; e3e' RBHH LMWZRR6RTR DESCRI PTI ON  METHOD AND APPARATUS FOR EJEQTING*%&QUID
'5 Technical Field The present invention relates to a nethod and éh }
apparatus for ejecting liquid, such as ink drops, through nozzles to print
~an image, etc., on a print nedium 10 Background Art As an exanple of
liquid ejection apparatuses which eject liquid fromnozzles, ink jet

printers are known in the art. Wth regard to print head

printers, thermal print heads which eject ink using ther%ﬁmamw mmmud 15
pi ezoel ectric print heads which eject,ink using piezoelectrig elements are
known in the art. In thermal print heads one side of ink cel?s I's covered

with a nozzle sheet having snall nozzles, and heating elements are disposed
in the ink cells. Ink bubbles 20 areﬁ%enerated in the ink cells by rapidly

heating the heating el enents, an®ESARIEFSPY are ejecte ozzl es by
a force applied by the ink bubbles. Figs. 15 to 18 are w KB Wmﬂkmnng an
exanpl e of a thermal prlnt head chip a (serial type).

perspectlve vi ew of the print_ head a, and Fig. 16 is dﬁ”w 2
expl odedEFELSH LD @@P@\R&EU& FERy EJfé:W%&réJ RUiSzzIe sheet g is shown

separately. In addition, Fig. 17 is a plan view show ng the detail ed

rel ati onship between an ink cell b (barrier layer f), a heating elenent c,

and @ naazhgilrall wi1d 9. 17, the nozzle h is shown by doubl e-dotted chain
i nes on the heating element c. In addition, Fig. 18 is a sectional view of

o, out ahengL 'segt%wm 8, the.pazzle sheet gai s al sp shown. [n the

print head chi oer nclu sem con substrate a
conposegp%gfygdéxyg %Q% Hd“ilgUld such as ink drops, through

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

10 Background Art

As an example of liquid ejection apparatuses which
eject liquid from nozzles, ink jet printers are known in the
art. With regard to print heads for inkjet printers,
thermal print heads which eject ink using thermal energy and

15 piezoelectric print heads which eject ink using
plezoelectric elements are known 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. Ink bubbles

20 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

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



, and :heating elements ¢ formed on one side of the sem conductor substrate a
by deposition. The heating el ements ¢ are electrically connected to an
external circuit via conductors (not shown) forned on the sem conductor 15
_Substrate e. A barrier layer f is conposed of, for exanple, a lightcuring
dry filmresist, and is constructed by lamnating the dry filmresist on
the surface of the sem conductor substrate e, on which the heating el enents
c are formed, 20 over the entire region thereof and renovi ng unnecessary
parts by a photolithography process. fn_addition, the nozzle sheet g has a
plurality of nozzles h and is formed of, for exanple, nickel, by using an
el ectrof orm ng techni que. The nozzle sheet g is lamnated 25 on the barrier
| ayer f such that the nozzles h are _ - 3_ positioned in_accordance with

t he heaBXR§oBPENBRLSPECTLNSt ViigY &fcHiBhat Ot WBSKBz2| BSZR18r 8NEBEI Fi oned
directly above their respective heating elenments_c., Ink cells b are
construéFeahBWntﬁ@pééﬁﬁééﬁducFBragdéﬁﬁ fraféde, 1{héSbar PLaP VA§Er f, and

the nozz| e shee b surround.the espective
heati ng® EP@H@Ht%hg dﬁEFél§ e6|h?&éppﬁhlpnLﬁﬁgeﬁpgﬁpelthEe;inLconductor

substrate a serves as the bo t om.wal E i nk .cell Fe barrier
layor 1 (BBFEASTAOVRE &) de Fﬁ&la}e f@ef“ﬁs 'Fe BEACE B372R8 Bre RBurtc
h h h k
hed LrI8LYS3 2enh okl i3, ShohCp lbpRE LS B Lo BEdL b Ypathe Tk

are co kﬁéthggtﬁhg ?%meﬂ% Bath h XH% %g8n°p§9 5'9§51Eh§re°f Ink is

supplied to the In only t roug these open sides, and is

eiectedféaeﬁbhge oeéalge Bs whuehca&eaﬁaegomherREQIngﬁeke the ink cells b
except for the open si mal ly, a single print head chip a includes

hundr edg 9% 1 Beat B9 @Iegegggocsﬁgqnlnk cells b containing the heating 20
el ements c¢c. The heating elenents ¢ are selected in

In the print head chip a, a base member d includes a
10 semiconductor substrate e composed of silicon or the like
and heating elements c formed on one side of the
semiconductor substrate e by deposition. The heating
elements ¢ are electrically connected to an external circuit
via conductors (not shown) formed on the semiconductor
15 substrate e.

A barrier layer f is composed of, for example, a light-~
curing dry film resist, and is constructed by laminating the
dry film resist on the surface of the semiconductor
substrate e, on which the heating elements ¢ are formed,

20 over the entire region thereof and removing unnecessary
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
electroforming technique. The nozzle sheet g is laminated

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



+ accordance with a command issued by a controller of a printer, and ink
‘contained in the ink cells b corresponding to the selected heating el enents
c is ejected fromthe nozzles h. 25 Mre specifically, in the print head
.chip a, the ink -4 cells b are filled with ink supplied via the ink
path i froman ink tank (not shown) which is conbined with the print head
chip a. When a current pulse is applied to, for exanple, one of the heating
el enents ¢ for a short tine such 5 as 1 to 3 mcroseconds, the heating
element c is rapidly heated, and a hubble of ink vapor (ink bubble) is
generated on the surface of the heating elenent c. Then, as the ink bubble
expands, a certain volune of ink is pushed by the ink bubble. A part of the
pushed ink returns to the ink path i 10 fromthe correspondi ng ink cell b,
and anot?tipkrediin RCGREFARCT Mkl th Bre il bR tMenior res i ng nozzl e
h as an jnk drop. The ink drop ejected fromthe nozzle h |ands on a print
medi um stith SCHh Hiaket i TRAeres Ih BRIRT O IHRIB A IRE Tk TRVIF i s
ejected, .ink is 15 supplied to the ink cell b in an amobunt corresponding to

the ej ecttts MEHHPEHEF AL EIRI G} &etTon. In order to efficiently
eject an ink_drop i.nstantaneously at the ti of ink ejection (at as high a
sLeed as posdi %FﬁLﬁ1 (ﬁﬁ§1QQQﬁ£§W%5%£a°5;qﬁf % &2 5 d§F§9r18§ of the ?nk
cells b are 20 preferably as smal]_as ssible.and a pressure in the ink
cel | § b_saqusﬁ%ag%oez’zl%_e ytp%{rlt%re J[?Wer g? i FIK eﬁheeptrllooznﬁies Sp_reeef erably as high
as possid] g, “e Al SHEM 2 16356+ QBRI LESL S B0GE WU GlLAGGH S when

ink flows 1 nto the ink cel i'ncreases. According a long ti i's

requi reds fofe2S ref i hd g dhe-i pkcLrly s i auk & RATAOd @le Whi ch ink

ej ection - 5 s repeated increases. Accordingly, the ratio of an
ef f ecti el &hdwdoOfs it Oped siges,f ddecnoazd@son vand § her anga of the
open sides of the ink cells b (S = L1 x L2) is set to a suitable value 5 R

(= Sn/ Sidnk el rath 0 Fhdraya of 1 £OUT SpePer Sedrdds aspad fdie/alde  dgpendi ng
on the ink-ejection speed, the print precision, the print speed, etc.).
10 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,
and are communicating with an ink path i1 via the open sides
thereof. 1Ink is supplied to the ink cells b only through
15 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 c and ink cells b containing the heating
20 elements ¢. The heating elements c 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 heating elements c is ejected from the
nozzles h.

25 More specifically, in the print head chip a, the ink



In order to maintain the size and the ejection direction of the ink drops
"“ejected within predeterm ned 10 ranges, the follow ng conditions nust be
satisfied: (1) The sumof the internal volune of the ink cells b and the
_internal volune of the nozzles his within a predeterm ned range; (2) Even
if the pressure inside the ink cells b 15 increases when the ink drops are
ej ected, 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 internal volune of the i_nk4 cells b does not 20 change when the
ink drops are ejected. If the resolution is relatively low, such as 300
dpi, the above-described conditions can be satisfied wi thout increasing the
processi ng accuracy. However, when the resolution is increased to, for
exanpl e,ce8l0s dpiany AP0Dedipri ti25innkswrted v pertflor nericecd th df flactmed by

t he accunul ati on of - 6 processing errors and adhesion errors. In the
above- destribedt#tk nindleathewitlp whiah nke eeehinetk wdh theasrisl y one
inlet, if this inlet is clogged with, for exanple, dust mxed in ink, an

i nk- suppl§AS gEetP at - Wik 52 | FkC TR s uppt 3 ¥ FRIMEL§hKETel oD decreases and
a sufficient amount of ink cannot be supplied. |In addition, since the open
area of FAREEIR et DOt NN METEITE BLEREMNGT FalI]E gt ST thHidhe tHopen
area_of ejection holes of the nozzles h,. dust. particles which travel into
the Prk i1 s=b 1 APGTRAF AT | 2R HATB ot THOLC ey RP 1f4S5 ¢ hr ough
the eleﬁ%éé%%é?”éﬁh a bubble of ink vapor (ink bubble) is generated

on the surface of the heating element ¢. 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 i

10 from the corresponding ink cell b, and another part of the
pushed ink is ejected from 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 of paper.

In addition, after the ink drop is ejected, ink is

15 supplied to the ink cell b in an amount corresponding to the
ejected ink drop before the next ejection. 1In 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 L2 in Fig. 18) of the ink cells b are

20 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 such a case, a
path resistance which occurs when ink flows into the ink
cells b increases. Accordingly, a long time is required for

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



, Accordingly, there is a risk that the dust particles will remain around the

" -heating elements c. Wen the dust particles remain on the heating el enents

c, it becones 15 difficult to eject ink drops normally. In particular, as
_the size of the ink drops is reduced to achieve high resolution, the
above-descri bed probl em becones nore severe. Thus, there is a risk that ink
drops of a predeterm ned vol une cannot be ejected and the image will be
blurred. 20 Dust exists at every point along the path of ink. Accordingly,
in order to prevent the ejection holes of the nozzles h from being cl ogged
wi th dust, conmponents which cone into“contact with ink nust be thoroughly
cl eaned and various kinds of dust-renoving filters nust be placed at 25
mul ti pl e positions. However, since the anount of ink supplied to the ink
cel | s b lisncregesaesdasintdregwdat speed increases, if the meshes of the
dust-renmoving filters are too fine, ink cannot be supplied sufficiently

qui ckly. EveAccbrdhagdyisthe Bapiobbémaat efifestivdusredi (BntoPEetheon the
dust-renoving filters over tine and it will becone difficult for ink to
snoot hl PR&ds $ iidaowsh thee rralesedoAnsy g Beres ofndhey emaralsiifesi nk cannot
be supplied sufficiently quickly. Thus, the print quality will be degraded
(for ex&pltde tdik fRlifade Wi IF B B d&ed)s. Stie tRGv &1 ddsPEehEA LPEODI ens
al so_occur in pjezoelectric print heads, The volunme of the ink drqps

ej ect ed Ptl‘é‘seﬁ'}/%lat 8 Fathe iTErhat VOURRE & RS itk S SPES 18nd t hat
of the 15 .nozz]es h, .and the pracessi.ng accuracy of these.parts nust be

mai nt ai NEd Y% (ASRFIGTY B8 VIS e ot 4 Mk s(ﬂ’%f)js ST PEHE I n particul ar,
when t he vol.une of teflaech i.nkt droedej e(agcthq is large, that is, when the

preclsio r S . .
resol utitom 1's ré?atlveﬁ§31omagi € ‘above-'descri bed processing accuracy does

not have a 29| arge.,i g Hﬁgﬁﬁaiﬁo‘é’ﬁ\éeé'z&hsﬂpt B’ g%gwgggn is high, the
vol unme of ink drops ejected is extrenely small, an I'gh processing

acour acy, 3 a] 1 ALS0nH Relops AR iRt $.ieehqakloy possi bl e,

hi gh costs are incurred in order to obtain high processing accuracy. 25

Accof di nglnged HYEHAUR WYy RRFIIUSEAH Y MuMt ¢k Batisrd i urality of ink
drops are delivered to the sane position (overwite is perfornmed a

plurality of (bmesk komaver age theeirnkidiepsmdebirvenedingOockhat yari ation
caused when the ink drops are ejected and ejection failure due to dust

m xed | and ivhe Heteradindicdasrenidfl eheAlndreugis thhiis priatdssa s effective for
i nproving the image quality, even when the volunes of ink drops ejected
from t hermadeteesnimeghdagjg@ct i on angl es t hereof are constant and the print
head chip a has absolutely no defects, 10 printing is perfornmed nore than
once and t he (RhkEdeops fatder ppesasvdkyideideeitbd tokt heldank position.
Therefore, there is a problemthat a long printing time is required. This
cont ¥ adilecs B¢ ash & heay it gt SIXePst e en@dlesttefor thiegls epriicendsisded. 15 On

the other hand, print heads for line printers in
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

20 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,

25 ink ejection performance is affected by the accumulation of



. which multiple print head chips a are arranged along a print |ine and which
" “do not nove along the print line during printing are known in the art. In
this construction, however, it is difficult to performoverwite a
_plurality of 20 tines as described above. As descri bed above, in the known
constructions, difficulties regardi ng processing accuracy and measures

agai nst dust are barriers to high-resolution and hi gh-speed printing. 25

- 9 Disclosure of Invention Accordingly, an object of the present
invention is to provide a nethod and gph apparatus for ejecting liquid
wherein the processing accuracy of an ejection unit for 5 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, BIRECSBINNKCEFOPS, anteadheioDEBIRf - t hereof, etc., even when dust
is mxed in liquid, such as ink, and preventing a reduction 10 in a

|'i qui d- suppl Vispeed aowmidas 35 iad Preidch heed AR € s fiIRGe @3 t he

ej ection unit._ According to the present  invention, the abgve-described

obj ect isachftved BISt RBIYoPPEWERGSTeahs. tAeCorEILRG £ CHEIFFES &R

ener oy- GEEr SEPGL Gini 045 bribpk BRGLDN B bee. HURDBIOPTY (IRTE ST SITh
GenaPat 6By 1 B GHLI G- BRrbrar 1oty Thi1 & Soer F035T CPhi G HHATTon hol os
of the rborat T kel Go o BRRRLET T T S s et MR iR oo T

addi ti oot steonep shdepn Ll hss notg! g VLN, Tg0s, Lhgpnergy- general ing

units_seﬁ%e as ?qu|d inlets and second open sides o | es serve as
the ej e%f@é‘té‘?'@%irés@h@%;l%éﬁtaté‘é‘%fs@?&@@i&ﬁ Adeedozzl 85 SE¥L &8 the

liquid cells, - the Tiquid cells hot being provided separately.
h, dust particles which travel into the ink cells b through

10 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 ¢, it becomes

15 difficult to eject ink drops normally. In particular, as
the size of the ink drops is reduced to achieve high
resolution, 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.

20 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

25 multiple positions.



. I'n addition, according to the present invention, in a nethod for ejecting

““liquid (for exanple, ink) through nozzles having el ection holes by

pressurizing the liquid 5 contained in liquid cells (for exanple, ink
_cells) with energy generated by a plurality of energy-generating el ements
provi ded on a base nenber, each of the nozzles is disposed above each of
the energy-generating units, and first open sides of the nozzles which face
the energy 10 generating units serve as liquid inlets and second open sides
of the nozzles serve as the ejection holes, so that inner spaces of the
nozzl es serve as the liquid cells, the liquid cells not being provided
separately. The liquid is pressurized in the inner spaces of the nozzles
with the 15 energy generated by the energy-generating elenents and is

ej ect ed thro@@WemmévaS&nQQMtWﬂﬂam§un¢C@€rémﬁoﬁﬁpméé@ﬁdﬁﬁgtbé th& present
invention, the nozzles are disposed above the energy-generating units and

t he i nnete s dpakRBr S eher hodyd 63 Wk vaPeed tic193fifs ddl 1@ Accordingly,
separate and i ndependent liquid cells are not provided. In addition, the

first ofeftRERIRt oFPe MU HoZ R I dhl ¥HRes 131 % dy-Rfenerdt iGR N t s

The 95 iR T et S e ST T s i e PP AR Srtstgh -~ 11
the Short e bt ctE Tt ¢ O Ehar Gy oo R o i S et hr ough
qur oo LET T Sl oy i B i R R B e B g i s

provi de ﬁ&&%ﬁaé@{rﬁ%o%cﬂ%%f&—@%ﬁm% \;ﬁ#@&é“o'a% for ejecting

liquid (Tor ex e, IS pressurize energy generated by the

ener gygenarali iy Yini {$y, Sl Guigs 7 i“ﬂeé%ﬂ?@fi"@itéh@iﬁﬁ]ﬂ@kl H10 is

provi ded bet ween the base nenber and a nember in which e noZzles are

formed, @t H chdBids sadl sty afhl Wik eaddiduds eedp ni-ampiepenrdeengt h of
the nozzles. In addition, according to the present invention, in a nmethod

for1ej ectmdge |woul dod s DuEFednozzl es havi ng el ection 15 hol es by
pressurizing the liquid in liquid cells with energy generated by a

plurality of TererfpovgetRsaiding e lpamdltemswhaileh aceupr avi ded on a base
menber, a liquid-flow ng space with a height of His provided between the
base nenbsrze@ikat merberint wdadh. t he nozzles are forned, and H< Dmn is
satisfied 20 where Dmin is a mninumopen |length of the nozzles. The liquid
is pressuriz&ds valvend icfuitdhecdlnks driopts teliecdesr g\l ogenar aedd tlesy tohe
energy-generating el enents and is ejected through the ejection holes.

( Oper at i 61 Dok AV 2hethn esghtce e iaw thadmahdie dust - 12

particles which enter the liquid ejection aeparatus, dust
15 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

20 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 costs are incurred in order to
obtain high processing accuracy.

25 Accordingly, a technique has been used in which a



particles which are |arger than the height H of the liquid fl ow ng space

“-cannot travel into the liquid-flow ng space. Dust particles which are

smal l er than the height Hof 5 the liquid-flow ng space nay travel into the
i quid-fl ow ng space, and enter the nozzles. However, since the m ninmum
open length Dm n of the nozzles is greater than the height H of the
i quid-fl owi ng space, the dust particles which have traveled into the
i quid-flow ng space and entered the 10 nozzles are di scharged through the
ej ection holes when the liquid, such gs_ink drops, are ejected. Brief
Description of the Drawings Fig. 1 is a perspective view of a print head
chip 15 incorporating an ink ejection apparatus according to the present
i nvention, where a holl owsection-formed nmenber is shown separately. Fig. 2
is a pl @whiedwtyhodi dgkt e ogst aireedelélvatriednsloi fhisesamenpheattiing el enent s,
support menbers, ejection holes, 20 and ink inlets shown in Fig. 1. Fig. 3
is a secoveralriieewsofreRifprmedc@t rdlugag itivne IBtBmeahete eNerage the
hol | owsection-formed nmenber is also shown. Fig. 4 is a diagram showi ng a
hol | ow S@d& (BPREhesd 1eaes s&6t itdrdl verdpdion ciapeglahepsthegink js a
di agram show ng a hol |l ow secti on whose - 13 cross sectional shape is
el | i pti SHOPSFiage &liestedicadghr SheSHdnrnd 3d LNE1S Shes &6t Pys twhd<&dcidss
sectjonal shape is a star-1like shape.
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,
10 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.
15 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
20 times as described above.
As described above, in the known constructions,
difficulties regarding processing accuracy and measures
against dust are barriers to high-resolution and high-speed

printing.

25



Fig. 7 is a plan view showng a first nodification of 5 the arrangenent of
* -support nenbers. Fig. 8 is a plan view showing a second nodification of the
arrangenent of the support nenbers. Fig. 9 is a plan view showing a third
nodi fication of the arrangenent of the support nenbers. 10 Fig. 10 is a
pl an view showing a fourth nodification of the arrangenent of the support
menbers. 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 plan view
showi ng an exanple in which a 15 pring head for a line printer is
constructed by arranging a plurality of print head chips. Fig. 13 is a
sectional view of a print head chip according to a third enbodi nent of the
present invention. Fig. 14 is a sectional view of a print head chip 20
accor di pgstcdoaufreunith taveadiisant of the present invention. Fig. 15 is a
per spective view showi ng a known print head chip. Fig. 16 is an expl oded
perspective ktewrdingly, 45 sbpeetaocfiozizé epsdeett i snedowosepartat el y. 25
Fig. 17 is a plan view showi ng the detail ed - 14
provide a method and an apparatus for ejecting liquid
wherein the processing accuracy of an ejection unit for
5 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 volume of liquid, such as
ink drops, the ejection angle thereof, etc., even when dust
is mixed in liquid, such as ink, and preventing a reduction
10 in a liquid-supply speed at which liquid, such as ink, 1is
supplied to the ejection unit.
According to the present invention, the above-described
object is achieved by the following means.
According to the present invention, a liguid ejection
15 apparatus includes a plurality of energy-generating units
provided on a base member, liquid cells (for example, ink
cells) for pressurizing liquid (for example, ink) with
energy generated by the energy-generating units, and nozzles
having ejection holes for ejecting the liquid which is
20 pressurized in the liquid cells. Each of the nozzles is
disposed above each of the energy—generating 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

25 that inner spaces of the nozzles serve as the liquid cells,



rel ati onship between an ink cell (barrier layer), a heating elenent, and a
nozzle. Fig. 18 is a sectional view of Fig. 17 cut along line A-A where
the nozzl e sheet is also shown. 5 Best Mdde for Carrying Qut the Invention
Enbodi nents of the present invention will be described below. (First

Enbodi ment) 10 Fig. 1 is a perspective view showing a print head chip 10

i ncorporating a nethod and an apparatus for ejecting liquid according to
the present invention, where a hollow section-fornmed nenber 16 is shown
separately. Fig. 2 is a plan vieM/sbor@ng the detailed relationship between
heating 15 el enents 13, support nenbe 14, ejection holes 17a, and ink
inlets 17b shown in Fig. 1. In Fig. 2, the ejection holes 17a and the ink
inlets 17b are shown by doubl e-dotted chain Iines on the heating el enents
13. In add tliomidicpll’ irota ety eqnadv idesiv sefpaFiagel? .cut al ong | i ne B-B,
where the 20 hol | owsection-forned nenber 16 is also shown. Figs. 1, 2, and
3 correspond Itno aBidgs.ioh6, ateordidgl8o rtéspectseeltyinwknthoshownt Ae pri or
art. A base nenber 11 includes a sem conductor substrate 12 conposed of

si | i con mgthdre fdxkeejant drentliinyig effn sxER% (vmikdh tdaonadpond to
energy-generating units of the present - 15 invention) forned on one

si de of NI 1R\ RN tore St Tl 81 Db P ReFFosiitaie tReplldaiiict y of
heating el enents 13 are arranged on_ the base nenber 11, and are

el ecPri AR RHthelct e]dlqtb‘—darFeg»Jtser(rfeﬂr &%EmAe vitdke Sfddet oM tnot  shown) 5
formed on the base nmenber 11. This construction is simlar to the

above- dERGFT P FRHFA DSt ru@Wplity of energy-generating

elements provided on a base member, each of the nozzles is
disposed above each of the energy-generating units, and
first open sides of the nozzles which face the energy-

10 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, the
liguid cells not being provided separately. The liquid is
pressurized in the inner spaces of the nozzles with the

15 energy generated by the energy-generating elements and is
ejected through the ejection holes.

{(Operation)
According to the present invention, the nozzles are
disposed above the energy-generating units and the inner

20 spaces of the nozzles serve as the liquid cells.
Accordingly, separate and independent liquid cells are not
provided. In addition, the first open sides of the nozzles
which face the energy-generating units serve as the liquid
inlets and second open sides of the nozzles serve as the

25 ejection holes. The liquid flows into the nozzles through



o Inaddition, in the first enbodi nent, support nenbers 14 are arranged on
"t he base nenber 11, on which the heating elenents 13 are forned, at four
corners of the heating 10 el ement 13 such that the support nenbers 14
surround each of the heating el enents 13. The support nenbers 14 are
conposed of, for exanple, a light-curing dry filmresist, and are
constructed by lamnating the dry filmresist on the surface of the base
menber 11, on which the heating elenents 15 13 are formed, over the entire
regi on thereof and renoving unnece5§a¥1y parts by a photolithography
process. In the present enbodi nent, the support nmenbers 14 have an

oct agonal shape in cross section. The height of the support nenbers 14 is
set to, for 20 exanple, a quarter of the height of the ink cells b of the
known cofise rareh chidewrethspecid¢ ding , ey 1IRN S MY omittfe 4%k cells b
is L2 (see Fig. 18), a height L4 of the support nenbers 14 (see Fig. 3)
sati sfi eRreusurized with sk t$RREIY RIS Ssbitediie RS @port menbers 14
25 (Fig. 3) is approximately the same as a width L1 of the ink - 16
celIs b q¥FRFF g its arRnd staiRC RS (T WHD I T PS&IT IO fOA%Sd nenber
16 is | am nated on the base nenber 11 on which the heati r_lf%nel ements 13 are

formed. The H PSRN 0T F IR 18 TS BEnPHYEG TSP f 8r 5 exanpl e,
he. Ehi LR 6T 4 b1 TR DT O HESF orRRE A Ns Shp PRt oy the
of The. K0i Tomg AT ebradd S B e Rt o S he e O
015 apdiEiia o] SooRR HOTEL S o0 iind IS IORES Biartli® ARERYT o
agher | NG SRUESali MR 16 ok alod N aknsss ol e bairarasy J ayer { and

the nozzl e sheet I's about 45 um Accordingly, the 15 thickness of the

hol | oW SeGtd O £:05 Btk ABNDer L7 8120041 A5 b Wl al iat e @ imndr i cal

hol | ow sections (nozzles) 17 are formed in the holl ow section-fornmed nenber

16. 18he 110l S8 I¥8ISwden have Badd Uaiad Hane shapred arcenaacd th 20 its
vertex cut off, which has a trapezoidal shape in |ongitudinal section and a

circul artishapezmidd) dts fhaned eramteH eaDmyg 1 Owed €l § hted ppwhdr € rMES
section). The hollow sections 17 serve as both the ink cells b and the
nozzl es is cd mireirkmovepeonséngidt i oh. tHS Mexwlespeci fically, first open sides
at the bottom of - 17 the hollow sections 17 serve as ink inlets 17b

t hr ough whi cHni @iddiltdwes i @agardd nigo[Hoowhee priesentl invandioacond 8pen si des
at the top of the hollow sections 17 serve as ejection holes 17a through
whi ch i Metkod) i el eqhing |W4mt@%wmd}qzmde§ Jectinshe1ler tiidough t he
ink_inlets 17h, is pressurjzed in the hol]low sectjons 17, and is ejected

fr ofPt he @ X170 P ol B 474N THe® dh et B Tof 4 %) St it Hid) EReFRY i s

PP 011 TLELYA0E SETE S50 8 Bl h S LD, 8 SE PGSR Plail, Ko
are provided on a base member, 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

20 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)

25 According to the present invention, from among dust



.10 vyol une the hollow sections 17 is approximtely the sane as the sum of
the internal volune of the ink cells b and the internal volune of the
nozzles h of the known construction. The holl ow sections 17 may be forned
in the abovedescribed filmlike material by etching, |aser processing, 15
die-cutting, etc. Although the ink cells b and the nozzles h are attached
to each other by adhesion in the known construction, in the present

enbodi ment, the hollow sections 17 are formed integrally in a single |ayer.
Accordingly, there are no 20 connecti@p Lines, and sufficient strength can
be obtained. In the known construction, the volunme of the ink drops ejected
depends on the internal volunmes of both the ink cells b and the nozzles h.
Therefore, when a |l arge nunber of nozzles h and ink cells b are arranged,
the ink R&TFscheDev t Pt HozZF @ sl HIA A e IRE WP AARAEA TS p&dSithl e. I n the
- 18 known construction, since there are two kinds of_ conpqonents, that is,
the ink REFFECHAMLIHe 3 AXOH it Eh P kithE %l S where

However, in the present enhodi nent,. the hol |l ow sections

17 whi CIEQER SRAEE WATHIYhe THEL AT B d 1 oA ED % SP4R8 - nt egr al | y

f db i | , d.th f b d

otordi nor o SR SRR h IR M R R r RO g e DERESHISE 1 e
i j j d o h

hol | oue S?e%via%inﬂ 1001 5, Sho0e el MRRP LIS LA 08 bl st abiiend be.

the heatdng el efpeat s dd A L00sPks L ALY AW SBGIIPNS: oL fsafigu T anged

above their respective heating el'enents 13. in Fig. 2, the holl ow

secti onS,ddhn af &K AR BUERe L HEL - 108 CONYLLSOF Lihg, 1mdaldQsagtions 17
are aligned wth the centers of their respective heating elenments 13. Wen

the hol | opvgeet] O { QL ARG IRgThesa dS, 1l Aced iriihe Lasaimnberell, a gap
bet ween the surface of the base nenber 11 (surfaces of the heating el enents

13) and {der20edold e Sestl ofuf O+ fiedh Ivefiagsa ckd drsd s@itdr@d 4henwhich is the
hei ght of the support nenbers 14. The space provided by this gap serves as
an ok- fdaud Nes spee adilScld rgde Hrdigheat: ahiqrtlithn Marlesspéeinf ithal |y, the
i nk-fl owi ng space 15 includes the spaces bel ow the holl ow sections 17. The
25 supporiquiebhbesscH asernie dopmi e rejtdwetdei ght of the ink - 19

fl owi ng space 15 constant. The ink-flow ng space 15 communi cates with an
ink tank (not shown), and ink freely flows through the ink-flow ng space
15. In the ink-flow ng space 15, the only obstacles which inpede the flow

of ink Pkl thrsaiporen mfhtidrs Drpwings

Fig. 1 is a perspective view of a print head chip
15 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,
20 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.

25 Fig. 5 is a diagram showing a hollow section whose



+ As described above, the heating elenents 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 elenents 13 at the shortest
.10 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 ements 13, and a construction in which ink flows through a single
exclusive ink path is not used. 15 In the ink-flow ng space 15, ink flows
fromfour directions into each of thejholl ow sections 17. Mre
specifically, as shown in Fig. 2, ink flows into each of the holl ow section
17 along one of four routes Rl, R2, R3, and R4 (QL in Fig. 3) which are
provided in the ink-flow ng 20 space 15 by the support nmenbers 14 di sposed
at the fORSTOIEEORAL edPDFL Rl Wt i G/t el enents 13 so as to surround
t he heating elenment 13. Thus, four ink-flow ng routes are provided for each
of the hol | oWigectd drfs 4 A1aGT FhShEHGRT ComStilGdt S6FE1PRe ™ gﬁéﬁ area of the
inlets 25 of the ink cells b is L1 x L2._Int resent enbodi nent, - 20
the opeiith vt byt e A St Rt 17 is 4 (nunber of
routes) x L3 L4 (see Fi escri bed .above C = L3 and L4 ~
274 e e satiofed. ime éaﬁl NeS SRS G S nERE TR RREERT S of the
knom% 5 Séfﬁfﬁééﬁgﬂé ég% 6gg%sane as the open area of the

of

inlefs om1sec e present enbodi nent. However,

accordi ”9 tOEt;LEF ) “-l%e’ét ’Ei?:oq}l"é'%ﬁtsfg%a'ﬁg;ﬁ a %'éc% h\eﬂ‘é’fl%‘h%cﬁfho' | ow

section 17 along four even one o routes i s clogged

Wit h dustpe t e £ v |@% ?ﬂ@(@ﬁﬁﬁb}gﬂﬁéﬂﬁéﬁ§tlon 17 is not inpeded. In

addition, the spaces ich I'te between the adjacent hollow sections 17 at

the shortest gt aN6Q & 1S & idClstded nigh ot kt?u'r'akmfoh@\ﬁ‘l@gtigﬁcéfw
Accordi ngly, when, 15 for exanple, the routes Rl showmn in Fig. 2 are

cl ogged ﬂmérhﬁggﬁgémghﬁLgf|@héngu§§5ggumémbéﬂ$ cannot f|OMl ink can fl ow
along the routes R2 and R4 fromthe adjacent hollow sections 17, so that

suf flioci ent  amrdynt 10f isnk gARME isPRhedng2@ Ifduad h]bdﬁ,flOaPt)iodUSsE
particles which are smaller than the height L4 of the support nenbers 14
can fl owthetartdregemdnt | @i the spagm 5 memizethe hei ght L4 of the support
menbers 14 is a quarter of the height L2 of the known ink cells b. Thus,
accordi ng toRige prlesenta mﬂr@dq‘emetriwe chiw z@owém el psinanhbednohép
effectively prevented fromenteri the ink-fl ow ng space 15

conpar e EHOK g cHPBLRUCET l%%%dtﬂ‘gkﬁhﬁ)tpw imveE fargur e, the
heating el enments 13 are electrically connected to an external controller
with a flexi B3¢ sdfsticatde Plaid Wiy Shexiipice agusserrie RasWBichnaection tabs

Whl&@ are electri a% co nected to the
print hea o ine printer is constructed by arranging a

plurality of print head chips.
Fig. 13 is a sectional view 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
20 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 1s shown separately.

25 Fig. 17 is a plan view showing the detailed



. heafring elements 13. Wien a current pulse is applied to, for exanple, one
of the heating elenents 13 which is selected by a command fromthe
controller of a printer for a short tinme such as 1 to 3 microseconds, the
.heating element 10 13 is rapidly heated. Prior to heating the heating

el ement 13, the hollow sections 17 are filled wth ink supplied through the
i nk-fl ow ng space 15. Accordingly, a bubble of ink vapor (ink bubble) is
generated on the surface of the heating el enent 13. Then, 15 as the ink
bubbl e expands, a certain volume of_ipk is pushed by the ink bubble in the
correspondi ng holl ow section 17. A part of the pushed ink returns to the
outside of the hollow section |7, and another part of the pushed ink is

ej ected fromthe corresponding ejectign hole 17a as an _ink drop, 20 in
Fig. 3).reRfRtieim Py & 415 iGf! Indfafh SicH aY$1a pite E&3 "Faper .
Then, the hollow section 17 fromwhich ink is ejected is i mediately
refill eoejvﬁrTefPﬁnI@qcﬁr%Wﬁlﬁe i nkfl owi ng space 15 (QL in Fig. 3). 25

(Rel ationshi p,.between shock waves.caused hy_ink -2 pection and ink
ej ection con?ﬁ@l')\ﬁﬁe%ﬁ S SCAF-POEACEEY § og%gwa%scggug‘ghngyi?ﬂﬁ ej ection
will be described bel ow I% the thernal_.ink ejection according to the

pr esent A BB et € diY d st antaneots St power necessary for
ejecging a single ink drop by a single heating elenent 13 is relatively

hi gh; such as about 0.5 Wto 0.8 W Accordingly, when a | arge nunber of
heati ng gl &MY & %@r@aﬁﬁ);'a}{bg%wfscﬂé"‘ theAresent enbodiment and ink is

simul taneously ejected 10 froma | arge nunber of hollow sections 17, power
consunpti on eaRladeledllsy ofnGheagessand excentive heal L& geserabed.
Therefore, ink is not ejected froma |arge nunber of hollow sections 17
simultangousty. Wien ink is ejected fromthe ejection holes 17a of the 15
hol | ow sections 17 by heating the heating elenents 13, shock waves are
gener at ed i n (Fakswhicaobiaentin the ink-fl owi ng space 15. Accordingly, when
ink is ejected fromone of the hollow sections 17, ejection of ink fromthe
hol Low secti @aig .17 Ui ehperepaditacentite thewang &r prinki hhadnkhip ej ected
20 is not perforned until the influence of the shock wave is elim nated.
Duri ng tH sirtdamporatking ajmecthad] fameimarhedpaldacwss ot @jectinghi ch are
somewhat distant fromthe one fromwhich ink has been ejected. For exanple,
t he heatliimpid ererad gy dre Wentarsdant 2R vandi arhatwhgire @adoltlis@-adj acent
heating el ements 13 are not - 23 selected as the heating elenents 13

whi ch ar¥@pintoxd quned yrenbin thdsuahpractSapatédeland dt9-edsttSofe heati ng
el ement 13 is dispqsed between the heati n% el enents_ 13 which are

appr oxi At VIS RANSELSIRPE Aa5aiaiss T &5 2O iRy B¢ T s theeas iy

sel ecting the heatjng elenents 13 which are ta be. activated sinul.taneously,
ChelPnf IR e SR MeRERH A s SR read g Sl 'Fs ar8odel 1rom
one of t.h ol | section . on .t he gt her hal | sect 1 be

suppr esset h;os t]‘g?\(/al\é psg}on o V\J/?S{ler]%lgﬁ'o 1s'ubs a%ﬁigal %Ioocg{lesag\?é:%?%éleﬁggggr S.

(Rel ati onghi g, betyeern yr i Byo apen dendld W dieldoayiseeiies Lhaand height
L4 of support nenbers 1Af)

lines on the heating elements 13. In addition, Fig. 3 is a
sectional view of Fig. 2 cut along line B-B, where the
20 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

25 (which correspond to energy-generating units of the present



In addition, according to the present enbodi nent, the 15 m ni nrum open

"-length of the hollow sections 17 is set greater than the height L4 of the

support nenbers 14. The reason fox this will be described bel ow. Dust
_particles which are small enough to travel between the support nenbers 14
in a plan view, that is, dust 20 particles whose width is |ess than L3, can
travel between the support nenbers 14. However, if the height of the dust
particles is greater than the height L4 of the support nmenbers 14, the dust
particle cannot travel between the support menmbers 14 and reach positions
bel ow t he holl ow 25 sections 17 (positions above the heating el enents 13).
As a - 24 result, the dust particles cannot enter the ink-flow ng space
15. Wien, for exanple, there are dust particles whose height is |ess than
t he hei ghtveutidnk heoipport berde 1f B e PrtacIePsigptént er the
i nk-fl ow ng space 15 and travel into the hollow sections 17. However, if
the nini %%%p%?i’?%h@ﬂﬂ( Dt Hlwtak ey 1] 1NRA S iSdfEerEs d3grg& er t han
the height L4 of the support nenbers 14, the dust. part,cl.es which have
ent er ed THEAHIRE oFF sERR ifARe FATREY b & f?d?egeed'%btrtltﬁﬁdﬁ@’h the ejection
holes 17a with_ high probability when the ink drops are ejected. Since dust
particl e%orr‘fb‘?%ﬁ %%a% FHHE: ff e oAt ¢ éﬁg‘,CttC’rF@ ftnﬁ%o%pe of
dust par%icle V\hi%tl? an_enter the][ hol I,ﬂ,\iv sectiqns Jt.o%an be .assuned to be
[

a cuBe i h&EPTDHe EHoITTW Fectt ons! T TESASSHHTYY, YHE $i'de | engt h

of the cube ej o) e | 1.n/ ~ , is preferably set
greater ?‘Ea#%hée%? g%?é{ﬁl%elfﬁ)t %O%I%JB%%}%&N%C erng' 14, so that the
possibility that dust :particl i nt e sections
17 will be diﬂs}gﬁeﬁd&gtd%%ﬁcrl@agg? fﬁ/gfrs\gnﬁﬁ‘lgfograa%ﬁ/ %B@ﬁ%%?ﬁ%&%ﬁ length of
the cubejstdhad dSraddld/on {ife S I than &ﬂq@v}'ﬂ%rgh:thé—%egtitﬂ?f support

menbers 14. Accordingly, ejection failure which occurs when the dust

particl es) st ) Meadrd heo@ie! i 0N Ml escdie A Hany enartieds Thus, the
i nfluence of dust particles which 25 enter the ink-flow ng space 15 can be

al ot edlidmerat e such 2thad ftidesdindd oW setdid :ong 4 Gwanewhkapedtasa n the
present enbodi nent, the m ninum open length is the dianmeter of the ejection
hol es 17ehe Atedt thangd Yemdihies di anet®re ofuddrer tejmeadidren IHolagse 17a, Drain/ ~
or Drain/ ~ , may be set greater 5 than the height L4 of the support

menber s depdsed hef shgpe efanies hd | bglseotiming By idinf fresdmtt f rom t hat

of the
and are constructed by laminating the dry film resist on the

surface of the base member 11, on which the heating elements
15 13 are formed, over the entire region thereof and removing
unnecessary parts by a photolithography preocess. In 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
20 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 L4 =~ L2/4.
In addition, a gap L3 between the support members 14

25 (Fig. 3) 1s approximately the same as a width L1 of the ink



. present enbodi ment, the m ninmum open length (Drain) in the cross section of
the hollow sections 17, Dmn/~, or nore preferably, Dmn/~, nay be set
greater than the height L4 10 of the support nenbers 14. |f the cross
sectional shape of the hollow sections 17 is circular as in the present
enbodi ment, as shown in Fig. 4, the mninmumopen length Drain is the sane
as the dianeter of the circle. In addition, if the cross sectional shape of
15 the holl ow sections 17 is elliptical, as shown in Fig. 5, the mninmm
open length Drain is the length alangghe mnor axis of the ellipse. In
addition, if the cross sectional shape of the hollow sections 17 is a
star-1li ke shape, as shown in Fig. 6, the mninmumopen length Drain is the
di stance 20 between one of the inner vertexes to another inner vertex. In
any cas&glilife beflisee §igr. tl¥e prdsedt BREEH L8nHBan be obtai ned when the

m ni mum open | ength Drain, preferably Drain/ ~ , nore preferably Drain/ ~

i s set great®rPhAAVCESCtASNSABWACENTEIGSY L6 ahd BamimeteRapestd? the
hol | ow 25 sections 17 and the_ejection holes_17a %and t he shape of the -
26 i nk 3afSeMeMPAT) ldr Ot st ichnithed s tihgs €16 eRhE ﬁ?eééﬁthEﬁﬁérnent, and
various ot her shapes may be acceptable. Far ,exanple, the_crass sectional
shape of? eh%Q#%Q%%ﬁ%ﬁ&ﬁﬁﬁi{?rT?daﬂﬁm%ﬁé %ﬁaﬁéschpPﬁgdefgct'Bﬁ hol es 17a
and the ink inlets 17h .may be any.shape, _such.as_a .pol nal shape. In
di b1 o R Yy et IR ro<Rres” SREH aBsBhaPirRel PRL Brn

manuf act yri i.el ft pri_nt d iLngre d ough print
heads a&%mﬁggﬁéﬁﬁfq#%h§F%§PUrggdiE%% gﬁggﬁggﬁeiggngéﬁt?oggég particles

whose Sigedidrlhidinetd rklne® il Lls SXptbxikltkl KABVMELRANALT UAL! On, I nce

the size of the barrier [ayer is a en t ust particles

col l ect Qi dihepaldpde et thaeharirg ed RASeDIE hhy hat nbhe1dugherarticles
will enter the ink path i. Wen the dust "particles enter the ink path i and

reach t ke Jr%9 el xR ondt r$ice@nt. he raezzkampheet wiehs tganmposed of a
conductive material, such as nickel, a short circuit easily occurs between

t herpozalre cxieels @ aRthd R rhase meRker £disf apbeokembseagcesofimt hendust
particles is low. If a short circuit occurs at the base nenber d, the base
menber dhiidkne2@ e daragedzard shlkeetph At headowiimbtbeéydabegpti, vendThi s
problemis particularly crucial when | ong heads having a | arge nunber of
nozzl es thenhihdlckawes susdd ann aldhes-iivead ageirntfers adherimpgutthemuied. Accor di ng

to the present invention, even if the dust particles collect on the surface
several Mm, the total thickness of the barrier layer f and

the nozzle sheet g is about 45 um. Accordingly, the
15 thickness of the hollow-section-formed member 16 is about 45
Mm.

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

20 its vertex cut off, which has a trapezoidal 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.

25 More specifically, first open sides at the bottom of



25 of the print head, the possibility that they will enter the - 27 ink
path (that is, the ink-flowi ng space 15) is extrenely |Iow Thus, the
possibility that the dust particles will reach the surface of the base
_menber 11 can be considerably reduced, so that the above-described probl ens
can be avoided. 5 More specifically, the filter effect provided by the ink
fl owi ng space 15 according to the present invention serves to increase the
manuf acturing yield. (Relationship between distance Pl between centers of
10 adj acent heating el enents 13 and_m'Il i mum di stance P2 from surfaces of
heating el enents 13 to centers of thelr respective ejection holes 17a)
Next, the relationship between the distance Pl between the centers of the
adj acent heating elenments 13 and the 15 m ni num di stance P2 fromthe
surfacestibé hbelbeaseogiahenthtsedde whs cini acel ete 1'Hk-fHowigly wpbade 15 to
the centers of their respective ejection holes 17a wll|l be descri bed bel ow.
As showniph Flgws 3inthetll shahbew beeokerns he/ canerse@in@Endre sidjekent
heating el enents 13 is defined as P1 and the m ni nrum di stance fromthe
surf aces@bf thfetoRa®f nghel kodkhew A8CEPRNel LTREFS Y IRGFLIqRedpekds ve
ejection holes 17a is defined as P2. In the known construction, since the

barrier 1&§eFb¥opgh ehielviged niseifetedr tittont YUY LR videh el MHeat i ng
eIerreSntSsections 17 through the ink inlets 17b, i1s 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 1s about 20 pm. The internal
10 wvolume the hollow sections 17 is approximately the same as
the sum of 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,
15 die—cutting, etc.

Although the ink cells b and the nozzles h are attached
to each other by adhesion in the known construction, in the
present embodiment, the hollow sections 17 are formed
integrally in a single layer. Accordingly, there are no

20 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

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



- 28 ¢, as shown in Fig. 17, P1/P2 > 1 is normally satisfied. However, in
" -the case in which high resolution, for exanple, 1200 dpi, is required, the
di stance P1 between the centers of the heating elenments 13 is small, such
~as 5 approximately 20 Vim Therefore, in the known construction, there is a
limt 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 10 drops, high resolution can be aghieved since the barrier layer f is
not provided. Thus, in the present enbodi nent, different fromthe known
construction, P1/P2 < 1 is satisfied. 15 (Arrangenent of support nenbers)
Next, the arrangenent of the support nenbers 14 wil| be described bel ow. As
descri befRabpveons HeuGubpor ts e erke e SoWwre ifmdg of faraieiHged at t he
four corners of the heating elenments 20 13 sg as .to surround the heating

el enent stA3t Howete®  Ithect Fatyehttht 172 S dbr tthRF % 149 s not
necessari%x linmted to this, and various nodifications are possible with
respect FoRthelshapEier e HigS SHECTUMS CAHE ar MG PattEin, etc.,
of the su}F‘gorrtltrrgnq%(Séls 151. 2t Fi.gs., 7 toec]’ﬁ(,)i are o an v.icvvs shvogvi ng t he
nodi fi cafTon = Bt het i r Pert® B FHe SuppBHCheifers . The
posi ti o relatio shi£¥Petmeen thﬁ heat | | e ts 13 and .the support
rrerrbté-’r snﬁéﬁt}? st}é o%/\?q(icn |sgst.’ af’c% ot %,noglnidl%gl’ejr%g%ilonn]ter%{]aglsl}tl]?a and the
ki nl eksd7b 3 € shaye DY 5, doubl e doted Ghan. 14068 B o] ishovs a
first m)d?]flcatl no e a?r%"ﬁegen‘en of 't easupport merber s 14.°1n the
figure, %\%éd ]%c &{l&%f e SA{E-dglght é\%&% RPOdr JEHE 14 ¢ S
disposeda% ove the heatil el enents 13, an theeﬁgatingqgfenents 13 are
hollow sections 17 are arranged, variation in shape between
them can be reduced.
10 When the hollow-section-formed member 16 is placed on
the base member 11 on which the heating elements 13 are
formed, the hollow sections 17 are arranged above theilr
respective heating elements 13. As shown in Fig. 2, the
hollow sections 17 are arranged such that the centers of the
15 hollow sections 17 are aligned with the centers of their
respective heating elements 13.
When the hollow-section-formed member 16 is placed on
the base member 11, a gap between the surface of the base
member 11 (surfaces of the heating elements 13) and the
20 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

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



.10 arranged along the longitudinal direction of this wall 18. The support

" -menbers 14 are arranged in two |ines belowthe heating el ements 13 in the
figure. More specifically, the support nenbers 14 are arranged in two |ines
along the longitudinal direction at the same pitch as in Fig. 1. 15 Since a
| ar ge nunber of support nenbers 14 are arranged, the height of the

i nk-fl ow ng space 15 can be naintai ned nore constant and the strength of

t he support nenbers 14 can be ensured. In addition, when the support
menbers 14 are arranged as shown in Fig. 7, the dust particles which enter
20 the ink-flow ng space 15 are caus to stop at a line of the support
menbers 14 which is as far fromthe heating el enents 13 (the hol |l ow
sections 17) as possible. Accordingly, the ink-flow ng space 15 can be

pr event el dwior exate dlSogged tan tposiThieonnkrddowting seatciend Sel enents 13
(holl ow sections 17) 25 and ink can be uniformy supplied to the holl ow
secti onsdhfiunicat3® whihis amherk ttheksUppdr showmber ent4 iake fanerediyged in a
plurality of lines, the dust particles are caught at one of the |lines of

t he supgdrawseriyeughl 4 Hsefigrke filloeni ngr swelcet RBoughnt kas dkkHidwwigdspace 15
toward the holl ow sections 5 17. Fig. 8 shows a second nodification of the
ar r angerf@ftceofl X hdheuppdm wsisedesiahiich dRpedegihe, flke Sdppdit nenbers
14 are arranged in two lines such that the support nenbers 14 on the upper

| i neand &y ppBRe Gte MSERETH4 1dn 10 the lower line are not aligned in the
vertical direction) Mre s cificallxﬁﬁin t he figure, ghe support nenbers

14 on the uppér 9FFRELIRARY & gv§upﬁ5?t FbBPsC19MEATENES | BhEr |ine are

o fect ) VEASPURALL it G RS SEATR | B 01 87 Poltg R 8 “Eap it £ et Bdr o 14 and
effecti ( i | g _ Ft- ber s an
reachi ng:et J{}Les ho![alhsovz\.lns ecq'ltel 9<r1]'1$ow17 'CO'I?IIS%ZU%FE.% WS hteh ISE:J)% crer%d wahli%%t hq1L of the

arrangenment” o e Support menbers n the figur the "'support nenbers

14 are grlanged Jyy ta‘égra'%e’i‘xets hedt il Eil.%ﬁl-en§sa’1‘§ 8t and fsﬂ%rﬁ%es%ppo”

menbers 14 on the up ine are positioned directly below eating
el eﬂgnt%']s%an%e%ﬂeh%l%lboﬁ%rctlu%ﬁ@@hs th %ﬁ‘c—%%%@ﬁgl shadehiis manner, dust

particles which travel through the support menbers I4 on the l'ower line are

st opped Adhe RPNty M enk -4 o nigh@puRrRken s, i Bek $ant FaleiRe 25 dust
particles can be prevented fromdirectly reaching - 31 positions above

the heatfirgr elw@Ntthel 2djResint oRS thelgowlehenhel 18y seet kons 17). Fig. 10
shows a fourth nodification of the arrangenent of the support nenbers 14,
wher e t hemsupperdi arenbbendiibh dmg Flawsangeduoh thsdedlienescllsuse t he
support nenbers 14 are not necessarily arranged in two lines, as shown in
Figs. 7 ink ®atdnd smeyptalus@de arranged in three lines, as shown in Fig. 10.

In addition, the support nenbers 14 nag al so be arranged in four or nore
i ne%. 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 R1l, RZ2, R3, and
R4 (Ql in Fig. 3) which are provided in the ink-flowing

20 space 15 by the support members 14 disposed 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

25 of the ink cells b is L1 x L2. 1In the present embodiment,



10 Further, in Fig. 10, the support nenbers 14 on different |ines have
‘different sizes. Tn Fig. 10, the size of support nenbers 14A on the top
line is the snallest, and the size of support nenbers 14B on the central

line is the second snmallest. In addition, the size of support nenbers 15
14C on the bottomline is the |largest. Accordingly, dust particles which
are |l arger than the gaps between the support nenbers 14C are stopped by the
| ine of the support nenbers 14 at the bottom and do not travel further
toward the heating elenents 13 (hoILO@/sgctions 17). 20 In addition, from
anong the dust particles which travel Phrough t he gaps between the support
menbers 14C on the bottomline, dust particles which are |arger than the
gaps between the support nenbers 14B are stopped by the |ine of the support
menbers tHeodpehearentef , thadinbetwtof rhvehebldwrsdrtiomnald 14ed heating
el ements 13 (hol |l ow sections 17). - 32 Then, fromanpng the dust
parti cl esnvipben of aventesr oughd thdyaFeodtiteerd )t -he Mupirfarkathers 148,
dust particles which are larger than the gaps between the support menbers
14A are 3PoppedsSbyce hel | T nke3 ornd hed sﬁpr%/r‘? Hefrbet st 190 ot hePRYP, and do
not travel further toward the heatqu elements 13 (haol |l ow sections 17).

Accor di ngF§2 a5 the $RLetdrot nkraustk it IRLT ndtedS¥™ t he di stance from

t he eating el enenpts 13 hollom/seciio ) 12%?to thﬁlline of the support

monbet s GATSEERRTLIA L he TRRTORHPATEI ot & ioded 10 THEF GHSE8, Al t hough

t he support nenbers %4 have col umar sh ipn the first enbodi nent, the
ety L% oo

shape of “¢Ret3Uppdrt nEl® Vi LR A the K920 this. For

exanpl e, h ing elenents 13 nay al so be surrounded by bracket-shaped
menber s i%gﬁ%%ﬁgﬁ#éngth is shorter than the I ength of each side of the

heating el emyp 5k ASQ Ididdiss, GaR8 ptdied ol i, SPABG LB saan ser ve

both to provide a | ter ure the anmount of i nk which flows

into the-heating ehesesish 1301 Pok NSeS8I®H ILOTLEAS £auE NS KPONM even
construction. 20 In addition, it is not necessary that all of the support

nenher s Jdehaygetbe cREErShEdS. i £0618YPEP ! with heusuppaid Nesess 14k near
the heating elenments 13 may be fornmed I n a bracket shape while the other

support ietbetse IdoBI 6wl OsdBlon M A LI ndhaimsddge. 25 - 33  (Second
Enbodi ment) Fig. 11 is a perspective view of a print head chip 10A
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,

15 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.

20 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, and 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

25 particles can be more effectively prevented from entering



. according to a second enbodi nent of the present invention, where a

‘hol | owsection-fornmed nenber 16A is shown separately. 5 Fig. 11 corresponds
to Fig. 1 of the first enbodinment. In the second enbodi nent, although
heating el ements 13 are fornmed on a base nenber 11 in a manner simlar to
the first enbodi nent, support nenbers 14 are not fornmed on the base nenber
11. 10 The support nenbers 14 are fornmed integrally with the

hol | ow section-formed menber 16A on the bottom surface of the

hol | ow section-formed nmenber 16A inthe figure. Other parts of the

hol | ow section-fornmed nmenber 16A are simlar to those of the

hol | ow secti on-forned nmenber 16 of the first 15 enbodi nent. The support
menbers 14 are fornmed on the holl ow section-fornmed nenber 16A such that
they ar e"Hositf o 9 tHRE e FEEIRITGES &S the tiewh rean by idht  when
t he hol |l owsection-fornmed nenber 16A is . |amnated on the base 20 nenber 11
on whi ch t he PHEROVRE SCEmERCYT 13 a8 SiFEde | ﬁh€hg‘e€§§égi ¢ LECER St he

hol | tion-f d, 16A i d of a filmlike mater, al h
as. pol yi il Gt Bfth 3 PHGUHSORGITTRE 165 1 The SUBRErt HeHbt's T ‘ol be

170, PR, WL LSPGO R, 164,25 b
5 connection tabs which are electrically connected to the
heating elements 13. When a current pulse 1s 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
10 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 surface of the heating element 13. Then,
15 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 (Q2
20 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 (Ql in Fig. 3).

25 (Relationship between shock waves caused by ink



o~ material in Fig. 1. Wen the hol |l ow section-fornmed nmenber 16A is
‘constructed in this manner, only one | ayer (hollowsection-forned nenber
16A) is provided on the base nenber 11, and the costs can thereby be
reduced. 5 In addition, according to the second enbodi ment, 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 fornmed. Accordingly, an
adhesive layer is provided at only one position. In conparison, in the
first 10 enbodi ment, the adhesive |aygs pust be provided at two positions,
that is, between the support nmenbers 14 and the base nenber 11 and between
the support nenbers 14 and hol | ow secti on-fornmed nenber 16. Accordingly,
since the nunber of adhesive layers is 15 reduced, the dinmensional accuracy
of the tieFLiM Hibsihofedafe i MomHesd )chi p 10A can be increased. In
addi tion, since the nunmber of adhesive layers is reduced, the reliability
of strength &%¥the atndrddyedceoctesrOsks RYESi 674 5&Fe P¥hé"kame as those of
the first 20 enbodj nent, and expl anations thereof are thus omtted. In
addi ti orFIFF RN dethode s FORh PR support menbers 14 used in the
first and the second,enbodi nents,. the support nenb%rs 4 ma alip be forned
%F spﬁ%s

by printing | GG LprPht FAG TP 8 ARCER 94 1 h ik TES which is
22 (80 DSy R e P R IR e B B 8 e o+ 35 D

ejecting a single ink 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

10 from a large number of hollow sections 17, power consumption
considerably increases and excessive heat 1s 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

15 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

20 is not performed until the influence of the shock wave is
eliminated. During this time, ink is ejected from the
hollow sections 17 which are somewhat distant from the one
from which ink has been ejected.

For example, the heating elements 13 are controlled

25 such that at least the adjacent heating elements 13 are not



. or on the bottomsurface of the hollow section-fornmed nenber 16. Next, an

" exanple in which a print head for a line 5 printer is constructed will be
described below. Fig. 12 is a plan view showi ng an exanple in which a print
head for a line 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 lines. 10 In this exanple, the support nenbers 14 are arranged in
three lines in each of the print head chips 10B. In addition, in each print
head chip 10B, the support nenbers 1 re formed on the

hol | ow section-fornmed nmenber 16A as described in the second enbodi nent.
Accordingly, only the 15 heating elenents 13 are fornmed on the base nenbers
11. In this case, the adjacent base nenbers 11 are di sposed such that an

i nt er valseBerwedn ashéahisebepitg nol efemestsl 13t whiiehadjrei aibing ogidetefl vt he base
menbers 11 is the sane as the interval at which the heating elenents 13 are
ar r ange@ i lrenesss 1ot acnéveasd mapferd 1gas[tnoagdinciadindatlespnthe base
menbers 11 are adhered on a single_holl ow section-formed nenber 16A in

whi ch tHé RSl FdRPSEEE bREVEERatBef HLAEANE: SPETRTISNd e Hi€dpsEGi ng to the
heating el enents 13 on.all of the base nenbers 11. In addition, a conmon

f1 ow paPRPIe*AEALEs YaPRmytl teRgoNSiNt aréddadRfps 10B is provi ded outside the

i 365 Supporicgggggﬁgl%ﬁ.by suitably selecting the heating elements

13 which are to be activated simultaneously, the influence
of the shock wave which 1s caused when ink is ejected from
one of the hollow sections 17 on the other hollow sections
17 can be suppressed to the point where no substantial

10 disadvantage occurs.

(Relationship between minimum open length of hollow
sections 17 and height L4 of support members 14)
In addition, according to the present embodiment, the
15 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 are small enough to travel between
the support members 14 in a plan view, that is, dust
20 particles whose width is less than L3, can 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

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



Accordingly, the print head for the line printer 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 nultiple
print head chips a are arranged, the ink ejection performnce at the
boundari es (ends) between the print head chips a nust be as high as that at
ot her regions. Accordingly, the ink cells b 10 at the boundaries between
the print head chips a nust be processed with high accuracy, simlar to the
ink cells b at the other regions. However, this is difficult. Therefore, it
is difficult to eject ink with stablebetformnce at the boundaries of the
adj acent print head chips. 15 In conparison, according to the present
enbodi ment, since the base nenber 11 has no partition walls, etc., it is
only neGessany, ttheCRsdte dalie i2aey aenneft e dimtterevanbatiweamd he heating
el ements 13 at the boundaries between the base nenbers 11. 20 The

above- desgidebad print head for the line printer may also be constructed by
using the print head chips 10 according to the first enbodinment. Also in
this case, awhktrafbkyenbmbase fhReber ardlduen eaehief ewhivebsthe heati ng

el ements 13 and the support nenbers 14 are formed, are 25 |am nated on a

si ngl e hailghwie Sectliess- fudrame dheemearghlt6 L4The the Jhppsirapesmifertshd 4suppor t
menbers 14 and the intervals between them at the ends of the base nenbers
11 nhy bédredidufsdr eatr thicdast me ysleapes dhe Haksudporinaresmseres 184 aadd t he
intervals between them at other regions, depending on the arrangenent 5 of
t he supporavederiidios the hadueresecsiipns tiife st e e ritfe rtd1 €1 g mst
directly affect the ink ejection performance |like the ink cells b, no

subst antdPrgn dies@darPage crlutrie diehl athete ¢ hioRhabest DfIEeRtSUPHRT menber s

14 and the intervals between themare different at 10 the boundaries of the

base nefbér PEEINETRIY @ FERBGISHPROF TFMEMPET S d 43 4&1& i BATSWSSifdwi ng a
print head chip 10C accordin 0 t hi rd enbodi_nent, of .t he .present

vent | G oS HEYS: SPFeaart dlmotad 108 e ELPTar Wndr it S GHBGHARARS 10 the
t hi enbaodi nent , a vibration plat 1, .an r el ectrqde 22, and a | ower
el eé?rogg]rﬂ]g r 15t SvicHdd s btoﬁ‘ e e7r2ag3"/”-l nglpr@l%t%l r?gjmg)r?’hl il%ypl"falfceé1 of the

heating t%eeq%q(t %%P%f a ee]:;Ler tedenb%‘iinré%ntdus-@q?aﬁr‘éi@le@e%%ﬁml QC of the

third 20 enbodi i s of el ectrostatic typ An air layer IS

Pr ovi ded) Rl weah ae d1nRIs 81eal 19de:22 Bnd s e Bl e 24. Qther

const_ructi ons are simlar tp those. of the first enbodifnent. In the third
embodi Myint 0B et 239 ieh RIP IR n27 1RRE WRRR il UPPRarelRet rode 22 and

the | ower el ectrode 24, - 38 the vibration plate 21 is pulled downward
in the fdgWhRd¥o be a cube inscribed in the hollow sections 17.

15 Accordingly, the side length of the cube (height of the
cube), that 1is, mun/VE, is preferably set greater than the
height L4 of the support members 14, so that the possibility
that the dust particles which have entered the hollow
sections 17 will be discharged increases. More preferably,

20 the diagonal length of the cube, that is, mun/Vg, 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 1l7a can be

prevented. Thus, the influence of dust particles which

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



an electrostatic force, and is deflected. Then, the voltage is set to 0 V
"-so that the electrostatic force is removed. Accordingly, 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
hol e 17a using the elastic force of the vibration plate 21. Also in this
case, effects simlar to those of the first enbodi nent can be obtained. 10
(Fourth Enbodinent) Fig. 14 is a sectional view showing a print head chip
10D according to a fourth enbodi nent of the present invention. Fig. 14
corresponds to Fig. 3 of the first 152@nbodi ment. In the fourth enbodi nent,
a lam nate 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 in placefofneh@acheaw rectliemnt 713 ref sthedd st 120 terbedicrent.. The
print head chip 10D of the fourth enbodinent is of a piezoelectric type.

Ot her cagdodicidrons e miiminhat dped Moseyt idecHa rétamttadio®rdhe I n the

fourth enbodi ment, when a voltage is applied between the el ectrodes on both
si des ofeijtdreripirezadleectria. 2R @t enbingldb, ftendignemsrendf itheapplied to the
vibration plate - 39 21 due to_the piezoelectric effect and the
vi br at i @y gt@ton 2blies defd edimesl/ d def O 3, nkhagohtasrédgraathe hol | ow
5 than the height L4 of the support 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, Dnn/JE, or more
preferably, Dnn/JE, may be set greater than the height L4
10 of the support members 14.
If the cross sectional shape of the hollow sections 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. In addition, if the cross sectional shape of
15 the hollow sections 17 is elliptical, as shown in Fig. 5,
the minimum open length Dmin is the length along the minor
axis of the ellipse. In addition, 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
20 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
Dnn/VE, more preferably Dun/Jg, is set greater than L4.

As shown in Figs. 5 and 6, the shapes of the hollow

25 sections 17 and the ejection holes 17a (and the shape of the



., section 17 is ejected fromthe ejection hole 17a using the deformation of
“-the vibration plate 21. Also in this case, 5 effects sinmlar to those of
the first enbodi mrent can be obtained. As described above, according to the
present invention, the processing accuracy of the ejection unit for
ejecting 10 liquid, such as ink, can be easily increased. In addition, the
variations in the volunme of the liquid, such as ink drops, the ejection
angl e thereof, etc., can be reduced even when dust is mxed in liquid, such
as ink. In addition, a reduction in gdiquid-supply speed at which |iquid,
such as 15 ink, is supplied to the ejection unit can be prevented. Although
the present invention can, of course, be applied to serial printers and
line printers, appllcatlons of the present invention is not limted to
printerénkahdlene prosearei noéniivatedntbethppki 64 tbevaresastnet hods and
20 apparatuses for ejecting liquid. For exanple, the present invention can
al so beeapphimante anAeVASACHAdORRCADSRARESS MRYr P6j 86EPA§ARIBNA EBFuti on
for detecting biological materials, 25 Industri al AE l'i cability - 40 The
present SXAYER FvoﬁhPeFéPé§ g6c4irBRAOGNARE 2% APFal8 E@WfEFCEPQBﬁlﬁﬁ i qui d,

and can be applied to, for_ exanple, an_inkje r|nte
and gg shapes’ of the eggctlon hole J E7g the ink inlets

5 17b may be any shape, such as a polygonal shape.

In addition, the present invention also provides an
effect that the manufacturing yield of the print head can be
increased. Although print heads are normally manufactured
in a clean environment, dust particles whose size 1s about

10 10 um 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 1 and reach the base

15 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
circuit occurs at the base member d, the base member d will

20 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

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



,, = 41 CLAIM5S 1. Aliquid ejection apparatus conprising: a plurality of
" -energy-generating units provided on a 5 base nenber; liquid cells for
pressurizing liquid with energy generated by the energy-generating units;
and nozzl es having ejection holes for ejecting the liquid which is
pressurized in the liquid cells, 10 wherein each of the nozzles is disposed
above each of the energy-generating units, and wherein first open sides of
the nozzl es which face the energy-generating units serve as liquid inlets
and second open sides of the nozzles %§rye as the ejection holes, so 15

t hat inner spaces of the nozzles serve as the liquid cells, the liquid
cells not being provided separately. 2. Aliquid ejection apparatus
conprising: a plurality of energy-generating units provided on a base
menber ; iswkd p2Gha (Hdlaltovissedtheon-rfkoriied imanisgracshildh iis dixdpesed yabove t he
energy-generating units and in which cylindrical hollow sections are

f or med, lfowr.st Topen dihdepostsithid iHal Itdw tsedtd ohvs twipiagtt: ifcdes twid 1
energy-generating units serving as liquid inlets and second open sides of
t he hol Ir@acdedhicosirdeang of X adagiedamrehd lesanobeejasasiiggabdi d, -

42
reduced, so that the above-described problems can be avoided.

5 More specifically, 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
10 adjacent heating elements 13 and minimum distance P2 from
surfaces of heating elements 13 to centers of their
respective ejection holes 1l7a)
Next, the relationship between the distance Pl between
the centers of the adjacent heating elements 13 and the
15 minimum distance P2 from the surfaces of the heating
elements 13 which face the ink-flowing space 15 to the
centers of their respective ejection holes 17a will be
described below.
As shown in Fig. 3, the distance between the centers of
20 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

25 provided as the partition walls between the heating elements



_Wwherein the liquid flows into the hollow sections through the |iquid
inlets, is pressurized in the hollow sections with energy generated by the
energy-generating units, and is ejected through the ejection holes. 5 3. 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; 10 ejection holes for
ejecting the liquid which is pressurized in the liquid cells; and a
hol I owsecti on-formed nenber which is,disposed above the energy-generating
units and in which cylindrical hollow sections are fornmed, the holl ow
sections serving as both the 15 liquid cells and the ejection holes such
that the liquid flows into the holl ow sections through first open sides of
t he hol |Dw &echids ithiBle f ake, the/ Bher gy-erra@a gy witistied pressuri zed
W th energy %enerated by the energygenerating units, and is ejected through
second open SP¥e¥exo of he KATOW SR Thgiak IR SOLHTH@ e] €6 on appar at us
conpr|5|ng a pIuraI ‘%ROf energy-generating units rOV|ded on a base

menber ; If W 'prje%s{ﬁq%’??gd od%/ﬁ*i"ﬁl P SEher ed by

t he ener enera | units; an - ozzl es aV|n ectlon hol es for
ejectlndg g g% heating e ements 1§]fé smaf& é] J

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
order to obtain the structure suitable for ejecting the ink
10 drops, high resolution can be achieved since the barrier
layer f is not provided. Thus, in the present embodiment,
different from the known construction, P1/P2 < 1 is

satisfied.

15 (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
20 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.

25 Figs. 7 to 10 are plan views showing the modifications



~which is pressurized in the liquid cells, wherein a |iquid-flow ng space
wth a height of His provided between the base nenber and a nenber in
which the 5 nozzles are formed and the 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 nozzles which face the |iquid-flow ng space
serve as liquid inlets and second open 10 sides of the nozzles serve as the
ej ection holes, so that inner spaces of the nozzles serve as the liquid
cells, the liquid cells not being plozédgd separately, and wherein the
followi ng expression is satisfied: H< Dmn 15 where Dmin is a m ni num open
| ength of the inner spaces of the nozzles including the ejection holes and
the liquid inlets. 5. Aliquid ejection apparatus conprising: a plurality
of ener gyf- gére raatriamgyamsrits qf diedethppo et 2@Grieses reitberTheand a

hol | ow section-fornmed nmenber which is di sposed above the energy-generating
uni ts amdsiin wmadh mayilatricmidalp e tvaersadta dres tdimey fedrameditof il3stangpen si des
of the hollow sections which face the energy-generating units serving as
liquid ZHhe siuees endessssrsd ohds sihdedn dm ttHashol1 Gw déot iagwss tder vi ng

ejection holes 17a and the ink inlets 17b are shown by
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

10 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 two lines along the
longitudinal direction at the same pitch as in Fig. 1.

15 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

20 the ink-flowing space 15 are caused to stop 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)

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



- 44 as ejection holes for ejecting liquid, wherein a liquid-flow ng space

" .whi'‘ch cormunicates with the liquid inlets is provided between the base

menber and the hol |l ow section-forned nenber, and 5 wherein the foll ow ng
expression is satisfied: H< Dmn where His a height of the I|iquid-flow ng
space and Dmin is a mninmmopen | ength of the hollow sections. 6. Aliquid
ej ection apparatus conprising: 10 a plurality of energy-generating units
provi ded on a base nmenber; liquid cells for pressurizing liquid with energy
generated by the energy-generating ugits; ej ection holes for ejecting the
liquid which is 15 pressurized in th qrhuid cells; and a
hol | ow- secti on-forned nmenber which is di sposed above the energy-generating
units and in which cylindrical hollow sections are fornmed, the holl ow
sect i onghser, vivhgnasheotsupdee t mgehbe reelil4s aated atrfranejed@ctinoa hol es such t hat
the liquid 20 flows into the hollow sections through first open sides of
t he hol bawrsédttivors vhiinas ,f abe tthe te pargyi-cjeseratl rgughitt s;t oaeppéssuri zed
wi th energy generated by the energygenerating units, and is ejected through
second a¢penliness odf thiee suppcow gepbieass l42Bbeallogeeithey tirqwied- f | ow ng space
whi ch communi cates with - 45
through the ink-flowing space 15 toward the hollow sections
5 17.
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 such that the support
members 14 on the upper line and the support members 14 on
10 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 support members 14 on the lower line
are shifted from each other. In this case, the dust
particles can be more effectively prevented from traveling
15 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. In the figure, the support members
14 are arranged in two lines, as in Figs. 7 and 8, and the
20 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

25 dust particles can be prevented from directly reaching



. the liquid inlets is provided between the base nenber and the _

hol | owsecti on-forned nenber, and wherein the followi ng expression is
satisfied: H< Dmn 5 where His a height of the Iiquid-flow ng space and
Dmin is a mninmumopen [ ength of the hollow sections. 7. A liquid ejection
“apparatus according to one of Clains 4 to 6, wherein the |iquid-flow ng
space includes a space which lies between the adjacent energy-generating
units, 10 fromanong the plurality of energy-generating units, at the
shortest distance. 8. A liquid ejection apparatus according to one of
Clainms 4 to 7, wherein the |iquid-frodilng space is constructed such that
the liquid flows toward the energy-generating units in 15 a plurality of
different directions. 9. Aliquid ejection apparatus conprising: a

pl ural i tyo®f t BAEE G¥bGEACERE | REa UDhE Se DEAVH H801 9N (8o DR NBNDET oy | {19 d
cells for pressurizing liquid with energy 20 generated by the

ener gy- genkelraw i sigcuhohs; 1and nozzl es having ejection holes for ejecting the
liquid which is pressurized in the liquid cells, wherein a Iiquid-flow ng
space Wi th aHigj.ghtO afhdwd s pfawvi e dndeei fieert idie dsedTeithem @ik Menber
in which the 25 nozzles are forned and one or nore support nenbers which
of the support members 14, where the support members 14 are
5 arranged in three lines. Thus, 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. 1In addition, the support members 14 may also be
arranged in four or more lines.
10 Further, in Fig. 10, the support members 14 on
different lines have different sizes. 1In Fig. 10, the size
of support members 14A on the top line is the smallest, and
the size of support members 14B on the central line is the
second smallest. In addition, the size of support members
15 14C on the bottom line is the largest.
Accordingly, dust particles 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).
20 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 do not travel

25 further toward the heating elements 13 (hollow sections 17).



- 46 maintain the height of the liquid-flow ng space constant are arranged

“_in‘a part of the liquid-flow ng space, wherein the nozzles are arranged

such that each of the ejection holes is placed above each of the
energy-generating 5 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 inner spaces of the
nozzl es serve as the liquid cells, the 10 liquid cells not being provided
separately, and wherein the follomjng%fxpression is satisfied: H< Dmin
where Dmin is a mninmumopen | ength the i nner spaces of the nozzles
including the ejection holes and the liquid 15 inlets. 10. Aliquid
ej ection apparatus conprising: a plurality of energy-generating units
provi ded on ahbase frerbamongndha Bokkopaseaties- khtordtieober which is
di sposed above 20 the energy-generating units and in which cylindrical
hol | ow sentduans e JaparehtWderstthepaupgiodes mefnkidre Hal owusact i ons whi ch
face the energy-generating units serving as liquid |nIets and second open
si des ofpariel digd oulnisgrtdmwnsl eseyer rngraas e garen Hedlwesnf drheejsexppordg | i qui d,
25 wherein a liquid-flow ng space which conmuni cates with
members 14A are stopped by the line of the support members
5 14 on the top, 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
10 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
15 whose length is shorter than the length of each side of the
heating elements 13. Also in this 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.
20 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.

25



- 47 the liquid inlets is provided between the base nenber and the
" hol I owsection-formed nenber, wherein the followi ng expression is
satisfied: H< Dmn 5 where His a height of the Iiquid-flow ng space and
Drin is a mninumopen |length of the hollow sections, and wherein one or
nore support nenbers which maintain the height of the liquid-flow ng space
constant are arranged in a part of the liquid-flow ng space. 10 11. A
liquid ejection apparatus conprising: a plurality of energy-generating
units provided on a base menber; liquid cells for pressurizing liquid with
energy generated by the energy-generating units; 15 ejection holes for
ejecting the liquid which is pressurized in the liquid cells; and a
hol | ow secti on-fornmed nenber which is di sposed above the energy-generating
units and in (&eicomdc Fmbeddimealt ) hol | ow sections are forned, the hol | ow
sections serving as both the 20 liquid cells and the ejection hol es such
that the |iqiig-fldwgsi ut perispelsivewviest odng PHEdtigherdr shippéAAsi des of

t he hol | ow sections which face t he energyzgeneratlng units, is pressurized
wi th enérqfpP R died Feadid & %lﬂﬁesse%ndr“iv@@]l@@tred t hr ough

second open sides 25 of the hO||OM/S€CtI0nS 48
where a hollow-section-formed member 16A is shown separately.

5 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.

10 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

15 embodiment.

The support members 14 are 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

20 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

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



wherein a liquid-flow ng space which communicates with the liquid inlets is

" _provi ded between the base nenber and the holl ow section-formed nmenber

wherein the followi ng expression is satisfied: 5 H< Dmn where His a

hei ght of the liquid-flow ng space and Dmin is a m ni mum open | ength of the
hol | ow sections, and wherein one or nore support nenbers which maintain the
hei ght of the liquid-flow ng space constant are arranged in 10 a part of
the liquid-flow ng space. 12. Aliquid ejection apparatus according to one
of Claims 9 to 11, wherein the energy-generating units are aligned on the
base nenber, and wherein a plurality %g The support nmenbers are arranged 15
along a direction in which the energy-generating units are aligned. 13. A

|l iquid ejection apparatus according to one of Clains 9 to 11, wherein the

ener gy- genad@td NG AFig. are atignethomdlebase tRbeiormdd Weedeinn a
plurality of the support nenbers are arranged in a plurality of lines al ong
a directigm i st chridesdnar gyhigeneatid Mg dnlivt oray € aaldgn@d 1 land wher ei n
an arrangenent interval of the support nmenbers on one of the lines is
di f f er erdedtiom-afp anednganest PHA) nierpadvided hen stippobésaembebsrohlanot her
one of the |ines.
and the costs can thereby be reduced.
5 In addition, according to the second embodiment, only
the hollow-section~formed member 16A must be laminated and
adhered 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
10 embodiment, the adhesive layer must be provided at two
positions, that is, between the support 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
15 reduced, the dimensional accuracy of the total thickness of
the print head chip 10A can be 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
20 embodiment, and explanations thereof are thus omitted.
In addition to the methods 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

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



- 49 14. Aliquid ejection apparatus according to one of Clains 1 to 13,
wherein a plurality of the liquid ejection apparatuses are arranged such
that the ejection holes of the liquid ejection apparatuses are aligned. 5
15. Aliquid 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;
and 10 nozzl es having ejection holes for ejecting the liquid which is
pressurized in the liquid cells, mhgrg'n_a l'iquid-flow ng space with a

hei ght of His provided between the base nenber and a nenber in which the
nozzl es are forned and one or nore support nenbers which 15 nmaintain the
hei ght of the liquid-flow ng space constant are forned integrally with the
menber ibaashindmiddre Iozzl edhiarte ther hech timoa eSiettendfs tli3e amenifermekli ch faces
the liquid flowm ng space, wherein the nozzles are arranged such that each
of the 20r grectheorhdities swiglaced ey éoddoiv-ofe atienerfergydgaeabatri ng
units, wherein first open sides of the nozzles which face the

| i qui d- flleowi ng space serve as liquid inlets and second open sides of the
nozzl es serve as the ejection holes, so that 25 inner spaces of the nozzles
serve as theNpg@uignC@mpgplphén which a print head for a line

5 printer is constructed will be described below.

Fig. 12 i1s 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 are shown by bold lines.

10 In this example, the support members 14 are arranged in
three lines in each of the print head chips 10B. 1In
addition, in each print head chip 10B, the support members
14 are formed on the hollow-section-formed member 16A as
described in the second embodiment. Accordingly, only the

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

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

20 each of the base members 1l1. In addition, all of the base
members 11 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. In addition, a common flow path 19 for

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



- 50 liquid cells not being provided separately, and wherein the follow ng
expression is satisfied: H< Dmn where Dmn is a mninmum open | ength of
the inner spaces of 5 the nozzles including the ejection holes and the
liquid inlets. 16. Aliquid ejection apparatus conprising: a plurality of
" energy-generating units provided on a base nenber; and 10 a
hol | ow- secti on-forned nmenber which is di sposed above the energy-generating
units and in which cylindrical hollow sections are fornmed, first open sides
of the hollow sections which face the energy-generating units serving as
liquid inlets and second open si des” ot® the hol | ow secti ons serving 15 as
ejection holes for ejecting liquid, wherein a liquid-flow ng space which
comunicates with the liquid inlets is provided between the base nenber and
t he hol Isemsrseat inemifearsnad .menber, wherein the foll owi ng expression is
satisfied: 2 ~ H< Dmn where His a height of the Iiquid-flow ng space and
Dmn is a m acepvedapghyl, engehpefinthieehdl fow sket lbns, pahdteheiei n one or
nore support nenbers which maintain the height of the liquid-flow ng space
const antwhdrah feonoied a3 tiyntogfigridld ypndintth hielad ledilifpewld8c kiren-1fioeaed ymenber on
a side - 51
arranged (the ejection holes 17a are linearly arranged) 1is
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
10 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.
15 In comparison, according to the present embodiment,
since the base member 11 has no 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.
20 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

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



of the hollow section-fornmed nmenber which faces the liquid fl ow ng space.

17 A liquid ejection apparatus conprising: a plurality of

energy-generating units provided on a 5 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 10 a hol | owsection-forned nenber which is di sposed above the
energy-generating units and in which cylindrical hollow sections are
formed, the hollow sections serving %§ both the liquid cells and the
ej ection holes such that the liquid f'ows into the holl ow sections through
first open sides of 15 the hollow sections which face the energy-generating
units, is pressurized with energy generated by the energy generating units,
and i s eheptedofhthughuspeobdmepearsi tesand the hotéowvesechéomnsen wherein a
l'i quid-fl owm ng space which communicates with 20 the liquid inlets is
provi dedhbat aeenhthenbasei mehbebaaadméhiee hol 1 bwnseche odi £ Heredt menber
wherein the follow ng expression is satisfied: H< Dmin where His a height
of the Enkmftbei agappacefandeDeuppostan@bbatrni indonpenhé ehgtdroils he hol | ow
sections, and - 52 wherein one or nore support nenbers which maintain
t he between 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

10 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.

15 Fig. 13 corresponds to Fig. 3 of the first embodiment.

In the third embodiment, a vibration plate 21, an upper
electrode 22, and a lower electrode 24 are provided as the
energy-generating unit in place of the heating element 13 of
the first embodiment. The print head chip 10C of the third

20 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

25 Dbetween the upper electrode 22 and the lower electrode 24,



. height of the ink-flow ng space constant are forned integrally with the
-hol I ow- secti on-formed nenber on a side of the holl ow section-fornmed nenber
which faces the liquid 5 flowing space. 18. A liquid ejection apparatus
conprising: a plurality of energy-generating units provided on a base
menber; and nozzl es having ejection holes for ejecting liquid which 10 is
pressurized with energy generated by the energy generating units, wherein a
| i quid-fl owi ng space with a height of His provided between the base nenber
and a nmenber in which the nozzles are gogned, and 15 wherein the foll ow ng
expression is satisfied: H< Dmn whe? Dmin is a mninmumopen | ength of
the nozzles. 19. Aliquid ejection apparatus conprising: a plurality of
energy-generating units provided on a 20 base nenber; and nozzl es having
ej ecti onthel esbfatieneptahg Piqisdpwhlied dewprasduin zeve wiiduendrygy
generated by the energy generating units, wherein a |liquid-flow ng space
with a hahghieofrestat2s poovededndeisecdafitetddse Teebertamdval tagber in
whi ch the
is set to 0 V so that the electrostatic force is removed.
Accordingly, 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. Alsc in
this case, effects similar to those of the first embodiment
can be obtained.
10
(Fourth Embodiment)
Fig. 14 is a sectional 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
15 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
20 embodiment. The print head chip 10D of the fourth
embodiment is of a plezoelectric 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 piezoelectric

25 element 25, bending moment is applied to the vibration plate



.- 53 nozzles are formed, wherein the follow ng expression is satisfied: H
"< Dmin where Drin is a mininmmopen |ength of the nozzles, and 5 wherein
one or nore support menbers which nmaintain the height of the |iquid-flow ng
space constant are arranged in a part of the liquid-flow ng space. 20. A
liquid ejection apparatus according to Caim19, wherein the
energy-generating units are aligned on the base 10 nenber, and wherein a
plurality of the support nenbers are arranged along a direction in which

t he energy-generating units are aligngg._Zl. A liquid ejection apparatus
according to Claim19, 15 wherein the“eénergy-generating units are aligned
on the base nenber, and wherein a plurality of the support nenbers are
arranged in a plurality of lines along a direction in which the

ener gy- ggheda¢ i by Umé tsiezee b dcigned. e 200 @2. arAl | ilopuivdi ejeecitaromp lappar at us
according to Caim19, wherein the energy-generating units are aligned on

t he baseZhehbedef Whetred mrd plefained. of Inkhecauppiorad nignitdres harld aad r anged i n
a plurality of lines along a direction in which the 25 energy-generating
units ar%e%ﬁiﬁﬁeh? hhdejegtedsfirom the ejection hole 17a using the

deformation of the vibration plate 21. Also 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
10 liguid, 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 liquid, such as
15 ink, is supplied to the ejection unit can be prevented.
Although the present invention can, of course, be
applied to serial printers and line printers, applications
of the present invention is not limited to printers, and the
present invention can be applied to various methods and
20 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.

25 Industrial Applicability



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. 23. A nethod for ejecting liquid through nozzles having 5
el ection holes by pressurizing the liquid in liquid cells with energy
generated by a plurality of energy-generating el enents which are provided
on a base nenber, wherein each of the nozzles is disposed above each of the
energy-generating units, 10 wherein first open sides of the nozzles which
face the energy-generating units Servg, as liquid inlets and second open

si des of the nozzles serve as the ejechon hol es, so that inner spaces of
the nozzles serve as the liquid cells, the liquid cells not being provided
separately, and 15 wherein the liquid is pressurized in the inner spaces of
t he nozzl es Whehptrkeeeanerigyegénenatredalygst e enmeghodeardadinng el enents and
is ejected through the ejection holes. 24. A nmethod for ejecting liquid

t hr ough areztasgshafd e 728 einar tliism ilth| endoycapy ess@pieilieg ttike Ifiogui d i n
liquid cells with energy generated by a plurality of energy-generating

el ement SXHIRIE ardd prroviddePOh e base menber, wherein a |iquid-flow ng
space with a height of His provided between the base nenber and a nenber
in which the 25 nozzles are forned and the nozzles are arranged such that

| - 55



. each of the ejection holes is placed above each of the energy-generating
“.units, wherein first open sides of the nozzles which face the
i quid-flow ng space serve as liquid inlets and second open 5 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 follow ng expression is satisfied: H< Dmn 10 where Dmn is a
m ni nrum open | ength of the inner spaces of the nozzles including the
ejection holes and the liquid inlets, ﬁnd wherein the liquid is pressurized
in the inner spaces of the nozzles w th The energy generated by the energy
15 generating elenents and is ejected through the ejection holes. 25. A
met hod for ejecting liquid according to Caim24, wherein the
| i qui d-fl owi ng space includes a spaceam#sch |ies between the adjacent
energy-generating units, fromanong the 20 plurality of energy-generating
units, at the shortest distance. 26. A nethod for ejecting liquid according
to Claim24, wherein the liquid-flow ng space is constructed such that the
liquid fl ols tdwhiguidiecpoetiyn gepramatinyg wnpsising: 25 plurality of
different directions.
a plurality of energy-generating units provided on a
5 base member;
liquid cells for pressurizing ligquid with energy
generated by the energy-generating units; and
nozzles having ejection holes for ejecting the liquid
which is pressurized in the liquid cells,
10 wherein each of the nozzles is disposed above each of
the energy-generating units, and
wherein 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
15 +that inner spaces of the nozzles serve as the liquid cells,
the liquid cells not being provided separately.
2. A liquid ejection apparatus comprising:
a plurality of energy-generating units provided on a
base member; and
20 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

inlets and second open sides of the hollow sections serving

25 as ejection holes for ejecting ligquid,



- 56 27. A nmethod for ejecting liquid according to Claim 24, wherein one
or nore support nenbers which maintain the height of the Iiquid-flow ng
space constant are arranged in a part of the liquid-flow ng space. 5 28. A
nmethod for ejecting liquid according to Caim 27, wherein the
energy-generating units are aligned on the base nenber, and wherein a
plurality of the support nenbers are arranged along a direction in which
the energy-generating units are 10 aligned. 29. A nethod for ejecting
liquid according to Caim27, wherein,the energy-generating units are
aligned on the base nmenber, wherein a plurality of the support nenbers are
arranged 15 in a plurality of lines along a direction in which the
energy-generating units are aligned, and wherein an arrangement interval of
t he support rmérerein crheodd mfid Hd dWsndtios tiief heddpw SegmLansar r angenent
interval of the support nenbers on another one of the lines. 20 30. A
met hod fehrepeltihg 1gud inough PRI UYHESH 18 ddid G lHEvYes by
pressuri zi ng,the liquid in liquid cells with energy generated by a
pl ural i tSeoF L emer gty cPRIZAY P Ehes LN ST Br &AM 9% base
menber, wherein a |ljquid-flomng space with a height of His
units, and ig efgcted té&oéﬁh the ejecgloéﬂ%oles.
5 3. A liquid ejection apparatus comprising:
a plurality of energy-generating units provided on a
base member;
liguid cells for pressurizing liquid with energy
generated by the energy-generating units;
10 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
15 1liquid 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
20 of the hollow sections.
4. A liquid ejection apparatus comprising:
a plurality of energy-generating units provided on a
base member;

ligquid cells for pressurizing liquid with energy

25 generated by the energy-generating units; and



_ 25 provided between the base nmenber and a nenber in which the r - 57
nozzles are forned and one or nore support nmenbers which naintain the
hei ght of the liquid-flow ng space constant are forned integrally with the
menber in which the nozzles are forned on a side of the nenber which faces
the liquid 5 flow ng 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 10 |iquid-flow ng
space serve as liquid inlets and secong open sides of the nozzles serve as
the ejection holes, so that inner sbaé s of the nozzles serve as the liquid
cells, the liquid cells not being provided separately, wherein the
followi ng expression is satisfied: 15 H< Dnin where Dmin is a m ni num open
| engt h of thewdavieys Ipacesy ofj ddtE owrdles ifieel wdiend inke tejeedtigaidhol es and
the liquid inlets, and wherein the liquid is pressurized in the inner
spaces 2thbththe poezdesined hit hehenetqyi derelrlat ed by the energy generating
el enents and is ejected through the ejection holes. 31. A nethod for
ej ecting |i quittezdimowgh inprizl-€fsl dvaviongpelcec ildah lohes oby prfedisisi zi ng t he
liquid in liquid cells
provided between the base member and a member in which the
5 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
i0 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
15 where Dmin is a minimum open length of the inner spaces of
the nozzles including the ejection holes and the liquid
inlets.
5. A ligquid ejection apparatus comprising:
a plurality of energy—-generating units provided on a
20 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

25 inlets and second open sides of the hollow sections serving



25 with energy generated by a plurality of energy-generating - 58

el ements which are provided on a base nenber, wherein a |iquid-flowng

space with a height of His provided between the base nenber and a nenber

_in which the nozzles are fornmed, 5 wherein the follow ng expression is
satisfied: H < Dmin where Dnmin is a mninumopen length of the nozzles,
wherein the liquid is pressurized in the liquid cells with the energy

and

generated by the energy-generating elenments 10 and is ejected through the

ej ection hol es.
el ection holes by pressurizing the i

32. A nmethod for ejecting liquid through nozzles having
idinliquid cells with energy

generated by a plurality of energy-generating el enents which are provided

on a base nenber

_ 15 wherein a liquid-flowi ng space with a height of His
provi dedsbetjwear cnh@chase fivrmegrecandga ldgoiidr, i n which the nozzles are
formed, wherein the follow ng expression is satisfied: H< Dmn 20 where

Dnmin is a mwheumiopenlliengthfddwihg spacéeshiohereinmunheabes mo:ehsupport
menbers which maintain the height of the liquid-flow ng space constant are
arrangedhen liquid inlets is provided between the base member and

10

15

20

25

the hollow-section-formed member, and

wherein the following expression is satisfied:

H < Dmin
where H is a height of the liguid-flowing space and Dmin is a
minimum open length of the hollow sections.

6. 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 1s disposed above
the energy-generating units and in which cylindrical hollow
sections are formed, the hollow sections serving as both the
liguid 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 which communicates with



a part of the liquid-flow ng space, and wherein the liquid is pressurized
“.in the liquid cells 25 with the energy generated by the energy-generating
el enent s - 59 and is ejected through the ejection holes. 33. A nethod
for ejecting liquid according to Caim32, wherein the energy-generating
units are aligned on the base nenber, and 5 wherein a plurality of the
support nenbers are arranged along a direction in which the
energy-generating units are aligned. 34. A nethod for ejecting liquid
according to Caim32, wherein the gngggy-generating units are aligned on
the base 10 nmenber, and 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. 35 A nethod for ejecting liquid
accor di ngh¢ ol Gnaidn 32letld ivmepxiniddd lmeiorapn gerermsengnaniias ard al i gned
on the base nenber, wherein a plurality of the support nenmbers are arranged
ina pl utla¢ i hyl bdwts aesich ofermedimegienn 408 whi ch t he energy-generating
units are aligned, and 20 wherein an arrangenent interval of the support
menber s wherein the following expression i1s satisfied:
H < Dmin
5 where H is a height of the liquid-flowing space and Dmin 1is a
minimum open length of the hollow sections.
7. A liquid ejection apparatus according to one of Claims
4 to 6, wherein the liquid-flowing space includes a space
which lies between the adjacent energy-generating units,
10 from among the plurality of energy-generating units, at the
shortest distance.
8. A liquid ejection apparatus according to one of Claims
4 to 7, wherein the liquid-flowing space is constructed such
that the liquid flows toward the energy—-generating units in
15 a plurality of different directions.
9. A ligquid ejection apparatus comprising:
a plurality of energy-generating units provided on a
base member;
liqguid cells for pressurizing liquid with energy
20 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

25 nozzles are formed and one or more support members which



on one of the lines is different froman arrangenent interval of the

" support nenbers on another one of the |ines.
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he hollow-section~formed member,
wherein the following expression is satisfied:
H < Dmin
5 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 support members which maintain the
height of the liquid-flowing space constant are arranged in
a part of the liquid-flowing space.
10 11. 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;
15 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
20 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

25 of the hollow sections,
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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

10 a part of the liquid-flowing space.

12. A liquid ejection apparatus according to one of
Claims 9 to 11, wherein the energy-generating units are
aligned on the base member, and

wherein a plurality of the support members are arranged

15 along a direction in which the energy-generating units are
aligned.

13. A liquid ejection apparatus according to one of
Claims 9 to 11, wherein the energy-generating units are
aligned on the base member,

20 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

25 interval of the support members on another one of the lines.
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ENENECEdYq%.l&A} %quf% ejection apparatus comprising:

a plurality of energy-generating units provided on a
base member;
ligquid cells for pressurizing liquid with energy
generated by the energy-generating units; and
10 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
15 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,
whereiln the nozzles are arranged such that each of the
20 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

25 inner spaces of the nozzles serve as the liquid cells, the
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where Dmin is a minimum open length of the inner spaces of
5 the nozzles including the ejection holes and the liquid
inlets.
16. A liquid ejection apparatus comprising:
a plurality of energy-generating units provided on a
base member; and
10 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
inlets and second open sides of the hollow sections serving
15 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 1s satisfied:
20 H < Dmin
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

25 integrally with the hollow-section-formed member on a side
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ejection holes for ejecting the liquid which is
pressurized in the liquid cells; and
10 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
15 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
20 the liquid inlets is provided between the base member and
the hollow-section—-formed member,
wherein the following expression is satisfied:
H < Dmin
where H is a height of the ink-flowing space and Dmin is a

25 minimum open length of the hollow sections, and
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base member; and
nozzles having ejection holes for ejecting liquid which
10 is pressurized with energy generated by the energy-
generating units,
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
15 wherein the following expression is satisfied:
H < Dmin
where Dmin 1s a minimum open length of the nozzles.
19. A ligquid ejection apparatus comprising:
a plurality of energy-generating units provided on a
20 base member; and
nozzles having ejection holes for ejecting liquid which
is pressurized with energy generated by the energy-
generating units,
wherein a liquid-flowing space with a height of H is

25 provided between the base member and a member in which the
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a part of the liquid-flowing space.

20. A liquid ejection apparatus according to Claim 19,
wherein the energy-generating units are aligned on the base

10 member, and

wherein a plurality of the support members are arranged
along a direction in which the energy-generating units are
aligned.
21. A liquid ejection apparatus according to Claim 19,

15 wherein the energy-generating units are aligned on the base

member, and
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.

20 22. A liquid ejection apparatus according to Claim 19,
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

25 energy-generating units are aligned, and
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wherein each of the nozzles is disposed above each of
the energy-generating units,
10 wherein 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,
the liquid cells not being provided separately, and
15 wherein the liquid is pressurized in the inner spaces
of the nozzles with the energy generated by the energy-
generating elements and is ejected through the ejection
holes.
24. A method for ejecting liquid through nozzles having
20 election holes by pressurizing the liquid in liquid cells
with energy generated by a plurality of energy-generating
elements which are provided on a base member,
wherein a liquid-flowing space with a height of H is

provided between the base member and a member in which the

25 nozzles are formed and the nozzles are arranged such that
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liquid cells not being provided separately,
wherein the following expression is satisfied:
H < Dmin
10 where Dmin is a minimum open length of the inner spaces of
the nozzles including the ejection holes and the liquid
inlets, and
wherein the liquid is pressurized in the inner spaces
of the nozzles with the energy generated by the energy-
15 generating elements and is ejected through the ejection
holes.

25. A method for ejecting liquid according to Claim 24,
wherein the liquid-flowing space includes a space which lies
between the adjacent energy-generating units, from among the

20 plurality of energy-generating units, at the shortest
distance.

26. A method for ejecting liquid according to Claim 24,
wherein the liquid-flowing space i1s constructed such that

the liquid flows toward the energy-generating units in a

25 plurality of different directions.
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along a dlrectlon in which the energy-generating units are

10 aligned.

29. A method for ejecting liguid according to Claim 27,
wherein the energy-generating units are aligned on the base
member,

wherein a plurality of the support members are arranged
15 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.
20 30. A method for ejecting liquid through nozzles having
election holes by pressurizing the liquid in liquid cells
with energy generated by a plurality of energy-generating
elements which are provided on a base member,
wherein a liguid-flowing space with a height of H is

25 provided between the base member and a member in which the
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5 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
10 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
liguid cells not being provided separately,
wherein the following expression is satisfied:
15 H < Dmin
where Dmin is a minimum open length of the inner spaces of
the nozzles including the ejection holes and the liquid
inlets, and
wherein the liquid is pressurized in the inner spaces
20 of the nozzles with the energy generated by the energy-
generating elements and is ejected through the ejection
holes.
31. A method for ejecting liguid through nozzles having

election holes by pressurizing the liguid in liquid cells

25 with energy generated by a plurality of energy-generating
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5 wherein the following expression is satisfied:
H < Dmin

where Dmin is a minimum open length of the nozzles, and
wherein the liguid is pressurized in the liquid cells
with the energy generated by the energy—-generating elements

10 and is ejected through the ejection holes.

32. A method for ejecting ligquid through nozzles having
election holes by pressurizing the liquid in liquid cells
with energy generated by a plurality of energy-generating
elements which are provided on a base member,

15 wherein a liguid-flowing space with a height of H is
provided between the base member and a member in which the
nozzles are formed,

wherein the following expression is satisfied:
H < Dmin
20 where Dmin is a minimum open length of the nozzles,
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, and
wherein the liquid is pressurized in the liquid cells

25 with the energy generated by the energy-generating elements



10m10%& () - 109%& ()-!10%& ()-10%& ()-, 10%& ()-L 109& ()- !Y!!11"dE/ 10*
0% ()- ( 109 ()- @F'10% ()-°$ 10%& ()-" 10% ()-
109&' ()-"="F"}"""#dE:/ 10f5109& ()-3'!10%: ()- IMLOY& ()-L/ 109%& ()- -
1098 () - +100& () - #N##H#H#####DC 10Y 310%g& () - & 10%& () - @ 109%g& ()- 10 10
10L99#10%&: () - F710%& () - #6$BS$| $$$SAEDC 10Y310%g& () - &Z10%& () - &&
109%g& () - 3F#10%g& () - f MLOYg&' () - 8s&! 10%g&' () - $A%UCYH Y9BRJEDC
10Y9$310%& () - &Y" 10%g& () - 9y
- 10%& () - 10%& ()-10%g& () - && 10%& E)- SNEVEESS( ' dEC
10/ z#109g& () - & 10%& () - &+MLO%g& () - * L0%g&’ () -
gtl)?wgfoc(y) g f‘#lg‘(y%?( 3&'-? ] I&I S/Egg/: & ()-*10%& () - &s3! 10%& () - &1- 10%g& ()

z & - & ;X 1099& () - &s3! 10%& () - &1- 10%& () -
Nor mal " - at? ng’ 3@?‘3"1 %Wé‘éﬂ‘?]ﬁg%?%] %Bee g i’%l%%] c" "Heading 43]c"
"Headi ng 53] c" "Headjn 3lc"."Headi ng, 73] ¢"_"Headi ng 83]¢. . Heading 93]c"A
‘Peraul't Pf agrApRCFRAT) EREAT e IRBOE L SHOEF T Bt el b A kAT a2
$(*, . 02468: <>%E)EEU LNPRTVXZ\ ~° bdfg‘i' nprtv§52| ~Jz- yPPERO k(\)/\llzqa:%' Rhm
{i>$8) +7915 1SS EDPERAE 9T RORINV *° chBesfing AT T uxz~51 29

_ 0

dm 1f $Qz i gl ! In=C. 3}xrX;5>"0 lirl "##$&(""
| " HEUR (%‘Ag’iy‘!:’F ! oi‘g@g%?sg: :

<=>? BCDEFG%H%%HNNgegﬁ?T NYZ[\]& ¢ Ikl mangr vzl | dsep Ti mes
New RomanAr i eﬂ urier v;#%é/yléo%}% Jgnﬁ%%%yudngnt R e rjg}eOG
" #3Y& (J1dng. 40423406788  in which the energy-generating units are
<:>?@\BCDEFC§|I JKLMNOPQRSTUWNKYZ[ \ ] " abcdef g%l ] kI mopqrstuvwxyz{|}~
" #EYEK (31 #gned0123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

34. A method for ejecting liquid according to Claim 32,

wherein the energy—-generating units are aligned on the base
10 member, and
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.
35. A method for ejecting liquid according to Claim 32,
15 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
20 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.



