WD 03/ 026896 PCT/ JP02/ 09645 DESCRI PTION 5 AN ELECTROSTATI C | NK JET HEAD AND
A RECORDI NG APPARATUS TECHNI CAL FI ELD The present invention relates to an
el ectr ostwbDios/02d8p&k | et head, and a recordi ng apparat us t haCTusex096ste

el ectrostatic ink jet head. BACKGROUND ART 10 Fig. 1 is a perspective
diagram for explaining the principal part of an ink jet head that uses
electrostatic force, to which the present invention is to be applied, and
Fig. 2 is a cross-sectional view o j hci pal part, show ng the
structure of an actuator of the inéﬁ%ég&égééfthat 15 is shown in Fig. 1
(outline cross-sectional view.in a direction of the |onger edge of a

vi brat i ng®pl AFECTROSI i OAAK JoleliFoP Ay A REGOCERENC PP T USe 11-11).
These figures show an electrode board 10 that includes an electrode 11, a
liquid chanber board 20 that includes a vibrating plate 21 formed 20 when
an ink chanber 22 is carved, and a common ink chanber 23 that supplies ink
to each | TECHNEGHe FIBIAY a nozzle board 30 that includes a nozzle 31 that
di scharges the ink in the |I|iquid chanber 22. The el ectrode board 10, the
vi bratbng board (| iThe drisemierinbeatidn 20;ladied ttheanogitetbhoaredi80 are 25
| am nated. -(Al though Fig. 1 and Fig. 2 show an exanple of a -1 WO

03/ 026896 ink jet head, and a recording apparatus that uses the

electrostatic ink jet head.

BACKGROUND ART

10 Fig. 1 is a perspective diagram for explaining the
principal part of an ink jet head that uses electrostatic
force, to which the present invention is to be applied, and
Fig. 2 is a cross-sectional view of the principal part,

. showing the structure of an actuator of the ink jet head that

15 is shown in Fig. 1 (outline cross-sectional view in a
direction of the longer edge of a vibrating plate: a sectional
view of Fig. 1 viewed at the line II-II). These figures show
an electrode board 10 that includes an electrode 11, a liquid
chamber board 20 that includes a vibrating plate 21 formed

20 when an ink chamber 22 is carved, and a common ink chamber 23
that supplies ink to each ink chamber, and a nozzle board 30
that includes a nozzle 31 that discharges the ink in the
liguid chamber 22. The electrode board 10, the vibrating board
(liguid chamber board) 20, and the nozzle board 30 are

25 laminated. (Although Fig. 1 and Fig. 2 show an example of a
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PCT/ JP02/ 09645 si de shooter structure, an end shooter structure nmay be
used.) In the vibrating board 20, which serves as a part of the ink
chanber 22O0anwd2@36 a part of the conmon |iquid chanber 23, PChEPod/0vk4chanber
22 that is connected with the nozzle 31, and the 5 vibrating plate 21 that
is conductive and made thin in order to attain lowrigidity such that it
is flexible are provided. The electrode board 10 includes an individual

el ect rode didad o2l askabLefe [ agl o Ryt lraling plate ghoviil g

predeterm ned gap-fromthe vibrating p e ou e
Al t hough & rt%te%-?c ;L% 12 preventing a short circuit etc, with the
vibratin ate I'bl gt %)1 2% a%cglojot’hg i i@?g‘(]%‘ﬂ; 2} st 3de 11509 Yot ecti on
fil ° P b d_in_the back th ide that f th | ectrode)
Irmnmay al,so.be or N e pac gon e Sl de tna aces e el ecltrode
of the viBrabiTg2pl af8 31,25 edl &S $8™ARN shifihd Fhemger 123 ¢ Wiaural ity
of actuatar act%ﬁg%hom in Fig. 2 are installed in the electrostatic ink jet
head to WHi GFeéénthdhvEhiGogrersetonbeh gt inarzlendlanand nhadrop i s
di scharged fromeach of the actuators. In Fig. 1 and Fig. 2, when voltage
i s appPi e BFAerdeBhat e’ Vi Hah g cpranetdue aantl tivsls wHilni tuadrddmct r ode
11, the vibrating El ate 21 is displaced toward the el ectrode 11 by
el ect rost &9 @Htgieelovhehoidietw slucagshpt tenby et exild evabeapiagidedat e 21
returns to the previous position, that is, the position before the voltage
was applied. The el e€heostatinode2bopnk jetihehdiases tihidsvheediani cal
behavior in response to the -2
electrode 11 that is installed facing the vibrating plate 21
with a predetermined gap  from the vibrating plate outside the

10 ink chamber. Although a protection film 12 for preventing a
short circuit etc. with the vibrating plate 21 is formed on
the individual electrode 11, a protection film may also be
formed in the back (on the side that faces the electrode) of
the vibrating plate 21, if desired.

15 As shown in Fig. 1, a plurality of actuators as
shown in Fig. 2 are installed in the electrostatic ink Jjet
head to which the present invention is to be applied, and an
ink drop is discharged from each of the actuators.

In Fig. 1 and Fig. 2, when voltage is applied
20 between the vibrating plate 21 and the individual electrode 11,
the vibrating plate 21 is displaced toward the electrode 11 by
electrostatic force. When the voltage is removed, the
vibrating plate 21 returns to the previous position, that is,

the position before the voltage was applied. The electrostatic

25 ink jet head uses this mechanical behavior iﬂ response to the

.



WD 03/ 026896 PCT/ JP02/ 09645 el ectrostatic force of the vibrating plate 21
as the ink discharging force of an ink jet. In each actuator, a space 40,
that i s fworme@2dsys t he el ectrode board 10 and the vibrati ngCTheer@e£0 i s
cal led a gap chanber, and a space that is a part 5 of the gap chanber,
formed by the vibrating plate and the electrode board is called a
vibrating chanber. In the electrostatic ink jet head as nentioned above,
the vibrating plate 21 is made thin . in order that dri,yi ng_vol tage-to
al e i

gener at e $HFHBHA St 2OFEST OF cE DS REBT 18 Phe &9 1§°pra¥e 21 and the
i ndi vi dual el ectrode 11, which displaces the vibrating plate 21, can be
| ow, the bIeEFEinseifRgCappli @8 Hek wedn LReSIFBr aFFYREF afeBaCant t he
i ndividual electrode 11 of the electrostatic actuator. A thin vibrating
pl ate requitatesisa fogmed bri ¥hagelrttnage, Preweve? , and ¥igiddegterdt he
vibrating plate beconmes |ow. Were the rigidity is |low, presence of air
(or ot herbgms) 40n itsheallelr at gag dieavpsar, and ahepyed Wwdntieragpast|y
affects the behavior of the vibrating plate. For exanple, when the
vi br atd ngopldte 2b appmbachesothwd dyecheodebidticonprassiaad 20er esi st ance
of the air causes the voltage required to make the vibrating plate 21
cont act téeselweely edarll i6t belved taagabiratihgr eafmiesr cal | ed t he cont act
voltage) to beconme large in a dynamc situation, as conpared with a static
situation. To this prablkerrceerésidtieasur ¢sthaved beemaaeheged. For 25
exanpl e, a Japan Provisional Publication No.7-299908 has been -3
above, the vibrating plate 21 is made thin in order that a
driving voltage: to generate the electrostatic force between
10 the vibrating plate 21 and the individual electrode 11, which
displaces the vibrating plate 21, can be low, the voltage
being applied between the vibrating plate 21 and the
individual electrode 11 of the electrostatic actuator. A thin
vibrating plate requires a lower driving voltage, however,
15 rigidity of the vibrating plate becomes low. Where the
rigidity is low, presence of air (or other gas) in the
vibrating chamber and the gap chamber greatly affects the
behavior of the vibrating plate. For example, when the
vibrating plate 21 approaches the electrode 11, compression
20 resistance of the air causes the voltage required to make the
vibrating plate 21 contact the electrode 11 (the voltage is
hereafter called the contact voltage) to become large in a
dynamic situation, as compared with a static situation. To

this problem, certain measures have been developed. For

25 example, a Japan Provisional Publication No.7-299908 has been
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WO 03/ 026896 PCT/JP02/ 09645 published, wherein a gap chanber is provided in
addition to the vibrating chanber such that the air escapes when the

vi br at i ngwploawzsspe di spl aced toward the el ectrode side, amdT/IPi09645
conpression resistance of the air is prevented. 5 The present invention is
made for the purpose of coping with another significant problem as

expl ai ned. below, resulting fromthe presence of the air as nentioned

above. Sections %A) through (D). _of .  Fig. 3.show an, outline..structure of the
or e par A SBPA) nenEPER g Petr 1T P s i G
expl ai ni n% t he .Er ogl em%gwlage sol v dtﬁ%ttgf present invention. The sections
(A) and (Bf*Sof’*RFg-*5%%s r F&ﬁge act YA HiSSPREENERE™ (1S of t he
vibrating plate when_ the driving frequency is Ioqw. The sections (C) and
(D) of Fi giPT8taRgwPtRke rishge shlagetuaP S pihire Shesttrpds ddahénd brating
15 plate when the driving frequency is high. The sections (A) and (C) of
Fig. 3 sh&Reseerpbpafion ksl Stanchecf oblgrraiddge dredented. of the vibrating
plate. The sections (B) and (D) of Fig. 3 show sectional views in the
shortebP edge directi 8heapredrntyilbranithgn plaitreadeHevitbeapirrpd qfl at e of
the conventional electrostatic ink jet head is required to vibrate
dynam cal lcppingavithngenofhap signlifkeant Srolrleent hess papéabe¢dvéerlowhe
vibrating plate and the electrode is narrow, wherein the vibrating plate
vi br at es atsalhigh f£speethe aeregenteocotdtiabavie; dsheewnithoadd rgpgdeat e 21
receives 25 conpression resistance of air during the period of novenent -4
Sections (A) through (D) of Fig. 3 show an outline
structure of the principal part of the electrostatic ink jet
10 head, and are for explaining the problem to be solved by the
present invention. The sections (A) and (B) of Fig. 3 show a
range of actual displacement (L) of the vibrating plate when
the driving frequency is low. The sections (C) and (D) of Fig.
-3 show the range of actual displacement (1) of the vibrating
15 plate when the driving frequency is high.
The sections (A) and (C) of Fig. 3 show sectional
views in the longer edge direction of the vibratiﬁg plate. The
sections (B) and (D) of Fig. 3 show sectional views in the
shorter edge direction of the vibrating plate. The vibrating
20 plate of the conventional electrostatic ink jet head is
required to vibrate dynamically in a range of up to 10kHz.
Since the space between the vibrating plate and the electrode
is narrow, wherein the vibrating plate vibrates at a high

speed, as mentioned above, the vibrating plate 21 receives

25 compression resistance of air during the period of movement
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WD 03/ 026896 PCT/JP02/ 09645 toward the el ectrode 11. A portion of the air
escapes to outside of the vibrating chanber 40 (as an arrow shows),

accor di ngwoe3kswi brati on. This phenonenon is called a ®qudex/ovgseffect.
Then, when the voltage is renoved and the 5 vibrating plate 21 separates
fromthe electrode 11, the inside of the vibrating chanber 40 is reduced
to a state of negative pressure conpared to the atnosphere. Due to this,

the posi titefiarko el Ghothead Bt bngopLale 22 fef uins Ls g posi tion cl oser

to the electrode 11 than the origin position:

air that i edco f vihrating,.chanmber 40 in a certain unit
peri od inéﬁg%ggg gg Fh% &%g%%gg iSﬁa%$e¥héopg??éﬁlGﬁFPHQSOWW%%Vthe

vi brating . ont act.s the elecirode 11 increases._ That is, the
hi gher théQk%%ﬁ&ﬁégt§rgﬂﬁéﬁ‘faﬁé?nan D4R P HRRSERe 18y FatheA & ectric pul se

15 width is e%hg Iargfrléh amount of the air pushed out fromthe
vi br at i ng SGhan6erdt 8t R out'SPde"en B Yheass gér TeRevedicut ithe pressure
of the vibnﬁtin chapber is, nmaking the position to which the vibrating
pl at e Tet UrREARABE PHte AleSEPREABEF SEXPE thm md@cstpdecl be Wleosersite t he
el ectrode. 20 Fig. 9 shows an exangle (contacting period dependency of a
paral | el §apFheThéPFR e ShraRer adp el redicedrsasar ehene of nedardtieng
di spl acenent at the center position in the shorter edge direction of the
vi br at i ngPpPaEBrBf CeTRArescitoatbe, a thespieasur Suentobehhy, perd eozediby a
| aser Doppl er 25 vibrograph. The vertical axis represents a displacenent
anmount to which the vibrating plate 21 returns is a position closer
to the electrode 11 than the original position. Here, the
10 amount of the air that is pushed out from the vibrating
chamber 40 in a certain unit period increases as the
proportion of the period during which the vibrating plate 21
contacts the electrode 11 increases. That is, the higher the
driving frequency is, and the wider the driving electric pulse
15 width is, the larger the amount of the air pushed out from the
vibrating chamber to the outside is, and the larger the
negative pressure of the vibrating chamber is, making the
position to which the vibrating plate returns when the
electric pulse is turned off to be closer to the electrode.
20 Fig. 9 shows an example (contacting period
dependency of a parallel gap). The figure shows a result of
measurement of vibrating displacement at the center position
in the shorter edge direction of the vibrating plate of the

actuator, the measurement being performed by a laser Doppler

25 wvibrograph. The vertical axis represents a displacement amount
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-5 WD 03/ 026896 PCT/JP02/ 09645 S, and the horizontal axis represents

magni tude of the driving voltage, where the waveform of the driving

vol t age iwO osmedsasdigul ar. The S-V characteristic i.s expres®eu/Iviyivedshe
drivinng frequency serving as a paranmeter. There are areas 5 where a

di spl acenent anpbunt saturates at a certain voltage. The saturated

di spl acenent anount is called the contact displacenent anmount. In
referenceato rFlig h9, t he higher the drivi nr? frequency is, the |larger the
amount of Yh&Si FIEhAPT T2 s h&d 1S 15°BHES T bin EaRoPE r B itvd ehe

vi brating _chanber is. For, this reason the, sections (C)  and (D) of Fig.
3 indicat é’,orl%[aﬁg’vi’%%?i ﬁée p"l’a:al‘feﬁjflfL 9?b?§?e§r{:‘fjo%%rv%a%ﬁelél ectrode 11,

maki ng the distance between the el ectrode and the vibrating plate
subst ant i AYSFASHBLET - cERG MY 1Heresherbttiwl tngxnresdedpyills theus, there is
a phenonmenon that does not cause a problemwhen the driving frequency is
|l ow, but EEAIAEY ATPHEBBIEYN SHEHTChes frByLEmRies s Thede Rrghereasand when t he
pul se width of the driving voltage is nade wi der. Al though the above
subj ecP i ¥PREE a pisblepsmenta ampOntopsburional atelecerdstiat veliade j et head
that operates at nost at about 10kHz, it is a problemthat should be
sol ved i nThe Resurahad desvies-emehtit ameuht ghs spelddedprahet esntddomever, no
counterneasure to this problem has been proposed. Here, the problemis
appl i cabl eisplecanact amowning
In reference to Fig. 9, the higher the driving
frequency is, the larger the amount of the air that is pushed
10 out from and cannot return to the vibrating chamber is. For
this reason, as the sections (C) and (D) of Fig. 3 indicate,
the vibrating plate 21 vibrates closer to the electrode 11,
making the distance between the electrode and the vibrating
plate substantially short, causing the contact voltage to drop.
~ 15 Thus, there is a phenomenon that does not cause a problem when
the driving frequency is low, but becomes a problem when the
frequency is made higher, and when the pulse width of the
driving voltage is made wider.
Although the above subject is not a problem in a
20 conventional electrostatic ink jet head that operates at most
at about 10kHz, it is a problem that should be solved in a
head that serves a future high-speed printer. However, no
countermeasure to this problem has been proposed.

Here, the problem is applicable to contact driving

25 in which the vibrating plate contacts the electrode. In the
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25 in which the vibrating plate contacts the electrode. In the -6 WO

03/ 026896 PCT/ JP02/ 09645 case of non-contact driving in which it does not
cont act, wbe3/otesequency dependent probl em nmenti oned abovePd@gBIM®b45ari se or
does- not pose a problem 5 DI SCLOSURE OF THE | NVENTI ON The present
invention is made in view of the present situation as nmentioned above with
an objective to inprove the frequency dependency of the electrostatic
actuator only by settin t he.wavef orm of .the drivipg vaoltage,,10 The
resont i ROGR PO TR VTR ATAT ST R T e ik Bor8: TRBaEP WA Ten TPRcl udes a
vibrating plate, and a | ectrod instal l ed facing the vibrating plate at
a predetelf[r‘)ﬁeﬁléﬁn‘@%p,ep%‘%:@ﬁ H?—”Oﬁﬁe‘&%@%‘ﬁ%n%l SVEs I8pPI 1LY VetRelh t he

el ectrode and the vibrating plate such that the vibrating plate is 15

di spl acedp§SelreEt PB%R &t iIRFFIFBe, and an ink drop is discharged by
mechani cal resilience of the vibrating plate pressurizing ink in the ink
chanber, wherein, a pixel is fornmed by ink that is discharged by one

el ectric pulse, where a ratio PT of a period during which the vibrating

pl at e andDZGCLASURE cCF rHte RERANIEONeach 'other to a period required to form
a pixel is equal to or less than (200 - 2.79 x PV)% where PV is a per
cent ratio of the di S aquersent: volantiaf idenadd bmatiiey @f attee t o t he vol une
of a vibrating chanber that is the space enclosed by the vibrating plate
and a boapdeeént heit2btelrecisr adationed above with an objective to

improve:the frequency dependency of the electrostatic actuator
only by setting up the waveform of the driving voltage.

10 The present invention provides an electrostatic ink
jet head, which includes a vibrating plate, and an electrode
installed facing the vibrating plate at a predetermined gap,
wherein, an electric pulse is applied between the electrode
and the vibrating plate such that the vibrating plate 1is

15 displaced by electrostatic force, and an ink drop is
discharged by mechanical resilience of the vibrating plate
pressurizing ink in the ink chamber, wherein, a pixel is
formed by ink that is discharged by one electric pulse, where
a ratio PT of a period during which the vibrating plate and

20 the electrode contact each other to a period required to form
a pixel is equal to or less than (200'— 2.79 x PV)%, where PV
is a per cent ratio of the displacement volume of the
vibrating plate to the volume of a vibrating chamber that is
the space enclosed by the vibrating plate and a board of the

25 electrode.



-7 WD 03/026896 PCT/JP02/ 09645 The present invention also provides an

el ectrostatic ink jet head, and an electrode installed facing the

vi br ati ngwploanzesad a predeterm ned gap, wherein, an el eclPCTAOPIAIISE | S
appl t ed between the electrode and the 5 vibrating plate such that the
vibrating plate is displaced by electrostatic force, and an ink drop is
di scharged by nechanical resilience of the vibrating plate pressurizing
ink in the ink chardﬂﬁé; Jygleernec: Nyvdn iiéﬁlais forqfe by ink that is

di scharged by a plura |tI§/ of €1 €Ct r1C pul 3630 Riere®3 fdtio PT 10 of a
period during which the vibrating plate and the electrode . contact each
bther to FL5eHFO8 PEYG| Fit ey PORRY aoBixd TYOTaar LDbrLIEaT AT ( 200 -
2.79 x PV)% where PV is a per cent ratio of_ displacenent volunme of the
Vi br at i ng PeatePratiRaL oiuRe 6f PReIrbPERIRRT GRBnbBReERER i1 t he space
enclosed 15 by the vibrating plate and a board of the electrode. The
present | VERFEFSA BPSDS provp@dd ednbekreet rigg &lisstirarej @rd Hdwd, whi ch
includes a nozzle, an-ink chanber that is connected to the nozzle, a

vi br at $ ng vabaréinghatatorsaht thes aheonkpradine plede, iandiswliadefubly

el ectrode 20 installed outside the ink chanber, and facing the vibrating
pl ate at @lpcédestaninetbmyap, aaddan phlrdddn yisofdiekketrgedtiati ¢ actuators
t hat di scharge ink drops fromthe nozzle, the ink being in the ink chanber
and pressueichedibylneedidnictale ofeshéiehiceniofng pdavebpats mgripliate intken t he
vibrating plate, is 25 deforned by electrostatic force generated by an

el ectric pul $Be ink chamber; wherein, a pixel is formed by ink that is

discharged by a plurality of electric pulses, where a ratio PT
10 of a period during which the vibrating plate and the electrode

contact each other to a period required to form a pixel is

equal to or less than (200 - 2.79 x PV)$%, where PV is a per

cent ratio of displacement volume of the vibrating plate to

the volume of a vibrating chamber that is the space enclosed
15 Dby the vibrating plate and a board of the electrode.

The present invention also provides an
electrostatic ink jet head, which includes a nozzle, an ink
chamber that is connected to the nozzle, a vibrating plate
that constitutes a common electrede, an individual electrode

20 installed outside the ink chamber, and facing the vibrating
plate at a predetermined gap, and a plurality of electrostatic
actuators that discharge ink drops from the nozzle, the ink
being in the ink chamber and pressurized by mechanical
resilience of the vibrating plate when the vibrating plate is

25 deformed by electrostatic force generated by an electric pulse
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-8 WD 03/026896 PCT/JP02/ 09645 applied between the vibrating plate and the
i ndi vidual electrode, where a ratio PT of a period during which the

vi br at i ngwploawzssasdd t he el ectrode contact each other to aPCpaPIixesequired
to forma pixel is equal to or less than (200 5 - 2.79 x PV)% where PV is
a per cent ratio of displacenment volunme of the vibrating plate to the
volume of a vibrating chanber that is the space encl osed by the vibrating

Pt a0 e 003 408l SFLLR0E.S Toe Bl gL veat ot gl oo prov)des

escri be ove, erein one electric
pul se is applied. between the vyibratin | at e ng.the indivhgﬁgl el ectrode
when forn?ﬁ&%ﬁ‘éd%ix e.reTﬁ‘er#ége ?’g\ljgrﬁe?rd‘r? L PEERT oS e
electrostatic ink jet head as_descri bed above, wherein a 15 plurality of
el ectric BuPsesing el it88 BREWRERC HHRAS i BHEChgS2 ol a? &2 X Re i ndi vi dual
el ectrode when form ng one pixel. The ﬁresent invention provides an ink jet
recor di ngreappar BeU&i raghiteh Ipan| adekxehel |8 RA05P a?T cL$5k fhe Helld as
descri bed above, wherein the electrostatic ink jet head faces 20 recording
paper Buch £ha? xekoridi ndpeics BErioraweebh\cqgrdt rpfgo ¢hkAHEserBREEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a perspective diagramfor explaining
a 25 pringbpahepafttid vdbvrenkngepliieadtasiiig velleveroStatvibdadricog to -9
chamber that is the space enclosed by the vibrating plate and
a board of the electrode.
The present inventionh also provides the
10 electrostatic ink jet head as described above, wherein one
electric pulse is applied between the vibrating plate and the
individual electrode when forming one pixel.
The present invention also provides the
electrostatic ink jet head as described above, wherein a
15 plurality of electric pulses are applied between the vibrating
plate and the individual electrode when forming one pixel.
The present invention provides an ink jet recording
apparatus, which includes the electrostatic ink jet head as
described above, wherein the electrostatic ink jet head faces

20 recording paper such that recording is performed by jetting

ink drops.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective diagram for explaining a

25 principal part of an ink jet head using electrostatic force to

_9_



WO 03/ 026896 PCT/ JP02/ 09645 which the present invention is to be appli ed.
Fig. 2 shows a sectional view of a structure of a principal part of an
act uat or wb oBlzsspbek j et head shown in Fig. 1. 5 Fig. 3 sRoEgPe09e4ft | i ne
structure of a principal part of the electrostatic ink jet head for

expl aining the subject of the present invention. Fig. 4 shows an exanple
of driving electric pulses applied between a vibrating plate and an

i ndi vi dual el ectrode. 10 Fig. 5 shaows ,an _outlinhe dof a gap type of the
el ect r ost'#tid ithIe PEESHRAFY iPerttedOUWPER PR 6 shows a

measurenent-result of displacement of a parallel Ig%:'ap t%‘pg actuator in a
| onger edge directi 8A%f2 S idHr3fGHGRAalee” 1% B ¢t rrCsHoRsCh 2
measurement result of the displacenent of a non-parallel gap GL form
act uat or principsfomest efgendreeedrion oFf fe Wkbp &t A§aPl BRe"™ FRy.F ¥ shows
a nmeasurenment result of the displacenent of a non-parallel gap G form
actuator in a 20 shorter edge direction of the vibrating plate. Fig. 9
shows a measurenent result of vibration displacement anount (contacting
peri od being 4.0 ni cigse8osidsys af artlpjacakketcyape act waroincapasured by a
| aser Doppler vibrograph at a center in the direction of the shorter edge
of 25 theawt ymtdnRgepkateostatic ink jet head for explaining the
subject of the present invention.
Fig. 4 shows an example of driving electric pulses
applied between a vibrating plate and an individual electrode.
10 Fig. 5 shows an outline of a gap type of the
electrostatic ink jet head experimented with.
Fig. 6 shows a measurement result of displacement
of a parallel gap type actuator in a longer edge direction of
the vibrating plate.
15 Fig. 7 shows a measurement result of the
displacement of a non-parallel gap Gl form actuator in a
shorter edge direction of the vibrating plate.
Fig. 8 shows a measurement result of the
displacement of a non-parallel gap G2 form actuator in a
20 shorter edge direction of the vibrating plate.
Fig. 9 shows a measurement result of vibration
displacement amount (éontacting period being 4.0 microseconds)
of an parallel gap actuator, measured by a laser Doppler

vibrograph at a center in the direction of the shorter edge of

25 the vibrating plate.

__10_



-10 WO 03/026896 PCT/JP02/09645 Fig. 10 shows a neasurenent result of

vi bration displacenent anount (contacting period being 6.0 m croseconds)

of the pawaloBebesg@ap actuator, measured by the | aser Doppl @eCT/IPodnvegy aph at
the center in the direction of the shorter edge 5 of the vibrating plate.
Fig. 11 shows a neasurenent result of vibration displacenment anount

(contacting period being 10.0 mcroseconds) of the parallel gap actuator,
h at the center_in the direction of

measured by the | aset_Doppl vi brogra ] .
the 10 shorter edge g?gfhg&v$%9@ﬁi%ug 4] ﬁfgme%ﬁgﬁeﬁ.1%ﬁ%%§1§rﬁ§b%%renent
result of i ion_.displacement ampunt (contacting period being 20.0

ot #Jl%%eﬁ‘ﬁnt AR GhFagstndt BrTif £9imed by rherosesmdsoppl er

m cr oseconds € para
vibrograpq) in the direction of the 15 shorter edge of the

tIJhe cefigg
vibrating Pi at'€. PRFgt1a8 SRS Pact RS pead & dégehdentyDadpler
non- par al |_el aE G% form the contacting period being 2.8 mcroseconds.
Fig. 14 sﬁBﬁE%P BPRont ddis rEper 68 Gepeddesniyvionf of20hehshomtremaidalel el gap
GL for t he contacting period being 4.8 mcroseconds. Fig. 15 shows the
cont acti n@pdfPodiBepeive rdyptel: the non-parallel gap GL form the

contacting period being 8.8 mcroseconds.
Fig. 11 shows a measurement result of vibration

displacement amount (contacting period being 10.0
microseconds) of the parallel gap actuator, measured by the
laser Doppler vibrograph at the center in the direction of the
10 shorter edge of the vibrating plate.
Fig. 12 shows a measurement result of vibration
displacement amount (contacting period being 20.0
microseconds) of the parallel gap actuator, meaéured by the
laser Doppler vibrograph at the center in the direction of the
15 shorter edge of the vibrating plate.
Fig. 13 shows contacting period dependency of a
non-parallel gap Gl form, the contacting period being 2.8
microseconds.
Fig. 14 shows the contacting period dependency of
20 the non-parallel gap Gl form, the contacting period being 4.8
microseconds.
Fig. 15 shows the contacting period dependency of
the non-parallel gap G1 form, the contacting period being 8.8

microseconds.

25 Fig. 16 shows the contacting period dependency of

-1 l_



25 Fig. 16 shows the contacting period dependency of -11 WD 03/026896

PCT/ JP02/ 09645 the non-parallel gap G form the contacting period being
4.0 mcrwoasoedse Fig. 17 shows the contacting period depemdemopess the
non-parallel gap & form the contacting period being 6.0 5 m croseconds.
Fig. 18 shows the contacting period dependency of the non-parallel gap &
form the contacting period being 10.0 mcroseconds. Fig. 19 shows the
cont act i ngHeehbadpgepende the non-parallel gap G form the
contacting peri od bei ng 283.%%)6 %fr%i ggjggécg%%sc.o TVEBDREEERE dagra NGOOUT THE
| NVENTI ONpEkeoBESSSN 1 nvention provides an electrostatic ink 15 jet head
as showmn in Fig. 1 and Fig. 2, which includes a nozzle 31, an ink chanber

22 that is connect engitef t]%eS 0zzl gh 31, avibrating plate 21 forned as a
part of the ink chanbet 22 Sa&hg pAteding eennoR @teetdody, oand an

i ndi vi dual.,, .electrode .11 that is_provided facing the vibratin late 21 20
and bei ngltgpe)a}r](sgféaornaﬁtlﬁé AR gﬁaﬁgﬂ‘r ﬁe\mmntacgiwav@rmmem%ggp,oand
furthey im%}t_;ges a plurality of electrostatic actuators that are capable
of di schargrng Tk From the nozzle 31 when the vibrating 21 plate that is
once deforned by electrostatic force generated by applying an electric
pul se Fig. 18 shows the contacting period dependency of

the non-parallel gap G2 form, the contacting period being 10.0

microseconds.

Fig. 19 shows the contacting period dependency of

10 the non-parallel gap G2 form, the contacting period being 20.0

microseconds.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention provides an electrostatic ink
15 jet head as shown in Fig. 1 and Fig. 2, which includes a
nozzle 31, an ink chamber 22 that is connected to the nozzle
31, a vibrating plate 21 formed as a part of the ink chamber
22 and as a part of a common electrode, and an individual
electrode 11 that is provided facing the vibrating plate 21
20  and being apart from the ink chamber 22 with a predetermined
gap, and further includes a plurality of electrostatic
actuators that are capable of discharging ink from the nozzle
31 when the vibrating 21 plate that is once deformed by
electrostatic force generated by applying an electric pulse

25 between the vibrating plate 21 and the individual electrode 11
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25 between the vibrating plate 21 and the individual electrode 11 -12 WO
03/ 026896 PCT/ JP02/ 09645 restores when the voltage is renoved by nechani cal
resili enc®p o3b@pei n frequency dependency is greatly suppresgec/dg4sraki ng
the contacting period during which the vibrating plate and the el ectrode
are in contact to be less than (200-2. 79xPV)% of a 5 period required to

forma pi xel
vi brating pl
encl osed By>

:

where PV is a percent ratio of displacenent volunme of the
te to vol yne of

h i brati hanber that is t.
RE=Y1 Bt (G JBRATESaht 1R Gbet: B Boarth Ve £ Rexel s

formed by the  electric pulse. 10 Sections (A), (B) and in Fig. 4 show
exanpl es "OFTEFP v FRFYANER FEPSPHFRES Jai)pﬂﬁe&()tl e?é‘@éﬁefﬁ%‘g&%%%lﬁg pl at e

and the individual electrode. For a pixel, either one pulse or a plurality
of pul ses tE&nchRtAPPINIRPFd OLhEUELRY| Wi Gl &g EFLPTTRENS 3 'eh 3CA) T8f Fi g.

shows an exanpl e wherein one driving 15 pulse forns a pixel. The section

(B) of Fi gledtspdasaim inexampbet WhebeikewotthapodePPve: GieP\Reg&h @e pul ses

(a negative

pul se al so displaces the vibrating plate) are used (applying

the pdsit peeladdremgatddy écelfectr crpxesesheawoV¥sia a2 epeurit naltéotric

charge particular to the electrostatic ink jet head).

Fi g. 4 shodsdaaspbxcansne wodueenod pheralbratingf ppatseso (tdiatmd ©f &he

plurality of

ink drops) are used when formng a pixel. Here, when formng

a pi xel byibbetphiraldnyer ahapulseshe aspddik etlell ode@sbnothaecidbrtaa ibe
circular, and ink dots do not have to nerge perfectly to forma dot on a
plate and the electrode board, when a pixel is formed by the

electric pulse.

10

Sections (A), (B) and (C) in Fig. 4 show examples

of driving electric pulses applied between the vibrating plate

and the individual electrode. For a pixel, either one pulse or

a plurality of pulses can be applied as the driving voltage.

The section (A) of Fig. 4 shows an example wherein one driving

15 pulse forms a pixel. The section (B) of Fig. 4 shows an

example, wherein both positive and negative pulses (a negative

pulse also displaces the vibrating plate) are used (applying

the positive and negative electric pulses removes a residual

electric charge particular to the electrostatic ink jet head).

20 The section (C) of Fig. 4 shows an example wherein a plurality

of pulses (that is, a plurality of ink drops) are used when

forming a pixel. Here, when forming a pixel by the plurality

of pulses, an ink dot does not need to be circular, and ink

dots do not have to merge perfectly to form a dot on a

25 recording medium, but rather, a structure may be such that the

-13—
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25 recording nmedium but rather, a structure may be such that the -13 WD
03/ 026896 PCT/JP02/ 09645 plurality of mnute dots are to form approxi mately
one dot. wbuswbmspq al t hough not illustrated, a structure may/Jpe/®ech that
a voltage that is hot O is applied during a period while the ink is not
bei ng discharged. 5 Here, in the present invention, driving voltage is the
vol tage at which the vibrating plate contacts the electrode. In the case
of one pulse per pi xel ,. one contact is pmade to forma pixel. |n the case
of n pul s@Ugetipy xf m%?ut@oﬁp§ét§rSrE°ﬁEH@1@@pFBFﬁWQtEEXe?neFgﬂi"exanple

in the 10 exanpl es shown in the sections (A and (B) of Fig. 4, one pulse
i s appl i edusdhepi xalthaeh neE HlléHé§FaH?<i1m%gftfrrué%&éﬁc%)ay|]%e UrFY where T is
a period required in formng a pixel). On the other hand, in the exanple
shown in tihetsecvebraqe)thefit Risgnot40 &s parplalact @U{ijﬂnguﬁs@%rmda vapgei ed to
forma pixel, and the 15 highest driving frequency is 1/ T1l. As nentioned,

t he preserthe nvknis omicdwing siskbargedi od during which the vibrating plate
contacts the electrode to be equal to or shorter than (200-2. 79xPV)% of T
that i85 a period retpie edt ahlopreenet plxedntivwier erPVing wopergeent 20
rati o of displacenent volunme of the vibrating plate to the volune of the
vi br at i ng welkarbetaddait ivhildne thpacebestinged dne coheavtbraténg pl ate and

the el ectrode board during T, that is, the period required to form one
pi xel . Indiketease. ofn the case of one pulse per pixel, one contact is
made to form a pixel. In the case of n pulses per pixel, n
contacts are made to form a pixel. For example, in the
10 examples shown in the sections (A) and (B) of Fig. 4, one
pulse is applied per pixel, and the highest driving frequency
is 1/T (where T is a period required in forming‘a pixel). On
the other hand, in the example shown in the section (C) of Fig.
4, a plurality of pulses are applied to form a pixel, and the
15 highest driving frequency is 1/T1.
As mentloned, the present invention controls the
period during which the Vibrafing plate contacts the electrode
to be equal to or shorter than (200-2.79xPV)% of T that is a
period required to form one pixel, where PV is a per cent
20 ratio of displacement volume of the vibrating plate to the
volume of the vibrating chamber that is the space enclosed by
the vibrating plate and the electrode board during T, that is,
the period required to form one pixel. In the case of the

section (C) of Fig. 4, even if the period during which the

25 vibrating plate contacts the electrode is longer than (200-
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section (C) of Fig. 4, even if the period during which the 25 vibrating
pl ate contacts the electrode is |longer than (200 -14 WD 03/ 026896
PCT/ JP02/WO84/52689¢7 9XxPV) % of Ti that corresponds to the hi @gaEgaPOaA9b48 Ny
frequency, the effect of the present invention, i.e., suppression of the
frequency dependency, is available so long as it is shorter than
(200-2. 79xPV) % of T. Here, derivation of 5 the value, (200-2.79xPV)% w ||
be explained in the description of an_enbod a}L‘l foll ows. To be

e

[ t th
accur at e, 2-HéxB{Leext ngt &?%CFOGFGFB%nd%It@Ctt#%gFLégf“ES A Y %Yependent on

the rate of the periods during which the vihrating plate contacts the

el ect r ode frRIUARCIO HHe-9fitesIt- PEr M APTRITVd 1VRRELPE, th@- dri vi ng
frequency is not the only elenment. That is, the above-nentioned frequency
dependencyupppeesion Lhridicefapenenegy derergiepsideAyavalidele st iL618f t he
contacting period to the one-pixel-formng period (it is hereinafter
descri bed aas ithes dependendnaon (ER8-157 LA &coifn§ - pEered/ gexiatatfionnpfig
period). Here, the dependency on the contacting period/pixel-form ng
peri odsi s thieevpeud pd(20012 .f7GxPVNG , awpl Xdde iaxplladnrg thetlase where a
plurality of ink drops are recognized as a pixel, even if the fornmed dot
is not cidegkaptiet Oherdeimbod@méhe thghefoltibesdri ving frequency is set,
the narrower becones the range within which the pulse width of the

driving voltage can b wetacATatel €Skt sqade ARG BEMepul 6€ tiwé dt h at whi ch
ink discharging is best perfornmed may not be

electrostatic head is dependent on the rate of the periods

during which the vibrating plate contacts the electrode in the

10 one-pixel-forming period, that is, the driving frequency is
not the only element. That is, the above-mentioned frequency
dependency represents one element of the dependency on the
ratio of the contacting period to the one-pixel-forming period
(it is hereinafter described as the dependency on the

15 contacting period/pixel-forming period). Here, the dependency
on the contacting period/pixel-forming period is the period
for forming a pixel including the case where a plurality of
ink drops are recognized as a pixel, even if the formed dot is
not circular nor one dot.

20 The higher the driving frequency is set, the
narrower becomes the range within which the pulée width of the
driving voltage can be set. As a result, an optimum pulse
width at which ink discharging is best performed may not be

available for selection due to a specific vibration frequency,

25 meniscus vibration, etc., of a head due to the structure of
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avai l abl e for selection due to a specific vibration frequency, 25 neniscus
vibration, etc., of a head due to the structure of -15 WD 03/026896

PCT/ JP0O2/WOadm2d8he head. However, overall ink di schargi ngprefffipei/@aey and
frequency characteristics are clearly inproved when adopting the structure
of the present invention, even if ink discharging is not performed under
the best conditions. 5 One of the inportant paraneters that determ ne

imge quality is the dot dianmeter determ ned by a permtted range of
displacen&ﬁ?’P@Gﬂctﬁ?Wﬁvqﬁe‘Hﬁ?a&#aﬁ%¥épﬁ??%E%E%M@ﬁ?lcbﬁnﬁ%ﬁyxbaraneters,
such as volune of ink, jet speed, quality of recording paper, and other-
envi r onmefEEAUEREY of RAraHPRIfd1fs d5e HemeterlmpFoyegi Fhar eadotignffer with
the sane ink drop volune. As for a distribution of dot dianeter

di f f er encédie stheetUre Mo Hen@rgsept ategntddm asyent hat ik pernmissible. In
t he present invention, the error tolerance |evel of the dot dianeter is
set as 10%iskbeeoies,is (ndts resSorpddt eden Hénd iests ceotlithieons nearl y
determ nes a spread area of the ink on the recording paper. Then, the ink
vol ume5i s required tondefvthsd nmpartamyepdrstmeeers0.t9825détdatines,

0. 95x0.95) xM and 1.1025 (that is, 1.05x1.05) xM which gives

appr oxi matiglageaqdfh ty angeshamier-e dvhmepse seitdesniiheddesi & egeinikted une, and
R 20 represents the radius of the dot, the tolerance for R being 5%
Since, in ddhgeebecdiostaidreriteadduadiaspenic @i aibwedeh 1ofdddeaawhkrating

pl ate/gap] is 100 or greater, the displacenent ratio of the displacenent
anmount of dnhRaMybatdMbers, such as volume of ink, jet speed, quality
of recording paper, and other environmental factors, and the
10 dot diameter on a picture can differ with the same ink drop
volume. As for a distribution of dot diameter differences,
there is no generally accepted range that is permissible. In
the present invention, the error tolerancé‘level éf the dot
diameter is set as *10%. Moreover, it is assumed that the ink
15 volume linearly determines a spread area of the ink on the
recording paper. Then, the ink volume is required to be within
a range between 0.9025 (that is, 0.95x0.95) xM and 1.1025
(that is, 1.05x1.05) xM, which gives approximately a +10%
range, where M represents the desired ink volume, and R
20 represents the radius of the dot, the tolerance for R being
+5%. Since, in the electrostatic head, an aspect ratio [width
of the vibrating plate/gap] is 100 or greater, the
displacement rétio of the displacement amount of the vibrating

plate is almost equal to the ratio of the exhausting volume.

25 Therefore, in order to suppress the variation of the dot
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plate is alnost equal to the ratio of the exhausting volune. 25 Therefore,
in order to suppress the variation of the dot -16 WO 03/ 026896

PCT/ JPO2/wWosdmb2ap@net er within the 10% range, the di spl acecgnrPoy@biso of the
vi brating plate should be suppressed within 10% range. Specification of an
el ectrostatic actuator: The basic structure of the head is as shown in Fig.
51 and Fig. 2. An electrode board 10 is etched such that a gap chanber is
formed, with an individual electrode fijam 11 formed ysing.Ti I\% A

prot ect | sHameter1vikhée Bhe SFOY LePEPnel ot R A EEEY 588.“’!\% eoter, a Si
board 20 is etched such that_a_ |I|iquid chanber 22 is formed. A thin board
that is fwbredirg pdathi sheakthde sePpESss’d &7 vFbiari?§ pRATR: 21. The above-

mentioned two boards are joined to serve as an el ectrostatic head 40. Fig.
5 shows an outline &pbechéigapiaypd of ehectepebrtustadiv@t™ PRk jet head made
as an experinment. At (A), Fig. 15 5 shows a parallel gap G formed by the
i ndi vi dual el ect r od€htlbasinstattwdture pér shéehead thesvisheyni vy Pprtate 21.
At (B), Fig. 5 shows a non-parallel gap Gl fornmed by the vibrating plate
21 and tihenel edtrode Ad, eiberwide bnerdndlli bs térectshbrtush &dge adiarecti on of
the vibrating plate is al most touching the 20 el ectrode. At (C, Fig. 5
shows a nonmprrakkelogapd 2wien ned inbyvibeaVi dlattmgieplfafia 21 fownade
el ectrode 11, wherein both ends in the shorter edge direction of the
vi brating; 3R @i&ea protection film 12 made of SiO is formed on the
electrode. Moreover, a Si board 20 is etched such that a
liguid chamber 22 is formed. A thin board that is formed in
10 ' this manner serves as a vibrating plate 21. The above-
mentioned two boards are joined to serve as an electrostatic
head 40.
Fig. 5 shows an outline of the gap type of the
electrostatic ink jet head made as an experiment. At (a), Fig.
15 5 shows a parallel gap G formed by the individual electrode 11
installed in parallel to the vibrating plate 21. At (B), Fig.
5 shows a non—-parallel gap Gl formed by the vibrating plate 21
and the electrode 11, wherein one end in the shorter edge
direction of the vibrating plate is almost touching the
20 electrode. At (C), Fig. 5 shows a non-parallel gap G2 formed
by the Vibrating.plate 21 and the electrode 11, wherein both
ends in the shorter edge direction of the vibrating plate are
almost touching the electrode.

Principal dimensions of the actuator are as follows.

25 Here, only for the non-parallel gap Gl, an oxidization film is
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al nrost touching the el ectrode. Principal dinensions of the actuator are as
follows. 25 Here, only for the non-parallel gap GL, an oxidization filmis
-17 WO 03w0268886B9¢CT/ JP02/ 09645 formed on the back of thepPeirbretiose pl at e
21 as a protection film Parallel gap head ((A) of Fig. 5) Gap between the
vibrating plate and the electrode: 5 Parallel gap G shown at (A) of Fig. 5
Gap length: 0.2 m(specification: 0.2 m Vibrating plate thickness

(speci f i c&crmay: op. She Madir atfi mpepbabeadl e pIkaQ o %5200 P&teéd\B{}%Par al I el
gap head ((B) of Fig. 5) 10 Gap between the vibrating plate an e

el ectrodefilion-parallel gap Gl shown at (B) of Fig. 5 The maxi mum gap

| ength: 0.21m (specification: 0.2n) Vibrating plate thickness

(specification) : 2.Bapinila ratLaog t .ea: 130m x 1000m
Non-paral |l el gap head ((O o?bgi g. 5)( h)g Cg%gfrj%gt M en the vibrating plate

e e e el G et
(specificast®Mel FapPM shown at (A) of Fig. 5 ”
Gap length: 0.2 pm (specification: 0.2 HUm)
Vibrating plate thickness (specification): 2.5 um
Vibrating plate area: 130 Um x 2000 Um.
Non-parallel gap head ((B) of Fig. 5)
10 : Gap between the vibrating plate and the electrode:
Non-parallel gap Gl shown at (B) of Fig. 5
The maximum gap length: 0.21Pm (specification:
0.2 Mm)
Vibrating plate thickness (specification): 2.5 um
15 Vibrating plate area: 130Um x 1000 Hm.
Non-parallel gap head ((C) of Fig. 5)
The gap between the vibrating plate and the
electrode: Non-parallel gap G2 shown in (C) of Fig. 5
The maximﬁm gap length: 0.23um (specification:
20 0.25 Um)
Vibrating plate thickness (specification): 2.5 um
Vibrating plate area: 125Um x 2000 pm.
Fig. 6, Fig. 7 and Fig. 8 show displacement of the
vibrating plate of each of the gap types of the actuator, in

25 the direction of the shorter edge, with the éontacting period
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Vibrating plate area: 125m x 2000m Fig. 6, Fig. 7 and Fig. 8 show

di spl acenent of the vibrating plate of each of the gap types of the

act uat or ,wpr3/0289¢ he direction of the shorter edge, w th PrheJeaivae i ng
period -18 WD 03/026896 PCT/JP02/ 09645 set at 6 mcroseconds. Fig. 9

t hrough Fig. 12 show vibration displacenent anmounts nmeasured at the center
inthe direction of the shorter edge of the vibrating plate of the

paral l el gap G actuator O- mi. cr opet.er si-t.ion.i,n % i rectign of "a”
of 5 Fi g.seé)?ttﬁﬁle‘“ﬂ‘?%‘fﬁ%?@&%ént glé u tt}bre‘?dr%%1 nE‘éLgs:urlgds ‘an aser  Doppl er
vibrograph. In Fig. 9 - Fig. 12, th horizonta% axi s rep.%%gnggnthe
magni t ud8isPlaseneR | \ATRITVS PEEEUT ¢ P st GEAESaF ThnFsh BEETTPBct angul ar .
I n each graph and each driving condition, there are areas ere i ncrease
in the do§pkheespprtan egasunt ANAvSIPRtHARISEeFPS. thY RAE;eL1§%Bhow t he
di spl acement anount of the non-parallel gap G actuator at a  10-mi_croneter
posi ti onGi acthetdir éxt(-onarbmeser showiti9R Fing the, dippgtias of Fag. °f9 show
di spl acement anount of the non-parallel gap & actuator at the
0- m c§onetigr. ppsi thendisplavemdnteandwnt WSing megsushdwpy i FHS§T 8. The
anount of displacenment of the vibrating plate when contacting the
el ect r odeoppakledibeomtant. dnspiacedrentFiqmit fthieshpetitemh]l @xdst he
contact voltage beconmes | ower as the frequency becones high, while the
driving pubseseandi thonsagdl thtesbAgthé ner Rrix@ volltagew did wawe=forial | i ng
time Pf=0
of which being rectangular. In each graph and each driving
condition, there are areas where increase in the displacement
10 amount almost saturates. Fig. 13 — Fig. 15 show the
displacement amount of the non-parallel gap Gl actuator at a
10-micrometer position in the direction of “a” shown in Fig. 7.
Fig. 16 - Fig. 19 show displacement amount of the non-parallel
gap G2 actuator at the O-micrometer position in the direction
15 of “a” shown in Fig. 8.
The amount of displacement of the vibrating plate
when contacting the electrode (called, contact displacement
amount) is reduced, and the contact voltage becomes lower as
the frequency becomes high, while the driving pulse conditions
20 (rising time Pr=0, pulse width Pw=4, falling time Pf=0
microsecond) are the same, as shown in Fig. 9, for example.
This is due to the squeezing effect, and is the dependency on
[contacting period/l-pixel-forming period] of the

electrostatic head, as mentioned above.

25 Fig. 9 through Fig. 19 indicate the following
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m crosecond) are the sane, as shown in Fig. 9, for exanple. This is due to
the squeezing effect, and is the dependency on [contacting

peri od/ 1-wDxalz2d80¢ mi ng peri od] of the electrostatic headpcagromevsisoned
above. 25 Fig. 9 through Fig. 19 indicate the following -19 WD 03/ 026896
PCT/ JP02/ 09645 matters. Nanely, the displacenent anobunt when neasured with
the pulse wdth of the driving voltage changes, and the contacting period
serving as a paraneter, does not depend on the contacting 'period nor the
driving fFPegk&Ry, Nygels dP5r 8% P REE Py RETRIE To i PER oRE AR 1T §h With

period/ 1-pixel-formn period]. In the case of the parallel gap G Fig. 9
t hrough F§. pméS?nm%%h ©ft e fFivied [ cohtada ihgrgeri oard-iskel - form ng
period] is controlled to fall about 40% or |ess, 10 reduction of the

di spl acensantapbing eewidsk seuppresseda toaratrnar ,10%e:s Shat | dgdepd tove
reduction of the displacenent anbunt can be suppressed to about 10% if

t he [ cont &bki prgnpactbuf peghiodehof oting ndr permomdjreigsicoont rivht ed to fall about
5.5%or less 15 in the case of the non-parallel gap Gl, as shown in Fig. 13

t hr ough Fiagprbdsimahdly fdddemdscont acontmcipaid qdfrliop/xebit@r-ridigingeri od] is
controlled to fall about 25%or less, in the case of the non-parallel gap
&2, as sheemibalFig. 16 through Fig. 19. 20 It is considered that the
dependency on [contacting

In the case of the parallel gap G, Fig. 9 through
Fig. 12 indicate that i1f the [contacting period/l-pixel-
forming period] is controlled to fall about 40% or less,

10 reduction of the displacement amount can be suppressed to
about 10%.

Similarly, the reduction of the displacement amount
can be suppressed to about 10%, if the [contacting period/1-
pixel-forming period] is controlled to fall about 5.5% or less

15 in the case of the non-parallel gap Gl, as shown in Fig. 13
through Fig. 15; and if the [contacting period/l-pixel-forming
period] is controiled to fall about 25% or less, in the case
of the non-parallel gap G2, as shown in Fig. 16 through Fig.

19.

20 It is considered that the dependency on [contacting
period/l-pixel-forming period] depends on a ratio of
displacement volume V1 that is produced when the vibrating
plate is displaced from a position when the power supply is

turned off to volume of the vibrating chamber V0. When the.

25 longer edge of the vibrating plate is sufficiently longer than
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eri od/ 1-pi xel -formn eri od] depends on a ratio of displacenent volune

E)/l t hat ig pr oduced V\geg the vibrating plate is displaced froma position
when the wowai2@epply is turned off to volunme of the vibraTiyre/@kenber VO.
When ‘the 25 | onger edge of the vibrating plate is sufficiently Ionger than
-20 WO 03/026896 PCT/JP02/ 09645 the shorter edge, V1/VO can be approxi nmat ed

/SO, where SO is a gap area, and Si is a displacenent-area produced
o o he. plate fromthe position when the

bg\/\;[e?esuglp y iasgl%{%%tﬁegé%%Th,evl\a?s‘}bg%tﬁli\ﬁnngﬁyawx?ﬂjéo’§3éﬁaﬁ%béfD)Slé\SOFi ¥hese 530 in the
(F:)ross section in the short. edge direction. Table 1 that follows shows

appr oxi matlesdr}’lvglatrfegL I8f - A tfiaf RerBleseEsHed sy Parduradihby 8¢ SO in an
actual use,, valtage range, after obtaining SO and Si for each gap type

act uat or cﬂj’ssﬁqélggg?ﬁﬁt[' ‘P%rtrﬂesW&J%af‘:ﬁnm glabet hrgudiieripgsig8ion Owhiarb|gel :
SI/SOratio in each_gap type actuator Gap areabD spl acenent Practical S1/ SO SO
(nR) ar ea SVETt §ERIDO-T Buined b armge shwypr ket tal seangen Panaldelragls. 2

(25V) About Abqut Gapl7.5 (29V) ,25 to 3558 to 71 18:9 (35\0 Non-2113. 6
(30V) , AborAlButhpafEPs e ISES B on35Y) the2shord 26®et di88ction.
Table 1 that follows shows approximated values of
V1/V0 that were obtained by calculating S1/S0 in an actual use
voltage range, after obtaining SO and S1 for each gap type

actuator displacement form shown in Fig. 6 through Fig. 8.

10 Table 1: S1/S0 ratio in each gap type actuator
Gap area Displacement | Practical S1/S0
SO (um?) area S1 voltage x100(%) in
(Mm?) range (V) practical
range
Parallel 26 15.2 (25Vv), About About
Gap 17.5 (29v), |25 to 35 58 to 71
18.9 (38V)
Non- 21 13.6 (30V), |[About About
parallel 15.5 (35v), 32 to 42 69 to 80
gap G1 16.6 (40v),
17 (45V)
Non-— 25.8 16.5 About 64
parallel (29V to 34V) [ 28 to 38
gap G2

In the meantime, a ratio of [contacting period/1-
pixel-forming period] at which the amount of the displacement
is reduced by 10% is obtained for each gap type from Fig. 10,
Fig..14, and Fig; 17, and is given in Table 2 below.
15 Table 2: [contacting period/l-pixel-forming period]
value at which displacement amount is reduced by 10% for each

gap type actuator

[contacting period/l-pixel-
forming period] x 100% '
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gap Gl16.6 (40V), 17 (45V) Non-25.816. 5About 64 parallel (29V to 34V)28 to 38
gap & 15 In the neantine, a ratio of [contacting period/1- pixel-formng
period] awowhiozds9¢ he anount of the displacement is reduc@dThyo®es s
obtained for each gap type fromFig. 10, Fig. 14, and Fig. 17, and is
given in Table 2 below. Table 2: [contacting period/1-pixel-form ng period]
val ue at Lch displacenent anmpunt is reduced by 10% for each gap type

act uat or |[Roretldetli Ggpperi od/ 1- pi xel - form ng per i3gd] X T00% - 21
03/ 026896 WROHRAPA2/16896d5 Par al | el  GapB86 Non- par alsl e Gap L5—N0n—p raIt | el I
Gap 224 Then-gpauesiel &4 SPXTO0(0) Co reSpondi II92L4UnL||c Howest—pH a;a:ocaGl),

{non arall o
vol tage i n Table I, namety, 58 (parattet—gap—6+—69—(nron—parall .
and 62 (non-parallel gap @), 5 and the result of Table 2 are pl otted in a
graph. Then, linear approximation is carried out. Then, the foll ow ng

expression of rel at Tomsvaluar aufh Sa¥SaxLe6yY .corresponding to the

5

lowest bractical voltage in Table 1, namely, 58 (parallel gap
G), 69 (non-parallel gap Gl), and 64 (non-parallel gap G2),

5 and the result of Table 2 are plotted in a graph. Then, linear
approximation is carried out. Then, the following expression
of relations is drawn as a result.

That is, if PT(%) is taken within the limits of
(200-2.79xPV), reduction in the displacement amount due to the

10 squeezing effect can be suppressed to a level that does not
cause a problem, where PV (%) is a ratio of the displacement
volume of the vibrating plate to the volume of the space
enclosed by the vibrating plate and the electrode, and PT (%)
is a ratio of the period during which the vibrating plate and

15 the electrode contact to the period required in forming a
pixel.

The frequency characteristics of the electrostatic
ink jet head are remarkably improved, stability of the ink
discharging characteristic is raised, and, as a result,

20 reliability of the head is raised by properly setting the
ratio of the period of the electric pulse applied between the
vibrating plates and the individual electrodes of the
electrostatic ink jet head to the period required in forming a

pixel (substantially, the portion of the period during which
—22—



That is, if PT(% is taken within the limts of (200-2.79xPV), reduction
in the displacenent anmount due to the 10 squeezing effect can be

suppr essewotos/oxsbevel that does not cause a problem wher @CPNPY09645 a ratio
of the displacenent volune of the vibrating plate to the volune of the
space enclosed by the vibrating plate and the electrode, and PT(% is a
ratio of the period during which the vibrating plate and 15 the el ectrode

contact tothderipeti9dyr 8O & €551 r g, ng i xel.. The frequency
characteristics of thg %Iectrostéﬁ%ﬁ% q?%ke?%?g(%ga'aF@drgﬁaPE%B$9lYnproved,

stability ef+dihe | | i aracteristic is raised, and, as a
result, 20 religb?PFt§Q%%QPﬂiqﬁgg ?écggl Y W oper theseibraiginthe ratio
of the perdpgdmf- the,glectric pulse applied between the vibrating plates
and the individual electrodes of the electrostatic ink jet head to the
period required in formng a pixel (substantially, the portion of the
period during which -22 WO 03/026896 PCT/JP02/ 09645 the vibrating plate
contacts the electrode), and by properly setting the ratio of the gap
chanber volune to the vibrating chanber volune. WO 03/026896 CLAI M5

PCT/ JP02/ 09645 1. An electrostatic ink jet head, conprising:
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a vibrating plate, and 5 an electrode installed facing the vibrating plate
at a predeterm ned gap; wherein, an electric pulse is applied between the
el ect r odewarod/ozdses vi brati ng pl ate such that the vibrati n@Cplirox0%+

di sptaced by electrostatic force, and an ink drop is discharged by
mechani cal resilience of the 10 vibrating plate pressurizing ink in the ink
chanber; wherein, a pixel is fornmed by the ink that is discharged by one
el ectric pulse; and where a ratio PTe@htggperiod during which the
vibrating plate and the el ectrode contact each other to a period required
to forma pixel is equal to or less than (200 15 - 2.79 x PV)% where PV is
a per cent ratio of displacenent volune of the vibrating plate to volune

of a vibrating cha r ..that is a,space enclqgsed hy the vibrating plate and
a board of the eIggf?éxepﬁfﬁt§98339%?éfi 3§§é$@8anEOT%fl%%§H, conpri si ng:
a vibrating plate, and .an el.ectrode installed facing the vibrating plate

at a predeternined d%ﬁ?%Wﬁgﬁgpnpgﬁﬁeeﬁgﬁfric pul se i s applied between the
electrgde and the vibrating plate such that the 25 vibrating plate is

di spl ated by el ect r 68t &{ECFOFCeInakR Lo faing BBLOYE8YBE POTLIRIR/ 09645
ink drop is discharged by nmechanical resilience of the vibrating plate
pressuri zPhg? i PREIST e NEAK 98RanPeereitherdi plechrpt xetlss foempdibg the ink

that is discharged by a plurality
. between the ‘electrode and the vibrating plate such that the

Vibrating plate is displaced by electrostatic force, and an
ink drop is discharged by mechanical resilience of the

10 vibrating plate pressurizing ink in the ink chamber; wherein,
a pixel is formed by the ink that is discharged by one
electric pulse; and where a ratio PT of a period during which
the vibrating plate and the electrode contact each other to a
period required to form a pixel is equal to or less than (200

15 - 2.79 x PV)%, where PV is a per cent ratio of displacement
volume of the vibrating plate to volume of a vibrating chamber
that is a space enclosed by the vibrating plate and a board of

the electrode.

20 2. An electrostatic ink jet head, comprising:
a vibrating plate, and
an electrode installed facing the vibrating plate
at a predetermined gap; wherein, an electric pulse is applied
between the electrode and the vibrating plate such that the

25 vibrating plate is displaced by electrostatié force, and an
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of electric pulses; and where a ratio PT of a period during 5 which the
vibrating plate and the el ectrode contact each other to a period required
to form awpiogebesbe equal to or less than (200 - 2.79 x PYL¥IPhi®sss PV is a
per cent ratio of displacenent volune of the vibrating plate to vol une of
a vibrating chanber that is a space enclosed by the vibrating 10 plate and
a board of the electrode. 3. An electrostatic ink jet head, conprising:. a

nozzl e, andknkrebanbes:thed 4 Y .10, the nozzle 15 a vibrating
pl ate that constitutes a co]ﬁ'!{*rnncbgjlnegl%%gle,é %nre?sn iIVihTarteBRt r ode

install edvausirdgqgt BEa+ L ggq{}t] ., .and faci the vibrating plate at a
predet er m ned gag;Baarl]d %)ra D ufzéLPF’t %/g%flrél%rjﬁg‘t&hiaff‘bﬁéf Ui hat
di schar ge 4 pk.diop zzl.e, the ink being the ink chanber and
pressuri zéad@bif mcﬁaﬁé%& ?%si%%ieeﬁ% At S WPREORE PV at e0 W ittlye
vi brating gl Ls: def ornmed b el ectrostatic force generated by an

el ectric p())ul g%g%%%hg%dﬁz%esue%e#‘?ﬁ% Vit A pifaterandod hinzimdi vi dual
el ectrpde; ;- 03/.026896 PCT/ JP02/ 09645 where a ratio PT of a period

9 th‘ligg 'l\:/ﬁ:)e @C&él

duri ng” whi'ch°t he Vi brat g% Patse 2 e adlestrodde cophbatteachtather to a

peri od re%uired to . forma pixel is equal to or less than (200 - 2.79 x
PV) % O a period required to form a pixel is equal to or less than

(200 = 2.79 x PV)%, where PV is a per cent ratio of
displacement volume of the vibrating plate to volume of a
vibrating chamber that is a space enclosed by the vibrating

10 plate and a board of the electrode.

3. An electrostafic ink jet head, comprising:
a nozzle,
an ink chamber that is connected to the nozzle
15 a vibrating plate that constitutes a common
electrode,
an individual electrode installed outside the ink
chamber, and facing the vibrating plate at a predetermined
gap; and
20 a plurality of electrostatic actuators that
discharge ink drops from the nozzle, the ink being the ink
chamber and pressurized by mechanical resilience of the
vibrating plate when the vibrating plate is deformed by
electrostatic force generated by an electric pulse applied

25 Dbetween the vibrating plate and the individuél electrode;

_25_



where PV is a per cent ratio of displacenent volune of the 5 vibrating
plate to volume of a vibrating chanber that is a space enclosed by the

vi br at i ngwpleapessand a board of the electrode. 4. The el eeCmIROMEI9%64s i nk | et
head as claimed in 10 claim 3, wherein one electric pulse is applied
between the vibrating plate and the individual electrode when formng one
pi xel . 5. The electrostatic ink jet head as clainmed in 15 claim 3, wherein

a pluralijy-f £le6tH @Tp\%-sgsp f‘ocf“@%lxji?xg g%éxﬁe{\%é R,%’nﬁl]%a%%ti ng_plate and

the individual electrode-when ormng one€ pi _ et re%o_rdi ng
one of oI BT T CaGh s R Ei The BrbcFPoR BTTE] et RehD faces
recordingf&%%“% ﬁyﬁgi Egagqﬁgfo£9iggyfé%sp%ﬁggrqggoby iTQEjXQ%V)gtOpS.
where PV is a per cent ratio of displacement volume of the
5 vibrating plate to volume of a vibrating chamber that is a

space enclosed by the vibrating plate and a board of the

electrode.

4. The electrostatic ink jet head as claimed in
10 claim 3, wherein one electric pulse is applied between the
vibrating plate and the individual electrode when forming one

pixel.

5. The electrostatic ink jet head as claimed in
15 claim 3, wherein a plurality of electric pulses are applied
between the vibrating plate and the individual electrode when

forming one pixel.

6. An ink jet recording apparatus, comprising the
20 electrostatic ink jet head as claimed in any one of claims 1
through 5, wherein the electrostatic ink jet head faces
recording paper such that recording is performed by ink jet

drops.
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