21 Decenber 2006 - 1 DESCRIPTION, METHOD AND APPARATUS$ B nBELTIENG
LIQU D 5 Technical Field The present invention relates to a nethod and an
apparatus for ejecting liquid, such as ink drops, through nozzles to print
an inmage, etc., on a print nmedium: Background Art As an exanple of liquid
ej ection apparatuses which eject liquid fromnozzles, ink jet printers are
known in the art. Wth regard to print heads for inkjet printers, thermal
print heads which eject ink using thermal energy and piezoelectric print
heads which eject ink using piezoelectric elenments are known in the art.
In thermal print heads, one side of ink cells is covered with a nozzle
sheet having small nozzles, and heattng elenents are disposed in the ink
cells. Ink bubbles are generated in the ink cells by rapidly heating the
heati ng el enents, and ink drops are ejected fromthe nozzles by a force
applied by the ink bubbles. Fi gsDEAEGRIRTIIM are di agrans show ng an exanpl e
of a thermal print head chip a (serial type). Fig. 15 is a perspective
view of the print head chip a, and Fig. 16 is an 21 Decenber 2006 2

expl oded perspective view of Fig. 15 where a nozzle sheet g
METHOD AND APPARATUS FOR EJECTING LIQUID

3 Technical Field

The present invention relates to a method and an
apparatus for ejecting liguid, such as ink drops, through

nozzles to print an image, etc., on a print medium.

}) Background Art
As an example'of liquid ejection_apparatuses which
eject liguid from nozzles, ink jet printers are known in the
art. With regard to prinf heads for inkjet printers,
thermal print heads which eject ink using thermal energy and
i piezoelectric print heads which eject ink using
piezoelectric elements are knoﬁn in the art.
.In thermal print heads, one side of ink cells is
-covered with a nozzle sheet having small nozzles, and
heating elements are disposed in the ink cells. 1Ink bubbles
"1 are generated in the ink cells by'rapidly heating the
heating'elements, and ink drops are ejected from the nozzles
by a force applied by the ink bubbles, !
Figs. 15 to 18 are diagrams(showing an example of a
thermal print head chip a {(serial type); Fig. 15 is a

"perspective view of the print head chip a, and Fig. 16 is an




is shown separately. In addition, Fig. 17 is a plan vi eywpesBepbnehdshe
detailed rel ationship between an ink cell b (barrier layer f), a heating
el enent ¢, and a nozzle h. Ini Fig. 17, the nozzle h is shown by

doubl e-dotted chain lines on the heating elenment c. In addition, Fig. 18
is a sectional view of Fig. 17 cut along line A-A where the nozzle
sheet g is also shown. In the print head chip a, a base nenber d includes a
sem conductor substrate e conposed of silicon or the like and heating

el enents ¢ forned on one side of the sem conductor substrate e by
deposition. The heating elenents ¢ are electrically connected to an
external circuit via conductors (not shown) fornmed on the sem conductor
substrate e. A barrier layer f is conposed of, for exanple, a light- curing
dry filmresist, and is constructed by lamnating the dry filmresist on

t he surdxleoddd e sy iored octesr ofulfsitar-atle ehege whinokhzfilke shegti fig el enent s
c are forned, over the entire region thereof and renoving unnecessary

parts blyseﬁl”mm clRAG rEphy frodelss tiom addioti éd, lﬁhé Ré27| ¥igKeet g has a

plurality of nozzles h and is fornmed of, for exanp ni ckel, by using an
el ect r GHEPHiInG e Hif tfid edTie Lagions hdme de tyers raamlﬁkt 68110k the barrier
| ayer f such that the nozzles h are - ------- mmme me—--o- ---- 21

Decenbe®Pdgoe 3 layer £), a heating element ¢, and a nozzle h. In
) Fig. 17, the nozzle h is shown by double-dotted chain lines
on the heating element C.I'In addition, Fig. 18 is a
sectional view of Fig. 17 cut along line A-A, where the
nozzle sheet g is also shown.

In the print head chip a, & base member d includes a

)  semiconductor substrate e composed of silicon or the like
and heating elements c¢ formed on one side of the
semiconductor substrafe.e by deposition. The heafing
elements c are electrically connected to an external circuit

" via conductors {not shown) formed on the semiconductor

i substrate e.

A barrier laver £ is;compbsed of, for example, a light-
curing dry film resist, aéd is constructed by laminating the
dry film resist on the surface of the semiconductor
substraté e, on which the heating elements c are formed,

! over the entire region thereof and removing unﬁecessary

parts by a photolithography process.

In addition, the nozzle sheet g has a plurality of
nozzles h and is formed of, for example, nickel, by using an
électroforming technique; The nozzle sheet g is laminated

on the barrier layer f such. that the nozzles h are




positioned in accordance with the heating elenents c, phgkcerhBer Zagh t hat
the nozzles h are positioned directly above their respective heating
elements c. Ink cells b are constructed of the sem conductor 5 substrate e,
the barrier layer f, and the nozzle sheet g, such that the ink cells b
surround their respective heating elenents c, Mre specifically, in the
figure, the sem conductor substrate e serves as the bottomwalls of the
ink cells b, the barrier layer f serves as the side walls of 0 the ink
cells b, and the nozzle sheet g serves as the top walls of the ink cells
b. Accordingly, the ink cells b are ppen at the right front sides thereof
in Figs. 15 and 16, and are conmunicating with an ink path i via the open
sides thereof. Ink is supplied to the ink cells b only through 5 these
open sides, and is ejected fromthe nozzles h, which are the_only openings
in the pokitebhed biexosptrdance hel Operhe diafdsdnaNGLeEIen:S & sithdlte print
head chip a includes hundreds of heating elenents c and ink cells b

cont ai nisg shehhelatt nghe etzhentk are Ms Héamasy WBIrsrents 80°Yfe sel ect ed
in accordance with a command i ssued by a controller of a printer, and ink
cont ai nedein réepeekivelheabiedrebIPRING My to the sel ected heating
elements c is ejected fromthe nozzles h. 5 Nbre_sgegifically, in the
print head chilp qellsh iafle ZPIECIES Sdoheysemiconductor

5 substrate e, the barrier layer f, and the nozzle sheet g,
such that the ink cells b surround their respective heating
elements c. More specifically, in the figure, the
semiconductor substrate e serves as the bottom walls of the
ink cells b, the barrier layer f serves as the side walls of

0 the ink cells b, and the nozzle sheet g serves as the top
walls of the ink cells b. Accordingly, the ink cells b are
open at the right front.sides thereof in Figs. 15 and 16,
aﬁd ére communicating with an ink path i via the open sides
thereof. 1Ink is supplied to the ink cells b only through

5 these open sides, and is ejected from the nozzles h, which
are the only openings in the ink cells b except for the open
sides.

Normally, a single print head chip a includes hundreds
of heating elements ¢ and ink cells b containing the heating

0 elements c. The heating elements ¢ are.selected in
accordance. with a command issued by a controller of a
printer, and ink contained in the ink cells b corresponding
to the selected heatiﬁg elements c is ejected from the

nozzles h.

5 - More specifically, in the print head chip a, the ink




cells b are filled with ink supplied via the ink path p1Deesmb&poogk tank
(not shown) which is conbined with the print head chip a. Wen a current
pul se is applied to, for exanple, one of the heating elenents ¢ for a
short tinme such 5 as 1 to 3 mcroseconds, the heating elenent c is rapidly
heat ed, and a bubbl e of ink vapor (ink bubble) is generated on the surface
of the heating elenent c¢c. Then, as the ink bubble expands, a certain

vol unme of ink is pushed by the ink bubble. A part of the pushed ink
returns to the ink path i 3 fromthe corresponding ink cell b, and anot her
part of the pushed ink is ejected fromthe corresponding nozzle h as an
ink drop. The ink drop ejected fromthe nozzle h lands on a print medi um
such as a piece of paper. In addition, after the ink drop is ejected, ink
is 5 supplied to the ink cell b in an anount corresponding to the ejected

i nk dropebekoneatBernextdejsgehi @Ak spPIded $0n ©id i vliendtddh 6 eGlondn i nk
drop instantaneously at the tinme of 1nk e ection (at as high a speed as
possi bl &h, ihRetapkn (nsitdeBogay eah 0&h Lis Xcdmbimediwh tH &hofpdire i nk cells b
are preferably as small as possible and a pressure in the ink cells b and

t he nozzeed hhap &he Whae af cunkerfestilon is applkiet ald y s hi gh as
possi bl e. However, in such a case, a path resistance which occurs when ink

fl ows ieatamphe,inke @€l tsebheatiegsebemditorali gl g shdmndg imearsuch required
for refilling the ink cells b and a period at which ink ejection 21
Decénbes 20060 % microseconds, the heating element ¢ is rapidly
heated, and a bubble of ink vapor (ink bubble) is generated
on the. surface of the heating element c¢. Then, as the ink
bubble expands, a certain volume of ink is pushed by the ink
bubble. A part of the pushed ink returns to the ink path 1
J from the corresponding ink cell b, and another part of the
pushed ink is ejected frdm the corresponding nozzle h as an
ink drop. The ink drop‘ejected from the nozzle h lands on a
print medium such. as a piece 6f paper.
In addition, after the ink drop is ejected, ink is
.5 supplied to the ink cell b in an amount corresponding to the
ejected'ink drop before the néxt ejection. In order to
efficiently eject an ink drop instantaneously at the time of
ink ejection (at as high a speed as possible), the open
sides (area of L1 X LZ in Fig. 18) of the ink cells b are
) preferably as small as possible and a pressure in the ink
cells b and the nozzles h at the time of ink ejection is
preferably as high as possible. However, in éucﬂ'a casé, a
path resistance which occurs when ink flows into the ink
cells b increases. Accordingly, a long.time is reqqired for

refilling the ink cells b and a period at which ink ejection




is repeated increases. Accordingly, the ratio of an efpepktarbar®as(Sn) of
the open sides of the nozzles h and the area of the open sides of the ink
cells b (S =L1 XL2) is set to a suitable value 5 R (= Sn/Si). The ratio
R may of course be set to a specific value (depending on the ink-ejection
speed, the print precision, the print speed, etc.). In order to maintain
the size and the ejection direction of the ink drops ejected within
predeterm ned 3 ranges, the follow ng conditions nust be satisfied: (1)
The sum of the internal volune of the ink cells b and the internal vol une
of the nozzles his within a predetermned range; (2) Even if the pressure
inside the ink cells b i increases en the ink drops are ejected, the
sem conductor substrate e, the barrier layer f, and the nozzle sheet g are
reliably adhered to each other and ink | eakage does not occur; and (3) The
i nt er nalsvoepeetefl iheréakesells b does not change when the ink drops are
ejected. If the resolution is relatively |ow, such as 300 dpi, the
above- descr AP xdrdi kv orfiec arthe ot ikof edd ewittiieubreandfeasofigthhe
processing accuracy. However, when the resolution is increased to, for
exanpl ePPEDOS HPES op £ 1000 BipFzlemih ajrekttibon gy orfmdiice opsnafkfidesed by t he
accunul ati on of 21 Decenber 2006 6
of the ink cells b (Si = L1 X 1L2) is set to a suitable value
5 R (= 8n/8i). The ratio R may of course be set to a specific
value (depending on the ink-ejection speed, the print
precision, the print speed, etc.}.
In order to maintain the size and the ejection
direction of the ink drops ejected within predetermined
J ranges, the following conditions must be satisfied:
(1) The sum of the internal volume of the ink cells b
and the internal volumerof the nozzles h is within a
predétermined range;
(2} Even if the preséure inside the ink cells b
3 increases when the ink drops are ejected, the semiconductor
substrate e, the barrier layer'f, and the nozzle sheet g are
reliably adhered to each other and ink leakage does not
occur; and
(3) The internal volume of the ink cells b does not
} - change when the ink drops are ejected.
If the resolution is relatively low, such as 300 dpi,
the above-described conditions can be satisfied without
increasing the processing accuracy. However, when the

resolution is increased to, for example; 600 dpi or 1200 dpi,

ink ejection performance is affected by the accumulation of




processing errors and adhesion errors. In the above-destpebsbdgdoos head
chip a, since each ink cell b has only one inlet, if this inlet is clogged
with, for exanple, dust mixed in ink, an ink-supply speed at which 5 ink
is supplied to the ink cell b decreases and a sufficient anount of ink
cannot be supplied. In addition, since the open area of the inlets of the
ink cells bis normally greater than the open area of ejection holes of
the nozzles h, dust particles which travel into the ink cells b through O
the inlets thereof cannot always pass through the ejection holes.
Accordingly, there is a risk that the dust particles wll remin around
the heating elenents c. Wen the ddéﬁs'barticles remain on the heating
elenents c, it becones 5 difficult to eject ink drops normally. In
particular, as the size of the ink drops is reduced to achi eve high

resol utppocesBen@bores desand hath4y ol exdhecones nore severe. Thus, there

is arisk that ink drops of a predetermned volune cannot be ejected and
the i mage wiin tie Hhoveededardibeekipstintatheavdercpnipoiant sahoagebbb pat h of
ink. Accordingly, in order to prevent the ejection holes of the nozzles h
from beimg cédygedhast bntusoneconpeneni§ whishinteheisntbogoedaettinv th i nk
must be thoroughly cleaned and various kinds of dust-renoving filters nust
be pl ackelr agxBupde t i Phst posied ons. 10K, Beranders@d§ speed at which
5 ink is supplied to the ink cell b decreases and a sufficient
amount of ink cannot be supplied. 1In addition, since the
. open area of the inlets of the ink cells b is normally
greater than the open area of ejection holes of the nozzles
h, dust particles which travel into the ink cells b through
0 the inlets thereof cannot always pass through the ejection
holes.
Accordingly, there.is a risk that the dust particles
will remain around the heating elements c. When the dust
particles remain on the heating'elements c, it becomes
5 difficult to eject ink drops normally. In particular, as
the size of the ink drops is feduced to achieve high
resclution, the above-described problem becomes more severe.
Thus, there is a risk that ink drops of a predetermined
volume cannot be ejected and the image will be blurred.
J Dust exists at every point along the path of ink.
Accordingly, in order to prevent the ejection holes of the
nozzles h from being clogged with dust, components which
come into contact with ink must be thoroughly cleaned and

various kinds of dust-removing filters must be placed at

5 multiple positions.




However, since the anmount of ink supplied to the ink eeldesckhniiEdegases as
the print speed increases, if the neshes of the dust-renpbving filters are
too fine, ink cannot be supplied sufficiently quickly. Even if there is no
5 problemat first, dust will collect on the dust-renoving filters over
time and it will becone difficult for ink to smoothly pass through the
dust-renoving filters, and eventually, ink cannot be supplied sufficiently
qui ckly. Thus, the print quality will be degraded (for exanple, the O
image wll be blurred). The above-descri bed probl ens al so occur in

pi ezoel ectric print heads. The volqpeyof the ink drops ejected closely
relates to the internal volume of the ink cells b and that of the 5
nozzles h, and the processing accuracy of these parts nust be maintained
to mintain the volunme of the ink drops constant. In particular, when the
vol ume of eadtdwendkr dromeee)tdsd edudmnt arfje.nk Bappilsedwhenthkeinksol ution is
relatively |ow, the above-described processing accuracy does not have a 0
| ar ge i neliienbeintioweyes , ashene theinesspertd dmareadsegh, itthehevol une of ink
drops ejected is extrenely small, and high processing accuracy is required
accor di mgkes Abfhbughduestsrengvisechhithdty Ppossids & ing,ghindosaangte ‘
incurred in order to obtain high processing accuracy. Accordingly, a %
t echni goe auspbéed sVEHL¢Iewkl ¥ el oMl Dec sy idoGhere gs no

5 problem at first, dust will cecllect on the dust—removing
filters over time and it will become difficult for ink to
smoothly pass through the dust-removing filters, and
eventually, ink cannot be suppliled sufficiently quickly.
Thus, the print quality will be degraded (for example, the

0 image will be blurred) .

The above-described problems also occur in
piezoelectric print heads.
| .The volume of the ink drops ejected closely relates to
the internal volume of the ink cells b and that of the

5 nozzles h, and the processing accuracy of these parts must
be maintained to maintain the volume of the ink drops

constant. In particular, when the volume of each ink drop

ejected is large, that is, when the resolution is relatively

low, the above-described processing accuracy does not have a

2 large influence. However, when the resolution is high, the
Volume'of ink drops ejected is extremely small, and high
processing accuracy is required accordingly. Although this
is technically possible, high ﬁosts are incurred in order to
obtain high processing accuracy.

Accordingly, a technique has been used in which a

H




plurality of ink drops are delivered to the sane positpomecéa¥& woste IS
performed a plurality of times) to average the ink drops delivered, so
that variation caused when the ink drops are ejected and ejection failure
due to dust mxed in 5 ink becone indiscernible. A though this process is
effective for inproving the imge quality, even when the volunes of ink
drops ejected fromthe nozzles h and ejection angles thereof are constant
and the print head chip a has absolutely no defects, D printing is
performed nore than once and the ink drops are repeatedly delivered to the
sane position. Therefore, there is % problemthat a long printing tine is
required. This contradicts to the requirenents of the market for high
print speed. 5 On the other hand, print heads for line printers in which
mul tiple print head chips a are arranged along a print line and which do
not novelakahytyhef pinhtdtome abue ideliverent itng tee skmewpoisitttbe art. I n
this construction, however, it is difficult to performoverwite a
pl ural i fgvefwriteess azextsonédet phovd. i tAs cfeddmelseéd tabeverage the known
constructions, difficulties regarding processing accuracy and neasures
agai nstigkstrape ¢ativeredi cshiget esglirtiion sedskidghhepeddie pnknting. 21
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drops are ejected and ejection failure due to dust mixed in
5 ink become indiscernible.
Although this process is effective for improving the
image quality, even when the volumes of ink drops ejected
from the nozzles h and ejection angles thereof are constant
and the print head chip a has absolutely no defects,
0 printing is performed more than once and the ink drops are
repeatedly delivered to the same position. Therefore, there
is a problem that a long printing time is required. This
contradicts to the requirements of the market for high print
speed.
3 On the other hand, print heads for line printers in
which multiple print head,chips a are arranged along a print
line and which do not move along the print line during
printing are known in the art. In this construction,
however, it is difficult to perform overwrite a plurality of
) times as described above.
As described above, in the known constructions,
difficulties regarding processing accuracy and measures

against dust are barriers to high-resclution and high-speed

printing.




Enbodi ments of the present invention provide a nethod2amicambaprmsat us for
ejecting liquid wherein the processi accuracy of an ejection unit for

ejecting liquid, such as ink, can be-easily increased, and both high
print quality and high print speed can be achieved by reducing the
variations in the volunme of liquid, such as ink drops, the ejection angle
t hereof , @tiecloever whelnvdustions m xed in liquid, such as ink, and
preventing a reduction in a |iquid-supply speed at which |liquid, such as
ink, is supplied toEnhedéjnectsonfuhhe. pPesehbsidvheLeon i sravidguad

ej ection apparatus conprising: a plurality of_energy-generating units
provi ded Eﬁt§0€a§8dn§ﬁbéppaFﬁgHFdféél?%G?Fbﬂge%aﬁﬁﬁg,Whﬁkel%eth%) f or
pressurizing Ii%uid for exangle inkg with energg genergted by the
ener gy- geREPSEPRG ENFES U ahd ©ho321 84CREYPAGURT EcfPBRChSFEL P or ej ect i ng
the Iiquidg; whjch_j.s,PLES iz IRt { gui he nozzles
i's disposgéqgggvesggghégfig é gggrgﬁ-ggﬁé%gt%ﬁ%ggééé?éFgﬁﬁ g%tltion, first
open sidesigh phenfogahestyWahahhigeept et eopE8y - g8nehat LB A4S serve as
liquid inlets and second open sides of the nozzles serve as the ejection
hol es, sobvhatdiunneg spacesrobtibesndzzties setwee af lheuidqusdcicel |'s, 21
Decenber 2006 10 the liquid cells not being provided separately.

Accor di ng2folBkf {¥spsaspbet epecthenpregbptthereof, etc., even when

dust is mixed in liquid, such as ink, and preventing a
reduction in a liquid-supply speed at which liquid, such

as ink, is supplied to the ejection unit.

Disclosed herein is a ligquid ejection apparatus
comprising: arplurality of energy-generating units
--providéd on a base member, liquid cells (for example, ink
cells) for pressurizing liquid (foﬁ example, ink) with
energy generated by the energy-generating units, and
nozzles having ejection holes for ejecting the liquid
which is pressurized in the liquid cells. Each of the
‘nozzles 1s disposed above each of the energymgeﬁerating
‘units. In addition, first open sides of the nozzles
which face the energy-generating units serve as liquid
inlets and second open sides of the nozzles serve as the
ejection holes, so that inner spaces of the nozzles serve

as the liquid cells,




invention, there is provided a |iquid ejection apparat ¥3 peeemBet Sogesg: a
plurality of energy-generating units ﬁrOVIded on a base nenber; liquid
cells for pressurizing liquid with e grgy generated by the
energy-generating units; and nozzles having ejection holes for ejecting
the liquid which is pressurized in the liquid cells, wherein a

l'i qui d-f | @neng igaceaniltish natheleghy efodidedpseyiadedchgt ween the base
menber and a nenber in which the nozzles are forned and the nozzles are
arranged such that E&RTEfNChéCepediirsh REPESti &fpltace8reabbie each of the
energy- geﬁ%%%h%ﬂ%nun%%%mewﬁ%r%&Bv&ﬁ%@ta09§auu§%%%%tggnt5@?4%%%6'es whi ch
face the |iquid- flomﬁng space serve as l1quid i'nlets and second open sides
of the noE@mﬁngS@qwéia@uthéltﬂeﬂﬁ|anﬁrbmfgsnenailMHaunLhm@Hﬁypdeés of the
nozzl es serv yi |d cel.l s_not. bei Decenber
2006 - 1 % sp§%%%3&; sgpagé :#!%Ellg Iesﬁﬂ¥lzﬁogl ﬂ?hépg%§%e55|on i's
sat|sfiedenbkgyE@emﬁﬂd&eﬁhbyetmhnamargyagenémammngonemtbengkhn@&zléhe i nner

spaces of . the nozz S. |n the e ectiagn hal es nd the liquid inlets.
Apcordinghﬁg a9 sl §8£ Iiﬁ@eﬁ £ie %k rL%ﬂBﬁ?l%?F]%Hé%e is provided a
1liquid ej petkotr BpRariat 4ge Eﬁgﬁki%bmgs , GwidAH13] ot ¥ 18hi@nerlgMngenerating
units provided on a base ne and a hol | owsection-fornmed nenber which

is d|spo§€acﬁdﬁv€1ﬁh@eéEEFg?ﬁébﬁérQFPHbd%ﬂnh%¥W§ﬁ6 Ehe bR sehmegher ndri cal
hol | ow seghliofSndHifer! QhITRA ofl iRl rBRERes! 488 RfmekiNgnd Al HoaeELs NS whi ch

face the energy-generating unit
"are arranged such that each of the ejection holes is placed

above each of the energy-generating units, wherein first open
sides of the nozzles which face the liquid-flowing space
serve as liquid inlets and second open sides of the nozzles
'serve as the ejection holes, so that inner spaces of the

-nozzles serve as the liquid cells, the liquid cells not being




serving as liquid inlets and second open sides of the holdeeumbsesigsons
serving as ejection holes for ejecti liquid, wherein a liquid-flow ng
space whi ch communicates with the 1igdid inlets is provided between the
base menber and the hollow section-forned nenber, and wherein the

foll ow ng si [ tisfied: H.< 1! ere i.S..a_hel ght of
the Iiqui 8;?%?%&%5%%582%% %‘r‘% ﬁ’glieglé%n m%]re: nryﬁ%iégﬁgl%er&%%égn ?lﬂe hol | ow
sections. sAetafitkdig H & amihiv¥ad vaspectmoh ide praseah opgdivarhigen, ofhere is
provided a_li q]ilili d ejection apparatu conprising: a plurality o

, f
ener gy- gemBFat P FRACESpPH FOZghed P HeRbEPe ¢ P cBPLES T or

pressuri zipng th&uiGuwidt iniener gy generated by the energy-generating units;
ejection holes for ejecting the liquid which is pressurized in the |liquid

celI's; and a hol | owAseerdigry fror redermrbersprivtchf | the giregesed above t he
ener gy- geggraling uplLsoand Lo whiah, eylindrical;hollow sections are

formed, t oW sectrons “'serving as t i quitd cel Mg and the

ej ection hohpsisirgh at patrdhiey icfuetetdpvgerdiaeibfendiald @roseakdons through
first open sides of the hol|ow sections which face the energy- generating
units, isOPrasing FEAPGF{ rPhér §plierietetid®mryorned mambegy WhéRRrati ng

uni ts, and;bsolPiRde! BROUGE S0CaRHePREMNy $hies Siq Lhe Whalhow secti ons,
wherein,a liquid-flow ng space 21 Decenber 2006 - 10b which comruni cates

with the Fryundricdlehslliew praptiided beewewmed, héibsiseoprmnisédeandft he

h0||OMFseEBéOE5ffgwﬂ%gc 18%§”th%ﬂdface the energy-generating units
serving as liquid inlets ahd second open sides of the hollow
sections serving as ejection holes for ejecting liquid,
wherein a liquid-flowing space which communicates with the
liquid inlets is provided between the base member and the
hollow-section~-formed mehber, and wherein the following
expression is satisfied: H < Dmin/V2 where H is a height of
the iiquid—flowing space and Dmin is a minimum open length of
the hollow sections.

| According to a third aspect of the present

invention, there is provided a liguid ejection apparatus
comprising: a plurality of energy-generating units provided
on a base member; liguid cells for pressurizing liguid with
energy generated by the énergy—generating units; ejection
holes for ejecting the liquid which is pressurized in the
liguid cells; and a hollow-section-formed member which is
disposed above the energy-generating units and in which
cylindrical hollow sections are formed, the hollow sections
serving as both the liquid cells and the ejection holes such
that the liquid flows into the hollow sections through first
open sides of the hollow sections which face the energy-
generating units, is pressurized with energy generated by the
energy-generating units, and is ejected through second open

sides of the hollow sections, wherein a liquid-flowing space




wherein the follow ng expression is satisfied: H < Dm pnf'ptéempbesgsH is a
hei ght of the liquid-flow ng space a Dmnis a mninumopen |ength of
the hol | ow sections. According to a f th aspect of the present
invention, there is provided a liquid ejection apparatus conprising: a

plurali tyw%ficﬁng&gﬁ’dn%ﬁ%éét&%% .%t”'et AL it | ded . on.a baélec% TERReoed | QUi d
cells for préssurizing I'rquid ' w ENEr gy generafe%r%y He

ener gy- gendeabafig nitibks; andd o 2zl1esw—hawt intgh-Eoentbd onerigd €S ahar ej ecti ng
the liquid which is ressurized in the |iquid cells, wherein a

i qui d- | FRERGL™ Sic €OMLPYLEG HERFRESOPN H S Sabiatiadd Hhet WBER/Vhe base

menber  apgdea.NErer hBiuht Chr the 1924} &SrRY8 nhOEPRC: alith PRENOE s NDr e
support nenbers which maintain the height of the Tiquid- flow ng space

const ant aieimwm arged lengbh paf tthef hohéov i spdtdonkl owi ng space, wherein the

nozzl es are arrangeq _such. that _each of the ejection haoles . is placed above
Cach of the “enor oy oEhERuld'Ye anfPlrtluasdeel FF U % Bt es of ¢ he

nozzl es Wihebntfasg ttherki gsigkddiomdng spacel sgeveias dppgHrattusi nlets and
second open sides of the nozzles serve as the ejection holes, so that
i nner spaCe8PBISHIE RoPFPERL Kl v §8CTrPYidqnedaldne efrsts tHeVErgdi d cel | s

notbei ng o Vit negRar o ey 291 8Nes i Ll hoW g expreRsi on i s

satisfied: H< Dmn/"J2 where ni1s a mninumopen |ength o t he i nner
spaces of enhegnorziegstedchydiing enkeeggieeidron ihgl esitandirtcheckegesd inlets

nher ol Ly SHeT NSRS ALINO Ml L3Rl Erg AU0084,00 e brged merber
lines al opgedsurized in the liquid cells, wherein a liquid-flowing

| space with a height of H is provided between the base member
and a member in which the nozzles are formed and cone or more
support members which maintain the height of the liquid-
flowing space constant are arranged in a part of the liquid-
flowing space, wherein the nozzles are arranged such that
each of the ejection holes is placed above each of the
energy-generating units, wherein first open sides of the
nozzles which face the liquid-flowing space serve as liguid
inlets and second open sides of the nozzles serve as the
ejection holes, so that inner spaces of the nozzles serve as
the liquid cells, the liquid cells not being provided
separately, and wherein ﬁhe following expression is
satisfied: H < Dmin/v¥2 where Dmin is a minimum open length of
the inner spaces of the nozzles including the ejection holes
and the liguid inlets wherein the energy-generating units are
aligned on the based member, wherein a plurality of the
'support members are arranged in a plurality of lines along a
direction in which the energy-generating units are aligned,
and wherein an arrangement interval of the support members on
one of the lines is different from an arrangement interval of

the support members on another one of the lines.




direction in which the energy-generating units are ali gneshcemdBe20dser ei n an
arrangenment interval of the support_ ers on one of the lines is
different froman arrangenent interv f  the support nmenbers on anot her
one of the lines. 21 Decenber 2006 - 10c According to a fifth aspect of

the present  inventhono:iiared s piowi dedhad Lauid oseiin apparatus

conprising:. a pIurafﬁty 0 ner gy- gener at’i unit's ovided on a base
menber; andvanhobhoviiseet ionpforived aebbearidvdjcletisn abspesed above the
energy-generating units.and in which cylindrical hol|ow sections are
formed, fiEPToP "siadé’éuEFllWIéDﬁﬁPPB SERGGS PR RE S RO ViLAE

ener gy- genrgr at bige Uitinlsr; SERN | NhAS obil Sk-€h drl Rfrfe8NfeRSeong ieReNs si des of
the hollow sections serving as ejection holes for ejecting liquid,
wher ei n a disgosed faksien hs pererdriochesahinmiwdites andt Hn twhedch i quid inlets

is provid t S her d hal.| ian-forped nenber,
wher ei n tﬁ§1?§§¥§§¥héﬁﬁ%§%rg%éﬁiﬁﬁ% §%§a¥%§%¥%dgaﬁggf§ﬁéﬁﬂé% Swﬁgfe His a
hei ght of thehkollgquistdilions ighispadacanthdrbrnergy-aenenatitg apens| engt h of

t he hol | ow sections, .and wherein one or nore support nenbers _which

mai ntai n CREVARY gt 0N A M A SRFARY hste S1eBRsthrt ealelafPYanged in a

part of thectisw dedh@Wgngs SR ion UBEES! fbl RS LRERGYT ORNGf ating units are
aligned on the based menber,” wherein a plurality of the support nenbers
are arraifedeim a lglawidrfigvwisig ISpaes @l bry comtiunécaton withwiheh the

energy- gerl‘?&g_{éi rﬁ%l%@ist iSa}E)]_eO\%l.Cieqp %gtwggrq ell\@ee%%isg r%(re]nber and the

hollow-section-formed membér, wherein the following
expression is satisfied: H < Dmin/V2 where H is a height of
the liquid-flowing space and Dmin is a minimum open length of
the hollow sections, and wherein one or more support members
which maintain the height of the liquid-flowing space
‘constant are arranged in a part of the liquid-flowing space .,
wherein the energy-generating units are aligned on the based
member, wherein a plurality of the support members are
arranged in a plurality of lines along a direction in which
the energy—generating units are aligned, and wherein an
arrangement interval of the support members on one of the
lines is different from an arrangement interval of the

. support members on another one of the lines.

According to a sixth aspect of the present

- invention, there is provided a liquid ejection apparatus
comprising: a plurality of energy-generating units provided
on a base member; liquid cells for pressurizing liquid with
energy generated by the energy-generating units; ejection
holes for ejecting the liquid which is pressurized in the
liquid cells; and a hollow-section-formed member which is
disposed above the energy-generating units and in which
cylindrical hollow sections are formed, the hollow sections

- serving as both the liquid cells and the ejection holes such




arrangenment interval of the support nenbers on one of bh®ecthmB&S2008
different from an arrangenent interv%k) f the support nenbers on anot her
one of the lines. According to a sixt spect of the present invention,
there is provided a liquid ejection apparatus conprising: a plurality of

ener gy- gener.at | 1. vi de a,_base nenber: lj.quid.cells, for
pressurizgﬁﬁ%lFg%i%ﬂ%#%%gﬁgﬁégﬁgxbgﬁgr% gd”%f*?ﬁéogﬁe¢%§¥6%he%5?Fng units;
ej ection opehesifies «f etk ngllde decqtibis Withicdh ifsicpr ess Wriezeg-in the 1iquid
cells; and a hollow section-formed nember which is disposed above the
energy-geﬁ@PﬁF?EannﬁQ%§sanHSiPF?ﬂﬁWEHZe@yw}?ﬁhqqﬁégyh6??%%@@?@%PVOH%eare

forned, tQﬁeE@&Lﬁﬁhé¥%ﬁﬁman§nié%%r%ﬁﬁ@i@seﬁﬁﬁﬁb&'%ﬁrbhﬁHi§ééHHd %Féﬁd the
ej ection hol es” such 21 Déecenber 2006 - 10d that the liquid flows into the
hol | ow seeétideasof hrlwudieliipv ssectdpess, sivdeseof a Hdghotit Blewsiegt spasewhi ch face

the energy;.generatin nits, . s.pressurized wth eneraq: erated by the
energy-geﬁg%gﬁi%%%ﬁﬁpg?%eﬁnw'?§%%Fe§%gﬂl?ﬁygﬁﬁﬁ ééc%ﬂﬁ%%%%ﬁ%eéwa%% of the
hol | ow segheoBsse whetteirnand| tigind1flbawsagr Sace rmehi ednsMiREeaies W th
the liquid inlets is provided between _the base nenber and the

hol | ow se&bEoRR HRHEYW FERBEFSISthdFerAtished ol swWPRE 6\ réssrol 18

satisfiedy FefghMdY i M&ﬁfd#.lio%ing %&&%t of phitg {4 WindyfikgW ng space
and Dmin is a mninmum opehn length of the 5¥1om15ect|ons, and wherein one
or nore spppotengtiniodr shehehlovaispthions herldewphtreth drtee dri gard- f1 ow ng

space conglant ane i angRr N3 Rt Ale 8 ghtIMEdre 1iquia-
flowing space constant aré arranged in a part of the liquid-
flowing space., wherein the energy-generating units are
aligned on the based member, wherein a plurality of the
support members are arranged in a plurality of lines along a
direction in which the energy-generating units are aligned,
and wherein an arrangement interval of the support members on
one of the lines is different from an arrangement interval of
the support members on another one of the lines.

According to an seventh aspect of the present
invention, there is provided a ligquid ejection apparatus
comprising: a plurality of energy-generating units provided
on a base member; liquid cells for pressurizing liquid with
energy generated by the energy-generating units; and nozzles

having ejection holes for ejecting the liquid which is

pressurized in the liquid cells, wherein a liquid-flowing
space with a height of H is provided between the base member
and a member in which the nozzles are formed and one or more
support members which maintain the height of the liquid-
flowing space constant are formed integrally with the member
in which the nozzles are formed on a side of the member which
faces the liquid-flowing space, wherein the nozzles are

arranged such that each of the ejection holes is placed above




fl owi ng space , wherein the energy-generating units argq pakégp&hoes t he
based nenber, wherein a plurality of .the support nenbers are arranged in a
plurality of lines along a directi ~ort%n "whi ch t he energy-generating units
are aligned, and wherein an arrangenent interval of t he support nenbers on
~one of the_| s different fr m an_ arrangement terval of he support
"~ menbers oﬁa(éfﬁ P oRBSBTY I8 TP N&R% %JCOI"dI Sr’?Jon Sy ERER Salsp%sct of the-
present  bAveid Ier’Zzl'EeBe\m&fldi’S ﬂ@rc@vm@dliaqdlcqmldw@h@cépm appae adsls

conpri si ng bo?l urality of energy-generating units provided on.a base
menber ; 4dtt cgtlied st ord preseagr PE?ﬁgSJrcik“cﬁu W MoeiEsy PegdRed at ed by the

energy- gepgé %jélgzl%ﬂ' Eéleén%d“%él:e%né\?@ﬂé%egl SELIRN 01887 Q&R €CLI NG

the liquid whith is pressurized in th quid cells, wherein a
l i quid-flownitige Spmde eeile.a thei ghguod ¢$Jll§ ppbvbeetecg eowadadt he base

menber and a %qmtg( nﬁavgg ich thﬁ nﬁ Jges are fogrred anosl one or nore
support nBIETS i cfi TR FHE hRr R g SFRe ??Jqoﬂﬂ d> 1 ow ng space
const ant aaeidOidRda At BeIBINZY whekd bDhien MRTBeRninimmwpeh theghiozzt es are

formed on a side of the nmenber which faces the |iquid-flow ng space,
wher ei n t hee nByAresrares of thggBaziieh %Wdéﬁaht}éﬁ etJI%CtéP@c}ﬂ?Jeﬁrs hol es is

pl aced abgyg 4l Qg&g e{nfe()c%G 10e each of the energy-generating units,

wherein first open si of the nozzles which face the |iquid-flow ng
space serve as |i qﬂwmbndﬂngt soaaml es:eﬁrtﬁudaepent sifdeheoprebenthozzl es serve as
the egj ectton al es, 20 t hat i nner spaces the npzzl es serve

nven 1on, ere is prov1de 1qu1d ejection apparatus

comprising: a plurality of energy-generating units provided
on a base member; and a hollow-section-formed member which is
disposed above the energy-generating units and in which
cylindrical hollow sections are formed, first open sides of
-the hollow sections which face the energy-generating, units
serving as liquid ihlets and second open sides of the hollow
sections serving as ejection holes for ejecting liquid,
wherein a liquid=-flowing space which communicates with the
liquid inlets is provided between the base member and the
hollow-section-formed member, wherein the following
_expression is satisfied: H < Dmin/V¥2 where H is a height of
the liquid-flowing space and Dmin is a minimum open length of
the hollow-sections; and wherein one or more support members
- which maintain the height of the liquid-flowing space
constant are formed integrally with the hollow-section-formed
member on a side of the hollow-section-formed member which
faces the liquid-flowing space.

According to a ninth aspect of the present
invention, there is provided a liquid ejection apparatus
comprising: a plurality of energy-generating uhits'provided
on a base member; liquid cells for pressurizing liquid with
energy generated by the energy-generating, units; ejection

‘holes for ejecting the liquid which is pressurized in the




as the liquid cells, the liquid cells not being provi dedpDesshBéaicesy, and
wherein the follow ng expression is gttsfied: H < Dmn/'12 where Dmin is
a mnimum open length of the inner é@ ces of the nozzles including the
ejection holes and the liquid inlets. According to an eighth aspect of the

present i 9&89&'8&111 hSBS é%o‘?fl%‘&)—@%gtf‘oﬂf 'f%‘ﬂn%d {n&rﬁ%ér_or%«ha% agatus

conpri si ng: | ur Ener a units provided “on a base

menber ; addspoﬁmﬂIamwweethecwnéngymgdnaﬁmhﬁﬁ;whueb asd 1H spasad above the
ener gy-gen | i ndrical hO||OM/S€CtI0nS are

eratin n and i n which
f or med, Fwi%n x Lispaiéo‘tﬁfseqtﬁé’“ﬁofﬂ:%mg@’é‘“@ﬁ'oﬁgev\mjc]k?"f SeEtLpRS

ener gy- geReraindiths WBkhSthoergug as1is ad chal 85 s-and, seaeadsgpen sides of
the hollow sections serving as ejection holes for ejecting |Iiquid,

wher ei n athefuilee fliiowidgt beyee dnilei €he clordinhani eacésow thhnowgh Figsfd inlets
is provid et ween th the IIo section-fornmed nenber,
ﬁgeﬁo%l},%e% otf Ehg%o%_ln%n%% Ig :Lch atI:_F:< }ﬁn CRRIgYhere His a

wherein t expressi on XS sa i"s¥ied!

hei ght of gehélﬁaﬁ]irﬁyuudifb pviNPprepacei add WBrvhnehsrgy Ngetidnareapen tiengt h of
t he holl ow sections, and wherein one or nore sugrort nmenbers whi ch

mai nt ai n ERSTRETHRETBE L8 M tdui 8DFI b3 HiESH9c BRI 1369enar €P¥r e d
integral | yiMad hyt Qﬁehﬁbi% SeeLigRsf %ﬂ%lﬂ@@f&u%ﬂ]&hﬂﬁ obadde

hol | ow section-formed nember which faces the TTquid-flow ng space.
Accor di ngwk&cha gutmuhiespestwidh the pi@sightinlehyebs |mvudleelr betweqr ovi ded a

| aui d_e] eELTON ARBRLEE Uha SHIPRETLON: b eRLHT 8L HerlS! SYRGEDRT 21T O
the following expression is satisfied: H < Dmin/v2 where H is
a height of the ink-flowing space and Dmin is a minimum open
length of the hollow sections, and wherein one or more
support members which maintain the height of the ink-flowing
space constant are formed integrally with the hollow-section-
formed member on a side of the hollow-section-formed member
which faces the liquid-flowing space.’

According to a tenth aspect of the present
invention, there is provided a method for ejecting liquid
through nozzles having ejection holes, the method comprising
the steps of: disposing a liquid-flowing space with a height
of H between the base member and a member in which the
nozzles are formed; arraﬁging the nozzles such that each of
the ejection holes is pléced above each of the energy-
generating units, wherein first open sides of the nozzles
which face the liquid-flowing space serve as liguid inlets
and second open sides of the nozzles serve as the ejection
holes, so that inner spaces of the nozzles serve as the
liquid cells, the liquid cells not being provided separately,
wherein the following expression is satisfied: H < Dmin/V2
where Dmin is a minimum open length of the inner spaces of
the nozzles including the ejection holes and the liquid

inlets, pressurising the ligquid in the inner spaces of the




on a base nenber; liquid cells for pressurizing |iquidawpdiemBBEIES
generated by the energy-generatingu_%_'tgg ejection holes for ejecting the
liquid which is pressurized in the 2& cenber 2006 - 10f liquid cells;
and a hol |l owsection-fornmed nmenber which is disposed above the

ener gy- generat | | a | I l.L ndri _cal | | ow sections are
f or med, tﬁgzg%kgg&#ggg?Fb%gekg%ﬁg%%gagégdg¥ﬁﬁi %nﬁg§%i Ig%aﬁéngnd t he
ej ecti on dkmsnssichand kigectheg | dlguipdebbontsdadtid quhie bietduyd $@et i ons t hrough
first open sides of the hollow sections which face the energy-.generating
units, iseﬁﬁgté?ﬁi@ﬂifﬁm th energy generated by the energy-generating

units, and is ejectadcbhaowghseaont-aRam shdes of {ihe hekbow sections,

wherein a liquid-flowng space which communicates with'the Iiquid inlets
i s provi dédvhetimon thege baseromidser aamethdre feal koresng ildeufidr med menber,
wherein foll ow e i i isfied; H< in/'12.where His a
hei ght of%gﬁgu rﬂéﬁ%%%%snégggg éggﬁﬁifﬁf$9$§§’a%§ﬁnpﬁﬁgg%ﬁ§ﬂmmﬁéﬁa¥h of the
hol | ow setheossgpsand :wpeteidimne elupdl £ty SRektgireghenstwhych mai ntain

t he height _of the ink-flowi ng space constant are fornmed integrally with
the hol loR*SBRRTDAN FoPABR Titsdr GRSEOSIMS Sofl IGHETHEI VeSS EBRFoN- { or med

nmenber  whkeh § aceyHher! b b drddnOMhB Ih SR GRmASCORE NG eg §gNth aspect

of the present invention, there is provided a nethod for ejecting liquid
t hr ough nB2zflesthtaviosglepeard diwrmetlesfotmengrenkodr cooms issippgrtt he st eps of :

diSpOsingn@ﬁﬁéfgﬂﬁ%i%hoﬁgEgtgﬁgﬁ%%e“%gggﬁ%r%% %%% liquid-flowing space

| constant integrally with the member in which the nozzles are
formed on a side of the member which faces the liquid-flowing
space, arranging the nozzles such that each of the ejection
holes is placed above each of the energy-generating units,
wherein first open sides of the nozzles which face the
ligquid-flowing space serve as liquid inlets and second open
sides of the nozzles serve as the ejection holes, so that
inner spaces of the nozzles serve as the liquid cells, the
“liquid cells not being provided separately, wherein the
following expression is satisfied: H < Dmin/V2 where Dmin is
a minimum open length of the inner spaces of the nozzles
including the ejection holes and the liquid inlets;
pressurising the liquid iin the inner spaces of the nozzles
with the energy generated by the energy-generating elements;
and ejecting the pressurised liquid through the ejection

holes,




of H between the base nenber and a menber in which thesqpRéghss: jog f or med;
arrangi ng the nozzl es such that eaghl%f the ejection holes is placed above
each of the energy- generating units, Wherein first open sides of the
nozzles which face the liquid-flow ng space serve as liquid inlets and
second open sides of the nozzles serve as the ejection holes, so that
i nner spaces of the(ppzzhesosgrve as the Iliquid cells, the liquid cells
not bei ng provided separately, wherein the follow ng expression is
satisfied: H < Dmi nAvgordhegetOnembodiment ai afintlopeprésemyt h of the inner
spaces of , the nozzles including the ejection holes and the liquid inlets,
pressuri stRYSPRECRr ghlRE NRZEHeS | dherdipaee’dotbete bhe meeeR®er 2006 - |og
nozzl es w .ener enerated by the energy-generatin el enents; and
ejectingm%%ge%?gég rP§%89|?%%i T ht'ough ?%%ce%j%gtg%% 19f2s°° According to
an el eventhraapest tAk {0hgupsesenis. invention, there is provided a nethod
for ejecting liquid through nozzles having ejection holes, the nethod
conprising the stepscotdipgDy) dédgatapd Usadi 1ydObe RSOy OQNES at i ng
el ements on a base nenber, disposing a liquid-flow ng space wth a height
of H betweehlsherpaset nenbeidechd almead@ition, whehfihet ngzert es are forned,
formng one or nmore support nenbers which maintain the height of the
li qui d-f13WPRY Shathe BorztemtWhitlgFatt ytir teneFey TREARIA i ch t he
nozzles ajg; L OLORY. °fs ARl UPs QL M [BEPLn P o 85 Serd S G -1 oW g
the nozzles serve as the ejection holes. The liquid

flows into the nozzles through




space, arranging the nozzles such that each of the ejechimdtenitel 8506 S
pl aced above each of the energy-gener%ting.units, wherein first open sides

of the nozzles which face the quuFd-ﬂIGmnng space serve as liquid inlets
and second open sides of the nozzles serve as the ejection holes, so that
i nner spaces of the nozzles serve as the liquid cells, the Iliquid cells

not bei ng treovipded sseear ahelcy, raber ehe therghobkawh-ngi8yPLASELEONES
satisfied: H< Dmn/V2 where Dmn is a mninmmopen |ength of the inner
spaces of AHesswaizlegls wiithcltbei rgetrlie geeetrkordhbleshandnthgyli qui d inlets;
pressurising the liquid in the inner spaces of the nozzles wth the energy
gener at ed V' RE 1 8Fe Mgy Fgenéndt idgcdrefent shrougl &heceiagtihe pressuri sed
liquid thr%H%p the ejection holes. ----- ------- 21 Decenber 2006 10h
(Cperatioﬁ§ Ebcording to enbodi nents of the present invention, the

nozzles are di sposed,alauectBe, CURLAYS; ANELALLAdayNERPsand Lhe | nner

spaces of the nozzles serve a$ the ( Accordi ngly, “separate and
i ndependepirelsie@iti dnveakhisnare notupHOXkded: chNapddbhiQR, 1hBeufEESL open

sides of the nozzles which face the energy-generating units serve as the
l'i qui d inpéugadndysefondeopgngshdestbhg tthétnogzbesdedrye asbhbhe ej ection
hol es. The liquid

member and nozzles having ejection holes for ejecting

liquid (for example, ink) which is pressurized with

energy generated by the energy-generating units. A

liquid-flowing space with a height of H is provided

between the base member and a member in which the nozzles

are formed, and H < Dmin is satisfied, where Dmin is a

minimum open length of the nozzles.

In addition, according to embodiments of the
present invention, in a method forrejecting liguid
through nozzles having:election holes by pressurizing the
ligquid in liquid cells.with energy generated by a
plurality of energy-generating elements which are
provided on a base member, a liquid-flowing spaée with a
height of H is provided between the base member and a
member in which the nozzles are formed, and H < Dmin is
satisfied where Dmin is a minimum open length of the
nozzles. The liquid is pressurized in the liquid cells
with the energy generated by the energy-generating
elements and is ejected through the ejection holes.

(Operation)

According to embodiments of the present

invention, from among dust




flows into the nozzles through 21 Decenber 2006 - 11 of hRc8RBE sjodes whi ch
face the energy-generating units, is pressurized with the energy generated
by the energy- generating units, and is ejected through the ejection

hol es. In addition, according to enbodi ments of the present invention, a
liquid ejection apparatus includes a plurality of energy-generating units
provi ded on a base nenber and nozzles having ejection holes for ejecting
liquid (for exanple, ink) which is pressurized with energy generated by
the energy-generating units. A liquid-flow ng space with a height of His
provi ded between the base nenber angha nenber in which the nozzles are
formed, and H< Dmn is satisfied, where Dmn is a m ninum open | ength of
the nozzles. In addition, according to enbodi nents of the present

i nvention, in_a nethod f or ejecting liquid throu %zles hayi ng el ection
hol es b@aﬁFégé‘a%.wwlt%tertﬁ d-Hpdd &a.e&t&é’ﬂ %watfﬁ‘ BRer §Y )éener ated by

merber PR GEFH TR é%‘é‘riaevagttﬁﬂ' e reobt B P2 BPauragiide: hoon the
oot | o1 | BCTHER ST TP i N oy %Z'es Ao BERE, pBRe NS ol "
s pressurl%gd pa§11cle w%1c%|a§e smaller than the height H of
5 the liquid-flowing space may travel into the ligquid-flowing
space, and enter the nozzles. However, since the minimum
open length Dmin of the nozzles is greater than the height H
of thelliquid—flowing space, the dust particles which have
traveled into the liquid-flowing space and entered the
0 nozzles are discharged through the ejection holes when the

ligquid, such as ink drops, are ejected.

Brief Description of the Drawings
Fig. 1 is a perspective view of a print head chip
5 incorporating an ink ejection apparatus according to the
present invention, where a hollow-section-formed member is
shown separately. |
Fig. 2 is a plan view showing the detailed relationship
between heating elements, support members, ejection holes,
0 and ink inlets shown in Fig. 1.
Fig. 3 is a sectional view of Fig. 2 cut along line B-B,
where the hollow-section-formed member is also shown.
Fig. 4 is a diagram showing a hollow section whose
' cross sectional shape is circular.

5 _Fig. 5 is a diagram showing a hollow section whose




with the energy generated by the energy-generating el empetsmp&hdog €j ected
t hrough the ejection holes. (Operation) According to enbodi nents of the '
present invention, fromanong dust 21 Decenber 2006 12 particles which
enter the liquid ejection apparatus, dust particles which are |arger than
the height Hof the liquid- flow ng space cannot travel into the

l'i quid-fl ow ng space. Dust particles which are snmaller than the height H of
5 the liquid-flow ng space nay travel into the liquid-flow ng space, and
enter the nozzles. However, since the mninmm open length Dm n of the
nozzles is greater than the height-Hszof the liquid-flow ng space, the dust
particles which have traveled into the |liquid-flow ng space and entered
the 0 nozzles are discharged through the ejection holes when the |iquid,
such as ink drops, are e ected. Bri.ef Description of the Drawings Fig. 1 is
a persp@E??%es%gE%P%? SPF Rt hed & %?i ncorporating an ink ejection

t di t
ﬁgrﬁgangc? ol 3?%€HO i E%gg gﬁéagyggbﬁﬁ&Pglsec ign B9 4 plan vi ew

show ng_t he det | ed elatlonshl het n h ating elenents suppor t
member s- T 87 2ctTo #11‘?1%? SHP AN i nkStiarﬁ \claiteg(eshsow&lD in Fig. 1. Fig. 3is a

sectional V'E%L\I(S.Of'T Isg a %l%"ﬁt vq %”thh%gBanlrst modification of

5 the arrangement of support members.
Fig. 8 is a plan view showing a second modification of
the arrangement of the support members.
Fig. 9 is a plan view showing a third modification of
the arrangement of the support members.
0 Fig. 10 is a plan view showing a fourth modification of
the arraﬁgement of the support members.
Fig. 11 is a perspective view showing a print head chip
according to a second embodiment of the present invention.
Fig. 12 is a plan view showing an example in which a
5 print head for a line printer is constructed by arranging a
plurality of print head chips.

Fig. 13 is a sectionél fiew of a print head chip
according to a third embodiment of the present invention.
Fig. 14 is a sectional view of a print head chip
0 according to a fourth embodiment of the present invention.

Fig. 15 is a perspective view showing a known print
head chip.

Fig. 16 is an exploded perspective view of Fig. 15
where a nozzle sheet is shown separately.

5 o Fig. 17 is a plan view showing the detailed




where the holl ow section-fornmed nenber is al so shown. Bii®ecdmbsr ool agr am
showi ng a hol | ow secti on whose cross sectional shape is circular. 5 Fig. 5
is a diagram showi ng a hol |l ow secti on whose 21 Decenber 2006 13 cross
sectional shape is elliptical. Fig. 6 is a diagramshowi ng a holl ow section
whose cross sectional shape is a star-like shape. Fig. 7 is a plan view
showing a first nodification of 5 the arrangenent of support nenbers. Fig.
8 is a plan view show ng a second nodification of the arrangenent of the
support nenbers. Fig. 9 is a plan view showng a third nodification of the
arrangenment of the support nenmbers. fzFig. 10 is a plan view showi ng a
fourth nodification of the arrangenent of the support nenbers. Fig. 11 is
a perspective view showing a print head chip according to a second

enbodi nent of the present invention. ~  Fig. 12 is_a I?n vi ew_show ng an
exanpl eF¢h2 PR P PHFGRT Hdad Porcst Y i‘%’@rﬁﬁeﬁt éF‘YE§ coﬁsﬁ?ﬁ%ﬁ%ﬁ by
arrangi nﬁ a EI urality of print head chips. Fig. 13 is a sectional view of
a printeh@RPehi PR MAIG to a third enbodi ment of the present

i tion. Fig. 14.s: tional _vi f int_h i ding t
LT ourth B ey 167 % REChEE0BN VERTeRE! BRS H oo g art SN PhElCRr 29 1O

VIGWISQQ!APQW§%$%K¥%E[¥A£¥18 sheet i1s also shown.

5
Best Mode for Carrying Out the Invention
Embodiments of the present invention will be described
below.
(First Embodiment)
0 Fig. 1 is a perspective view showing a print head chip

10 incorporating a method and an apparatus for ejecting
liguid according to the present invention, where a hollow-
section-formed member 16 is shown separately. Fig. 2 is a
plan view showing the detailed relationship between heating
5 elements 13, support members 14, ejection holes 17a, and ink
“inlets 17b shown in Fig. 1. 1In Fig. 2, the ejection holes
17a and the ink inlets 17b are shown by double-dotted chain
lines on the heating elements 13. In addition, Fig. 3 1is a
sectionél view of Fig. 2 cut along line B-B, where the
.O hollow-section-formed member 16 is also shown. Figs. 1, 2,
and 3 correspond to Figs. 16, 17, and 18, respectively,
which show the prior art.
A base member 11 includes a semiconductor substrate 12
composed of silicon or the like and heating elements 13

5 (which correspond to energy—generating units of the present




head chip. Fig. 16 is an expl oded perspective view of b @hecdipbedtOEe a
nozzl e sheet is shown separately. 5 Fig. 17 is a plan view show ng the
detail ed 21 Decenber 2006 14 relationship between an ink cell (barrier
| ayer), a heating elenent, and a nozzle. Fig. 18 is a sectional view of
Fig. 17 cut along line A-A where the nozzle sheet is also shown. 5 Best
Mode for Carrying Qut the Invention Enbodi nents of the present invention
will be described below (First Enbodinent) O Fig. 1 is a perspective view
showing a print head chip 10 incorporating a nethod and an apparatus for
ejecting liquid according to the present invention, where a hollow
section-forned nenber 16 is shown separately. Fig. 2 is a plan view
showi ng the detailed relationship between heating 5 elenments 13, support
menbers 14, ejection holes 17a, and ink inlets 17b shown in Fig. 1. In
Fig. 2, 1PHenEfeRt | Berhef e’ AR SHEP tHe thek SeALeeadrehoar UBRERALBY
double-ggtted chain  lines_on the heatianelenents 13. In_addition, Fig. 3
is a settPBndfPOFERIOR - Fidy. Pkt Gy Neatd ng- BlemRBte LRe2b®
hol | ow section-forned nber 16 is also shown. Figs. . 1, 2, and 3
correspaﬁﬁa?ge%iﬁg.ta%?gi%?’Eﬂngéﬂ"e§5@%FF@eF§?%Frlcally
connected to an external circuit via conductors (not shown)
5 formed on the base member 11. This construction is similar
to the above-described known construction.
In addition, in the first embodiment, support members
14 are arranged on the base member 11, on which the heating
elements 13 are formed, at four corners of the heating
0 element 13 such that the support members 14 surround each of
the‘héating elements 13. The support members 14 are
composed of, for example, a light-curing dry film resist,
and are constructed by laminating the dry film resist on the
surface of the base member 11, on which the heating elements
5 13 are formed, over the entire region thereof and removing
unnecessary parts by a photolithography process. 1In the
present embodiment, the support members 14 have an octagonal
shape in cross section.
The'height of the support members 14 is set to, for
J example, a quarter of the height of the ink cells b of the
known construction. More specifically, when the height of
the ink cells b is L2 (see Fig. 18), a height L4 of the
support members 14 (see Fig. 3) satisfies 14 =~ 1L2/4.
In addition, a gap L3 between the support members 14

3 (Fig. 3) is approximately the same as a width L1 of the ink




whi ch show the prior art. A base nmenber 11 includes a 3¢HJeoRILCIfNG
substrate 12 conposed of silicon or the |like and heating elenents 13 5

(which correspond to energy-generating units of the present 21 Decenber
2006 15 " invention) formed on one side of the sem conductor substrate 12
by deposition. A plurality of heating elenents 13 are arranged on the base
menber 11, and are electrically connected to an external circuit via
conductors (not shown) 5 fornmed on the base nmenber 11. This construction is
simlar to the above-described known construction. In addition, in the
first enbodiment, support menbers _ 14 are arranged on the base nenber 11,
on which the heating elenents 13 are forned, at four corners of the
heating O el enent 13 such that the support nenbers 14 surround each of the
heati ng el enents 13. The support nenbers 14 are conposed of, for exanple,

a |ightcelks dy dree fAign rlédis@nd aﬁdahpétc%ﬁsﬂ$ucted by |aminating the dry
filmresist on the surface of the base nenber on whj ch the heating
elenents 5 #3h&ldOoMoPREGIOBVEPTTAR BHEP?E ]r%g"r%ri&%nﬁéfaé'tﬁ &7 témovi ng

Urnecessaly ALLS, Y 8, PRl Lhograehy prorees. Iy she pbsent
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speglfIC%El %:Whe%ﬂim 11 g%t%&lal such as polyimide (PI) or a
photosensitive resin, and the thickness of the hollow-
section-formed member 16 is approximately the same as the
total thickness of the barrier layer f and the nozzle sheet
g of the known construction. For example, when the

) thickness of the barrier layer f is approximately 15 pm, the

thicknesslof the nozzle sheet g is approximately 30 pm, and
the thickness of an adhesive layer for adhering them is
several pm, the tqtal thickness of the barrier laver £ and_

the nozzle sheet g is about 45 pm. Accordingly, the

thickness of the hollow-section-formed member 16 is about 45

(W]

Hm.

A plurality of cylindrical hollow sections (nozzles) 17
are formed in the hollow-section-formed member 16. The
hollow séctions 17 have a truncated cone shape (a cone with

) its vertex cut off, which has a trapeioidal shape in
longitudinal section and a circular shape with its diameter
| decreasing toward the top in cross section). The hollow
sections 17 serve as both the ink cells b and the nozzles h

of the known construction..

) ' More specifically, first open sides at the bottom of




the ink cells b is L2 (see Fig. 18), a height L4 of theqpabpReLtodgnbers 14
(see Fig. 3) satisfies L4 ~ L2/4. In addition, a gap L3 between the support
menbers 14 5 (Fig. 3) is approximately the same as a width L1 of the ink 21

Decenber 2006 16 cells b (see Fig. 18), and is about 25 m A

hol | owsection-fornmed nenber 16 is |am nated on the base nenber 11 on

whi ch the heating elenents 13 are fornmed. The holl ow section-fornmed nenber
16 is conmposed of, for 5 exanple, a filmlike nmaterial such as polyimde
(PI') or a photosensitive resin, and the thickness of the holl ow
section-formed nenber 16 is approxiLmppely the same as the total thickness
of the barrier layer f and the nozzle sheet g of the known construction.
For exanple, when the thickness of the barrier layer f is approxinmately 15

m the gilhlckness of the nozzle sheet g is apprOX|nateI 300m _.and the
t hi ckne oP%ﬁO&dﬁ@gF%@HFalférseffo‘fe Ffhethgl 4 i/0 §@\F€P§lh #hi%ne total

t hi ckness.,of..the barrie er f and ,the nozzle sheet g is about 45 gm
Accor di Agfy F1PHE .lnFﬁ. BBl S RS Lo b R EBaers | o

about 45 Iur é I|ndr|cal Q}|OM/S€CtIOﬂS gﬁPZZ|ei 17 are
Formed P CRE RPI Bar Sat( Forieh RS FhéS oot Sedtlsits 17 have
e A5 Tt T8 U SRR o
di arPtetections 17 through the ink inlets 17b, is pressurized in
the hollow sections 17, and is ejected from the ejection
holes 17a. The diameter of the ejection holes 17a is
approximately the same as the diameter of the ejection holes
of the known nozzles h, and is about 20 pm. The internal
0 volume the hollow sections 17 is approximately the same as
the sum df the internal volume of the ink cells b and the
internal volume of the nozzles h of the known construction.
The hollow sections 17 may be formed in the above-
described film-like material by etching, laser processing,
5 die-cutting, etc.
Although the ink cells b and the nozzles h are attached
to each other by adhesionxin the known construction, in the
present embodiment, the hollow sections 17 are formed
integrally in a single layer. Accordingly, there are no
G connection lines, and sufficient strength can be obtained.
In the known construction, the volume of the ink drops
ejected depends on the internal volumes of both the ink
cells b and the nozzles h. Therefore, when a large number
of nozzles h and ink cells b are arranged, the ink cells b

5 and the nozzles h must be as uniform as possible. In the




decreasing toward the top in cross section). The hol | oy Reehbeses7 serve
as both the ink cells b and the nozzles h of the known construction. Mre

specifically, first open sides at the bottom of 21 Decenber 2006 17 the
hol | ow sections 17 serve as ink inlets 17b through which ink flows into

t he holl ow sections 17, and second open sides at the top of the holl ow
sections 17 serve as ejection holes 17a through which ink is ejected. Ink
flows into the hollow 5 sections 17 through the ink inlets |7b, is
pressurized in the hollow sections 17, and is ejected fromthe ejection
hol es 17a. The dianeter of the ejectngn-holes 17a is approximately the
sane as the dianeter of the ejection holes of the known nozzles h, and is
about 20 gnl The internal O volune the holl ow sections 17 is approxi mtely
t he sang a t he sum of the lnternlfl vol unme of the ink cells b and the
|nternaln&&PUﬁQHBFrPﬁElﬂBzz?%%C% BT heA K oW dofdts (it iSSP Oﬂﬁ?qﬁollow
section the above- descri bed mlike terial
etchlng,sch isé? p$§8e§§FEﬁeif% %l%n%uYQ?rﬂf %ﬁlﬂﬂﬁﬂﬁ%e?ﬁ%qﬁﬁk ceIIs b
and the,ngzzl e ched each ot her. by hesi on i.n the known
construcﬁlon |n %%mgngre§%n¥e i Eb mEnt?, Q$Fu$olﬁgm15eéilonstf? are forned

'Ptegragkgsbﬁ eﬁ5881§e$€ye{h Aﬁ&i&égrgqg%léﬁk”f% ﬁ%'&% S, GRNNeCt I on
li nes, frcrent streng can tai ned Known constructi on,
the ol YgenOotnENenk NKe { ORS and the nozzles h, are integrally

formed by a single process, and the amount ef error can be

reduced accordingly. Therefore, even wheﬁ a large number of

hollow sections 17 are arranged, variation in shape between

them can be reduced.

0 When the hollow-section—-formed member 16 is placed on
the base ﬁember i1 on which the heating elements 13 are
formed, the hollow sections 17 are arfanged above their
respective heating elements 13. As shown in Fig. 2, the
hollow sections 1? are arranged such that the centers of the

5 hollow sections 17 are aligned with the centers of their
respective heating elements 13.

When the holloﬁ—section—formed member 16 is placed on
the base member 11, a gap between the surface of the base
member 11 (surfaces of the héating elements 13) and the

0  hollow-section-formed member 16 is set to L4, which is the
height of the support members 14. The space provided by
this gap serves as an ink-flowing space 15 of .the print head
chip 10. More specifically, the ink-flowing space 15

includes the spaces below the hollow sections 17. ' The

Wi

support members 14 serve to maintain the height of the ink-




ej ected depends on the internal volunes of both the ink1peetmbedrcoagd the
nozzles h. Therefore, when a |l arge nunber of nozzles h and ink cells b are
arranged, the ink cells b 5 and the nozzles h nust be as uniform as
possible. In the 21 Decenber 2006 18 known construction, since there are
two kinds of conponents, that is, the ink cells b and the nozzles h, there
are two kinds of elenents where errors nmay occur. However, in the present
enbodi nent, the holl ow sections 17, which serve as 5 both the ink cells b
and the nozzles h, are integrally formed by a single process, and the
amount of error can be reduced accojglingly. Therefore, even when a large:
nunber of hollow sections 17 are arranged, variation in shape between

t hem can be reduced. 0 Wien the holl ow section-forned nenber 16 is placed
on the_base menmber 11 on which the heating el enments 13 are forned, the

hoIIOM/§%€Y%%ﬁssﬁﬁc%ukﬁeﬁQQﬁﬁﬁﬂi-abGW@ tih&E lopaéopespage Réating el enent s
13. As shown jn Fig , the hollow sections 17 are arranged such that the

centersc%’?‘mftheC%t%PPoW sEttidndark dnetashghed . wenl fnk EEREEYs of their
respect Ve, he ting.elenents 13. \Wen the holl ow section-fornmed nenber 16 is
pl aced oh°*§ Hﬁﬁ%é?ﬂﬁfﬂoﬁlﬁﬁpsﬁéFﬁeéﬁ t héNstiPFaéBkof1PHENBase
EgrPg&Fééé%?g%§$o gLﬂéagégg%%hgg g%ﬁnﬁolfﬁe éh%g% %QSVEEE hBkght of the
SUPROT 1, MEMRRT Subibio rINGiRAGE RYOVI ded by
As described above, the heating elements 13 are

disposed in an open space, and are not enclosed in the ink

cells b as in the known construction. The spaces which lie

between the adjacent heating elements 13 at the shortest

) distance are also included in the ink-flowing space 15.

Accordingly, in the ink-~flowing space 15, ink can freely

flow above the adjacent'heating elements 13, and a

construction in which ink flows.through a single exclusive

ink path is not used.

) In the ink-flowing space 15, ink_flows from four

directions into each of the hollow sections 17. More

specifically, as shown in Fig. 2, ink flows into each of the

hollow section 17 along one of four routes R1, R2, R3, and

R4 (Ql in Fig. 3) which are provided in the ink-flowing

space 15 by the support members 14 dispoéed at the four

corners of each of the heating elements 13 so as to surround

the heating element 13. Thus, four ink-flowing routes are

_ provided for each of the hollow sections 17.

In the known construction, the open area of the inlets

of the ink cells b is Ll x L2. 1In the present embodiment,




this gap serves as an ink-flow ng space 15 ofthe printhpagmgddpos0. Mre
specifically, the ink-flow ng space 15 includes the spaces below t he

hol | ow sections 17. The 3 support nenbers 14 serve to maintain the height
of the ink 21 Decenber 2006 19 flow ng space 15 constant. The ink-fl ow ng
space 15 communicates with an ink tank (not shown), and ink freely flows
t hrough the ink-flow ng space 15. In the ink-flowng space 15, the only
obst acl es which inpede the flow of ink 5 are the support nenbers 14. As
descri bed above, the heating elenents 13 are disposed in an open space,
and are not enclosed in the ink C§|£§ b as in the known construction. The
spaces which lie between the adjacent heating elenents 13 at the shortest
di stance are also included in the ink-flow ng space 15. Accordingly, in
the ink-flow ng space 15, ink can freely flow above the adjacent heating
el ement the3opandasea cohsthacibets rpiniieh Haldo s tilemgudi &Ssidngl e
exclusive ink path is not used. i In the ink-flow ng space 15, ink flows
from f odpumbipE eefi BABTERL 0% dath df4 tiveehdliidow3dect PndetrikBrle
specifically, as shown in Fig. 2, ink flows into each of the hollow section
17 al on8PBFKe- ofitearlt cutled #ad o ~ ¥/ 4afde RAtLSfief Fthe SPSRhich are
provided in the jink-f]owi ng space 15 t he support nenbers 14 di sposed at

the foufTe@oPhebReotnbalch of He MG ePent$®1F798 s to surround

5 construction is approximately the same as the open area of
the inlets of the hollow sections 17 of the present
embodiment.

However, according to the present embodiment, since ink
can flow into each hollow section 17 along four routes, even

0 when one of the routes is clogged with dust, the flow of ink
into the‘hollow section 17 is not impeded.

In addition, the spaces which lie between the adjacent
hollow sections 17 at the shortest distance are also
included in the ink-flowing space 15. Accordingly, when,

5 for example, the routes Rl and R3 shown in Fig. 2 are
clogged with dust and sufficient amount of ink cannot flow,
ink can flow along the routes R2 and R4 from the adjacent
hollow sections 17, so that sufficient amount of ink can be
supplied.

0 In addition, only dust particles which are smaller than
the height L4 of the support members 14 can flow into the
ink-flowing space 15, énd the height L4 of the support
members 14 is a quarter of the height L2 of the known ink
cells b. Thus, according to the present embodiment, dust

5 particles can be more effectively prevented from entering




the heating elenment 13. Thus, four ink-flow ng routes afgechthoM Hpd for
each of the hollow sections 17. In the known construction, the open area of
the inlets of the ink cells b is L1 x L2. In the present enbodi nent, 21
Decenber- 2006 20 the open area of the inlets of the hollow sections 17 is
4 (nunber of routes) x L3 x L4 (see Fig. 3). As described above, since L1
= L3 and L4 ~ L2/4 are satisfied, the open area of the inlets of the ink
cells b of the known 5 construction is approxi mately the same as the open
area of the inlets of the hollow sections 17 of the present enbodinent.
However, according to the present enbpdinent, since ink can flow into each
hol | ow section 17 along four routes, even O when one of the routes is

, clogged with dust, the flow of ink into the hollow section 17 is not

eded ddition, the whi ch t th dj t holl
ot e tng D S i g %iiﬁwg%ﬁﬁ¥£1a13§-“?ﬁ@wadgagﬁhgﬁﬁﬁlOHkof|332ng
15. Accor.di 5. f t t h
Ho 2 are ThSGHEE St Sdep éﬂg%E‘ﬁi‘( FiBhER,  Dis Rt Eind e PO S om
K | | th tes R2 and R4 f the_ad | t
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14 can Tl ow
5 connection tabs which are electrically connected to the

heating elements 13. When .a current pulse is applied to,
for example, one of the heating elements 13 which is
selected by a command from the controller of a printer for a
short time such as 1 to 3 microseconds, the heating element

0 13 is rapidly heated. Prior to heating the heating element

.13, the hollow sections 17 are filled with ink supplied
through the ink-flowing space 15.
Accordingly, a bubble of ink vapor.(ink bubble) is
generated on the éurface of the heating element 13. Then,

5 as the ink bubble expands, a certain volume of ink is pushed
by the ink bubble in the corresponding hollow section 17. A
part of the pushed ink returns to the outside of the hollow
section 17, and another part of the pushed ink is ejected
from the'corresponding ejection hole 17a as an ink drop (02

0 in Fig. 3). The ink drop lands on a print medium such as a
piece of paper. Then, the hollow section 17 from which ink
is ejected is immediately refilled with ink through the ink-

flowing space 15 (01 in Fig. 3}.

()]

(Relationship between shock waves caused by ink




i nk-fl owi ng space 15, and the height L4 of the support oqpREBGhES Jhsi S @ :
quarter of the height L2 of the known ink <cells b. Thus, according to the
present enbodi nent, dust 5 particles can be nore effectively prevented from
entering 21 Decenber 2006 21 the ink-flow ng space 15 conpared to the -
known construction. Al though not shown in the figure, the heating el enents
13 are electrically connected to an external controller with a flexible
substrate, and the flexible substrate has 5 connection tabs which are

el ectrically connected to the heating elenments 13. Wen a current pulse is
applied to, for exanple, one of the,heating el enents 13 which is selected
by a command fromthe controller of a printer for a short tine such as 1
to 3 microseconds, the heating elenent 0 13 is rapidly heated. Prior to
heating the heating elenent 13, the hollow sections 17 are filled with ink
suppl i eddechioughnd Herk idSdtowWithFQ¥Paed)15. Accordingly, a bubble of ink
vapor (ink bubble) is %enerated on the surface of the heating el enment 13.
Then, 5 as tNfxGnlerbdpBlacersafds ShRckeFREFR GBPERE BY Rk is pushed by

t he ink bubble in the correspondjng _hollow section 17. A part of the
pushed $HRCFERRIrHELY P& HEESHIASHe B e hol low section 17, and anot her

o Lo e et Sk
as & PLECS Ol REP 1T Und MR Y | AW RESY BBwdl hERULUALGN Fblk -
ejecting a single iek drop by a single heating element 13 is
relatively high, such as about 0.5 W to 0,8 W. Accordingly,
when a large number of heating elements 13 are arranged as
in the present embodiment and ink is simultaneously ejected
0 from a large number of hollow sections 17, power consumption
considerably increases and excessive‘heat is generated.
Therefore, ink is not ejected from a large number of hollow
sections 17 simultaneously;
When ink is ejected from the ejection holes 17a of the
5 hollow sections 17 by heating the heating elements 13, shock
| waves are generated in ink which flows in the ink-flowing
space 15. Accordingly, when ink is ejected from one of the
hollow sections 17, ejection of ink from the hollow sections
17 which are adjacent to the one from which ink is ejected
0 is not performed until the influence of the shock wave is
eliminated. During this time, ink is ejected from the
hollow sections 17 whieh are somewhat distant.from the one
from which ink has been ejected.
For example, the heating elements 13 are controlled

5 such that aﬁ least the adjacent heating elements 13 are not




is ejected is imediately refilled with ink through thetipgkembdiOMiogg space
15 (QL in Fig. 3). 5 (Relationship between shock waves caused by ink 21
Decenber 2006 22 ejection and ink ejection control) Next, an influence of
shock waves caused by ink ejection will be described belom1 In the therma
ink ejection according to the present 5 enbodi nent, an instantaneous

el ectric power necessary for ejecting a single ink drop by a single
heating elenent 13 is relatively high, such as about 0.5 Wto 0.8 W
Accordingly, when a |arge nunber of heating elenments 13 are arranged as
in the present enbodiment and ink is,simltaneously ejected O froma large
nunber of hollow sections 17, power consunption considerably increases and
excessive heat is generated. Therefore, ink is not ejected froma large
nunber of_ hollow sections 17 sinultaneousl When ink is ejected fromthe
ej ecti obeiRftterd A Wie th?@t@gh@llleﬁﬁn;*récﬂﬁowglﬁh ByeherPrAgiAEehEati ng

el ements, 13, shock . waves are generated_in ink which flows_in the

i nk- f | o9 TR AP b GG EhgPPd RehSRAk PBcefigaténIf FORTBAE of the
hol | ow sections 17 jection of ink fromthe hollow_sections 17 which are
adj acen t%ftd%?gﬂﬁ?éiQﬁ%ﬂﬂ%W:ﬁ he,Repsinpgelt BBCB RS LRoFPpERT BFFed until the
i nfluence of .th | i m ateﬁ During this tinme, ink is
ejecte&“ﬁ?ﬁﬁ?ﬁﬁbeaﬁ 155t é@gﬁpgﬁ§y1§c °dre sonmewhat distant fromthe

oneg Accordingly, by suitably selecting the heating elements
13 which are to be activated simqltaneously, the influence
of the shock wave which is caused when ink is ejécted from
one of the hollow sections 17 on the other hollow sections
17 can be suppressed to the point where no substantial

) disadvantage occurs.

(Relationship-betweén minimum open'length of hellow
sections 17 and height L4 of support members 14)
In addition; according to the present embodiment, the
)y  minimum open length of the hollow sections 17 is set greater
than the height L4 of the support members 14. The reason
.fOr this will be described below.
| Dust particles which afe small encugh to travel between
the suppbrt members 14 in a plan view, that is, dust
' particles whose width is less than L3, cén travel between
the support members 14. However, if the height of the dust
particles is greater than the height L4 of the support
.members 14, the dust particle cannot travel between the
support members 14 and reach positions below the hollow

'sections 17 (positions above the heating elements 13). As a




from which ink has been ejected. For exanple, the heatppedfiEtosgl3 are
controlled 5 such that at |east the adjacent heating elenents 13 are not 21
Decenber 2006 23 selected as the heating elenents 13 which are
approximately sinmultaneously activated, and at |east one heating el enent
13 is di sposed between the heating elenents 13 which are approximtely
simul taneously activated. 5 Accordingly, by suitably selecting the heating
el enents 13 which are to be activated simultaneously, the influence of

t he shock wave which is caused when ink is ejected from one of the holl ow
sections 17 on the other holl ow sections 17 can be suppressed to the point
where no substantial disadvantage oééurs. (Rel ationship between nini mum
open length of hollow sections 17 and hei ght L4 of support nmenbers 14) In
addition, according to the present enbodi nent, the i m nimum open |ength of

the hol kewusect tResdddti aselicELatfinot Nawrdhechei gt~ vdhpfnd he support
menbers 14. The reason for this will be described bel ow Dust particles

whi ch aseasaullb.enough to travel between the support nmenbers 14 in a plan
view, that is, dust particles whose width is less than L3, can travel

bet ween t héilsappafdr nerdrerls , 14hehienweaver dusft the-dieilght wabskhe dust
particles is greater than the height L4 of the support .nenbers 14, the
dust paheight tanhotsttkael|tibethwtieght Hel of the support members 14,

5 the dust particles may enter the ink-flowing space 15 and
travel into the hollow sections 17. However, if the minimum
open length (Dmin) of the hollow sections 17 is greater than
the height L4 of the support members 14, the dust particles
which have entered the hollow sections 17 will be discharged

0 through the ejection holes 17a with high probability when
the ink drops are ejected. Since dust particles normally
have a three—dimensionai shape, the maximum shape of dust
particles which can enter’ the hollow sections 17 can be
assumed to be a cube inscribed in thé hollow sections 17.

> Accordingly, the side length of the cube (height of the
cube), that is, Dun/JE, %s préferably set greater than the
heigbt L4 of the support ﬁembers 14, so that the possibility
that the dust particles which have entered the hollow
sections 17 will be discharged increases. More preferably,

' the diagonal length of the cube, that is, &ﬁn/Jg, is set
greater than the height L4 of the support members 14.

| Accordingly, ejection failure which occurs when the dust
particles remain near the ejection holes 17a can be
prevented. Thus, the influence of dust particles which

enter the ink-flowing space 15 can be almost eliminated.




support nenbers 14 and reach positions bel ow the hol | oy Dé&&ﬁ&QQ®O%7
(positions above the heating elenents 13). As a 21 Decenber 2006 4

result, the dust particles cannot enter the ink-flowi ng space 15. Wen,
for exanple, there are dust particles whose height is |less than the hei ght
L4 of the support nenbers 14, 5 the dust particles may enter the

i nk-fl owi ng space 15 and travel into the hollow sections 17. However, if
the m ninum open length (Dmin) of the hollow sections 17 is greater than
the height L4 of the support nenbers 14, the dust particles which have
entered the hollow sections 17 w || 9% di scharged O through the ejection
hol es 17a with high probability when““the ink drops are ejected. Since dust
particles normally have a three-di nmensional shape, the maxi num shape of
dust particles which can enter the hollow sections 17 can be assuned to
be a cube i AsTrihgechold owhecralilomw S6ctirenshbpedSadcéar dhagbyesthe side

| ength of the cube (height of the cube), that is, Dmn/'h, is preferably
set grezsmedimemt t Hehe heingintun opefn tlenaiippior ttieriens tk4, ofo thkat t he
possibility that the dust particles which have entered the hollow sections
17 wil Iemcﬁ@tﬁmlg@j iitecr edgemrdiorel yor éftey ablapmetelr tife téieagonal | engt h of
the cube, that is, DmMn/6, is s greater than the height L4 of the

suppor teTRfibes otes Adsor d?mmg/fif 2 ,epacliron Y3i | mae bhisht oxeeasenhen t he

dust particles remain near_ the ejection holes 17a can be
5 'than the height L4 of the sSupport members 14. If the shape

of the hollow sections 17 is different from that of the
present embodiment, the minimum open length (Dmin) in the
cross section of the hollow sections 17, umﬂ/JE, or more
preferably, Dmin/+3, may be set greater than the height L4
) of the support members 14.
If the cross sectional shape of the hollow sectioﬁs 17
_is circular as in the present embodiment, as shown in Fig. 4,
the minimum open length Dmin is the same as the diameter of
the circle. 1In addition, if the cross sectional shape of
> the hollow sections 17 is elliptical, as shown in Fig. 5,
the minimum open length D@n is the iength along the minor
axis of the ellipse. 1In éddition, if the cross sectional
shape of the hollow sections 17 is a star-like shape, as
shown in.Fig. 6, the minimum open length Dmin is the distance
I between one of the inner vertexes to another inner vertex.
In any case, the effects of the present invention can be
obtained when the minimum open length Dmin, preferably
Dmin/ 2 , more preferably Dmin/+/3, is set greater than L4.
| As shown in Figs. 5 and 6, the shapes of the hollow

séctions 17 and the ejection holes 17z (and the shape of the




prevented. Thus, the influence of dust particles which21ertenbéd®os
ink-flowi ng space 15 can be alnost elimnated. 21 Decenber 2006 - 25 |If
the holl ow sections 17 are shaped as in the present enbodinent, the

m ni mrum open length is the dianmeter of the ejection holes 17a.
Accordingly, the dianeter of the ejection holes 17a, Dmn/l, or Dmn/ may
be set greater 5 than the height L4 of the support nenbers 14. If the
shape of the hollow sections 17 is different fromthat of the present
enbodi ment, the m nimum open length (Dmin) in the cross section of the
hol | ow sections 17, Dmn/-,r2, or nopge —preferably, Dmn/'h, may be set
greater than the.height L4 D of the support nenbers 14. |If the cross

sectional shape of the hollow sections 17 is circular as in the present
the m ninum open |length Dmn is the sane

enbodinen%,,qi?shomn in Fig. 4, .t

as the HamEH et /Rné g M te. 1 1H Lt ditosier othdher 838568¢t i onal shape
of 5 the .holl ow sections 17 is elliptical, as shown in Fig. 5, _the m ninum
open | eHGIIHGH 1 sal}cﬁgalrelr%’tsh S5 SWPSH Moy b&xiaé:cﬁptﬁ%éeel | FpSe. In
addition,_1if, the.cross sectiqnal .shape of the hollqQw sectigns 17_is a
star-| i‘?(zteamﬁ'nlaepfe,achaes CISRGWT eic(rglulf’lnﬁ.l §?Pat3?e Or‘Fit ﬁ%&%O&EQH Isgﬁ&lﬁnﬁmzﬁ is the

di st an { n f_.the_.inner vertexes.to_another.inner. vertex. I n
oy cacnd o e e S o Bt 3 a2 58 3BREhedERhen ¢ he

;ﬂé{lbgg;@avgﬂggr&tfhga%g%gﬂmpem%L%a%'sya BY1Ygola1 MBHEHRY €f erably Dmin/1, is
In addition, the present invention also provides an -
effect that the manufacturing yvield of the print head can be
increased. Although print heads are normally manufactured
in a clean environment, dust particles whose size is about
J 10 pm still exist. In the known construction, since the
size of the barrier layer f is about 15 pum, when the dust
particles collect on the print head, there is a possibility
that the dust particles will enter the ink path i. When the
" dust particles enter the ink path i and reach the base
) member d, since the nozzle sheet g is composed of a
conductive material, such%as nickel, a short. circuit easily
occurs between the nozzle;sheet g and the base member d if
the resistance of the dust particles is low. If a short
circuilt occurs at the base member d, the base member d will
I be damaged and the print head will be defective. This
problem is particularly crucial when long heads having a
' large number of nozzles h which are used in line-head
printers are manufactured. According to the present
invention, even if the dust particles collect on the surface

" of the print head, the possibility that they will enter the




As shown in Figs. 5 and 6, the shapes of the hollow segthiRBsbHe 2@ed t he

ej ection holes 17a (and the shape of the 21 Decenber 2006 26 1ink inlets
17b) are not limted to those of the present enbodi ment, and vari ous ot her
shapes may be acceptable. For exanple, the cross sectional shape of the
hol | ow sections 17 and the shapes of the ejection holes 17a and the ink
inlets 5 17b may be any shape, such as a pol ygonal shape. In addition, the
present invention also provides an effect that the manufacturing yield of
the print head can be increased. Al though print heads are normally

manuf actured in a clean environnent, _dust particles whose size is about

10 pmstill exist. In the known consgguction, since the size of the
barrier layer f is about 15 pm when the dust particles collect on the
print head, there is a possibility that the dust particles will enter the
i nk pat Ank, p@bbn (thet dest tpar inktEsoehher spheei k) phs hettwnckIveach t he
base 5 nenber d, since the nozzle sheet g is conposed of a conductive

mat er i alowsuchhus, ntbkebpsaibhdity thatutheedsst ypaocietss betMeen the
nozzl e sheet and the base nenber d if the resistance of the dust
particlé@aPB gbﬁ/SPFfacgh@ftth@ib@ﬂétm@mbﬂwslhtcamebémﬁnnsmﬁﬂmabhx t he base
menber d w be damaged and the print head will be defective. This
problenf?guﬁégtlﬁﬁlﬁhpg thgcrRPVRhERsFohleHendsbhansngan branyeidadber of

nozzl es _h which are used in |ine-head Prlnters are manuf actured. According
to the PPESefpecifically, the filter effect provided by the ink-

flowing space 15 according to the present invention serves

to increase the manufacturing yield.

(Relationship between distance Pl between centers of
0 adjacent heating elements 13 and minimum distance P2 from
surfaces of heating elements 13 to centers of their
respective ejection holés 17a)
Next, the relationship between the distance Pl between
the centers of the adjacent heating elements 13 and the
> minimum distance P2 from the surfaces of the heating
elements 13 which face the ink—flowing space 15 to the
centers of their respectfﬁe ejection holes 17a will be
described below.
As shown in Fig. 3, the distance between the centers of
) the adjacent heating elements 13 is defined as Pl and the
minimum distance from the surfaces of the heating elements
13 to the centers of their respective ejection holes 17a is
defined as P2.
In the known construction, since the barrier layer f is

i pfovided as the partition walls between the heating elements.




invention, even if the dust particles collect on the syjbacgnp&fodoBe print
head, the possibility that they will enter the 21 Decenber 2006 2 i nk
path (that is, the ink-flow ng space 15) is extrenely |ow Thus, the
possibility that the dust particles will reach the surface of the base
menber 11 can be considerably reduced, so that the above-descri bed

probl ens can be avoided. 5 More specifically, the filter effect provided by
the ink- flow ng space 15 according to the present invention serves to

i ncrease the manufacturing yield. (Relationship between distance Pl between
centers of 0 adjacent heating el emeggs_13 and mi ni mum di stance P2 from
surfaces of heating elenents 13 to centers of their respective ejection
hol es 17a) Next, the relationship between the distance P1 between the
centers of the adjacent heating elenments 13 and the 5 m ninum di stance P2
from t he, s f sle@en ofn t Ik helat 4 %’glfPe% enentls PPIRRldY £aceSERED nk-f 1 owi ng
space 15 to the centers of their respective ejection holes 17a will be
descri bed b&lFRVAs oS $a8ieg In3 Whilleg &ngaﬁééohBF%%%n fﬂﬁ centers of

e
;?ﬁggctclf-le\éﬁe‘tb%;f% Oi}q‘éi,hgjfgq?tiilrgga eilsemednecfsi rieo‘d iass sl?nza'lll,n s%r(];% légown construction,
5 approximately 20 pm. Therefore, in the known construction,
there is a limit to increasing the resolution. According to
the present invention, however, although the hollow sections
17 must have a certain strength and a certain height in
brder to obtain the structure suitable for ejecting the ink
) drops, high resolution can be achieved since the barrier
layer £ ié not provided. Thus, in the present embodiment,

- different from the known construction, P1/P2 < 1 is

satisfied.

I

(Arrangement of support members)

Next, the arrangement of the support members 14 will be
described below.
As described above, the support members 14 shown in Fig.
1 are arranged at the four corners of the heating elements
) 13 so as to surround the heating elements 13. However, the
arrangement of the support members 14 is not necessarily
limited to this, and various modifications are possible with
respect to the shape, the size, the number, the arrangement
pattern, etc., of the support members 14.

) ' Figs. 7 to 10 are plan views showing the modifications




provided as the partition walls between the heating el efmprtsmiddr ddpgenber
2006 28 ¢, as shown in Fig. 17, PI/P2 > 1 is normally satisfied.

However, in the case in which high resolution, for exanple, 1200 dpi, is
required, the distance P1 between the <centers of the heating el enments 13
is small, such as 5 approximately 20 m Therefore, in the known

construction, thereis alimt to increasing the resolution. According to
the present invention, however, although the hollow sections 17 nust have
a certain strength and a certain height in order to obtain the structure
suitable for ejecting the ink dropszghigh resolution can be achi eved since
the barrier layer f is not provided. Thus, in the present enbodi nent,
different fromthe known construction, P1/P2 < 1 is satisfied.

(Arrangenent of support menbers) Next, the arrangenent of the support
nenber LA ARG 13T IFRITEDY i He d- e | BWPOAS E@é"@reirﬁeg‘labo%_? t he support

menbers 14 shown in Fig. 1 are arranged at the foui corne&i of éhe heati ng
el ementRPS B AR LI {lg Qetaranth ey NepEABAL €198 EBwe v et he

arran nt of the support .nenbers 14 i, ot necessarj.l Limpted to this,
and varituS THRATY ST drb Hoshiiie 2 195 edpett Lo’ PRE SRGpe. the

si ze, the nunber lygelg%réggf nt ., pattern, E?B'a gfsﬂggnsggport menbers 14

Figs.'f%%? ‘hf%’p an 'vi ews s 5Vnng the modificatons

5 double—-dotted chain lines.

Fig. 7 shows a first modification of the arrangement of
the support members 14. In the figure, a wall 18 having the
same height as the support members 14 is disposed above the
heating elements 13, and the heating elements 13 are

) arranged along the longitudinal direction of this wall 18.
The support members 14 are arranged in two lines below the
heating elements 13 in the figure. More specifically, the
support members 14 are arranged in twe lines along the
longitudinal direction at the same pitch as in ?ig. 1.

i Since a large number of support members 14 are arranged,
the height of the ink—flowing'space 15 can be maintained
more constant and the strength of the support members 14 can
be ensured. In addition, when the support members 14 are

- arranged as shown in Fig. 7, the dust particles which enter

) the ink-flowing space 15 are caused to sfop at a line of the

support members 14 which is as far from the heating elements
13 (the hollow sections 17) as possible. Accordingly, the

ink-flowing space 15 can be prevented from being clogged at

positions near the heating elements 13 (hollow sections 17)

and ink can be uniformly supplied to the hollow sections 17.




21 Decenber 2006 29 of the arrangenent of the supporbq BRERRES 2bhs The
posi-tional relationship between the heating elenents 13 and the support
menbers 14 is shown in Figs. 7 to 10, and the ejection holes 17a and the
ink inlets 17b are shown by 5 double-dotted chain lines. Fig. 7 shows a
first nodification of the arrangenent of the support nenbers 14. In the
figure, a wall 18 having the sane height as the support nenbers 14 is
di sposed above the heating elenments 13, and the heating el enents 13 are
arranged al ong the |longitudinal direction of this wall 18. The support
menbers 14 are arranged in two lines _helow the heating elements 13 in the
figure. More specifically, the suﬁb& t menbers 14 are arranged in two
lines along the longitudinal direction at the sane pitch as in Fig. 1.
Since a | arge nunber of support nenbers 14 are. arranged, the height of the
i nk-f 1 o®bHg -sphee thecanpbermamanhensdl4 npre sonsiged and the strength of
the support menmbers 14 can be ensured. In addition, when the support
menber sPisralétvapfahdedsastbhodnst np&iyicles tdwe dusighpardt oJres oshi ch enter
the ink-flow ng space 15 are caused to stop at a line of the support
nenber stB% hiPeh PE hABef arpPeon nembéeatlhgeienenttsey ¥aidle hol | ow
sections 17% as possible. Accordingly, the ink-flow ng space 15 can be
pr event E0TP %ﬂ1Bg?nbnETgbﬁﬁﬁngtspﬁﬁ%i¥5cﬁﬂwanﬁuthduhdﬁiﬂﬂ sgoeiement s 13
(hold o ;ections 17) and ink can be uniformly supplied to the holl ow

17

secti on
Fig. 8 shows a second modification of the arrangement
of the support members 14. In the figure, the support
members 14 are arranged in two lines suéh that the support
members 14 on the upper line and the support members 14 on
) the lower line are not aligned in the vertical direction.
More specifically, in the figure, the support members 14 on
the upper line and the éupport members 14 on the lower line
are shifted from each other. In this case, the dust
particles can be more effectively prevented from traveling:
i through the support members 14 and reaching the hollow
sections 17.
Fig. 9 shows a third modification of the arrangement of
the support members 14. 1In the figure, the support members
14 are arranged in two lines, as in Figs. 7 and 8, and the
support members 14.on the upper line are.positioned directly
below the heating elements 13. When the support members 14
are arranged in this manner, dust particles which travel
through the support members 14 on the lower line are stopped

by the support members 14 on the upper line, so that the

dust particles can be prevented from directly reaching




- 21 Decenber 2006 30 Thus, when the support nenbers 141 peBedbéraiged in a
plurality of lines, the dust particles are caught at one of the |ines of
t he support nenbers 14 before they travel through the ink-flow ng space 15
toward the hollow sections 5 17. Fig. 8 shows a second nodification of the
-arrangenent of the support nmenbers 14. In the figure, the support nenbers
14 are arranged in two lines such that the support nenbers 14 on the upper
| ine and the support nmenbers 14 on the lower line are not aligned in the
vertical direction. Mre specifically, in the figure, the support nenbers
14 on the upper line and the support_ nenbers 14 on the lower line are
shifted fromeach other. In this casél the dust particles can be nore
effectively prevented fromtraveling i through the support nenbers 14 and
reaching the hollow sections 17. Fig. 9 shows a third nodification of the

arrangepeaitmbnsthbosapﬁnéthﬁEﬁb@gSeﬂéheﬂﬁbtfﬁiIﬁdﬁﬂﬁaoﬂ%h%ei%%PQm% menber s
14 are arranged in two lines, as Iin Figs. 7 and 8, and the support nenbers
14 on thelhp@esebtmenarb7p05|t|oned directly below the heating el enents
13. When the support nenbers 14 are arranged in this manner, dust
particles which trwdlows by diggirthhecslifpest isaber $hédaenahfembaver |ine
are stg@ged by the support nenbers 14 on the upper line, so that the dust
particles &m perpeeldremiels oM diwheotd ythreeairipogt members 14 are

5 arranged in three lines. fThus, the support members 14 are
not necessarily arranged in two lines, as shown in Figs. 7
to 9, and may also be arranged in three lines, as shown in
Fig. 10. In addition, the support members 14 may also be
arranged in four or more lines.

J Further, in Fig. 10, the support members 14 on
different lines have different sizes. 1In Fig. 10, the size
of support members 143 6n the top line is fhe smallest, and
the size of support members 14B on the central line is the
second smallest. In addition, the size of support members

3  14C on the bottom line is the largest.

Accordingly, dust particlés which are larger than the
gaps between the support members 14C are stopped by the line
of the support members 14 at the bottom, and do not travel
further toward the heating elements 13 (hollow sections 17).
In addition, from among the dust particles which travel
through the gaps between the support members 14C on the
bottom line, dust particles which are larger than the gaps
between the support members 14B are stopped by the line of
the support members 14 on the center, and &o not travel

further tqward the heating elements 13 (hollow sections 17).




21 Decenmber 2006 31 positions above the heating el enpitecddbélamst | ons
bel ow the hollow sections 17). Fig. 10 shows a fourth nodification of the
arrangenent of the support nmenbers 14, where the support nenbers 14 are 5
arranged in three lines. Thus, the support nenbers 14 are not necessarily
arranged in two lines, as showmn in Figs. 7 to 9, and may al so be arranged
inthree lines, as shown in Fig. 10. In addition, the support nenbers 14
may al so be arranged in four or nore lines. Further, in Fig. 10, the
support nenbers 14 on different lines have different sizes. In Fig. 10,
the size of support nmenbers 14A on the top line is the smallest, and the
si ze of support nenbers 14B on the cetfiral line is the second smallest. In
addition, the size of support nenbers i 14C on the bottomline is the

| argest. Accordingly, dust particles which are larger than the gaps

bet ween t he Fbppor froenbrosg 144G ades steppettys the dh reavefl t he support
menbers 14 at the bottom and do not travel further toward the heating

el ement $hrugholthewgspst behwedn) thel aupddit i wembdérom 4song:dhe dust
particles which travel through the gaps between the support nmenbers 14C on
the boPE&HiICIEE, widsh paet lefgsrwhhah bhe gawgearetvhsem tite gapspodiet ween

t he supgprt menbers 14B are stopped by the line of the support nenbers 14
on the CERPEFS 4Ad asendtoppeddry thet hbre toharht thwdeat immpedenent s 13

(hOEJOM&Eegki%gg %Z , and do not travel further toward the heating
elements 13 (hollow sections 17). Accordingly, as the size
of the dust particles increases, the distance from the
heating elements 13 (hollow sections 17} to the line of the
support members 14 at which the dust particles are stopped

0 increases.

Although the support members 14 have a columnar shape

in the first embodiment; the shape of the support members 14
is of course not limited to this. For example, the heating
elements 13 may also be surrounded by bracket-shaped members

> whose length is shorter than the length of each side of the
heating elements 13. Also in fhis case, the ink-flowing
space 15 can serve both to provide a filter effect and
ensure the amount of ink which flows into the heating
elements 13 to the same degree as in the known construction.
In addition, it is not necessary that all of the support
members 14 have the same shape. For example, the support
members 14 near the heating elements 13 may be formed in a
bracket shape while the other support members 14 are formed

in a columnar shape.




21 Decenber 2006 32 Then, from anong the dust partickepasbinebr 2goavel

t hrough the gaps between the support nenbers 14B, dust particles which are
| arger than the gaps between the support nenbers 14A are stopped by the

i ne of the support nenbers 5 14 on the top, and do not travel further
toward the heating elenments 13 (hollow sections 17). Accordingly, as the
size of the dust particles increases, the distance fromthe heating

el enents 13 (hollow sections 17) to the line of the support nenbers 14 at
whi ch the dust particles are stopped O increases. Although the support
menbers 14 have a columar shape 1iLn3zthe first enbodi nent, the shape of the
support nenbers 14 is of course not [imted to this. For exanple, the
heating elenments 13 may al so be surrounded by bracket-shaped nenbers 5

whose Iengtrlés shorter than the length of each side of the heating
el enents 13. R34 r‘?t‘gjrﬂdsmt‘?égé, the ink-flowing space 15 can serve both to
provi de a fELter %ftect and ensuyre the ampunt of ink which flows into the
heating el émght s 113% & BFE SPAnE 148gFEEYasTi A PRETknbSrd cohs®ri®ion. In
ddi o ifq1 h gII f_t nb 14 h th
a ItIO£I 5{. Ir? not necessary thaf. a (0] g?le suppor .renper. s ave e
¢
sane shape %%rgea%uﬁﬂ%fcqﬁéa%ﬁﬁ? St @t dis ?ﬁgﬁgﬁ tHE®REAPPNg el ement s
13 My B dOrdBLh1fha- DLACKRL SRR WIS UG, OLDCL, SHPPOLLL MBIGS S 14 are
formed 1n a columar shape. cenber
> Fig. 11 corresponds to Fig. 1 of the first embodiment.
In the second embodiment, although heating elements 13
-are formed on a base member 11 in a manner similar to the
first embodiment, support members 14 are not formed on the
base member 11,
) The support members 14 are formed integrally with the
hollow-section-formed member 16A on the bottom surface of
the hollow-section-formed member 16A in the figure. Other
parts of the hollow-section-formed member 16A are similar to
those of the hollow-section-formed member 16 of the first
) embodiment.
The support members 14 arée formed on the hollow—
section-formed member 16A such that they are positioned at
the same positions as in the first embodiment when the
hollow-section-formed member 16A is laminated on the base
I member 11 on which the heating elements 13 are formed.
In the case in which the hollow-section-formed member
16A is composed of a film-like material such as polyimide
and a photosensitive resin, the support members 14 can be

formed integrally with the hollow-section-formed member 16A

by half-etching of the bottom surface of the film-like




33 (Second Embodinment) Fig. 11 is a perspective view off (Rcphb&t2dogad chip
10A  according to a second enbodi ment of the present invention, where a
hol | owsection-formed nenber 16A is shown separately. 5 Fig. 11 corresponds
to Fig. 1 of the first enbodinment. In the second enbodi ment, although
heating elenments 13 are forned on a base nenber 11 in a manner simlar to
the first enbodiment, support members 14 are not formed on the base
menber 11. The support nenbers 14 are formed integrally with the

hol | ow section-fornmed nmenber 16A on the bottom surface of the

hol | ow section-forned nenber 16A in the figure. Oher parts of the

hol | owsection-forned nmenber 16A are3dimlar to those of the

hol | ow secti on-forned nenber 16 of the first i enbodi nent. The support
menbers 14 are formed on the hollow section-fornmed nmenber 16A such that

they areaiesiibionadraly. the GRER PRSI hOONGyASLMsdherd sl Laodi ment when
they hol | ow slectl on- fgr med nenber 16A éI)S %ﬂ‘lbseﬁa ldIJP e baesme rrenbe 11

on whi chéahé sheahishguet8BERhS th3s ahgnd OF MEgh 1 a;}%ﬁ@enfa?féfl 1{;6"1'?3 £h the

hol | ow-section-fornmed nember 16A i's conpose mat eri al such
as pol yiseictte onatid raeghptaBeRSibhyeiEeskBvilbg éHpEHéthEEbﬁéﬁgéé gan be

formed integrally with the holl ow section-fornmed nenb
hal f - et ehidnghef cbhesbothothsuehacee ofeddted i I'm i ke 21 Decerrber 2006
5 In addition, according to the second embodiment, only
the hollow-section-formed member 16A must be laminated and
adﬁered on the base member 11 on which the heating elements
13 are formed. Accordingly, an adhesive layer is provided
at only one position. In:comparison, in the first
0 embodimentf the adhesive layer must.be provided at two
positions, that is, between the supporf members 14 and the
base member 11 and between.the support members 14 and

hollow-section-formed member 16.

Accordingly, since the number of adhesive layers is

wry

.reduced, the dimensional accuracy of the total thickness of
~the print head chip 10A can bé increased. In addition,
since the number of adhesive layers is reduced, the
‘reliability of strength can be increased.

Other constructions are the same as those of the first
[ embodiment, and explanations thereof are thus omitted.
| In'addition to the metﬁods for forming the support
members 14 used in the first and the second embodiments, the
support members 14 may also be formed by printing by
applying a printing layer with a thickness of L4, which is

the height of the support members 14, on the surface of the




34 material in Fig. 1. When the hol |l ow secti on-for medzmpzembeldfods S
constructed in this manner, only one | ayer (hollow section-fornmed nenber
16A) is provided on the base nenber 11, and the costs can thereby be
reduced. 5 In addition, according to the second enbodi nent, only the

hol | ow section-fornmed nmenber 16A nust be | am nated and adhered on the base
menber 11 on which the heating elenents 13 are forned. Accordingly, an
adhesive layer is provided at only one position. In conparison, in the
first O enbodi ment, the adhesive |ayer nust be provided at two . positions,
that is, between the support nenbers_14 and the base nenber 11 and between
t he support nenbers 14 and hol | ow"séet iron-f or med nenber 16. Accordingly,
since the nunber of adhesive layers is 5 reduced, the dinensional accuracy
of the total thickness of the print head chip 10A can be increased. In

addi t i obasesimesBetrhelnonbenieh ashaséyei hqyerSndisd adueed ddhigegrel iability
of strength can be increased. O her constructions are the sane as those of

the first oenbbei hentomasdr £x¢é andit 106 shd heseafe @@ i-FeTmRd heg®er! N
addition to the nethods for formng the support nenbers 14 used in the
first ah@-the second enbodi nents, the support nenbers 14 may al so be
formed by printing by applying a printing layer wwth a thickness of L4,
which is théeetrlei git esfamie sappbrichmenperistlhecadnfoheasuiface of the 21

Decenber 2006
5 printer is constructed will be described below.

Fig. 12 is a plan view showing an example in which a
print head for a line printer is constructed by arranging a
plurality of print head chips 10B. 1In Fig. 12; support
- members 14 and walls 18 afe shown by bold lines.

0 In this example, the support members 14 are arranged in
three lines in each of the print head chips 10B. 1In
addition, in each printrhead chip 10B, the support members
14 are formed on the hollbw—section~formed member 16A as
described in the secoﬁd embodiment. Accordingly, only the

> heating elements 13 are formed on the base members 11.

In this case, the aﬁjacenﬁ base members 11 are disposed
such that an interval between the heating elements i3 at the
adjoining ends of the base members 11 is the same as the
interval at which the heating elements 13 are arranged in

' each of the base members 11. In addition, all of the base
membersrll‘are adhered on a single hollow-section-formed
member 16A in which the hollow sections 17 are formed at
positions corresponding to the heating elements 13 on all of
the base members 11. 1In addition, a common flow path 19 for

all of the print head chips 10B is provided outside the




35 base nmenber 11 on which the heating el enents 13 ar e1iDetaRber BJogon t he
bottom surface of the holl ow section-forned nenber 16. Next, an exanple in
which a print head for a line 5 printer is constructed will be descri bed
below. Fig. 12 is a plan view showi ng an exanple in which a print head for
aline printer is constructed by arranging a plurality of print head chips
10B. In Fig. 12, support nenbers 14 and walls 18 are shown by bold |ines.
O In this exanple, the support nmenbers 14 are arranged in three lines in
each of the print head chips 10B. In addition, in each print head chip
10B, the support menbers 14 are formed on the hol |l ow section-fornmed nenber
16A as .described in the second enbodiénent. Accordingly, only the 5 heating
el enents 13 are forned on the base nenbers 11. In this case, the adjacent
base menbers 11 are disposed such that an interval between the heating

el ement supPoat: WBRbead] ouni ng ends of the base nenbers 11 is the sane as
the interval at which the heating elenents 13 are arranged in each of the

base nenber saddordingidd tiien pridt Hedd &g e TIRELS 143l enadhered on a
singl e holl owsection-forned nenber 16A in which the hollow sections 17

are forwbdcht a pdsralibng cDrtiesponihHchda tde heatdmna @ ameptis143 on al | of
the base nenbers 11. In addition, a conmon flow path 19 for 411 all of the
print headas@e@s (108 ¢heprowv deoll @utSldetdd i2lkeddage HiefandRH is
5 obtained.
In the known construction, when multiple print head
;chips a are arranged, the ink ejection performance at the
boundaries (ends) between the print head chips a must be as
high as that at other regions. Accordingly, the ink cells b
0 at the boundaries between the print head chips a must be
processed with high.accuracy, similar to the ink cells b at
the other regions. However, this is difficult. Therefore,
it is difficult to eject ink with stable performance at the
'_boundaries of the adjacent print head chips.

5 | In compa:ison, according to the present embodiment,
since the base member 11 @as ﬁo partition walls, etc., it is
only necessary to ensure the accuracy of the interval
between the heating elements 13 at the boundaries between
the base members 11.

) The above-described print head for the line printer may
also be constructed by using the print head chips 10

-according to the first embodiment. Also in this case, a
plurality of base members 11, on each of which the heating
elements 13 and the support members 14 are formed, are

laminated on a single hollow-section—formed member 16. The




36 support nenbers 14. Accordingly, the print head fopqpDagerhbdteopsi nter in
which a plurality of the print head chips 10B are linearly arranged (the
ejection holes 17a are linearly arranged) is 5 obtained. In the known
construction, when multiple print head chips a are arranged, the ink

ej ection performance at the boundaries (ends) between the print head chips
a nust be as high as that at other regions. Accordingly, the ink cells b 0O
at the boundaries between the print head chips a nust be processed with
hi gh accuracy, simlar to the ink cells b at the other regi ons. However,
this is difficult. Therefore, it is difficult to eject ink with stable
performance at the boundaries of Th& adjacent print head chips. 5 In
conparison, according to the present enbodi nent, since the base nenber 11
has no partition walls, etc., it is only necessary to ensure the accuracy

of the shipeyvads Bied waefpdie ealdng 18l ameNts13nakHesPgupgacies between
t he base nenbers 11. The above-described print head for the line printer

may al sheheatcoiist rerdebbythisinig d hempeirat 1headychepai$@erageording to the
first enmbodinment. Also in this case, a plurality of base nmenbers 11, on

each of fxm cthe hehdiest iolgy tiad enpiplos-tl detBdrkhe 4suppOtheMeAbEFGald are
formed, are lamnated on a single hollowsection-forned nenber 16. The 21
DeqenbébeEKKHD them at other regions, depending on the arrangement
5 of the support members 14. However, since the support
members 14 do not directly affect the ink ejection
performance like the ink cells b, no substantial
disadvantage occurs even when the shapes of the support

members 14 and the intervals between them are different at

) the boundaries of the base member 11.

(Third Embodiment)
Fig. 13 is a sectional view showing a print head chip
- 10C according to a third embodiment of the present invention.
» Fig. 13 corresponds to Fig. 3 of the first embodiment.

In the third embodiment, é vibration plate 21, an upper
electrode 22, and a lower electrode 24 are provided as the
energy—ggnerating unit in place of the heating element 13 of
the first embodiment. The print head chip 10C of the third
embodiment is of an electrostatic type. An air layer 23 is
provided between the upper electrode 22 and the lower
electrode 24. Other constructions are similar to those of
the first embodiment.

In the third embodiment, when a voltage is applied

between the upper electrode 22 and the lower electrode 24,




37 shapes of the support nenbers 14 and the interval s2bgiase@Ber 2dtgm at t he
ends of the base nenbers 11 nay be different fromthe shapes of the
support nenbers 14 and the intervals between them at other regions,
depending on the arrangenent 5 of the support nenbers 14. However, since
the support nenbers 14 do not directly affect the ink ejection
performance like the ink cells b, no substantial disadvantage occurs even
when the shapes of the support nmenbers 14 and the intervals between them
are different at the boundaries of the base nmenber 11. (Third Enbodi nent)
Fig. 13 is a sectional view show ng 3 print head chip 10C according to a
third enbodi rent of the present inve Bion. i Fig. 13 corresponds to Fig. 3
of the first enbodinent. In the third enbodinent, a vibration plate 21, an
upper electrode 22, and a | ower electrode 24 are provided as the
ener gy- geeerabiragivni plate pfAces opulhed hbawnwr @l iameite ¥igufre blye fir st
enbodi nent. The print head chip 10C of the third enbodinent is of an
el ect r oshatilectypetafcafortayean?3is defraviaied Ritaeerthcheolppae
el ectrode 22 and the | ower el ectrode 24. Qther constructions are simlar to
t hose ofits skt tor 8t Vesbothaenthe | aledieradtiadi enbodierest remoyeda voltage is
applied between. the upper electrode 22 and the | ower el ectrode 24, 21
Decenbefcepoging8y, the vibration plate 21 returns to its original
5 position due to the elasticity thereof, and ink contained in

the hollow section 17 is ejected from the ejection hole 17a

using the elastic force of the vibration plate 21. Also in

this case, effects similar to those of the first embodiment

can be obtained.

(Fourth Embodiment)

Fig. 14 is a sectiénal view showing a print head chip
10D according to a fourth embodiment of the present
invention. Fig. 14 corresponds to Fig. 3 of the first

5 embodiment.
| In the fourth embodiment; a laminate of a piezoelectric
element 25 with an electrode layer on each side thereof and
a vibration plate 21 is provided as the energy-generating.
"unit in place of the heating element 13 of the first
)  embodiment. The print head chip 10D of the fourth
embodiment is of a piezoelectric type. Other constructions
are similar to those of the first embodiment.
In the fourth embodiment, when'a voltage is applied

between the electrodes on both sides of the piézoelectric

A

element 25, bending moment is applied to the vibration plate




the vibration plate 21 is pulled downward in the figurgqb¥cedBer 2006
electrostatic force, and is deflected. Then, the voltage is set to 0 V so

that the electrostatic force is renoved. Accordlngly, the vibration plate
21 returns to its original 5 position due to the elasticity thereof, and
ink contained in the hollow section 17 is ejected fromthe ejection hole
17a using the elastic force of the vibration plate 21. Also in this case,
effects simlar to those of the first enbodi ment can be obtained. O
(Fourth Enbodinment) Fig. 14 is a sectional view showng a print head chip
10D according to a fourth enbodi nent of the present invention. Fig. 14
corresponds to Fig. 3 of the first™5 3e€nbodinent. In the fourth embodi ment,
a laminate of a piezoelectric elenent 25 with an el ectrode | ayer on each
side thereof and a vibration plate 21 is provided as the energy-generating
unit inzpl ace eb the peatodpecterentfiscofandecd rSibragiirediprant. The print
head chip 10D of the fourth enbodinent is of a piezoelectric type. O her
construetli assdedilecsedi dad defdhose. of Itbecdntsineehtioditientholllowt he fourth
enbodi ment, when a voltage is applied between the electrodes on both sides
of the peezdehet?ris &jetemenfrd@sb, thensljegtimonentld d7applsiied tthet he
vi bration plate 21 Decenber 2006 39
deformation of the vibration plate 21. Alsc in this case,
5 effects similar to those of the first embodiment can be

obtained.

As described above, according to the present invention,
the processing accuracy of the ejection unit for ejecting
0 liquid, such as ink, can be easily increased. In addition,
the variations in the volume of the liquid, such as ink
drops, the ejection angle thereof, etc., can be reduced even.
when dust is mixed in liquid, such as ink. 1In addition, a
reduction in a liquid-supply speed at which ligquid, such as
5 ink, is supplied to the ejection unit can be prevented.
Although the present invéntion can, of course, be
applied to serial printers and line printers, applications
of the present ihvention is not limited to printers, and_the
present invention can be applied to various methods and
0 apparatuses for ejecting liquid. For example, the present
invention can also be applied to a method and an apparatus
for ejecting a DNA solution for detecting biological

materials.

3 . Industrial Applicability




21 due to the piezoelectric effect and the vibration pbapRcerdier Sogef ! ect ed
and deforned. Ink contained in the hollow section 17 is ejected fromthe
ej ection hole 17a using the deformation of the vibration plate 21. Also in
this case, 5 effects simlar to those of the first enbodi nent can be
obt ai ned. As described above, according to the present invention, the
processi ng accuracy of the ejection unit for ejecting O liquid, such as
ink, can be easily increased. In addition, the variations in the volune of
the liquid, such as ink drops, the ejection angle thereof, etc., can be
reduced even when dust is mxed in |liquid, such as ink. In addition, a
reduction in a liquid-supply speed_aﬁomﬁich liquid, such as 5 ink, is
supplied to the ejection unit can be prevented. Although the present

i nvention can, of course, be applied to serial printers and line printers,
applicati onsThefpitdewermpr dyardntimentdlanedss thoh memhbadahd pninters, and the
present invention can be applied to various nethods and O apparatuses for

ej ect i ngpbagatds For ekarpley iiheujpd eseni cambentippl iedn tal,sdobe applied to
a nethod and an apparatus for ejecting a DNA solution for detecting

bi ol ogi expmphat e2d alwk] &t |pdister al Applicability 21 Decenber 2006 40 The
present invention relates to a nethod and an apparatus for ejecting

| i quid, and can be applied to, for




exanple, an inkjet printer. 21 Decenber 2006 41 CLAI Mp1 pkceibs SHHisd

ej ection apparatus conprising: a plurality of energy-generating units
provi ded on a base nenber; liquid cells for pressurizing liquid with
energy generated by the energy-generating units; and nozzles having
ejection holes for ejecting the liquid which is pressurized in the liquid
cells, wherein a liquid-flow ng space with a height of His provided

bet ween t he base nmenber and a nenber im which the nozzles are fornmed and
t he nozzl es are arranged such that each of the ejection holes is placed
above each of the energy- generating units, wherein first open sides of the
nozzl es GARIS face the |iquid-flowi ng space serve as liquid inlets and
second agpen _si.des.of the nozzles serve as the gjection holes, so that

i nner 21" DecéntédU3606)©4510BaeBRABR LR eCABILI 8 G erve as the liquid cells,
the liquid gebhs A9t theiky e?zre‘%\é‘:yd?%n%‘ff@@&ﬁgeBr}%it%ng)r%‘iﬁgbnotnh% fﬁ%{%eowi ng
expression is satisfied: H < Drminf" 42 wher nis a mninmmopen |l ength
of the memderspaces of the nozzles including the ejection holes and the
liquid i n] et _sLiquid cells for pressurizing liquid with energy generated
by the energy-generating units; and |
nozzles having ejection holes for ejecting the liguid
which is pressurized in the liquid cells,
wherein a liquid-flowing space with a height of H is
provided between the base member and a member in which the
"nozzles are formed and the nozzles are arranged such that each
of the ejection holes is placed above each of the energy-
generating units,
wherein first open sides of the nozzles which face the

liquid-flowing space serve as liquid inlets and second open

sides of the nozzles serve as the ejection holes, so that inner




2. Aliquid ejection apparatus conprising: a pluralityz2ebeesapgyzqpgner ati ng
units provided on a base nenber; and a holl ow section-fornmed nmenber which
i s di sposed above the energy-generating units and in which cylindrical
hol l ow sections are forned, first open sides of the hollow sections which
face the energy-generating units serving as liquid inlets and second open
sides of the hollow sections serving as ejection holes for ejecting
liquid, wherein a liquid-flow ng space which comunicates with the |iquid
inlets is provided between the base nepgber and the holl ow section-forned
menber, and wherein the follow ng expression is satisfied: H < Dmn/112
wher e Himi@shedfhthoef noze lleisquialsvd oms nghepakienaint ©Orlhs, i $ha niirundn open
| ength of the hgllow sections. 3. Aligujd ejec¢tion apparatus conprising: a
plural i GF19f5 &R }&@nEFSYFaﬁduﬁ?P§rﬁF%in n a base nenber; |iquid

cells for prﬁﬁéyéiﬁiﬂ%'fm&ﬂ%%%&zgg abed sy gt he

energy-generating units; 21 Decenbe ejection holes for ejecting
the |iquid wHi ¢chDmsn/Y2 essurized in the liquid cells; and a

hol | ow section-formed nmenber whjch is digPosed above the energy-generating
uni ts and i ""WATRhDRYR | Héird cBIPHBIM oRpen Length of the inner spdces of

the nozzles including the ejection holes and the liquid inlets.

2. A liquid ejection apparatus comprising:

a plurality of energy-generating units provided on a base
member; and

a hollow-section-formed member which is disposed above the
energy—generating units and in which c¢ylindrical hollow
sections_are formed, first open sides of the hollow sections
which face the energy-generating units serving as liquid inlets
and second open sides of the hollow sections serving as
ejection holes for ejecting liquid,

wherein a liquid—flowing space which communicates with the
liquid inlets is provided between the base member and the
hollow-section-formed member,rand

wherein the following expression is satisfied:

H < Dmin/v2

where H is a height of the liquid-flowing space and Dmin

is a minimum open length of the hollow sections.

3. A liquid ejection apparatus comprising:

a plurality of energy-generating units provided on a base
member;

liquid cells for pressurizing liquid with energy generated

by the energy-generating units;




sections are formed, the hollow sections serving as bobhpkh&mbddfsd cells
and the ejection holes such that the liquid flows into the hollow sections
t hrough first open sides of the hollow sections which face the
energy-generating units, is pressurized wth energy generated by the
energy-generating units, and is ejected through second open sides of the
hol | ow sections, wherein a |iquid-flow ng, 6 space which communi cates with the
liquid inlets is provided between the ba menber and t he

hol | ow secti on-forned nenber, and wherein the follow ng expression is
satisfied: H < Dmn/'V2 where His a height of the liquid-flow ng space
and Dnmin isedenpthpnumlopes | efgrh afjadidnl | tiee sedtiipris]  4wiAich quiic

ej ection apparatus accoydi to.one.of Caims 1 to 3, wherein the

l'i qui d-H %ﬂ§l§ﬁgcénig@?uggguédsﬁﬁ%gshh?%% lies between the adjacent

ener gy-gener at hag 1AL LS+ I EADFEPROS hbfoeP! W AlH tys A1 ST -GRARY dteng

units, at the shortest distance. 5. Aliquid ejection apparatus according
to one emeClogigencetataond, wherta n drie | igui dhitbw nyldpaed cad cdonrdilouct ed
such that the liquid flows toward the energy-generating units in a

pl ur al i tSF LO8Sf frent TGt FBRs hoddope PO UG, 2A PRl dhe

o S0 o 9 RO LR AN Bols OL ISR A Wi
ener gy deser ahedhollow sections through first open sides of the hollow
sections which face the energy-generating units, 1s pressurized
with energy generated by the energy-generating units, and is
ejected through second open sides of the hollow sections,
wherein a liquid-flowing space which communicates with the
liquid inlets 1is provided between the base member and the
hollow—section-formed member, and
wherein the following expression is satisfied:
H < Dmin/v2
where H is a height of the liquid-flowing space and Dmin

is a minimum open length of the hollow sections.

4.A liquid ejection apparatus according to one of Claims 1 to
3, wherein the liguid-flowing space includes a space which lies
between the adjacent energy-generating units, from among the

plurality of enérgy—generating units, at the shortest distance.

5. A liquid ejection apparatus according to one of Claims
1 to 4, wherein the liquid-flowing space is constructed such
- that the liquid flows toward the energy-generating units in

a plurality of different directions.




by the energy-generating units; and nozzles having ejechifiafBLESodeCr
ejecting the liquid which is pressurized in the liquid cells, erein a

| i quid-flow ng space with a height of His provided between the base
menber and a nmenber in which the nozzles are forned and one or nore
support nenbers which maintain the height of the liquid-flow ng space
constant are arranged in a part of tQF i quid-fl ow ng space, wherein the
nozzl es are arranged such that each of% he ej ection holes is placed above

each of §he perlqrcgmw@j@c%_tﬂoﬂgapgakgﬁuswesﬁﬁkﬂsiﬁ@:st open sides of the
nozzl es which face the Iliquid-flow ng space serve as liquid inlets and
second open asirdégadfi tyhe inczw gy —seneeass nphendjtec irewikiedesn so dawat

i nner 3%9 es of the nozzles serve as the liquid cells, the liquid cells

not bei 0Vi ded separately, and wherein the fol | owing expression is

satisfied: Higbai pe1id woer 8-rO8EA] 8185 M '15'%6“&99{% & ddner

spaces of théﬁﬁozzles includ?ﬁg t%g e?%%tig% ol es andﬁgﬁépltﬂﬁ%§ln ets.

wher ei n lnhghenengyrgyegenatrangngnuhstay eamadli gned on the based nenber,

wherein a pluralh%é of the support nmenbers are arranged in a plurality of
t

lines al ong &°47 i SAVIRE WRISKTHRE ehetes- foherdEChdndni tRe arld Btidyned,
and 21 Lepesbers 2008<u432ed in the liquid cells,

wherein a liquid-flowing space with a height of H is
provided between the base member and a member in which the
nozzles are formed and one or more support members which
maintain the height of the liquid-flowing space constant are
arranged in a part of the liquid-flowing space,

wherein the nozzles are arranged such that each of the
ejection holes is placed above each of the energy-generating
units,

wherein first open sides of the nozzles which face the
liquid-flowing space serve as liquid inlets and second open
sides of the nozzles serve as the ejection holes, so that inner
spaces of the nozzles serve as the liquid cells, the liquid
cells not being provided separately, and

wherein the following expression is satisfied:

H < Dmin/V2

where Dmin 1s a minimum open length of the inner spaces of
the nozzles including the ejection holes and the liquid inlets.
| wherein the energy-generating units are aligned on the
based member,

wherein a plurality of the support members are arranged in
a plurality of lines along a direction in whiéh the energy-

generating units are aligned, and




wherein an arrangenent interval of the support menbers;ppo.QhcerHFookhe i nes
is different froman arrangenent interval of the support nenbers on

anot her one of the lines. 7. Aliquid ejection apparatus conprising: a
plurality of energy-generating units provided on a base nenber; and a

hol | ow section-fornmed nmenber which is disposed above the energy-generating
units and in which cylindrical hollow sections are forned, first open
sides of the hollow sections which face the energy-generating units
serving as liquid inlets and second quen sides of the hollow sections
serving as ejection holes for ejecting liquid, wherein a liquid-flow ng
space whi ch edeEreinc ainesrwiahiyetnbat! iigitedviadl etfs the puppoded mdadtaraerort he
base nenber and the_holl ow section-forned nenber, wherein the follomnng
expr essiB® &L sE¢ stives IeDALRfeTont whepe Hn|§I§aW§ﬁ@ﬁPtoﬂnF@éva

liquid- fhgyn &%ﬂﬁpﬁeﬁﬂgrgnbﬂ ahétﬁef18h$”§fo o aﬁg%h of the hol | ow

sectlons €rein one or nore suppor h mai ntain the

hei ght of the | i qui d-fl ow ng space constant are arranged in a part of the
i quid-flow n ce, wherein the energy-generating units are aligned on
the baded ﬁegﬁéwldwﬁéﬁéthoa @PB@E@F@? @@m@fmﬁ%@$port menbers are arranged

2 Bl Ll 502 08,8, 0L SEELo0 ML S 0B 508 B SHIRLA 1o

member; and

a hollow—section—formed member which is disposed above the
energy-generating units and in which c¢ylindrical hollow
sections are formed, first open sides of the hollow sections
which face the energy-generating units serving as liquid inlets
and second open sides of the hollow sections serving as
ejection holes for ejecting liquid, wherein a liquid-flowing
space which communicates with the liquid inlets is provided
between the base member and the holldw—section—formed member,

wherein the following expression is satisfied:

H < Dmin/v2

where H is a height of the ligquid-flowing space and Dmin
is a minimum open length of the hollow sections, and

wherein one or more su?port members which maintain the

- height of the liquid-flowing space constant are arranged in a

part of the liquid-flowing space,

wherein the energy-generating units are aligned on the
based member,

wherein a plurality of the support members are arranged in
a plurality of lines along. a direction in which the energy-

generating units are aligned, and




46 wherein an arrangenent interval of the support nmenbenpHRBmbePsody the
lines is different froman arrangenent interval of the support nenbers on
anot her one of the lines. 8 A liquid ejection apparatus conprising: a
plurality of energy-generating units provided on a base nenber; liquid
cells for pressurizing liquid with energy generated by the
energy-generating units; ejection holes for ejecting the liquid which is
pressurized in the liquid cells; and a holl ow section-fornmed nmenber which
i s disposed above the energy-generating units and in which cylindrical
hol | ow sections are forned, the hollow sections serving as both the
liquid cells and the ejection holes such4bhat the liquid flows into the

he ener gy- oo BAEmg U e S SR e cutia S8t Sh (e rotR GerRP ISt (59 tho
ener gy- gefer et i BHe UNEhss aea_d'ﬁfe@ie%t %&dﬂrﬁy%&%ﬁ%}%&d@%@ﬁﬁl of£ the
hol | ow sections, wherein a |iquid-flow ng space i ¢ch communi cates wth the
liquid ivetipromy ovinded sherweswthkee baseofrehber landst he
hol | ow ?t%ﬁqéﬂgﬁgﬁ%v%%%aﬁé}é%g%&gkﬁstgg fo&loxﬁng expres?ion i's
satisfied: hePgREL8t'¥he |i qui d-flowi ng space
o o upn s OSSO BA0 4 RIG  c b H \MCSS G T WL one
member;
liquid cells for pressurizing liquid with energy generated
by the energy-generating units;
ejection holes for ejecting the 1liquid which 1is
pressurized in the liguid cells; and
- a hollow-section-formed member which is disposed above the
energy-generating units and in which c¢ylindrical hollow
sections are formed, the hollow sections serving as both the
liquid cells and the ejection holes éuch that the liquid flows
into the hollow sections through first open sides of the hollow
sections which face the energy-generating units, is pressurized
with energy generated by the energy-generating units, and is
‘ejected through second open sides of the hollow sections,
wherein a liquid—flowing.space which communicates with the
liquid inlets 1is provided between the base member and the
hollow-section-formed member,
wherein the following expression is satisfied:
H < Dmin/v2
where H i1s a height of the liquid-flowing space and Dmin
is a minimum open length of the hollow sections, and
wherein one or more support members which;:maintain. the

height of the liquid-flowing space constant are arranged in a

part of the liquid-flowing space,




hei ght of the Iiquid-flow ng space constant are arrangeq gde@belog Of the
liquid-flow ng space, -- - ----- - --------- 21 Decenber 2006 47 wherein

t he energy-generating units are allgned on the based nenber, wherein a
plurality of the support nenbers are arranged in a plurality of lines
along a direction in which the energy- generating units are aligned, and
wherein an arrangenent interval of the support nenbers on one of the |lines
is different froman arrangenent interval of the support nenbers on

anot her one of the lines. 9. Aliquid ejection apparatus according to one
of Clains 6 to 8, wherein the energy-generating units are aligned on the
base nenber, and wherein a plurality of 4he support nenbers are arranged

along a direc%ion.in ich the energg-generath units %!%%ged. 10. A
i quid ej ect "'Bfi*SpPardtus CACEEYaPRGCtotbie oF1tE afthg £ l(9n§ r &g a
plurality,Qfy tRerqui d ejection 21 December 2006 48 apparatuses are
arranged such that the ejection holes of the |I|iquid e ection apparatuses
are al i gned. whgreAn| aqpildrejlécyi ofi appasabpsricanaivat Ngira ginarajdd W rof
energy-%Fneratlng units provided on a base
: plurality of lines along a direction 1n which the energy-

generating units are aligned, and

wherein an arrangement interval of the support members on
one of the lines is different from an arrangement interval of

the support members on another one of the lines.

9. A  liquid ejection apparatus according to one of
Claims 6 to 8, wherein the energy—-generating units are
aligned on the base member, and

whefein a plurality of the support members are arranged
along a direction in which the energy-generating units are

aligned.

10. A liquid ejection apparatus according to one of

Claims 1 to 9, wherein a plurality of the liquid ejection




menber; liquid cells for pressurizing liquid wth ener gy rgessbat 8sbs by the
energy-generating units; and nozzles having ejection holes for ejecting the
liquid which is pressurized in the liquid cells, wherein a liquid-flow ng
space with a height of His provided between the base nenber and a nenber
in which the nozzles are forned and one or nore support menbers which

mai ntai n the height of the quuid-flowh?g space constant are forned
integrally with the nenber in which the nozzles are forned on a side of

t he nenber which faces the liquid-flowing space, wherein the nozzles are
arranged such that each of the ejection holes is placed above each of the
ener gy- gEEARGURES udFe sarieyed nserhstthepentlst deseotfiemehadez| ef \ithiech

face th%: khgyid romﬁng@iggc% serve_as gigﬁ% einlets and second open

si des of 1 hoZ5 G4 8 §PRES efBEL 7 s, so that inner spaces of

the nozzles serve as the liquid cells, the liquid cells not being provided
separately, and wherein the follow ng expression is satisfied: H < Dmn/V2
where Diiln i & digiwiidmedespenn| epgahabhist bempnieingpaces of the nozzles

including the ejection holes and the liquid inlets. 21 Decenmber 2006 49
12. A IiquidangBFﬁ&ﬁtXpﬁgr§P&§g¥69ﬁpﬁ§gﬁéng units provided on a base

member;
ligquid cells for pressurizing liquid with energy generated
by the energy-generating units; and
nozzles having ejection holes for ejecting the liquid
which is pressurized in the liquid cells,
wherein a liquid-flowing space with a height of H is
provided between the base member and a member in which the
nozzles are formed and one or more support members which
maintain the height of the liquid-flowing space constant are
formed integrally with the member in which the nozzles are
formed on a side of the member which faces the liquid-flowing
space, | '
wherein the nozzles are arranged such that each of the
ejection holes is placed abqve each of the energy-generating
units,
wherein first open 'sides of the nozzles which face the
liquid-flowing space serve as liquid inlets and second open
- sides of the nozzles serve as the ejection holes, so that inner
spaces of the nozzles serve as the liquid cells, the liquid
cells not being provided separately, and
wherein the following expression is satisfied:
H < Dmin/V2
where Dmin is a minimum open length of the inner spaces of

the nozzles including the ejection holes and the liquid inlets.




a plurality of energy-generating units provided on a baseecémbdieipsand a
hol | ow secti on-forned nmenber which is di sposed above the energy-generating
units and in which cylindrical hollow sections are formed, first open
sides of the hollow sections which face the energy-generating, units
serving as liquid inlets and second open sides of the hollow sections
serving as ejection holes for ejecting liquid, wherein a |liquid-flow ng
space whi ch conmunicates with the liquid inlets is provided between the
base nmenmber and the holl ow section-fargred nmenber, wherein the foll ow ng
expression is satisfied: H < Dmn/'12 where His a height of the

| i qui d- fll2owi Ag lspmid andcbidn apsarabisi compopeingengt h of the hoIIow
sections, and m&ere n_one_or nore support.  menbers which i.ntain

el ght of ¢ PLUGEULFY oA nGRERaYaIEOROT hHiG aREL £ Br REGVAPRECGRaR PARRLh ¢ he
hol I ow §ReHi-on- Laymed nenber on a side of the hollow section-formed member
which faces the liquid-flowing space. 13. A liquid ejection apparatus
~conprising: a hbutawttgcoforentrgyedensiadts nduiloh tis pliepobed] abovebade
menber; liquid cells for pressurizing Ijquid wth energy generated by t he
ener gy- &@ﬁéﬁ&?ﬂﬁ&eréﬁiﬁg ipsce obpe whpch cylindrical —holl

sections are formed, first open sides of the hollow sections
which face the energy-generating, units serving as liquid
inlets and second open sides of the hollow sections serving as
ejection holes for ejecting liquid,
wherein a liquid-flowing space which communicates with the
liquid inlets 1is provided between the base member and the
hollow-section-formed member,
wherein the following expression is satisfied:
H < Dmin/v2
where H is a height of the liquid-flowing space and Dmin
- is a minimum open length .of the hollow sections, and
wherein one or more support members which maintain the
height of the 1liquid-flowing space constant are formed
integrally with the hollow-section-formed member on a side of
.the hollow-section-formed member which faces the liquid-flowing

space.

13. A liquid ejection apparatus comprising:

a plurality of energy-generating units provided on a base
member;

liquid cells for pressurizing liquid with energy generated

by the energy-generating, units;




ejection holes for ejecting the liquid which is pressygqizedmbsr 4dag | i quid
cells; and a hol |l ow section-forned nenber which is di sposed above the
energy-generating units and in which cylindrical hollow sections are
formed, the hollow sections serving as both the liquid cells and the

ej ection holes such that the liquid flows into the hollow sections through
first open sides of the hollow sections which face the energy-generating
units, is pressurized wth energy geneﬁg%ed by the energy-generating

units, and igs-gLeshed ydraughssecond opan sideg.of tihe shol | gw: sectisans,
wherein a qua?d-flomﬁng space mhic%%connu |ca§e§ mf%£ﬁ¥ﬁg ﬁﬁ%ﬁ?d f%?ets
i s provipdedsatiween inthéhkadégniedbeel bnd 4t hol | ow secti on-fornmed nenber

wherein the foll owi ng expression is satisfied; H < Dmin/'12 where His a

hei ght of thé PRRIPHORPRGLISPaERTERY TRHPEYT sl Chy 1 rAinsRAsEad 1a81R9ten tr t he

hO||OM/§%&H ok rein.qne re_su [ [ i.¢h iAtaj n the
hei ght o tﬁ@ﬂﬁﬁﬁégggagﬁg é%ﬁ%% cgﬁgggnfnargaggbne iﬁf@ﬁﬁ%ﬁﬁy ﬂ%%%ﬁ%he
hol | ow sexitienst ciredfoende) oheahsildewofsddid did | @yvviseet honbbenmetharenber

whi ch faces the |iquid-flow ng space. 21 Decenber 2006 51 14. A method for
ej ecti nd 1946 FetlRsoags Lz 1See Fradvinnfolejse siichn thaitedhet Hd awdichdd ows

comr! o8l IReShERRH 5ok SHESL PO ALY 5L DB 2D, et O
sections which face the energy-generating units, is pressurized
with energy generated by the energy-generating units, and is
ejected through second copen sides of the hollow sections,

wherein a liquid-flowing space which communicates with the
liquid inlets 1is provided between the base member and the
hollow-section-formed member,

wherein the following expression is satisfied:

H < Dmin/V2 ‘

where H is a height of the ink-flowing space and Dmin is a
minimum open length of the hollow sections, and

wherein one or more support members which maintain the
height of the ink-flowing space constant are formed integrally

with the hollow—section-formed member on a side of the hollow-

section-formed member which faces the liquid4flowing space.




formed; arranging the nozzles such that each of the e] eg¢igseBmpBod®®S | S

pl aced above each of the energy-generating units, wherein first open sides
of the nozzles which face the liquid-flow ng space serve as liquid inlets
and second open sides of the nozzles serve as the ejection holes, so that

i nner 21 Decenber 2006 52 spaces of the nozzles serve as the liquid cells,
the liquid cells not being provided separately, wherein the follow ng
expression is satisfied: H< Dmin/'l2 where Drin is a mninmmopen |ength
of the inner spaces of the nozzles inclygding the ejection holes and the
liquid inlets, pressurising the liquid in the inner spaces of the nozzles
with the energy generated by the energy-generating elenents; and ejecting

the pressurised liguid through the ej.ecti.an .holes. 15. A method for
el ecting 11 quid acloPFRG: 008 SPRCEHIT uGPdh (He T e o Wy Shice
i ncl udess o apiage i) Hines mek@beennbhe sadhacgat seBsL gyr generating units,
fromanong the plurality of energy-generating units, at the shortest
di stance. 16dispwstingd &orlefrecd+hpowimmi dssoor diifdg t @ Chaighti4, ofiheiei n
the liqyuid-fl ow space, is constructed such that the liquid flows toward
t he ene&be;F"beeeﬁ"erQ?‘? nﬁa%im@ﬂ?%a&wuﬁamﬁ et 10 WL“?LCh the nozzles are
formed;
arranging the nozzles such that each of the ejection
holes is placed above each of the energy-generating units,
wherein first open sides of the nozzles which face the
liguid-flowing space serve as liquid inlets and second open

sides of the nozzles serve as the ejection holes, so that inner




different directions. 17. A nmethod for ejecting |iquidoaoessdb&idog C ai m
14, wherein one or nore support nenbers which maintain the height of the
| i qui d-fl ow ng space constant are arranged in a part of the liquid-flow ng
space. 21 Decenber 2006 53 18. A nethod for ejecting liquid according to
Claim17, wherein the energy-generating units are aligned on the base
menber, and wherein a plurality of the support nenbers are arranged al ong
a direction in which the energy-generating units are aligned. 19. A nethod
for ejecting liquid according to Caimpl7, wherein the energy-generating
units are aligned on the base nenber, wherein a plurality of the support
menbers meﬁr rcaflgetlei mozalpbursdivey af [theesligfudny @edlsecthen lilmmwiki ch
t he ener gen tlng units are allgned and wherein an arrangenent

t

i nterval 5pBFt PRRkDErY SAP25HEShY’ the lines is different from an
ar r angenent wnéﬁéyﬁl 16l IR SURPQLLL RIS S 1an saRaLsEqone of the | ines.

20. A nmethod for ejecting liqui through nozzl es having ejection holes,
t he net hod canrDmngVZhe steps of: providing a plurality of
ener gy- generalH elenents on, a base nenper, d|%905|ng a liquid-flow ng
space with ergnebp 3§ @ minimum open length of the inner spaces of
the nozzles including the ejection holes and the liquid inlets,
pressurising the liquid in the inner spaces of the
nozzles with the energy generated by the energy-generating
elements; "and
ejecting the pressurised 1liquid through the ejection

holes.

15. A method for ejecting liquid according to Claim 14,
wherein the liquid—floﬁing space includes a space which lies
between the adjacent energy-generating units, from among the
plurality of energy-generating units, at the shortest

distance.

16. A method for ejecting liquid according to Claim 14,wherein
the liquid-fleowing space! is constructed such that the liquid
flows toward the energy~generating units in a plurality of

different directions,

17. A method for ejecting liquid according to Claim 14,
wherein one or more support members which maintain the
height of the liquid-flowing space constant are arranged in

a part of the liguid-flowing space.




bet ween the base nenber and a nenber in which the nozzb¢§kﬁé@bmﬁgmged
form ng one or nore support menbers which maintain the height of the

| i qui d-fl ow ng space constant integrally with the nenber in which the
nozzles are formed on a side of the nenber which faces the |iquid-flow ng
space, 21 Decenber 2006 54 arranging the nozzles such that each of the
ejection holes is placed above each of the energy-generating units,
wherein first, open sides of the nozzles which face the |iquid-flow ng space
serve as liquid inlets and second opem3 sides of the nozzles serve as the
ej ection holes, so that inner spaces of the nozzles serve as the liquid
cells, ti¥e | ﬁqumath@@l IEOJﬁote_“tﬁﬂmlg@rquded s@papadeng Uher@liain hd 7,

fol | owi n XRr essi on is_satisf m@. ﬁh1 I 5,2 m_ni_mum

open le eﬁ &Pt |ﬁﬂSFgé(pgSB@r%Fm?hémﬁszlae%e| FE8ERg TheBF e &56n

hol es ap@nifee | ggdid inlets; pressurising the liquid in the inner spaces
of the nozzles with the energy generated by the energy-generating

el enents; andhejetti ag phecgrigssuef sébel isapppbtthr neghe the aepecrmmmgeaol es.

along a direction in which the energy-generating units are

aligned.

13. A method for ejecting liquid according to Claim 17,
wherein the energy-generating units are aligned on the base
member,

wherein a plurality of the support members are arranged in

a plurality of lines along a direction in which the energy-
generating units are aligned, and

whefein an arrangement interval of the support members on

“one of the lines is different from én arrangement interval of

the support members on another one of the lines.

- 20. A method for ejecting liquid through nozzles having
ejection holes, the method comprising the steps of:
providing a plurality.of energy-generating elements on
a base member,
disposing a liquid-flowing space with a height of H
between the base member and a member in which the nozzles are
formed,
forming one or more support members which maintain the
height of the liquid—floWing space constant integrally with
. the member in which the nozzles are formed.on a side of the

member which faces the liquid-flowing space,
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arranging the nozzles such that each of the ejection
holes is placed above each of the energy-generating units,
wherein first open sides of the nozzles which face the
liquid-flowing space serve as liquid inlets and second open
sides of the nozzles serve as the ejection heoles, so that inner
spaces of the nozzles serve as the liquid cells, the liquid
cells not being provided separately,
wherein the following expression is satisfied:
H < Dmin/V2
where Dmin is a minimum open length of the inner spaces of
the nozzles including the ejection holes and the liquid inlets;
pressurising the liquid in the inner spaces of the
nozzles with the energy generated by the energy-generating
elements; and
ejecting the pressurised liquid through the ejection

holes.




