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-1- DESCRI PTI ON | MAGE REPRODUCI NG FORM NG APPARATUS
W TH PRI NT HEAD OPERATED UNDER | MPROVED DRI VI NG
VWAVEFORM 5 BACKGROUND OF THE | NVENTI ON The present
invention generally relates to an inmage
reproduci ng/ f orm ng appar atius, and nore 10
particularly, to an image reproducing/form ng
apparatus using an ejection head driven under reduced
i nfluence of resonancelECSIRETI®Y¥pes of i nage
reproduci ng/ form ng 15 apparatuses, such as printers,
facsim |l e machi nes, coping machi nes, or plotters,

enpl oy inkjet printin equi pnent to reproduce a
hardcop%Mﬁﬁgggaﬁgqpqékﬁ% OEMENFE@%%A&%T%@ WadEHpnent

g Ly jnoc I nkjet_head having a_set of
noRonEs Al G ERRRED: RSt iERey D" PRl meftepromu
head, an ink chanber (which is also referred to as a

h r..or LI fl ow channel) is arranged
é%ﬁ%éﬂégNgoggﬁ%Hzﬂ%ﬁ%&#ﬂ%ogach nozzl e openi ng, and an
ink droplet is ejected fromthe nozzle openi ng upon
application of pressure 25 to the ink in the ink

Chanb?ﬁebﬁrégeﬁ%tWﬁ%@héﬁoﬁtggﬁeiglﬁynﬁéﬁﬂ e@rﬁgsgke
generating means. There are Several types of inkje
heags kBpWBdubing/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 plctters, 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 oxr other
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so-cal l ed piezo-type inkjet head uses a piezoelectric

el ement as the pressure generating neans, which 5
deforns the walls of the ink flow channel to change

the volune of the ink chanmber and eject ink droplets.

A thermal -type inkjet headzuses a heating resister

for heating the ink and producing bubbles in the ink
chanber to eject an ink droplet under pressure. An 10
b ettpbst priecstype darg sttt headmeses.a vi brating plate
defining the ink flow channel and an el ectrode facing
the Vi aei agepbaveragl dotrost afi énkiede ey oduced . A
between the electrode and the vibrating plate, which
Forcel bafoPiE Z2ond YA riatk Rt phake 8@ Sciamfeszehéegsric
vol unme, of t ink flow channel, thereby ejecting ink

h

?ﬁ?ﬁﬁ%?s?slEEFePrﬁéﬁﬂ?%ﬁﬁ?@efﬁElPEbﬂ%ﬁqﬁ;;ﬁ%&%hare

[ d 1 . t [
JeFoIEh, ERECHRIES iy e S L B obh BB et ard e ogo

| f i t
CRECFELSEE, BB 5P Lo MhGaTEPapll S ik e pgete.
Nidiathag-plake sautear d 40y expand,t he a\tq,'n;amrgéié'asr
g plate

i nk chanber”and thén to bring the vibrati
hacknéo:ihg ehkdind aPREIZIOMEONG SOBHIGS IK 2Be ink

droplets. Still another type is to drive the inkjet
ctlamihendt byedecanainndtnlordwipl de pusbrdissehanges mephod
and the pull-di scharge nethod.

electrostatic-type inkjet 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. Ancother type is to pull the
vibrating plate outward to expand the volume of the
ink chamber and theﬁ to bring the vibrating plate

back to the original position to discharge ink

droplets. 5till another type is to drive the inkjet
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In general, an inkjet printing unit has several tens

or nore nozzl

es for each color, and nozzles to 5 be

driven to eject ink droplets are selected according to

t he pi xel dat
medi um When

ain order to forman inmage on the
a nunber of na@zzles are driven (by

activating the pressure generating neans), the
reaction force caused by the pressure for discharging
MR & nky de opbeb iaetts aon ¢hethekpeshhedd dhtaed¢ . mEohod

this reason,

t he head shakes under the application of

anfk-tief el hgdpredanas wripeading on the pixel data,
and resonance_occurs at, the natural frequency (eigen
fr equ]é‘hc%n%ifailheaﬁe&éi‘kh%t IPT{REIRGad NS diavepcutral
frequenc near 3% resonant freggency ej ected

Wibpl et SRR
l?der °&’£1§e§' £85

n such

88?& S £9% i YRRt APSQGH t aﬁl?ilzzﬂ-ﬁg to
h L rt
g@%c% %Cke dr&éléﬁgear'etgéq %Io (%:des nay

ases, cor I mage nmay

488 08468 de 020 L0 9 avercomp L hi s B&a@ﬁeneo HR 2090%age

tech i que for varying the effective

dr?ntgﬁ@smééilhﬁe Waeua! Qs &t e6Er apBehaN Cale driven

transducers)

in order to reduce nutual interference

(Bie dotiesonagcehet haradwurs egonbng tadiemstahdf | ueRee
on the reproduced i nage. 25 However, the machining
qnam%manfﬁorﬁabcams@dupy4thd|pfesenkamﬁﬁﬁ &®f scharging

actuators is

inefficient, and the head structure

Jbégoﬁe@pb@hpppcat@@ 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 frequency (eigen

freguency) cof the head.

If the head is driven at a freguency 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, JSPA 9-29962 discloses a

technique for varying the effective lengths of the

actuators (electromechanical transducers) in order to

reduce mutual interference due to rescnance, thereby

removing adverse influence on the reproduced image.

However,

the machining process for fabricating
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SUMVARY OF THE I NVENTION 5 Therefore, it is an object
of the present invention to provide an inmge
reproduci ng and form ng apparatus that can reduce
adverse influence of resonance with a sinple
structure and output an image 10 with inproved print
gquality. To achieve the object, the head driving unit
drives the ejection head of the apparatus at a

dlrf #& ngnt r eduescy fotdwerud banst he nafafdmlcisegpenay athe
the ejection head. 15 In one aspect of the invention,
rerp d neigeuctspeodeciange andohpl i-ag edppar at us conpri ses
an ejection head configured to eject a liquid droplet
froma nozzle to forman inmge on a nmedium a driving

ﬁﬁ& generatlngwynlt configured to generate a 20
< 3@ %Fgﬁgﬁ H ﬂﬂf%@%ﬁveforn1that causes the

ej ection head to operate at a driving frequency ot her
than the natural frequency of the ejection head, and

a dri ng conf i, ur.¢ d t,0.drjve_the ejection head
basedﬁg ﬁgkéflgﬁnggglghéﬁxéupéll qawnﬁﬁ%% SUF i ving
@R LN 98NBEALLNE Wi tinage BESTBARI Yo LhEadEL VNG
signal generating unit produtes t riving signa

dppd Mg BhBeneineGlddifke p&&\ssrgeatm&rﬂ{ﬂé%@é gger gy

or not ejecting the
resonance with a simple structure and output an image
with improved print guality.

To achieve the object, the head driving unit
drives the ejection head of the apparatus ét a
driving frequency other than the natural fregquency 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.
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droplet, and the driving unit applies the non 5
ejecting pulse to the ejection head in a non-printing
range in order to drive the ejection head at a
driving frequency other than the natural frequency of
the ejection head. The nonsejecting pul se may be
produced nmeking use 10 of a portion of an ejecting
pul se for ejecting the droplet in the driving signal.
The rurefgezibing pbesemvyiie =iguhdegehairadriaws uhnt
the nozzle nmeniscus. In this case, it is preferable
prestucee e edst Voot @g@mnzg@ci@dlm dr awimgej eacthag
nozzl e neni scus be greater than the rate of voltage
P%Héﬁ@éh%ﬁ PE@@BF?§9%ﬂ%¥9ﬁm§¢€ npEned@gEing the

I th t b |
L oA o o1 S I Sibh 2BHLL Sen Bhe 1050 case,
le that t dt h t,h -
plid T KFLPPeFoL Al oB L Frtias dinstt Faban ng
rEeRANANECoL de ENEo! LAY 'd‘}li'v% TADES 8L 1 hNB B PEH O Dead.

riving signal [ irst waveform 25

dt-hats foy sﬁﬁéq@gﬁcph%tm&zI&mntﬁ@ﬁaeﬁ@aq $8coRden by of
waveformthat follows the first waveformto draw i n

thie aezzl EomeRksays, the pul se width of the first
wavef orm being smal l er than the resonant frequency of

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 puise may be a pulse that draws
in the nozzle meniscus. In this case, it is
preferable that the rate of voltage change fér
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
pressuré—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
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the liquid chanber of the ejection head. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS O her objects, features,
and advantages of the present invention will becone
nore apparent fromthe 10 follow ng detail ed
description when read in cgpjunction with the
acconpanyi ng drawings, in which: FIG 1 is a
perspective view of the major parts of an inkjet
wardaf@rmt ohwbi €b10ke sprgsenti kBYeRbveT o BoPhked: b
FIG 2 is a cross-sectional view of the inkjet
tgrd mezz 1l Gendsicasa dlosspsksti enalthviceividiet ferst
inkjet head used in the inkjet printer, taken al ong
wwfcrmgb@mgnamaéﬂie; dfhamethak relsamsert; 20e&héncd of
cross-sectjonal view of the inkjet head, taken
téi%rﬂglq%dv\hﬂaﬂﬁbéﬁf offe thk ehapbépn Re@d5 is a bl ock
di agram of the control section of the inkjet printer;
FIG 6 is a block diagramof the head driving 25

[ -7~ ' strates general
B\%a%\%é gé%%[&gfgﬁiég] g \?i}ﬁ"gwtgt‘g%#or ej ecting
different sizes of ink droplets; FIG 8 is a graph
used to explain the resonant

Other objects, features, and advantages of the
present invention will become more apparent ffom the
following detailed description when read in
conjunction with the accompanying drawings, in which:

FIG. 1 is a perspective view of the major pérts
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, taken 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. & is a block diagram of the head driving

control mechanism;
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5 frequency characteristic of the head; FIG 9 is the
first exanple of waveforns of the head driving signa
produced according to the preferred enbodi ment of the
invention; FIG 10 is the second exanple of waveforns
of the 10 head driving signal; FIG 11 is the third
exanpl e of waveforns of the head driving signal; FIG
12 is the fourth exanple of waveforns of the head
drivimgesi gnah 1ud® rBkGs Iferhsri hewhivkicrl recat endha
wavefornms of the head driving signal; FIG 14 is the
i Xt hngxpupke soff owavefarthbn@f di h€erkead drievs ngt ink
signal; FIG 15 is a cross-sectional view show ng the
Pppieusture of the head used in the actual exanpl e;
and FIG 16 illustrates an inmage pattern used in

eval Uat% onBotsppi Attiamy perddraancsPl PREFERREDresonant
EMBODI MENTS OF THE I NVENTION 25 -8- The preferred
Srfode et Shafrache qimielft i oh BRe 8#886ri bed bel ow with
refer e to,the attached draw ngs. FIG and FLG 2
illu§$£ tegaﬁsiﬁk et LIS IR WA e e VET MPpPE GRe
fhd TROEy ] 8O7 344610 2 AL ILRY A0 A4 Whi e

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 QOF THE INVENTION
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is applied. FIG 1 is a perspective view of the mgjor
part of the inkjet printer, and FIG 2 is a cross-
sectional view of the inkjet printer. In the inkjet
printer, a printing mechanism2 is 10 housed in a
main frame 1. The printinggoechanism 2 includes a
carriage 13 novable in the fast scan direction, an

i nkj et head (functioning as the print head) 14

nountete opré hereadr icag>dine@ngd am ithk iGarddd dge i%e
for supplying ink to the inkjet head 14. 15 Paper is

deesk-ribedt helpwi mtierth freafetdecpaper ttasseitechddor the
manual feed tray 5, and a prescribed image is

depr bagsed {6r pranded) Con 2 hiel paperaby e ipkjeti ng
mechani sm 2. Then, the printed paper is fed out onto
RN chWiial 65 20 19%amel rpht PRg IMEdfant ey 2duchag

carriage, 13 is held by the prlnary gui de rod, 11 and
FHd SREBHALr y:‘PP&r}‘ad%élsr &bo 19hiRRa &R BiGFF SRfhneR VPR RS

fast scan ctlon erpendi cul ar to .the sheet of
Bl gy P 1o o BB EL el R £ 1 nehe Cador

aH' 02, Wb 25 eyl k] el suctace £ acing down,

e im ej ects roplets of éac

s‘é’%@fox‘i’élyghLzQWong)theCYﬁk%é )prm%&ﬂa (M, and bl ack

Above the carri age are provided ink .
cart rigoese f %k%@@plpwl&&éfle aFEsPREL hwe nfe1d$: 9f bnks

in a replacabl e" manner. The ink cartridge 15 has an
HpeEdMoihoat Agial If Qe 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 34.
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. o

- 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
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the top face, and ink supply ports for supplying ink
to the inkjet head 14 on the bottom face. Inside the
ink cartridge 15 is a porous material filled with ink,
and the ink to be supplied to the inkjet head 14 by 10
the capillary force of thegporous material is

retained at a slightly negative pressure. The carri age
13 is held by the prinmary guide rod 11 at the rear

§1ecatedntowsiglesis o r techapen opatdy) ,yeinod Shiygi ngsan
manner, and it is held by the secondary 15 gui de rod

12) at mehenftmont)(,| coad ddl aipkt eam ébhdhe tipaperrpatde
in a sliding manner. In order to nove the carriage 13
1% ahe paswvisieah idik evatonidgesi Miong shabply20gi $heut
around the driving pulley 18 rotated by the fast scan
HSBECtIVangotive Ssubf pup%/eynlg. rEvd adak gy panpert 20
is fixed to the carrjage 13, and the carriage 13 is
noved! BackPEnFFS IR theh#dr f8r #PSAE e VP sBhe air on
rotation_of the fast scan tor 17. [tiple inkjet .
HRaakoR 2 fRag anst VI PEOY  BEFGRAINRY (SPRRLYING ink
I es tive.caol or 2 r ively. single

EERPEE REI BT ek T T orhE BR R ey Mg Trim e

gdrepkets relighe 4 %Eegt &3\6%3%1%5&eﬁglb%ieﬁpé&y&ﬁth' Nk,

either case,” the inkjet hea 4 I's of a piezo type,
ad PRE anW RAN G RISt feqdehi Ry i@ikjeg@%eédp%t RN
a

of the wall of the ink 5 flow channel an
thezegpetli brg doammntof Ofhe 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 maﬁner, 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
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T S S e

deform ng the vibrating plate. A sheet of paper is
pul | ed out of the paper cassette 4 by the feed roller
21 and the friction pad 22. The paper 3 is then

gui ded by the guide 23, and 10 the direction of the
paper is inverted by the teed roller 24. Aroller 25
is pressed against the rotating surface of the feed
roller 24. An edge roller 26 controls the delivery
fanglejoftihe papedrdplfdign shetheedes@ld@ti P4 E0lors
beneath the inkjet head 14. 15 The feed roller 24 is
meot dtedethyloheds| aw sCarhemwt oise7 thiea imkspit ohegdand.
A paper catch guide 29 is positioned beneath the
iisnkjfeta hebelze4typerespohdiag 2 oviheardvingrainge of
the carriage_13 extending in the fast scan direction.
@ﬁfrﬂkﬁ%a%%rléaﬁéhag@Qﬁi%&ﬁr%@erés%%%irﬁﬁd%h?héﬂk

ap fromthe feed roller 24 during_ the
fﬁﬂ‘”ﬁt‘?}h%fm% efBfh é‘n Pdfzt%eler"ﬁ’ki‘é? RESTSPE & t hen

des. the r|n e&ﬁf tomard downstream of the
%%ﬁﬂﬁmiﬁﬁh f¥e qﬁ¥ %é g operatlon The paper 3
b d h th
paper EitiEs Tt PRRBREl ST 1 2 BRENSE, (RS Ba0ge | T
dedoldes 3) apd fdhey s 82, 2&hsn91u't%ees éﬁl@‘@go§6pad

and the roller 33 and the spur 34. During t

2pr.] rﬁﬂ@%@p@fatjl 9R”, thhe %}ki&édh%dt% Ruilcde dpBYVeqnio
ej ect droplets onto the stationary

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 ihkjet head 14.

The feed roliler 24 is rotated by the siow scan motor
27 via a set of gears. |
A paper catch guide 22 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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paper 3 according to the pixel signals, while it is
nmoved in the fast scan direction together with the
carriage 13. Wien a line of the image is printed, the
paper 3 is fed in the slow scan direction by a 10
predet erm ned amount, and_the next line of inage is
printed. In response to an end-of-print signal or a
signal indicating that the trailing edge of the paper

3 dased eaghgdrhie RHidH ih8a¢oBepyt RAPrddiidg 31 and
operation is termnated, and the paper 3 is ejected.

thbe Aspmt NERNante Yhiildsdy Idragar peGt iaigl acdef esliive 33
ink-jet condition in the inkjet head 14 is placed out
aofd titee capuragdéd .novi ng range so as to be offset from

the printing zone, as illustrated in FIG 1. Although
not mgnthhepﬁfll@@rlésa eier ahiatienddce unkjeB7hged 14
i ncl udes a cap, a suction device, and a cleaning

ife AR e R ntPhe T Rt iigk AEeRLeE Re oadcr it aBakBoBITY
toward,the maintenance unit, 37, where _the inkjet head

PEPSS TappEArAAnGr d&r TR priteht St Al |‘ﬁh% g it 1is
B354 s (AP ebfron SHETT S TB BE o ey ST Ty BheBsEce
T Tt I Rt B e
sonet ﬁ% ﬂggl gg\aigﬁgttv}\ﬁ hsagié%t ?ﬁﬁﬂgﬁégt%lc%ﬂnl% ﬂ’%nai tion
prheinozzh ese 8f akbentkjaid heRd Adx@&r@ine of image is
printed. In response to an end-of-print signal or a
signal indicating that the trailing edge of fhe paper
3 has reached the printing zone, the printing
cperation 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 evaporating and to maintain the nozzle

openings (ejection ports) moist. By purging excessive




capped tightly, and the bubbles and the ink are
suctioned fromthe ejection ports by the suction

devi ce through tubes. Dust and ink adhering to the

ej ection ports are also renoved by the cleaning 10
device to restore the goodqgjection condition. The
suctioned ink is drained to the drai nage reservoir
(not shown) placed under the nain frame 1, and
ARsarbeds f nifheuhhk clsrberrép bhentesey WitweEhGehd
and FIG 4 illustrate an exanple of the 15 inkjet
dieatk idlg dpéraBibnsg armssiisectisnakivivewart aken al ong
the | ongitudinal axis of the ink chanber, and FIG 4
masi ret ¥mosd - senstendl afd ekl aklem abomdet Hepau dt h of

t he i nk chanber. The inkjet head 14 has a channe

pl at € Alsomelehbhg 26 arnglvwleh yshal Fnke egiidq tben
substrate with a prescribed channel pattern fornmed

5 QQR#%ﬁ#Pn thebPaEizdd Sl £ 22 hﬂké@ﬁe@Q%?t%% %B?tom

h |
é\ec‘ﬁletdf‘?]gnfi'hegf’gipe S HEHaAneR SpiEke at% T
25 h b | h
E%%% nne ?a %gﬁ %hf the vibrating plate u%€9°£ e

Bejﬁé?lne FhozZI 8Y open i
cﬂﬁﬁfég Eﬁ%bﬁéh4§ﬁ 3. Rﬁﬁ?étgﬁdcﬁﬁﬂbgﬁﬁﬁ%lnq]to the

conmmuni cati n the nozzl e opening via the nozzle

5 AV da2R ik SupRhYve8hapneh A% diei hgk
4 suﬁ%ﬁ%oéﬁgﬁﬁg? 27gf5hct|ons égea 5}f uﬁac}é§|s%e§ and

10 Ok €at essvbth the Gua®neidktion 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
15 inkjet head 14. FIG. 3 is 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
20 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,

25 the vibrating plate 42, and the nozzle plate 43
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chanber 48 for supplying ink to the pressure chanber
46 via the ink supply port 49. A | am nated

pi ezoelectric device is supported on the base board
53, and is attached to the outer face 10 (on the
opposite side of the ink chanber) of the vibrating
plate 42 in such a manner that each piezogelectric
el enent 52 corresponds to one of the pressure

Sdarmpers A6z6RkGoBninidied pi ez2ogbetlld Cawl €Jenta524 s
an el ectronechani cal transducer, which 15 functions as
fr P £554I ehgfberatiy doimani astiagok)yitH arh@ppbykne
pressure to the ink in the pressure chanber 46. A
cuppond skat itbe A d ocatetdybebweerndanh 1wk supply
adj acent piezoelectric elements 52. The support
deothohsi %4 The pjodi tsupely coreaspdndiingfurocDotheas a
artition walls 4la | ocated between each two adjacent
k3 uFes thhRBe R UG oNHIR hea bR Anplid hs Hdvih cemmpnGing
the piezoelectric menmber is nachined into a comb
%ﬂﬁﬂé%5y4 e?Pﬁiﬁ&E?%ﬂ%ﬂ%ﬂ+$§ bP $hiet PURTHYre chamber
‘lef:cut dice&. The piezoeleg%ric el enents 52 and the
CppoPEstBE SHPPAY Ayel APternately with the slits
-14- be . t e.and the material, of
t he zgﬁ%%ﬁfgatgga dlgﬁgég%%g%%%eggylgeéﬁé%éﬂ%pggrgg on

£HIe b SEEELoERWRVEr, Hd1CEs N ALLULRY RUISE | SuepR! kede
to the support 54, it functions merely as a support.
rlhendeshpbeny eOfs itdhe o/f bfgéi pEKPLakest2 j Sobopded
vibrating plate 42 in such a manner that each
plezoelectric element 52 corresponds to one of the
pressure chambers 46 (FIG. 4). The piezcelectric
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
suppert 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
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to the frame 44 using adhesive 50 containing gap
spacers. a recess that becones the common i nk chanber
48 and an external ink supply port (not shown) for
externally supplying ink into the comon ink chanber
10 48 are fornmed in the frage 44. The franme 44 is
formed by injection nolding using, for exanple, an
epoxy resin or polyphenylene sulfide. The channe

Id ateed 1t Mefnh The razaleccewi yd458e mdiepPrLeSSUEEethe
chanber 46, and the ink supply channel 15 47 are
Fatwocat 2d bydpéhfeormmiarpabesbtioped eatestti NYR oara the
(110) single crystalline silicon wafer using an

kel | hevevehansinnigcmasdpby 489i pimlisgdria e gbipd to
solution. O course, stainless boards or

HHot BT Ei vé /r ddi dNmlL Pes UBBHSAY Bife ThubPRPIPE

pl at e

[ I ft [ | ¢ talli i]i
Pt ond T PLECE O, LIe SIS, LY Ral LIS 1L PP0 vnaes
i f abri t by, .f | | trof i . O
1 g E SRR a0 Yol SRR e EDEEOTIITAS plbes,
tner i .
$Halo80"Y, foteans cfaBebondd EhESLohulY BocSfdnper
i ahengdedeLecthe 1channel ypbalepdle and@n1OPPASI E6

uneven surface, which is bonded to the piezoelectric

dlevd £€a B EhephiRamgy 44k Thetsnexen couifare ¥k thsmder
vi brating plate 42 includes thin portions

48 are formed in the frame 44. 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.éhamber 46, and the ink supply channel
47 are fabricated by performing anisotropic etching
on a (110) single crystalline silicon wafer using an
alkaline etchant, such as potassium hydrate (KOH)
soluticon. Of course, stainless boards or
photosensitive resins may be used as the channel
plate, in place of the single crystalline silicon
wafer.

The vibrating plate 42 is made of nickel, and is
fabricated by, for example, electroforming. 0f course,

other suitable metal plates, plastic plates, or

combinations of metal and plastic may be used. The




(di aphragns) 55 | ocated corresponding to the pressure
chanbers 46 for facilitating deformation, and thick
portions (islands) 56 | ocated corresponding to the
pi ezoel ectric elements 52. The islands 56 are bonded
10 to the respective piezogkectric elenents 52 via
adhesi ve 50. The uneven surface of the vibrating
plate 42 also includes thick portions 57, which are
hondedid® bhetsuppomss o4 angk t Barfeare 4¢hMiR is
adhesive 50. In this exanple, the vibrating plate 42
bndesd at dlothkechayersdd plickel 4 p| atadf aby icgaiedi by
el ectroformng. In this case, the thickness and the
wsiadtdn ofut hecdi aphhiagnsl S an@ed gm ahet: 35 gpwelectric
respectively. The nozzle plate 43 has nozzl e openi ngs
ey ige herd Pbedifameerd of Tpe 3BngvaRatspPdsias ops the
corresponding to the pressure chanbers 46. The nozzle
5 vgibitat Wadi Blabsndéd G e T hahhBI PREALE AL by

adhesi ve, such_that the nozzl e openi ngs 45
G ey B o ettt 4oF7e SoPRAlaMke fehiereRireRsuTe
h h | at 41... .The 25 | | at 43
TIE T np af o 2s air d sy | S360TBR ) mi R, FE o
o e i -
FATEAR | s OhnAR) 2 A NOILELA EBrTespchdiid 0 Hene

gl S exaipl e LheReda &) atRe43shsnds NEkele PhahBed
formed by el ectroform ng. The nozzle 5 opening 45 is

10 thaped tékescaiker pilfoLyddhbibCcaledlents 52 via

adhesive 50. The uneven surface of the vibrating
plate 42 alsc inclﬁdes thick portions 57, which are
bonded to the supports 54 and the frame 44 via
adhesive 50. In this example, the vibréting plate 42
15 is a double-lavered nickel plate fabricated by
electroforming. In this case, the thickness and the
width of the diaphragms 55 are 3 pm and 3% gm,
respectively.
The nozzle plate 43 has nozzle openings 45 with a
20 diameter of 10-35 pgm 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 nozzie plate 43 may be made of metal, such as nickel
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a truncated cone), the inner dianeter of the nozzle
opening 45 on the ink ejecting side is about 20-35 u
m and the nozzle pitch of each Iine is 150 dpi

Al t hough not shown in the drawi ng, the nozzle 10
surface (or the ejection sygface) of the nozzle plate
43 is covered with a water-sheddi ng coat. Water-
sheddi ng coating nethods and material can be sel ected

AP BE 85y depep@iimttarbd hefi nktpnoReld i@Ss180(asg.,
to achieve the desired shape of ink droplets, which 15

as hapley 81 &4 abk eifl y¥iing )t,hrolghcbhe arr argndtdmighnation
i mge quality. For exanple, eutectic PTFE-N plating,
thleurapol Jmet hebeetkrowpdepositte oncecedei pg,abeapbd is a
deposi tion using evaporable fluoropolyner (e.g.,
rfilaksrloqakdon pProRy, %KY l& rier tak @ Bp rifinigr- oﬂmeymecpnlax
20 coating, and other suitable nmethods may

@Rl gy dt q’ﬁesbﬁéfé’elléd%erﬁ @ efterBnt{ o052 thldirlfél%%cal or

alternatel nat plezoelg#trlc | ayers 61 and

o gt Lo |‘é‘8{1? de Ty &g 5. TTRBSGRE, 6o &1 | ROPAYEr
61 I, d. Zi Tit t

BRLESL o7 8 16060 l&«%ea LR85 Abeindt® etoreFogd 26
LA Un P2l 5, TG oL hA%fp%zféﬂli’fﬁepﬁl | gdjgurg,, 2l | oy

wthat several mcrons. The |nterna
eI eCtﬂl‘%ﬁrﬁ?uﬂ? A6 kRber %‘iﬁ%k?é‘ddﬁéﬁ&‘hb' CdeY nozzie

connect ed ernately to the individual electrode 5
SHTFHEO3(@Pdr hhecgerrar el act f 988) 64f ahd ldastratpdate
43 is covered with a water—-shedding coat. Water-
shedding coating methods and material can bé 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 guality. For example, eutectic PTFE-Ni plating,
fluoropelymer 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 61 and internal
electrode layers 62. The piezcelectric layer 61 is

made of PZT {(Lead Zirconium Titanate) with a

thickness of 10-50 ugm, and the internal elactrcde
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in FIG 3. The individual electrodes 63 and the
comon el ectrode 64 are provided on the opening end
surfaces of the piezoelectric device as externa

el ectrodes. The piezoelectric elenment 52 has a 10

pi ezoel ectric constant of _g33, and expansi on and
contraction of the piezoelectric el enment 52 causes
the pressure chanmber 46 to expand and contract. Wen
Jaa e+ VENQi si gRak o applped( ol vekeglanilcali ehar gingy
to the piezoelectric elenent 52, it expands. \Wen the
Wixlel #cthickabasges acocuntd htetlcrpntshe hieziaet echailc
el enent 52 are discharged, it contracts. The externa
ecll et rodes phdvirded iorteoneaend fndeelefcttiecally

pi ezoel ectric device is divided into a plurality of
qani sF el aekecnpdddy 63 byhaalpdigt 2@ diciegtrrde
ot her external electrode is a conmon el ectrode 64
ﬁEﬂ%Piﬁ3c%ﬁﬁoﬁhﬁoF9ﬁmoqrﬁ#%?%%@@?e@ﬂwi@Seﬂ%%%ﬁF§a§£d

Th t.rode .64 i t divided f
T PonE e g it S Paehr RRS. 5% Rt Eafl o 65
- i ndi vi . | de_ 6

AN PLEECE Boka® dddd by 832 LRIHKI P Py ena
08, GF EhEe UKL £18 BB ce® Al ISR ALINA,
SR €3bhEs65The parnerdei-1P:ia cdeleinig L et 5

(driver 1C), which selectively 5 applies a driving
e 561 oceach ebntsherd ezpeligsiraed expansion and
contracticn 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 piezoelectric element 52, it expands. When the
electric charges accumulated in the piezocelectric
element 52 aré discharged, it contracts.

The external electrode provided on one end face
of the pilezoelectric 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 indiwvidual

electrode 63 by soldering, ACF (anisotropic




el ements 52. On the other hand, the common el ectrode
64 is electrically connected to the ground (G\D)

el ectrode of the FPC cable 65 via an extraction

el ectrode. 10 In the inkjet head 14, a driving puls

(at 10-50 V) is applied togthe piezoelectric el enent
52 in response to a print signal to cause the

pi ezoel ectric elenent 52 to deformin the |ayered (or

damuneat £dy fdilmecticordi ddyj sodek d-aabioo appl i €8 supply
pressure to the 15 ink in the pressure chanber via the

aidratimg phanel 42, tdml zomseqglenttyic anl¢mkntr bgl-effhe
is ejected from the nozz|le opening 45. Once the ink

afrlopr etnfhasfhébs dRct@blehe> pFesoEGird heo a
ressure chanber 46 decreases and 20 negative Eressure
SLpipducedchatt HEredsute) chihbeh sfd Hife Y81¥he
inertia of .the.ink f|OMIaﬂd t he ele% rical disEha&ge

5 F[PtiRS ofi HFAG P LS TohReaeht Oy, iRt ondf - Fhk '

' d ' h 4 T

LIRS 0oL, VIR, SEEPPUAS 1oAY (Ao DE-MRESac
it = 19- h,nk d

s {101,300 NerlSee CRTURN K ST (G an

AL apdobibecenkneupily cobpangh ¢hkuig 1asi SieEloft’.

FIG 5 and FIG 6 illustrate the control section 5 of
dhe-inkiiet printer. FIG 5 is a block diagram

10 ' In the inkijet head 14, a driving puls (at 10-=50
V) 1s applied to the piezocelectric element 52 in
response to a print signal to cause the piezoelectric
element 52 to deform in the layered (or laminated)
direction. This deformatiocn applies pressure to the

15 ink in the pressure chamber via the vibrating plate
42, and consequently, an ink droplet is ejected from
the ncozzle 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 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

25 supplied from an ink tank (not shown} flows into the
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showi ng the overall structure of the control section,
and FIG 6 is a block diagramof the head driving
control mechanism The control -section includes a
printer controller 10 70, a notor driver 81 for
driving the fast scan nmotog, 17 and the slow scan
nmotor 27, and a head driver“82 for driving the print
head (i nkjet head) 14. The head driver 82 is

GRS 4 Sedyobhaqhead 40!;;: Vi g ffjﬁell%eorp@esaﬁae&hgﬁber

15 The printer controller 70 1 ncludes an Interface

4d I\ a T2nEesBikVishg Ay Hosat asf ham the hask §@ggmyer
via a cable or a network, a master controller

drsuthe BS (81GRY) rea iRAMY 4ol di ng various types of

data, a ROM 75 storing routines for processing the 20
dat a,F¥HB. 0ScehBaFiI®y @& riclitsTBatandha draningl ssgnélion
generating circuit (or driving waveform generator) 77
chrifhguieliet gedertate aFHEI vbngswavbflerdk sipptran to
the inkjet head 14. The printer controller 70 also
S inestha PReErfldcE{IUFuy8 Pér thearmti i ¥ hgSeRé iz,

print_data converted into dot pattern data, (bitm
bt op ARdrATY HEERBRNG Tt §Pene Tk B P I8P
d an. interface (I1/F) 79 for transmtting notor

82
%ﬁ#%%%ﬂ B5E8%'d5MMe notor driver 81. RAM 74 is used as
MﬁfE%ﬁeaggn@rger%égﬁgﬁg'i£§%$dés7g %&'ﬁ%%fogéﬁgkoller

routines executed by t ma
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 1is comprised of a head driving circuit or a
driver IC.

The printer ccntroller 70 includes an intertface
(I/F) 72 receiving priht data from the host computer
via a cable or a network, a master contreiler 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 contrecller 70 also
includes an interface (I/F) 78 for transmitting the

print data converted into dot pattern data (bitmap
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controller 73, font data, graphic functions, and
vari ous procedures. The nmaster controller 73 reads
print data from the receive buffer in the interface
(I/F) 72, 10 converts the print data into internediate
codes, and |oads the intespedi ate code data in the
internmedi ate buffer definéd in a prescribed area in
the RAM 74. Then, the master controller 73 reads the
[ r ' ; e A V. S I diate
S R S e SRS A e
aslored imt d hea cROML 75y The flot pathenntéahng aiecdovaded
In another area in the RAM74. |If the inkjet printer
dreGAInee Sia i t FEPLHat acftcamdhievdépss it hat has converted
the print data into the bitmap data, the printer 20
cont RAM er4 7Ds siaply abodast fidis ranei ged okt megmaley a ROM
in the RAM 74. Wien a |ine of dot pattern data for the
75nlgtetre heaentgoll s regdudinel, e xheuhadt By &R MoR$eRr 73
outputs the dot pattern data as serial data SD tg t he
h

 chedd el ek i 13r 82Nl At |9 R CcsFHERTAed IR

the clock -21- signal (CLK) supplied fromthe
vaLdiquatR FYCePrEGPt 76, as illustrated in FIG 5 and

FIC oBie b A00 bahyobia i ofocnt poLler o o puk
LSULLRI IRy §nThS, ] ¥L00eskanalr A4gneraling
converts the print data into intermediate codes, and
loads the intermediate code data in the intermediate
buffer defined iﬁ'a prescribed area in the RAM 74.
Then, the master controller 73 reads the intermediate
code data and converts the intermediafe ccde data
into dot pattern data using font data stored in the
ROM 75. The dot pattern data are loaded in anotﬁer
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 écquired, 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
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a ROM (which may be constructed by the ROM 75) that
stores the pulse pattern data of the driving signa
Pv shown in FIG 7. The driving signal generating-
circuit 77 also includes a waveform generator 91 10
having a D/ A converter forogligital-to-anal og
converting the driving waveform data read fromthe
ROM and an anplifier 92, as illustrated in FIG 6.

sikedieadedrj venup2 iidic! Bdes anshidscieybstery Bircait 76,
latch circuit 96, a level shifter 97, and an anal og

akb isMidscthrar ¢ AyiA8FIThe Sshifd Fe@l ster 195 aktetves, t hée
clock signal (CLK) and the serial data SD (converted
nfarsdrat omprret ldat dp tromputhe amseerhcontgnad 1 efLEB) to
The latch circuit 96 |latches the register val ues of

thige Iifid tdr e st B2 9% RIS FatpdsEgRaMnI-LAT) 20
supplied fromthe master controller 73. The |eve
shlfﬂ%F’§¢4¥%%$ sheped ﬂ@??ﬁﬁ&&@gvﬁFH€W%ttT% }%?%Hdes

U PRCERLEB LAY S8 SLHEL e
AP e A0 AL I EIeS 25"k KRNaR, 50y
A S GITT RO LIEN Ty o oot
RO SFL 4508 RIS Soipanony gaigpach pol
hRRiHg datmy B0 omkkeh chav@ begngital-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 895,
a latch circuit 96, a level shifter 87, and an analog
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 wvalues of
the shift register 95 at a latch signal (LAT)
supplied from the master controller 73. The level‘
shifter. 97 level-shifts the ocutput valus of the latch
circuit 96. The analog switch array 98 is ON/CFF
controlled by the level shifter 97.

The switch array 98 includes an array of switches

ASl through ASn, to which the driving signal Pv is
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serially transmtted to the shift register 95, are

| atched by the latch circuit 96. The voltage of the

| at ched print data is boosted by the | evel shifter 97
to a prescribed level (e.g., several tens volts) 10
sufficient to drive the S\_/\%ﬁwches of the switch array
98. The level-shifted print“data are input to the
switch array 98. . A driving signal Pv is applied from
the . drivin [ : af | LLCULE s t - § npyt
l§1tpé\lgte fo Om%%h§hgpg\kfvil% h%r 1-1a;{/h99 %ﬁ%ﬁéﬁ%ut%pﬁgs?gbte g?

Eta]fz:% sy tohe agfay B85 S coum edi § ocbhgepitezoel £CiRé Cof

elenents 52, which function as the actuators or the

WL Lo DEREEALI BY RS 34 tHerpsbbinddaid tapsiacho
the switch array 98 is "1", then the driving signal

v 230 Wid hz Be pr esciihzed niavef ciemdsidpplied to the
correspondi ng piezoelectric elenment 52 to deformthis
pi ezadleeadet cpet erent p52.ndWEt a h&Dpr iwhtl cdathe VapReeno
the switch array 98 is "0", no driving  pulses are
supp iy tvanhwipitedodiecits cslei Ehereddztens? Theare

shift register 95 and the latch circuit 96 -23- ar
1gitihed Pogtbeciatdt <N e Phe Focedfiadarofoshe

fC 0 SULEN ALY 59 21 20 o0, BT GUSSy FLER IO

et K SR
sufficient 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 is 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 toc 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 piezoelectric 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 36
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dropl ets. Wen printing the imge, a swtching
operation is carried out based on the control table
shown in Table 1 to select a desired pul se anong
those shown in FIG 10 7B through FIG 7E with respect
to the input pixel data._Jg 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
Ctd; 1 82¢1 i $9i10" the 3e&tdonsn SBrard
%E% %%ggkg%ngggﬁgecf%%%#&%% tﬁ?élgage, the first pulse
Pl and dhe secend puhsey RZ &€ apphbed diadiuers.
pi ezoel ectric elenment 52, as illustrated in FIG 73.
To ejremi. a7medhudsuihk Fdicapl &t , shawswehelang wepsr &t ima of
is carried out based on Table 1 to apply only the
diirsitngpubskesPi tenelretpiceiuel @ctrhvel@ igrenentnlsPetTo
eject a small ink droplet, only the third pulse P3 is
5 pappltied i ohdepi sfosliestl ikar@tenBpeimm paxbesepll ink
Table 1. 25 -24- TABLE 1 S1 S2 S3 S4 Large droplet 1
drapletdediumdroplet 1 0 0 0 Small droplet 0 0 1 0

Non-ejection, 0 0 O % Under_ t he above-described switch .
cont r gnaﬁrlntlng he image, a sSwitching operatlionl 15

carried out based on the contreol table shown in Table
1 to select a desired pulse among those shown in FIG.

10 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 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 pulse P2
are applied to the piezoelectric element 52, as
illustrated in FIG. 7B. To eject a medium ink dropiet,
a switching operation is carried out based on Table 1
to apply only the first pulse Pl to the piezoelectric

20 element 52. To eject a small ink droplet, only ﬁhe
third pulse P3 is applied to the piezoelectric

element 52 based on Table 1.

25
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appropriate pulse is selected anong those shown in 5
FIG 7B through FIG 7E for each nozzle based on the
print data, and is output to the correspondi ng

pi ezoel ectric elenment 52 every driving period to

ej ect an ink droplet to pript the image. Wth an

i nkj et head capabl e of high-speed 10 printing
operation using a nunber of nozzles, ink droplets are

eaected simultaneously fromnultiple channels, and
t-he-head- i-tsel-f- - shakes -due -tothe —reaction force

opposite to the ijnk &fection $orce, &special | $4wheh a

ﬁ L5d ggbgﬁe%nage s printed. {If 15 thg fTaquergy o

e vibration agriees withjthe natwuural frequency of

Mmelumkﬂebpﬁead inderopIetsO are notOcorrecth
aod nz2z=2l nco nea A f nr\f | Ve
Sra %dﬁa eFEIG. 8 i ¥ a gfaphYhowi ng “the freqﬁ%ncy 20

ﬁ@@ﬁ@gé@fhghlc of| an g nkj €t hgad gﬁtal@ed when f he
- actuators (piezoeleciric elements 52) [of all the

channels are driven. The first-order resonance occurs
at 4.5 kHz, and the second-order resonance occurs at

11.2 ﬁﬁﬂer5th@ EbGvelMedttibihesdnit WG Jier #99, 05n125
us, the printing operation is carried out at a

épﬁpﬂ@pﬁﬁyteobtﬁslé'lhsorséBéﬁteJOaﬁtbln@t tthdkNsehbagen
ink droplets are ejected frommultiple channels every
FIG. 7B through FIG. 7E for each nozzle based on the
print déta, 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 nozzies, ink
droplets are ejected simultaneously from multiple
channels, and the head itself shakes due to the
reaction force opposite to the ink eiection force,
especially when a solid celor image is printed. If
the frequency of tﬁe vibration agreeé 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
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driving period, and the head itself shakes at 8 kHz.
10 Depending on the printed image or the printing

nmet hod, ink droplets may be ejected frommultiple
channel s every 250 As (double driving period). In
this case, the head shakes_at 4 kHz because the
actuators are driven at THPS frequency. 15 Actually,
when the head having the frequency characteristic

a%%%%i” s IRkeRekderbai Setinbioned o aif B
SRS SLeopotte e ol Lienignoh . peet

a8l igm=naf Sughdatﬁrogle%en@-@ﬁégrd&bgb&%nc% Q:F‘é‘t‘:ut§ at
produced so as to drive the head at a frequency

1di ff espent from the resonant frequency of the head.
FIG 9 is the first exanple of the waveforns of 25

the headrdriving signalny aticethgcperdiody do 1he u26;
preferred enbodi nent of the invention. The driving
ey gformt img | agesaddmy ipul sasrPdll and Rd2 atftéguency
begi nning and the end, respectively, which are non-
odj dcthHm pul sessnof @r@jréz:tauwnaﬁoplrr@tgse, I¥nkhe 5
driving period, S1 is a section for producing the
ddlﬂﬁﬂ)ﬁtb%l ake pal ech 24 érapr% ranstiPéR ﬁélralné’c?lfsr oY B R¥
ulse, Pdl to gener tion of tE fir ul se Péﬁ
ST REELPOn PO GUNATY LhechEr PR B1 BH2
Depending on the printed image or the printing method,
ink droplets may be ejected from multiple channels
every 250 ps (double driving period). In this case,
the head shakes at 4 kHz because the actuators are
driven at this freguency.

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 head, 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 freguency of
the head.

FIG. 9 is the first example of the waveforms of

the head driving signal produced according to the
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is a section for producing the second pulse P2, S5 is
10 a section for producing the third pulse P3, S6 is a
transition period fromthe third pulse P3 to the

dummy pul se Pd2, and S7 is a section for the dunmy
pul se Pd2. The out put mav§£§[n1is sel ect ed based on
the control table of Table 2. 15 TABLE 2 S1 S2 S3 4
S5 S6 S7 Large droplet 001100 0 Mediumdropl et

C r. I 0 P
P e%-eéﬁrg%c?i%%gadgﬂgh% %fgpéf?%/vl??ﬁ?ﬁ?:g Ogj‘lr'i viﬁlneg %fé‘r{]{é?g
Lhe s esn & Phakar g&mm e angsmakly ipde dieptaks
illTustrated in FIG 9B” 20 through FIG 9D are the
bR Erdind hose shewend) Hdepdet i #éiylhowevieth ahennon-
there are no print data, a driving signal that rises
edte iy PulsesPdbt nmi dpedis the driogileg wvol ITagehga
potential difference Vd conpared to Vb) and falls at
atimmynpubsei £d2, Sils isutepurecHidRi Agrt P ativing shenal
wth the waveform illustrated in FIG 9, a
dewatmi s fract o¢ yPEL i n6&d lismeyg et r @anlbé odbrd e efEAM| £he
the inkjet head 14 with the frequency characte isti%
Ameith BW £ A8 £ @inFdR ek On 40k HE P Shdcaiise BtAgr P

he i nk ej in I h .
gé(is a g gg&ongf%% %%%&hé?%h the first pulse P1, S4

is a section for producing the second pulse P2, S5 is
a section for producing the third pulse P3, 856 is a
transition period from the third pulse P3 to the
dummy pulse Pd2, and 87 is a section fof the dummy
pulse Pd2. The output waveform is selected based on

the contrcl table of Table 2.

TABLE 2

Sl 52 53 S4 S5 | Se6 s7
Large droplet 0 0 1 1 0 0 0
Medium droplet 0 0 i -0 0 0 0
Small droplet 8] 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.

7.
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L AR A i Rt e

10 in FIG 9B through FIG 9D or the non-ejecting
(dummy) pul se shown in FIG 9E are applied to the

i nkj et head 14. This nmeans that the inkjet head 14 is
driven at substantially 8 kHz, and the print data are
reproduced as a printed ippge of a satisfactory print
15 quality, wthout influence of resonance at 4 kHz.
When the non-ejecting pulse shown in FIG 9E is

RV, dieh Sthegui hed MRS 4.0 ,0f eghtan iankdr-ephet .
Accordingly, the flat voltage Vd after the voltage

=A@ If rionaivbri sesehtt duardyeval 1 H0t paaysimag ramink 2he
droplet to be ejected, or alternatively, the slopes
rdfsitrhe faltadgg edgecaenthe T idi iffeedgeecofVa honqpised to
are set gentle by appropriately selecting the tine
Veonstrehtfall$abt dnomyheulise Rédst aat ooftptitse. | n
view of the purpose of driving the inkjet head at a 25
f r eqiicyd otiherdr haanohe Lgmadr af 1 fheflenepvefoss 28
effective to set_the non-ejecti ng vol tage ,vd |

AR TRt He EEEpod of (97F 5T FFRET¥ARE LaHied Homage

i Si dge, tle. Ho if th | i t
IS e BERSBVRPALH o7 e by "Ergnal’ BbeohesnS
darge,, apdphe. driving perfiod, beeamesd ong.s TSy at
|’reS S f(n a decreéease prl nti ng rat e, an t her et or e,

i, Lol sl oSt et ecey e el amcgy
ither1c. 9B through FIG. 9D or the non-ejecting
(dummy) pulse shown in FIG. 9%2E 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
gquality, without influence of resonance at 4 kHz.
When the non-ejecting pulse shown in FIG. 9%E is
applied, it is required not tc eject an ink droplet.
Accordingly, the flat voltage Vd after the voltage
drop from Vb is set to é 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. In
view of the purpose of driving the inkjet head at a

frequency other than the natural frequency, it is
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10 residual vibration occurs even if ink is not

ej ected. Such residual vibration nakes the ink

ej ecting condition unstable. Accordingly, it is
desired to set the rising slope gentler than the
falling slope. If the nonygjecting pulse is a pulse
drawing in the 15 neniscus (a falling pulse), then the
rate of voltage change in the neniscus draw ng

AL E Oy S §etedr et ot hafethenfave 18fagelt@gearge
change in the meniscus restoring portion. This

Ald angegent tEanspopdice A tige eahlefihgciedfe exedt aheon
with an inproved swing of 20 the non-ejecting pul se,
rargli raglvedse gbhedte .ofHiowessanancé the lsd capeoi dedset
efficiently. . FIG 10 is the second exanple of the
graviefer nshef pullise kdalihdredi bge stigmaly mﬁﬁnﬁ%dbecomes
according to the preferred, enbodi nent of th

lignent | opd thﬁsdﬁmwmqg;Bﬁxg?%naﬁcpyeé.%ﬁﬂq1c%b%8n of
the first exanple sho - In FIG 9. Thg olarities

1S4 HeS difmp  FECES Qﬁ&Pt¥%§ %FFE ¢ tHetRES"
b I t

A e S e
t%grlod fﬁggg%ge driving 5 maveforn1shomn in FIG 1OA

dsed on each of the driving pulses shown in

G OB ey oS U Pl S {1
N0 @sgnapt pheduenedyrappl¥hngft Aek is not ejected.
Such residual vibration makes the ink ejecting
conditien 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
meniscus (a falling pulse), then the rate of vdltage
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
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

signal is a modification of the first example shown
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10 non-ejecting (dunmy) pulse shown in FIG 10E, and
satisfactory print quality is obtained w thout the
adverse affect of resonance. It should be noted that
t he non-ejecting pulse shown in FIG TCE has a
profile that reduces the 9yolune of the pressure
chanber 46 (see FIG 3). This non-ejecting pul se
causes the neniscus in the nozzle opening 45 to rise

up.rid. the @ﬁsaﬁaagwmiﬂégaénghs dOReR! M ¥R s SPA1 and
stained with ink mst, the gap between the neniscus

il wieh | A&speatn tday hee B dslged] tuwbeclWb 20-4 utiterted,
pronotes smirch on the nozzle surface. To avoid the
ammm@b&hiathnthehextaln@]heash@lmmvﬁ.ngm@i.gml Bwth a
profile shown in FIG 11 is enployed. Wth this
ahnnepii st ghil selketiog & eee¥ hgdpéirem itgie ghoduted so
as not to maintain the neniscus at the 25 swelled up

Wkt §9 k. shgen FRPGEIHt (1A Heashdr eneiémee%f ¢aeh of
waveforns of the head drivjng, sign pr oduced
SRR G T PR RGeS RDOarT et Db a FBR ORI, 108

i nvention. A non-ejecting pulse Pe is inserted before
%ﬁma?FR%E pulse Pl. By 5 selecting an output waveform

eSSttt Rt 1L PSS S 2
i3 PHiven at a nonresonant frequency by applying the
non~ejecting (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
volume 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
further promotes smirch on the nozzle surface.

To avoid the undesirable smirch, the head driving
signal with a profile shown in FIG. 11 ié employed.
With this driving signal, the non-ejecting pulse is
produced so as not to maintain the meniscus at the

swelled up position.
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Large droplet 01 1 0 Mediumdroplet 0 1 0 0O Snall
droplet 0 0 01 Non-ejection 1 000 10 It is
preferable that the pulse width of the non- ejecting-
pul se Pe shown in FIG il E be shorter than the period
of the pressure-induced resgnance in the pressure
chanber 46. The period of pressure-induced 15
resonance is a wave period of the pressure wave
produged, i nit he RERSSU £r&haRbeb146 e 31 60¥88s of
vol tage signal is applied to the piezoelectric

h €NBBLA5Qr iBY nefldidwal herpdhse WaBdbedihdeto the
non-ejecting 20 pulse Pe shorter than the period of
pher presaueabadiimdmdusedthesdnaree,i dihe Nenbaeagecting
swell's once and then is restored under the
mpbsecati as dhstehecerbefecei hge filse: Reylas P1. By
illustrated in FIG 11E. Consequently, undesirable
sthéatbngsaiy owtahichwasgfpenckased mn sTahkedsr veagh
waveform shown in FIG 10 can_be avoided. In

QEdF e oA rivEe et et PREYPulBe FRE -shbkih Fhrerer Fife
has an advantage in that the swelled neniscus takes
P ahd €PERNS -up the fine ink nist adhering in the
vicinity of the nozzle opening 45. This 10 arrangenent
can achieve stable ink ejection. '

TABLE 3

s1 S2, S3 S4
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 pressurefinduced
resonance is a wave period of the pressure wéﬁe
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-
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It should be noted that, wth the head driving signa
wth the profile shown in FIG 11, the effect of
avoi di ng resonance of the inkjet head nay be reduced
because of the reduced width of the non 15 ejecting
pul se. To further inprove the head driving operation
overcom ng this point, the-head driving signal with a
profile shown in FIG 12 is enployed. FIG 12 is the

%H %%%%e§%g% ance {ﬁ%gmﬁgkggg% swé%héhgngga%qd then

srgnal’, ch Ron-6j éct ul ses

Fe2, 8LeoLager ﬁ §§C$%gﬂ§c§tfgﬁjé%'théeﬁgﬁcgfgﬂﬂ&ng

y appropriately selecti an out put wavef orm based

S Jabbe, 45 seaah pft thedrini R PUISES, 8bAWBGUWRI S,
12B through FIG 12E can be output. 25 -32- TABLE 4 Si

1921831 843l shtarige & ophetcl ¥hi dh Gna Welde urediserl iy 0
1000 Small droplet 0 0001 Non-ejection 1001

he Wit hvi higs wérviedi ougn ssigoah, inhé Tbn-E) ecanngepalvseided.
applied nore frequently, as conpared with the 5
ImladﬂgtspgnmthﬁuwwnTﬁjEPGﬂnglpulﬁ%ea@eﬁbpyntﬂﬂaFIG

inkjet head is driven at a substantlallx gher,
11E has an advantage in that the swelled menlscus

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.

I+ should be noted that, with the head driving
signal with the profile shown in FIG.iI, 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-eiecting pulses
Pel and Pe? are inserted in sections 81 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.
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frequency,
Al t hough,

and the excitation effect
in the exanple shown in FIG 12,
ej ecting pulses are inserted at two positions,

is increased.
non-

nunber of non-ejecting pulses inserted in a driving

peri od may be increased de

1di ng on the waveform

The positions at which the non-ejecting pul ses are
inserted can be determ ned appropriately based on the

pagikl ating characteristic of the inkjet head.
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driving si gnal .
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is applied more frequently,

driving signal shown in FIG.

E&Fﬁ@ldroplet 0 Q
S
I

nthis exanple

atpd pRking U8 Pfnd BPLHLYY ¢

droplet 0 0O 0 O 1 1 Non-ejection 10

the non-ejecting pulse is

11.

hérg%éhéﬁ

Conseguently,

8celiggt e s

as compared with the

inkjet head is driven at a substantially higher

frequency,

Although,

ejecting pulses are inserted at two positions,

in the example shown in FIG.

12,

non-—

20

the

and the excitation effect is increased.

the

number cof non-ejecting pulses inserted in a driving

pericd 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.

the head driving

signal.

13 is the fifth example of the waveforms of

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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“the total

pul se P3,
of a portion of the waveform of the ejecting pulse,

short ened,

| ength of the driving signal
and the printing speed can be increased.

can

be

as illustrated in FIG 13E. By neki ng use

10

FIG 14 is the sixth examphkg_of the wavefornms of the

head driving si

gnal .

Thi s waveformis a

of the fifth exanple shown in FIG 13, 15

o0 ep ect hBg drubSa d il sésesnhane tilerFrf@l | 53Bnthrough
section S1 is enployed. By appropriately selecting an

out put 3pavehob@ fowapdte driving signal

14A based on Tabl e 5,

and a

each of the driving pul ses
shown in FIG 14B through FIG 14E can be out put.
The non-ejecting pulse shown in FIG 14E is a - 34-
%@&b@sﬁte pulse of a projecting short pulse shown in

nmodi fi cati on
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pulse” that follows the first in-thd

meni scus. The pul se wi dth of the first pulse is
shorter than

In this example, the non-ejecting pulse is
created making use of a portion of the third ejecting
13E. By making use

pulse P3, as illustrated in FIG.

of a portion of the waveform of the ejecting puilse,
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,

shown in FIG.

each of the driving pulses

148 through FIG.

The non-ejecting pulse shown in FIG.

14E can be output.

14E is a
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the period of the pressure-induced resonance in the
pressure chanber, as has been expl ai ned above. In 15
short, the non-ejecting pulse showmn in FIG 14E

achi eves an excitation effect with an inproved pul se
swi ng, while renoving the_gﬂﬂerse effect of resonance
on the printed inmage quality efficiently. At the sane
time, the influence of undesirable ink m st that 20

8gﬁ§§§§t%08m%éﬂ%'§n§g5§@e&ﬂ i1, £he, 6Bk B¥edn in

printing operation can be renoved. As a tesult,

erect haw ofnd nkn di ARkek S Larhe ?,@&fs@r By anstrakd.e 13E.
manner. By creating the non-ejecting pul se maki ng use
of 2%ha pehkican wfoidet dugmghputts@uiis4 headskgi npe
waveform -35- depending on the characteristics of the
nekjietubead, swdiel agly eqgséckifl, uenciectof tdkesr ésomarice
of the head is cancelled, and high printing quality
chaabe aphitdveedidhdshonghft hekprdsehtafevedt hor zd&s
been described 5 exenplifying the piezo-type inkjet
peadinosh e cAD?eERhivehansderdrdtRelSh oA viSe SFIan
8, the printing nethod _or the vibrating
tREFaCeEr PG ic Hr e not EPFRitted to these exanpl es. The

; . . |3 eabl | _
Fepr odticPhYeF0 "Giskt o ERELEPRG SPmg e b HEFRg e T o°
exg“iﬁﬁ%%t e rdS gLl z?ul Q gRy.t Ba{:g;esﬁés PLLPtERY snk

a S ecfron "head.

aratus using an
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
pressﬁre chamber, as has been explained above. In
short, the non-ejecting pulse shown in FIG. 14E
achieves an excitation effect with an improved pulse
swing, while removing the adverse effect of resonance
on the printed image quality efficiently. At the same
time, the influence of undesirable ink mist that
adheres to the nozzle surface during the continqed-
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

a portion of the dummy pulse or the driving waveform,
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An actual exanple is now explained. <Exanple 1> 15 An
inkj et head with a structure shown in FIG 15 is
prepared. A ceram c substrate 101 with a thickness -of
2 mm and having an el ectrode pattern on it is
prepared. A lami nated piezoglectric device 102 is
fixed to the top face of the substrate 101 using 20
anaerobi c adhesive. Internal electrodes on the

L oLnded o( Dy den s ARG LRt 8knRls @leciiodeskgatt bR ad,
hi'gh-vol tage termnal (Hot) side are interlaced with

EREha8vBeke ARG hifencd WOf gtBUpPS eForidii @ naf ehecthkedesis
are connected to 25 the external el ectrodes forned on

dawcdlitdr ennd IG-glelpecint dcakbl yriaisil atesin pbaneshieved.
respectively. In actual use, a voltage is to be _
appl i Bt hongds tihee pred ennainvkadticoddsa s doeansdesqgatibed
el ement of the piezoelectric device 102 to deform so
asemplifivdes Fhakwgeettrgepiadsifte ki ngltbetéR t he
deformation_ in the |amnated direction (gr tge
YTHPERREBS CHIATER D) STRCCBRAUE ive pHEt e®i st 8Fplied
to,the borggﬁvgetmegg t he Fb%.side extergal.ekectro@g
R CERE BERNY Y 1015 WAPER 'Y I HAT dehdd TG £
electrically.connec t% r.nal Q% A3 %gtog the 4
%?gz%éf“égterd?/éwe&}n%%? fafBAEsrna y deteest pattern "
oy 5551%%%%&%9%&)%94y type of image reproducing
apparatus using inkjet printing eguipment, 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 having 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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The piezoelectric device 102 and the el ectrode
pattern on the substrate 101 are divided into a 15
plurality of sections by groove machining using a
dicing saw at a pitch of about 85 gm The G\D side
el ectrode on the substrate:ﬂgl is short-circuited by

conductive paste. Then, a frame 103 made of an gl ass-
rei nforced epoxy resin is bonded onto the substrate 20

é?écp¥F8Q9§&J#§§d&agiaabhgne%hef £@€§§e9§.t@%

pi ezoel ectric vice 102" and the frame 103 afe
2t gaedywet h seacdhy ider i By tsuleaGlytir i 8di 88roakd the
epoxy adhesive is applied onto the top surfaces of
dReephezoeleeitricislevi 6eciQdcarthdheT¢@srt 103 Mh25
silk screen. The liquid chanber unit is highly -37-
ptecosekytpdsi tdeoniede ahf2bonded o $headr awe 110Bice
and the piezoel ectric device 102. The |iquid chanber
imkt e actddgs prestaibne| mpkang uEs,of nthai di Lo resiom
[iquid flow channel 105, a 5 pressure chanber 106, and
frhpdlpadinsted 1diraskionor(fed Wie ctehFKBS&Ssi Ii con
%ubstrate. The chanpne] . glate 104 is saﬁdmﬁched
LFREEACR) oty IS 6+ BB DASHE 2 %I HRRE LAY BPat®el09

3PAEeaL et el SELT LT Mg DL BB 1 SROC g o
ORUNLIBHI S 1P BELR L0 tare e phabecign =0 o
Determable 1di JUHAYME the external electrode of the
plezoelectric element 102 and the electrode pattern
cn the substrate 101.

The piezoelectric 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
piezoelectric 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 liquid chamber unit is highly
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111 are fornmed in the vibrating plate 109. The
fabricated inkjet head is filled with ink, a 15
stepwi se voltage is input to the head, and the
response of the neniscus on the nozzle surface is
measured by a | aser Doppl en4vi broneter. The natura
period Tc of vibration was about 12 u sec. The

vi bration of the nozzle surface is neasured, while 20

Sueepkog t be fira@ieeYand Ope¥akaid tdieche frame 103
characteristic of the head. The resonant

£Har apbepiistice Mdiridedéivise peak at 4.5 kHz and the
second peak at 11.2 kHz was confirned. This inkjet

head Tsenbtpuéd ighzamipsi nbeitt dn23 uelesd LAt @hdheel plate
printed i mage by applying a conventional -38- driving
W ef onnwahown a redn@n 71 ighiich flow apapreedf 10>, a
spraying large, nmedium and snall droplets at _a_125
piesdvseortaResechOer i RAgapdlivdd I3isher 107 are
eval uation, a test pattern of solid colo inaggs

f
FRFEES REARSAD L anh Sf PRdIHES ShowhPn PRGN T
' Ink d t Lected f '
ehahRet D4 o, AL SroRrRSHRRED: TR R bipre 109

di f.f it _dri.vi ' . kHz, 2,7 kHz,
aha' 5 P R LETEEOC R UGB Byt O T

to he So I mages. 10 In the
LR e P BRSOk 0 b Rges et
herbzental petheaks epeRar gdnbR e dpshuny 110 is
formed in the nozzle plate 108 so as to communicate
with the pressure champer 106. Deformable diaphragms
111 are formed in the vibrating plate 1009.

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 1is
measured by a laser Doppler vibrometer. The natural
period Tc of vibration was about 12 pusec. The
vibration of the nozzle surface is measured, while
sweeping the frequency, to evaluate the
characteristic of the head. The rescnant
characteristic with the first peak at 4.5 kHz and the
secoﬁd peak at 11.2 kHz was confirmed.

This inkjet head is mounted in a printer to

evaluate the printed image by applying a conventional
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droplet and small droplet solid color imges at 4 kHz.
Next, a driving waveformshown in FIG 9 nmaking 15
use of a dummy pul se according to an enbodi nment of
the present invention is used, and the sane

eval uation was performed. Mkth this driving signal, a
non-ej ecting (dunmy) pulse shown in FIG 9E that does
not cause an ink droplet to be ejected fromthe 20

0z# Byl RadRRlded divdheihnkiet headiHicd hesneapable of
printing range. A satisfactory printed i mage w thout

1oF 4 ¢ oG ah asigegalte MRS pbdadnedadVeniradpreds i &itng 125
frequency of 4 kHz. Next, evaluation was nade using '
h€ers98cehact(ipgec3s dhimmyngpupseidd .siewn tme FE@Gl8BEtion,
as a paraneter in -39- order to exam ne the preferable
a/ot taye prdrigerof o f heolaeh-ag kx| hgapgalssef Therpar seedium,
falling tine tf and the pulse rising tine tr were set
and 3spgliedromietevallomhi bR FéSul t19 st 3nedRdi n Hidbl e

6. 5 1n Table 6, the nggativ

I f th -
FeRLPhy P8t &G VLT e %@eﬁﬁéviﬁgf‘ﬁh%“%§b$?28°6&¥§§’
h it it N F ,
ChrbaPed MRIE DRFhATE of 88T g Tpd b st HAoH <o
he "borint S L. . .
ThEhBEkChAlil 1 12, e 2 A ool 10
gghgnkﬁg.Sghglfqggyggngﬁgggg.evaluated by observing

egradation of the print quality after the test

In the test result, satisfactory solid colorxr
images were obtained at 8 kHz, 2.7 kHz, and 2 kEz.
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 is 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
freguency of 4 kHz.

Next, evaluation was made using the non-ejecting

dummy pulse Vd shown in FIG. 9E as a parameterxr in
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patterns are printed consecutively a nunber of tines.
The circle in Table 6 indicated a satisfactory result,
15 and the cross mark indicates a poor result. TABLE
6 EVALUATIONVd [ V] ITEM-10 -8 -6 -4 -2 0 2 4 6 8 10
PRINT X X0 0 XX XO0O0 X_§9_QUALITY ENDURANCE - - X X
---00--1n Table 6, at voltages of -10 V, -8V,
By, and 20 10 V, ink adhesi on was observed:in the

. Ns_0 a Py I ' the the
A e s b s i T
50PL eE st MRGE pulisRcet ethd rgm khe rRQ2zley wntes thieand the
appl 1 cation oP the non-ejecting dumy pul se during
BdBs 80P1 B bt ikAthe REF iwskel Bethe o ange siamTie V to
2V, image 5 degradation occurred in the test pattern
dvabeaaloa reésilitng § regoencynoffablieHA . Then, an
endurance test was conducted by consecutively
pri ntImgT8bdesheetthiennedztipat Vadne afagerdntyiunder
the satisfactory conditions of the 10 initial print
eiaftipgt ¥l tagkeVd Hee PBRS ENEST iThR T Ve agePidedgpplse
and -4 V, the printed jmage is  deter.or d, in
he 9r SPPESSER (R HobY o laonab ot | Bt Eont Pdr
é%%gggggeﬁy¥ﬁ1eégngog—gjé%ting pulse shown in FIG. O9E.

The “print quality” is the initial image quality

-observed from the printed test pattern at the

beginning. The “endurance” is evaluated by observing
degradation of the print quality after the test
patterns are printed consécutively a number of times.
Thé 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 | -2 0 2 4 6 8 i0
PRINT X X O O X X X O QO X X
QUALITY
ENDURANCE - - X X - - - O O - -

in Table 6, at voltages of -10 v, -8 Vv, 8V, and
10 v, ink adheéion was observed in the margins or the

background in the evaluation of the initial print
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satisfactory printed i mage was obtai ned even after 15
the consecutive printing operation of 500 sheets of
test pattern. Next, a conparative eval uati on was
performed using the driving waveform shown in FIG 10
or FIG 11. Voltage Vd is set to 5V, and pul se width
is 20 varied anong 3, 8, 12,° 16, 20, 30, and 100 g
sec. The evaluation result is shown in Table 7. As to

{;{Hglliiim%lrﬁ’s G Lhf &l @hﬁ%prs%%%mi%]@_c‘ﬁﬁé{éﬁéé@%t e

esu a triangle represents a fair result, and a

£5088cd GRIASHNS BP0k LAt 1o add1idABLbn/ of the
ALUATI ON PULSE WDTH [ u s] ITEM 3 8 12 16 20 30 100

PRhNEJAA IAA duin pQUAEI Y rENJURANCEN OnOp@iAtAng X
Concerning the initial print quality, satisfactory
pernbd.mage tqual rdygesfobtai-Red viid 2@, S5ikegeg pul se
width. Wth a shorter pulse width, slight streaks
degeadbsdoreddonrhedsinl ther disist patigerat inadeHat a
Then, in the endurance test after the consecutive
BEiLMENgg foserumnen of 3068HSheets of test pattern, a

satisfactory result is obtained with a
Then, an endurance test was conducted by

consecutively printing 500 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 1is
deteriérated, 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.
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10 pulse width I ess than or equa

the natural period Tc of neniscus vibration of the

to 12 usec,

whi ch

i nkj et head. Wth the pulse width of 16 usec and 20

usec,

smal | - dr opl et

100 usec,

I mage,

whi

ch

is

unevenness of print density was observed in the

1 be due to the curved 15
ej ection path. Wth the pulse wdth of 30 usec and

streaks are observed in the printed i mge.

}g the driving waveformshown in FIG 12 with two

ummy pulses (Pel and Pe2) is applied to the jnkjet
P&l JATHIN g setting the puPEBESRIWIDTHEd 8su M 20 500
she of pest—pattern—wereprHrategd—econrsectutively:
Sat| stactofy Pesult S obggine ?H b)thgghe initia 100
-42r1pri nt| qual itly and gndukange. ANext, & cohpaCatiye O
-eval uat.jon| was nmeaide using the |driving wavef prm
i|Q|Ua‘§£[|E"gted in FIIG 14, lin whig¢h the ?first

RADUBRRCEI hg Qul sl i® prlodused|i n /Sl tndﬁt he| 5 secopd X
non-ejectihg pulsle is generated as a portiont of . th
smal | -droplet ejecting pulse P3 in S6: The tine

period fromthe start of pulse rising to the fall of

the pgbgeeciridg ithd Useeiaangrtiie pukseityising time
in S6. is 10 usec. The peak voltage of the 10 first
foniejfactiory putiset i imSgei sjud Mdl  sidhi gherinkeah witthe a
base voltage Vb, and the bottomvoltage is 10 volts
longr pufRars tiadtiaseWvbht agehvr tsr asut seayidd hwighight

the voltage level of the third ejecting pul se P3..
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 equal to 12 wusec, which is

the natural period Tc of meniscus vibration of the

inkjet head. With the pulse width of 16 usec and 20

ik 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 usec and

100 usec, streaks are observed in the printed image.

12 with

Next, the driving waveform shown in FIG.

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




10

i5

20

25

et s o b s s et A

Wth this driving waveform satisfactory results 15
were obtained in both the initial print quality and
endurance after the consecutive printing operation.
Since in the driving waveformshown in FIG 14 the

sl ope of the rising edge of, the non-ejecting pul se in-
S6 is set gentle, significant excitation effect is 20
achi eved, wi thout causing damage to occur as

indica i.n. T e non-ejecting voltage is
%E%H%abgg;lﬁgf%ggyﬁggﬁggggggfbed above, the ejection

head yb$¢driVeRrifa @ L¥i BYaNTQAURNE Yy 85 hREJENRR 8 the
25 resonant frequency of the ejection head, and -43-

geﬂ%ﬁﬁgewtaméfcﬁgﬁ/eﬁﬁu§£Egﬁtedofirf esppange, cam keich the
reduced with a sinple structure. Consequently, print
fguakit yogar ket Py oyellsender tablesdpenatilormd the
Al t hough in the above-descri bed exanples, the 5
st i oknesenvedies (td33g ephidet) iBZHarse umbddasst lae portion
pi ezoel ectric device, an elastic vibration type PZT
oy thesemed ushehp Tee @i ghéhingelnabiei Py on Sfe The
device is obtained when using the thickness node
1 488) PPZEOATHE Pt eslepit SEA¥ENCGToPY sSappLedasl &hdthao
onli to a piezoelectric type inkjet head, but also to
[

§rivi R§ &Nehetete tyPeStr 18 & ehErcst &1E EyBePrhRiet
ggggpgégﬂﬂﬁy%ﬂaﬂﬂf iQHQS Gfgggqu%ﬂg;ﬁggﬁrggf%age of the
first non-ejecting pulse in S1 is 5 wvolts higher than

the base voltage Vb, and the bottom voltage is 10

volts lower than the base voltage Vb so as to agree

with the voltage level of the third ejecting pulse P3.

With this driving waveform, satisfactory results
were obtained in both the initial print gquality 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-
56 is set gentle, significant excitation effect is
achieved, without causing damage to occur as
indicated in Table 6 when the non-ejecting voltage 1is
set large.

As has been described above, the ejection head
is driven at a driving fregquency other than the

resonant frequency of the ejection head, and
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in the enbodi nent enpl oys an inkjet head to produce a
15 printed i nage, the present invention is applicable
to any type of liquid droplet ejection head used in an
i mage reproducing and form ng apparatus. For exanpl e,
the invention can be appligd_to a resist pattern

form ng apparatus with an ejection head for ejecting
20 a liquid resist, or a sanple pattern producing
APRALGhES Wiyt h a1y, £f et & DRcBead ff afe Rjrecitagcganee
analysis liquid sanples. - 44 - CLAIMS 1. An inmage
feproddcivighanrd fiofgiegsappatatres Gonpedseng]lyan print
ej ection head configured to eject a liquid droplet
duahiaynoznl éd drfioroved indge et lIedémarataodsSivi ng
signal generating unit configured to generate a

dri vi hjthavehoim tihe abevedessar idjestisryphese fdre
causing the liquid droEIet to be ejected fromthe
HorgkreaAdMOGss el B SBE@EE) r ¢ TaveroF 7t REm e
driving waveformto produce _a _driving sjgnal, the
%%?%Pﬁgeatgﬁéa C{ne@’eh%‘? at?ﬂgeiﬁ‘isttlﬁjr‘{ﬂglfa%gﬂpi JoPsy KT

B P RIS o s ook S PUERE TG 40Pl o RYMd T On

mave?orn1 € non-ejectrng pul se

U108, 3 R g greatend an iplehettencas
the3¢r ephet ithe present invention is applicable not
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 repréducing and forming apparatus. For example,
the invention can be applied to a resist pattern
forming apparatus with an ejection head for ejecting
a liguid resist, or a sample pattern producing

apparatus with an ejection head for ejecting gene

analysis liguid samples.




and a driving unit configured to drive the ejection
head based on the driving signal supplied fromthe
driving signal generating unit. 45 2. The inmage
reproduci ng and form ng apparatus of claim1, wherein
the driving waveformincludes first and second dunmy
pul se with voltage |levels lower than the ejecting
pul se, and wherein the driyjng signal generating unit
produces the non-ejecting pul se maki ng use of a
portion of the first dumy pulse and a portion of the
second dumry pul se. 3. The inmage reproduci ng and
CLA DY ng apparatus of claim1, wherein the driving
wavef ormincludes a dummy pulse with a voltage | evel
| oner than the ejecting pulse, and wherein the
driving signal generating unit produces the

1. nen- eheeid Ngepiticthic MK REhAISEoYming PAKLM Phst he
dummy pul se and a portion of the ejectlng pul se. 4.

corhel saege; repr oduci ng and form ng apparatus of claim
1, wherein the driving signal generating unit
pr @@U@fse@hé%dl%p@lctqmggpgui@d ha érewtia diquid

dropfe%c%%éﬁ gh%dggfe to form an image on a medium;

a driving signal generating unit configured to
generate a driving waveform that

includes an ejecting pulse for causing the liquid

droplet to be ejected from the nozzle and to select
a desired waveform from the driving waveform to
produce a driving signal, the driving signal
generating unit further configured to produce a non-
ejecting pulse making use of a portion of the
driving waveform, the non-ejecting pulse having a
pulse width greater than that of the ejecting pulse
and producing energy for not ejecting the droplet;
and

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

driving signal generating unit.




5. The image reproduci ng and form ng apparatus of
claim1, wherein the driving signal generating unit
produces the non-ejecting pulse that pushes out a

meni scus of the nozzle and has a pulse width smaller
than a period of pressure-induced resonance in a
liquid chanber of the ejection head. 6. The i nage
reproduci ng and form ng _appgratus of claim1, wherein
the non-ejecting pulse has a falling edge with a
first rate of voltage,change and a risin edge with_a

2. skendMest® BEDFAIGEGENchaHye fR&AMERT §%m@ttlﬁaﬁ>f
th irst t f [t ch . I-. _The i .
14, o g ALl hpsg changey Jro IS IRIRC e £iro
and N BBHE cﬁ%fn?rg Cpﬂ_&‘iég m%wdsérﬁa%é r]ﬁ%v%fofé | pgyhat
draws in a neniscus of the nozzle th™afirst rate

thei vYBEt 20p=chande malsa,segedld portion that restores
t he neni scus of the nozzle with a second rate of

volhages Thatge simiiremg habghbd demnstatatregofinddl t age
change. 8. The image reproduci ng and form ng appar at us
profucepaitha, neheras @CER&hon- ej ecti ng pul se incl udes a

first veform t hat _pushes out a niscus .of the 47
PULRG 2| BARIIE USCorRiE vly B PRaC | oFhwa gHet { SRRy

oul Y SRk BP Ut ng e 00T st ich nirberhifasa

resonant frequency of a liquid chanber of the

3. The image reproducing and forming apparatus of
claim 1, wherein the driving waveform includes a
dummy pulse with a voltage level lower than the
ejecting pulse, and

wherein the driving signal generating unit
produces the non-ejecting pulse, making use of a
portion of the dummy pulse and a portion of the

ejecting pulse.

4. The image reproducing and forming apparatus of
claim 1, wherein the driving signal generating unit
produces the non-ejecting pulse that draws in a

meniscus of the nozzle.




ej ection head. 9. The inmage reproduci ng and form ng
apparatus of claim1l1, wherein the driving signha
includes a first non-ejecting signal inserted at a
begi nning of the driving signal and a second
non-ej ecting signal inserted at an end of the driving
signal. 10. The inage reproducing and form ng
apparatus of claim1, whepgin the ejection head
i ncludes an actuator for producing a pressure to

and the dri_ving, signal includiqg

ject .the droplet
5. (HRCndMaEs of PP BRFLEYS SRPpEPEd o0t RPRRET Bhtsr OF

claim 1, 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 1, wherein the non-ejecting pulse has a falling
edge with a first rate of voltage change and a rising
edge with a second rate of voltage change that is

smaller than the first rate of voltage change.

7 . The image reproducing and forming apparatus of
claim 1, wherein the non-ejecting pulse includes a
first portion that draws in a meniscus of the nozzle
with a first rate of voltage change and a second
portion that restores the meniscus of the nozzle with
a second rate of voltage change smaller than the

first rate of voltage change.

8. The image reproducing and forming apparatus of
claim 1, wherein the non-ejecting pulse includes a

first waveform that pushes out a meniscus of the
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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
resonant frequency of a liquid chamber of the

ejection head.

9. The image reproducing and forming apparatus of
claim 1, wherein the driving signal includes a first
non-ejecting signal inserted at a beginning of the
driving signal and a second non-ejecting signal

inserted at an end of the driving signal.

10. The image reproducing and forming apparatus of
claim 1, wherein the ejection head includes an
actuator for producing a pressure to eject the
droplet, and the driving signal including the non-

ejecting pulse is applied to the actuator.




