WD 03/ 097364 PCT/ JP03/06082 -1 DESCRI PTI ON ELECTROSTATI C ACTUATOR AND

LI QUI D DROPLET EJECTI NG HEAD HAVI NG STABLE OPERATI ON CHARACTERI STI CS

AGAI NST 5wBNShRGNVENTAL CHANGES TECHNI CAL FI ELD The pr es@c/Jpos/@ns2 on
generally relates to ink-jet recording, and nore particularly to an

el ectrostatic actuator, 10 a liquid droplet ejecting head, an ink (liquid
supplying) cartridge, an ink-jet recording apparatus, and a m cropunp.
BACKGROUND ART OF the ink-jet recording apparatuses that perform 15
recording on a recording nedium by epestrrwrigik droplets directly onto the
recordi ng medi um from nozzl es, those of an on-demand type that eject ink
only when necessary do not require a nechanismfor collecting ink.
Therefore, the on- denmand-type ink-jet recordi ng apparatuses can be reduced

in 20 cost and size, n i ng.
The ink-jet recordingﬁggfggégaéggég&g&gwgﬁ%f®@ EgBEﬁdg%ﬁgﬁﬁgﬁﬂﬁﬁég&g
appar at uses _or e formn Earatuses such as printers, facsimle
machi nes, cgﬁﬁgrgA el %ﬁ%ﬁﬁ%epg RARION @ﬁﬁ?ﬁQ§E3¥§¥ﬁcsmh§%ﬁN$% a liquid
dropl et ejecting head enpl oyed WO 03/ 097364 PCT/JP03/06082 -2 in the

i nk-j et ¥ecE&NUILRGQNMPFEAIatAIRGISES| ncl udes: one or a

TECHNICAL FIELD

The present invention generally relates to ink—-jet
recording, and more particularly to an electrostatic actuator,
10 a liquid droplet ejecting head, an ink (liquid supplying)

cartridge, an ink-jet recording apparatus, and a micropump.

BACKGROUND ART

Of the ink—jet recording apparatuses that perform
15 recording on a recording medium by ejecting ink droplets
directly onto the recording medium from nozzles, those of an
on—demand type that eject ink only when necessary do n;t
require a mechanism for collecting ink. Therefore, the on-
demand-type ink-jet recording apparatuses can be reduced in
20 cost and size, and have features that can support color
recording.
The ink-jet recording apparatuses are employed as
4image—recording apparatuses or image-forming apparatuses such
as printers, facsimile machines, copiers, and plotters. An

25 ink—-jet head, which is a liquid droplet ejecting head employed



plurality of nozzles for ejecting ink droplets; one or a plurality of

pressure liquid chanbers (also called ejection chanbers, pressure

chanber s,wbiogupechanbers, and i nk 5 channel s) comuni cat iPeg/JrdYd¢608he

nozzl es; and neans (actuator means) for generating pressure for

pressurizing ink in the pressure |IQUbd chanbers. The ink in the pressure
liquid chanbers is pressurized by the“actuator nmeans so that ink droplets

are ejected fromthe nozzles. 10 The liquid-droplet ejecting heads include

those ejectim@ha LnQuidtreststdiagy lappurdtdsep) etrsclanidst:nese epegting a
.DNA sanplé as liquid droplets. The follow ng description, however,

focuses on tﬂl%r‘a'i‘it%{egfhﬁé‘gzlé%n%%I'éﬁégﬁ:lﬁﬁrif'ﬁ]@%ﬁcﬁﬂ.e%m Bakobpart of the

l'iquid droplet ejec ing head is also 15 applicable™to mcro devices such as

a mcropu - ica deV|ce Cr tlcal ulato
i P eh gp ka fesﬁ%e aggha O;ﬁaﬁﬁer alEDg £i?

mi crosw tch® nlcr |-op
optical switch), a mcro-floweter, and [essure sensor |ezoelectr|c

i nk-j et hea&*@Wb§rﬁubBF%S§§{ﬁaqqﬂ@befé'jé%qﬁﬁﬁdﬂFgmﬁﬁﬁhl&nglﬁ ed as such an

ink-jet head, while an electrostatic ink-jet head using electrostatic
force asSnmeaenneds) gesmratirrimoesithethe mezdladovand Tranpi ézotlalstn i c
i nk-j et head, which enploys electronmechanical transduction, generates
pressure wavesnsh fab gmrmmm«sssrbyfoh@HMnﬂa&m nnkdizsptl&sement of
t he WD 03/ 097364 PCT/ JP03/ 06082 -3 piezoel ectric elenents, thereby
ej ecting i nlpdds@iicbh@igfkd chambers. The ink in the pressure liguid
chambers is pressurized by the actuator means so that ink
droplets are ejected from the nozzles.
10 The liquid droplet ejecting heads include thosé
| ejecting a liquid resist as liquid droplets and tﬁose ejecting
a.DNA sample as liquid droplets. The following description,-
however, focuses on the ink-jet head. An actuator forming the
actuator part of the liquid droﬁlet ejecting head is also
15 applicable to micro devices.such as a micropump, an optical
device such as a micro-optical modulator, a microswitcﬁ'
(micro—-relay), the actuato; of a multi-optical lens (an
optical switch), a micro—fléwmeter, and a pressure sensor.
A pilezoelectric ink-jet head or a bubble-type ink-
20 jet head is popularly used as such an ink-jet head, while an
electrostatic ink-jet head using electrostatic force as means
for generating pressure is also known.
The piezoelectric ink-jet head, which employs

electromechanical transduction, generates pressure waves in

25 the ink chambers by the electrostatic displacement of the



nozzl es. The bubbl e-type ink-jet head, which enploys el ectro- thernal
transduction, generates bubbles in the ink chanbers a heater that is heated
to high twopengtds e in a short time so 5 as to eject inkPoy/Jrs6og une
expansion of the bubbles. Further, the electrostatic ink-jet head includes
nmul tiple actuators provided in parall e_I3,_ the nultiple - actuators each
including a pressure liquid chanber co6municating with an ink nozzle hol e,
a diaphragmformng a 10 wall. of the pressure liquid chanber, and an

el ectrode privizded ecopposét emeiss ditdeghrehgnmenethiny piredetremithedigknut e air
gap forned therebetween. In each actuator, a voltage is applied to the

el ectrode smdzrakst heTHeapimiensm dypedaher-ged. ndder ebyich RESISYECel Sctro-
generated in the pressure liquid chanber, so that 15 the i nk9I i au(?c(:j Jf% t he

pressure |i aHedrnahaibefsds-£i&E! @Rkt B&MQA_&J 21% 2he ggllkecﬁgmg?l::]sl‘é%u}:‘d

droplet. In other words, the electrostatic in head “def or s
di aphragm of %%tg a tor .usi.n n el.ectrostatic attraction force, and
ejects the Elk int %ggrlesss%eraet% 3’& lgﬁa SEFURS HE RoP2PEC hbHRE P 20
nmechani cgl for%e at the tinme of the deformation or by mechanical repul sion
generated i St 8 8¢ &phr HymRMheha OlUBPeeXPRRTERT @ fattheabtiPbhes or ce
di sappears. Recently, the bubble-type and electrostatic ink-jet heads,
whi ch are | ead-free, HavEhsmr dbeedlacterntanid dnkeres h@sd afncmdasonment al
protection. Particularly, the electrostatic WO 03/097364 PCT/JP03/06082 -4
i nk-j et headulwhpth zobsaimess lpsyipedelnipagsdidli,orhiombetngle
actuators- each including a pressure liquid chamber
communicéting with an ink nozzle hole, a diaphragm forming a
10 wall of the pressure liquid chamber, and an electrode provided ¢
opposite the diaphragm with a predetermined minute air gap
formed therebetween. In each actuator, a voltage is applied-
to the electrode so that the diaphragm is deformed. Thereby,
pressure is generated in the pressure liquid chamber, so that
15 the ink liquid in the pressure liquid chamber is ejected from
the ink nozzle hole as a liquid droplet. In other words, the
electrostatic ink-jet head deforms the diaphragm of each
actuator using an electrostatic attraction force, and ejects
the ink in the pressure liquid chamber from the nozzle hole by
20 mechanical force at the time of the deformation or by
mechanical repulsion generated in the diaphragm when the
electrostatic attraction force disappears.
Recently, the bubble-type and electrostatic ink-jet

' heads, which are lead-free, have attracted attention in terms

25 of environmental protection. Particularly, the electrostatic



| ead-free so as to have |l ess effect on. the environnent, is available in a
wi de variety. Further, the electrostatic ink-jet head is 5 produci bl e by
waf er prowessiosnye4 Therefore, it is easy to produce a hi gircagnei/icysa nk- j et
head, and it is possible to produce a | arge nunber of devices of stable.
characteristics. Further, the electrogtatic ink-jet head, which is based
on a planar structure, is characterized by easiness in reducing its 10

si ze (Japanese Lai d-Open Patent Applications No. 2-289351, No.- 5-050601,
and No. 6- 074882t Nerd, Fhérh 1consumesedsissdedwper speadd e on ew pbidg
conventional electrostatic liquid droplet ejecting head 100, and FIG. 2-1s
a | ongi t udi nkdacdseuttieonal agi ew lfvar ant eitfect1onpaié &fvihgdengui dsdropl et
ej ecting head 100 in an assenbled state. The liquid droplet ej écting head

100, which isyaifleblel At aNGede afdtitij et head enployed in an ink-jet
recording apparatus, includes a layéer structure formed by superinposing

and joining a channel d.at 0 a. f|r t substrate, 20 an
electrode substrate 102 t hat |§h% éé%gﬁ%Oéé J&Td"§3“nb3zl e plate 103
te s t hat the electrode substrate 102 is joined to

that is @C% E?r

t he Iomer Si & gh%i B RASEEEAPE - 101N SRR ridz AiSeephrt€0103 s
joined to the up per side of the channel substrate 101. 25 Further, the
liquid droplREPRFECRi RgIhedrnsigy Wako3pbolzesd, PGIiJPOSEO@OSlelé tacl udes:

a plurality of nozzle holes 131 formed at
produce a large number of devices of stable Characteristics.

Further, the electrostatic ink-jet head, which is based on a
planar structure, is characterized by easiness in reducing its

10 stze (Japanese Laid-Open Patent Applications No. 2—289351, No. ..
5-050601, and No. 6-071882).

Next, FIG. 1 is an exploded perspective view of a
coﬁventional‘electrostatic liquid droplet ejecting head 100,
and FIG. 2 is a longitudinal sectional view of an actuator

15 part of the liquid droplet ejecting head 100 in an assembled
state. The~ltquid drop;et ejecting head 100, which is, for
instance, an ink-jet head employed in an ink-jet recording
apparatus, includes a layer sﬁructure formed by superimposing
and joining a channel substrate 101 that is a first substrate,

20 an electrode sﬁbstrate 102 that is a second substrate, and a
nozzle plate 103 that is a third substrate so that the
'eiectrode substrate 102 is joined to the lower side of the
Channel substrate 101 and the nozzle plate 103 is joined to
the upper side of the channel substrate 101.

25 Further, the liquid droplet ejecting head 100



appropriate positions in the nozzle plate 103 as through holes; pressure
| iquid chanbers 111 that are ink channels conmunicating with the nozzle
hol es 13Iwodsagisseagns 113 5 form ng wall faces of the pre®sureodicose d
chanbers 111; a common |liquid chanber 112 conmunicating with the pressure
liquid chanbers 111 via fluid resistanﬁe parts 115 connecting the comon

liquid chanber 112 and the pressure |liquid chanbers:.," 111; and

i ndi vi dual el ectrodes 122 provi ded bel ow and opposite 10 the di aphragnms 113
wi th spaces indludati:on phanbetisy d2hdzale delkectingddaedizaphragns 113 by
el ectrostatic forces being formed therebetween. The fluid resistance parts

115 may be dpr6pded+aSphELesses N thie nbouek ﬁi'é\féicl%?%est %%B%E' e plate

103. In each actuator, a voltage applied to the electro causes a
potential diffierence ggg efE#Jga %%Br e, 122 _and theg&éa hragm 113 so
that the di aphragnt i1 %%Iec s (Vi rgggs}%glFﬁéﬁs?Hﬁ e &RFPB fhe nozzle
hol e 131 by a pressure way nerateg mgen t he_ di aphragm 113 returns .
toward the pressare-ti UVHﬁﬁﬁgﬁbEPZf £ aPLeF Heki agefat 83t he 20
( . P L
vibratiop chanber 121. The pressure liquid chanbers 111 each have an
el ongat ed sHRFBINgnYa At efaneyidfedhgaparranre ol bnwicambehibers sebarat ed by
partition walls 11la. The nozzle holes 131 are formed as individual
t hr ough hol €smnant héquibd z¢renileat 8 1208oimmu2bcd himparitcs ¢aer pspoangiag to the
pressure |iquid chambers 111. WO 03/097364 PCT/JP03/06082 -6 Wien the
nozzl e pl at ei403di shambered 110 the wpped séses®indd@arts 115 connecting
the common liquid chamber 112 and the pressure liquid chamberﬂw&
111; and individual electrodes 122 provided below and opposite
10 the diaphragms 113 with spaces (vibration chambers) 121 for
deflecting the diaphragms 113 by electrostatic forces being
formed therebetween. The fluid resistance parts 115 may be -
provided as recesses on the lower surface of the nozzle plate
103. 1In each actuator, a voltage applied to the electrode 122
15 causes a potential difference between the electrode 122 and
the diaphragm 113 so that the diaphragm 113 deflects
(vibrates). Ink is ejected from the nozzle hole 131 by a
pressure wave generated when the diaphragm 113 returns toward
the pressure liquid chamber 111 after deflecting toward the
20 vibration chamber 121.
The pressure liguid chambers 111 each have an
elongated shape, and are provided parallel to one another,
separated by partition walls llla. The nozzle holes 131 are

formed as individual through holes in the nozzle plate 103 in

25 the parts corresponding to the pressure liquid chambers 111.



channel substrate 101, the pressure liquid chanbers 111 are separated by
the partition walls 111la. The el ectrodes 122, which are provided on the 5
el ectrodewouwb®t3at e 102, are forned at the bottom of the Peirbpeticos:
chanbers 121 fornmed so as to correspond to the pressure |liquid chanbers

111 forned on the channel substrate 10%. The vi brati on chanbers 121 are
i

partitioned by partition. walls 121a. 10 The common |iquid chanber 112 is":

provided so as to extend over the end part of each pressure |iquid chanber
111.  Ink i sWseppiiedokrzom phatakltanks (rdheshewntha iheedrawengs) thto the
comon |iquid chanmber 112 via an ink supply hole (a Iiquid droplet supply

hol e) (not sdighdin skbetdsaw Ngs) 4& %@E‘éﬂ&%%&&&%&é“' %%(n‘id’éers' 9 Lg?&” of

the common liquid chanber 1.12 and other parts. T I's fur

suppl i ed froggﬁ%y%tedcggngﬂe:$é§@l fq$a%%3&sliiigia the liquid resistance
e e 1T qui :

parts 132 to't pressur chanbérs "The mar ket demand for

energy saving i s grow faor 20 offi aut omat i on equi pment i ncl udi ng
ink-jet printers as mef?e éﬁ?qﬁﬁoqﬁﬁhéﬁgel@E%?Qnﬁﬁ?(Qfﬂﬁéﬁéﬁt9n1¥hﬁ

el ectrostatic liquid droplet ejecting head, which is characterized by | ow
power consUiRGERICoRPAFEER VR t1P 2t IRer £ppasdodt |tk tdoopbét thej ect i ng
heads, requitres a further reduction in its driving 25 voltage in order to
achi eve a f uridratioedabaiosrs il Povienrmd® 63/ 897864 RGEHsHXNG/ Q608Re -7
consunption. In order to neet such a demand, the verti cal o
pressure liquid chambers 111 formed on the channel substrate
101. The vibration chambers 121 are partitioned by partition-«
walls 121a.
10 Thé common liquid chamber 112 is provided so as to
eXtend over the end part of each pressure liquid chamber 111.
Ink is supplied from an ink tank (not shown in the drawings) -
to the common liqqid chamber 112 via an ink supply hole (a
liquid droplet supply hole) (not shown in the drawings)
15 communicating with the lower part of the common liquid chamber
112 and other parts. The ink is further suppliéd from the-
common liquid chamber 112 via thé liquid resistance parts 132
to the pressure liquid chambers 111.
The market demand for energy saving is growing for
20 office automation equipment including iﬁk—jet printers as well
as for other electronic equipment. The electroétatic liquid
droplet ejecting head, which is characterized by low power
consumption compared with other types of liquid droplet

ejecting heads, requires a further reduction in its driving

25 voltage in order to achieve a further reduction in power



di rension of the vibration chanbers 121 (or the distance between the

el ectrodes 122 and the diaphragns 113) (hereinafter this distance nay be
referred wooam9mm air gap) 5 and the thickness of the di aporagomgocds3 need
to be reduced. This configuration can indeed | ower the driving voltage.
According to this configuration, however, the vibration chanbers 121 have
a reduced vertical dinension and the diaphragnms 113 have reduced rigidity.
Therefore, if noisture 10 exists in the vibration chanbers 121, the

di aphr agns 19@sugghiiéra . t olmncrdendin rieetcentachk dédnd harel eettodes 122
through liquid bridging or hydrogen bondi ng, thereby preventing the

actuators framdngichi ofi tge ISR WidglchanBersfipi did) g gﬁstéﬁggld be
allowed into the vibration chanmbers 15 121 fromthe outside. For this

purpose, |1t ieudesi tABl e1dbatoadiia M bt i0n shaghers, 131 he completel y

isolated fromthe external environment. uch as water

should be p n om enterjng the_viprati on chanbers 121. Therefore,
t he openi ngs(rrge %hgg&&%r%&ﬁ%n&cﬁ% r§9Y2 elﬁﬁg‘?ﬁ?doéoséél e8 ByT adx®al i ng

nateriaISSo as g hgéneﬁically seal_ the vibration chanbers 121. There
ari ses anot f8f FPEbFRATE NS ferths AipRBragie b3 @msidofonget heduced.
configuration that does not allow gas outside the liquid droplet ejecting.
head to ent dfi&ngorkigusaiomn lvanyilbdaedohowdmantier siri2ingndoatspace 25
comuni cating therewith (hereinafter referred to collectively WO 03/097364
PCT/ JP03/ 06@8Zord8nastantlect uwandigolkanber ) . hdhated S ththeigastidsi de t he
act uat or
chambers 121 have a reduced vertical dimension and the
diaphragms 113 have reduced rigidity. Therefore, if moisture
10 exists in the vibration chambers 121, the diaphragms 113
adhere to and remain in contact with the electrodes 122
through liquid bridging or hydrogen bonding, thereby
preventing the actuators from functioning. Accordingly, no
fluid’(liquid).should be allowed into the vibration chambers
15 121 from the outside. For this purpose, it is desirable tﬁat
the vibration chambers 121 be completely isolated from the
external environment. At least, liquid such as water should
be prevented from entering the vibration chambers 121.
Therefore, the openings of the vibration chambers -
20 121 may be sealed by a sealing material so as to hermeticaliy
seal the vibration chambers 121. There arises another problem,
however, in the case of employing the configuration that does
not allow gas outside the liquid droplet ejecting head to

enter and exit from the vibration chambers 121 and a space

25 communicating therewith (hereinafter referred to collectively



chanber and the gas outside the head cannot freely communicate wth each
other, so that a change in pressure or tenperature in the externa

envi ronmewD icauses a difference in pressure 5 between thePattret/@psxchanber
and the external environnent, thereby changing the equilibriumpositions
of the diaphragns 113 in accordance Wit h t he magni t ude of the pressure
difference. For instance, if the pressure inside the actuator.':.. chanber
is lower than the pressure outside the head, the 10 equilibrium position of
each di aphr aagmabl capproachiesmibdme . elTeettr ade shdegad firtdieleprdssHEeuhnst de
the actuator chanmber is higher than the pressure outside the head, the

equi | i bri umclpoasietd aAdotheaghs Obtﬂﬁlrd@gmhélﬁeaavc@&n@d@%xfer ? EBﬁmﬁh%é{é’de
side. As a result, the amount and the velocity of.liquid 15 droplets

ej ect ed fr om e dioAUb g 0Pt ereleGt iAgnBERth Varys i ascordance. wth the

pressure difference between the actuator -cha S he ex rnaF

envi ronnent ,; { reventing the _head from tai ning stable ejection
characterlstlcg%' %thr?%gdl‘é RS 888?38a?|%ggé%rqnﬁﬁggnqﬁéFFf9re
Accordi.n it 0. is necessary _to provide sonme kind of correction neans
with g (HeqﬂﬁeBrE§§u?%F%ﬁﬁP§<ﬁﬂ§@P§FuF€d e $s19Bdilngnaieorpevent i onal
neasures to elimnate the above-described di sadvantage. According to "a
nmet hod and dé\dreRYf eharging nghamdui2ibsonnr pd$ i rigoran cfnkhpetlielacigms

di scl osed in Japanese Lai d-Qpen WO 03/097364 PCT/ JP03/06082 -9 Patent
Appl i cati on INS. iblal86ddhdderigimaheenayef eud€dht @S pressure

difference. For instance, if the pressure inside the actuator-
chamber is lower than the pressure outside the head, the
10 equilibrium position of each diaphragm 113 approaches tho
electrode side. If the pressure inside the actuator chamber
is higher than the pressure outside the head, the equilibriﬁm
position of each diaphragm 113 moves away from the electrode
side. As a result, the amount and the velocity of liquid
15 droplets ejected from the liquid droplet ejecting.head vary in
accordance with the pressure difference between the actuator
chamber and the external environment, thereby preventing the
head from maintaining stable ejection characteristics. This
results in the degradation of image quality. Accordingly, it
20 is necessary to provide some kind of correction means‘with
respect to pressﬁre and temperature.
The following are conventional measures to eliminate
the above-described disadvontage.
According to “aAmethod and device for driving and

25 controlling an ink-jet head” disclosed in Japanése Laid-Open



first prior art), an external pressure is read by a pressure sensor

enpl oyed as pressure detecting neans or is manually 1input, and the
wavef or mwbD 0a/001364/i Nng vol tage is changed in 5 accordance WCTHPoI®0s2ad or
i nput external pressure. According to "an electrostatic actuator and a
liquid jetting apparatus using the sane" disclosed in Japanese. Lai d- Qpen
Pat ent Application. No. 2001-300421 (hereinafter referred to as second
prior art), a thin plate conmunicating with the 10 atnosphere called a

di spl aceabl erdteftomppbliextpbat®o i SL14Fsmriodedhtoe ansethst ratereakl ed ascavity
plate in which substrate diaphragns are formed, and a pressure

conpensat i onfi rGhYyHIgh GPEPSSHE & GUARGE &:r@gsgnégbfé )%é'asd bfygfgﬁggeégﬁpés the

di spl aceabl e platé fromthe at nosphere (0r an atnospheric ressure
conmuni cate  w t.h vibr a&gn,

chanmber open %10 nospher e}%.so as to ,
chanbers so 1 nasto?%g%%ro SEsufe T TTE B OHY Trdhbets SiSsMeBHALhat ed by
the deflection of the displaceable fgl ate. The displaceable plate formng a
wal | face of "HHE pPBSshRe Eavpetdhtifonr CRiHbBY WRkstaps il Ghepordwer t han
that 20 of each diaphragmso as to be displaced in accordance with the
ext er nal Jat msxgeaneepréstutlee PRasbradi Agpus ekeefialstpoyesisoreart, however,
storage neans for storing the relationship between pressure and driving
vol tage waveform for chopernsiatg ng fan alvatiadtaaid ac2batbe amk-4 efiquid
characteristics and control means are further WO 03/097364 PCT/ JP03/ 06082
-10 requiredidttiaddbppohates L MY essUEEndet @C4d NG LR ARS gabhBHSse Taid-
Open Patent Application No. 2001-300421 (hereinafter referréd
to as second prior art), a thin plate communicating with the
10  atmosphere called a displaceable (deformable) plate is
provided to a substrate called a cavity plate in which
substrate diaphragms are formed, and a pressure compensation-
chamber (pressure correcting chamber)AisAformed across the
displaceable plate from the atmosphere (or an atmdspheric
15 pressure chamber open to the atmosphere) so as to communicate
with vibration chambers so that the ptessure in the vibration
chambers is compensated by the deflection of the displaceable
plate. The displaceable plate forming a wall face of the
pressure compensation chamber has a rigidity lower than that
20 of each diaphragm so as to be displaced in accordance with the
external atmospheric pressure.
According to the first prior art, however, storage
means for storing the relationship between pressure and

driving voltage waveform for compensating for a variation in

25 the ink-jet characteristics and control means are further



i nevitably increasing the cost of products. According to the second prior
art, even if the actuator chanber is hernetically isolated fromthe

at nospherwp 036913 def ormati on of the di aphragns can be cectriedd/edsnot by
.a change in the equilibrium position of each diaphragmbut by a great
change in the equilibrium position of ttsbe di spl aceable plate when a
difference is generated between the pr"el sures inside and outside the
actuat or chanber. 10 The ink-jet head of the second prior art, although

i ncurring a sédquited der eddetionits Wa raseduecdedy¥arimy inans Nthihie

equi l i brium position of each diaphragmonly by its configuration.

Therefore, umdde a1 MBERAgs OfiqPrQYIdidg oz pRhgssHE e sensor, for instance,
whi ch net hod cannot be expected 15 in principle to produce a desired

effect, the ink-jet head of4;ibhe seg¢and 5£ r.art is expected_t roduce a
sufficient effect. Thi s cONfIguration. eEowcg ]?l,o‘%Iasch)C'i ¢Flidek gl?fgt her
pr obl em due tq%it%% fagtmgjhat 1 q?eeéli&aﬂ:i'di ;L of the di stpl aceable 20 plate is
suf ficiently*¥ Tt fAATPRAt - Of TPk Aga Gt the aheosPResfice
bet ween t he di sp] aceabl e plate and its opposing surface is small, the
di spl aceabl e-jft gledogmsitign cofethe iHrpheoamacean bh adndnsdgesi ngtsby face due
to the generation of the difference between the pressures inside and
out si de the d&ngsadn Ahet bislipimituym gocétibe df sgdacekbiphrploat Butasesa i nt o
WO 03/ 097364 PCT/JP03/06082 -11 contact with the opposing surface, the -
di spl aceabl eyqaaat @hange in the equilibrium position of the displaceable
plate when a difference is generated between the pressures
inside and outside the actuator chamber.
10 . The ink-jet head of the second prior art, although
incurring a slight increase in its size, reduces a.variation
in the equilibrium position of each diaphragm only by its
configuration. Therefore, unlike the method of providing a
pressure sensor, for instance, which method cannot be expected
15 in principle to produce a desired effect, the ink-jet head of
the second prior art is expected to produce a sufficient
effect.
This configuration, however, also includes another
problem due to the fact that the rigidity of the displaceable
20 plate is sufficiently lower than that of each diaphragm. That
is, if the distance between the displaceable plate and its
opposing surface is small, the displaceable plate easily comes
into contact with the opposing surface due to the generation

of the difference between the pressures inside and outside the

25 head. At this point, once the displaceable plate comes into



whose rigidity is extrenely low, sticks thereto due to the van der \Waals
force exerted on the displaceable plate and its opposing surface so as to
| ose its WomemdBm Further, if 5 absorption water or a regcauabd/@bhectric
charge exists between the displaceable plate and its opposing surface, the
di spl aceabl e plate sticks to its opposing surface nore easily. On the other
hand, if the distance between the di§ﬁﬂaceable plate and its opposing
surface is large, the 10 displaceable plate is prevented fromcomng in

cont act vwtitdn&%cﬁpwﬂﬁﬁr@héFﬁﬁﬁﬂgindTgakﬁgeée’tﬂé“afgﬁy%C%ggﬁglﬁlg{@%etiS

I
prevented fromsticking to its opposing surface, but the volume o he

pressure co at.i r.J.S. e d._..That s, the vol une_of the
act uat or ch§ﬁ§%% %282?5 ?ﬁ%éﬁ?ﬁﬁ%%§§i%§§éa%%l, s&jFﬁgFotHEedF?fEﬁ%nﬁﬁ§
bet ween t he preﬁsu es_i nside n out%hde { he actuyator chanber exerts a

more si gni fiCSAnt22LF f ERECe A TREs Gt ThE FiFiykRC Pdafggantettss a space

for the pressure conpensation chanber, thus increasing the size and cost
of the head “ZRE@SLRAMPWEL IS &P ifciteasesenlthefwictdonf. 28uather ntef using
the head. This is not preferable in terms of space saving. Thus, in the
convent i Dnalkbgbeptiostwier aot sattesidndl ¢hectimic jodkhrhyeadxiistagpodtwe=csane of
the second prior art, the sticking of the displaceable. plate cannot be

prevent ed byh25diedustshbIe1ditst anaei bet vesisihe sdirsakaceabbe plate and
its WO 03/097364 PCT/JP03/06082 -12 opposing surface w thout incurring an
unnecessary g 4ph 888814 plate sticks to its opposing surface more easily.
On the other hgnd,‘if the distance between the
displaceable pla?e and its opposing surface is large, the
iO displaceable plate is prevented from coming in contact with
its opposing surface. Therefore, the disﬁlaceable plate is
prevented from sticking to its opposing surface} but the
volume of the pressure compensation chémber is increased.
That is, the volume of the actuator chamber is significantly
15 iAcreased, so that the difference between the pressures inside
and outside tﬁe actuator chamber exerts a more significant
effect. As a result, a larger area is required as a space for
the pressure compensation chamber, thus increasing the size
and cost of the head aqd leading to an increase in the size of
20 a printer using the head. This is not preferable in terms of
space saving.
Thus, in the conventional electrostatic actuator and
fhe ink-jet head using the same of the second prior art, the
sticking of.the displaceable plate cannot be prevented by

-25 reducing the distance between the displaceable plate and its



the size of the head. That is, the stable ejection or operation
characteristics cannot be obtained. As descri bed above, the verti cal

di mensi onwofo3@9Bevi br ati on chanber fornmed between a di aphragrréining a
wal | of a pressure liquid chanber and the correspondi ng el ectrode of an
el ectrostatic ink-jet head is not nore_than a few mcrons. |If the

vi brati on chanber is left open to the atfmospheric environment, dust nmay
enter the vibration chanber so as to 10 prevent the di aphragmfrom
def orni ng. Fapddeng shrifetstwithowrdheresriagt be sadaces0f, tiherdhaphragm
the di aphragm may adhere to the el ectrode through liquid bridging, thus

causing ej eald @ kabkukge Eéla(d.hewﬂafteis\oh‘égﬁ;%l\?@ﬂj'[%s -fef%%%'&éogfi ven

continuously, the vibration chanber nay gra the gas 15 inside so

as to enter Lessuy i ...Then ven if no voltage is applied to
the el ectrodé, tﬁéggig%h%%%%?%%%%'gffggPO%t§$a9%F?%ﬁ§qﬂ ectrode side never
to returnto its equili%a%ynl_ ositjon, thus resulting in an insufficient

amount of or insuffict Sy BPPBE - | HiC e[%cticen. INBRRALPY, OF Ifer ef or e,
20 a part open-to the atnosphere which part communi cates with the
vi brati o ciafBetips shamksr pomesi hesveehat dimplvidgmatfioominghanierl it
hernetically seal ed. However, in the case of hernetically sealing the
vi brati on clamressiineel posiatl dietmvesn ahleté apb aggpoad.nghe 1 e25red@csy ode in
an environnent, for instance, where the WO 03/097364 PCT/JP03/06082 -13
at nospheri c apr e3suteosa€xd rienehytdhthar eatnd+ B id $HAG BBkey microns.
If the vibration chamber is left open to the atmospheric
environment, dust may enter the vibration chamber so as to

10 prevent the diaphragm from deforming. Further, if moisture
adheres to the surface of the diaphragm, the diaphragm may
adhere to the electrode thrdugh liqﬁid bridging, thus causing
ejection.failure. Furthermore, when the diaphragm is driven
continuously, the vibration chamber may gradually lose the gas

15 inside so as to enter a depressurized state. Then, even if no
voltage is applied to the electrode, the diaphragm may deflect
toward the electrode side never to return to its equilibrium
position, thus resulting in an -insufficient amount of or
insufficient pressure for ink ejection. Normally, therefore,

20 a part open” to the atmosphere which part communicates with the
vibration chamber is sealed by resin so that the wvibration
chamber is hermetically sealed.

However, in the case of hermetically sealing the

vibration chamber interposed between the diaphragm and the

25 electrode in an environment, for instance, where the



state as in highlands where the atnospheric pressure is lower than its
normal val ue, the diaphragmis kept deflected toward the pressure liquid
chanber swo@3lby73the pressure difference 5 between the pre®suneod/sssde t he
vi bration chanber and the | ow external pressure, thus resulting in
ejection failure. If the external pre re is higher than the pressure
inside the vibration chanber, the diéé%#agn1is kept deflected in the
opposite direction. 10 Therefore, according to the technol ogi es di scl osed
in Japanese azmekmOmericPatrentudppls catdent N0 dikte286108-and O normal

2000- 272120, the difference between the pressure inside a vibration
chanmber and $heredLerinahighsedesi I ' ;he,pressure
detecting neans so as to gorre@t tﬁgxﬁgﬁﬁiég§g$%P%?E?ﬁg&%%F§%néSv% V%@e,
and a vi braty l,at e area.f ressure control is additionally
provi ded so %@ﬂlggékﬁggégﬁt%%§®%1J%%EO agaﬁeQWei?cﬁﬁ?E sg¢efaFprard

Thereby, t di fference.between the pressure inside the vibration chanber
and t he extgﬁﬁ%ﬁmgFﬁ8§5h%??%E€réhﬁﬁh%gﬂs§d€oﬁyrB??e@ﬁeqﬁyﬂﬁbﬂéﬁ§?¥eﬂh%

addi tion_of .the pressure detecting means or the |arge-area pressure
control ReafEHFES tHt RESewate cinaike Kbadvianathwkesharitier dodnshei ngr and
integration difficult. DISCLOSURE OF THE | NVENTI ON 25 Accordingly, it is a
general obj extteghatlhprpsesent WO0IBATB6AgPCT/ AR08 1utd. | nvention to
provide an electrostatic actuator and a liquid droplet ejecting head in
whi ch the abouerdeicprbesire is higher than the pressure inside the
vibration chamber, the diaphrégm is kept deflected in the
opposite direction.
10 Therefore, according to the technologies discloéed
in Japanese Laid-Open Patent Applications No. 11-286109 and No.
2000-272120, the difference between the pressure inside a
vibration chamber and the external atmospheric pressure is
measured by the pressure detecting means so as to correct the
15 waveform of the driving voltage, and a vibration plate of a
large area for pressure control is additionally provided so as
to ghange”the volume of a hermetically sealed part. Thereby,
the difference between the pressure inside the vibration
chamber and the external atmospheric pressure is controlled.
20 However, the addition of the pressure detecting means or the

large-area pressure control means adds to the cost of the head

and makes chip downsizing and integration difficult.

DISCLOSURE QOF THE INVENTION

25 Accordingly, it is a general object of the present



di sadvantages are elimnated. A nore specific object of the present
invention is 5 to provide a downsi zed el ectrostatic actuator having stable
oper at i orwohanemsberi sti cs agai nst environnental changes amdTaPod/G60%2 d
droplet ejecting head using the electrostatic actuator to realize stable
ej ection characteristics against environnmental changes w thout an increase
in size and cost. 10 Anot her nore spedﬂﬂrc obj ect of the-present invention
is to provide an ink cartridge (liquid supply cartridge), an ink-jet
recordi Ng apjparatiisn andpaoti€s Gl edtSoR8athe & e b drQp ﬁtl§g§§&'”g
head. The above objects of the present invention are 15 achieved by a
li quid d"0p|ﬁopqleﬂ:cte?_@gttﬂﬁédh§ic?cﬂrt%ilchqlﬁh% %gg;@%lfgsscg)ge%r essure waves
caused by electrostafic. forces, the I|1qui ropl et ejécting head
including: qpgQf AR ozzle ,.hale jecting the liquid droplets; one or
nore pressure alﬁ&uiésgﬁa%%%r%l%%ﬁﬁﬁﬁgéating wi th the nozzle holes and 20
containing liquid to be ejected; .a common |iquid chanber comunicating
with the pressure |iquft d"CiaiRsceiignebdechgie the sagfsiraeiht oy isng a
p q , . it
wal | face of the corresponding pressure |iquid chanber; one or nore
vi brati ol cHanberyideonat dewisigzes elgapsoptavidertivatoonhactnyi &tahhe
di aphragns on 25 an opposite side fromthe pressure |iquid chanbers; and
one or WO 03rBI7A364n PATAIRIZNGAB2s aphinbt el BaimRees 1pEaYhees 401 @ppose
t he di aphragns through the air gaps, the liquid droplets being ejected
fromthe nozZzlk@id droplet ejecting head using the electrostatic actuator
to realize stable ejection characteristics against
environmental changes without an increase in size and cost.
10 Another more spécific object of the-present
invention is to provide an ink cartridge (liquid supply
cartridge), an ink—jet recording apparatus, and a micropump
using the liguid droplet ejecting head.
The above objects.of the present invention are
15 achieved by a liquid droplet ejecting head ejecting liquid
droplets by pressure waves caused by electrostatic,fofceé, the
liquid droplet ejecting head including: one or more nozzle
holes ejecting the liquid droplets; one or more pressure
ligquid chambers communicating with the nozzle holes and
20 containing liquid to be ejected; a common liquid chambér
communicating with the pressure liquid chambers; one or more
diaphragms each forming a wall face of the corresponding
pressure liguid chamber; one or more vibration chambers

containing air gaps provided in contact with the diaphragms on

25 an opposite side from the pressure liquid chambers; and one or



hol es by increasing pressure inside the pressure liquid chanbers by

defl ecting the diaphragns by the electrostatic 5 forces generated by

vol t ages wppBiogdes o t he el ectrodes, the |iquid droplet ejpertipospehead

i ncluding: a defornable plate whose deformation is greater than a total
deformati on of the diaphragns, the defaormable plate formng a wall face of
the comon liquid chanber; and a pre§§&?€ correcting chanber 10 provided
across the defornmable plate fromthe common liquid chanber so as to

communi cat e mbid diketrodeat besv Ldedies SppoReCehdi Afapiridies HHESERh the
invention a reliable Iliquid droplet ejecting head enpl oyabl e under a w de

range of envi ARt a r ' I e 0 b 15
formng a pr%ggure éo%ch??ﬁgigz%ﬁﬁgfgﬁhE%%ébggg?%%?% H%%@ﬁ?%%%%?%%eof part

of the existj el ement._(common || so that the part is easily
##? QB&Qtecting

%< 1Jo cincreds res Uird .Ch%g‘oe%?l pre d_rl
def or mabl e. ‘Therefdr e/ hic™ S PR dt ™l B ement 5 tc i asP E HiEss
part is additionall%ﬁrequired,. t hereby preventing an increase in the 20

nunber of prUFRASTEnLEr BEESSREINE dde HRPhSRgES obY tHee |9 lqeitaosdrbpE et

ej ecting head. Further, the configuration and the entire production:
process 6f tfrrassqurnedrbpt ey ejedcrEass hpadiedr bo prisy eriteert rbodem), bekeni ng
conplicated. The above objects of the present invention are also 25
achi eved by ik deapl et dgpedniaigidicag: iacluquhg: di op RirmAB183H097364
PCT/ JP03/ 06082 - -16 ejecting head ejecting ink droplets by pressure waves
caused by eheels astatingtiof cas grandean thk LapkesunRladhgtink Lo the
diaphragms, the deformable plate forming a wall face of the
common liquid chamber; and a pressure correcting chamber
10 provided across the deformable plate from the common ligquid
chamber so as to communicate with the vibration chambers.
According tO‘ﬁhe present invention;,a reliable.
ligquid droplet ejecting head employaEle under a wide'range of
environmental pressures can be realized at reduced cost by
15 .forming a pressure correcting paft by making'a simple
modification of part of the existing element (common liquid
chamber) so th?t the part is easily deformable. Therefore, no
special element such as a pressure detecting part is
additionally required,. thereby preventing an increase in the
20 number of production processes, cost, and size of the liquid
droplet ejecting head. Further, the configuration and the
entire production process of the liquid droplet ejecting head
aré prevented from becoming complicated. |

The above objects of the present invention are also

25 achieved by an ink cartridge including: a liquid droplet



liquid droplet head, the ink tank being integrated with the |Iiquid droplet
ej ecting head, wherein the liquid droplet 5 ejecting head includes: one or
nore nozzWe ohohmse4 ej ecting the ink droplets; one or norePpTadseueesy i quid
chanbers comunicating with the nozzle holes and containing the ink to -be
ej ected; a common liquid chanmber communicating with the pressure liquid
chanbers; one or nore di aphragns eachT%ﬁn1ng 10 a wall face of the
corresponding pressure |iquid chanber; one or nore vibration chanbers

contai ni ng aéjedaps Peavi egectﬂn%cgm attophicti bpepﬁlé@@ﬁf@me%“ RsQQpPosi te

side fromthe pressure liquid chanbers; and one or .nore el ectro es

ded ugh the.ink, 15
provi ded taq, FH%E%%rBE%FQEBPP 3 nozf¥{ shiealf ga 5|¥éfgeﬁb s&8r BN nsi de

dropl ets belng ejecte ron1t €s by 1'nct

ol ot rost at | E-FOrE 60 Z”Eeé%afﬁyb@ﬂ%%gte% Esw BPesitecohatt: oes, t e

l'iquid dropl et ejectln% head includin a def ornmabl e pl ate whose

def or mat i on 1<I4cestrePled ehadt g diaad deheraati bre ofiqwiasl dirapheagns, the
def or mabl e plate formng a wall face of the common |iquid chanber; and a

pr essur e 3corgisstiimg bhadbencraad dedheaorossreheogeforinmkie ejabaliﬁgf ten the
common |iquid chanber so as to communicate with the vibration chanbers. 25

The above- deistk idveglenk ; caté rélgoiaN¢iredesra Liguid MA@/ R97364
PCT/ JP03/ 06082 -17 droplet. ejecting head according to the present
invention. JHhefefiekeingheitnkatanidddgenbset ehi @l $and 63N che prpdused
be ejected; a common ligquid chamber communicating)with the
preséure liquid chambers; one or more diaphragms each forming
10 a wall face of the corresponding pressure liguid chamber; one
or more vibration chambers containing air gaps provided in
contact with the diaphragms on an opposite side from the
pressure liquid chambe?s; and one or more electrodes provided
to oppose the diaphragms through the air gaps, the ink
15 droplets being ejected from the no;zle holes by increasing
pressure inside the pressure liquid chambers by deflecting the
diaphragms by the electrostatic forces generated by voltages
applied to the electrodes, the liguid droplet ejectihg head
including: a deformable plate whose deformation is greater
20 than a total deformation of the diaphragms, the deformable
plate forming a wall face of the common liquid chamber: and a
pressure correcting chamﬁer provided across the deformable
plate from the common liquid chamber so as'to‘communicate with
the vibration chambers.

25 The above-described ink cartridge includes a liquid



at reduced cost and with a reduced proportion of defectives. The above

obj ects of the present invention are also 5 achieved by an ink-jet

recor di ngvappasasus i ncluding: an ink- jet head ejecting ipai/Jdexphset s by
pressure waves caused by electrostatic forces, the ink-jet head including:
one or nore nozzle holes ejecting tthka droplets; one or nore pressure

| i quid chanbers communicating with the nozzle holes and 10 contai ni ng ink
to be ejected; a conmon liquid chanber comunicating with the pressure

| i qui d chanderrleheiectingehedd apteaghmeeanh ther pirageat walterfiaies of t he
corresponding pressure liquid chanbers; one or nore vibration chanbers

contai ni ng Bieregape prov ded EareLMACt Wirkh ibhecdhAdhs 298 YrolR-an
opposite side fromthe pressure |iquid chanbers; and one or "nore

el ectrodes ¥ od@RAdt ecQRPYSE Lhe, d u%%gzpkgégygqbﬁrg% é%ééa%? s, the ink

dropl ets being ejected fromthe nozzle I Ncreasi ng pre sﬁ?e i nsi de
the pressure liquid c s_by. .defl ecti t he di aphragns by the

el ectrostatic forces g%ggﬁﬁéﬁaf%€9%§sv8%tg@%spﬁﬁﬁﬁﬁgdii HENepERt R bR,

t he inkBjet head igcludinﬁ% a deformabl e pl ate whose deformation is

gr eat er >t hdiF 2 F'6alPY dePol HET1 ¥ BICHengi 4pRPrAGRES theludieioor mabliakpl at e
formng a wall face of the comon liquid chanber; and a pressure
correcti ng I&tafisér i evtéed ek chontleds2bydefes bt evqltext eafusem bhe common
| i quid chanber so as to WD 03/097364 PCT/JP03/06082 -18 communicate with

t he vi br at i9recdhranbersc Torecabowereddsikribedhenk- | il URGRy-diong appaGaL uUS

nozzle holes ejecting the ink droplets; one or more pressure
liquid chambers communicating with the nozzle holes and

10 containing ink to be ejected; a common liquid chamber
communicating with the pressure liquid chamber; one or more
diaphragms each forming a wall face of the corresponding
pressure liquid chambers; one or more vibration chambers
containing air gaps provided in contact with the diaphragms on

15 an opposite side from the pressure liquid chambers; and one or
more electrodes provided to oppose the diaphragms through the
air gaps, the ink droplets be;ng ejected from the nozzie holes
by increasing pressure inside the pressure liquid chambers by
deflecting the diaphragms by the electrostatic forces

20 generated by voltages applied to the electrodes, the ink-jet
head including: a deformable plate whose deformation is
greater than a total deformation of the diaphragms, the
deformable plate forming a wall face of the common liguid
chamber; and a pressure correcting chamber provided across the

25 deformable plate from the common liquid chamber so as to



includes a liquid droplet ejecting head according to the present

i nvention. Therefore, the ink-jet recording apparatus 5 is reliable and can
per form hwohsmumbi ty | nage recordi ng. The above obj ects ofrCrhieoymeesent
invention are also achieved by a mcropunp transporting liquid by
deformation of one or nore di aphragns, the m cropunp including: a channel
in which the liquidis transported;‘rﬂ@‘diaphragns formng a wall 10 face
of the channel; one or nore vibration chanbers containing air-gaps

provided in conhaGlatet Hitherklh apiy 0% O0RLaRbePPPOSi te side fromthe
channel ; and a plurality of electrodes provided to each of the diaphragns,

the liquid being tra r i.necr i pressure inside the channel by
15 deflecting, the diap %é%%§K%¥k§P%%?§§s?§%i%§ 5$%§§dégﬁe?8P%ﬁag§s

vol tages applied to the,el ectrodes, the m,cropu including: a _deformable
pl at e whose %ﬁ§1ﬂq$§tFoﬁlgglériﬁﬂé;eqIﬁiﬁc§lP6tg?ggd%ﬁQﬂﬁﬁ%ﬁgbﬁothﬁhe

di aphragns, the defornmable plate formng the wall face of the channel; and
a pressure JUTSSEE AGVERtEPRNbEMSafpirged ther 8ls-1dte mbsfomdimbl eppiadeusd rom
the channel so as to communicate with the vibration chanbers. The

above- de§cr idsedediiebdpuanpd dedrorpes fice dilghhgaghtty hiynaejeeateostiahyc f or ces
exerted between the electrodes. Therefore, the mcropunp is.reduced in
size and consunes | esSTS iRl obOcs/ 887864 REHR03L060820n -L:% The Above

obj ects of the present invention are also achieved by an electrostatic
actuator i nddidicR8a By Vi BheL+HRmp transporting liquid by deformation of
one or more diaphragms, the micropump including: a channel in
which the liquid is transported; the diaphragms fofming a wall
10 face of the channel; one or more vibratién chambers containing
air gaps provided in contact witﬁ the diaphragms on an
oppoéite side from the channel; and a plurality of electrodes
provided to each of the diaphragms, the liquid being
transported by increasing éfeséure inside the channel by
"15 deflecting. the diaphragms by electrostatic forces generated by
voltages applied to the electrodes, the micfopump including: a
deformable plate whose deformation is greater than a total
deformation of the diaphragms, the deformable plate forming
the wall face of the channel; and a pressure correcting
20 chamber provided across the deformable plate from the channel
so0 as to communicate with thé vibration chambers.
The abovefdéscribed micropump deforms the diaphragms -
by electrostatic fbrces exerted between the electrodes.

Therefore, the micropump is reduced in size and consumes less

25 power.



chanber having at | east one side thereof formed by a di aphragm defornable
by an el ectrostatic force; an el ectrode provided 5 opposite the di aphragm
and a pre’eouws®Iwses recti ng chanber comruni cati ng with thePeirlpeticos2
chanber, the pressure correcting chanber having at |least a first side
thereof formed by a defornmable part tgat i s displaceable in accordance
with an external pressure, the el ectrdstati c act uat or including a 10 part
that reduces an area of contact forned when the defornable part conmes into
contact with a secondrisé debd®fe s ecpEesSutge COFs£Att ngvehanbar arthgl second
si de opposing the deformable part. According to the above-descri bed

el ectrost atdcqi legaplughos et he, A83 Oh¢pntact s pf1 tdhe feformpble;part at
the time of its contact with the second opposing side of the pressure

correcting r.Ls;reduced._ _Therefar hesj ve, f.Qrce exerted at
the tine of € %oﬁ%géﬁgigg g%%%%éﬁFﬁ%ﬁﬁ? %g§¥?§?I%§I%%igﬁéf'Fﬁ§p ef 8l mabl e

part is 20 prevented from stjcking to the second side of the pressure
correctingcgﬁgﬁﬂéﬁieA Eo?ﬁi?iﬁ%ErQ%Féﬁ%Feé?F8§fa??ce%ﬁﬁﬁﬁQQﬁ'pq@&ﬁdﬁg reduced

in size and have stable operation characteristics. The above objects of
t he pre8entoHPR¢éiiei 6heafbarltgrom 25nsc hi BYEEShYe apP Bl «Etinss carembesct uat or
i ncluding: a vibration WO 03/097364 PCT/JP03/ 06082 -20 chanber having at
| east one sicdeunheaebdhgfeinedctsy vabdiadpbnaghamidef orireb per deys vae
el ectrostatic force; an el ectrode provided
correcting chamber having at least a first side thereof formed
by a deformable part that is displaceable in accordance with
ag external pressure, the electrostatic actuator including a
10 part that reduces an area of contact formed when the
deformable part comes into contact with a second side of the
pressure correcting chamber, the second side opposing the
deformable part.
According to the above-described electrostatic
15 actuator, the area of contact of the deformable part at the
time of its contact with the second opposing side of the
pressure correcting chamber is reduced. Therefore, thé
cohesive force exerted at the time of the contact is
substantially controlled so that the deformable part is
20 prevented from sticking to the second side of the pressure
correcting chamber. Accordingly, the electrostatic actuator
can be reduced in size and have stable operation
characteristics.

The above objects of the present invention are also

25 achieved by an electrostatic actuator including: a vibration



opposite the diaphragm and a pressure correcting chanber comunicating
with the vibration chanber, the pressure 5 correcting chanber havi ng at

| east a fwoIB/0%I3ee t hereof fornmed by a deformable part tRaT/JIPE3/06082

di spl aceabl e in accordance with an external pressure, the electrostatic
actuator including a sticking preventing part formed on a second side of
the pressure correcting chanber so as“?g“prevent the deformable 10 part
fromsticking to the second side when the deformable part cones into

contact ther@wibBr hé]\em?ca)@dlédsd:e_oaap%a@gtﬁ@@eoﬂ@f&ﬁ@bw RadiapHicept di ng
to the above-described electrostatic actuator, the deformable part i's

prevent ed fro%@o%ﬁiaﬁfé??y?& ]éédke:o%%ﬁﬁﬁlg ?{glg(?e ofd gﬁsﬁ%r&ggag; &l ting

chanber at the tine its contact wit e secon ngly, the
electrostatic actuyator can he reduced in size and have stable eration

n 0
char act er | sPEESLTEHEG Y Bt §° fatRﬁeiﬁ%g%ﬁpﬁrﬁfgﬁPgoﬁhﬁwﬁgélso 20

achieved by a liquid droplet ejecting head including: a nozzle ejecting a
liquid dropF@WWualE?E%%QWWQWh(ﬁHQjW%Héﬁﬁé@nc%ﬁﬁmﬁﬁﬁrngh@i@Eﬁésvﬁebe ej ect ed,
the pressure liquid chanber comunicating with the nozzle; and an
el ect r osb at icoraetbatorchypnsss dravinggathéedsgua diinstt Isé.dpr ebsueet | faumied!
chanber, the 25 electrostatic actuator including: a vibration chanber
havi ng WO 0340973640 IR IPEHA6A8At i2ldasplassivlenansikdeothgnesfwiar med by
a di aphragm def ormabl e by an electrostatic force; an el ectrode provided
opposite then external pressure, the electrostatic actuator including a
sticking preventing part formed on a second side of the
pressure correcting chamber so as to prevent the deformable
10 part from sticking to the second side when the deformable part
comes into contact therewith, the second side opposing the
deformable part.
According to the above-described electrostatic
actuator, the deformable part is prevented from sticking to
15 the second side of the pressure correcting chamber at the time
of its contact with the second side. Accbrdingly, the
electrostatic actuator can be reduced in size and have stable
operation characteristics.’
The above objects of the present invention are also
20 achieved by a liquid droplet ejecting head including: a nozzle
ejecting a liquid droplet; a pressure liquid chamber
containing liquid to be ejected, the pressure liquid chamber
communicating with the nozzle; and an electrostatic actuator

pressurizing the liquid in the pressure liquid chamber, the

25 electrostatic actuator including: a vibration chamber having



di aphragm and a pressure correcting chanber conmunicating wth the

vi bration chanber, the pressure correcting chanber 5 having at |east a
first sicdwotobessef fornmed by a defornmable part that is diPspliacx@bse in
accordance with an external pressure, the electrostatic actuator including
a part that reduces an area of contact forned when the deformable part :
conmes into contact with a second side BfLlthe pressure 10 correcting
chanber, the second side opposing the defornable part. The above objects

of the present idnenih@nsahg éﬁéﬁeo@%ﬁ%@db9yaad££19t%£gn¥”d%%?&na§i8%%”9

head including: a nozzle ejecting a liquid droplet; a pressure [iqui
chanber 15 containing_lLigquid-to be ejecte t.he. pressure |liquid anber
connunicatiré?\ﬁ %%tfﬁgtﬁg%%|E?r%ﬁﬁj%§1%;eE%FPSEtBE?%léﬁélﬂ%ﬂﬁgltﬁrggiurizing
the liquid ig,the pressure |iquid chanber, the electrostatic actuator

i ncl udi ng: & 3AREEon 2BRafbRF S FRlAth FOTEEClréBgt CRABPY FOMWEA-E8E1RGr ned by
a di aphragm def ornabl e by 20 an el ectrostatic force; an el ectrode provided
opposi te the'itdi dbier aghirabhen clprdssur éheopressiing eharassringonhembeat i ng
wi th the vibration chanber, the pressure correcting chanber having at

| east a 6ir stawinde atthéeest &oftedt byde dabeeoBblermgiirdy hakfbsmable

di spl aceable in accordance with an external 25 pressure, the electrostatic

actuator incdsdi RGataist Hﬁﬁﬂaﬂﬂcé@l%/iglgzaéérggéé RP3PGR82 =22 Pr eventi ng
e

part formed on a second si of the pressure correcting chanber so as to
prevent the;ﬂ%&%ﬁ@%@l@h@aéieé{fggtatic actuator including a part that

reduces an area of contact formed when the deformable part
comes into contact with a second.side’of the pressure

10 correcting chamber, the secoﬁd side opposing the deformable
parf.

The above objects of the present invenﬁion are also
achieved by a liquid droplet ejecting head includiﬁg; a nozzle
ejecting a liquid droplet; a pressure liquid chamber

15 containing liquid to be ejected, the pressure liquid chamber
communicating with the nozzle; and an electrostatic actuator
pressurizing the liquid in the pressure liquid chamber, the
electrostatic éctuator including: a vibration chamber having
at least one side thereof formed by a diaphragm deformable by

20 an electrostatic force; an electrode provided opposite the
diaphragm; and a pfessure correcting chamber communicating
with the vibration chambér, the pressure correcting chamber
having at least a first side thereof formed by a deforméble
part that is displaceablé in accordance with an external

25 pressure, the electrostatic actuator including: a sticking



sticking to the second side when the deformable part cones into contact
therewith, the second side opposing the 5 defornmable part. The

above- deswpiobee3bi qui d dropl et ejecting heads include anPelrgeywssat i c
actuator according to the present invention. Therefore, the liquid dropl et
ej ecting heads have stable liquid droplet ejecting characteristics so as
to, 10 increase their reliability and i4frove i nage quality. The above
objects of the present invention are also achieved by an ink-jet recording

appar at us i netatimgn@paiikrorndd dead kel BIdaNoF M draplseliret he i nk-j et
head including: a nozzle ejecting the-ink droplet; a préessure liquid

chanber 15 N ' ' ssure |i.quid_chagber
connunicatiré?%géﬁy%: echgég%g;ggﬁ%igﬁ;gﬁgg%ggspggiﬁg%%Iﬁhqﬁ?paﬁFeggﬁ?izing

the ink in the pr.essure _liquid chanber, the . elecirostatic actuator
Stl%%%%% i Ehﬁn%%?oqé;ﬁ WQFH|§B§t§%ﬁ%F@ﬁQﬁ$ & e 6PTEDr med by

i ncluding: a Vi
a di aphragm def or mabl e b¥ 20 an electrostatic force; an el ectrode provided
opposi t e t he'™ R &FREaGH Thpee e Bt e e secorfetidagerineaiar thenmuni cati ng
with the vibration chanber, the pressure correcting chanber having at

| east a bir stefimebiigeprent. formed by a defornmable part that is

di spl aceable in accordance with an external 25 pressure, the electrostatic

actuator including a peté¢ dtate-ABs@3408d 364qRET/dHRPIR6@82 1723 Hadiuces an
area of contact formed when the defornmable part cones into contact with a
second 'si de iGfcitdie RheSsSHE€rostatic actuator according to the present
invention. Therefore, the liquid droplet ejecting heads have
stable liquid droplet ejecting characteristics so as to-
10 incréase their reliability and improve image quality.
Thé above objects of the p;esent invention are also
achieved by an ink-jet recording apparatus including: an” ink=
jét head ejecting an ink droplet, the ink-jet head including:
a nozzle ejecting the ‘ink droplet; a pressure liqﬁid chamber
15 containing ink toAbe ejected, the pressure liquid chamber
Communiéating with the nozzle; and an electrostatic actuator
pressurizing the ink in the pressure liquid chamber, the
electroétatic actuator including: a vibration chamber having
at least one side thereof formed by a diaphragm deformable by
20 an electrostatic fdgce; an electrode provided opposite the
diaphragm; and a pressure correcting chamber communicating
with the vibration chamber, the pressure corrécting chamber
having at least a first side thereof formed by a deformable

part that is displaceable in accordance with an external

25 pressure, the electrostatic actuator including a part that



correcting chanber, the second side opposing the deformable part. 5 The
above objects of the present invention are also achieved by an ink-jet
recor di ngvappasasus i ncluding: an ink- jet head ejecting &aTIIRS/@pEpI| et ,
the ink-jet head including: a nozzle ejecting the ink droplet; a pressure
liquid chanber containing ink to be ejected, the pressure |iquid chanber
10 comuni cating with the -nozzle; and~™ A-el ectrostatic actuator
pressurizing the ink in the pressure liquid chanber, the electrostatic

actuat or i ncladdiceg: ad ¥+&k alf aibrehabebrhadi fen @He |RESLAREE ShEe: t her eof
formed by a di aphragm deformable by an electrostatic force; an el ectrode

brovi ded oppasidse shbg d5nlaphiag, aadoAqPLEsSUe GOI LeaLlng. charber
conmuni cating wt t he vibration chanber, e pr essurg correcting chanber

having at least a,first. side thereof forned by a defornable art. that is
digblgceablé%ﬁﬁeﬁgéégzgﬁéﬁy%ﬁt:%ﬁfnS§§989n5+de%éQﬁﬁﬁﬁQ§ tpﬁed%ngT%§ﬂ§iatic

actuator including a sticking 20 preventing part forned on a second side of
t he pressur@aréorrecting chanber so as to prevent the defornable part from
sticking to the second side when the deformable part cones into contact
therewith, the second Biedebopposbngctheot dafeomeisketpantenbolkere also
above-descri bed ink-jet recording apparatuses WO 03/097364 PCT/ JP03/ 06082

- 24 i ncl ude aahli eqad dograpl ietk-gjeectrengrhend {predtets haadhdiageading-to the
present invention. Therefore, the ink-jet ‘

jet head ejecting an ink droplet, the ink-jet head including:
a nozzle ejecting the ink droplet; a pressure liquid chamber
containing ink to be ejected, the preséure liquid chamber

10 communicating with the nozzle;~and an electrostatic actuator
pressurizing the ink in the pressure liquid chamber, the
electrostatic actuator including: a vibration chamber having’
at least one side thereof fprmed by a diaphfagm deformable by
an electrostatic force; an electrode provided opposife the

15 diaphragm; and a pressure correcting chamber cémmunicating
with‘the vibration chamber, the pressure correcting-chamber
having at least a first side thereof formed by a'deformable
part that is displaceable in accordance with an external
pressure, the electrostatic actuator including a stickiné

20 preventing part formed on a second side of the pressure
correcting chamber so as to prevent the deformable part from
éticking to the second side when the deformable part comes
into éontact therewith,.the second side opposing the
deformable part.

25 The above-described ink-jet recording apparatuses



recordi ng apparatuses' can perform high-quality inage recording. The above
obj ects of the present invention are also 5 achieved by a liquid supply
cartridgewprsegneting a liquid droplet ejecting head andPaTiipepaicdssuppl y
tank supplying liquid thereto, wherein the liquid droplet ejecting head

i ncludes: a nozzle ejecting a liquid droplet.; a pressure |iquid chanber
containing the liquid to be ejected, tHeE 10 pressure |iquid chanber

comuni cating with the nozzle; and an electrostatic actuator pressurizing

the liquid iint¢helpreddaned Hieplet chprtang hbadel ectrast aldg)act uat or
including: a vibration chanber having at |east one side thereof formed by

a__di aphr agradlef.erimmbhe beap:el ot rastaliion of 628, 8l eGhiode 15 provi ded
chanper

opposite the diaphragm and a pressure correcting comiin ting
with the vi o' h h ressure. correcting._chamher having at

| east a firg{éég%§%n?h%Egg%aF%?%%gca%yp%FE@ﬁ%ﬂ?ﬁéﬁ?gﬁéiﬂFYtHﬂﬁg?srecgrdlng-
di spl aceable in accordggce wWth an external pressure, the electrostatic
actuat or including a 20MpaROIhALICEFTcRE Bhe REBFBIt doneation cxrediletren

the defaormable part cones into-contact with a second side of the pressure
correcti Ry GANSEEd PHea sbE@ned siuhwlapgesitngdyheinidaforiml @ pagtid The
above objects of the present invention are 25 further achieved by a liquid
supply cart rdaigd eitneggratngghaadNBreB/E091364d PETH IR0 H06082pp1 28ngi qui d
droplet ejecting head and a liquid supply tank supplying FIQUId t heret o,
wherein theﬂﬂg@dﬁdtdﬁﬁ@t@} WeediMGhe liquid droplet ejecting head
includgs: a nozzle ejecting a liquid droplet; a pressure
liquid.chamber con£aining the liquid to be ejected, the -
10 pressure liquid chambér communicating Qith the nozzle; and an
electrostatic aétuator pressurizing the liguid in the pressure
liguid chamber, the electrostatic éctuator including: a
vibration chamber having at least one side thereof formed by a
diaphragm aeformable by an electrostatic force;‘an électrode
15 provided opposite the diaphfagm; and a pressure correcting
chamber cémmgnicating with the vibration chamber, the pressure
~ correcting chamber having at least a first side thereof Fformed
by a deformable part that is diéplaceable in accordance with
an external pressure, the electrostatic actuator including a
20 part that reducés an area 6f contact formed whenlthe
deformable part comes into-contact with a second side of the
pressure.correcting chaﬁber, the second side opposing the
deformable part.

The above objects of the present invention are

25 further achieved by a ligquid supply cartridge integrating a



head includes: a nozzle ejecting a liquid droplet; a pressure |liquid
chanber containing the liquid to be ejected, the 5 pressure |iquid chanber
comuni cawpDrg/owisth t he nozzle; and an el ectrostatic actuRCoONIPEV@E@ssUri zi ng
the liquid in the pressure |liquid chanber, the electrostatic actuator
including: a vibration chanber having at |east one side thereof forned by a
di aphr agm def or nabl e by an el ectrostati@-force; an el ectrode 10 provi ded
opposite the diaphragm and a pressure correcting chanmber conmuni cating

wth the vi bfi@;{di%”d‘ibﬁﬂ@@e;{lé@@i GRS @nacar { i&%@ﬁ@b%ﬂaavi ng at

| east a first side thereof Torne by a deformable part that 1s

di spl aceabl e__j rdance.w.th .an external  pressur.e he.el ectrostatic
actuat or i ncsldggillgg'%g g%q%ﬁlc AT B eV ESECAY g?t 'cho%(ﬁl[r(?ﬁ’lﬁ SELORE de of
the pressure correcting chanber. so as to prevent the deformable part from
sticking to 195 %ELEgHﬂegf R RN 158 SFEFBF AL BIpit lropdfes RnPBeTYHESCE
therewi th, the second side opposing the defornmable part. 20 The

above- descr ildedtidnghewber | o imaadacaliaggid deo dropljectefdecthag head
according to the present invention. BRIEF DESCRI PTI ON OF THE DRAW NGS

O her obpectseskeatul bguhddoladnsnt agesuat chhind Sripire st nbAYest | &g Wid |
becone nore apparent fromthe foll owi ng WO 03/097364 PCT/ JP03/06082 -26

det ai | ed desQricpibeRaheNadBatkd N JFRREUREEEAY Md Nilhay 2GCORPaRYddire
a .

drawi ngs, in which: FIG 1 is an expl oded perspective view of
' ligquid chamber, the electrostatic actuator including: a

vibration chamber having at leasf one side thereof formed by a
diaphragm deformable by an electrostatic force; an electrode

10 provided opposite the diaphragm; and a pressure correcting
chamber communicatiﬁg with the vibration éhamber; the pressure
correctiﬁg chamber having at least a first side thereof formed
by a deformable part that is displaceable in accordance with
an external pressure, the electrostatic actuator including a

15 -sticking preventing part formed on a second side of the
pressure correcting chamber so as to prevent the deformable
part from sticking to the second side when the deformable part
comes into contact fherewith, the second side opposing the
deformable part.

20' The above-described ink éartridges include a ligquid

droplet ejecting head according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the

25 present invention will become more apparent from the following



conventional electrostatic liquid droplet ejecting head; 5 FIG 2 is a

| ongi tudi nal sectional view of an actuator part of the liquid, droplet

ej ecti ng Weadogfedl G 1; FIG 3 is an expl oded perspecti veCTiJeo/ @hszan

el ectrostatic liquid droplet ejecting head according to a first enbodi nent
of the present invention; 10 FIG 4 isgg | ongi t udi nal sectional view of an -
actuator part of the liquid droplet eje %7 ng head of FIG 3 in an

assenbl ed state according to the first enbodi nent of the present

invention;, Hi€&abldd desgiraplishowhayg tdd riel abheugbtPoRetgennLeld the air
gap. and tenperature of an actuator according to the first enbodi nent of

the present &8¥&HdRANGEGawbnks, aidraRibshowi ng the relationship between
the air gap and tenperature of "an actuator for conparison; FIG 7 is an

expl oded perspective vj o} i nk-j et 0_head including an el ectrostatic
el Uhison ﬁﬁgﬁ BFE PR hres ™ Rfedtion; FIG 8

actuator according to a-secon Enbodi
is a sectional_ view of _a Eressure | iquid chanber part of the ink-jet head
t aken al ong ?%vefngzﬁ' Lofplgetar st g nhistdsr éirﬁ@l?g eirRcKiasoheadnbodi ment
of the present 25 invention; WO 03/097364 PCT/JP03/06082 -27 FIG 9 is a
sectionalP view of the BEesstris |5 dongitoHandbrseariomsfl thewi ok-aet head
taken along the wdth of the diaphragmaccording to the second enbodi nent
of the presemtuator part of the liquid droplet ejecting head of FIG. 1;

FIG. 3 is an exploded perspective view of an
electrostatic liquid droplet ejecting head according to a
first embodiment of the present invention;

10 FIG. 4 ié a longitudinal sectional view of an .
actuator part of the liquid droplet ejecting head of FIG. 3 in
an assembled state according to the first embodiment éf the -
present invention;

FIG. 5 is a graph showing the relationship between
15 the air gap and temperature of an actuator according to the
first embodiment of the present invention;
FIG. 6 is a graph éhowing the relatiohship between
the air gap and temperature of an actuator for comparison;
FIG. 7 is an exploded perspective view of an ink-jet
20  head including an electrostatic actuator according to a .second
embodiment of the present invention;
FIG. 8 is a sectional viéw of a pressure liquid
.chamber part of the ink-jet head taken élong the length of a
diaphragm according to the second embodiment of theApresent

25 invention;



invention; 5 FIG 10 is a sectional view of a pressure correcting part of
the ink-jet head taken along the length of a deformable plate according to
t he secorwoanigdssrent of the present invention; FIG 11 ipST/JR03mease vi ew of
the pressure correcting 10 chanber side of the deformable plate of the

i nk-jet -head according to the second enpodi nent. of the present invention;
FI GS. 12A through 12C are di agrans sho’v%7ﬁg vertical sectional shapes of

m nute projections according to the second enbodi ment of the present

invention; 15 FIGS. 13ATthrough al3Ccriendi agi &ibo sNaw REesharbzonidl g
sectional shapes of the mnute projections according to the second

embodi ment Oéhénﬁferp?%ﬂo??nEfi EMQnfﬂlgrﬁ;eg,lh%adléaicénaag&yrn%{% gnT%h\%ihngfatl'leape

and an. arrangenen the m nute proj ecti ons accor e second 20

enbodi nent of. resent i.nventian; FIG 15 i . sectional view of the
pressure coélrateoglt%ia § BSFPTEHEnG %ei éste'cﬁéléde?‘éﬁ%‘gﬂn%morﬁbf tHe PERERTOf the
def ormabl e p] ate according to a third enbodi nent of the present invention;
25 FIG 16 i 9VE™dCfional view of an ink-jet head taken WO 03/ 097364
PCT/ JP03/ 06082 -28 along the width of the deformable plate, show ng an
inportan® part of a pfrESsuk® isorr secithgnahrivieandisbpatsenre hamiersting
according to a fourth enbodi nrent of the present invention; :

part of the ink-jet head taken along the length of a

deformable plate according to the second embodiment of the
present invention;

FIG. 11 is a plan view of the pressure correcting

10 chamber side of the deformable plate of the ink—jet head
according to the second embodimentAof the present iﬁvention;

FIGS. 12A through 12C are diagrams showing vertical
sectional shapes of minute projections according to the second
~embodiment of the present invention;

15 FIGS. 13A through 13C afe diagrams showing
horizontal sectional shapes of the minute projections
according to the second embodiment of the preseﬁt invention;

FIG. 14 is a diagram showing a shape and an -
arrangement of the minﬁte projections according to the second

20 embodiment of the present invention;

FIG., 15 is a sectionél,view of the pressure
correcting part of an ink-jet head takeh along the length of
the deférmable plate according to a third emboaiment:of the
present invention;

25 FIG. 16 is a sectional view of an ink-jet head taken



FIG 17 is a sectional view of the pressure 5 correcting part of the
ink-jet head in the case of formng the mnute projections w thout etching
accor di ngwom3bdmed ourth enbodi ment of the present inventiPpemJP6/@@G832 18A and
18B are diagrans for illustrating a method of formng the ink-jet head
according to the fourth 10 enbodi nent gf the present invention; FIG 19 is
a sectional view of the pressure cor réeri ng part of an ink-jet head taken
along the length of the deformable plate according to a fifth enbodi nent

of the' presemy itA¥eRiaen;odxHd Gefd@mhBla SE&td ONAoMingWall ikherfimssure
correcting part of an ink-jet head taken along the length of the

def or mabl e @aqlteogcgoﬁggéggm;@ &%&qugﬁggfg%mé \/c%ﬂcbrlal%ﬁonprcﬁgrﬁg%?é. nventi on;

_FIG_21is a sectional view of the pr orrecting par an
Seventh onbGiTAEAL ol CONE T DFETbAr P RUBREL Rt FICPZ2 P SEeRtiohal vi ew
of an actuator part of _an electrostatic head taken along the width of the
di aphragm 25 accordi fg-@-o Tdn16i gheacehirl ief” of the PFes®#te i nventi on;
WD 03/ 097364 PCT/JP03/06082 -29 FIG 23 is a perspective view of an ink
cartridgé asecoedihggtpast mihtiheedbbdl mentead irhehpr esert of nfemtiman;thel G
24 is a side view of the nechanical part of an

minute projections without etching according to the fourth

embodiment of the present invention;

FIGS. 18A and 18B are diagrams for‘illustrating a
method of forming the ink-jet head according to the fourth

10 embodiment of the present invention;

FIG. 19 is a sectional view of the pressure
correcting part of an ink-jet head taken along the length of”
the deformable plate according to a fifth embodiment of the
present invention;

15 FIG. 20 is a sectional view of the pressure
correcting part of an ink—jet head taken along the length of
the deformable plate according to a sixth embodiment of the
present invention;

FIG. 21 is a sectional view of the pressure

20 csrrecting part of an ink—-jet head taken along the length of
the deformable plate according to a seventh embodiment of thé
present invention;

fIG. 22 is a secfional view of an actuator part,éf

an electrostatic head taken along the width of the diaphragm

25 according to an eighth embodiment of the present invention;



i nk-jet recording apparatus according to a tenth enbodi nent of 5 the
present invention; FIG 25 is a perspective view of the ink-jet recording
appar at uswofo3s9364 24 according to the tenth enbodi ment ofPCrleoyeesent
invention; and FIG 26 is a sectional view of a mcropunp according 10 to
an el eventh enbodi nent of the present invention. BEST MODE FOR CARRYI NG OQUT
THE | NVENTI ON A description w | nOM/5§9given, with reference to the
acconpanyi ng draw ngs, of enbodi nents of the present 15 invention. [First
Enbodi ment] In the foliow ng deser Féké@@ct% a}iRG1 IFShat i fx dSk schgly opl et
ej ecting head enpl oys individual electrodes and diaphragns opposi ng each
other wth aidciaRqlesMEhAlkd NEEBRekuREN o AROLUIA], dhiLerence |
provi ded between t g di aphragns serving-as a co n el eCtrode and each
i ndi vi dual el ectrode t hat .t he di aphragns flect to generate pressure.
In the case of givinglgﬁﬁbgg &5t8i?é§gd%§%Vi%€i m§s ﬁﬁgﬁ%}HﬁﬁﬁiFgéPn
expressions,, a defornmabl e plate whose 25 deformation is greater than the
total def or et @RtoFCERELINY GRRGTRIEE PETPIRIRY 008 tenth aiaphies dfs
considered as a rectangular thin plate. The nature of the defornmable plate
remains phe thgnprpserspbrténtdongf its shape as long as the deformable plate
has a greater deformation. ‘

FIG. 25 is a perspective view of the ink-jet

recording apparatus of FIG. 24 according to the tenth
embodiment of the present invention; and -
FIG. 26 is a sectional view of a micropumplaccording

10 to an eleventh embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

A description will now be given, with reference to

the accompanying drawings, of embodimeﬁts of the present
15 invention. . " : .

[First Embodiment]

In the following aescription, an electrostatic
liquid droplet ejecting head employs individual electrodes and
diaphragms opposing each other with air gaps formed

20 ‘therebetween. A potenﬁial difference is provided between the
diaphragms serving as a common electrode and each individual
electrode so that the diaphragms deflect to generate pressure.

In the case of giving a more detailed description

~‘using mathematical expressions, a aeformable plate whose

25 deformation is greater than the total deformation of the



5 FIG 3 is an expl oded perspective view of an electrostatic liquid
droplet ejecting head 10 according to a first enbodi nent of the present

i nventi orwORB@®73d44is a |ongitudinal sectional view of anPattigevanszpart of
the liquid droplet ejecting head 10 in an assenbled state. 10 The liquid
droplet ejecting head 10 of this enbodi nent, which Is, for instance, an

i nk-jet head enployed 1in an ink-jet ré%%Tding apparatus, includes a |ayer
structure forned by superinposing and joining a channel substrate 1 that

is a first sgbsiiaigms ar ebactHofsq SAbsd rzaetc%a%ghfﬂéi £51 2 pin 36CORMe

substrate, and a nozzle plate 3 that is a thir substrate so that the

el ectrode s LS Ll the | r..side of the .channel  substrate
1 and the ngzlz?%%%foéff éeh% hlgggj%g‘lagﬁ]g% L%h oaft%%%ﬂﬁﬁélrg g?%es%?e tHe ERERkEr S
substrate 1. . sealing material 5 is provided.to the liquid dropl et ,
ej ecting Zoc’ﬁegatd3 62 % 2RonAnY ¥ e AeIPrRapPLlguPa  dier §tsatrRg head
10 includes: a plurality of nozzle holes 31 formed in the nozzle plate 3
at appropri @Esiorons as through holes; pressure liquid " chanbers 11
that are ink channels comrunicating with the 25 nozzle hol es 31; diaphragns
13 each foorming a wal | Fi@ce3 afs tdre eWP108£0938864p RER EPA3W6082an - 31
correspondi ng pressure |liquid chanber 11; a common liquid chanber 12

conmuni cat i ngladddostheipr esqui@ didplict chahens Adad thy euah &hdidio a
resi stance parts 15 that are channels connecting the common |iquid chanber

12 and the pressUGPbHIREA: CHORMIES Ssresent invention. FIG. 4 is a
longitudinal sectional view of an actuator part .of the liquid
droplet ejecting head 10 in an assembled state.

10 . The liquid dréplet ejécting head 10 of this
.embodiment, which is, for instance, an ink-jet head employed
in an ink—jet recording apparatus, includes a layer structure
formed by'superimposing and joining a channel substrate 1 that
is a firét substrate, an electrode substrate 2 that is a
15 second substrate, and a nozzle plate 3 that is a third
substrate so that the electrode substrate 2 is joined to the
lower side of the channel substrate 1 and the nozzle plate 3
is joined to the upper side of the channel substrate 1. A
sealing material 5Ais provided to the liquid droplet ejecting
20 head 10 as shown in FIG. 4.
The liquid droplet ejecting head 10 includes: a
plurality of nozzle holes 31 formed in the nozzle plate 3 at
" appropriate positions as through holes; pressure liquid
chambers 11 that are ink channgls communicating with the

25 nozzle holes 31; diaphragms 13 each forming a wall face of the



5 11; and individual electrodes 22 provided bel ow and opposite the

di aphragns 13 with air gaps (vibration chanbers) 21 for deflecting the

di aphr agrme013/0dmse£l ectrostatic forces being forned therelpemseencosthe fl ui d
resi stance parts 15 nmay be provided as recesses on the | ower surface of
the nozzle plate 10 3. That is, the I[gggq dropl et ejecting head 10
includes a plurality of actuators for parallel to one another, the
actuators each including the pressure |iquid chanber 11 comunicating with

the correspogsigsginezhng pek8sdte 1hgnidiaphiagm 13 fordhng aswakl face
(bottom face) of the prgégureSISQIigﬁ%h chanber 11, and the eﬁg%trode 22

{her betveer: T o gach sortatbpde s e B BB RS e Bra86 bt ween

t herebet ween. I n each actuator erence r

the el ectrodg 22 and..t he di aphfagm 13 b voltage applied to the

el ectrode Zzﬁ%oqﬁh%lflﬁg Hﬁﬁgﬁ\g%\‘gﬂ? J%ar(%f lec 82 of T2 FRATBISASe PR PRk RS
ejected fromthe nozzle hole 31 by a ressure wave generated when the

di aphr agm 13*RtGamren: dhardd ehabriedsurad ithai Bremsmtrerl inhidf chambers

defl ecting toward the vibration chanber 21. The pressure liquid

chanber s 511 ¥hchdtavindgvadua?be ongatesd 22hapevaded (sahdwdecidpapabletet 0 one
anot her, WO 03/097364 PCT/JP03/ 06082 -32 separated by partition walls 11la.

The nozzl e hthesiidbhabemsf 08 Metas imdapsduah b b oslghehehRs s not heopozzl e
plate 3 in the parts corresponding to the pressure |iquid chanbers 11.
Wien the nozgd@ fl@hg BnkSqaipethito e URREE L 8686 0fc 1S ces being
formed therebetween. The fluid resistance parts 15 may be “
provided as recesses on the lower surface of the nozzle plate
10 3. That is, the liquid dréplet ejecting head 10 includes a
plurality of actuators formed parallel to one another, the
actuators each includ;ng the pressure liquid.chamber 11
communicating with the corresponding nozzle hole 31, the
diaphragm 13 forming a wall face (bottom face) of the pressure
15 1liguid chambeftll, and the electrode 22 oppoéing the diaphragm
13 with the vibration chamber 21 being formed'therebetween.
In each actuator, a potential difference is provided between
the electrode‘ZZ'and the diaphragm 13 by a voltage épplied fo
the electrode 22 so that the diaphragm 13 deflects (or
20 wvibrates). Iﬁk is ejected from the nozzle hole 31 by a
pressure wave generated Qhen the diaphragm 13 returns toward
the pressure liquid chamber 11 after deflecting toward the
vibration chamber 21.

The pressure liquid chambers 11 each having an

25 elongated shape are provided parallel to one another,



5 channel substrate 1, the pressure |liquid chanbers 11 are separated by
the partition walls 1la. The el ectrodes 22, which are provided on the

el ect rodewoubmeat e 2, are formed at the bottom of the viPpbraroasoghanbers
21 formed so as to correspond to the 10 pressure |iquid chanbers 11 forned
on the channel substrate 1. The vibration chanbers 21 are partitioned by
partition walls 2la. The conmon quur@25hanber 12 is provided so as to
extend orthogonal Iy across the end parts of the pressure 15 liquid chanbers

11. Ink is ssppiatd b9mpaptiakot apk (Nat a shews h@zélh,ﬁ }Qﬂae\éﬂ Ags} Lo the

comon |iquid chanber 12 via an ink supply hole (a | iquid droplet supply

comon. 11 qut & Eier 1 ARA" b gﬁ%r&%iﬁr‘?‘s'l%%heﬂ?%e% i KOFC80 atibpl i od

fromthe conor n I| uid chanber .12 via the UId reS|stance parts 32 to
the pressure 058558FQOQQFHQTEP Pﬁﬁ ﬁPF%nl%ﬁu%QNEW%WPﬁBH Fquid
chanber 12 nay var dependi ng on a head configuration. According to this

enbodi nment , Wnﬁ?-E@ﬁWEHZFﬂauP%PE#mﬁﬂﬁﬁ'392n€ﬁaﬁact%¢|@ﬂnQ§ﬂSH¢625fehb¢oys a
deformabl e plate 14 (form ng a pressure correcting WO 03/ 097364
PCT/JP03506082HHE82sgéparatedlbwﬂpamubsbumemaiqBidjahamﬂmasnQZzhﬁehoIes 31
are forned as individual 'through holes in the nozzle plate'3 in the
parts corresygnrdiangdt byt BRe ppLSsitiod kaaild chanbers 11.  Wen the nozzle

pl ate 3 is joined to the upper side of the
The electrodes 22, which are provided on the
electrode substraté 2, are formed at the bottom of the
vibration chambers 21 formed so as to correspond to the
10 pressure liquid chambers l; formed on the channel substrate 1.
The vibration chambers 21 are partitioned by partition walls
2la.
The common ligquid chamber 12 is provided so as to
extend orthogonally across the end parts of the pressure
15 liquid chambers 11. Ink is supplied from an ink tank (not
shown in the drawings) to the common liquid chamber 12 via an
ink supply hole (a liquid droplet supply hole) (not shown in
the drawingé) communicating with the lower part of the common
liquid chamber 12 and other parts. The ink is further
20 supplied from the common liquid chamber 12 via the liquid
resistance parts 32 to the pressure liquid chambers 11.
The configuration of the common iiquid chamber 12
may vary depending on a hgad configurétion. According to this
embodiment, the common liquid chamber 12.charaéteristically

25 employs a deformable plate 14 (forming a pressure correcting



5 channel substrate 1, the pressure |liquid chanbers 11 are separated by
the partition walls |la. The el ectrodes 22, which are provided on the

el ect rodewoubmeat e 2, are formed at the bottom of the viPpbraroasoghanbers
21 formed so as to correspond to the 10 pressure |iquid chanbers 11 forned
on the channel substrate 1. The vibration chanbers 21 are partitioned by
partition walls 2la. The conmon I|qU|§Zchanber 12 is provided so as to

ext end orthogonally across the end parts of the pressure 15 |iquid chanbers

11. Ink is sggpiadd b%'”bé@tﬁ_ﬂﬁoﬂ Wu(antla sh@we wzzl@ %&%gr O@S)aréo the

conmon I|qU|d chanber via an ink supply hole I qui pl et supply
hol e) (not s I tlng th t art of the
common liquid c a eﬁggﬁg 8%5 réﬁ %l% he' |n |%9§%h%lé£g%§ogsﬁ Ppl i ed

fromthe conron | i qui d chanber 12 V|a he liquid resistance parts 32 to
the pressure™15 QiitdSc FRADEFROIFINTHE Pﬁﬁ?ﬁ?F%nl%ﬁu%qughﬁﬂ§ﬁﬁﬁ tquid
chamber 12 may vary depending on a head configuration. According to this
enbodi nent, T EenBRZEL§UPEE Bhahber JP2nedatacte i wnraraldifle?6fetpeoys a
deformabl e plate 14 (form ng a pressure correcting WO 03/ 097364

PCT/ JP0350608Rnne33 spastyathal , ddfonmessore gaguldy dHmabdrdae 1di apbragns 13
as a wall face (bottomface) of the common |iquid chanber 12. That is,

the defor mablepaaata b4, tMbi ghriisiprowiaded ona, substantially the same pl ane
as the diaphragns 13 so as to be .

The electrodes 22, which are provided on the
electrode substraté 2, are formed at the bottom of the
vibration chambers 21 formed so as to correspond to the

10 pressure liquid chambers l; formed on the channel substrate 1.
The vibration chambers 21 are partitioned by partition walls
2la.

The common liquid chamber 12 is provided so as to
extend orthogonally across the end parts of the pressure

15 liquid chaﬁbers 11. 1Ink is supplied from an ink tank (not
shown in the drawings) to the common liquid chamber 12 via an
ink supply hole (a liquid droplet supply hole) (not shown'in
the drawings) commuﬁicating with the lower part of the common
liquid chamber 12 and other parts. The ink is further

20 supplied from the common liquid chamber 12 via the liquid
resistance parts 32 to the pressure liquid chambers 11.

The configuration of the common iiquid chambe; 12

may vary depending on a hgad configuration. According to this

embodiment, the common liquid chamber 12 characteristically

25 employs a deformable plate 14 (forming a pressure correcting



5 connected thereto through partition walls 11b, is set so as to have a
deformation (deflection or displacenent) greater than the tota

def or mat iwo 000913he di aphragns 13. In other words, the valpae/Jeé3/ o the
deformabl e plate 14 is set to be greater than that of the diaphragns 13 in
the follow ng equation (1) 10 concernLQQ?;he deformation (deflection or

di spl acenent) (err) of the deformable plate 14, letting a pressure P
remain the sane. -1-v2 a4dP 1 32Et3 ( ) 15 where V is the Poisson's ratio
of the naterPaFtlofthatpldatfermg mose aeddoilng' thamodhkbusiaghisgide gt B of the
plate, and t is the thickness of the plate.. It is apparent that letting
the materi alwald fazenf(bgtahi ofcPArANMBIR ToRBAr 11 Ha thedat gt hi gkpess t
be 20 constant, the deformation of the deformable plate 14 can be varred

by changing the dHeatie rbhingk eSS dre RUf t %&Chﬁ%%rﬁggy{c?e#“%l et ejecting

head 10 includes a. pressure correcting cha 0 hg the pressure
correcting I pace pr.ovi ded a_.side WO 03/097364

PCT/ JPO3/ 068%%5 S)t-aﬁﬁ%%%?t gh B st SFn%Fedb?% BINE dopssi BE EPORRt he
common giquid chgnger 12 so as to _conmmuni cate with the vibration chanbers
21. A space THEISFECENENRESES 1615 H%h Pep4dEirs Vakhed lknf isheepr essas eto
correcting chanber 23, the vibration chanbers 5 21, and a space .

communi cat i ffVehér ERif e slemnisiadtlsioripsobat étspfaomerity atremsphetiean Thi s

space is referred to as an actuator
the total deformation of the diaphragms 13. In other words,

the value of & of the deformable plate 14 is set to be greater
than that of the diaphragms 13 in the following equation (1)
10  concerning the deformation (deflection or displacement) & of

the deformable plate 14, letting a pressure P remain the same.

2 4
1-v* a

S = e
32E ¢ P (1)

15 where v is the Poisson’s ratio of the material of a plate, E
is a Young’s modulus, a4 is the width of the plate, and ¢ is
the thickness of the plate. .
. It is apparent that letting the material and
configuration parameters other than the plate thickness t be
20 constant, the deformation of thé deformable plate i4 can be
varied by changing the plate thickness t.
Further, the liquid droplet ejecting head 10
includes a preésure correcting chamber'23l(forming the

pressure correcting part) that is a spéce,provided at a side



chanmber. According to this configuration, the deformable plate 14 having a
|l ower rigidity than each di aphragm 13 comuni cates with the vibration
chanber s w0.0309ws£f ore, when 10 a pressure difference i s gemgret@dszbet ween
the vibration chanbers and the external environnment, the deformation of
the diaphragns 13 can be controlled ngt by a change in the equilibrium
position of each diaphragm 13 but by a 47 rmredi at e greater change in the
equi libriumposition of the deformable 15 plate 14. In the case of

enpl oyi ng t heoeesh) 9ot athOHforiicie grhedi MeMpddyide eir-ept tRE b&athn t he
equi librium position of each diaphragm 13 is prevented from being greatly

changed by 1&%%118r ERSHEEr di%]fs%r SRCe bELRER: LG RIQSS YhE b?gk&l&'ré@e 20

vi brati on chanbers 21 and the pressure outside the Tiquid roplet ejecting
head 10. Therefore % ere is no need.to rfo ressure correction b
Changi ng  NETGIRRES ot e dtSATNG o0 Fg BT Thar) "FHETaRBARE Shc s
velocity of ink droplets ejected fromthe |Iiquid droplet ejecting head 10
are prevent &f 55ef PERS HETh G THETGEAIbFREHeShrebs (e dibraréneech ¥ or e,
the WD 03/097364 PCT/JP03/06082 -35 liquid droplet ejecting head 10 can
mai nt ai N> st Bl earfleat $warce clrarwetericsngcsheFritierds sovpidialy tisalwtsd
configuration, the .pressure correcting part is provided side by side with
the 5 'comfedml tAei drmdegiiere 12 Thwki ebats Bsseifdraled Rot A8 &OrddQuar@iH on
of the head 10. Therefore, pressure correction,
chamber. According to this configuration, the deformable
plate 14 having a lower rigidity than eéch diaphragm 13
communicates with the vibration chambers 21. Therefore, when
10 a pressure difference is generated between the vibration
chambers and the external environment, the deformation of the
diaphragms 13 can be controlled not by a change in the
equilibrium position of each diaphragm 13 but by an immediate
greater change in the equilibrium position of the deformable
15 plate 14.
In the case of employing the configuration of this'
embodiment in an ejection head, the equilibrium position of
each diaphragm 13 is prevented from being greatly changed by
the pressure difference between the pressure inside the
20 vibration chambers 21 and the pressure outside the ligquid
droplet ejecting head 10. Therefore, there is no need to
:perform pressure correction by nhanging the value of a driving
voltage. Further, the amount and the velocity of ink droplets

ejected from the liquid droplet ejecting head 10 are prevented

25 from being changed by the pressure difference. Therefore, the



which is a task characteristic of the electrostatic liquid droplet

ej ecting heads, can be perforned while mnimzing an increase in the size
of the hewo 03097380 According to the graphically represent @dT/Jeaifeogpur at i on
of this enbodi ment, the vibration chanbers 21 of the actuators are
partitioned by the partition walls 2l1a, _but share the pressure correcting
chanber 23. Therefore, the vibration Eﬁaﬁbers 21 conmmuni cate with one

anot her. However, 15 this is only one configuration, and each actuator my

have its owiduidepesgest &duaingomealanbesan it a1me$Tube CofE€eidy
chanber 23. That is, the vibration chanbers 21 of the actuators are
prevent ed fr&{gﬁgqugggg,%é’ ng with one another,. .and so are the pressure

correcting chanbers 23 of the 20 actuators.  In this case, the configuration
of this enbodi nent isFaI o _appli le so t ffect_.can be

0,50 I caa C tg’?t tchefsarre g £ct, ¢
obtained. In the case © € 'i ndepahdedt “VivHat iCA ¢cHERBEr ¥ 215 however
each actuator should include the configuration of this enbodinent. 25
Practi cal | yPHEREVPReSSEFEFETIRT R Lithe SpPESEHTRA |3 dYWol0s/ vb3eHe
PCT/ JP03/ 06082 -36 chanbers 11, the channels 15 and the comon Iiquid
chanber 32 ‘dogmeat ligube chegritarvd2sowhscholpressantiadk ifr shel eaki ng from
the nozzle holes 31. The negative pressure is applied to both the
di aphragns I®ndndurheiocefat nald acpbate. 14Thdhefefgr @rekbard above-tion,
description holds wthout being affected by the presence of the negative
pressure. Thaiahmsphetisk pRsserabteet 6 the electrostatic liquid

droplet ejecting heads, can be performed while minimizing an
increase in the size of the head 10.

10 According to the graphically represented
configuration of this embodiment, the vibration chambers 21 of
the actuators are partitioned by the partition wallsAZla, but
share the pressure correcting chamber 23. Therefore, the
vibration chambers 21 communicate with one another. However,

15 this is only one configuration, and each actuator may have its
own independent vibration chamber 21 and pressure correcting
chamber 23. That is, the vibration chambers 21 of the
actuators are preéented from communicating with one another, .

"and so are the pressure correcting chambers 23 of the

20 actuators. In this case, the configuration of this embodiment
is also applicable so that the same effect can be obtained.

In the case of the independent vibration chambers 21, however,
each actuator should include the configuration of this

embodiment .

25 Practically, the pressure inside the pressure liquid



t he di aphragns 13 and the deformable plate 14 through the. [liquid inside
the head 10. In order to cause the deformation of the defornable 10 plate
14 to' be wo@anem64 han the total deformation of the di aphPae@Bo3I®Ns2at s
necessary, as is seen fromequation (1), to nmake the thickness t of the

deformabl e plate 14 I ess thane that of 6each di aphragm 13, or it is
necessary to nake the in- plane length“Chat restrains the displacenent of

the deformable 15 plate 14 | onger than the in-plane |l ength that restrains
the displ aceweitersf léachhdi cipirragm 13. ahd the easrorofl iquikeehamngstafo
deformabl e plate, the in-plane length refers to its width, or the length

of its shortiey ssideo Hergegdhtie @@'a%y%nbr@@eﬁ@eiﬂ]@tfrﬁ%n g%?%%%grbf%&?n

makes it possible to 20 apply the process of formng t pl at e

14 sinul tangu Lt i ap . S0 _that an . ncrease_i th
number of nanuf 3&"3%5 S%ngo%%c%s'se? h%%%% 3%1%%3% panying 1S ﬁ?PZé@@ ?‘?1 k&%@'t can

of the. act udt By CARANBERT el GG " PoAPEHeL P G103 304 TPeT? SPos 08082

of the act uéct or
-37 vibration chanbers 21 communjcating with the pressure correcting
chanber 23 PPO¥gpFBSSEPHPmMEGFati6hosE kene affevtednRYOLLE herasdsequent
state where the tenperature To and the pressure PO in the initial

equi | i bri umcst ghe aegativegueBure.T Fhd Pigposmspecet prekynreanr be-texpr essed
by PV = nRT. Then, the difference AV between the volunmes VO and V before

anq the diaphragms 13 and the deformable plate 14 through the.
ligquid inside the head 10.
In.order to. cause the deformation of the deformable
10 plate 14 to be greater than the total deformation of the
diaphragms 13, it is necessary, as is seen from equation (1),
to make the thickness t of the deformable plate 14 less than-
that of each diaphragm 13, or it is necessary to make the in-
plane length that restrains the displacement of the deformable
15 plate 14 longer than the in—plane.length that restrains the
displacement of each diaphragm 13. In the case of a
rectaggular deformable plate, the in-plane length refers to
its width, or the length of its shorter side. Here, the
employment of the latter configuration makes it possible to
20 apply the process of forming the deformable plate 14
simultaneously with the diaphragms 13, so that an increase in
the number of manufacturing processes and an accompanying
increase in cost caﬁ be avoided.
When the initial equilibrium state of the volume

25 (capacity) of the actuator chamber including all of the



after the state transition is given by: -1 (2) AV =V -V0 =Vo (.PTO .10 On
the other hand, if the deformation 8 of the central part of the

rect angul o odedsesrabl e plate 14 in the direction of its WwCaEJROI60SNOrt er
side is sufficiently small conpared with the width or shorter side a |
(shown in FIG 3) of 15 each diaphragm 13 that is a rectangular thin plate,
the deformation 5 is given by the eqaé?ron (1) with respect to the
pressure P applied evenly to the deformable plate 14 extending in the

direction t@i®rassont Bgarbaphragi®emkdnifhtify Syl Mhe pkekting the length
(of the longitudinal side) b of the 20 di aphragm 13 (sﬁown in FIG 4) be

sufficientl t i Wi dt t i .t he di ence
bet ween the)éo\%ggrrcrglg? e oréeIt er?d lg{f tg ég£?%pég%e oraﬁfa'?a %J%tllégg?ge#ag{% W
03/097364 P P 6082 -38- W1l V2 a5b 60E t3 P (3) In the fallow ng,
the materi al(};"-g‘\f]la%%ggf i%ﬁﬁ‘* ait osrﬁequﬁﬁ?aﬁﬁ?g?s"é%?r‘? &' i S&PRPA %ﬂérq_SPOalaél\g
expressed by S, v, E, a,_ 5 and t, and the naterial and configuration
par anet ers oSt RECRIER nabl i@ fihgt érifiat ee@blidugem syFaye, ape changeshd t' .
The present invention is characterized in that the ejecting head 10
i ncl udes5t heoddt armabP @ pkapectiivalsy t en preesspressedrieet PHg= pRTt. sahehat
the equilibriumposition of

the difference AV between the volumes ¥, and ¥V before and

after the state transition is given by:

TP
AV =V =V, =V,| =—2>=1| - (2
0 O(PT ) (2)

40
10
On the other hand, if the deformation & of the

central part of the rectangular defoimable plate 14 in the
direction of its width or shorter side is sufficiently small
compared with the width or shorter side @ (shown in FIG. 3) of

15 each diaphragm 13 that is a rectangﬁlar thin plate, the
deformation 6 is given by the equation (1) with respect to the
pressure P applied evenly to the deformable plate 14 extending
in the direction té cross the diaphragms 13. At this point,
letting the length (of the longitudinal side) b of the

20 diaphragm 13 (shown in FIG. 4) be sufficiently greater than
its width or shorter sideAa, the difference between the

volumes before and after the deformation is given by:



10 each di aphragm 13 remai ns substantially unchanged, thus causing no
substantial change in its vibration characteristic, even if a difference
i S gener awed3lg3seen the pressures inside and outside theCaoPewAicos2
chanber. For instance, in the normal usage of the liquid 15 droplet
ej ecting-head 10, if the atnospheric g&fssure varies froma standard val ue
of 1013 hPa to 960 hPa and the tenperature varies between zero and 50 C
with the standard value being 25 C, a condition to be satisfied by the
deformabl e plate 14 is that ?gnge in the volune of the 20 actuator
chanber due to the disp _dEeﬁE thesgeformable plate 14 in-the case of
a |l oad of 53 hPa belng apﬁDEedrevenIy thereto is larger than or equal to
0.15 X VO, which is obtained fromthe equation (2). Meanwhile, the sum of
a change in the volunme of the WO 03/097364 PCT/JP03/06082 -39 actuator
chanber due to the displacenent of the deformable plate 14 and a change in
the volune of the actuator chanber - due _to the displacenent of the
di aphragns 13 equal s &PckBRgECHAHIE VACuREteF Lt her b taratid e RahBRY
obtained fromthe 5 equation of state. Therefore, the follomnng equat i on
(4) is derbpgeahnetiers/'af £h% uiapllgwnaslb(ar‘éoézpresse@@ry ), VGO ,t#3
\Pout P.. n~+ 60Et3 To - Ptn~N - VO TOP,.n (4) 10

5 and t, and the material and configuration parameters of the

deformable plate 14 are expressed by 6, v, E', a4, and 1.
The present invention is characterized‘in that the
ejecting head 10 includes the deformable plate 14 as the
pressure correcting part so that the equilibrium position of
10 each diaphragm 13 remains substantially ﬁnchanged, thus
causing no'substaﬁtial change in its vibration characteristic,
even if a difference is generated between the pressures inside
and outside the actuator chamber.
For instance, in the normal usage of the liguid
'15 droplet ejecting -head 10, if tge atmospheric‘pfessure vafies
from ; standard value of 1013 hPa to 960 hPa and the
temperature varies between zero and 50 °C with the standard
value being 25 °C, a condition to be satisfied by the
deformable plate 14 is that a change in the volume of the
20 actuator chamber due to the.displacement of the deformable
plate 14 in the case of a loéd of 53 hPa being applied evenly
thereto is larger than or equal to 0.15 X V,, which is
obtained from the equation (2).

Meanwhile, the sum of a change in the volume of the



where Pout is the atnospheric pressure of the external environment, Pn is
the pressure inside the vibration chanbers 21, TOis the tenperature in
the initiwboequishsi briumstate, T is the tenperature to WRCTHPIN60S
changed, and N is the nunber 15 of diaphragns. Accordingly, another
condition to be satisfied by the deformable plate 14 is that the val ue of
the first termof. the left-hand sidé3§? the equation (4) (the change in
the volunme of the actuator chanber due to the displacenent of the 20

def or mabl e plaietd4) chamsed fdgd et el angplatdddnd g alugeebrmahe second
termof the left-hand side of the equation (4) (the change in the volune

of the actughokChanbey dusdiQd e Hespbacrlest ﬁ'{e Lhe di 3phL AGNE, 13)
under any environmental (tenperature and pressure Sonditions. I S under
this WO 03/%@%@@% E / JPO 06082t -%O gongition thabpthe equi | ibrium

posi tion of Gach dFABhF A ALY SfeVBht Sy P ot akirn§HA S a0 t AT
change even if a difference is generated between the pressures inside and
out si de t he Wi BP&t VORUBRRabre SELUREPE EBamPes GPtedncBefEoBaEhaf i ed easily
by properly selecting the values of the material and configuration :

par anet ePs GkuehRéoncefiasorss andhelrefodet ot habf@l pwing &4uatdomestr ijpt i on
wll be given of an experinment for evaluating the liquid droplet ejecting
head 10 accdediingdto 10 the first enbodi nent of the present invention.

[ Eval uati on met hod] ‘

1-v? a°-p' 1-v* d’-b T,P, - PRT.
- ~P )+ P —P W=y 20 =07 m
GOE' f'3 ( out m) 60E f3 ( out m) 0 TOE,,

10
where P, is the atmospheric pressure of the external )
environment, P, 1is the pressure insidé the vibration chambers
21, T, is the temperature in the initial equilibrium state, T
is the temperature to which T, is changed, and N is the number
15 of diaphragms.

Accordingly, another condition to be satisfied by
the deformable plate 14 is that the value of the first term of
the left-hand side of the equation (4) (the change in the
volume of the actuator chaﬁber due to the displacement of the

20 deformablelplate 14) is sufficiently larggr than the value of
the second term of the left-hand side of the equation (4) (the
change in the volume of the actuafor chamber dﬁe"to the
disﬁlacement of the diaphragms 13) under any environmental

(temperature and pressure) conditions. It is under this



The eval uation nethod is as follows. That is, in" addition to a first

ej ection head including actuators including the deformable plate 14 of the
present iwWoeaMdBH a 15 second ejection head with actuat oP€TaREIO6hEVI NQ
entirely the sane configuration as those of the first ejection head except
for the absence of the defornmable plate 14 was fabricated for the purpose
of conparison. The first ejection head4§600rding to the present 20
invention and the second ejection head for conparison were heated on a hot

plate in an emdigeaerhat tested@ionationy psettidh & leMerakvheagh 19 C. At
this point, the air gap lengths of the first and second ejection heads

t ' ; f ol : ' f th
were measur ety arevRhEE] ?%%%ﬁg&:;c HEER 291 T OLLANE o) q3ch Of the

first 25 and second ej ec actuator was driven to cause WO
03/ 097364 Pgﬁﬁ%gg%@gg0§g. 21 th %%%%p%gg 13 to cone i.ntq contact with
t he- el ect r ode SFCCeathI B et FePemperBt Tt T Shd CHESIPRYI acenent
; P .
of the diaphragm 13 at this point was neasured by a | aser Doppl er
vi br onet er . Gﬁﬂﬁiqﬁth?h319¥%E&RQHFhﬂ$Q%§Swé§-th%h%ﬁrCQﬁﬂ}ﬁgomeﬁgﬂhb%etmeen
the el ectrode 22 and the diaphragm 13. |In order to neasure the ,
di spl acefentsdijisthed eabibydterpradeelyeasleehbny Wes vednfesr medtha the state
where no liquid was provided in the pressure liquid chanmbers 11 and the
common | i quinttelraabesand 2cameh g tiezz barphaters sWsHOtkctQajek-Beghd o-Hde
channel substrate 1. The presence of liquid, however, will not greatly
change the fRA-@waPler 8B4Hd SL4 . .
A description will be given of an experiment for
evaluating the liquid droplet ejecting head 10 according to
10 the first embodiment of the present invention.
[Evaluation method]
The evaluation method is as follows. That is, in~
addition to a first ejection head including actuators
including the deformable plate 14 of the presenf invention, a'
15 second ejection head with actuators each having entirely the
same configuration as those of the first ejection head except
for the absence of the deformable plate 14 was fabricated for
the purpose of comparison.
The first ejection head according to the present
20 invehtion and the second ejection head for comparison were
heated on a hot plate in an environmental test laboratory set
at a temperature of 10 °C. At this point, the air gap lengths
of the first and second ejection heads were measured at

predetermined temperatures as follows. In each of the first

25 and second ejection heads, each actuator was driven to cause



[ Ej ection head] The configuration of and the nmethod of manufacturing the
first ejection head according to the present invention are 15 sunmarized
as fol |l o0 09091364 espect to the el ectrode substrate 2, a Ppirured/i6082 of
paral |l el grooves for the vibration chanbers 21 were forned on one side of
a Si substrate, and an oxide film was formed inside each groove.
Thereafter, a TiN filmwas 20 forned ofitthe oxide filmso that the

i ndi vi dual electrodes 22 were forned. Next, with respect to the channel

substrate (tHebBaRHRAaGHDSES 1 @omk ihRE bARIEAUMB L 3net BeccoprpRn 14 qui d
chanber 12, and the acconpanyi ng defornmable plate 14 were fornmed on one

13300 t he- GoTBr PEB B B a4 HEFE b 0a/ VY U KT IROTEB05% D T or med
channel - SUbSLPRIEAT™ bt &+ FUet 1 51 HEH, MOTHE o RBor OFoHE RERBIE for mod
inthe first ejection head (as well as in the second ejection head) in a
row was 192 ViRrpmgters tHealilratiignmenawbed svalue gwsuitheatéd dR h t he
singl e pressure correcting chanber-23. [Specifications of the di aphragm 13]
Each recbandehathdbapheagmiies diadtrhéef 22 | v nche sfiephf-agat Ldns: 10
Thickness t: 2 ' m Wdth a: 125 .Lm
In order to measure the displacement by the
vibrometer, the measurement was performed in the state where
no ligquid was provided in the pressure liquid chambers 11 and
the common liquid chamber 12 and the nozzle plate 3 was not
10 joined to the channel substrate 1. The presence of liquid,
however, will not greatly change the following results.
[Ejection head]
The configuration of and the method 6f manufacturing
the first ejection head according to the present invention are
15 summarized as follows.
With respect to the electrode substrate 2, a
plurality of parallel grooves for the vibration chambers 21
were formed on one side of a Si substrate, and an oxide film
was formed insidé each groove. Thereafter, a TiN film was
20 formed on the oxide film so that the individual electrédes 22
were formed. Next, with respect to the channel substrate
(vibration substrate) 1, the diaphragms‘13, the common liguid
chamber 12, and the accompanying deformable plate 14 were

formed on one side of another Si substrate by etching. At

25 this point, the diaphragms 13 and the deformable plate 14 were



Length b: 1000 m [Specifications. of the deformable plate 14 provided to
the comon |iquid chanber 12] 15 Thickness t': 2 m Wdth a': 2000 m
Lengt h h'woO3B/09m364 [ Shape of the el ectrode 22] The el ectroa€3/JR@/@P§OSi NQ

t he di aphragns 13 were 20 forned to be parallel thereto. Further, the air
gap length between the electrodes 22 and the dlaphragns 13 is de5|gned to
be 0.2 min the specifications. [F@suT4%1 FIGS. 5 and '6 are graphs
showi ng the results of 25 changes in the-air gap |l ength due to changes in:

temper at ur e < 3/ O3S PR 1803/ 08082 s - 4dnkheaFLEst 8l Suion head

according to the present |nvent|on and the second ejectlon head for

Che i gan°TERGER'S (i 05 CRETIGRr SIHLISGR of "BEH AT RpMIagALLstat 1 he

time of 5 contact with the correspond el ectrode '22) and the horizontal
axi s represEREsTEBRTeraft GEUAEPES BOTHRT it iheudirated] erelein@edoraRi p
between the air gap length and tenperature in each actuator of the second
ej ecti an hendllsapwsn tihe seltendi e] fesiae heach dot aarov W@s eddfandélér of
contracts in accordance with tenperature, causing clear changes in the air
gap | endi h. tha tvheraass ehaebplkey?hgcommunicated with the single

pressure correcting chamber 23.
[Specifications of the diaphragm 13]
Each rectangular diaphragm 13 had the following
specifications:
10 Thickness ¢: 2 Um
Width a: 125 pm
Length b: 1000 pMm.
[Specifications of the deformable plate 14 provided
to the common liquid chamber 121
15 Thickness #': 2 Hm
Width 4a': 2000 pm
Length &': 30 mm.
[Shape of the electrode 22]
The electrodes 22 opposing the diaphragms 13 were
20 formed to be parallel thereté. Further; the alr gap length
bétween the electrode; 22 and the diaphragms 13 is designed to
be 0.2 pm in the specifications.
[Results]
FIGS! 5 and 6 are graphs showing the results of

25 changes in the air gap length due to changes in temperature in



such an actuator in a printer, it is difficult to performink ejection
stably agai nst environnental changes w thout sinultaneously using a part
per f or m ngomanpBnsat i on, such as a 15 part detecting tenmpPETAPII @O
pressure or a part correcting a driving voltage. On the other hand, FIG

5, which illustrates the relationshi pJJr)etween the air gap length and
tenperature in each actuator of the T4 st ej ection head, shows no clear 20
changes in the air gap length with respect to changes in tenperature. This

i's because the fiefa nERiceiphahead4ad@dmdithad tol ewer prégést tihddmn ohhend
di aphragns 13 is displaced with sufficiently nore sensitivity than the

di aphragnms {g. | ébccfrﬁ:?%?%%%i%@hﬁ@éd W@n%r?%pﬁ??%%@?i&ﬁr{f&fy thenair

(increase 25 of decre e alr pressare) ins e actudators so as to

WO 03/ 09736 /JPQ3/ Q60 -44 prevent. the influence of the _expansion or
contracti onéjé) gghsé anaC{ %’f %‘% X%ﬁ%f%agl tahXéLSdirs?Blrgégﬁﬁﬁtt T FHe g&’ipagﬁpg 13.
In this experinent, the diaphragns 13 and the deformable plate 14 were

formed of t ReTEHheIrdter FaFOrBa i rHatsardl YaPRraefet S taf ddigs&igeot

deformation of the defornable plate 14 to. be greater than the total

def or mati oncomtagtheridinasheagasragonding edlessrpdsstdl eand therm t he

di aphragns 13 and the deformable plate 14 of different materials so that

t he mat eri ahoofzdimldefdsmabbecpiate tindeasth@ea | ower Young's nodul us than
that of the diaphragns 13. [ Second Enbodi nent ]

FIG. 6, which illustrates the relationship between
the air gap length and temperature in each actuator of the
second ejection head, shows that the air inside each actuator

10 expands dr contracts in accordance with temperature, causing
clear changeé'in the air gap length. In the case of employing
such an actuator in a printer, it is diffiéult.to perform ink
ejection stably against environmental changes without
simultaneously using a part performing compensation, such as a

15 part detecting temperature or pressure or a part éorrecting a
driving voltage.

dn the other hand, FIG. 5, which illustrates the
relationship between the air gap length and temperature in
each actuator of the first ejection head, shows no clear

20 changes in the air gap length witﬁ respect to changés in
ﬁemperature. This is because the deformablevplate 14 having a
lower rigidity than the diaphragms 13 is displaced with
sufficiently more sensitivity than the diaphragms 13 in

response to the expansion or contraction of the air (increase

25 of decrease of the air pressure) inside the actuators so as to



A description will be given, with reference to FIGS. 7 through 11, of an
i nk-j et head according to a second 15 enbodi nent of the present invention.
FIG 7 iswanspxpboded perspective view of the ink-jet he®dT/JFOIG6OR i s a
sectional view of a pressure |iquid chanber part of the ink-jet head
taken along the length of a diaphragm 210. FIG 9 is a sectional view of
the pressure liquid chanber part of e i nk 20 j et head taken along the
wi dt h of the diaphragm 210. FIG 10 is a sectional view of a pressure

correcting pasdetf thhe J.'n'ﬂﬁueh@é beaghd akgnaliendotheoh et of o0& dgtor nmabl e

plate 214. "FIG 11 is a plan view of thé pressure correcting chanber side

o tne 0o oL otk 2L GUACHL B0l N9 25 U Al Pead of the

si de-shoot er-type head that ej ects ink dr ts fromnazzle  holes forrred
on the surface of a stBstps® eéxl:?%“}f?@@s Eglga PP thar 82FoFh8d by
joining a channel substrate 201, an electrode substrate 202, and a nozzle
substrate 208fommdls chanraels webstiameOrf ahe shee meyBiadubstrate 203
are joined to forma plurality of pressure liquid chanbers 206

comuni Gat i Agtevddtinedpectinverdez zie dwises th@4defechatnipn € téeopl et s and a
common |iquid (ink) chanber (not shown in the draw ngs) supplying ink via
fluid resi sgarnendiarld $late therd odressites haui 8hehesher ied@6matheni nk-j et

head can be formed to be an edge-shooter-type head. The channel substrate
201 and theof'fﬁé'&%ﬁ%hragms 13, it is also possible to form the

diaphragms 13 and the deformable plate 14 of different

materials so that the material of the deformable plate 14 has

10 a lower Young's modulus than that of the diaphragms 13.

[Second Embodiment]
A description will be given, with reference to FIGS.
7 through 11, of an ink-jet head according to a second
15 embodiment of the present invention. FIG. 7 is an exploded
pérspective view of the ink-jet head. FIG. 8 is a sectional
view of a pressure liquid chamber part of the ink-jet head
taken along the iength of a diaphragm 210. FIG. 9 is ;
sectional view of the pressure liquid chamber part of the ink-
20 jet head taken along the width of the diaphragm 216. FIG. 10
is a sectional view of a pressure correcting part of the ink-
jet head taken along the length of a deformable plate 214.
FIG. 11 is a plan view of the pressuré correcting chamber side
of the deformable plate 214 of the ink-jet head.

25 The ink-jet head of the second embodiment, which is



substrate 202 are joined so as to form a plurality of wvibration chanbers
211 each having a face thereof forned by 15 the correspondi ng di aphragm
210; a plwpaBioomenf el ectrodes 212 each opposi ng the cor PeIIBOBAICNEE

di aphragm 210 with a predeterm ned gap forned therebetween; a pressure
correcting chanber 213 comrunicating with each vibration chanber 211 and
having a face thereof fornmed by the detur mabl e plate 214 that 20 is a
defornmabl e part that is displaced in accordance with the externa

at mospher i Capg 8881801 +§peORBNAI €Rdt Oty Lhannak digpléhalr&RNRRGLS !t he
pressure correcting chanber 213 with each vibration chanber 211. The

glectrostathé%ggt °%§0%ffégefﬁkﬁgc qg Q;qgmﬁg%ggglngﬁﬁfu%%% elg?gglnent

i ncl ude the di‘aphragmns e VI ion ers t'rodes
212, WO 03/097364 PCT/JP03/ 06082, :46 th sure correc g chanber 213,
the def or maBFEVGHALS m\ed/ Exdm%l%%nwﬁ}%%ioﬁu@ﬁaﬁ%ﬁf ML “fhe channe
substrate 201 is forned of a silicon substrate, for instance.

hi gh- densi t §LpcEsgste divkbisréa 807 ayahd o ®%7d of GHREETHBE tHS S|ﬂm@on
substrate, and anisotropic etching is perfornmed on the substrate using a
KOH aqueébuschsmheil isomstHaereb)] aedessesidanlet bebptessarz0d iape dodhadber s
216 are fornmed sinmultaneously with the diaphragns 210 with the

hi gh- densi t yoprémpe @ilifrasiion baygresind Ng RS danheksdia@ed op 10 | ayer. .

Further, a recess is fornmed 1n the channel substrate 201 so that the
bottom of tpg hecasSs ifnef MR thhecdsior MpbI R 2 Nlah81244204 ejecting ink
droplets and a common liquid (ink) chamber (not shown in the
drawings){supblying ink via fluid resistance parfs,to the
10 pressure liquid chambers 206. The ink-jet head can be formed
to be an edge—shodterétype head. |
The channel substrate 201 and the electrode
substrate 202 are joined\so as to form: a plurality of
vibration chambers 211 each having a face thereof formed by
15 the corresponding diaphragm 210; a plurality of electrodes 212
each opposing the corresponding diaphragm 210 with a
predetermined gap formed therebetweén; a pressure correcting
chamber 213 communicating with each vibration chamber 211 and
having a face thereof formed by the deformable plate 214 that
20 is a deformable part that is displaced in accordance with the
external atmospheric preséure; and a communication channel 215
that connects the pressure correcting chamber 213 with each
vibration chamber Zil. The electrostatic actuators of the
ink;jet head according to ¥his embodiment inciude the

25 diaphragms 10, the vibration chambers 211, the electrodes 212,



The el ectrode substrate 202 is fornmed of a silicon substrate 221. An
insulating film 222 such as a silicon oxide 15 filmis fornmed on the
silicon swbasgtie4 201, and recesses for vibration chanmber #C2UP03H6682A or ned
in the insulating film222. The electrodes 212 are forned on the bottom

faces of the recesses so as to oppose the diaphragns 210. Further, a
recess for the pressure correcting chaififer 213 is formed in 20 the
insulating film222. An insulating film(not shown in the draw ng) such as

a silicon oxtie gidswure terwee:aig|Gastbean 218hetaur dacsphieaph ekest jode
212 so as to prevent its contact wth the diaphragm 210 from causi ng an

el ectrical shodtenLidogtihi o201 t&fadNioAg the channel substrate 201 and
the WO 03/097364 PCT/ JPO3/ 06082 -47 el ectrode substrate 202, the recesses

for the vibration ch ers, 211 .and.the pre re correcting chanper 213 are
seal ed by a sealing ag‘gﬁ? %réeol tsllfgtstfﬁgevﬁﬁra]ﬁ oﬁ%rﬁélnﬁgré $544C%hd t he
pressure correcting chanber 213 are forned 5 separately from one another
but connectéﬂﬁH§: (cORPURRERRT G AhddeBrdensl ty e taEcodidleiphat e 214

formng a wall face of the pressure correcting chanber 213 has a | ower
ri gi dityStharp¥siclkt 8i aphfegnedlin ddeasifdcbe seborret e aaddadi sptasgenbl e
in 10 accordance with a change in the external atnospheric pressure. As
shown in Fl G8chi®gand pérfermed tdr ude elbeipate PEOjEet koS aqadéus hat form
a contact area reducing part reducing the area
splution. Thereby, recesses for the pressure liquid chambers
216 are formed simultaneously‘with the diaphragms 210 with the
high-density pftype diffusion layer sefvihg as an etching stop
10 layer. Further, a recéss is formed in the channel substrate
201 so that the bottom of the recess forms the deformable
plate 214.
The electrode substrate 202 is formed of a silicon
substrate 221. An insulating film 222 such as a silicon oxide
15 film is formed on the‘silicon substrate 201, and recesses for
vibration chambérs 211 are formed in the inéulating film 222.
The electfodes 212 are fprmed on'the bottom facés of the
recesses so as to bppose the diaphragms 210. Further, a
recess for the pressure correcting chamber 213 is formed in
20 the insulating film 222. An insulating film (not sﬁown in the
drawing) such aé a silicon oxide film. is formed at least on
the surface of each electrode 212 so as to prevent its contact
with the diaphragm 210 from causing an electrical short

clircuit.

25 After joining the channel substrate 201 and the



of contact of the deformable plate 214, at the time of its contact with a
wal | face 213a of the pressure correcting 15 chanber 213 are forned on the
| ower surweawma/oof’cs he defornable plate 214 on its pressur @CTOPOEBDENG
chanber 213 side. The wall face 213a opposes the deformable plate 214. The
nozzl e substrate 203 enploys a Ni.substrate of 50 min thickness, for

i nstance. The nozzle hol es 204 are 20°%ormed on the surface of the nozzl e
substrate 203 so as to conmunicate with the correspondi ng pressure |iquid

chanbers 2@fecditid (B ralsboal ecROdmsshe Fornede ofimnaiiker metallic
or resin material or a plurality of layers of these materials. 25 In the

et heagh haydng 4he oaho¥RedBsgEied MD034097300, RETL 308082 - 48

configuration, a pulse potenti zero to is a each

el ectrode 212 OSC|IIator circu, Wh he, surf.ace _el ectrode
215°1 s pos: FFoRY har csa Ao SREE 4 < et %Peevb%ﬁfoﬂsﬁraﬁ?@"%ffées s
exerted between the 5 diaphragns 210 to which no gulse potential is applied

and the el et rapfeshel PrevRErebyOr Pt i iradns 219 ¥es I &vimadoward the
el ectrodes 212 so as to cone into contact with the electrodes 212 via the

insul ating $épardredty shrownona &hethelr dwithgonneotad bhitheoiamunigktion
supplied fromthe common |iquid chanber via the fluid resistance parts to
t he pressurehahh€uiadschanbers 206. Thereafter, by returning the potential -
The deformable plate 214 forming a wall face of the
pressure correcting chambér 213 has a lower rigidity than each
diaphragm 211 so as to be deformable and displaceable in
10 accordance with a change in the external:atmospheric preséure:
As shown in FIGS. 10 and 11, a multitqde of minute projections
216 that form a contact érea reducing part reducing the afea“
of contact of the deformable plate 214 at the time of its
contact with a wall face 213a of'tﬁe pressure correcting
15 chamber 213 are formed on the lower surface éf the deformable
plate 214 on‘its.pressure correcting chamber 213 side. The
wall face 213a opposes the deformable plate 214.
The nozzle substrate 203 employs a Ni .substrate of
50 Um in thickness, for instance. The nozzle holes 204 are
20 formed on the surface of the nozzle substrate 203 so as to
communicate with the corresponding pressure'liquid chambers
206. The nozzle‘substrate 203 may be formed of another
metallic or resin material or a plurality of layers of these
materials.

25 : In the ink—-jet head having the above-described



applied to each electrode 212 to zero volts, the electrostatic forces
exerted between the el ectrodes 212 and the di aphragns 15 210 becone zero,
causi ng twe odiogqsbs agns 210 in a deflected state to returRCTOPOINESIS2
original state by their own restoring forces. At this point, the pressures
inside the pressure liquid chanbers 206 rapidly increase so that ink ‘
droplets are ejected fromthe nozzl el es 204. 20 At this point, if there
is a difference. generated between the pressures inside and outside the

vibration ebarbeisa2lbh dueph@sd sheageidIN dMecest epnah At IdsRanice +o
pressure, the.deformable plate 214, which has a lower rigidity than each’

di aphragm 2 o) e f I §E% ﬁ? di spl.aceabl g | cCQ nce with
t he externa%gg ﬁ%sﬁﬂ%&f%aéﬁéogygg€3§% o§ﬁ88g§§' -ﬁﬁé%f§§%&$§%388forns
to control the deformation of_the diaphra 10. That, is, when the
pressure ingfd%aéhm?%ﬁQ5%§§eoﬁléhéﬁb%ﬁ%?t%ﬁﬁpa §%ﬁF8ﬁgr PRarr Y He- Bkt er nal

at nospheric pressure, the eformable plate 214 formng a wa ace of the

her i g h def or mabl | a f ' Il f f th

pressure 5 ebfeeetihelardrperapis fererhels ¢xetafishbetceer iHa he direction
to increase the volune of the pressure correcting chanmber 213, thereby

cont r ol 15 ngdtdehckefmoy 1P610i ae @hitheno dielde agien218]l On ahel istchemdhahd, when
the pressure inside the vibration chanbers 211 is |ower than the externa

10 at nosphegiécpressiivg? .t hendeéoy e qilaatheagdhd def onaslde: hewasuspl aced
in the direction to decrease the volunme of the pressure correcting chanber

213, therebyngomd Al dJG ©A9 so as to come into contact with the
electrodes 212 via the insulating film (not shown in the
drawing) .

10 ‘ At this point, ink is supplied from the commbn
liguid chamber &ia the fluid resistance parts to the pressure
liqu;d chambers 206. Thereafter, by returning the potential-
applied to each electrode 212 to zero volts, the electrostatic
forces exerted between the electrodes 212 and the diaphragms

15 210 become zero, causing the diaphragms 210 in a deflected
state to return to their original state by their own restoring
forceé. At this point, the pressures inside the pressure
kliquid chambers 206 rapidly incréase.so'that ink droplets are
ejected from the nozzle holes 204.

20 At this point, if there is a difference generated
between the pressures insidé and outside the vibration
chambers 211 due fo a change in the external atmospheric
pressure, the.deformable‘plate 214, which has a lower rigidity
than each diaphragm 210 so as to be deformable and

25 displaceable in accordance with the external atmospheric



deformati on of the diaphragns 210. In this case, the gap between the
deformable plate 15 214 and the opposing wall face 213a of the pressure
correcti ryo osheasber 213 is small so that the deformabl e plPargr@loboeasi |y
cones into contact with the opposing wall face 213a. However, because the
m nute projections 216 are forned on the |lower surface of the deformable
pl ate. 214, the m nute projections 20 716 come into contact with the
opposing wall face 213a of the pressure correcting chanber 213. Therefore,

the area of pregstact derorh@nichi eanttyl redicrdcepAPabL o thk thiephasemyhere
the surface of the deformable plate 214 cones into direct contact with the

Opposi ng wablo!ach, 2133, ofEhe REeSRUL &2 (GAHECELO0, PRANDRN 2hdmpkD
03/ 097364 P 9JP8§} 2 - %ﬁus? the area of confact Ts reduceg]b en the
def or mabl e % te ééig%%i ini contact with the opposing wall _ face 213a
of the presStl iR ngaBhaRBer 315 hittIgRPLRE S PP Pt oS58t | ons 216,
Therefore, the cohesive forces by the 5 van _der Waals force exerted at the
tinme of conf@Eermatsomeiten 2lhaferMinghd #3ldsifagsal o8l et rexesdvdicge are
substantially controlled, so that the sticking of the defornmable plate 214
can be preventeelctifgy ahegdeit 218 hdefamct iton bef dihplde¢drimbite plate 214,
that is, the function of the pressure correcting 10 chanber 213 can be
prevent ed faorbeidig wednadedsesohs hadlunke ofc@hpeptéofuopefaticantingn be
perfornmed stably for a long period of tinme. Further, since the gap between
the surfacecRitde 213, thereby controlling the deformation of the
diaphragms 210. On the other hand, when the pressure inside
the vibration chambers 211 is lower than the external
10 atmospheric pressure, the deformable plate 214 deforms to be
displaced in the direction to decrease the volume of the
pressure correcting chamber 2i3, thereby controlling the
deformation of the diaphragms 210.
In this case, the gap between the deformable plate
15 214 and the opposiﬁg wall face 213a of the pressure correcting
chamber 213 is small so that the deformable plate 214 easily
comes into contact with the opposing wall face 213a. However,
because the minute projections 216 are formed on the lower
surface of the deformable plate 214, the minute projections
20 216 come into contact with the opposing wall face 213a of the
pressure correcting chamber 213. Therefore, thé area of
contact is significantly reduced compared with the case where
the surface of the deformable plate 214 comes into direct

contact with the opposing wall face 213a of the pressure

25 correcting chamber 213.



def ormabl e plate 214 and the opposing wall face 213a of the pressure
correcting chanber 213 can be reduced, there is no 15 increase in the size
of . t he i MWoOjoe9t3end. Thus, the ink-jet head of this enbodiPacEnPoi/sesudes

the contact area reducing part provided to the defornable plate 214 of the
pressure correcting chanber 213. Therefore, the ink-jet head can performa’
stable correction operation so-20 as T’ tontrol a variation in the initial
(equilibrium position of each diaphragm 210 caused by the difference

between the pressure imgisdettBea¥idragt intehamer seddded@nehdheaneext er nal
at nospheric pressure. Thereby, the ink-jet head can control a variation in

its ink ejecgti teristic S; r i.zlng.sta Welllp J i on
Thus, |t he | GRCFEIERCad VD02 0o T3BAE FET IR GE0B g - ot e i High o
accuracy and reljability is realized. Further iCcr or an tical
modul at or dé¥FEe?wid PhigiF KEEGFYES C%ﬁﬁF?Eﬂﬂ%éE%FPE%rcgﬁgggh{ﬁ &% usi ng
the electrostatic actuator of the ink-jet head of this enbodinent. 5 The
shape of thaipbthetRryreftecnisond6216Tharekrre | ithist sahesive perrsesuar thRape.
FIGS. 12A through 12C are diagrans for illustrating variations of the
shape of5 t heanndemt@eglrojfotdeorse2téd Fheths rhifre pfofentaons &k npiyobe

shaped so that their longitudinal (vertical) sections taken 10 al ong the

|l ength of thetdef osmmbd ecddiatual12ddcateid efangulae s(osadntistieral) as
shown in FIG 12A, triangular as shown in FIG 12B, or trapezoi dal (w der

on the dEfOEgﬁgkglfgéqeééz%%at the sticking of the deformable plate 214

can be prevented. As a result, the'function of the deformable
plate 214, that is, thg function of the pressure correcting

10 chémber 213 can be prevented from being degraded, so that the
correction operation can be performed stably for a‘long period
of time. Furtﬁer, since the gap between the éurface of the -
deformable plate 214 and the opposigg wall face 213a of the
pressure correcting chamber 213 can be reduced, there is no

15 increase in the size of .the ink—jet head.

Thus, the ink—jet head of this embodiment includes
the contact area reducing part provided to the deformable
plate 214 of the préssure correcting chamber 213. Therefore,
the ink-jet head can perform a stable correction operation so

20 as to control a variation in the initigl (equilibrium)
position of each'diaphragm 210 caused by the difference
between the pressure inside the vibration chambers 211 and the
external atmospheric pressure. Thereby, the ink-jet head can
control'a variation in its ink ejection characteristic, thus

25 realizing stable liquid ejection. Thus, the ink-jet head



side) as showmn in FIG 12C In this case, in terns of production yield,
structure stability, and the function of 15 reducing the area of

contact, ' wWom®IpPetticularly desirable that the m nute pr®CeaPIINES8216 be
shaped to have a trapezoidal section along the length of the deformable
plate 214 so as to further reduce the area of contact. Further, the cross
(horizontal) sections of the 20 m nut®projections 216 taken along a pl ane
parallel to the surface of the deformable plate 214 may be rectangul ar

(quadri | at eﬁgbin@snﬁp%auga'ég%&%lgﬂiqtﬂ@f 138 rghopeh N FhGtnel3B,y and
triangul ar as shown 1n FIG I3C. Further, thé mnute projections 216 are

not limted to dot-like projections t, 25 i be_ || I _projections as
Shown 1 FI BT 5 P00 P55 PETT B GR08T LB T ReFE T Fangenent
of the mnute projections 216 is not |limted to the one shown in FIG 11.
The ninute 2P of@ttaVind 21 62RalepR Q¥ 1P 1Y GHE BIeRBFSHMSE in a

zi gzag manner, annularly, or randomy. It is preferable that 5 the m nute
proj ect i onsaQteatyer arfy digedndnl eheheRd arivdihlie smapdimonyd. i n consi derati on
of the thickness and the width of the deformable plate 214 and the

di stances between t he dakosnapé eof pilat enidbteapdot et dpposilgg iwahbtf ace 213a
of the pressure correcting chanber 213 so that the opposing wall face 213a

10 cones intomcedd asd HDRar-tWehibal hendput i) eohi eRsowd® due k@ the
pressure difference between the pressure correcting chanber 213 and the
outsi de airdiagrams for illustrating variations of the shape of the
minute projections 216. The minute projections 216 may be
shaped so thgt ﬁheir longitudinal (vertical) sectlons taken
10 along the length of theldeformable‘plate 214 are rectangular
(quadrilateral) ‘as shown in FIG. 12A, triangular as shown in
'FIG. 12B, or trapezoidal (wider on the deformable plate 214 -
side) as shown in FIG. 12C. In this case, in terms of
production yield, structure stability, and fhe function of
15  reducing the area of contact, it is particula;iy desirable
that the minute projections 216 be shaped to have a
trapezoidal section aloqg the length of the deformable piate
214 so as to further reduce the area of contact.
Further, the cross‘(horizontal) sections of the
20 minute projections 216 taken along a plane parallel to the
surface of the deformable plate 214 may be rectangular
(quadrilateral) as shown in FIG. 13A, circular as shown in FIG.
13B, and triangular as shown in FIG. 13C. Further, the minute

projections 216 are not limited to dot-like projections, but

25 may be linear projections as shown in FIG. 14.



Further, according to this enbodi nent, the vibration chanbers 211 of the
actuators comrunicate with one another in 15 the ink-jet head.

Al t er nat iwelog/0913he present invention is al so applicabl e t@Crheox@se wher e

t he actuators have respective vibration chanbers independent of one
another. In the case of independent vibration chanbers, however, the

i ndependent vi bration chanbers shoul d Ve provided with 20 respective
pressure correcting chanbers,. and each pressure correcting chanber shoul d

include the contact aggak&HAUCIHY aRdhlyehbat &0UGe iR ALea;eEtcond act of
the deformable part. In the case of providing mnute projections . also to

the | ower s ace of each, _di.a ragm 0. i ts_vibratjon C 211
side for th%fépulrspélsoéC gflmﬁ}cggeﬁ i Ng” the ss?ll%c |§8 ‘Lé?év&%m (%%"?SQ‘EWB%

PCT/ JP03/ 06082, -53 the _di aphra%ms 210, the m nute projections can be
provi ded t PTRIRFHIGRSr 2461 PAELBHIAELITSH dPhPAGNPE I°EndF e FBwér surface

of the deformable plate 214 sinultaneously, that is, using the sane

mat eri al byzigwacs apengrocabBulIney ey RAGORéYeassti s Pidfembdsethat '
production processes can be prevented. Here, the mnute projections may be
formed direthé ynirartet beopkantond 2164 s iarelapgedr onvelse ngyfdmabaenptlaba t he
pl ane so that the remai ning ungrooved parts serve as the mnute

proj ecti ons2140;{ Bynkd dEFhedbaest | tiNexthi kndescahat tod Widdn be gheen, with
reference-to
deformable plate 214 and the distance between the deformable
plate 214 and the opposiné wall face 213a of the préssure.
correcting chamber 213 so that the opposing wall ﬁace 213a
10 comes into contact only with the minﬁte projections 216 dﬁe to
the pressure difference between the pressure correcting
chamber 213 and the outside air.
Further, according to this embodiment, the vibration
chambers 211 of the actuators communicate with one another in
15 the ink-jet head. Alternatively, the present invention is
also applicable to fhe case where the actuators have
respective vibration qhambérs ipdependent of one another. In
the case of iﬁdependent vibration chambers, however, the
independent vibration chamﬁers should‘be provided with
20 respective pressure cqrrecting chambers,. and each pressure
correcting chamber should include the contact area reducing
part that reduces the area of contact of the deformable part.
| In the gaée of providing minute projections also to

the lower surface of each diaphragm 210 on its wvibration

25 chamber 211 side for the purpose of preventing the sticking of



FIG 15, of an ink-jet head according to a third enbodi nent of the present
invention. FIG 15 is a sectional view of the 15 pressure correcting part

of the i wojoa9tiend t aken along the Ilength of the defor nkbrap@/mbe 214. | n
FIG 15, the same elenments as those of the second enbodi nent are referred

to by the sanme nunerals, and a descripfion thereof will be omtted.
According to the ink-jet head of the third 20 enbodi nent, the m nute
projections 216 are formed on the wall face 213a of the pressure

correcting ehanbephzbamst Reowathe daoee? B3ajepprashsgcdhedeforabletpl at e
214. By this configuration, the sanme effect as in the second enbodi nent

can be pro i i gurat i i H%%@%O l e £ASE re it
is inpossib?ggggwg%?fﬁgggggtgEf%%%??%%ﬁ%inuteﬁgg)%%§gg%%gh PCTf%%SS %6082

-54 projectipns 21 n_t defo W%H | at.e 214 accordi to the
producti on %?o é§§gf%%mﬁﬁgec%s%{%f ﬁf&%ﬁ&gﬁﬁnﬁPHﬁ %’b&gﬁgéf?o 513958h?0
t he upper surfaces of the el ectrodes 212 which upper surfaces 5 oppose the

di aphr agns 330F fTLEHELpBY pbRe P rRARETRSSng LhETERY cl@Thg: G- SPRE diaphr agns
210, the mnute projections can be provided to the upper surfaces of the
el ectrodes e mmberhef wabflushidmder TEIFS6f cRhebprersans:edcorrect i ng
chanber 213. sinultaneously, that is, using the sane material by the sane
10 process. Thereby, Harépctleaselrute peopanbionefmgyr cdudbirond Pioeesises can
be prevented. [Fourth Enbodi nent]
on the plane. Alternatively, grooves may be formed on the
plane so that the remaining ungrooved parts serve as the
minute projections.
10
[Third Embodiment]
Next, a description will be given, with reference ‘to
FIG. 15, of an ink-jet head according to a third embodiment of
the present invention. FIG. 15 is a sectional view of the
15 pressure correcting part of-the ink-jet head taken along the
length of the deformable plate 214. 1In FIG. 15, the same
elements as those 6f the second embodiment are referred to by
the same numerals, and a description thereof will be omitted.
According to the ink-jet head of the third ‘
20 embodiment, the minute projections 216 are formed on the wall
face 213a of the pressure correcting chamber 213, the wall
face 213a opposing the deformable plate 214. By this
configuration, the same effect as in the second embodiment can

be produced. This configuration is employable in the case

25 where it is impossible or difficult to form the minute



Next, a description will be given, with reference to 15 FIG 16, of an

i nk-j et head according to a fourth enbodi nent of the present invention.
FIG 16 iwoa3mestds onal view of the 1ink-jet head taken al eag/Jrészoensdt h of
the deformable plate 214, showing an inportant part of the pressure
correcting part and the vibration chanbers 211. In FIG 1.6, the sane

el enents as. 20 those of the second end®di nent are referred to by the same
nuneral s, and a description thereof will be omtted. According to the

ink-j et head.gftheofoWid £Mhodi AR @R Ns@l ibng Likbaradds; i figfdred of

a silicon oxide filmon the surface of each el ectrode 212 which surface

25 opposes r espondi ng di aphragm 210.. At the tinme of WO 03/097364
PCT/JPOS/OGgggdggéﬁp?cﬁﬁﬁ%%ﬁﬁhe insulating film218, the m nute projections
216 are formed of the silicon oxide filmon the wall surface 213a
opposi ng t he def or mabl*& &t £35%4°F HERVIENG ipE T, RFSIWHETS0 2e/pI 9

sem conductor 5 technology in formng a mnute structure such as .an

i nk-j et he&be Thees|snifamesoed thenateohredes Rd 2avhiahovpper tsunfd aeise
pressure correcting chanber can prevent an increase in the nunber of
producti®n pppoessis: atichphedyoe PLOdfict i dme gastposknofhpseeasieing frhche
pressure correcting chamber 213 10 is formed sinultaneously with the

vi bration chambeisg 24, tHhelaphRegonti@urald alndket PEoPLESSIHL GOF hact i ng
chanber 213 is subject tolimtations. If the 'lower surface of the

di aphragm 210,£85%S.d MR ¢RpLCtulELbed NSr QRROSH RO UBREL S1 TARe ok the
wall surface 213a of fhe préssure,correcting chamber 213
simultaneously, that is, using the same material by the same

10 - process. Thereby, an increase in the number of proauction

processes can be prevented.

[Fourth Embodiment]
ﬁext, a description will be given, with reference to
15 FIG. 16, of an ink—-jet head according to a fourth embodiment
of the present invention. FIG. 16 is a éectional viéw of the
ink—jet head taken along the width of the deformable plate 214,
showiﬁg an important part of the pressure correcting part and
the vibration chambers 211. In FIG. 16, the same elements as -
20 those of the secpnd embodiment are referred to by the same
numerals, and a description thereof %ill be omitted.
According to the ink-jet head of the fourth
embodiﬁent,‘an insulating fiim 218 is formed of a silicon
oxide film on the surface of each electrode 212 which surface

25 opposes the corresponding diaphragm 210. At the time of



el ectrode 212 in each vibration chanber 211 when the actuators 15 are
driven, an insulating filmshould be formed on at | east one of the upper
surface oWotobeIBbectrode 212 and the | ower surface of thecdiagiocagem 210 so
as to prevent an electrical short circuit fromoccurring. Even if the

| ower surface of the diaphragm 210 does not cone into contact with the
upper 20 surface of the electrode 212;75%here still exists a risk of

di scharging. Therefore, the existence of the insulating |ayer increases

the reliabi gbk%(iggﬁﬂl@ {84 o3RG0 | 518 Nond REWAAL BOo) 8¥EIod s A1y med of
silicon oxide (a Silicon oxide °fi ﬁ?, a variety of semtonductor processes
can be enployed_in 5 rmng.the insulating |la . WD, 03/ 097364

oaT opos bodts. fodeeching B Bl1il8n, BRheS S St oot 133
oxide filmis formed as the insulating |layer (film 218 of the -actuator
part (vi br aPPBASEMAnEE Sefrrmakhg a%agﬁéZ ame time, also forned in the
pressure correcting chanber 213. 5 Thereafter, in the pressure correcting
chanber 213, the part Theft the Lhsis ap¥eipdadpler tot hwplohaenivogeluctor
corresponding to the mnute projections 216 is renoved by etching so that

the . m nut etpERhETdgP N Famdhe bonpedte |ftddbthireasaecht He 4 Milejet -
projections 216 nmay also be 10 fornmed at the stage of formng the silicon

oxide |ayerpnboy. thehe iisHiatdnRgubi EBrRd8iod At dhe aWchBest glching JhkG 17
is a sectional view of the pressure correcting part of the ink-jet head

in this Casgressure correcting chamber can prevent an increase in the
ﬁumber of production processes and reduce production cost.
In this case, if the pressure correcting chamber 213’

10 is formed simultaneously with the vibration chambers 211, then
the configuration of the préssure correcting chamber 213 is
subject to limitations. If the lower surface of the diaphragm
210 comes into contact with the opposing upper surface of'the
electrode 212 in each vibration chamber 211 when the actuators

15 are driven, én insulating film should be formed on at least
one of the upper surface of the electrode 212 and the lower
surface of the diaphragm 210 so as to prevent an electrical
short circuit from occurring. Even if the lower surface of
the diaphragm 210 does not come into contact with the upper

20 - surface of the electrode 212, there still exists a risk of
dischargingi Therefore, the existence'of the insulating layer
increases the reliability of the ink-jet head. TIf the
insulating layer is formed of silicon oxide (a silicon oxide
film), a variety of semiconductor processes can be employed in

25 forming the insulating layer.



It is not necessary that the insulating |layer 218 of 15 the actuator part
and the insulating |ayer for the mnute projections 216 of the pressure
correcti nyooharsetr 213 be forned sinultaneously. Nor is PCTHRCH®S&XY tO
enploy silicon oxide for the insulating |ayer 218 of the actuator part
even if the insulating layer for the mnute projections 216 is 20 forned
of silicon oxide in the pressure corret?ing chanber 213. In the case of
formng an insulating |layer on the diaphragnms 210, it is preferable to

enpl oy silicon nitridenascrbpe, i AsslAtidd doayals tfbddMmefase, skl ik8n
preferable that the mnute projections 216 be also fornmed of a silicon

nitride 25 filmopn. the deformable plate 214 of the pre r i WO
03/ 097364 p&ﬁg‘%%%d@%_rg%% cRa eerl‘b%'él%‘ﬁlf“gaﬁéﬁ’gf gécatiy ?élg;?’l%tmltﬁg
formed on a part havin logw rigidity, a conpressive stress is generated
bet ween t he2CRa&RY é?Pasrg%o(V&?rFGlaﬁf‘F e 41w AP aFt o atame e5

el ectrostatic actuator cannot have the desired characteristics unless the
| engt h of eadthodiapiechgm dhecpiregdeurapeiramiiicly ahame¢rcikdstatic force is
exerted is defined with accuracy.. Therefore, if the lowrigidity part

def | ect s5 dughépedficer Siin ahre oxedeufe | mwmedtiay themgap 2Ehgtihecpamges t o
an 10 undesired value, the electrostatic actuator is prevented from fully

functi oni ngerOpnd e Qliherinhandyethersét iaem rinbsedectiéfpdiiig fd mhef
tensile stress. Therefore, even if the silicon : _
'minute projections 216 is removed by etching so that the
minute projections 216 are formed.
In this case, the minute projections 216 may also be
10 formed at the stage of forming the silicon oxide layer for the
insulating film 218, that is, without etching. FIG. 17 is a
sectional view of the pressure correcting part of the ink—jet
head in this case.
It is not necessary that the inéulating layer 218 of
15 the actuator part and the insulatipg layer for the minute
projections 216 of the pressure correcting chamber 213 be
formed simultaneously. Nor 1s it necessary to employ silicon
oxide for the insulating layer 218 of the‘actuator part even
if the insulating layer for the minute projections 216 is
20 formed of silicdn oxide in the pressure correcting chamber 213.
‘In the case of forming an insulating layer on the
diaphragms 210, it is preferabie to employ silicon nitride as
the insulating layer. In this case, it is preferable that the
minute projections 216 be also formed of a silicon nitride

25 film on the deformable plate 214 of the pressure correcting



nitride filmis formed on the lowrigidity part, the low 15 rigidity part
is prevented fromdeflecting. Consequently, the diaphragmelectrode gap is
pr event edwbroamwshangi ng, thereby preventing the functi onPofi/JPis06082

el ectrostatic actuator from being inpaired. Accordingly, as previously
described, in the case of 20 using silicon nitride as the insulating |ayer
218 necessary for the actuator part,“%73i|icon nitride filmmy be forned
sinmul taneously in the pressure correcting chanber 213 so that the silicon
nitride fil phhspuseshfs material for the minute projections 216 in the
pressure correcting chanber 213. 25 In this case, however, it is not

necessary that the WD %3%0%1%6? 5(3;%?0%59%9? %geéngyla&%gg_h§¥§£ 218 of
a

the actuator part and hé At i n rolectloﬁs 216
in the pressure  correcting chanber 213 be forned si mul t neousl is it

necessary thav¥ Fh%%@+ﬁﬁﬂeﬁ|9%EpF§§§FV?1% 5% NS JEPGLE6Rd ?TW?? hIeorned of

a silicon nitride filmeven if the silicon nitride filmis enployed as
mat eri al fomathels hae asprte) defiens Phs. Iexaigidigesearpti omen || be given .
of specific <configurations of the ink-jet head and their evaluations 10
accordi My teltherpseseind dotvanbironanfdt risdveCanfel gesatrednghafddteianple head
A head according to the first configuration was

unless the length of each diaphragm-electrode gap in which an

electrostatic force ié exerted is defined with accuracy.

Therefore, if the low-rigidity part deflects due to the

silicon oxide film so that the gap length changes to an

10 undesired value, the electfostatic actuator is prevented from
fully functioning.

On the other hand, the silicon nitride film is a ~
film of tensile stress. Therefore, even if thé silicon
nitride film is formed on £he low-rigidity part, the low—

15 rigidity part is prevented from deflecting. Consequently, the
diaphragm—-electrode gap is4prevented from changing, thereby
preventing the function of the electrostatic actuator‘from,
being impaired.

Accordingly, as previously described, in the case of

20 using silicon nitride as the insulating layer 218 necessary
for the actuator part, a silicon nitride film may be formed
simultaneously in the pressure correcting chamber 213 so that
the silicon nitride film is used as material for the minute

projections 216 in the pressure correcting chamber 213.

25 In this case, however, it is not necessary that the



formed by the follow ng nethod so as to have the mnute 15 projections 216
formed therein. Here, a description will be given of this nethod with
referencewD®3®9G@& 18A and 18B. FIG 18A is a sectional wca@wpadocasone- bit
actuator part of the head, and FIG 18B is a sectional view of the
pressure correcting chanber 213 of thesgwad. 20 Referring to FIG 18A,

first, a Si film232 is fornmed on a'silicon substrate 231. Next, after a
polysilicon layer 233 for the electrode 212 and partition walls is forned,
a groove isifetredn lEherpaligsoficion dayerco233aby ehdhig issulthahga Si N

| ayer 234 can be fornmed therein. Thereby, the 25 el ectrode 212 is fornmed of

the pol ysi | Leon: | @%er 3% nitot 1510 OHOI1I04PETL IPON 06082 -59 poi nt

the electrode 212 is fornmed so as 1o be electrically " independent in each
actuator (pg %}e Th %f;@r Epg &%@@r 234 i rhed tp/ CVD, .and t he.
groove is fl(F edc%ntei%aa FSZ ayer . ﬁé}n, 5??%‘;8?%- sur aéLeQé)L t he
above-descri bed 5 structurg is poJished,. a SiN lLayer 236 is fornmed on the
pol i shed suPFaRTFPIY (e SEPELUPE TP 436y SPi ebntFRATtWEPT PaTor ned
on the SiN layer 236. "Thereafter, the internal Si02 |ayer 235 is renpved
by et ching Pparéugtechelifes 2331icer mpitaisle didwnevanFi G ths/ildeonhat t he
vi bration chanber 211 is fornmed. 10 Referring to FIG 18B, the pressure
correcti ng nthaideertidid iiss efipl ored bys suistrantli &bkythdensane process as the
actuator part. The differences lie in that: the polysilicon layer 233 in
the part copresfeniding2tie.the bottom surface of
Next, a description will be gilven of specific
configurations of the ink-jet head and their evaluations
10 accorxding to the present invention.
(First Configuration)
(1) Example head
A head according to the first configuration was
formed by the following method so as to have the minute
15 projections 216 formed therein. Here, a description will be
given of this method with reference to FIGS. 18A and 18B. FIG.
18A is a sectional view of a one-bit actuator part of the head,
and FIG. 18B is a sectional view of the pressure correcting
chamber 213 of the head.
20 Referring to FIG. 18A, first, a Si0O; film 232 is
formed on a silicon substrate 231. Next, after a polysilicon
layer 233 for the electrode 212 and partition walls is formed,
a groove is formed in the polysilicon layer 233 by etching so

that a SiN layer 234 can be formed therein. Thereby, the

25 electrode 212 is formed of the polysilicon layer 233. At this



the pressure correcting chanber 213 is renoved because no 15 el ectrode 212
is formed; and recesses are forned at the positions where the mnute
projecti owe 034%73e4 e to be forned on the polished surfacePofi/IPos0688r uct ur e
formed after the formation of the SiQ2 |ayer 235, and thereafter, the Si N
| ayer 236 and the polysilicon | ayer 237 are successively fornmed. 20
Théreby, the deformable plate 214 inté§rated with the minute projections
216 is fornmed of the SiN layer 236, and by renoving the Si02 |ayer 235,
Lhe pressurg, qor kaal Ldochaqberis 413 dofmbar edayi 44 dhadefiorpable plate

214 havi ng e mnute projections 216 fornmed on its |ower surface. 25 The
paraneters of the parts of the head according t 03/ Q97 .

PCT/ JP03/ 06EREPEREG haTf FREE ac‘%r)lfrﬁaﬁdc ir a Féﬁpv\ergh%i\ge? o ﬁq:gmg%éDSé%hr agns:
thickness t =2 m_ wdth a = 125 m and |l ength b = 1000 m Detognable
plate: thi ckauess 2834=13 FPTRRAhY £P, 529066°nPrANE | Bhdin 15="15"nM

El ectrode shape: The el ectrodes 212 were formed parallel to the diaphragns
210. The el &r ddgedi 2phr adiheni,r afgap teagswr e ddsitiredbpve e ARG n
specifications. Mnute projections: vertical dinension (height) t = 10 0.2
m and & easEr&Hrd 1B. pdheshédpte ginDjlegkirons36216 fwermed foor ed on t he

| ower surface of the deformable plate 214, arranged in a matrix-Ilike

manner “ﬁtfbéﬁkéHéGC%hE%aEeaaé thOrd Zdlrepi behes . polysilicon layer 237

is formed on the SiN layer 236. "~Thereafter, the internal SiO;
layer 235 is removed by etching through'holes 238 formed as
shown in FIG. 18A, so that the vibration chamber 211 is formed.

10 ) Referring to FIG. 18B, the pressure correéting
chamber 213 is formed'by substantially the same process as éhé
actuator pa££. The differences lie in that: the polysilicon”
layer 233 in the part corresponding to the béttom surface of
the pressure correcting chamber 213 is removed because no

15 electrode 212 is formed; and recesses are formed at the
positions where the minute projections 216 are to be formed on
the polishéd surface of the structure formed after the
formatioh.of the Si0, layer 235, and thereafter, the SiN layer
236 and the polysiiicon layer 237 are successively formed.

20 Thereby, the deformable plate 214 integrated with the minute
projections 216 is formed of the SiN layer 236, and by
removing the Si0; layer 235, the pressure,éorrecting chamber
213 is formed with the deformable plate 214 having the minﬁte
projections 216 formed on its lower surfacé.

25 The parameters of the parts of the head according to



(2) Conparable head 15 A conparable head to be conpared with the exanple
head according to the first configuration was fornmed so as to include no
m nut e prwpasnIBes 216 by basically the sane process as wProg/Jeszspse head.
Since no mnute projections 216 were fornmed in the conparable head, after
polishing the 20 surface of the structure fornmed after the formation of the
Si02 layer 235, the SiN.|ayer 236 was %r ned directly on the polished
surface of the structure without formng recesses for the mnute

proj ections 246 Minrsttheopdkbshed: surdaee as( Fh1kyatuati on method and results
25 The eval uation of the first configuration was WO 03/ 097364

PCT/ JP03/ 06082 -61 pe s. fal.l (th ect, each_aof a
plurality of exanple %%%@?%%% ‘e dt lcg"‘%gsp u—ra% ﬁﬁj) gfldtctﬁnﬁar"at}%é H8ads,
t he deforng%%g plagg %14_ f the head was pressed with a needle in the
at nosphere a &0 0 ¢ i H'o contact with the 5 opposing wal | face
213a. Thereafter, it was observed whether the defornable plate 214 stuck
to the opposing wal | fleirdye pipéeeyahbagkiers rlesul2t $mshweivitiha¢ Ao
sticking occurred in the exanple heads according to the first

confi gur at i ci00whirl; eastli témarch oz car t®dwal nost certainly in the 10
conparabl e heads. It is considered that sticking was mainly caused by an
interatom c force, a |EDuiidedild dgepkor The @nskiardidr ogenyebonebfgce. | f
such sticking occurs in the deformable plate

parallel‘to the diaphragms 210. The electrode-diaphragm air
gap length was designed to be 0.2 Um in specifications.
Minute projectioné: vertical dimension (height) ¢ =
10 0.2 Um; and area = 3 X 3 umz. The minute projections 216 were
formed on the lower surface of the deformable plate 214,
arranged in a matrix-like manner with 60-pm vertical and
horizontal pitches.
(2) Comparable head
15 A éomparable head to be compared with the example
head according to the first configuration was formed so as to
include no minute projections 216 by basically the same
process as the example head. Since no minute projections 216
were formed in the comparabie head, after polishing the
20 surface of the structure formed after the formation of the SiO,
layer‘235, the SiN layer 236 was formed directly on the
polished surface of the structure Qithout forming recesses for
the minute projections 216 on the polished surface.
(3) Evaluation method and results -

25 The evaluation of the first configuration was



214, a desired pressure correction cannot be obtained, thereby 15 making
the head unreliable. (Second Configuration) (1) Exanple head A head

accor di ngwoeswdmsesecond configuration was fornmed by the fPolrlee/osgsanet hod
so as to have the mnute 20 projections 216 forned therein. That is, after
formng an oxide filmon a silicon substrate, grooves were fornmed on the
oxide film The el ectrodes 212 were fotted of a TiNfilmin the gr ooves,
and a silicon oxide filmwas formed on the el ectrodes 212 as the insulating

layer 218. Hek@ormed TN £dil1Mws25 wasnf p& i td RACAr 88SAUIELEU TR bRY
chanber 213 al t hough the MD 03/097364 PCT/ JPO3/ 06082 -62 pressure

correcting ghanber d 9 to Qﬂydrea E: %fr kb aL%i@%éa%%reltﬂe

Et chi ng was performe e SI con 0 pressure correcting

chanmber 213 sQ_as to f ections 21 ereb hi s
substrate m&' 6?%%&? 4£ﬁagﬁﬁeogl E?r ‘i§ﬁﬁ%§?§?§eg0§lthﬁuﬁ%ﬁ4i € ‘fhe

di aphragns 210, the conmon liquid chanber, and the acconpanyi ng defornable
plate 214 wéPe pRoRRIIeTs Rrgh6EHERISTP | QU Sibst £aNEaBY rEhithe Thi s

substrate serves as the channel substrate 201. At this point, the 10
di aphr agns zmﬁoahmgnhﬂjdekmmﬂﬁbBe.plameréamtemerétfwaaedb$@mv&d«wmehhethe
sane process. Thereafter, the channel substrate 201 was joined-, directly
to the upperhsi defofmddie ¢lleckr ode §tﬁﬁﬂrﬁﬁfih%ﬂapposing wall face 213a.

The evaluation results show that no sticking
occurred in the example heads according to the first
configuration, while sticking occurred almost certainly in the

10 comparable heads.

It is considered that sticking was mainly caused by
an interatomic force, a liquid-bridge force, and a hydrogen-
bon& force. If such sticking occurs in the déformable plate
214, a desired pressure correction cannot be obtained, thereby

15~ making the head unreliable.

(Second Configuration)

(1) Example head

A head éccording to the second configuration was
formed by the following method so as to have the minute

- 20 projections 216 formed therein. That 1s, after forming an
oxide film on a silicon substrate, grooves were formed on the
oxide film. The electrodes 212 were formed of a TiN film in
the grooves, and a silicon oxide film was formed on the

electrodes 212 as the insulating layer 218. Here, no TiN film

25 was formed in the pressure correcting chamber 213 although the



The nunber of actuators fornmed in a rowin each head was 192. 15 Here, al

of the vibration chanbers 211 in a row were forned to comunicate with the
si ngl e prwesnegr3correcti ng chanber 213. The paraneters offCrheo3pmnts of the
head according to the second configuration were as follows. D aphragns:
thickness t =2 m width a =125 m 20 and length b = 1000 m Deformabl e
plate: thicknesst =2 m width a = #00 m and length b = 10 mm

El ectrode shape: The el ectrodes 212 were forned parallel to the diaphragns

210. The el getsodes @o%&%&%gﬁgabﬁamzp%@z%@ P& 45034 GORR2 o 6% ¢3Pn

| engt h mas designed to be O min speC|f|cat|ons M nut e projections:

vertical Egﬁigé”kﬂkhelght) CHl %e mal qgﬁw%{ 18a g? lfg%oﬁTgilgEnUte

pr Oj ections wer e or rre e pressure

correcting chanber 213 op 05|te t he deforma te 214, arrange in a
ot r x| ReP et W1 R OoRP e e P S e Uit HUOTPEGnE AR $F (Lheis TogB The

Conpar abl e head A conparable head to be conpared with the exanple head
accor di ng tBiRlee RWORFtEOnti gLe at | BILTRRY f dhdedsybsasa it waro foserdde no
m nute projections 216 by basically the sane process as the exanpl e head.
Since nd m mte frojdeictande2d6ostertee fA2ved, the process of formng the
m nute projections 216 was not perfornmed in formng the el ectrode
substrate 202. (3)  EvabuaihOle edodiiaptree68! £80, the common liquid
chamber, and the accompanying deformable plate 214 were formed
in another silicon substrate by etching. This substrate
serves as the channel substrate 201. At this point, the
10 diaphragms 210 and the deformable plate 214 were formed by
exactly the same process.
Thereafter, the channel substrate 201 was joined -
directly to the upper side of the electrode substrate 202.
The numbef of actuators formed in a row in each head was 192.
15 Here, all of the vibration chambers 211 in a row were formed
to communicate with the single pressure correcting chamber 213.
The parameters of the parts of the héad according to
the second configuration were as follows.
Diaphragmsf thickness f = 2 Um; width a = 125 Mdm;
20 and length b = 1000 Mm.
Deformable plate: thickness ¢ = 2 Mm; width a ;
2000 Mm; and length & = 10 mm.

Electrode shape: The electrodes 212 were formed

parallel to the diaphragms 210. The electrode-diaphragm air



15 The eval uation of the second configuration was perforned as foll ows.
Wth respect to each of a plurality of exanple heads and each of-a

pl ur al i t ywofo3oomspar abl e heads, the deformable plate 214 @CTURe/(segd was
pressed with a needle in the atnosphere and caused to conme into contact
with the 20 opposing wall face 213a. _ ggreafter, it was observed whet her
the deformable plate 214 stuck to the Opposing wall face 213a. The

eval uation results show that no sticking occurred in the exanpl e heads

accordi ng tgyd henseaonds €oafdad ald oo, owdi he 5t | ghddiFieeedoned al nost
certainly in the 25 conparable heads. WO 03/097364 PCT/JP03/06082 -64

[Fifth Enbodiment] Nexin,@ 4886HRELAR : Wbt Res OideRrnsWbohh (hefgience < o

FIG 19, of an ink-jet head acCording to a fifth enbodi nent of the present

i nvention. G 19 i§ a secti | Lvj.ew of . the.5 pressure correctin rt of

the i k-] etd Hedfit ARANETORG Lho 31 gt n TF THa e ror ol aare 205 e b

FIG 19, the sane elenents SE thg@é of thﬁ second enbodi nent are referred
Fafedeh Ot GRS

to by the SN GRerEPsYaHh t REF ST Wi A 756 ot t ed.
According to the ink-jet head of the fifth 10 enbodi nent, surface

r oughenBng ¢hamperf Slaedrpes e Wg [dsfacmabresplate tHe pregssngedcdrract i ng
chanber 213 so as to increase the surface roughness of the wall face 213a.
In this casetritheigdrhaseer ouiginessspaf veheival ladfdde2kdatapppsteges he
deformabl e plate 214 is equal to the internal surface
(2) Comparable head
A compafabie head to be compared with the example
head ac;ording to the second configuratibn was formed so as to
10 include no minﬁte brojections 216 by basically the same
process as the example head. Since no minute projections 216
were formed, the process of forming the minute projections 216
was not performed in forming the eiectrode substrate 202.
(3) Evaluation method and results
15 | The evaluation of the second configuration was
performed as follows. With respect to each of a plurality of
example heads and each of a plufality of comparable heads, the
deformable plate 214 of the head ﬁas pressed with a needle in
the atmosphere and caused to come into contact with the
20 opposing wall face 213a. Thereafter, it was observed whether
the deformable plate 214 stuck to the opposing wall face 213a.
The evaluation results show that no sticking
- occurred in the example heads according to the second

configuration, while sticking occurred almost certainly in the

25 comparable heads.



15 roughness of the vibration chanber 211 if surface roughening is also
performed on the internal surfaces of the vibration chanbers 211 or |arger
t han t he wotostsabs surf ace roughness of the vibration chamo@ngo2bas? f
surface roughening is not perfornmed on the internal surfaces of the

vi bration chanbers 20 211. Thus, by perform ng surface roughening on the
wall face 213a of the pressure corre‘c@%‘ng chanber 213 with which wall
face 213a the defornable plate 214 cones into contact, the area of contact
of the deformabl e plate;2igd atoddendddre of 25 its contact with the opposing
wal | face 213a can be reduced. WO 03/097364 PCT/JP03/06082 -65 Since the

area of contact of: thﬁeg%f 05%%%%@0% %ﬂé.a%et$ﬁv?'%]'ieq§bt% Ijeggrggg%ggpg

wi t'h the opposi ng wal ate reduce S ove-descri
second throuygh fourt enmhodi nept s he cohesive forgces .by the .van der
Waal s for ce]l’k4 gGex]e?r'té’ at thé v ?ﬂeh%&fé c%cfﬁofgtlflgaﬁgo?p 1 Wvﬁébéi’i,lmgﬁ“& gr
resi dual electric charge are substantially controlled, so that the
sticki ng of thferrRFBYEBVenpiabe 2HUC cal? Bé pr 6cehierp!l Asievn dfedlift, the
function of the defornable plate 214, that is, the function of the
pressur & copresilirg charbeinglBachnoHetllk) imkeyent bdad romhdeiaigpndeghaded, so
that the correction operation can be perforned stably for a | ong peri od. of
time. Nextledg€essd itpldl aervihhbbe giaten 1f4.a speriéi cLezonflguwaati on of the
ink-jet head and its evaluation according to the present invention.
elements as those of the second embodiment are referred to by
the same numerals, and a description thereof will be omitted.
According to the ink-jet head of the fifth
10 embodiment, surface roughening is performed on the wall face
213a of the pressure correcting chamber 213 so as to increase
the surface roughness of the wall face 213a. In this case,
the surface roughness of the wall face 213a opposing the
deformable plate 214 1s equal to the internal surface
15 roughness of the vibration chamber 211.if surface roughening
is also performed on the internal surfaces of the vibration
chambers 211 or larger than the internal surface roughness of
the vibration chambers 211 if surface roughening is not
performed on the internal surfaces of the vibration chambers
20 211.
Thus, by performing surface roughening on the wall
face 213a of the pressure correcting chamber 213 with which
wall face 213a the deformable plate 214 comes into contact,

the area of contact of the deformable plate 214 at the time of

25 its contact with the opposing wall face 213a can be reduced.



15 (Third Configuration) (1) Exanple head A head according to the third
configuration was fornmed by basically the sanme nethod as the exanpl e head
accor di ngwoesdmsesecond configuration. |Instead of the pro®esgr@eos2 f or m ng
the m nute projections 216, however, the surface roughening process of
roughening the surface (the wall face _213a) opposing the deformable plate
214 by dry etching using Ar gas was ‘p‘i—)?"f orned.” The paraneters of the parts
of the head according to 25 the third configuration were as follows. WO

03/ 097364 PET/JE03/ 06082 566 bi-aphr 8gMBhie IRGKRESSet pFake - 410 W dhh a =
125 m and length b = 1000 m Deformable plate: thi c]laness t =2 m wdth a

= 1000 m and lepngth b =.10. mm.. 5 - ctro : e r.qdes 212 were
formed par %F?glofgl?%ecoﬁtgﬁﬁcr gfjﬁé %%égﬁ%eierﬁ;g??%dggg?a% r%gl% air gap

| ength was designed to be 0.2 min _specjfications. (2) Conparable head A
conpar abl e REEICEH B Worhsr 8§OVRTHE ‘Ff”el}??éjac?%@ngcég?%‘il%?‘ﬂ&ﬁ third

configuration was fornmed by basically the sane nethod as the exanpl e head.

However, noembadireniy ojtdst cohes2Y6 werees dvmdde HWor d&s Rafsad®@nc8ugheni ng

performed on the opposing wall face 213a. (3) Evaluation nethod and results
5 exerted at the time of contact, absorption water; and a

residual electric charée are substantially controlled, so that
the sticking of the deformable plate 214 can be prevented. As
a result, the function of the deformable plate 214, that is,
the function of the pressure correcting chamber 213 can be
10 prevenfed from being degraded, so that the correction
operation can be performed stably for a long period of time.
Next, a description will be given.of a specific
configuration of the ink—jét head and its evaluation according
to the present invention.
15 | (Third Configuration)
(i) Example head
A head according to the third configuration was
formed by basically the same method as the example head
according to the second configuration. Instead of the process
20 of forming thé minute projections 216, however, the surface
roughening process of roughening the surface (the wall faée
213a) opposing the deformable plate 214 by dry efching using
Ar gas was performed.
The parameters of the parts of the head according to

25 the third configuration were as follows.



15 The evaluation of the third configuration was perfornmed as foll ows.
Wth respect to each of a plurality of exanple heads and each of a

pl ur al i t ywofo3oomspar abl e heads, the deformable plate 214 @CTURe/(segd was
pressed with a needle in the atnosphere and caused to conme into contact
with the 20 opposing wall face 213a. Thereafter, it was observed whet her
the deformable plate 214 stuck to t he & )posi ng wall face 213a. The

eval uation results show that no sticking occurred in the exanpl e heads

according to the thire; capkiaur ath Qhmathi lre=sbi gki ng: pacus red 2 g&s,t
certainly in the 25 conparable heads. WO 03/097364 PCT/JP03/ 0608 -67

[ Si xt h Embodi t] Nex ,=a]‘m iption will be given, with reference to
FIG 20, of aﬁﬁe?% qf]k}etbt head’ accordi ng to a sixth enbodi nent of the present
invention. FIG 20 is_a sectional_ view of the 5 gressure correcting part of
the ink-jet head takeRSaPEREPLRAL L EigttRiGKIERE HeT of b &GEt € 514, In

FIG 20, the sane elenents as those of the second enbodi nent are referred
to by the £86@ luneral dengtd 4 ded®rpti on thereof will be omitted.
According to the ink-jet head of the sixth 10 enbodi nent, a hydrophobic
film226& is fornmed onEflketuali¢t $kegee: Z1®aedfcthedps edblumensoifoeneiing
chanber 213, the wall face 213a opposing the deformable plate 214.

Per f | uor odegangiXel a% dhePERAphosghexan®t hyihdi eilkazaoee{dHM¥H)rammy ahe used

as mterial for the hydrophobic film 226. HVDS, which has
gap length was designed to be 0.2 pm in specifications.
(2) Comparable head
A comparable head to be compared with the head
10 according to the third configuration was formed‘by basically
the same method as the examplé head. However, no'minute
projections 216 were formed, nor was surface roughening
performed on the opposing wall face 213a.
(3) Evaluation method and results
15 : The evaluation of the third configuration was
performed as follows. With respect to each of a plurality of
example heads and each of a plurality of comparable heads, the
deformable plate 214 of the head was pressed with a needle in
the atmosphere and caused to come into contact with the
20 opposing wall face Zléa. Thereafter, it was observed whether
the deformable plate 214 stuck to the opposing wall'face 213a.
The evaluation results show that no sticking
occurred in the example heads according to the third

configuration, while sticking occurred almost certainly in the

25 comparable heads.



15 small er nolecules than PFDA, is suitable for formng a filmin a narrow
space. Thus, by form ng the hydrophobic film 226 on the wall face 213a
wi t h whi cwotoheotsef or mabl e plate 214 cones into contact, PCTORIIGsUe to a
| i qui d-bridge force or a hydrogen 20 bond force (or sticking due to
absorbed water) can be prevented. As g esult, the function of the
deformable plate 214, that is, the function of the pressure correcting
chanmber -213 can be prevented fron1be|ng degraded, so that the correction
operation can be perfof#estistEidodifenta | ong period 25 of tinme. WO
03/ 097364 PCT/ JP03/06082 -68 Next, a description will be given of a
specific configurationegf, th t; ohe i va i i

p g eud d¥e-ijpRt oheqd: ange | afvé(a, lwlgc&l ng ggafd e

to the present invention. (Fourth Confi gurati on)

accordi ng toptde Ffouy %hﬁ gﬁkg&géﬂﬂ| ngg?%ofﬁgknegob ba |c3ﬂ¥§gthen§ab

process as the exarnpl e accor econ
However, no UE%Se ectlgns 21 g@f 2 formed, and after j oining the
channel 10 substrare ARGt el e Subst?at¥ Pl ViEHe ORehilie

structurg was d| ped |nto an HVDS solution so that an HVDS fil mwas forned
inthe p esﬁi‘?@essé%rer EEETRgttHamEt o3 the thk- Jﬁ*ydmﬁmcﬂalk@nf BLem@26he The

paranmeters of the parts of the head according to
length of the deformable plate 214. In FIG. 20, the same

- elements as those of the second embodiment are referred to by
the same numerals, and a deécription thereof will be omitted.

According to the ink-jet head of the sixth

‘lO embodiment, a hyd;ophobic film 226 is formed on the wall face

| ' 213a of the pressure correcting chamber 213, the wall face.
“213a opposing the deformable plate 214. Perfluorodecanoic
acid (éFDA) or hexamethyldisilazane (HMDS) may be used as
material for the hydrophobic film 226. HMDS, which has

15 smaller molecules than PFDA, is suitable for forming a film in
a narrow space.

Thus, by forming the hydrcphobic film 226 on the
wall face 213a with which the defofmable plate 214 comes iﬁto
contact, sticking due to a liquid—bridge force or a hydrogen-—

20 Dbond force (or sticking due ‘to absorbed water) can be
prevented. As a result, the function of the.deformable plate
214, that is, the function of the pressure correcting chamber
213 can be prevenfed from being degraded, so that the
correction operation can be performed stably for é long period

25 of time.



15 the fourth configuration were as follows. Diaphragns: thickness t =
wdth a =125 m and length b = 1000 m Deformable plate: thickness t
m w dt h wo=83890664 m, and length b = 10 nm 20 El ectrode ®hapeo3/obhe

el ectrodes 212 were formed parallel to the diaphragns 210. The

el ectrode-di aphragm air gap length designed to be 0.2 min
specifications. (2) Conparable head A Conparable head to be conpared with

t he head 25 according to the fourth configuration was forned by basically
WO 03/ 097364 PCT/ JP034BG082a d&feitie isan®ipl 06€S§iesn td¥e aexpapl eibead.
However, the hydrophobic film 226 was not formed. (3) Evaluation nethod
and results ; [ t 1 t Loukat i ]ygﬁj as
fol |l ows. W%%Ib%eg?[;%&i %Enoggag&eo% %J{Jr%aﬁ?;%kgf %gx%ﬁ%e eogldg%g%g&gg%h of
a plurality oftcog})arabl e.headg the deformable plate 214 of the head was
pressed wit F°a-HeddiE S PKE kit W sphere and caused to come into cont act
with the opposing wall face 213a. Thereafter, it was observed whether 10
the deformabl e plate 2I2UEERCKORGITIESPPdsi ng wal | face 213a. Next, in an
environmental test |aboratory set at a tenperature of 30 C and a relative
humi dityp of 60 after (Lealkamgptdhdidegads according to the fourth
configuration and the conparable heads for an hour, the deformabl.e plate
214 of A head according to the fourth configuration was

2 m
=2

formed by basically the same process as the example head
according to the second configuration. However, no minute
projections 216 were formed, and after joining the channel
10 substrate 201 and the electrode substrate 202, the head
structure was dipped into an HMDS solution so that an HMDS
film was formed in the presépre correcting chamber 213 as the
hydrophobic £ilm 226.
Thg parameters of the parté of the head éccording to
15 +the fourth configuration were as follows.
Diaphragms;’thickness I = 2 Um; width a ¥_125 um ;

and length & = 1000 Hm.

Deformable plate: thickness ¢ = 2 um; width ¢ = 300

pm; and length & = 10 mm.

201 Electrode shape: The electrodes 212 were formed
parallel to the diaphragms 210." The electrode-diaphragm air
gap length was designed to be 0.2 pm in spegifications.

(2) Comparable head
A comparable head to be compared with the head

25 according to the fourth configuration was formed by basically



15 each head was pressed with a needle in the atnosphere and caused to
cone into contact with the opposing wall face 213a. Thereafter, it was
obser ved wbaetkenet he def ormabl e plate 214 stuck to the oppogrmpees | face
213a. According to the evaluation results, in the 20 conparabl e heads,
sticking did not occur in the atnosphere, but occurred in the
environnental test |aboratory. Meanwhii®€, no sticking occurred in the
exanpl e heads according to the fourth configuration in either the

at nospher e @hetd@ne QJPHI@RNMEBB! @he t &sdmp 1AL WRIOr Y HoREVID 03{L097364 _
PCT/ JP03/ 06082 -70 [Seventh Embodi ment] Next, a description will be given,

wth refereﬂg§rééﬁoﬁﬂéafl§% 29k @Qslﬁg%jfgrd%§ad according to a seventh

enbodi ment resent 1nvention. FIG 21 is a sectional viewof the 5
pressure correcting p % %ihe 1 nk- %_gEad take Iong the Ilength of the
def ormabl e pl ate 214.?? gY v E}OQIﬁg% 8 Iﬁﬁ% ' as those of the second
enbodi nent are referred to b t he same nuneral s, and a description thereof
will be omitted. AccoFBEngEE'aHen K. (B henathf coHe BWPEROR 185
enbodi ment, a conductive |ayer (conductive film 227 is formed on the wall
face 213a operfqummb§§uﬁeléowsecth@b(ﬁﬁaﬂ@mt 293ecach hef valgluradet218a
opposi ng the deformable plate 214. A netallic material such as TiN or a
sen1conductQXampmeﬂhaﬂdssuﬁh eashpmfysLdﬂunmllmgyobec¢mpﬁkébme tkadeonduet i ve
| ayer 227.. The
deformable plate 214 of the head was pressed with a needle in
the atmosphere and caused to come into contact with the
opposing wall face 213a. Thereafter, it was observed whether
10 the deformable plate 214 stuck to the opposing wall féce 213a.
Next, in an environmental test laboratory set at a
temperature of 30 °C and a relative humidity of 60 %, after
leaving the heads according to the fourth configuration and
the comparable heads for an hour, the deformable plate 214 of
15 each head was pressed with a needle in the atmosphere and
caused to come into contact with the opposing wall face 213a.
Thereafter, 1t was observed whether the deformable plate 214
stuck to the opposing wall face 213a.
According to the evaluation results, in the
20 comparable heads, sticking did not occur in the atmosphere,
but occurred in the environmental test laboratory. Meanwhile,
no sticking occurred in the example heads according to the
fourth configuration in either the atmosphere or the

environmental test laboratory.

25



15 conductive layer 227 is connected to ground (that is, grounded). Thus,
by form ng the conductive |ayer 227 on the wall face 213a with which the
def or mrablwopBasB6L14 cones into contact, an el ectrostati ®@Cehroywogeener at ed
in the contact 20 region for sone reason and considered to be a cause of
sticking can be discharged, so that sticking caused by the electrostatic
charge can be prevented. As a result,"the function of the defornable plate
214, that is, the function of. the pressure correcting chanber 213 can be

prevented from 25 bei ng.degrpded,oSodfgt the correction operation can be
WO 03/ 097364 PCT/JP03/06082 -71 performed stably for a |long period of

time. Next, a descripgio w |l be given of. ecific canfiguration pf the
ink-jet head and its §§Eua?igﬁf%ﬁ &Féfhall?ogghgl%?%sé%QE}ﬁ%gﬁ?%8§? go
(Fifth Cbnfiguration) (1), Exanple head A head according to the fifth
confi gurat i BRCwes! - 6T ed 15y BESi 18T P IFRF L3P tor BcBRERIT (R RTRPIte head
according to the third configuration. In this case, however, 10 a Ti N |l ayer
was formed PA tie gresssur dngencéeni ngF tharerls2 @3segsiomrl cormtuett Edel ayer
227 sinmultaneously with the formation of the electrode 212 in each
act uat ors Theeealtercoelarnagt hert dof eie jioikrijrg bEad healedrareiengsuhst r at e
201 and the el ectrode substrate 202, the oxide filmof the TiN | ayer was
removed bY length of the deformable plate 214. 1In FIG. 21, the same
elements as those of the second embodiment are referred to by
the same numerals, and a description thereof will be omitted.
According to the ink—-jet head of the seventh
10 embodiment, a conductive layer (conductive film) 227 is formed
on the wall face 213a. of the pressure correcting chamber 213,
the wall face 213a opposing the deformable plate 214. A
metallic material such as TiN or a semiconductor material such
as polysilicon may be used for the conductive layer 227.. The
15 conductive layer 227 is connected to ground (that is,
grounded) .
Thus, by forming the conductive layer 227 on the-
wall face 213a with which the deformable plate 214 comes into
contact, an electrostatic charge generated in the contact
20 region for some reason and considered to be a cause of
sticking can be discharged, so that sticking caused by the
electrostatic charge can be prevented. - As a result, the
function of the deformable plate 214, that is, the function of.

the pressure correcting chamber 213 can be prevented from

25 being degraded, so that the correction operation can be



15 *dry etching before the direct joining of the channel substrate 201 and
the el ectrode substrate 202. The paraneters of the parts of the head
accordi ngwo®3/o9tsed4 fi fth configuration were as foll ows. D 2oRIREEIS2
thickness t =2 m width a =125 m 20 and length b = 1000 m Defornable
plate: thickness t = 2 m wdth, a =300 m and length b.= 10 nm

El ectrode shape: The el ectrodes 212 werfle fornmed parallel to the diaphragns
210. The el ectrode-di aphragm air WO 03/097364 PCT/JP03/ 06082 -72 gap

ength vas designed L0ahe,0:2- M fospetidieabiconsne. (2) Eval uation met hod

and result A potenti al ference was provided bet ween the TIN |ayer

(conductive | ayer 227@8 %hé$%§ I €SS %nC%rFfCt Q?“2§12> ég§f gd t he

deformabl e plate 214 or mab Baused to cone
into contact with the TIN |ayer by, electrostatlc attractlon Thereafter,

when the dePRfrieRBEEipParé *211% A 19 PR PRfel thef R IATHGR 4CHPFELRTY

float state, the deformable state 214 remained stuck to the 10 wall face
213a of thet@r@sSMﬂ@S@GKréchn@iQManber 213. However, when the Ti N | ayer
was grounded, it was observed that the defornmable plate 214 was rel eased
from t he opposi ng wal I(rifelec@iBanandtithe sticking was elimnated. 15
[ Ei ght h enbodi nent] Next, a description will be given, with reference to
(1) Example head
A head according to the fifth configuration was
formed by basically the same process as the example head
according to the third configuration. In this case, however,
10 a TiN layer was formed in the pressure corfecting chamber 213
as the conductive layer 227 simultaneously with the formation
of the electrode 212 in each actuator. Thereafter, before the
direct joining of the channel substrate 201 and the electrcde
substrate 202, the oxide film of the TiN layer was removed by |
15 " dry etching'before the direct joining of the channel substrate
201 and the eléctrode substrate 202.
The parameters of the parts of the head according to
the fifth configuration were as follows. i
Diaphragms: thickness ¢ = 2 um; width a = 125 pm;
20 and length &6 = 1000 pMm. |
Deformable plate: thickness ¢ = 2 pm; width a = 300
Um; and length b = 16 mm.

Electrode shape: The electrodes 212 were formed

parallel to the diaphragms 210. The electrode-diaphragm air



FIG 22, of an electrostatic head according to an eighth enbodi nent of the
present invention. FIG 22 is a sectional view of an actuator part of the
el ectr ostwoios/opmBat t aken al ong 20 the width of the di aphr agmJIP@eosn Fl G
22, the sanme elenents as those of the second enbodinent are referred to by
the sane nunerals, and a descriptionnihereof will be omtted. Referring to
FIG 22, the electrostatic head of the eighth enbodi ment includes a
plurality of electrodes 242 25 fornmed on an insulating film210a formed on

the opposi §&p si eyt WRI CRE36ARCTS IR Q682 in- EBeol f1bet hraphr agm 210
fromthe pressure |liquid chanber 206. The el ectrodes 242 are individual

structures that are (eheehkigatlon ingoirakedntr egstie di aphragm 210 and from
one another. 5 According to this electrostatic head, when a pul se

potential of zero t0A4g>f3¥e£§i?‘fg{13‘;_§$e%e?1c%”%a9fpi‘Wi@Q&ar?@rfueent we, 0t fthe

el ectrodes 242 and a pul'se pote zero volts 1s applied to the other

one of the_adjacent el ectrodes 24 an l.ectrostatic farce is generated
bet ween th%a%%fa.%ﬁﬂd %ﬁeegFVSHeézEhzlgnghéFeﬁﬁng PeeSEhdY attract each
ot her, causing the diaphragm 10 to deflect toward the Eressure l'iquid

i

chanber5 206hampeyr ey aige theedehpenilnks dlative 43feSSuFBeFitifd chanber 206
rapidly increases so that an ink droplet is ejected. 15 In this
el ect r ost atiefotres,e gslate Hd aboveauskedcrd Inethee Ao ABAESCT digiesdidr e
correcting chanber

TiN layer by electrostatic attraction. Thereafter, when the

deformable plate 214 and the TiN layer were set in a direct
fioat state, the deformable state 214 remained stuck to the

10 wall face 213a of the pressure correcting chamber 213.
However, when the TiN layer was grounded, it was observed that
the deformable plate 214 was released from the opposing wall

face 213a and the sticking was eliminated.

15 | [Eighth embodiment]
Next, a description will be given, with reference to
FIG. 22, of an electrostatic head according to an eighfh
embodiment of the present invention. FIG. 22 is a séctional
view of an actuator part of the electrostatic head taken along
20 the width of the diaphragm 210. In FIG. 22, the same elements
as those of the second embodiment are referred to by the same
numerals, and a description thereof will be omitted.
| Referring to FIG. 22, the electrostatic head of the
eighth embodiment includes a plurality of electrodes 242

25 formed on an insulating film 210a formed on the opposite side



communi cating with the vibration chanbers 211 may al so be provided so that
at least a surface of the pressure correcting chanber is fornmed by a

def or mablwopate73shat i s deformable in 20 accordance w th wPhe/Jesyensal

at nospheric pressure. Further, a part that reduces the area of the contact
of the deformable part and the surfag of the pressure correcting chanber
whi ch surface opposes the deformabl é gért may be provided. Thereby, the
el ectrostatic head can performliquid ejection stably for 25 a |ong period

of tine. WQ3O03HAE36AnPEIh IPOB/{16R82he- phebdiint Nl FpdiedicmenbbrNexs, a

description will be given, with reference to ' FIG 23, of an ink cartridge

(a iU d sypply £acbELO9e), A00nit90ke, o B b IbodRRLeof the present

i nvention. cartri e ninth enbodi nent 1s forned by
integrating . an ink:jet,head ( ﬁg ui% dr.opl et_ejegting h ad% 51 according
to any of tqﬁ?9§ﬁ69§;%¥s&??gﬁﬁﬂfi §ﬁIF Fogbgp%?ﬁﬂﬁﬁﬁéhﬁ%gigéﬁ s°™and an ink
tank 52 supplying ink to the ink jet head 51. The ink-jet head 51 includes
a plurality@refth§dzzl es 50. The high 10 performance ink-jet head 51 as
described in any of the above- described enbodinents is integrated into the
ink carfridge, therehycadiiing trothhe ebeetrastiaidcohetbe WhinjatPHewd 51.
According to this enbodi nent, an ink cartridge (a head integrated with an
i nk tank) igttegratingrazéirguid 4r apliat apblepéctsd nshdhedd ahavedgasémbl e
droplet ejecting characteristics and high reliability can be obtai ned at
reduced COStyo of the electrodes 242 and a pulse potential of zero volts
is applied to the other one of the adjacent electrodes 242, an
electrostatic force is generated between the adjacent
10 electrodes 242 so that their free ends attract each other,
causing the diaphragm 10 to deflect toward the pressure liquid
chamber 206. Thereby, the pressure inside the pressure liquid
chamber 206 rapidly increases so that an ink droplet is
ejected.
15 In this electrostatic head, as in the above-
described embodiments, a pressure correcting chamber -
communicating with the vibration chambers 211 may also be
provided so that at least a surface of the pressure correcting
chamber is formed by a deformable part that is deformable in
20 accordance with the external atmospheric pressure. Further, a
part that reduces the area of the contact of the deformable
part and the surface of the pressure correcting chamber which
suffaée opposes the deformable part may be provided. Thereby,

the electrostatic head can perform ligquid ejection stably for

25 a long period of time.



[ Tent h Enbodi nent] Next,a description will be given, with reference to 20
FIGS. 24 and 25, of an ink-jet recording apparatus according to a tenth
enbodi mrerwO®B/091364 present invention. The ink-jet recordi RgTAPEAGat2uS of
the tenth enbodi ment enploys a liquid droplet ejecting head (an ink-jet
head) according to any of the above--described first through eighth
enbodi nents of the 25 present inventioh®~FIG 24 is a side view of the
mechani cal WD 03/ 097364 PCT/ JP03/06082 -75 part of the ink-jet recording

apparatus, and FIG 25Nisi+®& eRebepesitve view of the ink-jet recording
apparatus. The ink-jet. recording apparatus i ncludes a main body 51

i ncluding a print nec@g&k pgggc§3%% 11n%e”§998n'Sﬁlé&‘?@féréglrecglon

i ncl udes: a carriage 'S nd i h scannlng
or the X-axi recordln heads %hat are

|
i nk-j et heagi (I? Ll%jf gﬁgbﬁa C%%ﬂé% a&‘%o]rjd?“ri‘ﬁlts PFI@ 15?5% 99nvent i on,

the recording heads . 64 bei ng nounted on the carriage 63; and ink
cartridges BSCOrAdENG phlyinig %ﬁnﬁ@@dﬂh‘éﬂ? hridiengresads saventisaper Theed
cassette (or a paper feed tray) 54 that can hold a nultitude of paper
sheets P camnbkecattaiohed dfo theenliotereqpardingintt He foemad boyyibledradrimghe Y2
(front) side so as to be freely detachable therefrom A manual feed tray
55 for manuahl ynid5jdeang heigaperdsherts &8 «xanngentuanesh towydinhe Y2

direction to be open. A paper sheet P fed fromthe paper feed cassette 54
or the manugl fLed £ rdye 3Jve-0Ra%EYREL 18 ANe through eighth embodiments
and an ink tank 52 supplying ink to the ink jet ﬁead 51. The
ink-jet head 51 includes a plurality of nozzles 50. The high-
10 performance ink-jet head 51 as described in any of the above-
described embodiments is integrated into the ink car£ridge,
thereby adding to the total value of the ink-jet head 51.
According to this embodiment, an ink cartridge (a head
integrated with an ink tank) integrating a liquid droplet

15 ejecting head having stable droplet ejecting characteristics

and -high reliability can be obtained at reduced cost.

[Tenth Embodiment]
Next, a description will be given, with reference to
20 FIGS. 24 and 25, of an ink-jet recording apparatus according
to a tenth embédimént of the present invention. The ink—jet
recording apparatus of the tenth embodiment employs a liquid
drbplet ejecting head (an ink-jet head) according to any of
the above-described first through eighth embodiments of the

25 present invention. FIG. 24 is a side view of the mechanical



print mechani sm part 53, which records a necessary imge on the paper
sheet P.. Thereafter, the paper sheet P is ejected 20 onto a paper.

ej ecti on wpag/03Beatt ached to the Y1 (rear) side of the meca/Jpeiso®Rl. The
print mechani smpart 53 holds the carriage 63 on. a prinmary guide rod 61
and a secondary guide rod-62 that are n%m de nenbers so that the carriage
63 freely slides along the 25 main scamiing direction. The primary and
secondary gui de rods WO 03/ 097364 PCT/JP03/06082 -76 61 and 62 are

provi ded so,as: t o efendhetyeso sidap! +(;BOt asfoM; | o he dr awi ngs)
provi ded onpt hte Xleeaﬂned X2 gi 3ggs icn thc'g a%:ﬁrllcrliﬂ-%jaet regor di ng apparatus. The

recordi ng heads 64 that ., eject, color i dr opl of vell (Y), cyan (O,
magent a (M?egs%%%tlﬁ’leagl%e(]Bﬁf,tﬁeesl[)rle]%:t velll;?,cl%é:r%éﬁgr? %re%t%ygri the carriage
63 so that the ink ejecting hol es (nozzlesé of each, recording head.64 are
arranged in the direc P@nl?g“ﬁfbs‘?qq{g% APPEERRHT g iucEst Pofi2sd 9% o
eject ink droplets in the downward (Z2) direction. The-ink cartridges 65
for supplyi by intlerdiea ecordihgngreaisl B BRitth SBhe Fle pactiity @eedkaisinks are
repl aceably attached to the carriage 63. The ink-jet recording apparatus
may enplsoy part G dardiniddge antegriaddedsA thaeadsandvanle ikl dngnkhacmetdi ng
to the ninth enbodi nent of the present invention. 15 Each ink cartridge 65

i ncl udes ansak g hkehen soMmMicating iW Fhct hes awg@nn%rlqwnott s upper
part, a supply hole for supplying ink to the corresponding recordi ng head
64 recording heads 64 that are ink-jet heads (liquid droplet

heads) according to the present invention, the recording heads
64 being mounted én the carriage 63; and ink cartridges 65

10 supplying ink to the recording heads 64. A paper fegd
caésette (or a paper feed tray) 54 thaf cén hold a_mﬁltitﬁde
of paper sheets P can be attached to the lower part of the
main body 51 from the Y; (front) side so as to be freely
detachable therefrom. A manual feed tray 55 for manually

15 feeding the paper sheets P can be turned toward the Y;
direction to be opeh. A paper sheet P fed from the paper feed
cassette 54 or the manual feed tray 55 1s conveyed to the
print mechanism part 53, which records a necessary image on
the paper sheet P.. Thereafter, the paper sheet P is ejected

20 onto a paper‘ejeétion tray 56 attached to the Y:; (rear) side of
the main body 51.

The print mechanism éart 53 holds the carriage 63 on

a primary guide rod 61 and a secondary guide rod 62 that afe
guide members so that the carriage 63 freely slides along the

25 main scanning direction. The primary and secondary guide rods



inits |lower part, and a porous body filled with ink. The ink supplied to
the recording head 64 is maintained at a slightly 20 negative pressure by

t he capi Iwearog/o9B3s£e of the porous body. The recordi ng head3/Jed/@hszt he
respective colors enployed in this enbodi nent nay be replaced by a single
recordi ng head including nozzles for e%ecting ink droplets of the
respective colors. 25 The rear part of°the carriage 63 is penetrated by WO
03/ 097364 PCT/ JP03/06082 -77 the main guide rod 61 and the front part of

the carriage;63niiSe2 PAAC IR JbAEsSLEONEAr e B S QB 25 59e IRl dhe
carriage 63 slides freel'y along the main scanning direction, guided by the

primary and ,secondar ui.de rods. 2% " re, Sfront” efe to the
Y2 side or é 8 u%s Veé%%gﬁledfﬁw%ﬁésg E§%i%%%6€§FHS gffg%fﬁ%nL}%Q%Wﬁ%h t he

paper sheets_ P are conveyed, . and "rear"” refers to the Y1 sige or the
downst r eam $P8eiPfi%e rﬁﬁﬂﬁﬁlngoﬁQBﬁFﬁEu%iré@Fi&ﬁFoFﬁlﬁgd%?a D Govdethe
carriage 63 in the main scanning direction, a timng belt 70 runs between
10 a drive pilkreyc®B ¥ cirdt gdopyessnaf nvstkemi (g nover 63) aneRgentdr i Wen
pulley 69. The timng belt 70 is fixed to the carriage 63 so that the
carri ages 63anadvesatio Bid f resakondvehe, nate arseagedndgndihectann dye ti3e
forward and reverse rotations of the nmin scanning notor 67. 15 In order

to convey egehtpitthe papelejsheehy Roset (dbzdike)papecatgetocasselde 54 to
a position below the recording heads 64, the ink-jet recording apparatus
i ncl udes: ahR3RCE4 are arranged in the direction to cross the main
scanning direction so as to eject ink droplets in the downward
(Z3) direction. The -ink qartridges 65 for supplying the
10 recording heads 64 with the respective coior inks are
replaceably attached to the carriage 63. The ink—jet
recording apparatus may employ an ink cartridge integrating a
head and an ink tank according to the ninth embodiment of the
present invention.
15 Each ink cartridge 65 includes an atmosphere hole
communicating with the atmosphefe in its upper part, a supply
hole for supplying ink to the corresponding recording head 64
in its lower part, and a porous body filled with inki The ink
supplied fo the recording head 64 is maintained at a slightly
20 negative pressure by the capillary force of the porous body.
The recording heads 64 of the respective colors employed in
“this embodiment may be replaced by a single recording head
including nozzles for ejecting ink droplets of the respective
colors.

25 The rear part of the carriage 63 is penetrated by



feed roller 81 and a friction pad 82 separately feeding the paper sheets P
fromthe paper feed cassette 54; a guide nenber 20 83 guiding each fed
paper she®0 BpIBeconveying roller 84 conveying the fed pazperreiees2 P so
that the fed paper sheet P is turned upside down; a conveying roller 85
pressed against the surface of the conveying roller 84; and an edge roller
86 defining an angle at. which the papef~ sheet Pis fed out from 25 the
conveying roller 84. The conveying roller 84 is rotated WD 03/ 097364

PCT/ JP03/ 06082 naif8 Ry $HB §€aQRk NghdDiQLVidrd geafnd @ik kher s the
ink-jet recording apparatus includes a print receiving nenber 89 that is a

paper gui de nber i.din t he_paper e fed fr t he_ _caonveyi roll er
84 be|0wlth%ﬂ§c?eé%g Pﬁgsﬁsaagaﬁﬁ gf%ﬁ?ﬁ%F%ggrgﬁggﬁ%gnﬁﬁ%éﬁg%ﬁa@h g%e mai n
scanni ng direction_of _the carriage 63. On the downstream side of the print
recei ving nehbd?s 8FSet %t RéOPIpERE BRI TR G BeFPEhot hedtinies by the
recordi ng apparatus further includes: a conveying roller 91 and a spur 92
rotated so Bsinary eed tslkeonrdapdpgildheeadsP dlowaddoEhe fegrer “dreoti"on
direction in which the paper sheet P is ejected; a paper ejecting roller
93 and & spafe ) aticl Ng $1d: papahesheetrPaont id hen papepapgecti on tray
56; and guide nenbers 95 and 96 form ng a paper ejection path through

whi ch the pagefesiiReldiPelsighethefhidd e gkl BRe6fs recrdiddgvel/Be,
recordi ng heads 64 are driven in accordance with an inmage signal while the
carriage 63,}§ D&ING mveds {BeERDYy, isAkel St ALt RN BEPEL the
paper conveying direction. In order to move the carriage 63
in the main scanning direction, a timing belt 70 runs between

10 a drive pulley 68 rotated by a main sq;nning motor 67 and a
driven pulley 69; The £iming belt 70 is fixed to the carriage
63 so that the carriaée 63 moves to and fro along the main
scanning direction by thé forward and reverse rotations of the
main scanning motor 67.

15 In order to convey each of the paper sheets P set in
the paper feéd cassette 54 to a position below the recording
heads 64, the ink—-jet recording apparatus includes: a paperA
feed roller 81 and a friction pad 82 separately feeding the
paper sheets P from the paper feed cassette 54; a guide member

20 83 guiding each fed paper sheet P; a conveying roller 84
conveying the fed.paper sheet P so that the fed paper sheet P
is turned upside down; a conveying roller 85 pressed against
the surfaée of the- conveying roller 84; and an edge roller 86 .
defining an anéle at which the paper sheet P is fed out from

25 the_conveying roller 84. The conveying roller 84 is rotated



sheet P at a standstill so that recording is perforned for one line. After
novi ng the paper sheet P a predeterm ned di stance, 20 recording is

per f or redwbms/ 091364 next |ine. When a recording end signal POT/JROXI608RAl
indicating that the trailing edge of the paper sheet P reaches the
recording region is received, the recording operation is term nated and
the paper sheet Pis ejected. In t hid &ase, in each recordi ng head 64, ink
droplet 25 ejection is nore controllable and variation in the WO 03/ 097364

PCT/ JP03/ 06082, sufd sehRahaglenbsdi Ceid S Yeapr essed. Therefore, the ink-jet
recordi ng apparatus of this enbodi nent can performstable and high-quality

i mage recording. Arec nit, 67 for I . r LOF hection

failure in the record?ﬁg£%%§ﬁ§&§zﬁ?§ Bngggggr%%ﬁf%§%%§%tg%dghgﬁﬁgggéithe

recording region in the ink-jet r n apparatus., The recovery . unit 97
S Loafiat b

or.di , 0
i ncl udes a i FGCFartnIamelhey i Gh Pt APET B Iy FAFET PHe9ER¥ri age
63, while waiting for printing, stays next to the recovery unit 97, 10
havi ng t he ¥ dedieng shealisP 68e€ abidtl BiE (REVEEEPY nEP bt o Pedowr hReep t he
ink ejecting holes in a noist state, thereby preventing ejection failure
due to tShe dkgomingf hieakls Férvherin thwe neeger df ngoheestst 64, thei fnein
performng recording, eject ink that is irrelevant to the recording so as
to keep thesddtnilly wigeesiby 6f the davriejgectBng hwl s cansisantant bedeby
mai ntai ning stable ejection characteristics. In the case of the occurrence
of eJECt'Onafa%ﬂé“ﬁ%int receiving member 89 in the paper conveying_
direction, the ink-jet recording apparatus further includes: a
conveying roller 91 and a spur 92 rotated so as to feed the
10 paper sheet P toward the paper ejection direction in which the
paper sheet P is ejected; a paper ejecting roller 93 and a
spur 94 ejecting the paper sheet P onto the paper ejection
tray 56; and guide members 95 and 96 forming a paper ejection
path through which the paper sheet P is ejected.
15 At the time of recording, the recording heads 64 are
driven in accordance with an imagé signal while the carriage
63 is being moved. Thereby, ink is ejected onto the paper
sheet P at a standstill so that recording is performed for one
line. After moving the paper sheet P a predetermined distance,
20 recording is performed for the next line. When a recording
end signal or a signal indicating that the trailing edge of
the paper sheét P reaches the reéording region 1is received,
the recording operation is terminated and the paper sheet P is

ejected. In this case, in each recording head 64, ink droplet

25 ejection is more controllable and variation in the



the ink ejecting holes of the recording heads 64 are hernetically seal ed
by the capping part of the recovery unit 20 67. Then, air bubbles as well
as i nk arwoesiemet ed by suction fromthe ink ejecting holPes/IPtwmogth a t ube
by the suction part, and ink and dust adhering to the ink ejecting surface
of each recording head 64 are reaned by the cleaning part. Thereby, a
recovery is made fromthe ejection fai’®are. The extracted 25 ink is
ejected to a waste ink reservoir (not shown in the WO 03/097364

PCT/ JP03/ 06082-2 180 1drawsng) provigdadd n tragrbeyes, patd iefk-tjke main body 51
So as to be absorbed into and retained in an ink absorblng body i nsi de

embod ment SRR YL RECRERORE By (i Toe REAR. O] DARRRRF el old® °

present invention sqQ as.to acquire stable ej ection characteristics and
i nprove i meayEIIERELLFY Fﬁagﬁlg Mbdidrent, the present. invention is
applied to the ink-jet head. However, the present invention is also 10
applicable to a |iqui® deepVery ajredt ifgTREAPEIRET FgOVEpYeEE0oBf | i qui d
other than ink, such as a liquid resist for patterning or a DNA sanple.
Furt her 5 thsj¢wﬁ$ﬁnﬂfaimmeatimntms raisuiapgpheedbl @4 tics mmrvo.dgdvpoeshe
including an electrostatic actuator, such as a m cropunp, an optical
devi ce suchxAasidelsufkcao®-od ialormeyl at@lon ainriwe0SWkt-6 Bt ( Akesediret ay) ,
the actuator of a nulti-optical lens (an optical switch), a mcro-

flowreter, éﬁE%f%ﬂﬂé@ss%hé §@8§5@ry.unit 97 includes a capping part, a

suction part, and a cleaning part. The carriage 63, while
waiting for brinting, stays next to the recovery unit 97,

10 having the recording heads 64 capped by the capp;ng part so as
to keeb the ink ejecting holes in a moist state, thereby
preventing ejection failure due to the drying of ink. Furtﬁer,
the recording heads 64, while performing recording, éject ink
that is irrelevant to fhe recording so as to keep the ink

15 wviscosity of the ink ejecting holes constant, thereby
maintaining stable ejection characteristics.

In the case of the occurrence of ejection failure,
the ink ejecting holes of the recording heads 64 are
hermetically sealed by the capping part of the recovery unit.

20 67. Then, air bubbles as well as ink are extracted by suction
from the ink ejecting holes through a tube by the sﬁction part,
and ink and dust adhering to the ink ejecting surface of each
recording head 64 are removed by the cleaning part. Thereby,

a recovery is made ffom the ejection failure. The extracted

25 ink is ejected to a waste ink reservoir (not shown in the



[ El eventh Enbodi ment] 20 Any of the electrostatic actuators of the liquid
droplet ejecting heads (ink-jet heads) according to the above- descri bed
first thrwoghogisght h enbodi ments is applicable to a m cr@pwIpo3/dehB. 26 i s
a sectional view of a mcropunp having a 25 plurality of actuators to

whi ch the configuration of the WO 03/097364 PCT/JP03/06082 -81 actuators
of any of the liquid droplet ejecti ng8ﬁéads of the first through eighth
enbodi nents is applied. The actuators of the m cropunp according to the

el event h enogdi;nent pebvi A& PLESEN 1ioeenbhed §PrAE W &loaky515s68fas
di aphragns 13A provided between upper and | ower substrates 6 and 7, a

channel 11A foaor. causi flul o, f fal by j g 3A, a
plurality o O\?JI raats%ﬁg((i:hla%%ra{sndzg,&%\g%%\%?ggg gﬁlallor{r}éga at%@%ﬁ%%nﬁd%lA, and a
pressure correcting chanber, 23A provi.ded next to one of the vibration -
chamber Zlﬁqﬂ%tg‘ﬁdwiét%ojs?lﬂ CEX°déf or mabl e pl ate 14A configured to
deformnore easily than each di aphragm 13A_ is provided between the
pressure correcting cHambertim3Angndethecershid aPPATatHe oFi Bretion
chanbers 21A of all of the actuators comrunicate wth the pressure

correct bng aftmdieen?23AnployA Plainadargiofh éirktiodehs2RA &reaprovilded to
the diaphragm 13A of each actuator of the m cropunp. Each adjacent two of -

the el ectrogdesn2fragensuppbéecior idd asespestiweraieiilicaksediibrerent from
each other, so that the .
characteristics and improve image quality.
In this embodiment, the present invention is applied
to the ink-jet hea&. However, the present invention is also
10 applicable to a liquid droplet ejecting head ejecting droplets
of liquid other than ink, such as a liquid resist for
patterning or a DNA sample. Further, the present invention is
also applicablelfo micro devices including an electrostatic
actuator, such as a micropump, an optical device such as a
15 micro-optical modulator, a microswitch (micro-relay), the

actuator of a multi-optical lens (an optical switch), a micro-

flowmeter, and a pressure Sensor.

[Eleventh Embodiment]

20 Any of’the electrostatic actuators of the liquid
droplet ejecting heads (ink-jet heads) according to.the above—
described fifst through eighth embodiments is applicable to a
micropump.

FIG. 26 is é sectional view of a micropump having a

25 plurality of actuators to which the configuration of the



di aphragns 13A are caused to deflect. The defornmable plate 20 14A, which
forms a wall of the pressure correcting chanber 23A provided so as to
comuni cawe oaioe13seach vi bration chanber 21A, has its condaicriJesszososc| udi ng
a plate thickness set so as to have a deformation greater than the total
deformation of the diaphragnms 13A. The m cropunp may have a plurality of
25 pressure correcting chanbers 23A W33/ 097364 PCT/ JP03/ 06082 -82 The
di aphragns 13A each having the el ectrodes 22A are arranged side by side

al ong the fhLewdead Bctngnoef thhelidlid dirspithatibheify Uishdd @stha the
channel 11A. The diaphragns 13A are successively driven fromthe one on

the 5 rightcsj I h ;Tﬁ{gid l.h:Lhe flow ng direction of
the fluid) j;i%gp yﬁoﬁlggvgﬁgggés&ﬁ)&ﬁ% e egtsr %8gglé§2A. Thereby, the fluid

in the channel 11A is ﬁauseg H? flog t’n the direction i({\di c%teg by the
arrow in FIG 26, so CRSt2SHREFIUIY TS BeCrPRIERG TS % 8 4Pfir agms 13A
enpl oyed in 10 this enbodi nent nmay be replaced by a single diaphragm 13A.
Further, - aclavsatharpslipesti abdtke REESH9Sr SPVEREECPOoSPIT ch AlNTatAsY

channel 11A in order to increase the efficiency of the transportation of

the fluiid. JFhediamregms ldécprdihded datweesl apprtrharfbbeliemr ubstBathas

i ncl udes the pressure correcting chanber 23A comuni cating with each

vi bration chagier7 25Acmdnthel1defor mebhlsd npl dleididbot hndw defrarems oDt ke

easily than each diaphragm 13A. Therefore, when a difference is generated
diaphragms 1327, a plurality of vibration chambers 21A provided
along the channel 11A, and a pressure correcting chamber 23A
provided ‘next to one of the vibration chamber 21A in an end

10 position. A deformable plate 14A configured to deform more
easily than each diaphragm 13A is provided between the
pressure correcting chamber 23A and the channel 11A. The
vibration chambers 21A of all of the actuators communicate
with the pressure correcting chamber 23A.

15 A plurality of electrodes 22A are provided to the
diaphragm 13A of each actuator of the micropﬁmp. Each
adjacent two of the electrodes 22A are supplied with
respective potentials different from each other, so that the
diaphragms 13A are caused to deflect. The deformable plate

20 14A, which forms a wall of the pressure correcting chamber 23A
provided so as to communicate with each vibration chamber 21A,
has its conditions including é plate thickness set so as to
have a deformation greater than the total deformation of the

diaphragms 13A. The micropump may have a plurality of

25 pressure correcting chambers 23A.



bet ween the pressures inside and outside the vibration 20 chanbers 21A, the
deformabl e plate 14A provided to the pressure correcting chanber 23A

i rmedi at eWp odedi3ects to elimnate the pressure differenceChabPayeoshe

di aphragnms 13A deflect and deformdue to the pressure difference to cause
the malfunction of the m cropunp. Therefore, the m cropunp can 25 nmaintain
its function as a punp. WO 03/097364 PCT/ JP03/ 06082 -83 According to the
present invention, an electrostatic actuator and a liquid droplet ejecting
head havi ng stable aperatbpRrdi@rectirorrchhasathertist i@sdtoodesedphoyabl e
ina wde range of environnmental pressures can be manufactured at 5 | ow

cost by prg %99%,?% dead ghip wi b glmezefdomﬁgsamec@mﬁ ol tpart by
n exi

processi ng par sting el ement w thout ing a special elenment

such as a ure etegting.part urd cajiridge an ink-jet
recordi ng gé A atUst Eﬂh&%e %%56905h%% ugpqﬁm%ﬁgaggéé %%% be, provi ded. 10
The present invention is not limted to %? |f|§ﬁ dlsclg§ed
enbodi nent §iaphrayes i eth GFs éH&ceﬁﬁﬂY?}% ﬁ%y 9mb S Wit Kot

departing fromthe scope of the gresent invention.' The present
appl i cat i omibbtbasde oh Hifparésdtis wesreay dple ii8ath8nElNBIND002- 145300
filed on May 20, 2002 and No. 2002-259573 filed on Septenber 5, 2002, the

entire cogtieatsioh shitate mlﬁerbpyapmbmmnmlé@gby kef thervlectmpdes
03/ 097364 PCT/ JP03/ 06082

22A. Thereby, the fluid in the channel 11A is caused to flow
in the direction indicated by the arrow in FIG. 26, so that
- the fluid can be transported. The diaphragms 13A employgd in
10 this embodiment may be replaced by a single diaphragm 13A.
Further,  a valve may be provided at an appropriate position in
the channel 11A in order to iﬁcrease the efficiency of the
transportation of the fluid.
The micropump according to the eleventh embodiment
15 +thus includes the pressure correcting chamber 23A
communicating with each vibration chamber 21A and. the
deformable plate 14A that deforms more easily than each
diaphragm 13A. Therefore, when a difference is generated
between the pressures inside and outside the vibration
20 chambers 21A, the deformable plate 14A provided to the
| pressure correct;ng chamber 23A immediately defieéts to
eliminate the pressure difference before the diaphragms 13A
deflect and deform due to the pressure difference to cause the
malfunction of the micropump. Therefore, the micropump can

25 maintain its function as a pump .



-84 CLAIMS 1. Aliquid droplet ejecting head ejecting liquid droplets by
pressure waves caused by electrostatic forces, the 5 liquid droplet

ej ecti ng wead/091364 udi ng: one or nore nozzle holes ejecti mgTtIREs/d60gPUI d
droplets; one or nore pressure |iquid chanbers comrunicating with the
nozzl e holes and containing liquid tqQ.be ejected; a common |iquid chanber
comuni cating with the pressure |iquid“chanmbers one or nore 10 di aphragns
each formng a wall face of the corresponding pressure |iquid chanmber; one
or nore vibration chambessdimprdcaichiengraséngapns@rtvnjedni sleotntaciatiid h

t he di aphragns on an opposite side fromthe pressure |iquid chanbers; and
one or nor&.glach! Qfes 2 Pi ovi dediip 1epPeIect gy dhapnagn® o Braygd the 15
air gaps, the liquid droplets being ejecfed fromthe nozzl'e holes by

i ncreasing pressure inside.the re.liquid h er.s eflecting the
di aphr.agns f*%%§°3|é% Fgg%é?%éﬁ&g%%%ggléggg?a 2 6%3§$8f?§éég %%p ied to
the electrodes, the 1liquid, droplet ejecting head conprisin%: 20 a '
def or mabl e Pt FARAGs LB BE ?ﬂ?%lsp§F§§Pg?st?ﬁﬁlb%iqﬁﬂﬁ§ﬁ GBFSY i on of
the di aphragns, the deformable plate formng a wall face of the common

| i qui d Shardset ;cosrdba pre¥sdiry cotredct chgPchafber fovdided Rcedsyrsaid
deformabl e plate fromthe common |iquid chanber so as to 25 communi cate

W th the vidsratdodan pelranber srodds A3V 9364 o PCIH JEXNH DGRB8 21 em8bt without

adding a special element such as a pressure detecting part.
Further, an ink cartridge, an ink-jet recording abparatus, and
a micropump ﬁsing the séme can be provided.

10 The present invention is not limited to the
specifically disclosed embodiments, but variations and
modifications may be made without departing from the scope of
the present invention.

The present application is based on Japanese

15 priority applications No. 2002-145300 filed on May 20, 2002

and No. 2002-259573 filed on September 5, 2002, the entire

contents of which are hereby incorporated by reference.



2. The liquid droplet ejecting head as clainmed in claim1, wherein said
deformabl e plate has a thickness less than that of each diaphragm 5 3.
The |i quiwodsopilet ejecting head as clainmed in claiml, WwoEIRII08E d

def ormabl e plate has an in-plane length greater than that of each

di aphragm 4. The liquid dropl et ejecg% g head as clainmed in 10 claiml,
wherein a change in a total volunme .VO of an actuator chanber is greater
than or equal to 0.15 X Vo if a pressure of 53 hPa is applied evenly to
sai d defornmable plate, the change in tdiamstal volunme Vo being caused by
the deformation of said deformable plate. 15 5. The liquid droplet
ejecting head as clained in claiml, wherein said pressure correcting
chanber conprises a plurality of independent chanbers corresponding to the

vibration chanbers. 20, 6. ;0 .cakacaetal JO% QI SLAg: BiLLoMLY e
jecting head ejecting ink droplets y pressure ‘waves caused by
cLectr ostal I LoLggsy, S0 a0 DS ank SuPEID Il Lo sal 4 HLauLg digpl o
03/09736? PCT/ JPO3/ 06082 86-ejecting and, wherein the |iquid droplet
ej ecting heéquﬁélﬁH%E%et ejecting hea cluding: one or more nozzle
holes ejecting the liquid droplets; one or more pressure
liguid chambers communicating with the nozzle holes and
~containing iiquid to be ejected; a common liquid chamber
communicating with the pressure liquid chambers one or more
10 diaphragms each forming a wall‘face‘of the corresponding
pressure ligquid chamber; one or more vibration chambers
containing air gaps provided in contact with the diaphragms on
an opposite side from the pressure liquid chambers; and one or
more electrodes provided to oppose the diaphragms through the
15 alr gaps, the liquid droplets being ejected from the nozzle
holes by increasing pressure inside the pressure liquid
chambers by deflecting the diaphragms by the electrostatic
forces generated gy voltages applied to the electrodes, the
liquid droplet ejecting head comprising:
20 a deformable plate whose deformation is greater than
a total deformation of the diaphragms; the deformable plate
forming a wall face of the common liquid chamber; and
a pressure correcting chamber provided across said

deformable plate from the common liquid chamber so as to

25 communicate with the vibration chambers.



one or nmore nozzle holes ejecting the ink droplets; one or nore pressure

| i qui d chanbers conmunicating with the nozzle 5 holes and containing the
ink to bewejoaodmBey a common |iquid chanmber communi cati ngP@rtJROY/dses82pr essur e
| i quid chanbers; one or nore diaphragns each formng a wall face of the
correspondi ng pressure liquid chanber; gne or rmore vi bration chanbers
containing air gaps provided in contaé? with the 10 di aphragns on an
opposite side fromthe pressure |iquid chanbers; and one or nore

el ectrodes provi ded t @ opptee ltheidddaphtegns) dduiagghebeadi ¢lgarst ihhe ink
droplets being ejected fromthe nozzle holes by increasing pressure inside
the pressureihifuid gharbel sy detbestbng phecdiprhragne pyedd 1dss.

el ectrostatic forces generated by voltages applied to the electrodes., the
l'iquid dropl ej [ ead iL.si ng: a deformabl e plate whose
defornationt%éngﬁg% é?gt é%lcgggg%ééhdefornation of the diaphragns, the
deformable plate formng ,a wall face of the common |iquid chanber; and 20
a pressure correcting chanber provided across-said deformable plate from
the comon |iquid chanber so as to comunicate with the vibration
chambers® 7. An ink-jét- r &&6r difglapparrtals esingi head 25 anldimed érn head
ejecting ink droplets by pressure WO 03/097364 PCT/JP03/06082 -87 waves
caused by elkéetimost atherdior cedd tlhéorméb] etphetad haisnehudhnAgl ammeleaargtior e
nozzl e holes ejecting the ink droplets; one or nore pressure |iquid
chanber s cogmuateat tigh WiHaT ffe each diaphragm. '

4. The liquid droplet ejecting head as claimed in

10 claim 1, wherein a change in a tofal volume Vo of an actuator
chamber.is greater than or equal to 0.15 X VvV, if a pressure of

53 hPa is applied evenly to said deformable plate, the change

in the total volume V, being caused by the deformation of said

deformable plate.

15
5. The liguid droplet ejecting head as claimed in
claim 1, wherein said pressure correcting chamber comprises a
plurality of indepéndent chambers corresponding to the
vigration chambers.
20

6. An ink cartridge comprising:

a liquid droplet ejecting head ejecting ink dfoplets
by pressure waves caused by electrostatic forces; and

an ink tank supplying ink toAsaid liquid droplet

25 head, the ink tank being integrated with said liquid droplet



nozzl e hol es and containing ink to be ejected; a common liquid 5 chanber
comuni cating with the pressure |liquid chanbers; one or nore diaphragns
each formvog3@aised | face of the correspondi ng pressure | iPgWiJdoxdsastber; one
or nore vibration chanbers containing air gaps provided in contact with
the diaphragns on an opposite side fromthe pressure liquid 10 chanbers;
and one or nore el ectrodes provided td Oppose the diaphragns through the
air gaps, the ink droplets being ejected fromthe nozzle hol es by

i ncreasi ng py&ssuf Haagi de the pressure liquid chanbers by deflecting the
di aphragns by the electrostatic forces generated by voltages applied to

the 15 el ectrodes, th%h%E§%£e{hge@g¥g§gpgkéggg:efe§%g hlse ;i pkahgeyhose

deformation is.greater atota tion of the diaphragns, the
deformable plate formn I% face af. th commmn | i qui,d chanber; and a
pressure co&flpeccﬁ ﬁf&%&ﬁ%&?%ﬁ% FUet eacgcr]ﬁ]@s%ggi ot Zﬁr%é]#eo SralSt€ prate . from
t he common |iquid chanber so as to conmmunicate with the vibration
chanbers. 8O RLASSHFTD LEARALpORATPRF T i SRIFYB 2 BERS et o §PZ8RE or nore
di aphragns, the 'm cropunp including: a channel 25 in which the. liquidis
t ranspors edholde atidagiondgrieifior phagink WO 08/ @92884d PCGT/ JPO8/06848=1d- 88 wal |
face of the channel; one or nore vibration chanbers air gaps provided in
cont act wi t Bhihesicaphiagastong ani tppass trressude {i@md hehafwnnrel pnand a
plurality of electrodes provided to each of the diaphragns, the liquid
bei ng transgeried By apnragms each forming a wall face of the
corresponding pressure liquid chamber; one or more vibration
chambers containing air gaps provided in contact with the
10 diaphragms on an opposite side from the pressure liguid
chambers; and one or more electrodes provided to oppose the
- diaphragms through the air gaps, the ink droplets being
ejected from the nozzle holes by increasing pressure inside
the pressure liquid chambers by deflecting the diaphragms by
15 +the electrostatic forces generated by voltages applied to the
electrodes, the liquid droplet ejecting head comprising:
a deformable plate whose deformation is greater than
a total deformation of the diaphragms, the deformable plate
forming a wall face of the common liquid chamber; and
20 a pressurelcorrecting chamber provided across said

deformable plate from the common liguid chamber so as to

communicate with the vibration chambers.

7. An ink-jet recording apparatus comprising:

25 an ink-jet head ejecting ink droplets by pressure



5 increasing pressure inside the channel by deflecting the diaphragns by
el ectrostatic forces generated by voltages applied to the el ectrodes, the
m cr opunpwoenp9idsd ng: a def ormabl e pl ate whose def or mat i orCraPey@as2er t han
a total deformation of the diaphragns, the deformable plate 10 formng the
wal | face of the channel; and a pressg?e correcting chanber provided across
said defornmable plate fromthe channgl"so as to communicate with the

vi bration chanbers. 15 9. An electrostatic actuator including: a vibration

chanber havi-Rgsakah€asinPne sitdesthereofofesapanly iaxdijaphnegm def or mabl e
by an electrostatic force; an el ectrode provided opposite the diaphragm

and a pressyr ecting, chaymen ,,coamyp catdng. ihh +hhe: i bE Al 0l s ;

chanber, tﬁ%chggé%fe é%gﬁgrrect%ﬁé chaﬁger hébing?bgt Ieést a #%rsf"side

thereof formed by a defornable . par is dis Iacea%Le in. cqg{dance
[‘Yq% g 1n e

.par.t tgat

with an exX6r RAI MPFBSRIRT Uihe 1o e FBRTRTTE WO IATSF “aBfpf T 5T ng'S a part
that reduces an area of contact formed when the deformabl e part comes into
contact w M9zEl8eBoheEs sFufe B tainipHeipl et RS F&TEEL i AgCEHAMDer-Ih e
second si de opposing the WO 03/097364 PCT/JP03/06082 -89- defornmable part.
10. The5el etiambstatonmarctarmtioy adtél sheedrésswiailiiquid, chhsbers; @And east.
one projection is fornmed on a side of the 5 deformable part which side
opposes t herseserddsigierafmd kachpressiing eoraEctiang ofanher .

corresponding preséure liquid chamber; one or more vibration

chambers containing air gaps provided in contact with the

diaphragms on an opposite side from the pressure liquid

10 chambers; and one or more electrodes provided to oppose the

diaphragms through the air gaps, the ink droplets being

ejected from the nozzle holes by increasing pressure inside -

the pressure liquid chambers by deflecting the diaphragms by

the electrostatic forces generated by voltages applied to the

15 electrodes, the ink-jet head comprising:
a deformable plate whose deformation is .greater than
a total deformation of the diaphragms, the deformable plate
forming a wall face of the common liquid chamber; and
a pressure correcting chamber provided across said

20 deformable plate from the common liquid chamber so as to

communicate with the vibration chambers.

8. A micropump transporting liquid by deformation
of one or more diaphragms, the micropump including: a channel

25 in which the liquid is transported; the diaphragms forming a



11. The electrostatic actuator as clained in claim 10, wherein the
projection is formed of a material selected 10 froma group of silicon
oxi de andwpioBi9es oxi de. 12. The el ectrostatic actuator a®CrlIriansdsa n c
9, wherein at | east one projection is formed on the second side of the

pressure correcting chanber. 15 13. TB el ectrostatic actuator as cl ai ned
inclaim 12, wherein the projection”

“forned of a material sel ected

a group of silicon oxide and nitride oxide. 20 14. The electrostatic

actuator as;ohairged 6P €hai MarheWhene Brsusfacei vrighenichgmbsrpesior med on
the second side of the pressure correcting chanber so that surface

| ai m

from

roughness r ESojn e%ﬁﬁ%itg 15 | 20t InC sach
:ncludlng:g%f%tﬁ%éY%é?@GﬁﬁP C63?66085€Q-gd%§§6%%%?gﬁ'gﬁa gégﬁgiing at
east one side thereof fornmed by a . di aphragm deformabl e an._ .

el ect r ost at3 &S §FE8; tgﬁ (élilae%rﬁ]dd@n%laogﬁaﬁﬁgg)@boosfi)teg%tcﬁéf og% gp%%\élrﬁie%nd a
pressure correcting_ chanber comunicating with the vibration cgagber, t he
pressure 5 tGormeebt PRgLRR iR afgisng tae | od4td LIS (L ERFROFhET f or med
by a deformable part that is displaceable in accordance with an .external

pressur &, tierskedhgoptesseracingdsr thenphesnel:bwn dtflekitigapEkeent i ng part
formed on a second side of the pressure correcting. chanber so as to
prevent thejitprdetaknBhl €1pattostaahcs foekenggémetdieeds éyondlsades when t he

10

15

20

25

applied to the electrodes, the micropump comprising:

a deformable plate whose deformation is greater than
a total deformation of the diaphragmé, the deformable plate
forming the wall face of the channel; and

a pressure correcting chamber prévided across said
deformable plate from the channel so as to communicate with °

the vibration chambers.

9. An electrostatic actuator including: a vibration
chamber having at least one‘side thereof formed by a diaphragm
deformable by an electrostatic force; an electrode provided
opposite ?he diaphragm; and a pressure correcting chamber
communicating with the vibration chamber, the pressure
correcting chamber having at least a first side thereof formed
by a deformable part that is displaceable in accordance with
an external pressure, the electrostatic actuator comprising:

a part that reduces an area of contact formed when
the deformable part comes into contact with a second side of

the pressure correcting chamber, the second side opposing the



defornmabl e part cones into contact therewth, the second side opposing the
deformabl e part. 16. The electrostatic actuator as clainmed in claim 15 15,
wherei n tWe 0s09ki ng preventing part is a hydrophobic fil ®CT/JR¥3/06082e

el ectrostatic actuator as clainmed in claim15, wherein the sticking
preventing part is a conductive layer. 20 18. A liquid droplet ejecting
head conprising: a nozzle ejecting a1%%nnd droplet; a pressure liquid
chanber containing liquid to be ejected, the pressure |liquid chanber
communi cat | Agr Wddb1saifd rtnozzl e; and 25 an electrostatic actuator
pressurizing the liquid in W 03/097364 PCT/JP03/06082 -91 said pressure

| iquid chanber, the electrostatic actuator including: a vibration chanber
having at | east one side thereof forned by a di aphragm defornable by an -
el ectrostatic force; ,an electrode provided opposite the diaphtag and a 5
pressure ‘correcting cﬁﬁnbe?h%dﬁﬁﬁﬁ?@ﬁ%@ﬁécmﬁFﬁg?Tﬁf\ﬁﬁﬂé;ﬁ%ﬁﬁg %ﬁaﬂ%%?? t he
pressure correcting chanber having at least a first side thereof fornmed by
a def or nabl @ pEraraifaet deagt spradeebleCiivradEof68RRE I th HficeRteEhal
pressure, the electrostatic actuator conprising: 10 a part-that reduces an
area of Scontettrrfadriregparwhehithes tdd opraisles paet secomd simdeo ofomhact with a
second side of the pressure correcting chanber, the second side opposing

t he def or mapt&safd .correcting chamber.

11. The electrostatic actuator as claimed in claim
10, wherein the projection is formed of a material selected

10 from a group of silicon oxide and nitride oxide.

12. The electrostatic actuator as claimed in claim
9, wherein at least one projection is formed on the second

side of the pressure correcting chamber.

15
13. The electrostatic actuator as claimed in claim
12, wherein the projection is formed of a material selected
from a group of silicon oxide and nitride oxide.
20 14. The electrostatic actuator as claimed in claim

9, wherein surface roughening is performed on the second side
of the pressure correcting chamber so that surface roughness

thereof is increased.

25 15. An electrostatic actuator including: a



15 19. Aliquid droplet ejecting. head conprising: a nozzle ejecting a
liquid droplet; a pressure |iquid chanber containing liquid to be ejected,
t he presswpa3lodtged d chamber communicating with said nozzIpeT/Jaodea an

el ectrostatic actuator pressurizing the liquid in said pressure |liquid
chanmber, the electrostatic actuator including: a vibration chanber having
at | east one side. thereof forned by'929"di aphragm def ormabl e by an

el ectrostatic force; an electrode provided opposite the diaphragm and a

25 pressur i Poel, COMMENIIGaLENGnW § Nd he, MidyatrbeRe ¥\,
03/ 097364 Srcﬁl;'%]ar&%%}jogggggé 92 Y:hanber, t he p?essure correcting gha e?

having at least a first side thereof .for . I I at is
di spl aceabl aip%‘rﬁ ofiag%réa]@mf? h]O naneﬁleer%r?g‘ﬁ gﬁfg}éégugcgco%’ﬂ%%e%ég? ?(L)%(?%ti C
actuator conprising: 5 a sticking preventi ng part fornmed on a second side

of the pres¥RE-desy PERPFhES cRAFHEERIFaqE /t 870 BVRTRSTHE P&F6Fmib¥e part

fromsticking to the second side when the deformble part comes into
cont act t hesheamiltely, cohmusécahingivdicch dpsosithgathen deiaifdbl &hpaPEesI@r®0. An
i nk-jet recording apparatus conprising: an ink-jet head ejecting an ink
dropl et 5 t heoddetiely baasbeonipatisiqgit denszzhefefectiinig ttherenk Ooopedt ;

by a deformable part that is displaceable in accordance with

an external pressure, the electrostatic actuator comprising:

a sticking preventing part formed on a second side
of the pressure correcting chamber so as to prevent the
10 deformable part from sticking to the second side when the

deformable part comes into contact therewith, the second side

opposing the deformable part.

16. The electrostatic actuator as claimed in claim

15 15, wherein the sticking preventing part is a hydrophobic film.

17. The electrostatic actuator as claimed in claim

15, wherein the sticking preventing part is a conductive layer.

20 18. A liquid droplet ejecting head comprising;
a nozzle.ejecting a liquid droplet; |
a pressure liquid chamber containing liquid to be
ejected, the pressure liquid chamber communicating with said

nozzle; and

25 an electrostatic actuator pressurizing the liquid in



15 a pressure liquid chanber containing ink to be ejected, the pressure
i quid chanber communicating with said nozzle; and an electrostatic

act uat or woa@ss®umbL£i ng the ink in said pressure |iquid chacivapPys/iche

el ectrostatic actuator 20 including: a vibration chanmber having at | east
one side thereof fornmed by a dlaphrag m def ormabl e by an el ectrostatic
force; an el ectrode provi ded opposité the di aphragm and a pressure
correcting chanber communicating with the vibration chanber, the pressure

correct i ng Gharmbershavh npi @lid eastar2Sther slesitasthereattiotard by a
def ormabl e part that is WO 03/ 097364 PCT/ JP03/ 06082 - 93 di spl aceable in

accordance Jildhh Al exd & Nk IS Whkper! gv ELE L AL enBctyal of

conprising:” a part-fhat dlices an area o tact ormed when the
def or mabl e par (o] to con mnth on si_de ressure
correcting ﬁﬁ% gefﬁ% 8¢ 6h i 885??@%% é%?@rﬁ§8Fé tl%l An
i nk-j et recording apparat us conpr|5|ng an_ i nk- jet head ejectlng an ink

dropl et, 1EQUsE i AR- FEECHRRAP CBRIROSCNGPPasHER e ¢}iePhrag™ a2 ik dropl et :
a pressure |iquid chanber containing ink to be ejected, the pressure
l'i qui d 8hanberssoormuotcatiing wihambsai ¢ommori¢atirgndiity aheeVeb¥¢tEﬁQn|c
actuator pressurizing the ink

chamber, the pressure correcting chamber having at least a

first side thereof formed by a deformable part that is
displaceable in accordance with an external pressure,
the electrostatic actuator comprising:
10 | a part-that reduces an area of contact formed
when the deformable part comes into contact with a second side
of the pressure correcting chamber, the second side opposing'

the deformable part.

15 19. A liquid droplet ejecting head comprising:

a nozzle ejecting a liquid dropleﬁ;

a pressure liquid chambér containing liquid to be
ejected,.the pressure liquid chamber communicating with said
nozzle; and

20 an electrostatic actuator‘pressurizing the }iquid in
said pressure liquid chamber, the electrostatic actuator
including: a vibration chamber having at least one side .
thereof formed by a diaphragm deformgble by an electrostatic
force; an electrode provided opposite the diaphragm; and a

25 pressure correcting chamber communicating with the vibration



in said pressure liquid chanber, the electrostatic actuator including: a
vi bration chanber having at | east one side thereof forned by a diaphragm
def or mablwolwg/osnscel ectrostatic force; an el ectrode provi eeu/Jomywsss e t he

di aphragm
vi bration

first side
accor dance

and a 20 pressure correcting chanber' conmunicating with the
chanber, the pressure correcting chanber having at | east a

t hereof forned by a deforﬁﬁﬁre part that is. displaceable in
with an' external pressure, the electrostatic actuator

Conpri si Ngic2anarsSt LRKI Pl PHEMEHIIGcRaNY ERammsL 01aa nW02@31 094864
PCT/ JP03/ 06082 -94 second side of the pressure correcting chanber so as to

prevent the.defocmmpl g PALL: FZOM Lekingo k04N Serend side; when the

def or mabl e "part” comes

def or mabl e
dropl et ej

wherein: the liquid droplet ejectin

0 contact therew t second si de opposing the

art. 5 22. Aliquid I tridge int ti l'iquid
SPRGOREAN ati 3 T3S Uiy “F 4Rk SUBD FERGFrqui d t her et o,
g

head conprises: 10 a nozzle ejecting

a liquid droplet; a pehsfirasirogirdlenharbe tTotCaPAfgRehe’ |iquid to be
ej ected, the pressure liquid chanber comunicating with said nozzle; and
an el ecérostatic actuator presseking mgevheting pixuitbrimeds andapsessud e

| iquid chanber, the electrostatic

10
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side of the pressure correcting chamber so as to prevent the

deformable part from sticking to the second side when the

deformable part comes into contact therewith, the second side

opposing the deformable part.

20. An ink—jet recording apparatus comﬁrising:
an ink-jet héad ejecting an ink aroplet,
the ink-jet head comprising:

a nozzle ejecting the ink droplet;

a pressure liquid chamber containing iﬁk to be
ejected, the pressure liquid chamber communicating with said
nozzle; and

an electrostatic actuator pressurizing the ink
in said pressure liquid chamber, the electrostatic actuator
including: a vibration chamber having at least one side
thereof formed by a diaphragm deformable by an electrostatic
fqrce; an electrode provided opposite the diaphragm; and a
pressure correcting;chamber communicating with the vibraﬁion
chamber, the.pressure correcting chamber having at least a

first side thereof formed by a deformable part that is



actuator including: a vibration chanber having at | east one side thereof
formed by a di aphragm deformable by an electrostatic force; an el ectrode
provi ded wppasd13es t he di aphragm and a pressure correcti RgTORGNIBES2

conmuni cating 20 with the vibration chanber, the pressure correcting
chanber having at least a first side_thereof forned by a deformable. part
that is displaceable in accordance wiPA-an ext er nal pressure, the

el ectrostatic actuator conprising: 25 a part that reduces an area of

contact WO {3/0973681 ECTA JROH Q6082 wi8s harsrtemhean drkesdetor mabl e part
cones into contact with a second side of the pressure correcting chanber,

the second side opposing {he SEfONTRNLERALLLuS: 23 odiQug. Suppl y

cartridge integrating a liquird opl et ejecting head and a l'iquid supply
tank supplying liquid thereto, mherei@%ﬁthe Ii%uid dégglq&f%gg&gkﬁg head
?d 9 Iquid

conprises: a nozzle ejecting a® Pl HPIPCeT0%8 B 63 st &

chanber containing the liquid to _be ejected, the pressure Ilguid chanber
communi cat ifRFmwct Wheni Bhacgefermalle RATEl EEPPHSIRRG COACATt 8F Préssuri zi ng
the liquid in said pressure |iquid chanber, the electrostatic 15 actuator
i ncl udi Ag: seoonkr at.deno€ htndaprrdasringg carrkebsty orfardiage ther 88€°R%r med by a
di aphragm def or mabl e by an

side opposing the deformable part.

21. An ink-jet recording apparatus comprising:
an ink-jet head ejecting an ink droplet,
10 the ink;jet head comprising:

a nozzle ejecting the ink droplet;

a pgessure liguid chamber containing ink to be
ejected, the pressure liquia chamber communicating with said
nozzle; and

15 ’ an electrostatic actuator preésurizing the ink
in said pressure liquid chambér, the electrostatic acfuator
including: a vibration chamber having at least one side
“thereof formed by a diaphragm deformable by an electrostatic
force; an electrode provided opposite the diaphragm; and a

20 pressure correcting chamber communicating with the Qibration
chamber, the pressure correcting chamber having at least a
firsf side thereof formed by a deformable part that is.
displaceable in acgordance with an external pressure,

the electrostatic acﬁuatorlcomprising;

25 ‘ a sticking preventing part formed on a



el ectrostatic force; an el ectrode provided opposite the diaphragm and a

pressure correcting chanber comunicating wth the vibration chamber,
pressur e wWormseebng chanber 20 having at

t he

| east a first siaeTtiRey®os2 f or ned

by a deformable part that is. displaceable in accordance with an external
the el ectrostatic actuator ggnpr|5|ng a sticking preventing part

pressure,
formed on a 25 second side of the pr
03/ 097364 PCT/ JP03/ 06082

second S|de opposi ng the deformabl e part.

10

15

20

25

prevent the deformable part from sticking to the second side
when the deformable part comes into contact therewith, the

second side opposing the deformable part.

22. A liquid supply cartridge integrating a liquid

droplet ejectihg head and a liquid supply tank supplying
liquid thereto, wherein:
the liquid droplet ejécting head comprises:
a nozzle ejecting a liquia droplet;
a pressure liquid chamber containing the

liquid to be ejected, the pressure liquid chamber

communicating with said nozzle; and

an electrostatic actuator pressurizing the
liquid in said pressure liqﬁid chamber, the electrostatic
actuator including: a vibration chamber having at ieast one
side thereof formed by a diaphragm deformable by an
electrostatic force; an electrode provided opposite"the
diaphragm; and a pressure correcting chamber communicating

with the vibration chamber, the pressure correcting chamber

having at least a first side thereof formed by a deformable ..

part that is displaceable in accordance with an external

pressure,
the electrostatic actuator comprising:

a part that reduces an area of contact

sure correcting chanber so as to WO
-96 prevent the defornable part fromsticking to

the second ssidgd whes sherrdeforasble partecoims dhabeconbass tdierewi th,

t he
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formed when the deformable part comes into contact with a
second side of the pressure correcting chamber, the second

side opposing the deformable part.

23. A liquid supply cartridge integrating a liquid

droplet ejecting head and a liquid supply tank supplying
liquid thereto, wherein:
the liquid dropiet ejecting head comprises:

a nozzle éjecting a liqpid droplet;

a pressure liquid chamber containing the
liquid to be ejected, the pressure liquid chamber
communicating with said nozzle; and

an electrostatic actuator‘pressurizing the
liquid in said pressure liquid chamber, the electrostatic
actuator including: a vibration chamber having at least one
side thereof formed by a diaphragmAdeformable by an
electrostatic force; an electrode provided opposite the
diaphragm; and a pressure correcting chamber communicating
with the vibration chamber, the pressure correcting cﬁamber
having at least a firét side thereof formed by a deformable
part that is displaceable in accordance with an externél
pressure,

the electrostatic actuator comprising:

a sticking preventing pért fofmed on a

second side of the pressure correcting chamber so as to



WO 03/097364 PCT/JP03/06082
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prevent the deformable part from sticking to the second side
when the deformable part comes into contact therewith, the

second side opposing the deformablé part.



