF8€tHH?nlng end
onstant of d33 . and.expansion and. contraction of the

HWETietef ﬁeﬁ%%%?%kﬁ% lctﬂ%VbFSSéﬁrgﬁz

46 to ex %ﬂg ang{]contractele rlc %ﬁ 95§| naI |s
app or el ectri &al? arglng € pi €zo€e EctTic

el%@%Eoé%%cfflgxegﬂg%aﬂqnﬂkt&gé, and expansion and

contraction of the piezoelectric element 52 causes
the pressure chamber 46 to expand and contract. When
a driving signal is applied for electrical charging
to the piezocelectric element 52, it expands. When the
electric charges accumulated in the piezoelectric
element 52 are discharged, it contracts.

The external electrode provided on one end face
of the piezoelectric device is divided into a
plurality of individual electrodes 63 by half-cut
dicing. The other external electrode is a common
electrode 64 used in common for all the piezoelectric
elements 52. The common electrode 64 is not divided
because of restrictions due to cutaway machining.

An FPC cable 65 is coupled to the individual

electrode 63 by soldering, ACF (anisotropic



15 el ectric charges accunmul ated in the piezoelectric
el ement 52 are discharged, it contracts. The externa

wehewtwede provi ded on one end face of the PCT/JP2004/006204
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pi ezoel ectric device is divided into a plurality of

i ndi vidual electrodes 63 by half-cut 20 dicing. The

ot her external electrode is a comon electrode 64
used in common for all the piezoelectric elenments 52.

The Gommn &l eﬂmsieb%diiw,otop!wiﬁgdboﬁa%%%g g;gﬁl‘ Supply

restrictions due to cutaway machi ning. An FP

i s sceiilethd Osidgal ndbvitddaly s S &l 86t F98ecb3mt 52. The
sol dering, ACF (ani sotropic W 2004/ 096552

PCH+hR200A D06204he- ¥Bcceagiiet iom {4 spnhepdiedg tora

wi re bonding, to supply a driving signal to the

pi ezdetiact rdicr @b btrentiriZerThe) otwieiciendedEcttiereARC
cable 65 is connected to a driving circuit (driver

| Ceppitiicch seletvingl pulsappld esaceh defvichg pdleseodlectric
each of the piezoelectric elenents 52. On the other
hared,ement < nOe| éber edd el and o| Beer FeRMoyp electrode

connected to the ground (G\D) el ectrode of the FPC
calitde 165 4L &R 6L L¥c oo At DR S 18T PHIChel GND)

i nkj.et head 14 drivin l's t_10-50 IS ..
e RR Hef pFBSoBFSo AR Sl St 530 FXEFaGidid
to égirgdgignal to cause the piezoelectric elenent
52 to &@?ornﬁin the | ayered (or | am nated)

In the inkjet head 14, a driving puls (at 10-50
V) is applied to the piezoelectric element 52 in
response to a print signal to cause the piezoelectric
element 52 to deform in the layered (or laminated)
direction. This deformation applies pressure to the
ink in the pressure chamber via the vibrating plate
42, and consequently, an ink droplet 1s ejected from
the nozzle opening 45.

Once the ink droplet has been ejected, the
pressure in the pressure chamber 46 deéreases and
negative pressure is produced in the pressure chamber
46 due to the inertia of the ink flow and the
electrical discharge of the driving pulse.
Consequently, additional ink is introduced into the
pressure chamber 46. To be more precise, the ink

supplied from an ink tank (not shown) flows into the



direction. This deformation applies pressure to the 15
ink in the pressure chanber via the vibrating plate

wa2p04aaesseonsequent |y, an ink droplet is ejectedTIPINg/006204
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t he nozzl e opening 45. Once the ink droplet has been
ejected, the pressure in the,pressure chamber 46
decreases and 20 negative pressure is produced in the
pressure chanmber 46 due to the inertia of the ink

1 oy andh thee eheg EkcigdméﬂauyﬁﬁbOéhéhﬁr@@§ﬂﬂ&’chamber

pul'se.  Consequent ittonal 1nk Is 1Tntroduced

I Nty the M@Sg‘sﬂkesﬁ@lﬁ[@er A& do bearene @_E’&C@Sﬁ)plhhe
ink 25 supplied from an |nk tank (not shown) flows

I Ntcq driee MO, 200440965852 tRE&)/ JP2004/ 006204 - 19 common

i nk chanber 48, and into the pressure chanber 46 via

the i nk FEnpply sodt F48.ald ittherstndkaiseipphy cohamodl section
(fluid resister) 47. FIG 5 and FIG 6 illustrate the
conmtfr dhesetkpat Brohtelwe iBK] etd pi$ néebloEkGdimgram

bl ock di agram shomﬁn% the overall structure of the
costhaiinecthenoveand IFsGrtiwre of otkedcagitamlofsadieion,
head driving control nechanism The control section

i n@nfHds & p‘?lh?efi BdRcroldisraran oH, thembesd diverng

81 for drivi the fast scan notor 17 and the sl ow
sc &P @hd>&-head driver 82 for driving the
pri nt h%ﬂg (|nk£et head) .14. .Th

control sSéction 1n‘i£§%s a printer controller
70, a motor driver 81 for driving the fast scan motor
17 and the slow scan motor 27, and a head driver 82
for driving the print head (inkjet head) 14. The head
driver 82 is comprised of a head driving circuit or a
driver IC.

The printer controller 70 includes an interface
(I/F) 72 receiving print data from the host computer
via a cable or a network, a master controller 73
(such as a CPU), a RAM 74 holding various types of
data, a ROM 75 storing routines for processing the
data, an oscillating circuit 76, and a driving signal
generating circuit (or driving waveform generator) 77
configured to generate a driving waveform supplied to
the inkjet head 14. The printer controller 70 also
includes an interface (I/F) 78 for transmitting the

print data converted into dot pattern data (bitmap



driver 82 is conprised of a head driving circuit or a
driver IC. 15 The printer controller 70 includes an

wonvarbese (1/F) 72 receiving print data fronPCnEgPivos006204
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conmputer via a cable or a network, a naster
controller 73 (such as a CPU),~,a RAM 74 hol di ng
various types of data, a RC“%%S storing routines for
processing the 20 data, an oscillating circuit 76, and

a NG, 5 gﬁékvigﬁgya%f&n% reHiLn£oh el WiGrer 82,

wavef orm gener at or configured to generate a

driaddnesef or rusuppizi/ed te tde +pkhehikeadldnodhe
printer controller 70 also includes an interface

(I ldDiviehd alataansnichie /e ddie &biperngidata converted

into dot pattern data (bitmap WO 2004/ 096552

PCT/ JP20(x4 006204 us20 dat dufdied dravdng wavef aram #yo. ROM
the head driver 82, and an interface (I/F) 79 for
trdfsmtarey cohbroldmovitigadatex¢outhd byt dhedmiaster

8l. RAM 74 is used as buffers and a work nenory. ROM

5 Temtrlekerondr olf opdutdates «aanitbd BynCHd ofest eynd
controller 73, font data, graphic functions, and
varitduL Pt deeetPE8rePhe master controller 73 reads

print data from- the receive buffer in the. interface
(1/F) 72PadRdnGEr £8 ﬁ@léﬁ]ﬁwysddf%a(iiﬁtBrilﬁFe e

Icggc Séner%ncg?je\lfg ISJ.ftfg% iirlllt ecrhr{eEdjin teerfggg QT/%)i n7i,he
converts the print data into intermediate codes, and
loads the intermediate code data in the intermediate

buffer defined in a prescribed area in the RAM 74.

Then, the master controller 73 reads the intermediate

code data and converts the intermediate code data

into dot pattern data using font data stored in the

ROM 75. The dot pattern data are loaded in another

area in the RAM 74. If the inkjet printer receives

bitmap data from the host that has converted the
print data into the bitmap data, the printer
controller 70 simply loads the received bitmap data

in the RAM 74.

When a line of dot pattern data for the inkjet
head 14 is acquired, the master controller 73 outputs

the dot pattern data as serial data SD to the head

driver 82 wvia the I/F 78, synchronized with the clock



buffer defined in a prescribed area in the RAM 74.

Then, the master controller 73 reads the internediate
woaal/detsa and converts the internedi ate code #arar®$4/006204

into dot pattern data using font data stored in the

ROM 75. The dot pattern data_pye | oaded in another

area in the RAM74. |f the inkjet printer receives

bitmap data fromthe host that has converted the

prisRiyndat a(¢nk P E*&g};/alliité@pfld&ﬁ arhbh@ Wi M LE1RY circuit 76,

controller 70 sinp | oads the received bitmap data
i Nakhe 1RAM 74a + Yennarligne sofandptr @t t €t n1dakadienidhe the

inkjet head 14 is acquired, the naster controller 73
outnputte r tdwn €led 1 patkt 8Bnodatatas seraathdatgnsD t@ate to
head 25 driver 82 via the I/F 78, synchronized wth
t héhel bdadN@ 20041098582 BCESIR200A 0062049 .- 21 si gnal
(CLK) supplied fromthe oscillating circuit 76, as
5illustrdted dniwi® signdlFoenegatiinadeaitfuat /Heincludes
master controller 73 outputs a |atch signal LAT) to
the ROM Grhielkr Bavabepressimedad mPygths RRY dhilvitipt
signal generati ng circuit 77 jncludes & ROM §Mi ch 1
may T0& SSorfsts et aebyaﬁﬁérﬁodaﬁ) ThatPesHprddtghg Lona
pul_se %attern d #ﬁ ofg tﬁiedrirvivni Si Qa}l Pveshownc.inn
FIGY PROMe Htiviig Signal éler%era?n% TR HPP SF 7 TD
In%&%%ﬁié‘%@V%iggnkﬁ%?%ﬁggo%.%EQ%%oPﬂvbgge§a@@% 91
converter for digrtal-fo-analog

10 ~ having a D/A converter for digital-to-analog
converting the driving waveform data read from the
ROM, and an amplifier 92, as illustrated in FIG. 6.

The head driver 82 includes a shift register 95,
a latch circuit 96, a level shifter 97, and an analog

15 switch array 98. The shift register 95 receives the
clock signal (CLK) and the serial data SD (converted
from the print data) from the master controller 73.
The latch circuit 96 latches the register values of
the shift register 95 at a latch signal (LAT)

20 supplied from the master controller 73. The level
shifter 97 level-shifts the output value of the latch
circuit 96. The analog switch array 98 is ON/OFF
controlled by the level shifter 97.

The switch array 98 includes an array of switches

25 AS1 through ASn, to which the driving signal Pv is



converting the driving waveformdata read fromthe
ROM and an anplifier 92, as illustrated in FIG 6.

woheoslveed2dri ver 82 includes a shift register 96T/JPH04/006204
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latch circuit 96, a level shifter 97, and an anal og

15 switch array 98. The shift,pegister 95 receives the
cl ock signal (CLK) and the serial data SD (converted
fromthe print data) fromthe naster controller 73.

The d@al€hr sbhciht 96 ihaltlhas dhe1 r§hakak iv Lé:eﬁt‘&jlt 77.
the shift register 95 at a latch signal (LA

suppldieco f renet B ifRslesy AIMADh | €8 czann@&&;ekﬁvcﬁi one of
shifter 97 level-shifts the output value of the latch

Ci rund tp Bbzodhecamalcog lemdrcts af2 ayo 9B espodNiddf to each
controlled by the |l evel shifter 97. The switch array
98 dfhcthelesoanlarr @f dfhesvirtkhes h@8dAS$E .t hr ough ASn,
to which the driving signal Pv is WO 2004/ 096552
PCT/ JP200% 0deRoratiezn pyun rdata heDdr Whiled iagitalbeen
generating circuit 77. _Each of the switches ASl-ASn
i s S&frﬂrﬁelcf dtfénéﬁ‘ét&'fe thte Hrezdetl &Et rreiste@keits spre
corres on e of the nozzles of the inkjet
hedd S e tBr Loketorri TNt St 2785, VRGP DG the
be n aII r n1tte th % r |ster 95
Frhab byt B Faccn RATHTE B8, thhe 9y tgd bt 97
a@télggg%gﬂbgh q.@v% (déJQ%Ste 9¥rgt_|].e Ie \éelv Jtts)
sh % & prescrl 1 e g., several ens
Vmgﬁﬁflclent to drive the switches of the switch array
98. The level-shifted print data are input to the
switch array 98.

A driving signal Pv 1s applied from the driving
signal generating circuit 77 to the input stage of
the switch array 98. The output stage of the switch
array 98 is coupled to the piezoelectric elements 52,
which function as the actuators or the pressure
generating means. If the print data input to the
switch array 98 is “1”, then the driving signal Pv
with a prescribed waveform is applied to the
corresponding pilezoelectric element 52 to deform this
piezoelectric element 52. When the print data
input to the switch array 98 is “0”, no driving

pulses are supplied to the piezoelectric element 52.

The shift register 95 and the latch circuit 96



10 sufficient to drive the swtches of the switch
array 98. The level-shifted print data are input to

woheod4/9edse ch array 98. A driving signal Pv is aopbPmd4/006204

fromthe driving signal generating circuit 77 to the
input stage of 15 the switchyarray 98. The out put

stage of the switch array 98 1s coupled to the

pi ezoel ectric elenments 52, which function as the

actda ISy PfafheopressUrRuiganerahing FRansedd: tdigirrer
print data input to the swtch array 98 is "1", then

t he drand ngnsi gRakcBy a2G-awi t98 aa pe essrilbed caaafiordn i s
applied to the correspondi ng piezoel ectric el enent 52
to def orFid hi 32 phezoghefiliG.c 7 estesny §EneWhenwiaheforms of
print data input to the switch array 98 is "0", no

dr iddingingpupsésear gesggplticst 10 4 heopvertélogetlr iimkjet
el ement 52. 25 The shift register 95 and the latch
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digital logic circuits, while the level shifter 97
an@BIRteGFt ch array 98 are analog circuits. FIG 7A

through FI G 7E, show general waveforns, of . drivin , ,
pul ses JUHRR R EHRbyIE & Latipn is

d 0_ €] , ' d [l _ink | ets.
TG B R0 e EngE, 4 bR A SBELA FOP TS L TabLe
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7B through FIG. 7E with respect to the input pixel
data. To eject a large ink droplet, the level of the
print data (dot pattern data) applied to the switch
array 98 is set to “1” in sections S1 énd S2, and set
to “0” in sections 83 and S$4, based on Table 1. In
this case, the first pulse Pl and the second pulse P2
are applied to the piezoelectric element 52, as
illustrated in FIG. 7B. To eject a medium ink droplet,
a switching operation is carried out based on Table 1
to apply only the first pulse Pl to the piezoelectric
element 52. To eject a small ink droplet, only the
third pulse P3 is applied to the piezoelectric

element 52 based on Table 1.
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to select a desired pul se anong those shown in FIG

10 7B through FIG 7E with respect to the input pixel

print data (dot pattern data) applied to the switch
array 98 is set to "1" in secfjions Si and S2, and set
to "0" in sections S3 and S4, based on Table 1. In 15
this case, the first pulse Pl and the second pul se P2
arexaRf iied to the piezoelectric el ement 52, as

lustrated in FLG 7B To

a

eject a nmedi-um-i-nk—dropl et
swi t chi ng operatl on it carlri e@2out |bas®d on| Tabl%e 1

to
20

g rstopul g P tO (e giezogtecTiC)
Lglrpeycf%azll {I' ect a smal | 11|nk (dropl%et, only the

t i
el
P

Med iR SBrdiS1és aJpI ied td theppi ezoel @ctric 0
enent 52 based -oniTable-11 25 WO 2004/ 096552
CERIRA0cH D204 | 24- OTABLE 1 &1 S? S31s4 |Largl

d
0

t VegTumRdropi et 0 ¢ 0 Smar| drpptet
P g ot b 0” oS} T

ejection 0 0 01 hder |t he

above-described switch control, an appropriate pul se
is selected anong those shown in 5 FIG 7B through

FI

G 7EU%Q&n?aEﬁEngggbg—géé%QfﬂE&rghitch control, an

appropriate pulse is selected among those shown in

FIG. 7B through FIG. 7E for each nozzle based on the

print data, and is output to the corresponding
piezoelectric element 52 every driving period to
eject an ink droplet to print the image.

With an inkjet head capable of high-speed
printing operation using a number of nozzles, ink
droplets are ejected simultaneously from multiple
channels, and the head itself shakes due to the
reaction force opposite to the ink ejection force,
especially when a solid color image is printed. If
the frequency of the vibration agrees with the
natural frequency of the inkjet head, ink droplets
are not correctly ejected from the nozzles, and a
defective image is reproduced.

FIG. 8 is a graph showing the frequency

characteristic of an inkjet head obtained when the

t he | evel pof/JPive4/006204



print data, and is output to the correspondi ng
pi ezoel ectric elenment 52 every driving period to

wejetoseds2zi nk droplet to print the inage. W thPamwiP2004/006204
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i nkj et head capabl e of high-speed 10 printing
operation using a nunber of qglees ink droplets are
ej ected sinultaneously fromnultiple channels, and
the head itself shakes due to the reaction force

opee%ta%& thgs bpkeebesthen fl(yngeents esppchal by 1when a
solid color inage is printed. If 15 the frequency of

t henwinbraatd o 804 £€6eMi. t Mhkhe i mat-usadefr eguenencef occurs
the inkjet head, ink droplets are not correctly

ej aet ed o nam | hen@ozrkesecand - rdief ecésypahpeg@cictirs at
reproduced. FIG 8 is a graph show ng the frequency 20
chanact &ati=tic of an inkjet head obtai ned when the WO
2004/ 096552 PCT/ JP2004/ 006204 -25 actuators

(pi ezoellectfri®. elZpewni sh52heofdrdlMindeoechadnelfs 185e 4 s,
driven. The first-order resonance occurs at 4.5 kHz,
andheh@sietoirl oPBeFaEéeBnafic€a00ctAd avt 2t o EPequpncy

In FIG 7A, with the driving period of 125 A's, the
pr Pt |8nd<fb7pé?%t3r%ﬁ5rsT8aPFl g‘(} GutdeRse +PegGend?k of 8

g 058, B bP e SO TSR Lo SRR 2ol

a”%ﬂfyiég*%kfiéglfaﬁﬁa%%% %té%LQ¥Self shakes at 8 kHz.
Depending on the printed image or the printing method,
ink droplets may be ejected from multiple channels
every 250 us (double driving period). In this case,
the head shakes at 4 kHz because the actuators are
driven at this frequency.

Actually, when the head having the frequency
characteristic shown in FIG. 8 is driven at or near 4
kHz to print an image, the head resonates because the
driving frequency is close to the natural frequency
(4.5 kHz) of the heéd, and the printed image degrades.

To eliminate such a problem, a head driving
signal is produced so as to drive the head at a
frequency different from the resonant frequency of
the head.

FIG. 9 is the first example of the waveforms of

the head driving signal produced according to the



10 Depending on the printed inmage or the printing
nmet hod, ink droplets may be ejected fromnmultiple

wohenneés2 every 250 ,is (double driving peri o#ET/JP1004/006204

this case, the head shakes at 4'kHz because the
actuators are driven at thisyérequency. 15 Actually,
when the head having the frequency characteristic
shown in FIG 8 is driven at or near 4 kHz to print

an o B r ddeefis8di hegenatre s Reciausen t Den . drh¥i BEiving
frequency is close to the natural frequency (4.5 kHz)
of whke taad, 1 petulibe AumAkeduiInRge plegradesrd20ato the
elimnate such a problem a head driving signal is

pr bedderh is0oy asnd otdei wadt, hecreattaivalyf reqtiehcyare non-
different fromthe resonant frequency of the head.

Fl €] & ting heuisest nexafpl ejefctt Henhmadebpiassof I25he
the head driving signal produced according to the WO

5 2004109685 2 PCTPI P20044806264Cc iz pief epFeducing the
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enmbodi nent of the invention. The driving waveform
i nEurass Rivthey Pl sesSZpdr andueds biieherepégrndinagy the

oL S LRV ML, AP TR0 PSR oo o1,
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a section for producing the third pulse P3, S6 is a
transition period from the third pulse P3 to the
dummy pulse PdZ,‘and S7 is a section for the dummy

pulse Pd2. The output waveform is selected based on

'the control table of Table 2.

TABLE 2

S1 S2 S3 S4 S5 | S6 S7
Large droplet 0 0 1 1 0 0 0
Medium droplet 0 0 1 0 0 0 0
Small droplet 0 0 0 0 1 0 0
Non-ejection 1 0 0 0 0 0 1

With this driving signal, the pulses for large,
medium and small ink droplets illustrated in FIG. 9B

through FIG. 9D are the same as those shown in FIG.



is a section for producing the second pulse P2, S5 is
10 a section for producing the third pulse P3, S6 is a

wonrengweison period fromthe third pul se P3 to PO®JP2004/006204
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dummy pul se Pd2, and S7 is a section for the dunmy
pul se Pd2. The output waveforsis selected based on
the control table of Table 2. 15 TABLE 2 Si S2 S3 4
S5 S6 S7 Large droplet 0 0110 0 0 Mediumdropl et

0 @olyd 00 @he§n@kgr@r%@éﬂné)ﬁkfhg 42020 a driving
Non-ejection 1 0-0 Wth this driving signal,

t he iRi=sest K 9 k@gag, artealuwﬁyartshﬁ@al PainkmeRORlBlrs the
illustrated in FIG 9B 20 through FIG 9D are the

samd sashd hesersgewnai poftk@tial WD 2OOAENAQE55A compared to
PCT/ JP2004/ 006204 -27 However, when there are no

pr ivint) catd, faldsi gitndumsiygmpadl schaRd?2 | sis atitguriny

pul se Pdl, naintains the rising voltage (a potentia

di ff er edbeingl tleparéving s\Wgnadnd ¥t | shat wvdusmprm

pul se Pd2, is output. 5 Using the driving signal with
théhk%ﬁ#%ﬁ?@dl¥ﬁu§€ﬁat§d|@133?}S©a05°§§tP§ﬂ@ﬁﬁﬂqﬁmage

printed i nage  can be obtained even if the inkjet head
14 SRT ] r@btﬂ%aéeﬁwncﬁér adterintietshead id miigh ghe

I rrven
Sf%eq&%né% characteristic shown in FIG. 8 is driven at

4 kHz, because either the ink ejecting pulses shown
in FIG. 9B through FIG. 9D or the non-ejecting
(dummy) pulse shown in FIG. 9E are applied to the
inkjet head 14. This means that the inkjet head 14 is
driven at substantially 8 kHz, and the print data are
reproduced as a printed image of a satisfactory print
guality, without influence of resonance at 4 kHz.
When the non-ejecting pulse shown in FIG. 9E is
applied, it is required not to eject an ink droplet.
Accordingly, the flat voltage Vd after the voltage
drop from Vb is set to a level not causing an ink
droplet to be ejected, or alternatively, the slopes
of the falling edge or the rising edge of the pulse
are set gentle by appropriately selecting the time
constant of fall and the time constant of rise. Im
view of the purpose of driving the inkjet head at a

frequency other than the natural frequency, it is



4 kHz, because either the ink ejecting pul ses shown 10
in FIG 9B through FIG 9D or the non-ejecting
wOdowwmwsspul se shown in FIG 9E are applied toPCNEP2004/006204
inkj et head 14. This neans that the inkjet head 14 is
driven at substantially 8 kHz,gand the print data are
reproduced as a printed image of a satisfactory print
15 quality, without influence of resonance at 4 kHz.
Wen dha RAn-€) egti ngnRULSe - i g Fb &1 t8Bel ¥a 1arge
applied, it is required not to eject an ink droplet.
Aceerditigldet thee f Eabpyel bagend af1einghedyel bage the
drop fromVb is set to a |level not causing an ink 20
dr eplsging aadige ejested,. Bbwahtess naif vehy, slbpeshiepest
of the falling edge or the rising edge of the pulse
ar gessgtl genthe bpylappwopihatod ytisel dehimpgstbeatli bbecomes
constant of fall and the tinme constant of rise. In
5vi dwngfe t nputpeserdvidoi varg aheo¢arpes head.atThd 25
frequency other than the natural frequency, it is WO
2004/509655 2 PCT/ dP2008F606 P4 N LT eF 3 BB | 9Bt Ghegrefore,
the non-ejecting, voltage Vd large and to set the
sl dfed ofiehed¢al FegtRdGEe tartd ¢ R L7 sPhgPe gentle more
ed -qgrile. Fg ver, if the slope is set gentle, the
pul i'dt P9F°¢fhe dummy signal becomes 5 | arge, and

the dri ying perpdbegongs Long, This . results |n:a

decreased‘prlntlng t herefore,

10desidadi i o seipthes BH! 88 hape fentl & MRkCis not ejected.

Such residual vibration makes the ink ejecting
condition unstable. Accordingly, it is desired to set
the rising slope gentler than the falling slope. If
the non-ejecting pulse is a pulse drawing in the

15 meniscus (a falling pulse), then the rate of voltage
change in the meniscus drawing portion is set greater
than the rate of voltage change in the meniscus
restoring portion. This arrangement can produce a
great effect of excitation with an improved swing of

20 the non-ejecting pulse, and adverse effect of
resonance can be avoided efficiently.

FIG. 10 is the second example of the waveforms of

the head driving signal produced according to the
preferred embodiment of the invention. This driving

25 signal is a modification of the first example shown



than is needed. Wth a steep slope of the rising edge,

the 10 residual vibration occurs even if ink is not
wejewtoecss2 Such resi dual vibration makes the i RET/IP2004/006204

ejecting condition unstable. Accordingly, it is

desired to set the rising slope gentler than the

falling slope. If the non-ejecting pulse is a pulse

drawing in the 15 neniscus (a falling pulse), then the

rat e @fr0ld agene CHaNEEe: ik @ AT S Coigmey a8 es Pd1l and
portion Is set greater than the rate of voltage

chapge viintH e SpatECHs theShddg P0Fddenvb Thr® inverted,
arrangenent can produce a great effect of excitation
W thmya daproveld sikngxamp2@ tdhewiontej BTGl ng . palyse,
and adverse effect of resonance can be avoi ded
ef hippirend® ya t &1 G séDercs inkye asecomnidb@xénphetbt thdving
waveforns of the head driving signal produced
5 acvewvdifimgrnt cshdien preFéfred Odnthodienen ofabhe 2, each of
invention. This driving 25 signal_is a nodification of
t hehie sl whagppel 8AswA P2 deu/Bigs55208 through FIG. 10E
PCT/ JP2004/ 006204 -29 in FIG 9. The polarities of
t hé Sd PPl ses Pdl and Pd2 with respect to the base
vol tage _Vh are_ .inverted conpared mﬁth%the xanpbs
shown | WFE Eﬁl%wdréEﬁngﬂﬁﬁﬁﬁap%el% ?iﬁ%ﬁaeﬁe'gﬁ? 14
fromthe driving.5 f cw]r] {%{? 0 E)
Tabi’e ,l\éealjcl:hégfa ?ﬁg¥§?%ﬁ@ﬁ?pu s%lges \M}%§i §p ?%Q'qulgggthe
10th5%%ﬁéfﬂé%i&8E(dummy) pulse shown in FIG. 10E, and
satisfactory print quality is obtained without the
adverse affect of resonance.
It should be noted that the non-ejecting pulse
shown in FIG. 10E has a profile that reduces the
15 wvolume of the pressure chamber 46 (see FIG. 3). This
non-ejecting pulse causes the meniscus in the nozzle
opening 45 to rise up. If the area around the nozzle
opening 45 is stained with ink mist, the gap between
the meniscus and the ink stain may be bridged, which
20 further promotes smirch on the nozzle surface.
To avoid the undesirable smirch, the head driving
signal with a profile shown in FIG. 11 is employed.
With this driving signal, the non-ejecting pulse is

produced so as not to maintain the meniscus at the

25 swelled up position.



Is output. Using this driving waveform the inkjet
head 14 is driven at a nonresonant frequency by

wapplyoerg2t he 10 non-ej ecting (dunmy) pul se sSROWMIPI004/006204
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FIG 10E, and satisfactory print quality is obtained

wi thout the adverse affect aofyresonance. It should be
noted that the non-ejecting pulse shown in FIG 10E

has a profile that reduces the 15 volune of the

pressur grghanher; A6 {seen k@ ehmpll Sf NGHe 6/ 86LERGMs of
pul se causes the neniscus in the nozzle opening 45 to

ri sggeUpeald ddieriaigas ageabdpt-beuresy|fccopeimnagtéds the
stained with ink mst, the gap between the meniscus
angrelie rirmdd sindadivegnbeolbr itdgednwdniclon 208 f oohkherjecting
pronotes smrch on the nozzle surface. To avoid the
unpesisealflee ismiieriée heddrerithienginigranlapt Rla By
profile shown in FIG 11 is enployed. Wth this

dr Beileg tsingnaan Qepwbnveyeépirag BaAak 9% T?ﬂ?@aéuéed egsh
as not to maintain the nenjscus at the 25 smell up

poSit T8, ARG ioth/ RD9bSs2 PEPNIPLG04/ 10062045 %‘GOFE’@ FIG.
11 |s the thqubexanple of the waveforns of the head

drit T oduced according to the preferred
enbodinent of the invention. A non-ejecting pulse Pe

is inserted before the first pulse Pl. By 5 selecting
anpQutput; wavef orm based on Tabl e 3, each

S1 S2 S3 sS4
Large droplet 0 1 1 0
Medium droplet 0 1 0 0
Small droplet 0 0 0 1
Non—-ejection 1 0 0 0

It is preferable that the pulse width of the non-
ejecting pulse Pe shown in FIG. 11E be shorter than
the period of the pressure-induced resonance in the
pressure chamber 46. The period of pressure-induced
resonance is a wave period of the pressure wave
produced in the pressure chamber 46 when a stepwise
voltage signal is applied to the piezoelectric
element 52.

By setting the pulse width of the non-ejecting

pulse Pe shorter than the period of the pressure-



of the driving pulses shown in FIG 11B through FI G
11E is output. TABLE 3 Si S2 S3 S4 Large droplet 0 1

wa 2004/00&d2um droplet 0 1 0 O Snall droplet 0 8CUD/JR2004/006204
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Non-ejection 1 0 0 0O 10 It is preferable that the
pul se width of the non- ejectgpg pul se Pe shown in
FIG 11E be shorter than the period of the

pressure-induced resonance in the pressure chanber

46.1 nHhe- P& +88oREnBEES TWEL HidiiUcEds 18wEESBN3NCR ishd then
wave period of the pressure wave produced in the

pr €SS Wés thasbennd6 rwher agileyd SEonVOEt abe sicgiadjdSting
applied to the piezoelectric elenment 52. By setting
theydseray doh o luberrdredcejiactiDg. ROEpulseaskeuently,
shorter than the period of the pressure WO 2004/ 096552
PCTnIR2004410D0628421n30 1 sdiceth resbrlancey bke aeerd st usy
swells once and then is restored under the

applicadibning VABChoRNejSE@Whgln pifSe P8, ca® be avoided.
illustrated in FIG 11E. Consequently, undesirable

st dith Sk PR m%cﬁOﬁLaﬂ%ﬂ‘edt%exau%?esPﬁhéh@Mr\/ilrfg FIG.

Wavleleorhrgsshgr\{maclivarﬁltg\gelgncqcr}labte e gv(?glled meniscus

takes in and cleans up the fine ink mist adhering in
the vicinity of the nozzle opening 45. This
arrangement can achieve stable ink ejection.

It should be noted that, with the head driving
signal with the profile shown in FIG.1l1l, the effect
of avoiding resonance of the inkjet head may be
reduced because of the reduced width of the non-
ejecting pulse.

To further improve the head driving operation
overcoming this point, the head driving signal with a
profile shown in FIG. 12 is employed.

FIG. 12 is the fourth example of the waveforms of
the head driving signal, in which non-ejecting pulses

- Pel and Pe2 are inserted in sections S1 and S4,
respectively. By appropriately selecting an output
waveform based on Table 4, each of the driving pulses

shown in FIG. 12B through FIG. 12E can be output.



In addition, the non-ejecting pulse Pe shown in FIG
11E has an advantage in that the swelled neniscus

woOak®g9ésszand cl eans up the fine ink m st adhePCngPion4/006204
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the vicinity of the nozzle opening 45. This 10
arrangenent can achi eve stablg,ink ejection. It should
be noted that, with the head driving signal with the
profile shown in FIG 11, the effect of avoiding
resuiances of the inkjet head may be reduced because
of dwi-dth-ofthe non 15 ejlecti-rg—pul-se—To-

further inprove thd hedd dfi vhg pperdti on S%vadr c&5 nd
t Iy ' e, heqd dRiving signat wth a spragfit
sr&'\?\aﬁ% nr%%gf%ﬁ i S emgl ovad.ﬁFlG 12 is th% fdurt

exag immofdtdel savef oros o 20 the bead droving o
Silghal—+n—whi-ch—nanr—efeett-ng—pul-ses—Pet—and Het—are
| nSeRdd drPRESEi onfs SP anfl S, F esPectli vely. |By 1
approptiatety—setegtinganroutput—waveformbased—on
TablE £I 1o%f tHe drivi hg pul ses “shawn Tn fGY128
t hrough FI'G 12E can be out put.” 25 WD 2004/ 096552

PCT/ JP2004/ 006204 -32- TABLE 4 Si S2 S3 S4 S5 Large
dr opl et V\Pit]h 1t19'150 dI\/tedl.um dr.%[%llaelt, 01000

riving si the non-ejecting pulse
is applied more frequently, as compared with the
driving signal shqwn in FIG. 11. Consequently, the
inkjet head is driven at a substantially higher
frequency, and the excitation effect is increased.
Although, in the example shown in FIG. 12, non-
ejecting pulses are inserted at two positions, the
number of non-ejecting pulses inserted in a driving
period may be increased depending on the waveform.
The positions at which the non-ejecting pulses are
inserted can be determined appropriately based on the
oscillating characteristic of the inkjet head.

FIG. 13 is the fifth example of the waveforms of
the head driving signal. The waveform shown in FIG.
13 is a modification of the first example shown in
FIG. 9, and the second dummy pulse Pd2 is omitted. By
appropriately selecting an output waveform from the

driving signal shown in FIG. 13A based on Table 5,
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In this example,

the non-ejecting pulse is

created making use of a portion of the third ejecting

pulse P3,

as illustrated in FIG.

13E.

By making use

of a portion of the waveform of the ejecting pulse,

the total length of the driving signal can be

shortened,

and the printing speed can be increased.

FIG. 14 is the sixth example of the waveforms of

the head driving signal. This waveform is a
modification of the fifth example shown in FIG. 13,
and a non-ejecting pulse that rises and then falls in
section S1 is employed. By appropriately selecting an
output waveform from the driving signal shown in FIG.
14A based on Table 5, each of the driving pulses

shown in FIG. 14B through FIG. 14E can be output.

The non-ejecting pulse shown in FIG. 14E is a



Large droplet 0 01100 Mdiumndroplet 001000

Smal|l droplet 0 0 0O 011 Non-ejection 1 00001 5
wonodhwessexanpl e, the non-ejecting pulse is CPERIRI04/006204

maki ng use of a portion of the third ejecting pulse

P3, ‘as illustrated in FIG 13Fk4_By naking use of a

portion of the waveform of the ejecting pulse, 10 the

total length of the driving signal can be shortened,

antdiifo P tat pgsspeed .CPr deed iLhigaspdrt P@seldidwn in
the sixth exanple of the waveforns of the head driving
si g . Thit sawdveforimdenBed mbdinbi gatlismn ehowhe ifd ftls. 13E.
exanpl e shown in FIG 13, 15. and a non-egjecting
pul se th&te rfseseandrbierctfiald shorseption Shuses the
enpl oyed. By approgriately_selecting'an out put
wavefror s ¥ s oR® t fEeddi wong@uwlignlal , shibivphi fakle@ i 4md
based on Table 5, each of the driving pulses shown in
SFI Gleis t¥e otlyh rebesism & ek Jut pht argunthaozzle
non-ej ecting pul se shown in FIG _14E i s a_WD
DOGRUSEIED PETT JPOBERLT0A0M NN LaftpBULEE FRSEDIn
a projecting short, pul se j$o in FIG 11E and an
i ndk reoﬁﬁcgn‘axf)ﬁﬁggggﬁoﬁf'%v’gl G 13E. The forner
projecthggcﬁgﬁ % ylsg cayses the | sEUS S | up
qui ckly,”whi C s éﬁes A gn% e pEQSSMye
includes the first pulse that pushes out the ink
10 meniscus on the nozzle surface and the second pulse
that follows the first pulse to pull in the meniscus.
The pulse width of the first pulse is shorter than
the period of the pressure—induced resonance in the
pressure chamber, as has been explained above. In
15 short, the non-ejecting pulse shown in FIG. 1l4E
achieves an excitation effect with an improved pulse
swing, while removing the adverse effect of resonance
on the printed image gquality efficiently. At the same
time, the influence of undesirable ink mist that
20 adheres to the nozzle surface during the continued
printing operation can be removed. As a result,
ejection of ink droplets can be performed in a stable
manner.

By creating the non-ejecting pulse making use of

25 a portion of the dummy pulse or the driving waveform,
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non-ejecting pulse Pe includes the first pul se that
pushes out the ink 10 neniscg?_pn t he nozzl e surface
and the second pulse that fo ?oms the first pulse to
pull in the nmeniscus. 'The pulse width of the first

PULSS n% iSPrd:erch BaBhatrhe tReiAd &f dhethe inkjet head,
pressure-induced resonance in the pressure chanber,

as thas deeir axplefnednabove. dhe teshdtcet BE the head is
non-ej ecti ng pul se shown in FIG 14E achieves an
exciahatdldreef fard wigh amimtpmeyethgpul sy cswi bg, awhiieved.
renovi ng the adverse effect of resonance on the

pri nt ed Alrdgergjuat ¢ ypeefeoitednven tAton hea sabeent des,cribed
the influence of undesirable ink m st that 20 adheres

t o exiePAGAAM I G Uk R acel edaritygp e HE kbt | heed wWathnttihgy
operation can be renmoved. As a result, ejectlon of

i nWl@rr@QJéx% e peLPELFEARFNAT R St AT E-

el B SETD.UH T TR
20041036552, FETL P0G 00624t .55 AEPSRFER, MRt son
e i ihe sesgparis,al 47 dead Lgescatel.
apparatus using inkjet printing equipment, as well as
to any type of printing apparatus using an ejection
head.
An actual example is now explained.
<Example 1>
An inkjet head with a structure shown in FIG. 15
is prepared. A ceramic substrate 101 with a thickness
of 2 mm and haviné an electrode pattern on it is
prepared. A laminated piezoelectric device 102 is
fixed to the top face of the substrate 101 using
anaerobic adhesive.
Internal electrodes on the grounded (GND) side
and internal electrodes on the high-voltage terminal
(Hot) side are interlaced with each other, and the

two groups of internal electrodes are connected to

the external electrodes formed on two different
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Al t hough the present invention has been described 5
exenplifying the piezo-type inkjet head with the

printing nethod or the vibrating characteristic are
not limted to these exanpl es3gThe present invention
is applicable to any type of 1 nmage reproduci ng 10
apparatus using inkjet printing-equiprment, as well as

t 0 cARye Hyies Of y PLABLH BE cAPRAIALAIS, Usd £19e8816k861I O
head. An actua ¥ exanpl e i s now expl ained. <Exanple 1>

15 adytuaikjieie headviithge Stsr ued We shwWbednakblkrGssl&he
is prepared. A ceram c substrate 101 with a thickness

of extamreald dilbwthgodpselttectoaate pedler@alement: iof the
prepared. A | am nated piezoelectric device 102 is

fi védzaelidettop flavecel UlRe wubbtferm 30lagsitiog iruce
anaer obi ¢ adhesive. Internal electrodes on the

gr é@kd el (TND) T spdes sHi@ mqltl@malusae eefrbbesdefammtion
hi gh- voltagetermnal (Hot) side arelnterlaced wi th
ead dtrerlaminpetad dt’-ﬁ@%}r“@d’ps(%? e eFRAFKBRS& r odes
are conq_e]::t ed to 25 the external, el ectrodgs f.orne on

W T St - v%?@éﬂ}lﬁ%é@z Hﬁéﬁ%P’z%o%IPB 8564 0
o B 2l Oy 2kl elem ERRLYeLY e boce ana
the substrate 101, which is then hardened to
electrically connect the external electrode of the
plezoelectric element 102 and the electrode pattern
on the substrate 101.

The piezocelectric device 102 and the electrode
pattern on the substrate 101 are divided into a
plurality of sections by groove machining using a
dicing saw at a pitch of about 85 um. The GND side

electrode on the substrate 101 is short-circuited by

conductive paste. Then, a frame 103 made of an glass-

reinforced epoxy resin is bonded onto the substrate
101 by epoxy resin. Finally, the top faces of the
plezoelectric device 102 and the frame 103 are
aligned with each other by surface grinding, and
epoxy adhesive is applied onto the top surfaces of
the piezoelectric device 102 and the frame 103 by

silk screen. The liguid chamber unit is highly

t he PCT/JP2004/006204



external electrodes to cause each el enent of the
pi ezoel ectric device 102 to deformso as to induce 5
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in the lam nated direction (or the thickness
direction). A conductive pastgyis applied to the
border between the Hot side external el ectrode and
the substrate 101, which is then hardened to 10

el eatdd i1y so8nechntlie o efdiade &l 86t h0da 0 thR 103
pi ezoel ectric element 102 and the el ectrode pattern

on gt WSt at6e18ttrike quiveizael egeri c device 102 and

the electrode pattern on the substrate 101 are

di vi ded Th# d agdbd pthrabietry wfitseotc ndebyagrhevsel plate
machining using a dicing saw at a pitch of about 85
AmlOthe IGND'side aekectmogdd igmichef sowsthanael0lds, a
short-circuited by conductive paste. Then, a frane
10Pnedind aprgbass106ei minst cedt EpbkyreesERors Iohdwee

onto the substrate 20 101 by epoxy resin. Finally, the
t of Fe&t f ¢hehipPefodliddiqqt HERFEE2E62 FRG tdwnnel
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interface between them. A nozzle opening 110 is
formed in the nozzle plate 108 so as to communicate
with the pressure chamber 106. Deformable diaphragms
111 are formed in the vibrating plate 109.

The fabricated inkjet head is filled with ink, a
stepwise voltage is input to the head, and the
response of the meniscus on the nozzle surface is
measured by a laser Doppler vibrometer. The natural
period Tc of vibration was about 12 MU sec. The
vibration of the nozzle surface i1s measured, while
sweeping the frequency, to evaluate the
characteristic of the head. The resonant
characteristic with the firsf peak at 4.5 kHz and the
second peak at 11.2 kHz was confirmed.

This inkjet head is mounted in a printer to

evaluate the printed image by applying a conventional



and the piezoelectric device 102. The |iquid chanber
unit includes a channel plate 104, in which a comobn

woOizopgiodedsk ow channel 105, a 5 pressure chanber PCDBP20a416h6204

a fluid resistor 107 are formed by etching a silicon
substrate. The channel plate33d04 is sandw ched
between a nozzle plate 108 and a vibrating plate 109
fabricated by el ectroform ng by applyi ng epoxy

adhgsiwend owd PeroR iseid age wetween LAe®h ANAZA &le of
opening 110 is fornmed in the nozzle plate 108 so as

i al €ryet, h e ot eseid esghanbat-oQets at a 125

Def or mabl e di aphragns 111 are formed in the vibrating

pl atiecAd9=cdhe flabgkeat @divikjcetpdebddi sFbirl et widdluation,
ink, a 15 stepwi se voltage is input to the head, and

the tesponsttefrnt ef neml sdusodent hianawez| e fsuefryre, imedium,
neasured by a | aser Doppler vibroneter. The natural
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In the test result, satisfactory solid color
images were obtained at 8 kHz, 2.7 kHz, and 2 kHz.
However, horizontal streaks appeared in the medium
droplet and small droplet solid color images at 4 kHz.

Next, a driving waveform shown in FIG. 9 making
use of a dummy pulse according to an embodiment of
the present invention 1is used, and the same
evaluation was performed. With this driving signal, a
non-ejecting (dummy) pulse shown in FIG. 9E that does
not cause an ink droplet to be ejected from the
nozzle is applied to the inkjet head in the non-
printing range. A satisfactory printed image without
horizontal streaks was obtained even at a driving
frequency of 4 kHz.

Next, evaluation was made using the non-ejecting

dummy pulse Vd shown in FIG. 9E as a parameter in



driving waveform shown in FIG 7, which is capabl e of
spraying large, nmedium and small droplets at a 125

woizergeesond (9 sec) driving period. For the PCT/JP2004/006204
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eval uation, a test pattern of solid color imges of

| arge, medium 5 and small drgglets shown in FIG 16

is used. Ink droplets are ejected fromall the

channel s (nozzles) of the inkjet head at four

di fhereanttdré¥bhngnel QUG RS {181 KHeo 142kl radigle K&, the
and 2 kHz) to print the solid color images. 10 In the

t esfom-esidd¢tingt paflaet.omhes@dulk€of oL 1 ingRgesnar® and the
obtained at 8 kHz, 2.7 kHz, and 2 kHz. However,

hopward at i singakimeppeamed-d nsdhetoedi usedr ophet and
smal | droplet solid color inmages at 4 kHz. Next, a

dr ieviadgr aleivet or g shdwd si FhRIWEG 0 nBRPAG 615 use of a
dummy pul se accordln% to an enbodi nent of the present

i nvent i drit i Balbed® - afBiet RISy e e¥al wat Pén thgs non-
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pul se”vd shown in FIG 9E as a para
VDOMMSJ@gOthéP%QQ%M%t pattern at the

beginning. The “endurance” is evaluated by observing
degradation of the print quality after the test
patterns are printed consecutively a number of times.
The circle in Table 6 indicated a satisfactory result,

and the cross mark indicates a poor result.

TABLE 6
EVALUATION vd [V]
ITEM -10|-8|-6|-4|-210 2 4 6 8 10
PRINT X | X | OO | x| x| x|]O|O]| x| x
QUALITY
ENDURANCE - - X X - - - O | 0O - -

In Table 6, at voltages of -10 v, -8 VvV, 8V, and
10 v, ink adhesion was observed in the margins or the

background in the evaluation of the initial print



-39 order to exam ne the preferable voltage range of
the non-ejecting pulse. The pulse falling tine tf and

woOheo4/0pe858e rising tine tr were set to 3 ,u SeeCT/TA®04/006204
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eval uation result is shown in Table 6. 5 In Table 6,
the negative value of the nonsyejecting voltage Vd
represents that the applied pul se has an opposite
polarity (as shown in FIG 10E), as conpared with the

NoR@j186tY NOrpLl SBe8ABWMANER Fldde Hmk dREpiBEkNhere
quality" is the initial inmage quality 10 observed from

t hejpidudEEt&6t tpat hernlat vl r bege nabplicikéon of the
"“endurance" is eval uated by observing degradation of

t heopr-aite gttah g t guahy epullbe testingather nsnape iprdimced
consecutively a nunber of times. The circle in Table

6 pediicat edia slaei séageofyomesdl tV 4® 2Wd theder oss

mark indicates a poor result. TABLE 6 EVALUATI ON Vd

[ VEelgERMatlion gocgurgedip the gaasgmaPRPKI XMROE @iX a
XX00 XX QUALITY ENDURANCE - - X X - - - 00 - -

| ndrdpians, feeayertsuges 6f KHf0 v, -8 Vv, 8V, and 20 10
V, ink adhesi on was observe% in the nargins or

he
backgr odf®d n e RYAF BACFom ST 7 i 77 ?%Ftﬁgihy WO

20%@%@%%%%%&; §J£?99%é986%%% sheets of test pattern

image only under the satisfactory conditions of the
initial print quality test. When the non-ejecting
voltage is -6 V and -4 V, the printed image is
deteriorated, and in the worst case, the nozzle comes
off. In contrast, at a voltage of 4 V and 6 V, a
satisfactory printed image was obtained even after
the consecutive printing operation of 500 sheets of
test pattern.

Next, a comparative evaluation was performed
using the driving waveform shown in FIG. 10 or FIG.
11. Voltage Vd is set to 5 V, and pulse width is
varied among 3, 8, 12, 16, 20, 30, and 100 usec. The
evaluation result is shown in Table 7. As to the
symbols, a circle represents a satisfactory result, a
triangle represents a fair result, and a cross

represents a poor result.



-40 quality. This neans that some ink droplets were
ejected fromthe nozzle under the application of the

waam4@pesti ng dunmy pul se during the non-print PAE/JP2004/006204
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period. In the range from-2 Vto 2V, imge 5
degradation occurred in the t1gpt pattern inmage at a
driving frequency of 4 kHz. Then, an endurance test
was conducted by consecutively printing 500 sheets of
t esthppat t2rn i mage only under the satisfactory

Cr\nrh ti-ens r\f th 1(\ i tial nri Nt ﬂuQLJ tv test- \Ahan
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V, and pulse width is 20 varied anong 3, 8, 12, 16,

20, 30, and 100 ['sec. The evaluation result is shown

in Tabl €chceAsnimgttiee $ymbdks, pericitt dwalepyesents a

satisfactory result, a triangle represents a fair

r esaittls fantarerpssntr épreosemus la pooks rebbptinegswith a
long pulse width. With a shorter pulse width, slight
streaks were observed in the small-droplet image at 4
kHz. Then, in the endurance test after the
consecutive printing operation of 500 sheets of test
pattern, a satisfactory result is obtained with a
pulse width less than or egual to 12 ugsec, which is
the natural period Tc of meniscus vibration of the
inkjet head. With the pulse width of 16 Ksec and 20
U sec, unevenness of print density was observed in the
small-droplet image, which may be due to the curved
ejection path. With the pulse width of 30 U sec and
100 U4 sec, streaks are observed in the printed image.

Next, the driving waveform shown in FIG. 12 with

two dummy pulses (Pel and Pe2) is applied to the
inkjet head, while setting the pulse width to 8 um.

500 sheets of test pattern were printed consecutively.

Satisfactory result was obtained in both the initial
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Concerning the initial print quality, satisfactory
print image quality is obtaingd_ with a 5 |ong pul se
width. Wth a shorter pulse width, slight streaks

were observed in the small-droplet image at 4 kHz.

Thegkeihd §helergurancedBstapééer the consecutive
printing operation of 500 sheets of test pattern, a

sati sf aatexy, r esubimpias acdifved neeh habianl@apubhtRiav Wi tng the

| ess than or equal to 12 A sec, which is the natura

perdodv Teg ofawefiosous Midxata oadolnt REG.i Al etihealdich the

Wth the pulse width of 16 usec and 20 A sec,

uneiensiessonfepeicitindgensitse was pbedrved ilm thle and the

smal | -dropl et image; which may be due to the curved
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100 usec, streaks are observed in the printed imge.

Nex@f the SPpViAgIREVeTordd ShbiRYi RUEFE PP2 Wit t$P - t e

du ul ses ((Pel and . Pe2) is applied to the inkjet

oot TP FELSRl LAY (HE FFbEE Wb oL RaL 528 TP Dot bothe -
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rising time in S6 is 10 usec. The peak voltage of the
first non-ejecting pulse in S1 is 5 volts higher than
the base voltage Vb, and the bottom voltage is 10
volts lower than the base voltage Vb sb as to agree
wlth the voltage level of the third ejecting pulse P3.

With this driving waveform, satisfactory results
were obtained in both the initial print quality and
endurance after the consecutive printing operation.
Since in the driving waveform shown in FIG. 14 the
slope of the rising edge of the non—-ejecting pulse in
S6 is set gentle, significant excitation effect 1is
achieved, without causing damage to occur as
indicated in Table 6 when the non-ejecting voltage is
set large.
As has been described above, the ejection head

is driven at a driving frequency other than the

resonant frequency of the ejection head, and



Satisfactory result was obtained in both the initia
WD 2004/ 096552 PCT/ JP2004/ 006204 -42 print quality
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using the driving waveformillustrated in FIG 14, in
which the first non-ejectinggpulse is produced in Sl
and the 5 second non-ejecting pulse is generated as a
portion of the small-droplet ejecting pulse P3 in S6.

Thecodd oBupeti ol breadne stasdt 0brpuksndrdd 49 be
the. fall of the pulse in S is 5 /-isec, and the

pulissducédi ngthi BE siimpSek istdfkcOusec. Cthe qealn Vo) | ageint
of the 10 first non-ejecting pulse in Si is 5 volts

hi ghexlitmancathbebdspnotddagendr andbille dpatrzomons .
voltage is 10 volts lower than the base voltage Vb so

as to agreehowghhinhéhgolafayeetdvetrbethexamples, the
ejecting pulse P3. Wth this driving waveform
satils¥derory nedel tigd331nikaebbtaTnéd s asbtds tiHee
initial print quality and endurance after the
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descri ove, e ej ection hea

only to a piezoelectric type inkjet head, but also to
driving a thermal type or a electrostatic type inkjet
head.

Although the image reproducing apparatus descried
in the embodiment employs an inkjet head to produce a
printed image, the present invention is applicable to
any type of liquid droplet ejection head used in an
image reproducing and forming apparatus. For example,
the invention can be applied to a resist pattern
forming apparatus with an ejection head for ejecting
a liquid resist, or a sample pattern producing
apparatus with an ejection head for ejecting gene

analysis ligquid samples.



is driven at a driving frequency other than the 25
resonant frequency of the ejection head, and WO
waQoess52 PCT/ JP2004/ 006204 - 43 consequent PET/JP2004/006204
adverse effect of resonance can be reduced with a
sinple structure. Consequentlgy- print quality can be
i nproved under stable operations. Although in the
above-descri bed exanples, the 5 thickness node (d33
effect) PZT is used as the cypaedpgl ectric device, an
el astic vibration type PZT may al so be used. The
hi gher reliability of the device is obtained when
usi ng the thickness node (d33) PZT. The present
i nkenBnordnayapptpeadheinot ang FHsning aapbezdélisctric
type inkjet head, but also to driving a thermal type
or campireStiisst ati ¢ type i nkjet head. Although the
i mage reproduci ng apparatus descried  in the .

5 enbodi Bt STt loyR dreRAKFEP TREAT G Tt dtiligeta® $3auid
printeg i mage, the gre en% igvention IS agplicable £.0._ .
an§TePpE o 19 dPAF BpPet Ceit 8] S HERAITs8E Fn &1
i mge reproducin n r T r at F Le,
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f op It ag anoay ak Ls, 4, hsi‘Bn%Jle%ta'ﬂth{Weédwé%fGJrEICtt'h%&
207a’liquid resist, or a sanple pattern produci ng
apparatls Md hedf@cgisﬁt headhead S rei&ciing gen&ing
anal ysis 1 quid sanpl es. :

10 frequency other than the natural frequency of the

ejection head; and

a driving unit configured to drive the ejection
head based on the driving signal supplied from the
driving signal generating unit.

15

2. The image reproducing and forming apparatus of
claim 1, wherein the driving signal generating unit
produces the driving signal including a non-ejecting
20 pulse that produces energy for not ejecting the
droplet, and the driving unit applies the non-
ejecting pulse to the ejection head in a non-printing
range in order to drive the ejection head at the
driving frequency other than the natural frequency of

25 the ejection head.



WD 2004/ 096552 PCT/ JP2004/ 006204 -44 CLAIMES 1. An

i mge reproduci ng and form ng apparatus conprising: 5
wano@jeetse on head configured to eject a |iqui dPCUIPO€006204
froma nozzle to forman image on a nediunm a driving
signal generating unit configued to generate a

driving signal having a waveformthat causes the

ej ection head to operate at a driving 10 frequency

ot her than the natural frequency of the ejection

head; and a driving unit configured to drive the

ej ection head based on the driving signal supplied
fromthe driving signal generating unit. 15 2. The

i mege Thprddagengegnbdurimagaadpdoamisifapmd Badugd, of
wherein the driving signal generating unit produces

t heCHpinmi Ag Fihgralin ndlaidingvangosignedt igene 20t pugsenit
that produces energy for not ejecting the droplet, and

t hePBPAVFRG GRict PeppIgieact e nbnlsej eaikigipuise 6 a

t he eLection head in a non-printin range in order to
dr iRRFHhBRePécBlof IR RE RRESedPlyithe Ardgligngysignal.
ot her than the natural frequency of 25 the ejection
head. WD 2004/ 096552 PCT/ JP2004/ 006204
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4. The image reproducing and forming apparatus of
claim 2, wherein the driving signal generating unit
produces the non-ejecting pulse that draws in a

meniscus of the nozzle.

5. The image reproducing and forming apparatus of
claim 2, wherein the driving signal generating unit
produces the non-ejecting pulse that pushes out a
meniscus of the nozzle and has a pulse width smaller
than a period of pressure-induced resonance in a

liquid chamber of the ejection head.

6. The image reproducing and forming apparatus of
claim 2, wherein the non-ejecting pulse has a falling

edge with a first rate of voltage change and a rising



-45 3. The image reproducing and form ng apparatus of
claim2, wherein the driving signal generating unit 5
wonrodwoes2t he non-ej ecting pul se, nmaki ng use oPC#JIP2004/006204
portion of an ejecting pulse of the driving signal.
4. The inmage reproducing and fgf m ng apparatus of 10
claim2, wherein the driving signal generating unit
produces the non-ejecting pulse that draws in a
meneages wafcht ke SWzFh@. rdbeSorThR 1ivREE d}?@:ﬁﬁgu%% is
and form ng apparatus of claim?2, wherein the driving
si gamh l@emertatarng:-hmi £irptoduces oftherdioik®d e€hhAge .
pul se that pushes out a neniscus of the nozzle and
has a pulse width smaller than a period of
pressure-induced resonance in a 20 liquid chanber of
the ejection head. 6. The i nmge reproduci ng and
form ng apparatus of claim2, wherein the
Son? e] gb?. REEIH FEHRIRCi A aﬁg fogmddye apparathsr of
rate. of voltage change and a ri sing WO 2004/ 096552
PCT?%%?‘@O%/'OU %ZFHM RAYREVEY RCA 1S it Tt bnpfudes a
vol age, chan ge tha*_’}1 smal l er than the first rate of
vol Tage ¢ angéons aﬁ?&??%ﬁgé“r@p@&&ﬁﬁqﬂfeﬁ@ FBenPRGZLe
ap u I he, non eJe ing puls
|ng‘%g%s§a9E F%S?kg%%f?%ﬂ$§ﬁ %gérgﬁgnﬁﬁ g rﬁs%g§°8$

thep&f?%zbﬁ thakh 2 didSds rahe QbnYQLLR9IS £NANGE, 80918 with

second
10 a second rate of voltage change smaller than the

first rate of voltage change.

8. The image reproducing and forming apparatus of
15 claim 2, wherein the non-ejecting pulse includes a

first waveform that pushes out a meniscus of the

nozzle and a second waveform that follows the first

waveform to draw in the meniscus of the nozzle, the

first waveform having a pulse width smaller than a
20 resonant frequency of a ligquid chamber of the

ejection head.

9. The image reproducing and forming apparatus of

25 claim 2, wherein the driving signal includes a first



portion that restores the nmeniscus of the nozzle with

10 a second rate of voltage change snaller than the
woiowovssame e of voltage change. 8. The image repCoOMdPZOHE6204

and form ng apparatus of 15 claim 2, wherein the

non-ej ecting pul se includes ayz-first waveformthat

pushes out a neniscus of the nozzle and a second

waveformthat follows the first waveformto draw in

t henoRAESeus 10fy tdiymorziesetheq bir st peayeformyhayi fde

a pulse width smaller than a 20 resonant frequency of

a |dguviingharieralofadiea € eshdonohead.ekindesignrge

reproduci ng and form ng apparatus of 25 claim 2,

wherrsarthe diti winngrsd gnal thacludesna fdirggta MO

2004/ 096552 PCT/ JP2004/ 006204 -47 non-ejecting signa

inserted at a beginning of the driving signal and a

second non-ejecting signal inserted at an end of the

driving signal. 5 10. The inage reproduci ng and

form ng paratus of claim 2, wherein the ejection
heégbin%ﬁgdéQagﬁ CERAH 119 2pRodQdTHd S iRasutest of

ej ect_the, droplet., d the driving signal .ing¢cluding
t hec%%%m 16 eng‘@trieﬁél pul st %c{abﬁ’fli g&’atdo T AR Tt or .
actuator for producing a pressure to eject the

droplet, and the driving signal including the non-

10 ejecting pulse is applied to the actuator.



