; e3eWhk| t 6T rt ne~~m~w~ AN ELECTROSTATI C | NK JET HEAD AND A RECORDI NG
APPARATUS TECHNI CAL FIELD 5 The present invention relates to an

el ectrostatic ink jet head, and a recordi ng apparatus that uses the

el ectrostatic ink jet head. ART 10 Fig. 1 is a perspective diagramfor

expl aining the principal part of an ink jet head that usesﬂmw
force, to which the present invention is to be applied mmmmmi
cross-sectional view of the principal part, show ng the structygggof an
actuator of the ink jet head that 1DHSCRIPIMONIi n Fig. 1 (outllne
cross-sectional viewin a direction of the |longer edge of a vibrating
plate: a seqtimmrrRosewrof Hig. Hr wWirwednat at kecbrpend |apdaraTURESE figures
show an el ectrode board 10 that includes an el ectrode 11, a |liquid chanber
board 20 that includes a vibrating plate 21 forned 20 when an i nk chanber
22 is carved, and a common ink chanber 23 that supplies ink to each ink
chanber, a | ¢rRegrd 30 that includes a nozzle 31 that discharges
the ink in nber 22. The el ectrode board 10, the vibrating
board (Liquid chanber oard 20, and the noz rd 30 are 25 | am nated.
(A though Fi g. 1 and FRg Pobefin SVaiah ¢ sartad it iy L8t Lehoot ef
structure, an end shoqgter structure may be used.) In the vibrating board
20, which Sefvéstabeadpa?td d 1RPHIEL RERBERTES HRRl 48595 F&% of the
common |iquid chanber 23, the ink chanmber 22 that is connected with the
nozzl e 31, ArRFHREtSLIFLEREiTRE g1%A% 21 that is conductive and made thin in
order to attain lowrigidity such that it is flexible are provided. The
el ectrode board 10 includes an individual electrode 11 that is installed
facing the vibrating plate 21 with a predeterm ned gap fromthe vibrating
pl at e out siBE*KGROUND ARR chanber. Although a protection film 12 for
preventing a short circuit etc. with the vibrating plate 21 is formed on
the i nddvi dual el ectradg. 11, ia Pprotregiadoriviei Himgaym af s0 dxpfadmited ithet he
back (on the side that faces the el ectrode) of

principal part of an ink jet head that uses electrostatic

force, to which the present invention is to be épplied, 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
liquid chamber 22. The electrode board 10, the vibrating board
{liquid 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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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 jet
head to which the present invention is to be applied, and an ink drop is
di scharged fromeach 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

el ectrostatic force. Wen the voltage is renoved, the vibrating plate 21

returns to 4fig RHIGLQYS sReaEELLE, dDand SnddiePaskhl he ool t age
was applied. The electrgstatic 25 inkl}et headrugggh%ﬁgggﬁgﬁagﬁ%g%ﬁﬁ')

behavi or i qgﬂg .t hen eGll tic forge_o e vibrat.ing plate
21 as the P% |sgﬁg?égﬁgafg?%€d6ﬁﬁa%&ﬁh %§¥%eﬁngga%h£%%gdé &?Faéngpace 40
that is formed b e _el.ectrode boar 0 and the.vibrating board 20 is
called a gé%‘%ﬂ%%%g&,agﬁdaﬁ 2R ¢ tgq%;%fﬂ&gptl%fogi$R§%ﬁﬁf antyBF,
formed by th%ﬁvibrating plgte and the el ectrode board is called a vibrating
chanber . ~ | Fh&ERAmOETT 6¢t SRRE FRICIHCHEM WishiEhei BRed abble anchéhe

vibrating plate 21 is made thin in order that a driving voltage to generate
t he el eétrosttatdiordatBe? heblPr ol mondusitdiiengngl @a@e 2uhigndint legrder

i ndi vidual electrode 11, which displaces the vibrating plate 21, can be

| ow, the vola ageadiei Agwappiiedtheswmerthate ivi bsafil agilpl atare pravd debe

i ndi vidual electrode 11 of the electrostatic actuator. A thin vibrating

pl ate requires a | oweThdr eveogrodd tlage;d Howdwedndés angimdiwidfalt he
vibrating plate becones |low. Were the rigidity is |low, presence of air (or
ot her gas) eledtmae hnathag chatdetaland tfheigapthabavberagieptdlataf bects the
behavi or of the vibrating plate. For exanple, when the vibrating plate 21

approaches #i el esletiederdine€ OfaY e5nPthd0viBehsiAGCELDe tdif sAide gadses
the voltage required to make the vibrating plate 21 contact the el ectrode

11 (theovoliragenasnler eal trsusrld g tGeAt 2¢inV bt AgL)p il LRARHE Al arge in
a dynam c situation, as conpared with a static situation. To this problem

certain meagiy,8s Navgipeep-deyeliPn8d i®rating 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 jet
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 in response to the
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25 exanpl e, a Japan Provisional Publication No.7-299908 has been -3
publ i shed, wherein a gap chanber is provided in addition to the vibrating
chanber such that the air escapes when the vibrating plate is displaced
toward the el ectrode side, and the conpression resistance of the air is
prevented. 5 The present invention is nmade for the purpose of coping with
anot her significant problem as explained below, resulting fromthe
presence of the air as nentioned above. Sections (A) through (D) of Fig. 3

show an outdidw: rdgtaclivr eoebet H£ Hd REiALiPRY blakel PE £4 egld gshatic ink
jet 10 head, and are for explaining the probllemto be solved by the present

i nvention. dhe. iin%n%ogré‘)s Qﬁ,dar( Eﬁri}pfjé% 9.3 e%%ﬂwaétﬁé'@& sgs%tcléalélo

di spl acenent (L) of the vibrating plate when the driving ?g%u ncy is | ow

The secti On&%tC)- sar}%r&l?jpﬁgt Eﬁg'e]?’e%hhrgo\’& { %%arr%ng% QRda }%éja\l'i%ag:ﬁ.l %%.errent

(1) of the vibrating € "Whén riving frequéency is i "The
sections (A) an C). of Fig. 3 show,.,sectional views in the |onger edge
di rection ohgo‘st’ﬁ:g 2\<9| Brsaf:laﬁzygﬁl AP ﬂ?"gjeec’:tl GRS eBFPaRY ¥t dff B §27% show
sectional views in the shorter _edge direction of the vibratiqﬁéggﬁte. The

vi brati Ag 2F pihst §38F chaBPeBnvENIRhAY dheciibsesing PHKES én is
required to vibrate dynamcally in a range of up to | OkHz. Since the space
bet ween t heeMadrraden§opket &s arril ket elvddmaddagi shambedw, wherein the
vibrating plate vibrates at a high speed, as nentioned above, the vibrating
pl ate 21 receives 25 donphesslientyasistiandakofjedi heddr amgnérieiqrerd od of
novenent -4 toward the electrode 11. A portion of the air escapes to
out si de of ddwereyi what vhihrebandpesl A (2ds iasn madeowhshows)ordexcattditng t o t he
vi bration. This phenonenon is called a squeezing effect. Then, when the

vol t age i s dreidved valdagbetd gersmddenaghel allec2iosepaiat &srdgd wathden

el ectrode 11, the inside of the vibrating chanber 40 is reduced to a state
of negabi veeHy espheiagnpased 40 4t tHa"R$RReE BuaDugl Ot Adtes 11t hgnRpesi tion
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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to which the vibrating plate 21 returns is a position closer to the
el ectrode 11 than the original position. Here, the 10 anmount of the air
that is pushed out fromthe vibrating chanber 40 in a certain unit period
i ncreases as the proportion of the period during which the vibrating plate
21 contacts the el ectrode 11 increases. That is, the higher the driving
frequency is, and the wder the driving electric pulse 15 wdth is, the
| arger the anmount of the air pushed out fromthe vibrating chanber to the
out si de is,pasdhdihel | am@eeihhe pegathatmodr eSS Wrovaletihenviddatidig tehamber
is, making the position to which the vibrating plate returns when the
electric pulpe JiHAatingd ahhnke Beck! Qe 4R the %E@SF&Q%&%%@ g. 9 shows
an exanpl e (contacting "period dependency of a parallel gap). The figure
shows a res . r.ement ' t. | Spl_a he center
position i nwf%reaagslhrg? élrét%ggg 8?%@%%?%% %%%esc\%ebr%gglg %0% a% Jé&‘o’f atnhdg
actuator, thr? measur enent bei ng gerfor by .a l.aser Doggl r 25 vi brograph.
The verti cal i HES SN § 545 HrLET ot *htodiit PFEVENEand t he
hori zontal axis represents magnitude of the driving voltage, where the
wavef orm of the drivi lgSEFES§BL énY%%’iJaﬁbeHSaF“.adﬂngE- VRRhRRERR%S i%tic i s
expressed with the drivin frequen_c%/. serving as a paranmeter. There are
areas 5 Me?@@%i“@ﬁlha@@ﬁgﬁﬁraﬁb%% S ArePLem g agerral #iRRS (RYEW  The
sat urat ed di spl acenent anmount is called the contact displacenent anmount. In
reference teefilging, firbm Khghepresercelrdiithe fadeqaenvgntsonedeldareger t he
anount of the air that is pushed 10 out fromand cannot return to the '
vi brating chanber is. Seatibhes (Apasimrmuas (e oFedtigond §)w aard (UDDliofe Fi g.
3 indicate, the vibrating plate 21 vibrates closer to the electrode 11,
maki ng t he sisicnoe bdét waenpkhec gl tpade cfhdhiehelechras tagi eliatke jet
substantially short, causing the contact voltage to drop. 15 Thus, there is
a phenqoendieddatardoesen@brcausta tn HPRMpHeen eheodbe Védirdd eguemey i s
| ow, but becones a problem when the frequency is made hi gher, and when the
pul se w dt hrfsdhe idkkwitRgnVorhadsedsidmdaam day. (A) tbpushy t he sahove
subject is not a problemin a 20 conventional electrostatic ink jet head
thal ‘oper atgmyl JsbahalouhLl Qe | )1 62 tREODLEMENGY ShAw drbg sol ved
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 vibrating 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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head that serves a future high-speed printer. However, no counterneasure to
this probl em has been proposed. Here, the problemis applicable to contact
driving 25 in which the vibrating plate contacts the electrode. In the -6
case of non-contact driving in which it does not contact, the frequency
dependent probl em nmenti oned above does not arise or does not pose a
problem 5 DI SCLOSURE OF THE | NVENTI ON The present invention is nmade in
view of the present situation as nmentioned above with an objective to

i nprove the cy,of,t | ectr ti,c_.a nly by
Selting up P NavaryFieoroRe T Vi on o Thgs HE 22 6r42 fdnt? on
provides an_electro ic i.nk_jet head.. whi includes_a vibrating plate,
and an el ec??%stfe&ﬁ ﬁ% %ﬁeeglgﬁé%ﬁﬁgtﬂ AR % a‘ﬁqn(ﬁlsplaﬁt 8T RPY 25 )et er ni ned
gap, wherein, an electric pulse is applied between the el ectrode and the

vi brating ptefFEdch tondhet HéPuRrbiaR i ng bl dhencmengngii s pFatkRr iy

el ectrostatic force, and an ink drop is discharged by nmechanical resilience
of the vi br3guersimcatd igcessiiheni ngnemkthea uddaoek ishaapeyed et dihe, a
pixel is formed by ink that is discharged by one electric pulse, where a
rati o PP ofvioyraringd pdartenglwhepara tes Vvitomattheg epleatecdadl 20 thee ielsécer ode
contact each other to a period required to forma pixel is equal to or |ess
than (200 -of2.tH: xwiBYhainghehembdr i 40 ai peredierid rat hosofté hef dispitdcenent
vol ume of the vibrating plate to the volune of a vibrating chanber that is

the space epedsa@d Rynpheecw bbathdtaphadphard aukoabdipist henpRlieabrode.
7 The present invention also provides an electrostatic ink jet head,

and an el ects agg dmnshal kedrbachgpidee ibralinaspiat 8 pbs o piedalaes ned
gap, wherein, an electric pulse is applied between the electrode and the 5

vibrating p{atgsuahckhabiet 18 VL athd G RIALR1 Podi SPLACEEL Y, 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 vibrograph. The vertical axis represents a displacement amount



el ectrostatic force, and an ink drop is discharged by nechanical resilience
of the vibrating plate pressurizing ink in the ink chanber; wherein, a
pixel is formed by ink that is discharged by a plurality of electric

pul ses, where a ratio PT 10 of a period during which the vibrating plate
and the el ectrode contact each other to a period required to forma pi xel
is equal to or less than (200 - 2.79 x PV)o, where PV is a per cent ratio
of displacenment volume of the vibrating plate to the volunme of a vibrating
chanmber th i_S the space_enclpsed 15 by the vibrati | at e .and,_a_board of
the el ectr ggde.an'flhéC?ISr gg’éhfo?ﬁ%gn?}f]bsn TS S5PSGi Eiagnhﬂg%?e%[ rt %ﬁlglpﬂk j et
head, whicQ,Hﬂgl%ge%harno%ﬁle an_ink q?que%.that (S gonnecled to the
nozzl e, a vibradrg "prafe ‘tRal*EohtT t Ut e % ESWHBA EPLEETDdE an

i ndi vidual electrode 20 installed outside the ink chanber, and facing the
vi brati ng pfet@ngularpr éget 8r¥i Herapdier idtd caipl araressedfvidihedhrost ati ¢
actuators that discharge ink drops fromthe nozzle, the ink being in the

i nk chanberdBd-nsF €$6GHRREY BYLYERPart calParasiettesncBhefe tdes \Aumagt i ng pl at e
when the vibrating plate is 25 defornmed by el ectrostatic force generated by
an el ecbri owiriss@ dgsplagppenedahedvieess tume beisbrat angeptaie andagee

i ndi vidual electrode, where a ratio PT of a period during which the

vi brati ng (it esaandatkd dlieplaocdeccontmauintedchcalhed tioe acqrerdcad required
to forma pixel is equal to or less than (200 5 - 2.79 x PV)o, where PV is

a per cent diafglacefnedicsphageaent vol une of the vibrating plate to the
vol unme of a vibrating chanber that is the space enclosed by the vibrating

plate and a board of thergkgetrnode:o Tiey present hayrati OKe alSQ iRPVi des the
10 electrostatic ink jet head as described above, wherein one electric

pul se is appldfRdnlet Weenthber yideating MAhe sRdchbeai pdiyddual glsgelrode
when form ng one pixel. The present invention also provides the

el ectr 95t atd . sl ShaNeaf P et hes @hove, wberel dyaudy Bl gLity o

electric pulses are applied between the vibrating pfate and t e individual
el ectrode Wﬁﬁg E%EEBHQ ggetﬁéxsgctions (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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The present invention provides an ink jet recording apparatus, which
includes the electrostatic ink jet head as descri bed above, wherein the
el ectrostatic ink jet head faces 20 recordi ng paper such that recording is
performed by jetting ink drops. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is
a perspective diagramfor explaining a 25 principal part of an ink jet head
using electrostatic force to -9 whi ch the present invention is to be
applied. Fig. 2 shows a sectional view of a structure of a principal part
of an actuatfie ofr tie-cBkthet ALadiSNOMD HIdH 9+ doed Eb@-c&qiiwﬁ tAg
outline structure of a principal part of the electrostatic 1nk jet head for
expl ai ni ng SR i i_an .9. {4 X | e of
driving el e%:{% C pdfs&té’gggﬁ% ?e§£€€$§ﬁee¢1&\§q\% e(raaﬁbg{égp?%?"\séqgérll% agi[r.llsi%n :lr\rl)i dual
el ectrode. 0e Fin%. 5 shows_an J(_)utl ine of a gap type of the electrostatic
ink jet heatt expeti Kefed RFPRISFI g. 6 shows a measurement result of
di spl acenent of a parallel gap type actuator in a |onger edge direction of
the vibrating plate. 15 Fig. 7 shows a neasurenent result of the
di spl acenent_of a non-parallel gap GL formactuator in a shorter edge
di recti én RISIHOSHREr 9Fi BHED Y. 8 shows a neasurement result of the
di spl acenent of a non-parallel gap & formactuator in a 20 shorter edge
direction of the vibrdhengrpbane. 1Rignti®shiowsadentasviewerf thesult of
vi bration di spl acenent anmount (contacting period being 4.0 m croseconds) of
an par al | elpgeEracsiatet ioneas unett ipnea ladose BDoppl en b jrcgrapttoat a
center in the direction of the shorter edge of 25 the vibrating plate. -10
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 is

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.



Fig. 10 shows a neasurenent result of vibration displacenent anount
(contacting period being 6.0 m croseconds) of the parallel gap actuator,
nmeasured by the | aser Doppler vibrograph at the center in the direction of
the shorter edge 5 of the vibrating plate. Fig. 11 shows a neasurenent
result of vibration displacenent anmobunt (contacting period being 10.0

m croseconds) of the parallel gap actuator, neasured by the | aser Doppler
vi brograph at the center in the direction of the 10 shorter edge of the

vibrating plate. Fig. Th sPe¥ene IRASUIERM] skepebli@EsVipration
di spl acenent anount (contacting period being 20.0 m croseconds) of the

paral l el gap AGLUALGL: cMeasused yad he Jaser e@gegkgﬁee V:i\./r?%@cﬂlrlae@ f%tcigqge Fi g

center in the direction of the 15 shorter edge o rating pla

13 shows ¢ h N i pendenc f__a nan-parallel gap GL form the
cont act i ngagee?%g g’?ﬁé gf%g%i%?o% c%er?0§erﬁl§?dlﬂa§ho&e 18t c Wt act i ng

peri od dependency. of 20 the non-parallel gap . GlL form the contacting period
being 4.8 rﬁrﬁber%srégoﬁa .SeF?‘@.ali%l%f{)%?tt‘W@ %ﬁ?a@ﬁ?ﬁbrcb%?i‘%ﬁj dd¥endency of
the non-parallel gap G form the contacting period being 8.8 m croseconds.

25 Fi g. 216 SHRRE ifRePeBhtat tFhgt by i8¢ ddbendénaypbite 14s dispd aseh- pur al | el
gap & form the contacting period being 4.0 m croseconds. Fig. 17 shows

t he cont actdiRFFesitetidependencindian H@knewopai-al feschppoe® Hvorm t he
contacting period being 6.0 5 mcroseconds. Fig. 18 shows the contacting
peri od depereddreyicofl rheihoerparal |We yipré2ifigr platéeonorrwctzing peki od
being 10.0 m croseconds. Fig. 19 shows the contacting period dependency of
10 t he non-ipartale énkgapa@@ef prwhetdion ,cantpdgeilngs péoimeed bet N k2@h@t is
m cr oseconds.
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 electrode, 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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BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present invention provides an
el ectrostatic ink 15 jet head as shown in Fig. 1 and Fig. 2, which includes
a nozzle 31, an ink chanmber 22 that is connected to the nozzle 31, a
vibrating plate 21 forned as a part of the ink chanber 22 and as a part of
a conmon el ectrode, and an individual electrode 11 that is provided facing
the vibrating plate 21 20 and being apart fromthe ink chanber 22 with a
predeterm ned gap, and further includes a plurality of electrostatic
actuators thgl) Al e ARahe Al diseharg gaae%k ahtOhE e #07Zd £131 when the
vibrating 21 '‘plate that is once defornmed by electrostatic tforce generated
by applyin tri | se : t i.arat | pl.at and the

i ndi vi dual gee ecﬁeéroo € ﬁ?e?%zg r%gls?géry\egoepmaeEb%tr\éggvgbkglg% Vi”{saicﬁjerzr%l\?ed by
mechani cal resil.i.ence, erein_freguenc ependency is greatly suppressed
by making t rcaowlagcﬁlﬁggpﬁpﬁjoﬁh%lu? H ’%//ﬁﬂdecﬁofﬁécgi BPAE i WY P &% 2and t he

el ectrode are in contact to be |ess than (200-2. 79xPV)o of a 5 period

requi red t P FS5ERT TRef @TP\A RL4E lhdisc &k abP P Bf LS fidderfeAf
volune of the vibrating plate to volume of the vibrating chanber that is
the spafe end-osed& BY)theWdebe oY nigs [ &1sr 98 tt hatép eef rdiw lssangntuwhen a
pi xel is formed by the electric pulse. 10 Sections (A , (B) and (C in
Fig. 4 showakamplods the #ibvaninelmEctts cpuhseyvodppei efl hetibemitinge
vibrating plate and the individual electrode. For a pixel, either one pul se
or a pl uraldiaymefr phlksedscane bepappldred caed beg dhevvigrataldpagdatéhangect i on
(A) of Fig. 4 shows an exanpl e wherein one driving 15 pulse forns a pixel.
The secti om (Baraf ofi ghedesbovsodsn. exanpl e, wherein both positive and
negative pul ses (a negative pul se also displaces the vibrating plate) are
used (applying the poghki yeeaaet NBgAdH M ELlAGL bgopPulisestienoves a residual
el ectric charge particular to the electrostatic ink jet head). 20 The

secti ofg( Qe1fcthicdtat 18NOUR f&%@g@la% W88 Bed RbYTA! Idne i ppuhees (that
is, a plurality of ink drops) are used when form ng a pixel. Here, when

formng a F?élgeeétﬂ% beshl vral ity f RULRRS: <88 LPK-d0inJ9asfotrReett 0 be
circular, and 1nk
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 1s a perspective diagram for explaining a

25 principal part of an ink jet head using electrostatic force to
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dots do not have to nmerge perfectly to forma dot on a 25 recordi ng nmedi um
but rather, a structure may be such that the -13 plurality of m nute dots
are to formapproxi mtely one dot. Further, although not illustrated, a
structure may be such that a voltage that is not O is applied during a
period while the ink is not being discharged. 5 Here, in the present
invention, driving voltage is the voltage at which the vibrating plate
contacts the electrode. In the case of one pul se per pixel, one contact is

nmade to formfdplggg% H@e‘htﬂelﬁ@?:‘?t%n nlﬂé"ig’see%?% ezsiel n contacts are

made to forma pi or exa Int shown in the sections
(A) and (B) of Fig. 4,..0ne -pul se is applied per. pix d t he hi ghest
driving frequency is I/P (#h&PE"T Fs° %g et Wﬁgj %ea Fﬂr??59ﬁ§1 a i xel ).
On the other hand, .in the exanple shown in the section (C) of Fig a
plurality oPFHfsed é@&taﬁﬁxaédaFGuFBPﬁ1aprQ%lln%wﬂFﬁrﬂ?QQS%ﬂogﬁeép 8iBvi ng
frequency is 1/T1l. As nentioned, the present invention controls the period
during which- the vibrating plate contacts the electrode to be equal to or
shorter than (200-2.79xPV)%of T that is a period required to form one

pi xel , where PV is a pgdg.cénshg@sranioifing syiracemeat 0¥ ok wprel rofipaie
vibrating plate to the volunme of the vibrating chanber that is the space
encl osed bypdthe ofi ihat iengceplkaseatind irde jedtedtaaddéocbhoardl iy the t hat i s,
the period required to formone pixel. In the case of the section (C of

Fig. 4, evesubfedthefpeheodrduentgimbdrctidrhe 25 vi brating plate contacts the
el ectrode is | onger than (200 -14 2.79xPV)o of T1 that corresponds to the

hi ghest driving frequengy, 4t BRoRé f &eteingite J¥ @SE0EngNYEM40L JulBes
suppressi on of the frequency dependency, is available so long as it is

shorter t hge{gp(lzl% %e%%)ée}{) % 9fpAat ) &1 49 iavdt hanifhividile \WAldi8rode.

(200- 2. 79x be explained in the description of an enbodi nent that
fol l owgg 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 (contacting 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.
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To be accurate, the squeezing effect of the electrostatic head is dependent
on the rate of the periods during which the vibrating plate contacts the

el ectrode in the 10 one-pixel-formng period, that is, the driving
frequency is not the only elenent. That is, the above-nentioned frequency
dependency represents one el enent of the dependency on the ratio of the
contacting period to the one-pixel-formng period (it is hereinafter

descri bed as the dependency on the 15 contacting period/ pi xel -form ng

period). Here, the depgpdengyspfidhe KON ARG Q@g{l@@/@maﬂmfﬁoairé ng period

is the period for formng a pixel including the case where a plurality of

i nk drops : Lze i i f .the I Qt. i.s._nat _cirtcular
nor one. dote H) FRa R Rl r e i ananty b ATy O ek Rbnds)
becones the e W thin.which the pulse width of the i ving vol.tage can
e et Ao of B PEradh 2l p R A DA E WA CHESVAY CHOE id S RRRIERG | <
best perfornmed may not be available for selection due to a specific

vi bration fPRFRGTEPD 25 HBRI SRUESNiBY dhicoslirecEionopt st sl HiFert 698Re
structure of -15 the head. However, overall ink discharging efficiency
and freduely warvabracisgi ebatee clearly inproved when adopting the
structure of the present invention, even if ink discharging is not
performed under the b&dg.codhdshdons neaGueepentheesupbreantipmrtdmet er s t hat
determ ne image quality is the dot dianeter determ ned by a permtted range
of di spl acehenilacedecti amoudhe(cottaditdmet perisddepenglerd. on many
paraneters, such as volune of ink, jet speed, quality of recordi ng paper

and ot her et\ddocrREBAtia) bAcCtd Sparild dlhgapOadetiadbaBhedsuteda b ¢hdre can
differ with the sane ink drop volune. As for a distribution of dot dianeter

di ff er ences,aslieD@pps eROvUBASHHILY AACEPR! @dnkaRdent Hid diS-ilnSsiFbkge I N
the present invention, the error tolerance |l evel of the dot dianeter is set

as tl0gg NQQ@Q%%&,ehbei§fa§§éﬂg%%ggyyﬁgtBQaE@K 15 volume linearly determ nes
a spread area of the ink on the recordi ng paper. Then, the ink volune is

rleggizgec' to be w thingagrangeshgineendA0enebtabstife & PHEaA3LxM and

displacement amount (contacting period being 20.0
microseconds) of the parallel gap actuator, measured 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 Gl form, the contacting period being 8.8
microseconds.

25 Fig. 16 shows the contacting period dependency of
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(that is, 1.05x1.05) xM which gives approximately a t10% range, where M
represents the desired ink volunme, and R 20 represents the radius of the
dot, the tolerance for R being t5% Since, in the electrostatic head, an
aspect ratio [width of the vibrating plate/gap] is 100 or greater, the

di spl acenent ratio of the displacenent anount of the vibrating plate is

al nost equal to the ratio of the exhausting volune. 25 Therefore, in order
to suppress the variation of the dot -16 dianeter within the tlOa range,
the di spl acgpe L t Vi r g a dywhthin

t 10% r ange. Spggpf?%gggg%16ggaék£i%%??ogﬁgtangggglg%q£a%#RpE§§?§ structure
of the hea in Fig. 51 and Fig. 2. An electrode board 10 is

et ched sucﬁ[1 Sfél:'t%%g%Ra\émchan‘r)er is formed, with an individual electrode film
11 fornmed using T|N rotection film 12 ma fornmed on the

el ectrode. Moreover, ﬁ %‘ Eza?QPﬁﬁ)FQ$ &P@ﬁé&téﬂghp?ﬁbﬁéEFQHqﬂQQHCEhaﬁber 22
is formed. Athin board that is formed in 10 this nmanner serves as a

vi brating fitg 8CRTPaFR&1aHoYRP fEntiodHed o CBBAR LR Wit deinIsbr Ve as
an electrostatic head 40. Fig. 5 shows an outline of the gap type of the

el ectr o8t atticrioskcpatshead made as an experinment. At (A), Fig. 15 5 shows a
parallel gap G fornmed by the individual electrode 11 installed in parallel
to the vibrating plat&igl. 1ats{dys tHieg.cohtshowsgapaniegaiegdnelenggpoGl
formed by the vibrating plate 21 r and the el ectrode 11, wherein one end in
t he shortercredgendpaealien gip tdre forhr,athegcphasetigg gamisid bedeali bg. o he 20
electrode. At (C), Fig. 5 shows a non-parallel gap & fornmed by the

vi brati ng pliatres2tocand.the el ectrode 11, wherein both ends in the shorter
edge direction of the vibrating plate are al nost touching the el ectrode.

Princi pal dinensions gfgthes agidiad q&heab@nagcft@hdgoy@rlc?cﬁ d&yRdenlyotor the
non-parallel gap GL, an oxidization filmis -17

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

microseconds.

BEST MODE FOR CARRYING COUT 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 Dbetween the vibrating plate 21 and the individual electrode 11
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formed on the back of the vibrating plate 21 as a protection film Parall el
gap head ((A) of Fig. 5 Gap between the vibrating plate and the el ectrode:
5 Parallel gap G shown at (A) of Fig. 5 Gap length: 0.2E. ~m (specification:
0.2 Vim) Vibrating plate thickness (specification): 2.51m Vibrating plate
area: 130 ~tm x 2000 Nzn. Non-parallel gap head ((B) of Fig. 5) 10 Gap
between the vibrating plate and the el ectrode: Non-parallel gap GL shown at
(B) of Fig. 5 The nmaxi mum gap |length: 0.21E ~m (specification: 0. 2 E ~m)

Vibrating ple@ el @heﬁss_hésp@yti% £ald QalnovedoBy lae ¥hdh add NG J2liatignakea:
130Nzn x 1000m Non-parallel gap head ((C) of Fig. 5 The gap between the

vi brating n II g %%y\q of Fig.
5 The maxi %%%5% ?rggtgﬁﬁhg %éﬁl%?de(rl\%gm fi cgta?(h)x §§%§%e§ Q}n) aé}g%;?ati ng
pl ate thickness |f|ca SNm ng ate. are

D000 di m FH emtBEE ihiC BbO (adliTllsgh %bsczﬁéﬁ%mﬁg e SPQt

plate of e hof the pty es of t he actuator dir i nof t he
Phor ter edgd BqhiToiS: ACCohT esFiig: it i Lepg chabr (2004 M geonds. Fi g
9 throu h Fig. 12 show vibration displacenment anpbunts neasured at the
center Pn tRﬁéfldlidr EEAPdRCBf LR hECThGY tRikSddgaheFret RE ¥ b RSIRFHH &8618f t he
parallel gap G actuator (a O-mcroneter position in the direction of "a"
5 Fig. 6), athdigirdpkamentenvohworimf Béienyipgasinederbyta taswlupeppfethe

vi brograph. In Fig. 9 - Fig. 12, the horizontal axis represents the

magni t ude ofibdaeidgi ehagbeol tihge,is Hdevapefer enoloswd dby bdieny ibeetangul ar .
In each graph and each driving condition, there are areas where increase in
t he di spl agdrent at@ aheualeatrodd lsmindr,atvden Ei gixdB is Hiaqrmelbbyhahet he

di spl acenent anobunt of the non-parallel gap GL actuator at a 10-m croneter
position ireltdkerdicr eatsen of "a" shown in Fig. 7. Fig. 16 - Fig. 19 show

di spl acenent anount of the non- paral |l el gap & actuator at the O-mcroneter

positigp in the direckkeridhso{a) 2" (mhawa i(@)Fig. r8y. ThesryWian@hies
di spl acenent of the vibrating pl at e

of driving electric pulses applied between the vibrating plate

of

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
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when contacting the electrode (called, contact displacenent anount) is
reduced, and the contact voltage becones | ower as the frequency becones

hi gh, while the driving pulse conditions 20 (rising time Pr=0, pulse wdth
Pw=4, falling time Pf=0 m crosecond) are the sanme, as shown in Fig. 9, for
exanple. This is due to the squeezing effect, and is the dependency on

[ contacting period/1-pixel-formng period] of the electrostatic head, as
menti oned above. 25 Fig. 9 through Fig. 19 indicate the follow ng -19

matters. Nagelya1ifle S $RhAGENBBESsaEPMNE o WASH, 1E B&@ﬂa% 2 e gl se width

of the driving voltiage changes, and the contac g period serving as a

par amet er, €8§§% at LR pofo Eh‘ElfBQ{?ﬁé{‘g aoes r%%tﬂ% hAg L1 yiae

frequency, pproxi ds on cont

peri od/ 1- p| f orm er ]. case araIIeI |g 9
Phrough 7 gt 1 R &? ¢ PRk ¥ cEhranitiieg 88??88/%-%?%9@?%

period] is controlled to fall about 40% or |ess, 10 reduction of the

di spl acenenthantthti T &P HhO<BPpressRY %  about 10% Sinilarly, the
reduction of the displacenent anount can be suppressed to about 100, if the
[ contactd ng period/ 1 plegd.- fidr hAgPpes o] invenddery, odréding valtagmhdst 5. 50
or less 15 in the case of the non-parallel gap Gl, as shown in Fig. 13

t hr ough FigthQSYOkﬂﬂtd'bttweipbonhacvibquﬂﬂd(ﬂLbIepbwetatb$ntm@ period] is
controlled to fall about 25%or less, in the case of the non-parallel gap
&2, as shownléntfadr. Th ttheovgheFof. odd . p PG d tpeirs pegnsi denedcdiatctt ie
dependency on [contacting period/ 1-pixel-form ng period] depends on a ratio
of di spl acen®id¢ wolAorm ¥lpikal . i 5nptioduced Wien bheswvsbpat i pigkgll atre i S

di spl aced froma position when the power supply is turned off to vol unme of

the vibratiggnhedevdereVaadihes Fbem25 ponger redgexafpiie vhbpading plate is
sufficiently | onger than -20
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/TLl.
As mentioned, the present invention controls the
period during which the vibrating 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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the shorter edge, V1/VO can be approxi mated by S1/SO, where SO is a gap
area, and S1 is a displacenent area produced by the displacenent of the
vibrating plate fromthe position when the power supply is turned off, as
shown by the section (D) of Fig. 55, in the cross section in the short
edge direction. Table 1 that foll ows shows approxi mated val ues of V1/VO
that were obtained by calculating S1/SO in an actual use vol tage range,
after obtaining SO and S1 for each gap type actuator displacenment form

shown in Fig I g O,r gap type
actuator Gp’ a?’é}g@' Lt?r'gciclglrr\arrllta%r ? Fggp é%?%c%‘glg(ﬁné) ?hegtsgv IIgtexlOO(%
in(~2)rangeng§§ract| C ra %r aII 2615, S2 2:‘;)%/_(}3 A%&ut About Gapl7.5

(29V), 25 to S 71 389 28&"3 % 88 Abofit par al I el 15. 5
(35V), 32 to 4269 to, 80ga 6116 6 40V{/

( 45V) Non- 255 BRBESZH N @%%I FEFEBEUCY 09NN T d8gapadédabhet iR IRt i ne,
a ratio of [contacting period/1 pixel-form ng period] at which the anount
of the di spPacéheht $@erﬁ$u6@énbj29973r§96%‘t’)m“’r¥é%1’fo eggehdgapva e fafom
Fig. 10, Fig. 14, and Fig. 17, and is given in Table 2 below. 15 Table 2:
[ cont acts ngtber‘if@buqr pﬁZ}O@I-Qf.dﬁmPHg%pewibbl]be/aéxré-aamedhiichtUEspl acenent
anmount is reduced by loo for each gap type actuator [contacting

peri od/ 1- pi dekéotmi gn et iaadpmbod@fént 2dhat Peslaldwal. Gap36Non- paral | el Gap
151 Non-paral l el Gap 2r 24 The val ues of S1/SOx100(0) corresponding to the

| owest practical voltage den abtahilratd, BREEsyuedd (Pafalelel ogapné& , 69
(non-parallel gap Gl), and 64 (non-parallel gap &), 5 and the result of

Table 2 areepboti®skdti Anghaphs dBgEndbhbest @RPHAXMBE 0Rei Se£Bsdd €d out.
Then, the follow ng expression of relations is drawn as a result. That is,

it PT(% I sahaked wiid rthteh%lbh:gﬂﬁg%léggoc&xﬂa%wv)cher gduet Lode | i1 the

di spl acenent anount due to the 10 sqQueezing effect can be suppressed to a

| evel that Qﬁgz?ﬂ%l ?&E‘ﬁn% pgg%gm P(‘%Lgrfs P\«l-f% dﬁv?uégkkgq@% nd{es

di spl acenment vol une brating te to the vo e space

encl osed bynbheyl bty g late @59&; U002, o aNd; BIL el gt 0 of

the period %UI’I ch T he vitbratTng 1a%e an ['&Ct rodd tact to

the per od cequl 1601 £ornng 5, pl Xel L, The 17 S9USTRK SRt APt gF1 8t s of

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 pulse 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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ink jet head are remarkably inproved, stability of the ink discharging
characteristic is raised, and, as a result, 20 reliability of the head is
rai sed by properly setting the ratio of the period of the electric pul se
applied between the vibrating plates and the individual electrodes of the,
el ectrostatic ink jet head to the period required in formng a pixel
(substantially, the portion of the period during which -22 the vibrating
pl ate contacts the electrode), and by properly setting the ratio of the gap

chanber VO'H{@.I{ &.h%oVrieO%ﬁ?Eiggeféﬁ”qq{k \&Js.lt’:'ﬁ%'rtgig efgcbfé\ﬂ"cr?/l'arﬁn
J ’ n p

el ectrostatic in et head, "conprising: a vibrati ate, and 5 an

el ectrode ipstalled facing.the vibrati pl.ate at_a predeterm ped.gap;
therei n. - art SR T Charas CPETaRHTY ot betimant: narBr BEE ! Beird
vi brating plate such that ‘the vibratin | ate i s displaced by electrostatic
force, and HF | HICURSE® S5 dF BRHRTGRRN by TR PeaP VoSt T i b6 of the 10
vibrating plate pressurizing ink in the ink chanber; wherein, a pixel is
fornmed by tFeSGhacaimat lFs“H%sE%?%@éF%W% &hecPrFE peRdEticit where a
ratio PT of a period during which the vibrating plate and the el ectrode
cont act Seach ot her toOaepefi derbape¥eant cremetarpi ket idetruueling o or | ess
than (200 15 - 2.79 x PV)% where PV is a per cent ratio of displacenent

vol une of timage hnetling peatketdotvaliametgfr derebmatedgoyr hamsemitttad is a
space encl osed by the vibrating plate and a board of the el ectrode. 20 2.

An el ectrostaidge dmkiijsellabemdnt cosprdtsiony: Thevidbratiagepdmaties depednalent
el ectrode installed facing the vibrating plate at a predeterm ned gap;

wherei n, arcelealy iparBkkserss ap@h iad atumentt hakel pet raseeanddane ty
vibrating plate such that the 25 vibrating plate is displaced by
el ectrostatd £ fURindNGapBr; 24nd 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 tolerance level of the dot
diameter is set as *10%. Moreover, it is assumed that the ink
15 wvolume 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 ratio 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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ink drop is discharged by nmechanical resilience of the vibrating plate
pressurizing ink in the ink chanber; wherein, a pixel is formed by the ink
that is discharged by a plurality of electric pulses; and where a ratio PT
of a period during 5 which the vibrating plate and the el ectrode cont act
each other to a period required to forma pixel is equal to or |less than
(200 - 2.79 x PV)% where PV is a per cent ratio of displacenent vol une of
the vibrating plate to volunme of a vibrating chanber that is a space

encl osed byqidietdbrattnig tReptade b Rory digbibhbhemehectd©de o3 thAn

el ectrostatic ink jet head, conprising: a nozzle, an ink chanber that is

connected tg : I 5 {pradi t cANst hd comon

el ectrode, aﬁ&?ﬁ€?§fﬁﬁgféefggg%%d@éi%ggégﬁgiﬁdogﬁgpgg %%% ?%§ﬁ¥ﬁanber, and
facing the vibrating plate.at_a.predeterm.ned gap; . and_2 |urality of
el ectrostatic actuato%?efﬁgfcagégﬁa?gén?ﬁﬁiﬁggggg?Féﬁ1?ﬁ€u%%§E1e, the ink

bei ng the ink chanber and pressurized b chanical, resilience of the
vi brating plate when tTﬁ’@ 9?‘5?&?5@“%%% qrg W SFAEd LBy 81 AP EG f or ce

gener at ed 3ﬁ an_electric pul se applied 25 between the vibrating plate and
the i ndPvi dud@nbIFd6t r ddePn- 9bectypis dopgchtlilo ipTebFhad pei¢hd-h iengaRhi ch
the vibrating plate and the el ectrode contact each other to a period
requi red tochamaam i5i Xermed, equblh an igidivdshatlhghecoode Pilpg hd Hgrmedwher e
PV is a per cent ratio of displacenent volume of the 5 vibrating plate to
vol ume of asdiry &tingAcpanbectidratfilon d s pace eficBb8ets bfotnwl \drbridei ng |
pl ate and a board of the electrode. 4. The electrostatic ink jet head as
cl ai med i n dicdmida.3Monkervern onkl ddaeodd 20 pul sechsd appth echdietaveen t he
vi brating plate and the individual electrode when form ng one
liquid 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 jolned 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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pi xel . 5. The electrostatic ink jet head as clainmed in 15 claim 3, wherein
a plurality of electric pulses are applied between the vibrating plate and
the individual electrode when formng one pixel. 6. An ink jet recording
apparatus, conprising the 20 electrostatic ink jet head as clained in any
one of clainms 1 through 5, wherein the electrostatic ink jet head faces
recordi ng paper such that recording is perfornmed by ink jet drops. -26

A, AFLAFL A hS. AAE. AyY. Ahf. Ah@ AUyl . Al yY. AhS. A{| . Ahf. A@yl . ASY. A@\yI . Ayf . Af
S. A@S. A, A AGS AEN:hAGAGA@ Alhn LA ¥ al byl ab] a9 calraliealgahcal cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]ca] ca]c”a
JcalcRa! ? g1ql*] ~ e

T) eS} xsni d_Z]] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
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vibrating plate of each of the gap types of the actuator, in

25 the direction of the shorter edge, with the contacting period
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set at 6 microseconds. Fig. 9 through Fig. 12 show vibration
displacement amounts measured at the center in the direction
of the shorter edge of the vibrating plate of the parallel gap
G actuator (a O-micrometer position in the direction of “a” of
5 Fig. 6), the displacement amount being measured by a laser
Doppler vibrograph. In Fig. 9 - Fig. 12, the horizontal axis
represents the magnitude of the driving voltage, the waveform
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 0O-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 P£f=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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In the case of the parallel gap G, Fig. 9 through
Fig. 12 indicate that if 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/1l-
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 controlled 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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displacement of the vibrating plate from the position when the

ul0

power supply is turned off, as shown by the section (D) of Fig.
5 5, in the cross section in the short edge direction.
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 S0 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
SO0 (um?) area S1 voltage x100 (%) in
(Hm?) range (V) practical
range
Parallel 26 15.2 (25V), 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 (3%5Vv), 32 to 42 69 to 80
gap Gl l6.6 (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

fcontacting period/l-pixel-
forming period] x 100%
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1s, 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_
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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 electrostatic force, and an
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15 a vibrating plate that constitutes a common
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@2

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 between the vibrating plate and the individual electrode;

~-25-



S)f10% # & ()-@@Q' @A0% #: & ()-@AFWON # & ()-@@, #10% #: & ()- @
&10%#: & ()- @10% #: & ()-'V|[:vU4 10 @ BL0% # & ()-@ BLO% #: & ()- @
@AYI0% #: & ()-@@f/10% #: & ()- @-FL0% #: & ()- @+F10% #: & ()-<y~vU4 10 @&
@10% #: & ()- @10% #: & ()-10:#:10:#: 10:#: @@ <-10% #: & () -

@& 10% #: & ()- @Y10% #: & ()-6q"|[:vU4 10 @ @410% #: & ()- @ @ALO% #: & () -
@10%# & ()-@@!10% #: & ()- @GLO% #: & ()- @s10% # & ()-""R[:vU4 10 @
@ 10%#: & ()-@QQ3%"10%#: & ()- @,#CGL0O% #: & ()-@@AO% # & ()- @

10% #: & () -wH@Pel QbriAt&o( PTREOKRA [ pat¥od Hu@i @byl i #h&t k¢ - @uBH0W H1&'te) -
@110% #: & ()-@@/"10% #: & ()- @ -f10% # & ()- @)10% #: & ()-RWKR| [ : vU4
10 @ @L0% & e @&@@3L0HeHeéntdot @ Yihel &b @ Hcl@%efﬁﬁ'z@cr @
-f10% #:. & ()- @ <-10% #: & ()- Nornmal" "Heading 13 Headi ng 23] c"

" Headi ng 3§%&m 'étkéq%\eﬂg 1@3}9§ua1 F@@%F%e@gaftéa%?%gpng 538" ﬂiﬁ@dl ng 73]c”

"Headi ng 8 Def aul t ontd

T B e A B B
([:])ng] qyqdqr 2 s]g)z‘i gnﬁl? pgg%f%%\ﬂ&fzﬂl}bréﬁﬁgsCW%ﬂ%ilﬁl @ouri er

New'h Root EntryWor dDocurrent "HSUR ()*+,-./0123456789:
<= >9@\BCDE¢@q0ﬁ<mqéPeR§Twmmbratd@@d@rl@ﬁﬁ Rnﬁn%pleﬁ@fct\%ﬁﬂ }~
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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