el | NG LI QUI D EJECTI NG HEAD AND LI QUI D EJ%EFE&E HEAD
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| nventi on Fhé.cpresent invention relaﬁes to a method for produ0| Qﬂé “aggﬁ
ejecting head for ejecting a desired |iquidhy generation of arbubbles
appllcatég;rof ‘thiermal energylto thdiiquid. More particularly, the 10
invention rfelates to a method for producing a liquid ejecting head using a
novabl e -menber arranged to displace as utilizing generation of a bubble.
Further, the present invention concerns a |liquid ejecting head, a head
cartridge using theMETHA ] FERe ARORYOTIG LIQUIE EJECTENGIHEABCANRgLIQUID
apparatus, and a head kit. The present invention is pllcable t 0o equi pnent
such as a printer, a copyF#&c ﬂi%%§5a9$%ﬁ%W$Pl%¥ﬁﬂﬂﬁ TP

comuni cati on system a word processor having a printer portlon or the

i ke, and an 20 |ndustr|al recordlng devi ce conbi ned mnth vari ous

processi ng device_Qr I ch the ﬂﬁ- § Ekﬁ ed
; C sad, fiber, Jﬁ% Eg% 1T,
nmetal, plast |5c re§i%lrga 't?ﬂe ﬂlv@ﬁ:io‘QPOd ceram c an PL}\

on a recording matét
The present invention relates to a method for

producing a liquid ejecting head for ejecting a desired
liquid by generation of a bubble with application of
thermal energy to the liquid. More particularly, the

10 invention relates to a method for producing a liquid
ejecting head using a movable member arranged to
digplace as utilizing generation of a bubble. Further,
the present invention concerns a liquid ejecting head,
a head cartridge using the liquid ejecting head, a

15 liguid ejecting apparatus, and a head Kit.

The present invention is applicable to

equipment such as a printer, a copying machine, a
facsimile machine having a communication system, a word
processor having a printer portion or the like, and an

20 industrial recording device combined with various
processing device or processing devices, in which the
recording is effected on a recording material such as
paper, thread, fiber, textile, leather, metal, plastic
resin material, glass, wood, ceramic and so on.

25 In this specification, "recording” means not
only forming an image of letter, figure or the like

having specific meanings, but also includes forming an
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25 * +n this specification, "recording"” neans not only form ng an
I mge of letter, figure or the |ike having specific nmeanings, but also

i ncl udes ferm ng an -2 image of a pattern not having a specific meaning.
Rel at ed Background Art An ink jet recording method of so-called bubble jet
type is known in which an instantaneous state 5 change resulting in an

I nst ant aneous vol une change (bubble generation) is caused by application of
energy such as heat to the ink, so as to eject the ink through the ejection

ci ccted Lo and 10796 aHs oF REF B NPT AP MRS CBFHI an | mage
formation. As di sglogedigy FalsataNo. 4,723,129, a recording device
usi ng the bubblefrér‘reccréggﬁ—nﬁgﬂodageneraIIy conprises an ejection
outlet for ejecting the iz ;i ap jok FAQYPAd ddtrddlich CITBAY K iMbIidh

the 15 ejection outlet, and an el ectrothermal transducer as energy

generating neans fE#PpSERE 14 ko N Tdroveald) - indddh tidbus IRedidi ng
met hod i s advant ageous in
5 change resulting in an instantaneous volume change
(bubble generation) is caused by application of energy
such as heat to the ink, so as to eject the ink through
the ejection outlet by the force resulted from the
state change by which the ink is ejected to and
10 deposited on the recording material to form an image
formation. As disclosed in US Patent No. 4,723,129, a
recording device using the bubble jet recording method
generally comprises an ejection outlet for ejecting the
ink, an ink flow path in fluid communication with the
15 ejection outlet, and an electrothermal transducer as
energy generating means disposed in the ink flow path.
With such a recording method is advantageous in
that, a high quality image, can be recorded at high
speed and with low noise, and a plurality of such
20 ejection outlets can be located at high density, and
therefore, small size recording apparatus capable of
providing a high resolution can be provided, and color
images can be easily formed. Therefore, the bubble jet
recording method is now widely used in printers,
25 copying machines, facsimile machines or another office
equipment, and for industrial systems such as textile

printing device or the like.
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that, a high quality imge, can be recorded at high speed and wth | ow
noi se, and a plurality of such 20 ejection outlets can be | ocated at
hi gh density, and therefore, small size recording apparatus capabl e of
provi ding a high resolution can be provided,-and col or i mages can be easily
formed. Therefore, the bubble jet recording nethod is now widely used in
printers, 25 copyi ng machi nes, facsim|le nmachines or another office
equi pnent, and for industrial systems such as textile printing device or
the like. -3- For such_a bubble jet recording nethod, a proposal was
made to enpl oy a struct urP¥ RS RiPRLS Jﬁﬁ/aqgﬁcé’%ﬁﬂar‘“%ﬁﬁasaa val ve

or the like in a f]_Lé)vx(/){a]Fh i n or%gr to | rove the 'ercti.on efficiency. 5
For exanpl e, Japeﬁ‘nespe S d’f?f)el?ﬁa SN CIRITY T YRS T o PR iDes

|
oot o B IO L SIRON 4 Tt ol T A1
formed by phot ol igagrapyrddr aedNUHNS | e @ fekH ibrPlefficiency.

5 For example, Japanese Laid-Open Patent
Application No. 63-199972 describes a method for
producing valve elements in an ink jet recording head
with valves in flow paths.

In this publication patterns of the valves are

10 formed by photolithography of a photosensitive resin oxr
the like.

Further, Japanesé-Laid—Open Patent Application
No. 63-197652 describes a method for producing valves
in an ink jet recording head with check valves provided

15 on the upstream side of the flow paths.

In this publication, the valves are integrally
formed with a substfate, utilizing parts of the
substrate, by photolithography.

Japanese Laid-Open Patent Application No. 6-

20 31918 (United States Patent No. 5,278,585) discloses a
method for producing an ink jet head having one-way
valves. This is the method for producing the ink jet
head having a silicon substrate and movable members
patterned by photolithography aﬁd processed by

25 anisotropic etching. This publication also discioses a

method for forming the movable members of a silicon

dioxide layer in the silicon substrate, a method for
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the like.»Further, Japanese Lai d-Open Patent Application No. 63-197652
descri bes a nethod for producing valves in an ink jet recording head with
check val ves provi ded 15 on the upstreamside of the flow paths. In this
publication, the valves are integrally forded with a substrate, utilizing
parts of the substrate, by photolithography. Japanese Lai d- Qpen Pat ent
Application No. 6- 20 31918 (United States Patent No. 5,278, 585)
di scl oses a nethod for producing an ink jet head having one-way val ves.

This is the nmethad for proQducin the in et head having a silicon
substrate and no i & Q%Fﬁﬂﬁﬂ(ﬂlﬁﬂ¥ E?QHﬁH‘ﬁF%é%ssed

by 25 anlsotr%$ c etchi 1Ih'5 ﬂUb I cation akf‘ég scl osg; a nethod for
form ng the nova é]‘ glra?go? X i Fahisn & | d‘% HEheT RF S5y @
substrate, a metloq i or fbrn'f:ﬁ%?ﬁ% ) a n’é‘%’ébg; a'%t%r%ér ace

region of a silicon wa er on or usion oron met hod

for formng the wEpweling @Hﬂﬁr&&%ﬂfﬂé Q:l’élﬂilxse of implantation of
5 boron, and so on.

As the background art of the present invention
there was a background art subject to enhance the
fundamental ejection characteristics up to a
conventionally unexpected level, from a conventionally

10 inconceivable standpoint, in the basically conventional
method for ejecting the liquid by forming a bubble
{particularly, a bubble formed by film boiling) in a
liquid flow path.

With this background art subject, some of the

15 present inventors came to find that the most
significant factor to considerably improve the ejection
characteristics was to take account of a growing
component downstream of the bubble, based on the
consideration of influence of energy given by the

20 bubble per se on an ejection amount. Namely, it was
found that the ejection efficiency and ejection speed
could be improved by efficiently directing the
component downstream of bubble into a direction of
ejection. Based on this finding, the inventors came to

25 an extremely high technical level, when compared with
the conventional technical level, to positively move

the downstream component of bubble to the free end side
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etching stop occurring because of inplantation of 5 boron, and so on. As
t he background art of the present invention there was a background art
subj ect to enhance the fundanmental ejection characteristics up to a
conventional |y unexpected level, froma-<dvwentionally 10 i nconcei vabl e
standpoint, in the basically conventional nmethod for ejecting the liquid by
formng a bubble (particularly, a bubble forned by filmboiling) in a
liquid flow path. Wth this background art subject, some of the 15
present inventors cane to find that the nbst significant factor to
consi der abl y i npody&hehacsakekg siemhk-act eri stics was to take account of a

growi ng conponent downstream.of the bubble, based .on.the . .consideration of
i nfluence of energy gi verl e 2‘3: Wasm?gﬁoe é’rndsg"hﬁ‘% é’% &P&ction anount.

Nanel y, it was fund.thaly the election il il ency. and sl eqtian speed coul d

be i nmproved by efTiciently ct1ng compon ownstrea

into a directi 5 | S A ' t
25 “an extromofy o EnAbT IR il 3 Ll Mow Bl vBTRYS T 10

convent i onals t eclgighaln o QJubeﬂl% RRS itiHeY Aokt ealn §1deAs! BedataTRONENt

of bubble to thefree end sid
region for forming the bubble, for example, on the

downstream side from the center line passing the center
of the area of an electrothermal transducer in the
direction of flow of liquid, or at the center of the
10 area of a surface contributing to bubble generation.
Based on the above findings, some of the
present inventors invented and élready proposed a
liquid jet head of an utterly novel structure.
This head has a first path portion in fluid
15 communication with an'ejection outlet, a second path
portion with an electrothermal transducer provided
therein, and a partition wall disposed between the
first path portion and the second path portion and
having a movable member arranged as displaceable to the
20 first path portion side, in which the first path
portion becomes in fluid communication with the second
path portion when the movable member is displaced.
This head is arranged to effect ejection in
such a way that a bubble is generated through drive of
25 the electrothermal transducer, the movable membef comes
to be displaced to the first path portion side with

growth of the bubble, and the pressure thereof is



-5- of the novable nenber. Further, it was also found that it was preferred
to take account of structural elenents such as the novabl e nenber and
liquid flow path related to 5 grow h of hubble on the downstream side in
a heating region for fornming the bubble ~f®r-exanple, on the downstream
side fromthe center |ine passing the center of the area of an

el ectrothermal transducer in the direction of flow of liquid, or at the
center of the 10 area of a surface contributing to bubble generation.

Based on the above findin 0, of . . pres I v ors | ntqg ﬁnd
al ready proposed éur(?eq%i%&?ae]féhgg o:fé%%‘g?t%lﬁ%/e%o% elm;hset ?“t?c‘{%)ﬁg 'S head
has a first path partiondn fluid 15 communi cation with an ejection

outlet, a second path portion with an el ectrothermal transducer provided
therein, and a partition walindi sRAsEs dRdvesRy tHiad idsingPaiHe MYHde and
d as

the second path portion and having a novabl e menber arranged a
di spl aceabl e to by didplsdedddpdiing®rupdrieshd bubieh ddhaidddisitbaat h
5 above, the head is produced by positioning, jointing
and securing through a press (stop) spring a substrate
having the electrothermal transducer, side walls of the
second path portion, the partition wall having the
movable member, a giooved top plate having side walls
10 of the first path portion.

In the above method for producing the liquid
ejecting head, a gap, however, may sometimes occur
between the partition wall and the second path portion
walls because of wvariations in production. This is not

15 easily checked depending on manufacture control. If
the space appeared in this region the pressure for
discharging the bubble might escape through this gap so
as to cause ejection failure due to insufficient
ejection pressure. Since the pressure wave escaping

20 through the gap propagated into adjacent flow paths and
fluctuated the liquid therein, variations of ejection
amounts might sometimes occur upon continuous drive. A

conceivable means for avoiding the occurrence of the
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portion becomes in fluid communication with the second path portion when
t he novabl e menber is displaced. This head i's arranged to effect ejection
in such a way that a bubble is generated through drive of 25 t he
el ectrot hermal transducer, the novabl e reiber cones to be displaced to the
first path portion side with growth of the bubble, and the pressure thereof
S -6- guided toward the ejection outlet by the novabl e nenber
di splaced. In the liquid ejecting head using the novabl e nmenber di spl aced
dependi ng upon the bubble as described 5 above, the head is produced by
posi tioni ng, joi 8PndsSat® dans Wﬂ? Hﬂﬁﬁh¥+9§ HP&%SWP§P0§PESEFFﬁ§daP3th
substrate haV|ng th electr t he tra uqer | s of the seco
path portion, th& qﬁb qﬁh a%Pg ﬁEnﬁ?rn°§ 5F85€EE

plate havi ng s'dw@ B onal e s dagtsqva%ui ,h8-he here

met hod for produ0|ng €] ecting FeAG>Y gap

sometimes occur Q%&M%%%c%h%e%%éé&'ﬂﬂé‘MﬂJab&%dmbﬂﬁe§egﬁﬁdtﬂétBaB%&%

5 wall so as to disable movement of the movable member.
Further, the above producing method needs
positioning among the substrate, the partition wall,
and the grooved top plate, so that it takes a lot of
time for securing the positioning accuracy.
10

SUMMARY OF THE INVENTION

In view of the background art subject as
described above, a specific object of the present
invention is to provide a method for producing a

15 movable member, capable of effectively and usefully
regulating growth of bubble, applicable to general
valves or the new head and the ejection principle
described in the prior application filed by the present
inventors.

20 More particularly, a first object of the
present invention is to provide a method for producing
a head and an apparatus which are easily and cheaply
produced with high accuracy and which realize an ideal
configuration for the above ejection principle, by

25 constructing the liquid guide paths for supplying a
plurality of liquids, of a reduced number of parts.

A second object of the present invention is to



wal | s because of variations in production. This is not 15 easily checked
dependi ng on manufacture control. |[|f the space appeared in this region the
pressure for discharging the bubble m ght escape through this gap so as to
cause ejection failure due to insufficient8efection pressure. Since the
pressure wave escapi ng 20 t hrough the gap propagated into adjacent flow
paths and fluctuated the liquid therein, variations of ejection anmobunts

m ght sometimes occur upon continuous drive. A conceivable nmeans for
avoi di ng the occurrence of the -7- gap is to bond the partition wall
with the second REIWVIIR 13 Rrocuction itethrddfrsingalining @ ihpathiin an
preferred because in that case the adhesive could intrude into the space

bet ween the novabtdeHe ARRLLAIFIHEPD AT TR above \giactdenm PRIRHRLS)| e
novenent of the mv q;e nber. Further, the ab velproq:ci netQ&%%needs
posi ti oni ng anong the %%g‘?xf a2 PYNE Fart i RS “henﬁ“%dr:g“tﬁ’&o THp
plate, so that It taKeS ahn o dddEadQirasy U N e AW YE NI

accuracy. 10
5 commercial products.

Typical features of the present invention for
achieving the above objects are as follows.
According to an aspect of the present
invention, there is provided a method for producing a
10 liquid ejecting head having an ejection outlet for
ejecting a liquid, a heat generating element for
applying thermal energy to said liquid, a liquid flow
path consisting of a first path portion in fluid
communication with said ejection outlet and a second
15 path portion located below said first path portion, in
a bottom surface of which said heat generating element
is positioned, a partition wall for partitioning said
liquid flow path into said first path portion and
second path portion, and a movable member disposed
20 above said heat generating element in said partition
wall so as to be displaceable to a side of the first
path portion in accordance with a bubble generated in
the liquid by said thermal energy, in which upon
generation of said bubble the first path portion is in
25 filuid communication with the second path portion and
the pressure is directed toward said ejection outlet by

said movable member displaced to eject the liquid



SUMVARY OF THE:| NVENTI ON I n view of the background art subject as descri bed
above, a specific object of the present invention is to provide a nethod
for producing a 15 novabl e nmenber, -capabl e of effectively and usefully
regul ati ng growt h of bubbl e, applicable £+0general valves or the new head
and the ejection principle described in the prior application filed by the
present inventors. 20 ' More particularly, a first object of the
present invention is to provide a nethod for producing a head and an

apparatus which are easily and cheaply produced with high accuracy and
whi ch realize an 9%RRetorFatArEetled fPMRHS D A Her QHhPERATNT & by

s £ SR AR B AL A e
an i deal conf gurSebPT FOTHPG B aTRe R e e Che A o |
provide a productyQnfEl RegldP' QVELide walls of said second path
5 portion, and a step of joining said grooved partition
wall to said substrate to form said second path
portion.
According to another aspect of the present
invention, there is provided a method for producing a
10 liguid ejecting head having an ejection outlet for
ejecting a liquid, a heat generating element for
applying thermal enetgy to said liquid, a liquid flow
path consisting of a first path portion in fluid
communication with said ejection outlet and a éecond
15 path portion located below said first path portion, in
a bottom surface of which said heat generating element
is positioned, a partition wall for partitioning said
liquid flow path into said first path portion and
second path portion, and a movable member disposed
20 above sald heat generating element in said partition
"wall so as to be displaceable to a side of the first
path portion in accordance with a bubble generated in
the liquid by said thermal energy, in which upon
generation of said bubble the first path portion is in -
25 fluid communication with the second path portion and
the pressure is directed toward said ejection outlet by

said movable member displaced to eject the liquid



productibn cost and accuracy up to the level of 5 commer ci al products.
Typi cal features of the present invention for achieving the above objects
are as follows. According to an aspect of the present invention, there is
provi ded a nethod for producing a 10 Ligyid ejecting head having an
ejection outlet for ejecting a liquid, a heat generating el enent for
applying thermal energy to said liquid, a liquid flow path consisting of a
first path portion in fluid conmunication with said ejection outlet and a
second 15 path portion | ocated below said first path portion, in a
bott om surface ofdwhltétsavblehein gahdraevagle|rember ks phxinedneyl, a
partition wall for pa[t[tionigg said liquid flow path into said first path
portion and secorRFPatdingrsabd parbibionwdlt wikha htphand e slibove
said heat generating elenent in said parfition Il so as to be
di spl aceabl e to 5| FRLEMPYRPTe EembEF (15 FOTIeH (BY RGN th a
bubbl e generated in he,liqﬁif q¥ saj d %heénal,energy, I n whi ch upon
generation of saiRPHubbte® 'Rt %tgjp%‘f‘ FPort T 1s in 25 f1uid
comuni cat i with the s %l_ agf] rii t SSAIE | |Lected
toward sai do%_ ection out Ie}géf)g y&%ﬁ d‘p‘gro%/aﬁ%agrr%nb%rep%‘gp fJacigiﬂlaé t%chl‘e% ect the
l'iquid invention, there is provided a method for producing a
liquid ejecting head, having an ejection outlet for
ejecting a ligquid, a heat generating element for
applying thermal energy to said liquid, a liquid flow
10 path consisting of a first path portion in fluid
communication with said ejection outlet and a second
path portion located below said first path portion, in
a bottom surface of which said heat generating element
is positioned, a partition wall for partitioning said
15 liquid flow path into said first path portion and
second path portion, and a movable member disposed
above said heat generating element in said partition
wall so as to be displaceable in accordance with a
bubbie generated in the liquid by said thermal energy,
20 wherein said movable member is formed by providing said
partition wall with a slit and the slit of said movable
member is formed by making said partition wall by
electroforming.
According to a further aspect of the present
25 invention, there is provided a liquid ejecting head

having an ejection outlet for ejecting a liquid, a heat

generating element for applying thermal energy to said



-9- droplet, said nethod conprising a step of preparing a substrate
provided with said heat generating elenent, a step of forming a grooved
partition wall having said novabl e nmenber and side walls of said second
path 5 portion, and a step of joining-sald-grooved partition wall to
said substrate to form said second path portion. According to another
aspect of the present invention, there is provided a nethod for producing a
10 liquid ejecting head having an ejection outlet for e ecting a liquid,

a heat generating_ el ement for applying thermal energy to said liquid, a
liquid flow path +584idei Aglédauadf £1ev path gersishing ¢f ua dftostupathti on

with said ejection outlet, and_a, second 15 ,path portion |ocated bel ow
said first path pB?FFbﬂ? ih ﬁ}Bﬁ?tGﬂ?QHPfﬁéElﬁﬁ Vh_%kﬁ@%ﬂc?}ﬁ%f}%&ngr?fLQP
oL STt 1,031 B0l SyRATL! LAt Ot BRLLA LSOOG, Seufob 4 ] ©
member di sposed ZPirsta£9¥ﬁ ﬁé{gigﬁﬁtiﬂegeﬁgéégw SEFRN Af‘éﬁHéLFgg{étlon
5 heat generating element is positioned, a partition wall
for partitioning said liquid flow path into said first
path portion and second path portion, and a movable
member disposed above said heat generating element in
. said partition wall so as to be displaceable to a side
10 of the first path portion in accordance with a bubble
generated in the liquid by said thermal energy, in
which upon generation of said bubble the first path
portion is in fluid communication with the second path
portion and the pressure is directed toward said
15 ejection outlet by said movable member displaced to
eject the liquid droplet, wherein the partition wall
provided with said movable member is integrally formed
with side walls of the second path portion.
According to a further aspect of the present
20 invention, there is provided a head cartridge having
the liquid ejecting head as described above and a
liquid container.
According to a further aspect of the present
invention, there is provided a iiquid ejecting
25 apparatus having the liquid ejecting head as described
above and driving signal supply means for supplying a

driving signal for ejecting the liquid from the ligquid



wal |l so as to be displaceable to a side of the first path portion in
accordance with a bubble generated in the liquid by said thermal energy, in
whi ch upon generation of said bubble the first path portionis in 25

fluid conmuni cation with the second pat h-pp2t+on and the pressure is
directed toward said ejection outlet by said novable nmenber displaced to
eject the liquid - 10 - droplet, wherein said novable nmenber is forned
by providing said partition wall with a slit and the slit of said novable
menber is formed by making said partition wall by electroformng. 5
According to a fuei®ekingpbeadeof the present invention, there is provided a
met hod for producing a liquid e]jecting head, having an ejection outlet for
ejecting a liquid, a heaIAE%ﬂE?%?QnB°e?eﬁ%ﬁ%h?5ra%Rﬁﬁ§i?é)YWEH?EFS%ﬂErgy to
said liquid, aliguid flow1l pat h _consisting, of a.first. path portion in
fluid communi cat i’grr‘iv n{:"ho%ai %‘%f%cﬁoﬁr%‘ﬁ#%‘t& AN FEL GHEEES portion

| ocated bel ow sai gophratu@Hdy PG ERE" 14 ufa POJLOR Y HELE & dhUGPi5&h

heat generating e
5 above and recording medium carrying means for carrying

a recording medium for receiving the liquid ejected
from the liquid ejecting head.
According to a further aspect of the present
invention, there is provided a head kit comprising the
10 liquid ejecting head as described above and a liquid
container for containing the liquid to be supplied to
the liquid ejeéfing head.
According to a further aspect of the present
invention, there is provided a head kit having the
15 liquid ejecting head as described above, a liquid
container for containing the liquid to be supplied to
the liguid ejecting.head, and liquid filling means for
filling the liguid into the ligquid container.
According to a further aspect of the present
20 invention, there is provided a recorded material having
received an ink ejected as the liquid by the liquid
ejection recording method as described above.
The above characteristic features of the
present invention enabled the movable member, capable
25 of effectively and usefully regulating growth of a
bubble for general valves or the ejection principle of

the novel head described in the prior application, to



IS positioned, a partition wall for partitioning said 15 liquid flow
path into said first path portion and second path portion, and a novable
nmenber di sposed above said heat generating elenent in said partition wall
so as to be displaceable in accordance w-t h3a-bubble generated in the
liquid by said thermal energy, 20 wherein said novabl e nenber is forned
by providing said partition wall with a slit and the slit of said novable
menber is formed by neking said partition wall by electroformng. According
to a further aspect of the present 25 i nvention, there is provided a
liquid ej ecting hegdargyratedn predured attlev ¢ostecprdtwithaalredudeda

heat generating el ement for applying thermal energy to said liquid, a
liquid fl ow path Bﬁﬁg?gt?ﬁgPBFgﬁ 8t sheplevehorfi BFasHi¢ali wSe @funi cat i on

firet path porti GRORMEGLe0 PrAnSeEacehsr PRATAted ol end i Shiohat | ng
path into said fivar mafhfh LkEQO:Blao £ BRSO R i S b o
5 principle. :

In more detail, by preliminarily integrally
forming the partition wall having the movable member
with the walls of the second path portion, no gap will
possibly be formed between the partition wall and the

10 walls of the second path portion, and a number of steps
in manufacturing the liquid ejecting head can be
decreased, thus improving the manufacturing throughput.

Further, since the slit width or the like can
be precisely processed by forming the partition wall

15 and the movable member separated in the predetermined
slit width from the partition wall by electroforming,
the ejecting liquid can accurately be ejected by a
desired amount by displacing the movable member in
accurate response to the pressure raised by bubble

20 generation of the liquid receiving heat from the
electrothermal transducer, which permits formation of
high-quality image.

The other effects of the present invention will
be understood from the description of the embodiments.

25 In the specification, the terms "upstream" and

"downstream" are defined with respect to a general

liquid flow from a liquid supply source through the



menber di sposed above said heat generating elenment in said partition wall
so as to be.displaceable to a side 10 ~ of the first path portion in
accordance with a bubble generated in the liquid by said thermal energy, in
whi ch upon generation of said bubble the §ix14t- path portion is in fluid
comuni cation with the second path portion and the pressure is directed
toward said 15 ej ection outlet by said novabl e nenber displaced to eject
the liquid droplet, wherein the partition wall provided with said novabl e
menber is integrally forned with side walls of the second path portion.
According to a furkitBridsflean paEthsh&prihemicmrion qudet @F, afifere is
provided a head cartridge having the |iquid ejecting head as descri bed
above and a |i qui ®ERFRSESERS AXRFHRHPD a8 1@ ther e g ithdNdesent

i nvention, there i rovided a liquid ejecting 25 apparatus having the
liquid ejecting h U WR&scr i bed above and dri vi ng signal supply means for

supplying a driving signalg Qg el g ilG ld- I de OBt on ¥ Ehe - 12
5 bubble itself represents an ejection-outlet-side
portion of the bubb;e which directly functions mainly
to eject a liquid droplet. More particularly, it means
a downstream portion of the bubble in the above flow
direction or in the direction of the above structure

10 with respect to the center of the bubble, or a bubble
appearing in the downstream region from the center of
the area of the heat generating element..

In this specification, "substantially sealed"
generally means a sealed state in such a degree that

15 when a bubble grows, the bubble does not escape through
a gap (slit) around the movable member before motion of
the movable member.

In this specification, "partition wall” may
mean a wall (which may include the movable member)

20 interposed to separate the region in direct fluid
communication with the ejection outlet from the bubble
generation region, and more specifically means a wall
separating the liquid flow path including the bubble
generation region ffom the liquid flow path in direct

25 f;uid communication with the ejection outlet, thereby
preventing mixture of the liquids in the respective

liguid flow paths.
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ej ecting head. ‘According to a further aspect of the present invention,
there is provided a |liquid ejecting apparatus having the liquid ejecting
head as described 5 above and recordi ng nmedi um carrying neans for
carrying a recording nediumfor receiving yge-liquid ejected fromthe
liquid ejecting head. According to a further aspect of the present

I nvention, there is provided a head kit conprising the 10 liquid

ej ecting head as descri bed above and a liquid container for containing the
liquid to be supplied to the liquid ejecting head. According to a further
aspect of the precBBREF| BEEGRIBEIONNOFTHE BRAWINES a head kit having the 15
l'iquid ejecting head as described above, a |liquid container for containing
the liquid to be suppliedFig-thelpi gurahepeticngenpbedednaievqfea filling
means for filling thg liquid Lnto t he Ii%ui container. According to a
further aspect of SFRe2HPLRANENSSTIUCKYLS PHNS PREPE PRTHRIFRd a recor ded

i al havi ' Lpk, ejected, the liquid th '
o] ccti on 1 ecor di rooet iR RO LBP BMECe oS et aserattiY tei the
features of ghe péfgg@ﬁtigxggﬁkggn§nabled t he novabl e nenber, capable

Fig. 2 is a sectional view to show a portion of
an ejection outlet and liquid flow paths as a major
part of the liquid ejecting head shown in Fig. 1;
Fig. 3 is an exploded diagram to show a major
10 part of the liquid ejection head shown in Fig. 1;
Fig. 4 is an exploded, perspective view to show
a major part of the liquid jet head according to the
present invention;
Fig. 5 is a diagrammatic, perspective view to
15 show a grooved partition wall in which a partition wall
and side walls of second path portions are integrally
formed;
Figs. 6A to 6H are explanatory drawings to show
steps for producing the partition wall in Embodiment 1
20 of the present invention;
Figs. 7A to 7D are explanatory drawings to show
steps for producing the partition wall in Embodiment 2
of the present invention;
Figs. 8A to BC are explanatory drawings to show
25 steps for producing a matrix used in Embodiment 2 of
the present invention:

Figs. 9A to 9F are explanatory drawings to show
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25 of effectively and usefully regulating growth of a bubble for general
val ves or the ejection principle of the novel head described in the prior
application, to - 13 - be accurately produced at |ow cost and with a
reduced nunber of parts at the level of praetical use as comerci al
products, and provided the head to exhibit the maxinumeffect also in the
conventional ejection 5 principle. In nore detail, by prelimnarily
integrally formng the partition wall having the novable nenber with the
wal I s of the second path portion, no gap will possibly be formed between
the partition wal #tgprd £ar mUOducmBQI§h§fPﬁﬁ§l§eebndabhthnpﬁmb¢@hmeahd3a
nunber of steps |n manufacturing . the liquid ejecting head can be decreased,

thus i nproving t hef nﬁﬁﬁfEE?ﬁ?PﬁglPﬁ?Bﬁbﬂﬁut Further, since the slit width
the ik b f th titi ] 15

and the movable menper seRAVRt edORnEPNLOY BRE! BPL G105 B ke o,

part1t1.on val | bysRlgeLghar FbAIprhliicths tha%phtBHEfof Yaff 421 €1V b

5 Embodiment 4 of the present invention:;

Figs. 11A to 11D are explanatory drawings to
show steps for producing the partition wall in
Embodiment 5 of the present invention;

Figs. 12A to 12D are explanatory drawings to

10 show steps for producing the partition wall in
Embodiment 6 of the present invention;

Figs. 13A to 13D are explanatory drawinjs to
show steps for producing the partition wall in
Embodiment 7 of the present invention;

15 Fig. 14 is a schematic, exploded, perspective
view of a liquid ejecting head cartridge incorporating
the liquid ejecting head of the present invention;

Fig. 15 is a schematic drawing of a liquid
ejecting apparatus incorporating the liquid ejecting

20 head of the present invention;

Fig. 16 is a block diagram of the whole of an
apparatus for operation of ink ejection recording
utilizing the liquid ejecting method and liquid
ejecting head applicable to the present invention:

25 Fig. 17 is a schematic, perspective view for
explaining the structure of an ink jet recording system

using the liquid ejecting head of the present



desired amount by di spl aci ng the novabl e nenber in accurate response to the
pressure raised by bubble 20 generation of the liquid receiving heat
fromthe el ectrothermal transducer, which permts formation of high-quality
i mage. The other effects of the present knigntion will be understood from

t he description of the enbodi nents. 25 In the specification, the
ternms "upstreant and "downstrean are defined wth respect to a general
liquid flow froma liquid supply source through the - 14 - liquid flow

paths to the ejection outlet or are expressed as expressions as to the
direction in thi siBveRELORe. Further, a "downstream side" portion of the 5
bubbl e itself represents an ejection-out] et-side Eortion of the bubb] e

which directly functions F&gnl ¥ tbSeFe§F§§mPFﬁﬁiB G?oﬁ?%?.fﬂb?%ow a head
pertcularl Y. ¢ EERR g A5 AR TRLOA Ky 80,2l A2 BUBE! End IphaZoRROLe, 1 OV
t he center of theigygg£50n9r a bubbl e
5 Fig. 19 is a sectional view to show the major
structure of a head of a side shooter type as an
example of the liquid ejecting head according to the
present invention;

Figs. 20A to 20D are schematic drawings to show

10 an example of a liquid jet head achieving the novel
ejection principle applicable to the present invention;

Fig. 21 is a partly broken, sectional view of
the liquid jet head of Figs. 20A to 20D;

Fig. 22 is a schematic drawing to show a state

15 of pressure propagation from a bubble in the
conventional ejection principle;

Fig. 23 is a schematic drawing to show a state
of pressure propagation from a bubble in the novel
ejection principle applicable to the present invention;

20 Figs. 24A to 24C are schematic plan views to
show a configuration of a slit in the partition wall;
and

Fig.25A is an enlarged sectional view of the
slits produced by the electroforming and Fig.25B is an -

25 enlarged sectional view of the slits formed by the

laser irradiation.



appearing in the dowstreamregion fromthe center of the area of the heat
generating elenent. In this specification, "substantially seal ed" generally
neans a sealed state in such a degree that 15 when a bubbl e grows, the
bubbl e does not escape through a gap (slithgaround the novabl e nenber
before notion of the novable nenber. In this specification, "partition
wal " may nmean a wall (which may include the novabl e nenber) 20

i nterposed to separate the region in direct fluid communication with the
ejection outlet fromthe bubble generation region, and nore specifically
means a wal | sepaPESCREPTAON DHyTHEf PREFERRED| EMBOBIMENTSe bubbl e
generation region fromthe liquid flow path in direct 25 fluid

conmmuni cati on wi t KEERéaBpEdPnoRLoPRPePripR&PEBY preventing mixture of the
liquids in the respective |liquid flow paths. - 1i,- BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a ?Bﬁeﬁﬂ?FE}°&xEF&H@&P%FeRPP +°%§€%aFﬂiﬁBethe

structure of a ma 9ésg%%tihge%%ion will be explained with reference to

5 the drawings.

Figs. 20A to 20D are schematic cross-sectional
views of the liquid discharge head taken along the
direction of the liquid flow path and Fig. 21 is a
partially broken perspective view of the liquid head.

10 The liquid ejecting head as shown in Figs. 20A
to 20D comprises a heat generating element 402 provide@
on an element substrate 401 (a heat generating resistor
of 40 pm x 105 pm in this embodiment) as the ejection
energy generating element for supplying thermal energy

15 to the liquid to eject the liquid, and a liquid flow
path 410 formed above the element substrate 401
correspondingly to the heat generating element 402.

The liquid flow path 410 is in fluid communication with
a discharge port 418 and a common liquid chamber 413

20 | for supplying the liquid to a plurality of such liquid
flow paths 410 which is in fluid communication with a
plurality of the ejection ocutlets 418.

Above the element substrate 401 in the liquid
flow path 410, a movable member or plate 431 having a

25 planer portion in the form of a cantilever of an
elastic material such as metal is provided faced to the

heat generating element 402. One end of the movable



enbodi nent: of tshe Iiquid ejecting head according to the 5 pr esent

I nvention; Fig. 2 is a sectional view to show a portion of an ejection
outlet and liquid flow paths as a najor part of the liquid ejecting head
shown in Fig. 1; Fig. 3 is an exploded dLageamto show a major 10 part
of the liquid ejection head shown in Fig. 1; Fig. 4 is an expl oded,
perspective view to show a major part of the liquid jet head according to
the present invention; Fig. 5is a diagranmatic, perspective viewto 15

show a grooved partition wall in which a partition wall and side walls of
second path portioasbere4dht dgr filkedf spnedforndatien suppprtingxpeahariry
drawi ngs to show steps for producing the partition wall in Enbodinment 1 20

of the present in¢éfit PEnthe; dike7proyidedapy E?EFQHB%B?yOEraMAngs to show
t f d t L1 nb d t t

e Drouuel g g gais s vl o Bt 2 S Pegent
produci ng a natrli%a g ﬁggg%h”22§m1r0¥héh 1Qm§n€n§u$Q¥FQ£é0201F'gﬁy 9A

to 9F are expl ana
5 this structure, the movable member 431 is supported,

and a fulcrum 433 (fulcrum portion) is constituted.

The movable member 431 is so positioned that it
has a fulcrum 433 (fulcrum portion which is a fixed
end) in an upstream side with respect to a great flow

10 of the liquid from the common liquid chamber 413 toward
the ejection outlet 418 through the movable member 431
caused by the ejecting operation and that it has a free
end (free end portion) 432 in a downstream side of the
fulcrum 433. Accordingly, the movable member 431 is

15 faced to the heat generating element 402 with a gap of
15pm approx so that it covers the heat generating
element 402. A bubble generation region is constituted
between the heat generating element and movable member.
The type, configuration or position of the heat

20 generating element or the movable member is not limited
to the ones described above, but may be changed as long
as the growth of the bubble and the propagation of the
pressure can be controlled. For the purpose of easy
understanding of the flow of the liquid which will be

25 described hereinafter, the liquid flow path 410 is
divided by the movable member 431 into a first liquid

flow path 414 which is directly in communication with



- 16 - sfeps for producing the partition wall in Enbodiment 3 of the
present invention; Figs. 10A to 10E are explanatory draw ngs to show steps
for producing the partition wall in 5 Enbodi rent 4 of the present

i nvention;

Fi gs.

11A to 11D are expl anat or god~awi ngs to show steps for

produci ng the partition wall in Enbodinent 5 of the present invention;

Figs. 12A to 12D are explanatory drawings to 10 show steps for producing

the partition wall in Enbodi nent 6 of the present invention; Figs. 13A to

13D are expl anat or

drawi ngs to show steps for producing the partition wall

i n Enbodi nent 7 oftheheigcddom oublet 4d8, apd a second lipgudd fiowspath

schemati c,

i ncor porat i
a schematic
ej ecting 20

expl od
ng the
dr aw

10

15

20

25

ed, perspective_ vi of a liquid ejecting_head cartridge
46, BT 1800 EDEnBURDAE GETERETAPBsEROLPRVEALI BRI EPG. 15 is

he;gqgﬁd?ﬁékgﬁég ﬁ%%?%éggtﬁgﬁ?ratus i ncorporating the liquid

By causing heat generation of the heat
generating element 402, the heat is applied to the
liquid in the bubble generation region 411 between the
movable member 431 and the heat generating element 402,
by which a bubble is generated in the liquid by the
film boiling phenomenon as disclosed in US Patent No.
4,723,129. The bubble and the pressure caused by the
generation of the bubblg act mainly on the movable
member,, so that the movable member 431 moves or
displaces to widely open toward the ejection outlet
side about the fulcrum 433, as shown in Figs. 20B and
20C or in Fig. 21. By the displacement of the movable
member 431 or the state after the displacement, the
propagation of the pressure caused by the generation of
the bubble and the growth of the bubble per se are
directed toward the ejection outlet.

Here, one of the fundamental ejection
principles according to the present invention will be
described. One of important principles of this
invention is that the movable member disposed faced to
the bubble is displaced from the normal first position
to the displaced second position on the basis of.the
pressure of the bubble generation or the bubble per se,

and the displacing or displaced movable member 431 is
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Figf 16 i s a block di agram of the whole of an apparatus for operation of
i nk ejection recording utilizing the liquid ejecting nethod and liquid

ej ecting head applicable to the present invention; 25 Fig. 17 is
a schematic, perspective view for explainipg the structure of an ink jet
recording systemusing the liquid ejecting head of the present 17 -

I nvention; Fig. 18 is a schematic plan view to show a head kit having the
liquid ejecting head of the present invention; 5 Fig. 19 is a

sectional view to show the nmgjor structure of a head of a side shooter type
as an exanpl e of elifecitdwvied tej ddwead W@&dpaessnaengrDQUGﬂé pYetbﬁt

I nvention; Figs. 20A to 20D are schematic drawings to sh an exanpl e
of a liquid j et heggezekien R the H@@@ﬂeeFEéVPBntBP|ﬁ€PHFB aﬁpFPGable to

t he present inven 21 is a R |y brok sectiopal. view of the
liquidjet head o%"‘gp’a?. ngAsFot?UB, “he’ aBlRSElean°th' Shion"tRE

ejection outlet 418 is located.

5 More detailed description will be made with
comparison between the conventional liquid flow passage
structure not using the movable member (Fig. 22) and
the present invention (Fig. 23). Here, the direction
of propagation of the pressure toward the ejection

10 outlet is indicated by VA, and the direction of
propagation of the pressure toward the upstream is
indicated by VB.

In a conventional head as shown in Fig. 22,
there is not any structural element effective to

15 regulate the direction of the propagation of the
pressure produced by the bubble 440 generation.
Therefore, the direction of the pressure propagation of
the is normal to the surface of the bubble as indicated
by V1-v8, and therefore, is widely directed in the

20 passage. Among these directions, those of the pressure
propagation from the half portion of the bubble closer
to the ejection outlet (V1-V4) have the pressure
components in the VA direction which is most effective
for the liguid ejection. This portion is important

25 since it directly contributable to the liquid ejection
efficiency, the liquid ejection pressure and the

ejection speed. Furthermore, the component V1 is



Fig. 22 is a schematic drawing to show a state 15 of pressure
propagation froma bubble in the conventional ejection principle; Fig. 23
is a schematic drawing to show a state of pressure propagation froma

bubbl e in the novel ejection principle appppcable to the present invention;

20 Figs. 24A to 24C are schematic plan views to show a
configuration of a slit in the partition wall; and Fig.25A is an enl arged
sectional view of the slits produced by the electroform ng and Fig.25B is
an 25 enl arged sectional view of the slits fornmed by the | aser

i rradiation. -cl@ses DESCRERE | @Nr&Ft ok FREFPERRERXHMBOIMENT fection

(Expl anation of the principle) The ejection principle applicable to the
present inventi ordiwed¢tionexphdi bhereforer ciwmosge effective hcanfd avhegés

Figs. 20A to 20D are schematic cross-sectional views of the liquid
di scharge head t daF %J%ﬁ%ﬁ?*ﬁ?ly small component in the direction VA.

On the other hand, in the case of the present
5 invention, shown in Fig. 23, the movable member 431 is
effective to direct, to the downstream (ejection outlet
side), the pressure propagation directions V1-V4 of the
bubble which otherwise are toward various directions as
shown in Fig. 22 and to direct to the pressure
10 propagation direction VA so that the pressure of the
bubble 440 is directly and efficiently contributable to
the ejection.
Further, the growth direction per se of the
bubble is directed downstream similarly to the pressure
15 propagation directions V1-V4, and bubbles grow more in
the downstream side than in the upstream side. Thus,
the growth direction per se of the bubble is controlled
by the movable member, and the pressure propagation
direction from the bubble is controlled thereby, so
20 that the ejection efficiency, ejection force and
ejection speed or the like are fundamentally improved.
Referring back to Figs. 20A to 20D, the
ejecting operation of the liquid ejecting head in this
embodiment will be described in detail.
25 Fig. 20A shows a state before the energy such
as electric energy is applied to the heat generating

element 402, and therefore, no heat has yet been



direction of the liquid flow path and Fig. 21 is a partially broken
perspective view of the liquid head. 10 The liquid ejecting head
as shown in Figs. 20A to.20D conprises a heat generating el enent 402

provi ded on an el enent substrate 401 (a heai generating resistor of 40 pm X
105 [err] in this enbodinent) as the ejection energy generating el enent for
supplying thermal energy 15% to the liquid to eject the liquid, and a
liquid flow path 410 formed above the el enent substrate 401 correspondi ngly
to the heat generating elenment 402. The liquid flow path 410 is in fluid
communi cat i on wi t gemediageldar gd tpehoul s benaotedovelt ithgungvehisbmenber 20
for supplying the liquid to a plurality of such liquid flow paths 410 which
isin fluid connuAﬁéaﬂﬁoﬁowppﬁléiﬁmﬁﬂaﬁﬁt¢°0PetﬁécéﬁeéF|éﬁaﬁﬁtF@t§h$18
Above the el enent substrate 401 in the I| uid flow ath 41 a novabl e

menber or plate 4SPREFTRGI, Poxtion,of,dhe,bubpls g nFHQtP r RYothg heat
canti | ever of o0 SRRt Sl S NSl BalRhAans BIBAAE  2E°8chat
5 words, in order that the downstream portion of the
bubble acts on the movable member, the liquid flow
passage structure is such that the movable member 431
extengs at least to the position downstream (downstream
of a iiﬁé passing through the center 403 of the area of

10 the heat generating element and perpendicular to the
length of the flow path) of the center 403 of the area
of the heat generating element.

Fig. 20B shows a state wherein the heat
generation of heat generating element 402 occurs by the

15 application of the electric energy to the heat
generating element 402, and a part of of the liquid
filled in the bubble generation region 411 is heated by
the thus generated heat so that a bubble is generated
as a result of film boiling.

20 At this time, the movable member 431 is
displaced from the first position to the second
position by the pressure produced by the generation of
the bubble 440 so as to guide the propagation of the
pressure of the bubble 440 toward the ejection outlet.

25 . It should be noted that, as described hereinbefore, the
free end 432 of the movable member 431 is disposed in

the downstream side (ejection outlet side), and the
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nenber 431 is fixed to a foundation (supporting nenber) 434 or the like
provided by patterning of photosensitivity resin material on the wall of
the liquid flow path 410 or the el enent substrate 401. By 5 this

structure, the novable nmenber 431 is suppozded, and a ful crum 433 (ful crum

portion) is constituted. The novabl e nmenber 431 is so positioned that it
has a ful crum 433 (fulcrumportion which is a fixed end) in an upstream
side with respect to a great flow 10 of the liquid fromthe conmon

| i quid chanber 413 toward the ejection outlet 418 through the novable
menber 431 causedfwdcrue 43%cis rdiepesed by e yRRirean Rlde (G
(free end portion) 432 in a domns;reanlsidﬁlof thé'fulcrun14 3.

Accordi ngly, the
el ement 402 with

champer side)s 5% that At d9aft @ BR%Y Yerd?%iting

ol erment 407, A DOBTAb LRSI LY cihast &6 coi P i L
generating el e”enl;héirigubr?i’é‘,bl g@np?e’r t %]edém%%wf. i%d W OEhe[)f}?éé-[i; on
rattng el enen e

of the heat 20

gene or the nova er i1s not limted

to the ones 5descr.é}?éir@lp£ﬂ§’ef’éﬁ?ﬂ‘?ﬁebe changed as long as the grow h of

t he bubble and t

propagalion o pressure can be controlled. For the

purpose of easy under standi§g S6c tSiowd W Hatded iviiich Wie bubble beto

10

15

20

25

has further grown. By the pressure resulting from the
bubble 440 generation, the movable member 431 is
displaced further. The generated bubble grows more
downstream than upstream, and it expands greatly beyond
a first position (broken line position) of the movable
member. Thus, it is understood that in accordance with
the growth of the bubble 440, the movable member 431
gradually displaces, by which the pressure propagation
direction of the bubble 440, the direction in which the
volume movement is easy, namely, the growth direction
of the bubble, are directed uniformly toward the
ejection outlet, so that the ejection efficiency is
increased. When the movable member guides the bubble
and the bubble generation pressure toward the ejection
outlet, it hardly obstructs propagation and growth, and
can efficiently control the propagation direction of
the pressure and the growth direction of the bubble in
accordance with the degree of the pressure.

Fig. 20D shows a state wherein the bubble 440
contracts and extincts by the decrease of the pressure

in the bubble, peculiar to the film boiling phenomenon.



25 ‘ descri bed hereinafter, the liquid flow path 410 is divided by the
novabl e nmenber 431 into a first liquid flow path 414 which is directly in

comuni cation with - 20 - the ejection outlet 418 and a second liquid
flow path 416 having the bubbl e generati en26egi on 411 and the |iquid supply
port 412. By causi ng heat generation of the heat 5 generating el enent

402, the heat is applied to the liquid in the bubble generation region 411
bet ween t he novabl e nenber 431 and the heat generating el enent 402, by

whi ch a bubble is generated in the liquid by the filmboiling phenonmenon as
di scl osed in US Patent NoThgomovableomembgr 43hchpubhgcbann gﬁépiaaegéute
caused by the genﬁgation of. the _bubbl e act nainlﬁhon t he, npvabl e penber, so

that the novabl e FBRHEPCIBE RBFLLIGP FREPrateto: thGi HRIVLI3HeROFLIAPR t he

| ecti tlet sij L.t ful . 433 h ' Lgs. 20B d 15
S0c or Tn Fig. 21CPTERe HeshPLandcBheRtdsr 20Rco ko the EoRERRERo 1508, e
state after the di,apl25686°BY thiCsBLrPRGIBELPErLY SPCLRE SRSYAS1EAMSRHRY the

generation of
5 per se and the negative pressure due to the contraction

of the bubble. Upon the collapse of bubble, the liquid
flows back from the upstream (B), namely the common
1iquid chamber side as indicated by VD1 and VD2 and
from the ejection outlet side as indicated by Vc so as
10 to compensate for the volume reduction of the bubble in
the bubble generation region 411 and to compensate for
the volume of the ejected liquid.
In the foregoing, the description has been made
as to the operation of the movable member with the
15 generation of the bubble and the ejecting operation of
the liquid. Now, the description will be made as t6
the refilling of the liquid in the liquid ejecting head
of the present invention.
When the bubble 440 enters the bubble
20 collapsing process after the maximum volume after the
state of Fig. 20C, a volume of the liquid enough to
compensate for the collapsing bubbling volume flows
" into the bubble generation region from the ejection
outlet 418 side of the first liquid flow path 414 and
25 from the common liquid chamber 413 of the second liquid
flow path 416.

In the case of conventional liquid flow



t he bubbl e and- the growth of the bubble per se are directed toward the
ejection outlet. 20 Here, one of the fundanental ejection
princi ples according to the present invention will be described. One of

i mportant principles of this invention is 2fat the novabl e menber di sposed
faced to the bubble is displaced fromthe normal first position 25 to

t he di spl aced second position on the basis of the pressure of the bubble
generation or the bubble per se, and the displacing or displaced novable
menber 431 is - 21 - effective to direct the pressure produced by the
generation of thePassige IARVNSFUTecngl BHRViRY ¥¢ﬁa%ﬁﬁﬁ#¥?;ﬂﬁm§ﬂFt4ﬁ%;d t he
downstreamin which the ejection outlet 418 is | ocated.

5
detail ed descri pt¥Rf #pP¥Rbeohable wHRItSnpErT st paigEr i%_‘?o‘?ﬁe?&%%gl
1 quid 11 on passage sy uciyge ol s 0o Les IENADL BIDSLEL0 o 2R and.

t he present inve rection propagation 0

pressure toward tNg, ¢} §Ck1OR €Re cofiibhClidfid WHhaHES Wre/baddlfl ddCthe

direction of
5 flow resistance of the portion closer to the ejection

outlet than the bubble generation region and the

portion closer to the common liquid chamber. (Based on

the flow resistance and the inertia of the ligquid.)
Therefore, when the flow resistance at the

10 supply port side is smaller than the other side, a
large amount of the liguid flows into the bubble
collapse position from the ejection outlet side with
the result that the meniscus retraction is large. With
the reduction of the flow resistance in the ejection

15 outlet for the purpose of increasing the ejection
efficiency, the meniscus M retraction increases upon
the collapse of bubble with the result of longer
refilling time period, thus making high speed printing
difficult.

20 According to this arrangement, because of the
provision of the movable member 431, the meniscus
retraction stops at the time whén the movable member
returns to the initial position upon the collapse of
bubble, and thereafter, the supply of the liquid to

25 fill a volume W2 is accomplished by the flow VD2
through the second flow path 416 (Wl is a volume of an

upper side of the bubble wvolume W beyond the first



propagation of .the pressure toward the upstreamis indicated by VB. In a
conventional head as shown in Fig. 22, there is not any structural elenent
effective to 15 regul ate the direction of the propagation of the
pressure produced by the bubble 440 generagyon. Therefore, the direction of
t he pressure propagation of the is normal to the surface of the bubble as

I ndi cated by V1-V8, and therefore, is wdely directed in the 20 passage.
Anong these directions, those of the pressure propagation fromthe half
portion of the bubble closer to the ejection outlet (Vl-V‘é% have t he
pressure conponernpesitionecof/Athie rmevable vikemher s¢dbstand fEetis ea foplune
liquid ejection. This portion is inportant 25 since it directly
contributabl e to ®hea| bupble cgererabieniregioryll t$ide i thereef bet i by the

pressure and the ejection speed. Furthernore, the component. V1 is - 22 -
cl osest to the diPEEPT AT bf Wﬁ‘%fc?lfigh?h@%‘j“ﬁ%t‘?%n&g? %&t?]cﬁ\,v%]n"&f“e W

therefore, 1S MosjeffCilY e 0F LS nenl8Sud JELAILYALY, YR | GOImONGS"
5 to this arrangement, only about one half (Wl) is the
volume of the meniscus retraction.
Additionally, the liquid supply for the volume
W2 is forced to be effected mainly from the upstream
(VD2) of the second liquid flow path along the surface
10 of the heat generating element side of the movable
member 431 using the pressure upon the collapse of
.bubble, and therefore, more speedy refilling action is
accomplished.
When the refilling using the pressure upon the
15 collapse of bubble is carried out in a conventional
head, the vibration of the meniscus is expanded with
the result of the deterioration of the image quality.
However, according to this embodiment, the flows of the
ligquid in the first liquid flow path 414 at the
20 ejection outlet side and the ejection outlet side of
the bubble generation region 411 are suppressed, soO
that the vibration of the meniscus is etremely reduced.
Thus, according to this arrangement applicable
to the present application, the high speed refilling is
25 accomplished by the forced refilling to the bubble
generation region thfough the liquid supply passage 412

of the second flow path 416 and by the suppression of



On the other hand, in the case of the present 5 I nvention, shown in Fig.
23, the novabl e nenber 431 is effective to direct, to the downstream
(ejection outlet side), the pressure propagation directions V1-V4 of the
bubbl e which otherwi se are toward various ggrections as shown in Fig. 22
and to direct to the pressure 10 propagation direction VA so that the
pressure of the bubble 440 is directly and efficiently contributable to the
ejection. Further, the gromh direction per se of the bubble is directed
downstreamsimlarly to the pressure 15 ropagation directions V1-V4,
and bubbl es grow memmniswes(jmgw*emsa@g ¥ ¥ipn hTheraferen sthie.
Thus, the growth direction per se of the bubble js controlled by the

novabl e menber, aFERRhELERELQD R RIPEEEPR AP hidh itRPY FRRSREbbl e i s
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accomplished.

The arrangement provides the following:
effective function. It is a suppression of the
propagation of the pressure to the upstream side (back

10 wave) produced by the generation of the bubble. The
pressure due to the common liquid chamber 413 side
(upstream) of the bubble generated on the heat
generating element 402 mostly has resulted in force
which pushes the liquid back to the upstream side (back

15 wave). The back wave deteriorates the refilling of the
liquid into the liquid flow path by the pressure at the
upstream side, the resulting motion of the liquid ana
the inertia force. In this arrangement, these actions
to the upstream side are suppressed by the movable

20 member 431, so that the refilling performance is
further improved.

The description will be made as to a further
characterizing feature and the advantageous effect.

The second liquid flow path 416 of this

25 arrangement has a liquid supply passage 412 having an
internal wall substantially flush with the heat

generating element 402 (the surface of the heat



- 23 - generated. It should be noted that the novable nmenber 431 is so
positioned as to be faced at |east to the downstream portion of the bubble
generated by the heat generation of the heat generating elenment. In other 5
words, in order that the downstream porti &P of the bubble acts on the
novabl e menber, the liquid fl ow passage structure is such that the novable
menber 431 extends at |least to the position downstream (downstream of a

| i ne passing through the center 403 of the area of 10 t he heat

generating el ement and perpendi cular, to the |l ength of the flow path) of the
center 403 of th@eé}eécfig‘fn iflemeRtt Jeh&rah i%&a&g‘é’n?%le.ppﬁ%gfl% Sold™S

state wherein the _heat generati f heat. dgenerati. I ocgurs. by
the 15 appl i céﬁgs%?e ts'f%éjaeelo cttr?}ec ST ¢S tﬁgx%hggl%%%g%eé%'ng etzlment

'S heat e byt he TS SRRl i ol Pt S RSl SR s 4

I s heated by the gener at ed 'S generate
{ESU|t of filmbed i mfht generatingMelldieht! 4R ahlde tieYakip®1eEber 431
5 generation region 411 occurs along the surface of the

movable member 431 at the position closer to the bubble
generation region 411 as indicated by VD2.
Accordingly, stagnation of the liquid on the surface of
the heat generating element 402 is suppressed, so that

10 precipitation of the gas dissolved in the liquid is
suppressed, and the residual bubbles not extincted are
removed without difficulty, and in addition, the heat
accumulation in the liquid is not too much. Therefore,
the stabilized bubble generation can be repeated at a

15 high speed. In this arrangement, the liquid supply
passage 412 has a substantially flat internal wall, but
this is not limiting, and the liquid supply passage is
satisfactory if it has an internal wall with such a
configuration smoothly extended from the surface of the

20 heat generating element that the stagnation of the
liquid occurs on the heat generating element, and eddy
flow is not significant;y caused in the supply of the
liquid.

The supply of the liquid into the bubble

25 generation region may occur through a gap at a side

portion of the movable member (slit 435) as indicated

by VDl. In order to direct the pressure upon the



di spl aced. fromthe first position to the second position by the pressure
produced by the generation of the bubble 440 so as to guide the propagation
of the pressure of the bubble 440 toward the ejection outlet. 25 I t

shoul d be noted that, as described hereinkgfare, the free end 432 of the
novabl e menber 431 is disposed in the downstream side (ejection outlet
side), and the - 24 - fulcrum433 is disposed in the upstream side
(common liquid chanber side), so that at |east a part of the novabl e nenber
is faced to the downstream portion of the bubble, that is, the downstream
portion of the hdatblble geyamatiomofuwthmnteffitiativaly dieothen edientdam

whi ch the bubble 440 has further grown. By the pressure resulting fromthe
bubbl e 440 gener ®uEet i e kaRgs |IROVRNSR: Membey cayedrimng dde grtigetynips

gener ated bubbl e grows nore 10 downstream t han upstream and. it expands
greatly beyond a the &QubRls (geheqariie Fegdinn ﬂéﬁ‘ﬁ%ﬁ‘}g g’?‘et ﬁé‘r%ﬁ%?oloép

gﬁgﬁ?;' 414'8ust hiet r%}%ﬁ{‘%e%ré%g ie e%%:n r)d?n%%re bvg tu'éetdrle ag %\McRmOfir{ he
5 Figs. 20A to 20D. Then, the flow resistance for the
liquid between the bubble generation region 411 and the
region of the first liquid flow path 414 close to the
ejection outlet is increased by the restoration of the
movable member 431 to the first position, so that the
10 fiow of the liquid to the bubble generation region 411
from VD1l can be prevented. However, according to the
head structure of this arrangement, there is a flow
effective to supply the liquid to the bubble generation
region, the supply performance of the liquid is greatly
15 increased, and therefore, even if the movable member
431 covers the bubble generation region 411 to improve
the ejection efficiency, the supply performance of the
liquid is not deteriorated.
The positional relation between the free end
20 432 and the fulcrum 433 of the movable member 431 is
such that the free end is at a downstream position of
the fulcrum as indicated in Fig. 23, for example. With
this structure, the function and effect of guiding the
pressure propagation direction and the direction of the
25 growth of the bubble to the ejection outlet side or the
like can be efficiently assured upon the bubble

generation. Additionally, the positional relation is



gradually-displaces, by which the pressure propagation 15

t he bubbl e 440, t
the grow h direct
ej ection outl et,

di recti on of

he direction in which the volune novenent is easy, nanely,

ion of the bubble, are directed uniformy toward the
so that the ejection effigiency is increased. Wen the

novabl e menber gui des the bubble 20 and the bubbl e generation pressur

toward the ejecti

on outlet, it hardly obstructs propagati on and grow h,

can efficiently control the propagation direction of the pressure and th

growt h direction
pressure. 25
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refilling. When the meniscus M retracted by the
ejection as shown in Fig. 23, returns to the ejection
outlet 418 by capillary force or when the liquid supply
is effected to compensate for the collapse of bubble,
the positions of the free end and the fulcrum 433 are
such that the flows S1, S2 and S3 through the liquid
flow path 410 including the first liquid flow path 414
and the second liquid flow path 416, are not impeded.
More particularly, in this arrangement, as
described hereinbefore, the free end 432 of the movable
member 431 is faced to a downstream position of the
center 403 of the area which divides the heat
generating element 402 into an upstream region and a
downstream region (the line passing through the center
(central portion) of the area of the heat generating
element and perpendicular to a direction of the length
of the liquid flow path). The movable member 431
receives the pressure and the bubble which are greatly
contributable to the ejection of the liquid at the
downstream side of the area center position 403 of the
heat generating element, and it guides the force to the
ejection outlet side, thus fundamentally improving the

ejection efficiency or the ejection force.

e
and
e

1

| e,



fl ows back fromthe upstream (B), namely the common |iquid chanber side as
I ndi cated by VD1 and VD2 and fromthe ejection outlet side as indicated by
Vc so as 10 to conpensate for the volune reduction of the bubble in the
bubbl e generation region 411 and to conpeggate for the volunme of the
ejected liquid. In the foregoing, the description has been made as to the
operation of the novable nenber with the 15 generation of the bubble and
the ejecting operation of the liquid. Now, the description will be nade as
tothe refilling of the liquid in the Iiquid ejecting head of the present

i nvention. \Wen the bubeFelrll:heren@mﬂ@tﬁﬁéobﬁbslféegﬁs argoprapififg pPEé8Ess
after the maxi mum vol une after the state of Fig a voLune of the

li qui d enough totb@nﬁ§ﬁ§§?émf§#d9h@fCGPPaB§PPéebuB§Iﬂﬁﬁcvb Gfe flows into

t he bubbl e generation FE%IOH fromthe ejection outlet 418 side of the first
liquid flow pat hPRTRiBRETOEE- from the common |iquid chamber 413 of the

second liquid flow path 416, 10,Lhe °33°:9f 330Y§ALLA"Bhat! G dnb! OV

5 structure of this embodiment, the instantaneous
mechanical movement of the free end of the movable
member 431, contributes to the ejection of the liquid.

The embodiments of the present invention will
be explained in detail with reference to the

10 accompanying drawings.

Fig. 1 is a schematic, exploded, perspective
view for explaining the major structure in an
embodiment of the liquid ejecting head according to the
present invention. Fig. 1 is illustrated as omitting

15 an orifice plate provided with ejection outlets. Fig.
2 is a sectional view to show a portion of an ejection
outlet and liquid flow paths as a major part of the
liquid ejecting head of Fig. 1, and Fig. 3 is a
partial, schematic drawing to show a major part of the

20 liquid ejecting head of Fig. 1.

In Figs. 1 to 3, reference numeral 1 designates
an element substrate in which heat generating elements
2 are provided as elements for electrothermal
transduction for supplying the thermal enexrgy for

25 generating a bubble to the liquid. |

The element substrate 1 has patterned wiring

electrode (0.2 to 1.0 pm thick) of aluminum (Al) or the



- 26 - passage*structure not having the novable nmenber 431, the amount of
the liquid fromthe ejection outlet side to the bubble collapse position
and the amount of the liquid fromthe common |iquid chanber, are based on
the 5 flow resistance of the portion clgger to the ejection outlet ;han
t he bubbl e generation region and the portion closer to the comon liquid
chanber. (Based on the flow resistance and the inertia of the liquid.)
Therefore, when the flow resistance at the 10 supply port side is

smal l er than the other side, a Iarge anount of the liquid flows into the
bubbl e col | apse p%’s‘F‘Fl%dfFGTﬂﬁi‘?ﬁ’ée j eterbrieuresistanke Wwayex heOr@buto t hat
t he neni scus retuggilon Is.large. Wth the reduction of the flow resistance

in the ejection p’BuF]i‘%‘Fk?o?ft%f‘th’bo‘é%rH i (5 Bdsi f?@“ftﬁél é’é{fﬁﬂgr@bebl
ffici , th M tion,incr upon apse o u e
Mh tho Vesult orTeRfocrabEEt RS %wgmpé%%@ Pola g (on speed
[ [ di ffi I t,0 ecause o
Phe brovi si on of STRSHLTAEHS he JEGE 04Nk SR A2 ot ops
the time wheyl thesimuabl coRRADfsLGh ISl B2 BE14BbR AL ROSE! Q2P e

col | apse of
for electric insulation and thermal accumulation formed

on the substrate of silicon or the like. The heat
generating element 2 generates heat when a voltage is
applied to the resistance layer through the wiring
10 electrodes.
A protection layer of SiO,, SiN, or the like
(0.1 to 2.0 pm thick) is provided on the resistance -
layer (heat generating element 2) between the wiring
electrodes, and in addition, an anti-cavitation layer
15 of tantalum (Ta) or the like (0.1 to 0.6 pm thick) is
formed thereon to protect the heat generating element 2
from various liquids such as ink.
The pressure and shock wave generated upon
bubble generation and collapse is so strong that the
20 durability of the protection film hard and relatively
fragile is considerably deteriorated. Therefore, a
metal material such as Ta or the like is preferably
used as a material for the anti-cavitation layer.
The protection layer on the heat generating
25 element 2 may be omitted depending upon the combination
of liquid, liquid flow path structure, and resistance

material. The material for the resistance layer not



bubbl e, and thereafter, the supply of the liquid to 25 fill a volunme W2
I s acconplished by the flow VD2 through the second flow path 416 (WM is a
vol une of an upper side of the bubble volunme Wbeyond the first - 27 -
position of the novable nmenber 431, and VW23#s-a vol unme of a bubble
generation region 11 side thereof). In the prior art, a half of the volune
of the bubble volume Wis the volune of the neniscus retraction, but
according 5 to this arrangenent, only about one half (W) is the vol une
of the meniscus retraction. Additionally, the liquid supply for the volune
W2 is forced to bee@tivtngdthei Proteebhonhbaypstorathe Bt deneratimand
liquid flow path al ong the surface 10 of the heat generating el enent

side of the movatftPTERbet. 43ACHLIRR,  Fio¥ ppeamRle. oM T Fase- of
the ref i H1ing usi FTEHET, CECFE A bret iy 1ok e Pikg 0 bl o s
gi;;'ﬂgg dO\l/Jvit t ih” a conventipial NERY: st ARl Bt Ahd'ndd¥ JEUAR N S
5 element in the foregoing embodiments may include only
the resistance layer (heat generating portion) between
the electrodes as described, or may include a
protection layer for protecting the resistance layer.
In this embodiment, the heat generating element
10 has a heat generation portion having the resistance
layer which generates heat in response to the electric
signal. Without having tb be limited to this, any
means well suffices if it creates a bubble enough to
eject the liquid in the first path portion, in the
15 liquid in the second path portion. For example, the
heat generation portion may be in the form of a
photothermal transducer which generates heat upon
receiving light such as laser, or a heat generating
element having the heat generation portion which
20 generates heat upon receiving high frequency wave.
Function elements such as a transistor, a
diode, a latch, a shift register, and so on for
selectively driving the electrothermal transducer may
also be integrally built in the element substrate 1, in
25 addition to the electrothermal transducer (heatl
generating element) comprised of the resistance layer

and the wiring electrodes for supplying the electric



the result of the deterioration of the inmge quality. However, according to
this enbodinent, the flows of the liquid in the first liquid flow path 414
at the 20 ej ection outlet side and the ejection outlet side of the
bubbl e generation region 411 are suppresseg, -so that the vibration of the
meni scus is etrenely reduced. Thus, according to this arrangenent
applicable to the present application, the high speed refilling is 25
acconplished by the forced refilling to the bubble generation region

t hrough the liquid supply passage 412 of the second flow path 416 and by

t he suppression sﬁgnal-tDBthetW@S#EWB@§@51ﬁ¥ﬁracﬁﬁoﬁe§ﬁaigﬁﬁrQPPUE:
Therefore, the stabilization of ejection and high_speed. re eategf%kgctions

are acconpl i shed, and whé&r fhe @#ﬁ@&PﬁbﬁPbF§ré§gdliHr?ﬁédF ePgt

recording, the inprovenent in the_ 5 ' it d i h d
speed can be accBﬁﬁFiQEQGFafHQQaﬁﬂgﬁﬁgﬁégﬁggﬁgu?&ésxP%QS?%S?émﬁﬁégg?;eLP?ve
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5 of which the heat generating element 2 is formed in
order to let the thermal energy generated by the heat
generating element 2 act on the liquid. Further, above
the second path portion 4 there is provided the first
path portion 3 of a liquid flow path in direct fluid

10 communication with the ejection outlet 9. The
partition wall 5 formed of a material having
elasticity, such as a metal, a resin, or the like, is
disposed between the second path portion 4 and the
first path portion 3, thereby separating the second

15 path portion from the first path portion.

A projecfion space in the direction
perpendicular to the surface where the heat generating
element 2 is formed (above the heat generating element
2) in the liquid flow paths (region A in the first path

20 portion and region B in the second path portion in Fig.
1) is an ejection pressure generating region where the
pressure for ejecting the liquid acts. The liquid jet
head of the present invention generates a bubble when
the liquid in the second path portion is heated by the

25 heat generating element, and the pressure raised with
growth of bubble upon generation of the bubble acts in

the ejection pressure generating region to eject the



10 wave) produced by the generation of the bubble. The pressure due to
the comon |iquid chanber 413 side (upstream of the bubble generated on

t he heat generating el enent 402 nostly has resulted in force which pushes
the liquid back to the upstream side (back3&5- wave). The back wave
deteriorates the refilling of the liquid into the liquid flow path by the
pressure at the upstreamside, the resulting notion of the liquid and the
inertia force. In this arrangenment, these actions to the upstreamside are
suppressed by the novable 20 menber 431, so that the refilling
performance is futi@eidinproved. The description will be made as to a
further characterizing feature and the advantageous effect. The second
liquid flow path 416 of thj®@oyable mepharcfehe faxmed |19 LaRBPISVPEssage
412 having an internal wall substantially flush with_ the heat. geperatin

Sl omont 402 (t ho SHTRaEBeBe PHoShih 1h the BOPCLEH 0 P BREHEROR Vb
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5 This movable member 6 is formed in such an arrangement
that a free end 6a thereof is located on the side of
the ejection outlet 9 (on the downstream side in the
fluid flow direction or on the left side as facing Fig.
2) and a fulcrum 6b of the movable member 6 is located
10 on the side of a common liquid chamber 10 to the first
path portions 3 and a common liguid chamber 11 to the
second path portions 4.
Since the liquid ejecting head of the present
invention has the movable member 6 in the partition
15 wall 6 as facing the ejection pressure generating
region B in the second path portion, the movable member
6 operates to open to the side of the first path
portion 3 (or in the direction of the arrow in Fig. 2)
by the pressure caused by bubble generation of the
20 liquid in the second path portion, as described below.
The material for forming the partition wall 5
having the movable member 6 may be any material having
solvent resistance against the liquid in the liquid
flow paths, having elasticity enough to operate well as
25 the movable member, and permitting formation of fine
slit. Preferable examples of materials meeting these

requirements include resin materials having high heat



this structure; the supply of the liquid to the surface of the heat
generating el enent 402 and the bubble 5 generation region 411 occurs

al ong the surface of the novabl e nmenber 431 at the position closer to the
bubbl e generation region 411 as indicated ®y VD2. Accordingly, stagnation
of the liquid on the surface of the heat generating elenment 402 is
suppressed, so that 10 precipitation of the gas dissolved in the liquid
i s suppressed, and the residual bubbles not extincted are renoved w t hout
difficulty, and in addition, the heat accunmulation in the liquid is not too
much. Therefore, temistaite, Zetghubbl eenermesisttanayn de fegdated at a 15

high speed. In this arrangenment, the liquid supply passage 412 has a
substantial ly fIeﬁolﬁﬁhﬁ¥%ﬂYNwm¢retﬁﬂrt#ﬁ%44€#YKﬁeqqnﬁtQQQ}nﬁﬂﬁﬁﬂguaI i qui d
supply passage is satisfactory if it has an |nternal 1. with such a

confi guration smita3Fyt %)&%%Féd“?'?%%?ln% %‘iﬁ'lfa&% RALH Y}(?ne heat
generating el enent that t he sta |on |d occur heat
generating el eme®®l Qékﬁp %ﬁ% rﬁq%?(%ﬂﬁﬁﬁyﬁqgiﬁﬁ§3upply
of the |iquigd. The s “nPP esyee ﬂeowoﬂ eide BBl g3,  generation

e por h

regi on may occurQ%woug a gap 7atP e novdbl e nmenber
(slit 435) as"“Bd%?ﬁﬂkadlene, polyurethane, polyetheretherketone,

polyether sulfone, polyallylate, polyimide,
polysulfone, liquid crystal polymer (LCP), and so on,
chemical compounds thereof, or metals such as silicon

10 dioxide, silicon nitride, nickel, gold, stainless
steel, and so on, alloys and chemical compounds
thereof, or materials coated with titanium or gold.

The thickness of the partition wall 5 is
determined depending upon the material and

15 configuration used from the standpoints that the
strength necessary for the partition wall 5 can be
achieved and that the movable member 6 can operate
well, and generally is in the range of 0.5 ym to 10 um,
desirably.

20 The configuration of the slit may be either
rectangular as_shown in Fig. 24A, tapered toward the
fulcrum as shown in Fig. 24B, or widened toward the
fulcrum as shown in Fig. 24C. The configuration of
Fig. 24B facilitates the operation of the movable

25 member while the configuration of Fig. 24C improves the
durability of the movable member. Without having to be

limited to the above configurations of the slit, the



by VD1. In order to direct the pressure upon the - 30 - bubble
generation further effectively to the ejection outlet, a |l arge novabl e
menber covering the entirety of the bubble generation region (covering the
surface of the heat generating el enent) 1egg bhe used, as shown in 5 Fi gs.
20A to 20D. Then, the flow resistance for the |liquid between the bubble
generation region 411 and the region of the first liquid flow path 414
close to the ejection outlet is increased by the restoration of the novable
menber 431 to the first position, so that the 10 flowof the liquid to

t he bubbl e gener a&tliidn imedihen presevtomnyBntion Baypbey énte Fhaftomare e
according to the head structure of this arrangenent, there is a flow

ef fective to sup@opitienedydind the Secanthmathy@eEtdOfon region, the supply
performance of the liquid is_greatl

i f the novabl e nenber 43ffcdfh& @ %%@&eé‘la&g‘?g‘?;?ggﬁgpgﬁlt gﬁrf?f%%?%t sven
prove the el ection Sl deieion I RS UURIGE B e W d 1o
5 liquids is desired to be prevented, the width of the
slit between the partition wall 5 and the movable
member 6 is determined to be a gap to form a meniscus
between the two liquids, thereby controlling fluid
communication between the two liquids. ' For example,

10 supposing the bubble generation liquid is a liquid
having the viscosity of about 2 cP (centipoise) and the
ejection liquid is a liquid having the viscosity of 100
or more cP, the slit of about 5 pm is enough to avoid
mixture of the liquids, but a desirable width is not

15 more than 3 pm.

The configuration of the second path portion 4
may be any configuration that can effectively transmit
the pressure caused with generation of bubble to the
movable member side. However, if the chamber (bubbie

20 generation chamber) structure is such that the second
path portion 4 has a throat portion on the upstream
side of the heat generating element 2 (where the
"upstream side" means an upstream side in a large flow

.from the liquid chamber side thréugh the heat

25 generating element position, the movable member, and

the first path portion 3 to the ejection outlet) so as

to stop the pressure upon bubble generation from



20 432 and the ful crum 433 of the novable menber 431 is such that the
free end is at a downstream position of the fulcrumas indicated in Fig.
23, for exanple. Wth this structure, the function and effect of guiding
the pressure propagation direction and the 3% rection of the 25 growt h of
t he bubble to the ejection outlet side or the Iike can be efficiently
assured upon the bubble generation. Additionally, the positional relation
S - 31 - effective to acconplish not only the function or effect
relating to the ejection but also the reduction of the flow resistance
t hrough the |iqui #eRddiypessapimgdyfon thee Wsipepmosidreofi §hrdsergad
permtting the higﬁ speed 5 r$IiIIin . \Wen tge g&niscus M retracted by
the ejection as sRGWF PRTEIGN,o3he ox T UPRE SRRt PoHeBEERELOR1 8y
capillary force or when the liquid s ly Jds ef%gc;ed b C ensate for the
col | apse of bubbl é:het ﬁ§°|5"6‘§ ﬁagzx‘s p&rq{)l%éy#r &8%ng Hat %’e: g%gg‘?ﬁﬁe%frﬂ“e
10 such that t f}p %# R %@% 1 nd9h shae chbahirdsEL 2w Rahhpalo
; ) . t a t s b
i ncl udi ng the_flrE%cP'gﬁ?d ow pat Foand t he secondBquU|g fﬁom/path
416, are not gi npe@edected as concentrated to the movable member side,

thereby achieving higher ejection efficiency and

ejection force.

When the height of the second path portion 4 is

determined at such a value that a part of the bubble

10 generated in the second path portion 4 extends into the
first path portion, the ejection force can be improved
more than in the cases where the bubble does not extend
into the first path portion 3. For the bubble to
extend into the first path portion 3 in this manner,

15 the height of the second path portion 4 is desirably
determined to be lower than the height of the maximum
bubble, and, specifically, the height is desirably
determined in the range of several ym to 30 um.

The first path portions 3 in communication with

20 the ejection outlets 9 are provided above the partition
wall 5, and the first path portions 3 are formed by
joining the partition wall 5 to the grooved top plate 8
in which first recesses 3a to become the first path
portions are formed. This grooved top plate 8 is

25 further provided with an orifice plate having the

ejection outlets 9, and a recess 10a to be a liquid

chamber for supplying the liquid to the liquid flow



More parti:cularly, in this arrangenent, as described hereinbefore, the free
end 432 of the novable 15 menber 431 is faced to a downstream position
of the center 403 of the area which divides the heat generating el enent 402
into an upstreamregi on and a downstreamrggion (the |line passing through
the center (central portion) of the area of the heat generating 20

el emrent and perpendicular to a direction of the length of the liquid flow
pat h). The novabl e nmenber 431 receives the pressure and the bubbl e which
are greatly contributable to the ejection of the liquid at the downstream
side of the area patligr position 403 of the 25 heat generating el enent,
and it guides the force to the ejection outlet side, thus fundanentally

i nproving the ejection ef$ir¢enthisrlidgeidjeir¢iing diead is armnged(ge her
advant ageous effects are provided using the upstream side of the bubble, as
descri bed her ei nbe?d¥ ether Fe¢RRdRPRth | ROFEion RGING & RIHLI™H f9%e 5

structure of thi s, SrOOH IR tnd Wubbd X AEPilated from the first path

5 portion in fluid communication with the ejection outlet
by the partition wall, the liquid in the second path
portion may be different from the liquid in the first
path portion. The present embodiment shows the ligquid
ejecting head of the two-path structure which permits

10 different liquids to be used between in the second path
portion and in the first path portion.

The top plate 8 has a first supply port 20 for
supply of the liquid into the first common liquid
chamber and a second supply port 21 for supplying the

15 liquid into the second common liquid chamber. The
second supply port is connected to a communication path
disposed outside the first common liquid chamber,
piercing the partition wall, and communicating with the
second common liquid chamber, and thanks to this

20 communication path the liquid to be supplied to the
second path portion can be supplied to the second
common liquid chamber without being mixed with the
liquid to be supplied to the first path portion.

The sizes, configurations, and locations of the

25 heat generating elements 2 and movable members 6 are
not limited to thoée described above, but they may be

determined so as to effectively utilize the pressure



mechani cal «novenment of the free end of the novable nenber 431, contributes
to the ejection of the |iquid. The enbodi nents of the present invention
will be explained in detail with reference to the 10 acconpanyi ng
drawings. Fig. 1 is a schematic, exploded, gperspective view for expl aining
the major structure in an enbodi ment of the liquid ejecting head according
to the present invention. Fig. 1 is illustrated as omtting 15 an
orifice plate provided with ejection outlets. Fig. 2 is a sectional view
to show a portion of an ejection outlet and liquid fl ow paths as a ngj or
part of the |iqui dpepegeprgaltdan of Pupble, agnajsbgioa gpezgparti al ,
schematic drawing to show a najor part of the 20 qui d ejecting_head of
Fig. 1. In Figs. 1to 3, F@f§P§n§€eﬁﬁﬁ§r&Pvfnﬁégpgnﬁbéspﬁﬁté¥éﬁ§nvall
substrate in which heat generat el ements 2 arg rovi ded. as elgnents for
el ectr ot her mal trﬁﬁgdﬁBFlﬁﬁdPoWaégﬁpP§iﬁ&etﬁscPﬁ EﬁFheH@? byorg 4o8re
generating a bubble to_the

1.h d
wiring el ectrode £8T%SfoiR Bn épgﬁgfﬁﬁc%? gérﬁﬁfﬁ g%g?) é?ﬁ aLFrNe

5 herein means that the partition wall 5 and the side
walls of the second path portions 4 compose a single
member when the partition wall 5 is joined to the
element substrate 1, and, therefore, the material for
the partition wall and the material for the side walls

10 of the second path portions may be the same or
different from each other. Since in the present
invention the partition wall 5 and the side walls of
the second path portions 4 are formed in an integral
fashion, no gap possibly occurs between the partition

15 wall 5 and the side walls of the second path portions
4, thereby improving the yield of the liquid ejecting
head. When the partition wall 5 and the side walls of
the second path portions 4 are formed in an integral
fashion, fitting grooves for fitting of walls of the

20 first path portions may be formed in portions of the
partition wall 5 in contact with the side walls of the
first path portions. The formation of the fitting
grooves in the partition wall 5 enables the grooved top
plate 8 having the side walls of the first path

25 portions to be easily positioned relative to the
partition wall 5, and also presents the effect that

positional deviation can be reduced between the first



4

- 33 - like and patterned electric resistance layer (0.01 to 0.2 pmthick)
of hafnium boride (HB2), tantalumnitride (TaN), tantal um al um num (TaAl)
or the like constituting the heat generating elenments 2 on a 5 silicon
oxide [err] filmor silicon nitride (SIN) 42lamfor electric insulation and
t hermal accunul ation forned on the substrate of silicon or the like. The
heat generating el enment 2 generates heat when a voltage is applied to the
resi stance | ayer through the wiring 10 el ectrodes. A protection | ayer of
[err], SIN, or the like (0.1 to 2.0 pmthick) is provided on the resistance
| ayer (heat generpatmgpeithens 3)andtikemeveble riemberect iR thdd in
addition, an anti-cavitation |ayer 15, of tantalunl(Ta% or the like (0.1
to 0.6 [err] thi cyooeed gkopdplake Bnis cthppiatly t9%P dyenerating

element 2 fromvarious |iquids such as jipk. The d shock
gener at ed upon bubbl e gen%‘i’aﬂ"%nd%%‘ﬂr’c%ﬁ:i'%‘bs‘épiEl?%rceﬁ’g%%%h%njtrﬁg?gfﬁ%&gﬁe

a1 OF LS Bhe SEASNd LRDRLSGR o 4 24 6kt 1460 Srdapor 1n,

like is preferably; 1 the partition wall § and the side walls of the
second path portions 4 are integrally formed, thereby
discriminating it from the ordinary partition wall.

Next explained is an example of a method for
assembling the major part of the liquid ejecting head

10 according to the present invention.

Fig. 4 is an exploded, perspective view to show
the major part of the liquid ejecting head of the
present invention. In this example, the top plate 8 is
first fixed upside down and the grooved partition wall

15 5 having the movable members 6 is set on the top plate
8, using a vacuum pump. After positioning the
partition wall by micro fine adjustment, the grooved
partition wall 5 is fit in the top plate 8.

Next, using a splicing machine, positions of

20 the electrothermal transducers on the substrate 1 are
measured on an image obtained by a TV camera or the
like and a position of the top plate 8 to be bonded at
a prédetermined position is also measured on the image
as being moved, whereby positioning is achieved between

25 the electrothermal transducers formed in the substrate
1 and the ejection outlets 9. Then the top plate 8 and

substrate 1 are pressed to fit with each other by a



used as a, material for the anti-cavitation |layer. The protection |ayer on
the heat generating 25 el enment 2 may be omtted dependi ng upon the
conbination of liquid, liquid flow path structure, and resistance material.
The material for the resistance |layer nat 43 = 34 - requiring the
protection | ayer on the heat generating elenent 2, includes, for exanple,
iridiumtantalum alumnum (lr-Ta-Al) alloy or the like. Thus, the
structure of the heat generating 5 el enent in the foregoi ng enbodi nents
may include only the resistance |ayer (heat generating portion) between the
el ectrodes as desstraopexpriorg ndd24 ncl ude a protection layer for protecting
the resistance layer. In this enbodi nent, the heat generating el enment 10
Eas a heat generation porAnafhemsmigaing mafhad hetvweans thegh %P fdfdeaites
eat in response to the electric signal. Wthout having to he limted to
this, any means V19 e ruRstygts tlg&%aﬁ’%g'%ﬁiﬂpecé’%&?ﬁﬁo&‘ej © the

iauid in the st bALY POTL] Ol df1%s cddhll dt Ha® S8RGRRA P2t P
5 The top plate 8 is first roughly positioned on the
substrate 1 provided with an engaging groove into which
a flow path wall of the top plate 8 is fitted and the
top plate 8 is lightly and normally pressed from the
top. In this state, a signal is supplied to a

10 piezoelectric device in contact with a front bottom
surface of a base plate 101 so that the flow path wall
is fitted into the engaging groove to position the top
plate and the substrate 1. The piezoelectric device
for giving vibration (rectangular wave of about 5 kHz

15 in this example) to the substrate 1 vibrates in the
amplitude of approximately 1 uym. The time is about 1
second. After stop of vibration, they are secured to
each other by the stop spring 102 or by an adhesive or
the 1like.

20 Further, the first liquid chamber 10 and the
second liquid chamber 11 are sealed with a sealant as
surrounding them, thereby maintaining airtightness.

Next explained in detail is a method for
producing the partition wall in particular in the

25 liquid ejecting head of the present invention.

Fig. 5 is a schematic, perspective view to show

the grooved partition wall integrally incorporating the



heat generation portion may be in the formof a photothermal transducer
whi ch generates heat upon receiving |ight such as |aser, or a heat
generating el enent having the heat generation portion which 20 gener at es
heat upon receiving high frequency wave.- Ffhection el enents such as a
transistor, a diode, a latch, a shift register, and so on for selectively
driving the electrothermal transducer may also be integrally built in the
el ement substrate 1, in 25 addition to the el ectrothermal transducer
(heat generating elenent) conprised of the resistance |layer and the wiring
Qﬁ'éarg‘r

el ectrodes for sEHIYh fng ithe sideyyalls gfythe, secendRahince

| ayer, as described above. On the el enment substragte 1 provided with the
heat generating AFEM™S IFHIETY (1R é}&&?&sﬁ’t WIE?‘%T?% of aliquid

flow path in the bottom L@fqe.hgjr’né}ﬂem,@&em%%%g%r%srﬁo%ge@ el enent 2

Is formed in order to |et energy gener he "heat

generating el em%&ﬁ%&g«&ﬁ% ldrfi! |- mdHHDIE meneY & LS RGN RALD
portion 4 there i's provided the first
5 slit 6a in the grooved partition wall 5. Further, the
side walls of the second path portions are also
provided in the grooved partition wall 5 and the side
walls of the second path portions form second recesses
4a to be the second path portions.

10 Since this grooved partition wall 5 has the
integral arrangement of the partition wall and the side
walls of the second path portions, no gap will possibly
occur between the partition wall portion and the side
wall portions of the second path portions, which

15 reduces losses of ejection pressure and propagation of
the pressure into adjacent liquid flow paths, thereby
enabling to provide the liquid ejecting head excellent
in ejection characteristics. When this structure is
employed, the productivity of the liquid ejecting head

20 can be improved more than heretofore.

Further, it was difficult to form the fitting
grooves 5a for positioning of the walls of first path
portions in the partition wall because of insufficient
strength of the partition wall when the partition wall

25 was separately formed from the second path portions.
However, the integral structure of the partition wall

and the second path portions enables the fitting



path portion 3 of a liquid flow path in direct fluid 10 communi cati on
with the ejection outlet 9. The partition wall 5 formed of a material
having elasticity, such as a netal, a resin, or the like, is disposed
between the second path portion 4 and the4bi kst path portion 3, thereby
separating the second 15 path portion fromthe first path portion. A
projection space in the direction perpendicular to the surface where the
heat generating element 2 is fornmed (above the heat generating el ement 2)
inthe liquid flow paths (region Ain the first path 20 ortion and
region B in the geeonespaghtpobei §aTMAdFiy. the 9§°8ﬁe@jE€FF§ﬁlﬁPe§§ﬁ}e
generating region where the pressure for ejecting the liquid acts. The
liquid jet head 8f the present invention generates a bubble when the liquid
in the second path porti&gﬁis heat

and the pressure raised h9gPEYE d8$¥EEEEP§SHB%%h§2%£?§$§2ﬁ£%$gP§Legﬁghie
Py e € eChL0RRl 8RO BoeudRRLAL! PAkEULOR bA1) BELIBR ana” ¢RE -
5 side wall portions of the second path portions to be
made of a same material or of different materials. The
slits 6a in the partition wall portion can be formed by
electroforming or laser irradiation. Especially, when
the partition wall is formed by electroforming, the

10 slits 6a can be formed at high accuracy even when the
slits of partition wall are considerably thin.

Further, since the slits 6a are also formed at the same
time as productioﬁ of the partition wall, the process
can be simplified. Since the'thickness of the

15 partition wall can be controlled evenly when the
partition wall is produced by electroforming,
performance of each movable member can be uniform even
when the partition wall has a plurality of movable
members.

20 When the slits are made by laser irradiation, a
resin as well as a metal can be used as a material for
forming the partition wall.

The side wall portions of the second path
portion in the grooved partition wall can be made by

25 electroforming or etching. For simplifying the
process, the partition wall can be made by

electroforming of a matrix having a mold of the second



A novabl e:nenber 6 is formed in a cantil ever beam shape by slit in the
portion of the partition wall 5 located in this ejection pressure
generating region. 5 This novable menber 6 is forned in such an
arrangenent that a free end 6a thereof is 4®cated on the side of the
ejection outlet 9 (on the downstreamside in the fluid flow direction or on
the left side as facing Fig. 2) and a fulcrum 6b of the novable nenber 6 is
| ocated 10 on the side of a commn liquid chanber 10 to the first path
portions 3 and a common |iquid chanber 11 to the second path portions 4.
Since the |iquid%®ITng head of the present invention has the novable

menber 6 in the partiticnhéég Ofv%ﬂé f@gfﬁgaéuﬁijgaégégﬁééykiy'=s re

generating region B in the Second path portion, e nov e nenoer

operates to open jégé#eiﬂ%fig@éi Hehdd 'l RatdpIUd iHape ¥ d Hdfight

direction of the arrow I n Fi 2) by the pressure caused by bubble
generation of thecglhred |dipd 4 SKGwS oGPNchd AP AGA thd FBBElescri bed
bel ow. The material for formng the partition wall 5 having the novabl e
menmber 6 mays be agJEBErisl abashIgrgad st oS viilkae cfjadhestsTdss | i qui d
in the liquid flow paths, having elasticity enough to operate well as 25
t he nmovabl e nenbesroduckddsyr the reldotrmfommingf dridhe@5B is an enlarged

sectional view of the slits formed by the laser
irradiation. The tapered shapes of Figs.25A and 25B
have the following advantages. When the movable member

10 is displaced for a long time, an operation region of
the movable member may be deviated due to mechanical
fatigue (reduction of rigidity) in an X-direction or a
Y-direction as shown in Fig.25C. If the operation
region of the movable member is deviated,?the

15 durability of the movable member may be reduced.
However, the ends of the slits are tapered, the tapered
shape of the movablé member functions to correct the
deviation when the movable member operates as shown in
Figs.25C and 25D even if the operation region of the

20 movable member is deviated so that the durability of
the movable member can be improved. A taper angle a of
the slit ends varies in accordance with manufacturing
conditions. However, it is found that the above
advantage can be obtained if the taper angle is 2-45°

25 in a direction of the thickness of the movable member.
Preferably, the taper angle of the slit ends is within

a range of 5-15°.



slit. Preferabt e exanples of materials neeting these requirenments include
resin materials having high heat - 37 - resistance, high solvent

resi stance, and high noldability, nore particularly recent engineering
plastic resin materials such as pol yet hyl egie,- pol ypr opyl ene, pol yan de,

pol yet hyl ene terephthal ate, 5 mel am ne resin, phenolic resin, epoxy
resin, polybutadi ene, pol yurethane, polyetheretherketone, polyether
sul fone, polyallylate, polyimde, polysulfone, liquid crystal polyner

(LCP), and so on, chem cal conpounds thereof, or nmetals such as silicon 10
di oxi de, silicon nitride Spegidic netihpdss tfom nrpdugiag thengraeved al | oys
and chem cal conpounds thereof, or. materials coated with _titanium or gold.

The thi ckness of RaFFifEan wakt il e expdadnad,dfifghdthd el nghe

material and 15 confkﬂyration used fromthe standpoints that the
strength necessaF¥B4Sre partition wall 5 can be achi eved and that the

[“g"‘jg' Sm”e”ber 6 can opergle WSl N NS Hdlded iR HheH Whpdle &> PM
5 follow is a member that can be suitably incorporated in
the liquid ejecting head of the present invention.

The explanatory drawings for explaining
Examples 1 to 7 all are cross sections along the A-A'
plane in Fig. 5.

10 { Example 1)

Figs. 6A to 6H are schematic, sectional views
to show steps for producing the partition wall, as an
example of the method for integrally producing the side
walls of thé second path portions and the movable

15 members in the partition wall by two-stage
electroforming.

As shown in Fig. 6A, the SUS substrate 111
(8US~316 in this example) as a stainless steel
substrate was first coated with a resist 112a 4 pm

20 thick, and this resist was patterned in the shape
corresponding to the slit portion of movable member.
The resist 11l2a used was PMER P-AR900 (trade name,
available from Tokyo Ouka Sha). Exposure was carried
out using MPA-600 available from Canon Kabushiki

25 Kaisha, and exposure dose was 500 mJ/cm?. Development

was made using a developer, P-6G (trade name, available

from Tokyo Ouka Sha).



desirably.- 20 - The configuration of the slit may be either
rectangul ar as shown in Fig. 24A, tapered toward the fulcrumas shown in
Fig. 24B, or widened toward the fulcrumas shown in Fig. 24C. The
configuration of Fig. 24B facilitates the 4perati on of the novable 25
menber while the configuration of Fig. 24C i nproves the durability of the
novabl e menber. Wthout having to be limted to the above configurations of
the slit, the - 38 - slit in the present invention may be any that can
be positioned in the second path portion., If the bubble generation |iquid
is different fromthe ejctreln 8§ g¥nevaniriFigsd x@Br elgctrrplabing was

liquids is desired to be prevented, the width of the slit between, the
partition wall 5 ‘é‘?fc‘f%fcﬁEe %bgﬁo‘f’re‘%%lfeg IR YHRraf RETHEBYRTto form

a neni scus bet \Aeef%%%gsf.f@ c|)rll ig%%ﬁ,@ﬁ%g@,{ ﬂ)ﬁt rq{,tllé n Jeé%niﬂgbcm@m cation

between the two I : or “eXxanprl e, Supposi ng ubble géﬁg?ation
liquid is a liquigsl@Wwdd {He ¥heCOshtdiMindioitiké RulEGHLLOISPe Al t he
5 decrease material ZERO ALL (registered trade name,

available from WORLD METAL INC.), boric acid, a pit
prevention material NS-APS (trade name, available from
WORLD METAL INC.), and nickel chloride. The
electrolysis upon electroplating was established under

10 such conditions that the electrode was connected to the
anode, the SUS substrate 111 already patterned was
connected to the cathcde, the temperature of the
plating solution was controlled at 50°C, and the
current density was 5 A/dm®’. The first plating layer

15 113 formed on the substrate 111 by electroplating as
described comprises a plate member 113a to constitute
the partition wall, and movable members 113b in a
cantilever beam shape separated from the plate member
113a by the predetermined slit.

20 Next, as shown in Fig. 6C, the SUS substrate
111 was immersed in a palladium catalyst solution, and
thereafter a resist 112b was formed in the thickness of
10 ym on the SUS substrate 111. This resist was
patterned in the shape corresponding to the recesses

25 for the second path portions. The resist 112b used was
PMER P-AR900 (trade name, available from Tokyo Ouka

Sha). Exposure was made using MPA-600 available from



ejection liquid is a liquid having the viscosity of 100 or nore cP, the
slit of about 5 pmis enough to avoid m xture of the liquids, but a
desirable width is not 15 nore than 3 pm The configuration of the
second path portion 4 may be any configurad9on that can effectively
transmt the pressure caused wth generation of bubble to the novable
menber side. However, if the chanber (bubble 20 generati on chanber)
eructure S sugh that the second path portion 4 has a throat portion on
t he upstream si de of the heat generating el nt 2 (where the "upst
sihde" hrreaﬂs ﬁn u;ﬁﬁ’?%%n‘f%‘i"é%hi-‘gl KLghR 13 n‘%?eorﬁ’fé%s‘f’feqtﬁ%ﬁecﬁéeg%e#f@nde
through the heat 25, , generating elenent posj.tion. .the abl r.,. and
the first path pd™M{gh -3 ?J(?V pg}eé’& V55 SGrrdff S¥tadt gﬁét %Bﬁtehwg‘g%r%eegsure
upon bubbl e generatipn HOM . op owum [EHILY ERCARNY ddbidie LPA eam side
tron, u

of the second pai??pﬁﬁ pressure upon bubbl'e generation in the

second path port ijp%,ﬁg&a{h b&éﬁﬁ&{@[)%&;&wf%ﬁé ORGSR EHS ridiable

surroundi ngs, an e pressure can
5 members 113b of the first plating layer 113. The band

portions are portions to become the second path
portions 2 as second recesses.
After that, as shown in Fig. 6D, Ni-B based
electroless plating was carried out to form a film
10 approximately 3 um thick in exposed portions of the
first plating layer 113, and thereafter a plating layer
was grown in 7 um by the same method as the
electroplating described with Fig. 6B to form a second
plating layer 114. This plating step may be carried
15 out only by the Ni-B based electroless plating to form
the second plating layer 114 10 ym thick. The second
plating layer 114, formed on the first plating layer
113 by the plating step discussed, is integrally joined
in sufficient strength with the first plating layer
20 113.
After completion of the above plating, as shown
in Fig. 6E, the resists 112a, 112b were then removed
and the nickel plates of the first plating layer 113
and second plating layer 114 were stripped off from the
25 SUS substrate 111 by means of ultrasonic vibration or
the like to form the second recesses 116 to become the

second path portions and the movable members 117 in the



5 directed as concentrated to the novabl e nenber side, thereby achieving
hi gher ejection efficiency and ejection force. Wien the height of the
second path portion 4 is determ ned at such a value that a part of the
bubbl e 10 generated in the second path @O ti on 4 extends into the first
path portion, the ejection force can be inproved nore than in the cases
where the bubble does not extend into the first path portion 3. For the
bubble to extend into the first path portion 3 in this manner, 15 t he
hei ght of the second path portion 4 is desirably determ ned to be | ower

than the hei ght oP2FidtHRE N@%ﬂb EEHEeth&bt§ﬁ§épgl gaptgkethelagrghtSi s
desirably detern1n%€S|n thg of sever% err# ig 30 [err]. The first
path portions 3 if i haZ@ar 1EREnepBLL on outlets 9 are
provi ded above the partitign mall flrs at.h r 3 sare
formed by joining the par IPogﬁqmggF 056 Spoghgdw?%ggp§ gﬁg AE®Ei ch

first recesses 3a %%hb%%%%ﬁoh?urgkrﬁbsﬁéhﬁ %grbboﬁérﬁé8 Lgrend. Pl?%itlon

grooved top plate her "provi de an ori |ce pra havi ng

the ejectiongout! ghg19, ARILA &%&%ﬁ%rlg%hﬁcga 8ckbadifAgceamere for
supplying the liquid fo the liquid

follow;ng steps.

After the step of Fig 6E, as shown in Fig. 6F,
the substrate 111 stripped off at the step of Fig. 6E
was joined to the side of the second plating layer 114

10 of the nickel plate, and the stripped-side surface of
the nickel plate was coated with a resist 2 pum thick.
Then the resist was patterned to remove portions
thereof to become the grooves for positioning the walls
of the first path portions.

15 Then, as shown in Fig. 6G, the nickel plate was
etched to form fitfing grooves 119. The etchant used
may be ferric chloride, a mixture solution of nitric
acid, acetic acid, and acetone, or the like.

After that, as shown in Fig. 6H, the resist

20 112c was removed to form the second recesses 116 to
become the second path portions, the movable members
117 in the partition wall, and the grooves 119 for
positioning the walls of the first path portions, thus
obtaining the nickel plate 115 that can be used as a

25 partition wall. Here, reference numeral 118 in Fig. 6H
designates a recess for receiving a wall of a first

path portion in the top plate separately produced.



- 40 - paths. Since this liquid ejecting head is arranged so that the
second path portion being a portion for generating the bubble is separated
fromthe first path 5 portion in fluid comrunication with the ejection
outlet by the partition wall, the liquid Linsihe second path portion may be
different fromthe liquid in the first path portion. The present enbodi nent
shows the liquid ejecting head of the two-path structure which permts 10
different liquids to be used between in the second path portion and in the
first path portion. The top plate 8 has a first sup;#é_port 20 for supply

of the liquid into the fi r%in@@nm@nthiam%ambﬁm@e B edermed Yy port
21 for supplying the 15 quid into the second connnn I| |d chanber .
The second supply %kﬁ@t¥%fQEW#@QtQ%¢V%ﬁ%.EE#WR#H?%&*QR} R dthe

de the f | h | d
Communi cat 1 ng w { OTRPLeRPEE Dl | iR T Eh R art%'“"” Waish. S 20
t th_ the | d b t t t
communi catlon Pal NoddErd] f8 4l £hi §'BRLASElRiAd? ARG GRfEhOM T On can

be supplied to t he®
5 thickness of the partition wall 115 can also be

uniformly controlled.
{Example 2)
Figs. 7A to 7D are schematic, sectional views
to show steps for producing the partition wall as an
10 example for uniformly producing the side walls of
second path portions, the movable members, and the
grooves for positioning the walls of first path
portions by electroforming using a matrix.
Preliminarily prepared was a matrix 121 having
15 the second recesses to become the second path portions
as shown in Fig. 7A,
This matrix can be produced for example
according to the following steps.
As shown in Fig. 8A, a resist 112a
20 approximately 2 um thick was formed on the SUS
substrate 111 and the resist 112a was patterned by
photolithography to remove portions to become the
second path portions from an integral member for
partition wall. Then, as shown in Fig. 8B, exposed
25 portions of the substrate 111 were etched using a
mixture solution of alcohol, hydrochloric acid, and

hydrogen peroxide to form the second recesses to become



common |7 quid chanber without being mixed with the liquid to be supplied to
the first path portion. ‘The sizes, configurations, and | ocations of the 25
heat generating elenments 2 and novable nenbers 6 are not |limted to those
descri bed above, but they.may be determ reg82se as to effectively utilize
the pressure - 41 - upon generation of bubble as ejection energy. In the
present invention, the partition wall 5 and the side walls of the second
path portions 4 are formed in an integral fashion. The term"integral" 5
herein neans that the partition wall 5 and the side walls of the second
path portions 4 cthposecandi ngtk mrertépnghién the fepthtebmppreximatelyi ned
to the elenent subgstrate 1, and, therefore, the material for the partition
wal | and the matetPabmfor AERETstHBtNaPFsSROWR 1BfFiGe 8GcoHRe B8FLBbrti ons

b h | ff f h her. Si ' h
venti on the par LHERoHHAFEMSYERGERREOERHS GaPPECEE 17 COBORIFDA: E
portions 4 are fopged jp anatat 295 ahal 8341 BHe B8cGRR FOSSLELY. OCCUTS

bet ween the parti
5 Preparing the matrix 121, as shown in Fig. 7B,

a coating of-resist 112b 7 ym thick was then formed in
the bottom portions in the second recess portions in
the matrix 121, and this resist was patterned to form
portions corresponding to the slit portions for the

10 movable members.

Then, as shown in Fig. 7C, electroplating was
carried out in the same manner as in Example 1 to form
a nickel plating layer 113 approximately 5 pm thick
over the top surface of matrix 121 and the innerxr

15 surfaces of the second recesses.

Then, as shown in Fig. 7D, the resist 112b was
removed and the nickél plate comprised of the plating
layer 113 was stripped off from the matrix 121 to form
the second recesses 116 to become the second path

20 portions, the movable members 117 in the partition
wall, and the grooves 119 for positioning the walls of
the first path portions, thereby obtaining the nickel
plate 115 that can be used as a partition wall.

Since in this example the partition wall can be

25 formed by single electroplating by using the matrix
121, the step for forming the second recesses can be

eliminated, thus decreasing the number of steps.



15 - wall 5 and the side walls of the second path portions 4, thereby

I mproving the yield of the liquid ejecting head. Wien the partition wall 5
and the side walls of the second path portions 4 are forned in an integral
fashion, fitting grooves for fitting of wa$3s-of the 20 first path
portions may be fornmed in portions of the partition wall 5 in contact with
the side walls of the first path portions. The formation of the fitting
grooves in the partition wall 5 enables the grooved top plate 8 having the
side walls of the first path 25 portions to be eaS|Iy

0si toned
relative to the partiti orP¥RF® @S%nH‘aTEbsp‘?’é%‘%?& %f’f‘é%th%a’ihe

p05|t|onal devi ati on .c ween

b d b
portions 3 and t H&® %I%%%%?ﬁ% %:l%rpf%‘i %o?rveaejtebcbt’iﬂéqré“%‘QS
th | d fqt h
"greggSEdypgﬂo?tnl g%i iﬁﬁfé’%g%'ﬂ reé;l%enbgﬁ‘él);\ § tWivfﬂ h' (rabéparGt P?lrrgn
wal I 5 and the Siﬁé’ec‘!ﬂé By YonBfo BEEP th P Pridd t¥¥nthed eramj@cmilﬁhe

f or med, thereby crimnating it fromthe ordinary partition wal
thickness of the partition wall 15 can be unlformly

-

controlled.
(Example 3)
Figs. 9A to 9F are schematic, sectional views

to show steps for producing the partition wall as an

10 example for integrally forming the side walls of second
path portipns and the movable members in the partition
wall by performing two-stage electroforming with
different materials and forming the second recesses by
etching.

15 First, as shown in Fig. 9A, the resist 112a was
formed in the thickness of 5 uym on the SUS substrate
111, similarly as ih Example 1, and this resist was
patterned to form portions corresponding to the slit
portions for the movable members. The width of the

20 resist 112a for forming the slit portions may be
arbitrarily determined within the range of 0.5 to 1 pum.

Then, as shown in Fig. 9B, electroplating was

conducted to grow gold 5 ym thick as a first plating
layer 113 in exposed portions of substrate 111. The

25 plating solution used was potassium gold cyanidemand
potassium cyanide. Electrolysis upon electrodeposition

was effected under such conditions that the electrode



Next explained is an exanple of a nethod for assenbling the major part of
the liquid ejecting head 10 according to the present invention. Fig. 4

i s an expl oded, perspective viewto show the major part of the liquid

ej ecting head of the present invention. kn5#ghis exanple, the top plate 8 is
first fixed upside down and the grooved partition wall 15 5 having the
novabl e nmenbers 6 is set on the top plate 8, using a vacuum punp. After
positioning the partition wall by micro fine adjustnent, the grooved
partition wall 5 is fit in the top plate 8 Next, using a splici machi ne,
positions of 20 Wa?hEOEPEEFPGtWQrﬁgP enrafedutbes SR FHBS§EB§Fr&ig 1 are

nmeasured on an |na t ai ned V canera or _the osjtion of
the top plate 8 tB BgaggnB@&tgfxgng@ﬁeFQPﬂFﬁgﬁdpBglFbﬁnc?ggaagp &sur ed

on the imge as b L s_achi eved

t he el ectr ot her nal® 38ﬁ8§§%8r8 fEﬁggﬁgoﬁk%hggégg§§?3tgai sat ? ifesegglon
outlets 9. Then tpg Lgp Bhat end B0drsHRShEALSLy @LE BrRysEL. to fit with

each other by a
5 Next, as shown in Fig. 9C, electroplating was

carried out under the same conditions with the same
plating solution as in Example 1, on the surface of the
substrate 111 with the gold layer electroiytically
formed thereon as a first plating layer 113, so as to

10 grow a nickel layer 10 um thick as a second plating
layer 114.

Next, as shown in Fig. 9D, for forming the
second liquid flow paths, a resist 112b was formed on
the second plating layer 114, and patterning by

15 photolithography was carried out to remove the portions
fo become the second path portions.

Then, as shown in Fig. 9E, exposed portions of
the second plating layer 114 were etched using the
etchant, either ferric chloride or the mixture solution

20 of nitric acid, acetic acid, and acetone to form
recesses in the depth of approximately 10 pm. These
recesses become the second path portions 116. Since
gold of the first plating layer is insoluble in the
etchant, only the second plating layer is etched.

25 Accordingly, the depth of the recesses to become-fhe
second path portions can be controlled by the thickness

of the second plating layer, which permits high-



stop spring 102. Another splicing nethod between the top plate 8 and the
substrate 1 is exciting top connection. The "exciting top connection" is
carried out as follows. 5 The top plate 8 is first roughly positioned on
the substrate 1 provided with an engagi ng §boeve into which a fl ow path
wal | of the top plate 8 is fitted and the top plate 8 is lightly and
normal |y pressed fromthe top. In this state, a signal is supplied to a 10
pi ezoel ectric device in contact with a front bottom surface of a base plate

101 so that the flow path wall is fitted into the engag groove to
bosi t1on the top PRORESGRATORBALEAR! Ph Bhe SSRARyi 2ta| BOTFIESevi co f or

i vi i brat i I f_ab h le) t
The cubstraie 1 vibrat oo FRAPRET Al PHGR GHS %wbi%t%rr@ G R e
|s about 1 second, %t&&d Qﬂbo&ei‘%b%hb\?&d %ﬁef’?ﬁﬁetﬁgoé&?&é %é@&@sé’é ner

by the stop spring an adhesrve or

Further, the fi rsilé'ﬁ':”ﬂe&&‘ﬂgbﬁﬁelgeﬁzﬂd i ddl Bt CERERSvdr1 8T ©

sealed with a sealant as surroundi ng ere y mal nt al ni ng

airtightnesss Nexhef¥&tsi 1e7 iR eﬁéapartﬁtfomm drd Prerhied Nfehber
partition wall in particular in the
comprised of the first plating layer 113 and the second
plating layer 114 was striped off from the SUS.
substrate 111, thereby obtaining the nickel plate 115
that can be used as a partition wall.

10 : Since the present example allows an expensive
metal with a small Young's modulus to be used as a
material for forming the movable members 117 in the
partition wall 115 obtained by electroforming of two
types of metals, the durability can be improved.

15 (Example 4)

Figs. 10A to 10E are schematic, sectional views
to show steps for forming the partition wall as an
example for integrally forming the side walls of second
path portions and the movable members in the partition

20 wall by electroforming and dry film. First, as shown
in Fig. 10A, the portions corresponding to the slit
portions of the movable members were formed on the SUS
substrate 111 in the same manner as in Example 3. The
width of the resist 1l2a for forming the slit portions

25 can be arbitrarily determined within the range of 0.5
to 1 um.

Then, as shown in Fig. 10B, electroplating was



25 -liquid ejecting head of the present invention. Fig. 5 is a schematic,
perspective view to show the grooved partition wall integrally
i ncorporating the - 44 - partition wall and the side walls of the second
path portions according to the present iAveat+on. In Fig. 5 nuneral 5

denotes the grooved partition wall,

slit 6a in the grooved partition wall 5. Further, the side walls of the

second path portions are also provided in the grooved partition wall

the side walls of the second Eath ortions fgrn]seco d reégs es 4a to be
e

the second path p&Rr¥Fipd.oud

has the integral
t he second path

wal | portion and
15 reduces | os

I nt o adj acent

o grow a niged 1RYRTr o7 e

On pres

%{)%%%H%Baﬁgékei hgh £BYngeab! 4 NGt Pr @yt Aeadd andtami g

ej ecting head exce

5

10

15

20

25

ZERO ALL (registered trade name, available from WORLD
METAL INC.), boric acid, a pit prevention material NS-
APS (trade name, available from WORLD METAL INC.), and
nickel chloride. The electric field upon
electrodeposition was established under such conditions
that the electrode was connected to the anode, the SUS
substrate 111 already patterned was connected to the
cathode, the temperature of the plating solution was
controlled at 50 °C, and the current density was 5
A/dm?. The first plating layer 113 thus formed on the
substrate 111 by electroplating comprises a plate
member 113a for forming the partition wall, and the
movable members 113b in the cantilever beam shape
separated by the predetermined slit from the plate
member 1l13a.

Next, as shown in Fig. 10D, a dry film 114 10
pm thick was placed on the electroformed surface, and
patterning by photolithography was carried out to form
recesses to become the second path portions.

Then, as shown in Fig. 10E, and the resists
112a and 112b were removed therefrom to form the.second
recesses 116 to become the second path portions and the

movable members 117 in the partition wall and the plate

5 and
Y of th = $ t$%idn wal |
[range 0 e iti [ I
p }¥?Bg§£§ﬁbn%abaxffFf%%sé?ggﬁggﬁ%%ﬁggg%ﬁég%ugﬁém%%rfi?{on
%Qgsg#ggem?%i.po&ﬁéoéfaginéh oPGELOH RAld {10 Songi Ch
Jec

ur € and propagation of the pressure

and a novable nenber 6 is formed by a 5

5



In ejection characteristics. Wien this structure is enployed, the
productivity of the liquid ejecting head 20 can be inproved nore than
heretofore. Further, it was difficult to formthe fitting grooves 5a for
positioning of the walls of first path pottspns in the partition wall
because of insufficient strength of the partition wall when the partition
wal | 25 was separately forned fromthe second path portions. However,
the integral structure of the partition wall and the second path portions
enabl es the flttlng - 45 - grooves 5a to be forned in the grooved
partition wall 5. MHEOYKF RUWRFIRAieF othewafirst @latiang iaar 1 and drhe

permts the partlt on tion and, the 5 I de wal | _portions of t he
second path porti t%\ﬂd% f?a‘{jé”%ﬁ' Steipred s | “brtl'tﬁ 3 rhtra

t I Th lits; 6 t t b
g}aegi Ir gf zr m ng zr I]llztls’e?tﬂdrkr agc}?t%)ﬁ[ éﬁe@‘*‘f&%& e%g;;guta{?rﬁggal\lfx%l | is
formed by el ect roflcgégrpg,wﬁj{& Gn belddes 68 %'bé}%lfﬁr&?%ﬂl high accuracy

even when the
5 Since in this example the side walls of the

second path portions can be produced by patterning of
the dry £fiim, the partition wall can be produced easier
than in Example 1. Since the nickel plate and the dry
film are adhered to each other by adhesion of the dry

10 film itself, no gap will appear between the partition
wall portion and the portions of side walls of second
path portions.

Since in this example the slits for movable
members 117 are formed by electroforming similarly as

15 in Example 1, the slit width can be precisely
controlled within the predetermined range and the
thickness of the paitition wall 15 can be uniformly
controlled.

(Example 5)

20 Examples 1 to 4 showed the methods for
producing the slit portions by electroforming, whereas
the present example shows an example for forming the
slits by laser.

Figs. 11A to 11Pp are schematic, sectional wviews

25 to show steps for producing the partition wall aé an
example for integrally forming the side walls of the

second path portions and the movable members in the
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slits of partition wall are considerably thin. Further, since the slits 6a
are also forned at the sane tine as production of the partition wall, the
process can be sinplified. Since the thickness of the 15 partition wall
can be controlled evenly when the partitiorggwl |l is produced by

el ectrof orm ng, performance of each novabl e nmenber can be uniform even when

the partition wall has a plurality of novable nenbers. 20 When
the slits are made by laser irradiation, a resin as well as a nmetal can be
used as a material for formng the partition wall. The side wall portions

of the second pat ipgsritiom ivalhdyriammidgaie t9ldt \perticms il thadassr 25
el ectroformng or etching. For sinplifying the process, the partition wall
can be nmade by el &nd Frming e ﬁ%#@%imt&qﬁﬁ Pyvofetglingecond -
46 - recess. Ends of the sljts nmade hy el ectroform_ng or |aser irradiation
has an R-tapered shape or@??ﬁ?eﬂ%ﬁns own in Fig. 11A, a nickel plate 129

15 pm thick to become a partition wall was prepared,

5 and a mask 120 having slits in the width corresponding
to the width of the slit between the partition wall and
the movable member was located relative to the nickel
plate 129. After that, irradiation with YAG laser was
carried out to form fine recesses 119a. A laser

10 irradiating apparatus used was LUl100 available from
Hitachi Kenki, and the irradiation was carried out for
one second at the pulse energy of 5 J/cm?, the pulse
width of 1 ms, and 300 Hz. The mask 120 used may be a
perforated mask of nickel or a glass mask.

15 Next, as shown in Fig. 11B, the SUS substrate
111 was joined to the laser-irradiated surface of the
nickel plate 129, and thereafter, for forming the
second path portions on the surface opposite thereto, a
coating of resist 112a 2 pm thick was formed by the

20 photolithography technology and portions to become the
second path portions were removed by patterning by
photolithography.

Then, as shown in Fig. 11C, etching was
effected in the depth of approximately 10 pm to form

25 the second recesses to become the seéond path poftions
in the exposed portions of the nickel plate 129. The

etchant used was ferric chloride or the mixture



t apered shape -as shown in the Figs.25A and 25B. 5 Fig.25A is an enl arged
sectional view of the stits produced by the electroform ng and 25B is an
enl arged sectional view of the slits formed by the laser irradiation. The
tapered shapes of Figs.25A and 25B have 1hggfoll ow ng advantages. Wen the
novabl e menber 10 Is displaced for a long tine, an operation region of
the novabl e nmenber nay be deviated due to mechanical fatigue (reduction of
rigidity) in an X-direction or a Y-direction as shown in Fig.25C If the
operation region of the novable nenber is deviated, the 15 durability of
t he novabl e nenbesohmyidre ofdutexdic Haokd eracetic arlid ofandacgtore ar e
tapered, the tapered shape of the novabl e nenber functions to correct the
devi ati on when the novablBhemntes shewntin Bigshblihy i therizpsisic bire M5
even if the operation region of the 20 novabl e menber_is deyi ated so

t]tlat ht heI dur abi | i xgmeyed Heo @ btke aser - terpdiatesh IFPcan b e angl e a
of the slit ends varies in accordance with mapnufacturing congdifions.
Hovvleve_r, i2t i s foukehRlate %%W%ﬁ%t@ﬁb%%%%@éf t he taper
angle is 2-

25 ' di ' f_th hi
Preferably, A“?She t%‘blé?lgﬁ% L{ﬁft%’g‘g g’?‘f‘%‘ gtﬁt sé%&%ftsﬂ%\e aél%a%\éég#&;rﬁg?er-

become the second path portions and the movable members

117 in the partition wall, thereby obtaining the nickel
plate 115 that can be used as a partition wall.

The material for forming the partition wall in

10 the present example may be selected from copper, brass,
molybdenum, niobium, titanium, tungsten, or alloys
thereof, which can be well processed, in addition to
nickel. The present example permits a resin to be used
as a material for forming the partition wall, for

15 example plastics such as ABS, polysulfone,
polycarbonate, polyacetal, liquid crystal polymer, and
so on, which can be processed well. However, because
it is difficult to etch the resins, though processing
with laser is easy therewith, it is preferred to

20 process both the second path portions and movable
members with laser.

Since the present example used the laser and
etching for processing, the partition wall 115 can be
easily produced in the precise dimension. The present

25 example also permits the resin to be used as a material
for the partition wall.

(Example 6)



- 47 --Speaific nmethods for producing the grooved partition wall will be
expl ai ned using the follow ng exanples. The partition wall obtained in each
exanple to 5 followis a nmenber that can be suitably incorporated in the
liquid ejecting head of the present inventigg. -The expl anatory draw ngs for
explaining Exanples 1 to 7 all are cross sections along the A-A plane in
Fig. 5. 10 (Example 1) Figs. 6A to 6H are schematic, sectional views to
show steps for producing the partition wall, as an exanple of the nethod
for integrally producing the side walls of the second path portions and the
nmovabl e 15 menbers in tFéggar12ai ba haP| abg schemabie, cbectional nvhgwsAs
shown in Fig. 6A, the SUS substrate 111 (SUS-316 in this exanple) as a
stai nl ess steel sub3tfhee §#h8prsi for pradugingthhe pastitian mall ps oan

thick, and this resist s _patterned in the shape
exampyg for integrally forming the side walls of the

second path portions and the movable members in the
5 partition wall by forming the slit portions with laser
and forming the second path portions by etching.
First, as shown in Fig. 12A, a nickel plate 129
15 pm thick to become the partition wall was prepared,
and the SUS substrate 111 was joined to the bottom
10 surface of the nickel plate 129. After that, for
forming the second path portions on the surface
opposite thereto, a coating of resist 112a 2 um thick
was formed by the photolithography technology, and
patterning by photolithography was carried out to
15 remove the portions to become the second path portions.
Then, as shown in Fig. 12B, etching was
conducted in the debth of approximately 10 ym to form
the second recesses to become the second path portions
in the exposed portions of the nickel plate 129. The
20 etchant used was ferric chloride or the mixture
solution of nitric acid, acetic acid, and acetone. The
nickel plate 129 was stripped off from the SUS
substrate 111.
Then, as shown in Fig. 12C, a mask 120 having
25 slits in the width corresponding to the width of.the
slit between the partition wall and the movable member

was located relative to the top surface of the nickel



corresponding to the slit portion of novable nenber. The resist 112a used
was PMER P- AR900 (trade nanme, avail able from Tokyo Quka Sha). Exposure was
carried out using MPA-600 avail abl e from Canon Kabushi ki 25 Kai sha, and
exposure dose was 500 mJ/[err]. Devel opnregty was nmade using a devel oper,
P-6G (trade nane, avail able from Tokyo Quka Sha). - 48 - Then, as shown
in Fig. 6B, electroplating was conducted to grow nickel in 5 pmas a first
plating layer 113 on the substrate 111. The plating solution used was the
one contai ning nickel sulfamate, a stress 5 decrease material ZERO ALL
(registered tradepiate 12%i leald dhereafterR DrvEdABRtiNG, Witho¥AE deseér a pit
prevention material NS-APS (trade nane, available from WORLD METAL | NC. ),
and ni ckel chl ori ¥&s vRETdedcoud Fhroughoihe sddttspint thg Rasked€QvitPshed

under 10 such conditions that the el ectrQde was. connected to the anode,
the SUS substrat e foTR épﬁb&ﬁyaB&Ft@Pﬁ@ﬁrﬁaéggoﬁﬁe&?&chB%PEEVEQt 82 the

temperature of the,plating 59! Ylonae 4994 Qhked 2h PReebbkeod"BakhS
5 of the second recesses in the nickel plate 129. The

laser irradiating apparatus used was LU100 available

from Hitachi Kenki, and the irradiation was carried out

for one second at the pulse energy of 5 J/cm? +the pulse

width of 1 ms, and 300 Hz. The mask 120 used may be a
10 perforated mask of nickel or a glass mask.

Next, as shown in Fig. 12D, the substrate 111
was stripped off from the bottom surface of the nickel
plate 129, and the resists 112a and 112b were removed
to form the second recesses 116 to become the second

15 path portions and the movable members 117 in the
partition wall, thereby obtaining the nickel plate 115
that can be used as a partition wall.

Since this example used the laser and etching
for processing, the partition wall 115 can be easily

20 produced in the precise dimension.
(Example 7)

Figs. 13A to 13D are schematic, sectional views
to show steps for producing the partition wall as an
example for integrally forming the second liquid flow

25 paths, the movable members in the partition wall;.and
the grooves for positioning the first liquid flow paths

by using the matrix and performing electroforming and



current density was 5 A/[err]. The first plating | ayer 15 113 forned on
the substrate 111 by el ectroplating as descri bed conprises a plate nenber

113a to constitute the partition wall, and novable menbers 113b in a
cantilever beam shape separated fromthe.pate nmenber 113a by the
predetermned slit. 20 Next, as shown in Fig. 6C, the SUS

substrate 111 was imersed in a palladiumcatal yst solution, and thereafter
a resist 112b was forned in the thickness of 10 pmon the SUS substrate
111. This resist was patterned in the shape corresponding to the recesses
25 for the sechagepaplopessings. The resist 112b used was PMER P- AR900
(trade nane, available from Tokyo Quka Sha). Exposure was nade, us

MPA- 600 available from Firss,. agasbawRabdsFid: kﬁﬁshﬁheaﬁﬂt¥ﬁ§ é%gosure
dose was 1200 mi/[err]. Devel opnent was carried out T Sane_manner as
in the step shownPrAApFgd &R eSnglg?tTﬁgbaﬁa%nf5¥ﬁ@B n“efBfigat e band

portions including the vab menbe s 113b irst plating | ayer
113. The band poPTPBAL® B§ ?Pﬁﬁs f8 B 889elph lgéc é “pat h

5 electroplating was carried out in the same manner as in
Example 1 to form a nickel plating layer 113
approximately 5 pm thick over the top surface of the
matrix 121 and the inner surfaces of first recesses.

Then the nickel plate of the plating layer 113

10 was stripped off from the matrix 121, and, as shown in
Fig. 13C, a mask 120 having slits in the width
corresponding to the width of the slit between the
partition wall and the movable member was placed
relative to the plating layer 113 of the matrix 121.

15 After that, irradiation with YAG laser was carried out
in the same manner as in Example 5 through the slits of
the mask 120 to form the portions to become the movable
members in the cantilever beam shape in the bottom
portion of the plating layer 113.

20 Formed in this manner were the second path
portions 116, the movable members 117 in the partition
wall, and the grooves 119 for positioning the walls of
the first path portions, thereby obtaining the nickel
plate 115 that can be used as a pértition wall.

25 Since this example uses the matrix similérly as
in Example 2, the number of steps can be reduced.

Since the nickel plate to become the partition wall 115



portions 2:-as second recesses. After that, as shown in Fig. 6D, N -B based
el ectroless plating was carried out to forma film 10 approximately 3 pm
thick in exposed portions of the first plating layer 113, and thereafter a
plating layer was grown in 7 pmby the sam®3ret hod as the el ectroplating
described with Fig. 6B to forma second plating | ayer 114. This plating
step may be carried 15 out only by the Ni -B based electroless plating to
formthe second plating layer 114 10 pmthick. The second plating | ayer

114, formed on the first plating Iayer 113 by the plating step di scussed,

is integrally JOlﬁédPFﬁd§GPﬂ|@Wéﬂ:QﬂﬁﬁQﬁ?ﬂWlwﬂthtPﬁetPF PeﬁﬁaPFnﬁhPayer 20
113. After conpletion, of the ahove plating, as shown_i

resists 112a, 11298%§F§19ﬁeﬂaﬁgn&9§ o HP&?QF”&VaP@sgSPtFﬁélﬁprst

| at I 113 t 114 t ff fromthe
D™ " st A BIEPEiED il P BYEbIR GelRERIPh RBR0AAL | Lo
formthe second recesses Agﬁdggcmgﬁe15h%hae%eag8§ha BRHbE2REARNT the

novabl e nmenbers 117 in the
5 according to the present invention, by the structure

having the movable member described above, the liquid
can be ejected at higher ejection force or ejection

efficiency than the conventional liquid ejecting head.
When the same liquid is used for the bubble generation

10 liquid and the ejection liquid, it is possible that the
liquid is not deteriorated, and that deposition on the
heat generating element due to heating can be reduced.
Therefore, a reversible state change is accomplished by
repeating the gassification and condensation. So,

15 various liquids are usable, if the liquid is the one
not deteriorating the liquid flow passage, movable
member of separation wall or the like.

Among such liquids, the one having the
ingredient'as used in conventional bubble jet device,

20 can be used as a recording liquid.

The liquid ejecting head obtained according to
either one of the methods in the above examples permits
use of different liquids as an ejection liquid and as a
bubble generation liquid and can eject the ejection

25 liquid by the pressure raised with generation of.a
bubble in the bubble generation liquid. With the

conventional liquid ejecting heads, a high-viscosity



- 50 - partitieon wall, thereby obtaining a nickel plate 115 that can be
used as a partition wall. Grooves for positioning the walls of the first
path portions, if desired to be fornmed in the partition 5 wal |, can be
further produced according to the fol | owirn§4steps. After the step of Fig
6E, as shown in Fig. 6F, the substrate 111 stripped off at the step of Fig.
6E was joined to the side of the second plating |ayer 114 10 of the

ni ckel plate, and the stripped-side surface of the nickel plate was coated

i th ist 2 t.hick, Th t d,.t
Egrtign;efLZreof[ﬁé ééoﬁchh85858§VE§ Fnﬁog ?F%E h Pﬁgtmgpﬁgng¥ethe

first path portio?ﬁff&éle ttPubble §§§%§a%%8§h%he e?é%hg?pg 85Q§0H|8§e|

plate was etched orm I'ng gr han
ferric chloride, ﬁegkxgﬂﬁehﬁﬁlthﬁ?fQElghEréSe@%ign ?Bﬁ&éc aﬁhdcoﬁﬂgast

acetone, or the Itke. After that, as shown in Fig. 6H, the resist 20
112c was renoved wtiuowtl%ﬁesgaguddr éﬁé&%@.ﬁglﬂa@ahooheﬁﬁé”epiﬁ@eﬁeCOnd pat h
portions, the novable nmenbers 117 in the partition wall, and the grooves

119 for posibi oni agveheionl tanokjebe Gubht aphtighpoibtosityt biiquid well
in such a manner that the high-viscosity liquid is
supplied to the first liquid flow path and a liquid
easy to generate a bubble (a mixture solution of
ethanol and water at 4:6 having the viscosity of

10 approximately 1-2 cP or the like) is supplied as a
bubble generation liquid to the second liquid flow
path. Further, sincé the structure of the liquid
ejecting head of the present invention involves the
effects as explained in the foregoing examples, the

15 high-viscosity liquid can be ejected at further high
ejection efficiency and high ejection pressure.

In the case of a liquid weak against heat being
used, if this liquid is supplied as an ejection liquid
to the first liquid flow path and a liquid easy to

20 generate a bubble and resistant to heat is supplied to
the second liquid flow path, the liquid can be ejected
at the high ejection efficiency and high ejection
pressure without thermally damaging the liquid weak
against heat.

25 When the two-flow-path structure of the pfesent
invention is used with different ejection liquid and

bubble generation liquid, the bubble generation liquid



obt ai ni ng:the nickel plate 115 that can be used as a 25 partition wall.
Here, reference nuneral 118 in Fig. 6H designates a recess for receiving a
wal | of a first path portion in the top plate separately produced. 51 -
Since in this exanple the slit is formed-b$§Setectrof orm ng between the
partition wall 115 and the novable nmenber 117, the slit width can be
precisely controlled within a predeterm ned range and the 5 t hi ckness of
the partition wall 115 can also be unifornmy controlled. (Exanple 2) Figs.

IA 101D 2re, PeheRRGy SRSLuRngk AbaNE ko pbal epestaBhotigka (e

partition wall as e rouni p uci ng e Stde walls

of econd path PopLie9sy1bheyDYAD! ExBREDELS1pATMaLle AEORNESL! Obthanol,

positioning the _ 0 f path por I ons ectroformng using a
matrix. Prelim ”aﬁL%i‘oB{rEpéﬁ.éQhMS §s&?£6b§=l 121chRdi NdnIBexané he second

recesses to become tThe second path portions as shown in Fig. 7A
n-heptane, n-octane, toluene, xylene, methylene
5 dichloride, trichloroethylene, Freon TF, Freon BF,
ethyl ether, dioxane, cyclohexane, methyl acetate,
ethyl acetate, acetone; methyl ethyl ketone, water, and
a mixture thereof.
As for the ejection liquid, various liquids are

10 usable without paying attention to the degree of bubble
generation property or thermal property. The liquids
which have not been conventionally usable, because of
low bubble generation property and/or easiness of
property change due to heat, are usable.

15 However, it is desired that the ejection liquid
by itself or by reaction with the bubble generation
liquid, does not imﬁede the ejection, the bubble
generation or the operation of the movable member or
the like.

20 The ink of the following ingredient was used as
the recording liquid usable for both of the ejection
liquid and the bubble generation liquid, and the
recording operation was carried out. Since the
ejection speed of the.ink is increased, the shot

25 accuracy of the liquid droplets is improved, and_
therefore, highly desirable images were recorded.

Dye ink viscosity of 2cp



This matrix can be produced for exanple according to the foll owm ng steps.
As shown in Fig. 8A a resist 112a 20 approximately 2 [err] thick was
fornmed on the SUS substrate 111 and the resist 112a was patterned by
photol i t hography to renove portions to beconme the second path portions from
an integral nmenber for partition wall. Then, as shown in Fig. 8B, exposed
25 portions of the substrate Il were etched using a m xture sol ution of
al cohol, hydrochloric acid, and hydrogen peroxide to formthe second
recesses to becone - 53c. i.heosac piddravh) geetions in the deptth &f
approximately 10 pm After that, as shown in Fig. 8C, the resist 112a was
renoved to obtain a matridibthydemer igdgdodf the substrate 1110h#i-nd t he
second recesses. 5 Preparing the matrix 121, as shown in Fig.
7B, a coating of resist 1TPHo7dgwlyisiodk was then formed in th& B&tt dm
portions in the second recess portions in the matrix 121, and this resi st
was patterned to form por Etdesnodorresponding to the slit port?oW§'f5r t he

5 Water . 77 wt. %
Recording operations were also carried out
using the following combination of the liquids for the
bubble generation liquid and the ejection liquid. As a
result, the liquid having a ten and several cps
10 viscosity, which was unable to be ejected heretofore,
was properly ejected, and even 150cps liquid was
properly ejected to provide high quality image.
Bubble generation liquid 1:
Ethanol 40 wt. %
15 Water 60 wt. %
Bubble generation liquid 2:
Water 100 wt. %
Bubble generation liquid 3:
Isopropyl alcoholic 10 wt.
20 Water 90 wt. %
Ejection liquid 1:
(Pigment ink approx. 15 cps) .
Carbon black 5 wt. %
Stylene-acrylic acid-acrylate ethyl
25 copolymer (oxide 140,

weight average molecular weight 8,000)



10 . novabl e -nenbers. Then, as shown in Fig. 7C, electroplating was
carried out in the sane manner as in Exanple 1 to forma nickel plating
| ayer 113 approximately 5 pmthick over thgstop surface of matrix 121 and

the i nner 15

surfaces of the second recesses. Then, as shown in Fig. 7D,

the resist 112b was renoved and the nickel plate conprised of the plating
| ayer 113 was stripped off fromthe matrix 121 to formthe second recesses
116 to becone the second path 20 portions, the novable nmenbers 117 in
the partition wall, aMdnbhetbhanoleamih® for positioning t@e2bawts &f the
first path portions, thereby obtaining the nickel plate 115 that can be
used as a partition wallyceSince in this exanple the partf?iwh-wll|l can be

25 formed by single electroplating by using the matrix_121,

forming the second refbioddgdsaobe elininated, thus decreds¥hg Fhe nunber

of steps.

53 - Since also in this exanple the slits go&tthg novabl e

nmenbers 117 are produ&&B@BPlel ectrof or ni ng

5

10

15

20

25

Water 16775 wt. %
Ejection liquid 2 (55cps):

Polyethylene glycol 200 100 wt. %
Ejection liquid 3 (150cps):

Polyethylene glycol 600 100 wt. %

In the case of the liquid which has not been
easily ejected, the ejection speed is low, and
therefore, the variation in the ejection direction is
expanded on the recording paper with the result of poor
shot accuracy. Additionally, variation of ejection
amount occurs due to the ejection instability, thus
preventing the recording of high quality image.
However, according to the embodiments, the use of the
bubble generation liquid permits sufficient and
stabilized generation of the bubble. Thus, the
improvement in the shot accuracy of the liquid droplet
and the stabilization of the ink ejection amount can be
accomplished, thus improving the recorded image quality
remarkably.
<Liquid ejection head cartridge>

The description will be made as to a liquid
ejection head cartridge having a liquid ejecting head

according to an embodiment of the present invention.

the step for



simlarly as in Exanple 1, the slit width can be precisely controlled in
the predeterm ned range and the 5 t hi ckness of the partition wall 15 can
be uniformy controlled. (Exanple 3) Figs. 9A to 9F are schenati c,

sectional views to show steps for producihggg he partition wall as an 10
exanple for integrally formng the side walls of second path portions and

t he novabl e nmenbers in the partition wall by perform ng two-stage

el ectroformng with different materials and form ng the second recesses by
etching. 15 First, as shown in Fig. 9A the resist 112a was
formed in the thickness ofFJ'EQ-[ &4]1%mts@%mmmmmp§rsgeﬁﬁmy as
in Exanple 1, and this resist was patterned to formportions correspondlng

to the slit porti ofiew & thel IBiighiad andrinn heathcagtgikias ingduding thesj st
112a for formng t sli ortiopn be arbitrarily determne thln t he
range of 0.5 to 1%&9"&' eﬁﬁf'é‘?ftb Sls‘rﬂi‘éﬁ’ g9 a5 ngBedd. e A1, hﬁqﬁtﬁ
conducted to grom/ rr]. thi a flrst Iatln er
exposed portions o q:ds rg 31 Jdl %ﬁigas comP n&e"% l?ti)i élguwgs
pot assi um golgd cy |_eGt.r |

5. cyyLa apf M@%%M&V %dj%ndf CithQJﬂéS contiher 80.

el ectrodeposition
The liquid ejecting head portion 200 comprises

an element substrate 1, a separation wall 30, a grooved
member 50, a confining spring 78, liquid supply member
90 and a supporting member 70. The element substrate 1

10 is provided with a plurality of heat generating
resistors for supplying heat to the bubble generation
ligquid, as described hereinbefore. A bubble
generation liquid passage is formed between the element
substrate 1 and the separation wall 30 having the

15 movable wall. By the coupling between the separation
wall 30 and the grooved top plate 50, an ejection flow
path (unshown) for fluid communication with the
ejection liquid is formed.

The confining spring 78 functions to urge the

20 grooved member 50 to the element substrate 1, and is
effective to properly integrate the element substrate
1, separation wall 30, grooved and the supporting
member 70 which will be described hereinafter.

Supporting member 70 functions to support an

25 element substrate 1 or the like, and the supporting

member 70 has thereon a circuit board 71, connected to

the element substrate 1, for supplying the electric



was effected under such conditions that the el ectrode - 54 - was
connected to the anode, the SUS substrate 111 already patterned was
connected to the cathode, the tenperature of the plating solution was
controlled at 65 [err], and the current der&dty was 3 Al[err]. 5

Next, as shown in Fig. 9C, electroplating was carried out under the sane
conditions with the sane plating solution as in Exanple 1, on the surface
of the substrate 111 with the gold |layer electrolytically formed thereon as
a first plating layer 113, so as to 10 grow a ni ckel |ayer 10 pn1th|ck

as a second pl ati “a%/]e themetqe,and Lontagth Ris7¢ 63 W HisHgate
second liquid flo at reS|st 12b, was for, t@ seco atln

| ayer 114, and pa%lg&}'}ﬁ%{g"%ﬁ %h%t%?‘f’t%gﬁ’%fg\ﬁé‘s geiol
remove the pOI‘tIO%‘{ cgpe”_%easp} E[c}q‘#)ath portions. Then, as shown in
Fig. 9E, exposed portions 0 con ating layer 114 were etched using
the etchant, either ferricnghlorddes Q{oﬁ%x{aﬁw Sottlais®%he ejection

5 liquid such as ink to be supplied to the liquid

ejecting head and the bubble generation liquid for
bubble generation, separately. The outside of- the
liquid container 90 is provided with a positioning
portion 94 for mounting a connecting member for

10 connecting the liquid ejecting head with the liquid
container and a fixed shaft 95 for fixing the
connection portion. The ejection liquid is supplied to
the ejection liquid supply passage 81 of a liquid
supply member 80 through a supply passage 81 of the

15 connecting member from the ejection liquid supply
passage 92 of the liquid container, and is supplied to
a first common liquid chamber through the ejection
liquid supply passage 83, supply and 21 of the members.
The bubble generation liquid is similarly supplied to

20 the bubble generation liguid supply passage 82 of the
liquid supply member 80 through the supply passage of
the connecting member from the supply passage 93 of the
liquid container, ana is supplied to the second liquid
chamber through the bubble generation liquid supply

25 passage 84, 71, 22 of the members.

In such a liquid ejection head cartridge, even

if the bubble generation liquid and the ejection ligquid



20 of ni-tric acid, acetic acid, and acetone to formrecesses in the
depth of approximately 10 pm These recesses becone the second path
portions 116. Since gold of the first plating layer is insoluble in the
etchant, only the second plating |ayer is &0ched. 25 Accordi ngly, the
depth of the recesses to beconme the second path portions can be controlled
by the thickness of the second plating |ayer, which permts high- - 55 -
accuracy formation of the second path portions. Finally, as shown in Fig.

9F, and the resists 112a and 112h were repoved to _formthe second,.recesses
116 to becone thea§§cgﬁ3fﬁ§?ﬁtp&F9P&ﬁ§'aﬁggtﬁéqﬁﬁgﬁb?EeSSuppﬁé et® ???ain

th titi [ 1 d I nb Lsed.of . th Lrst .plati I

115 Bt the secont=APRr: ng™ T8 CR8% FeteEhRoedssFIoR, bhetta el MeciYat
111, th b bt ajni t ' .11 h d Lt
wali 1o oY O *blbife HepRatTontidhfd b EheCBlndn YHECeREPTy PRRER!! O
with a small Young,g ‘E’B@Egﬂfmi@ Bendsadian 2igBiarkad tRe £9&8tient he

novabl e menbers 117 in t
5 liquid are not necessarily separated.

After the liquid is used up, the liquid

containers may be supplied with the respective.liquids.
To facilitate this supply, the liquid container is
desirably provided with a liquid injection port. The

10 liquid ejecting head and liquid container may be
unseparably integral, or may be separable.
<Liquid ejecting device>

Fig. 15 is a schematic illustration of a liquid

ejecting device used with the above-described liquid

15 ejecting head. In this embodiment, the ejection liquid
is ink, and the apparatus is an ink ejection recbrding
apparatus. The liquid ejecting device comprises a
carriage HC to which the head cartridge comprising a
ligquid container portion 90 and liquid ejecting head

20 portion 200 which are detachably connectable with each
other, is mountable. The carriage HC is reciprocable
in a direction of width of the recording material 150
such as a recording sheet or the like fed by a
recording material transporting means.

25 When a driving signal is supplied to the liquid
ejecting means on the carriage from unshown driving

signal supply means, the recording liquid is ejected to



partition wall 115 obtained by electroform ng of two types of netals, the
durability can be inproved. 15 (Exanple 4) Figs. 10A to 10E are
schematic, sectional views to show steps for formng the partition wall as
an exanple for integrally formng the side watls of second path portions
and the novabl e menbers in the partition 20 wal | by el ectroformng and
dry film First, as showmn in Fig. 10A, the portions corresponding to the
slit portions of the novable nmenbers were forned on the SUS substrate 111
in the same manner as in Exanple 3. The width of the resist 112a for )
formng the slit porthemegmrding fptarighifron ithe dd@avd fdeching headk in
range of 0.5 to 1 pm Then, as shown in Fig. | 0B, electroplating was -

56 - carried out tqﬁﬁﬁﬁﬁQ§Qﬂ?ﬂuﬁhqe§ﬁ9n§§1nnthick as a first plating |ayer
the one sontaining ni ciel sOMRIAGHE, S ERrg CHBTAr R ED (9% 2ER0
ALL (registered tra%ei‘nb%q{g?menatv%ién&pgieseu Oé“m‘éQ?hDul as a driving source
5 for ariving the recording material transporting means
and the carriage, gears 112, 113 for transmitting the
power from the driving source to the carriage, and
carriage shaft 115 and so on. By the recording device
and the liquid ejecting method using this recording
10 device, good prints éan be provided by ejecting the
liquid to the various recording material.

Fig. 16 is a block diagram for describing the
generai operation of an ink ejection recording
apparatus which employs the liquid ejection method, and

15 the liquid ejection head, in accordance with the
present invention.

The recording apparatus receives printing data
in the form of a control signal from a host computer
300. The printing data is temporarily stored in an

20 input interface 301 of the printing apparatus, and at
the same time, is converted into processable data to be
inputted to a CPU 302, which doubles as means for
supplying a head driving signal. The CPU 302 processes
the aforementioned data inputted to the CPU 302, into

25 printable data (image data), by processing them with
the use of peripheral units such as RAMs 304 or the

like, following control programs stored in an ROM 303.



METAL I NC.), boric acid, a pit prevention material NS- APS (trade nane,
avai l able from WORLD METAL INC. ), and nickel chloride. The electric field
upon el ectrodeposition was established under such conditions 10 that the
el ectrode was. connected to the anode, the $@S-substrate 111 al ready
patterned was connected to the cathode, .the tenperature of the plating
solution was controlled at 50 [err], and the current density was 5 Al[err].
The first plating layer 113 thus fornmed on the 15 substrate 111 by
el ectropl ating conprises a plate nenber 113a for formng the partition
wal I, and the novabl e nenB8r&her3pipnorgercint reeeEf BB&nilvadBedatparaited
by the predetermned slit fromthe plate nenber .113a._ 20 t 3§%Xt’
as shown in Fig. FPDPPRTAPYIRLENEPPA 98 BnFERPTRIREsSPRGtedtBR FRY
el ectrof orned surface nd patterni by hoéoLith gra Lried out
to forn1recesses_98n8§3%ﬁ§ Eﬁévéggoﬁ tSaFﬁrp T V%ﬂg.aTﬁg%Y¥§§ éﬁgﬂ% in Fig.
L0F and the Tes! shichomovel! tAe28cblialndCLReb KAl hOCLELAORLAG hAER ! he
second recesses 1 to becone the secon ath portions and the novVabl e
menbers 117 5n thenpabhthreniwal wigRdthBeiRkgbedata. The image data and
the motor driving data are transmitted to a head 200
and a driving motor 306 through a head driver 307 and a
motor driver 305, respectively, which are controlled
with the proper timings for forming an image.
10 As for recording medium, to which liquid such
as ink is adhered, and which is usable with a recording
apparatus such as the one described above, the
following can be listed; various sheets of paper; OHP
sheets; plastic material used for forming compact
15 disks, ornamental plates, or the like; fabric; metallic
material such as aluminum, copper, or the-like; leather
material such as cow hide, pig hide, synthetic lgather,
or the like; lumber material such as solid wood,
pPlywood, and the like; bamboo material; ceramic
20 material such as tile; and material such as sponge
which has a three dimensional structure.
The aforementioned recording apparatus includes
a printing apparatus for various sheets of paper or OHP
sheet, a recording apparatus for plastic material such
25 as plastic material used for forming a compact disk or

the like, a recording apparatus for metallic plate or

the like, a recording apparatus for leather material, a



- 57 - menber conprised of the first plating |ayer 113 and the dry film 114
was stripped off fromthe SUS substrate 111, thus obtaining the plate 115
made of nickel and resin, which can be used as a partition wall. 5

Since in this exanple the side walls of the B&cond path portions can be
produced by patterning of the dry film the partition wall can be produced
easier than in Exanple 1. Since the nickel plate and the dry filmare
adhered to each other by adhesion of the dry 10 filmitself, no gap w il
appear between the partition wall portion and the portions_of side walls of
second path porti orEecerditRrg | 2PPATALYR oFPY clYPReL) |§ FIRTHRAFRPIRHIES
117 are formed by electroformng simlarly as 15, in Exaqgle e slit

, t
width can be preci sEP% CRFRRLFIBATGFIR n 2 HECTRRAURSE ARBRIP Pih J€ i e
o0 KMo O nanenslensl cnetflen Feittiii med iR disth s PR, o)
portions by el ectrof,orm g, VRELEas; 10 PIESHY Bl cus Vs LSRR ©

for form ng the
5 images on fabric, and the like recording apparatuses.

As for the liquid to be used with these liquid
ejection apparatuses, any ligquid is usable as long as
it is compatible with the employed recording medium,
and the recording conditions.

10 <Recording System>

Next, an exemplary ink jet recording system
will be described, which records images on recording
medium, using, as the recording heéd, the liquid
ejection head in accordance with the present invention.

15 Fig. 17 is a schematic perspective view of an
ink jet recording system employing the aforementioned
liguid ejection heaa 201 in accordance with the present
invention, and depicts its general structure. The
liquid ejection head in this embodiment (p.58) is a

20 full-line type head, which comprises plural ejection
orifices aligned with a density of 360 dpi so as to
cover the entire recordable range of the recording
medium 150. It comprises four heads, which are
correspondent to four colors; yellow (Y), magenta (M),

25 cyan (C) and black (Bk). These four heads are fixedly
supported by a holder 1202, in parallel to each other

and with predetermined intervals.



slits:by laser. Figs. 11A to 11D are schematic, sectional views 25 to
show steps for producing the partition wall as an exanple for integrally
formng the side walls of the second path portions and the novabl e nenbers
in the - 58 - partition wall by formag74he slit portions with | aser and
form ng the second path portions by etching. First, as shown in Fig. 11A a
ni ckel plate 129 15 pmthick to becone a partition wall was prepared, 5

and a mask 120 having slits in the width corresponding to the width of the
slit between the partition wall and the npvabl e penber was |ocated rel ative

to the Pickel plate 129. TRres? hRaEs TR AFLYERLR TFSRIRES 521 RRs carri ed
out to formfine recesses 119a, aser_10 ' diati t d
T s bk kAR, @ erd e TR AT o RL Ll g

was LUL00 avai | abP&9%% rTradiation was carried out
(o1, 9ne second alehls Shlags B #hs adbhEridg 4B RUGF sighn ol 1o,
mask. 15 cachedagas shown in Fig. 11B, the SUS substrate
5 Each of the four color inks (Y, M, C and Bk) is

supplied to a correspondent head from an ink container

204a, 204b, 205c or 204df A reference numeral  204e

designates a bubble generation liquid container from

which the bubble generation liquid is delivered to each

10 head.

Below each head, a head cap 203a, 203b, 203c or
203d is disposed, which contains an ink absorbing
member composed of sponge or the like. They cover the
ejection orifices of the corresponding heads,

15 ' protecting the heads, and also maintaining the head
performance, during a non-recording period.

A reference.numeral 206 designates a conveyer
belt, which constitutes means for conveying the various
recording medium such as those described in the

20 preceding embodiments. The conveyer belt 206 is routed
through a predetermined path by various rollers, and is
driven by a driver roller connected to a motor driver
305.

The ink jet recordiﬁg system in this embodiment

25 comprises a pre-printing processing apparatus 251 and a
postprinting processing apparatus 252, which are

disposed on the upstream and downstream sides,



a4

111 was joined to the laser-irradiated surface of the nickel plate 129, and
thereafter, for formng the second path portions on the surface opposite
thereto, a coating of resist 112a 2 [err] thick was formed by the 20

phot ol i t hogr aphy technol ogy and portions-tpsbecone the second path portions
were renoved by patterning by photolithography. Then, as shown in Fig. 11C
etching was effected in the depth of approximately 10 [err] to form 25

the second recesses to becone the second path portions in the exposed
portions of the nickel plate 129. The etchant used was ferric chloride or
the mixture - mEppechivelnn of e rink alel rereidind ARPALATHIBc AIRE
Then, as shown in Fig. 11D, the resist 112a was renpved to and the

| aser-irradi at ed ERE FERIPLTHI IR S TR | CORVRYANCR) BN st ARSHRR RFICTFHHRY he
SUS 5 substrate 111 and fo t he. s nd recess 116_to. hecaone.t he .
second path portiFRAEHIHR A %t%’f%ceﬁsi b e tlheeco;)rd‘r’{%ﬁi%ber\él\/\% 1t
o eby Ot al ni NG, {1l Gl ek LU FEUL HoGSIL A £ BAS ! O

wal | .
5 respectively.

The pre-printing process and the postprinting
process vary depending on the type of recording medium,
or the type of ink. For example, when recording medium
composed of metallic material, plastic material,

10 ceramic material or the like is employed, the recording

| medium is exposed to ultra-violet rays and ozone before

printing, activating its surface. In a recording
material tending to acquire electric charge, such as
plastic resin material, the dust tends to deposit on

15 the surface by static electricity. The dust may impede
the desired recording. In such a case, the use is made
with ionizer to remove the static charge of the
recording material, thus removing the dust from the
recording material. When a textile is a recording

20 material, from the standpoint of feathering prevention
and improvement of fixing or the like, a pre-processing
may be effected wherein alkali property substance,
water soluble property substance, composition
polymeric, water soluble property metal salt, urea, or

25 thiourea is applied to the textile. The pre-proéessing-
is not limited to this, and it may be the one to

provide the recording material with the proper



The materi,al for formng the partition wall in 10 t he present exanple
may be sel ected from copper, brass, nolybdenum niobium titanium

tungsten, or alloys thereof, which can be well processed, in addition to
ni ckel . The present exanple permts a resi?76t© be used as a material for

formng the partition wall, for 15 exanpl e plastics such as ABS,
pol ysul fone, pol ycarbonate, polyacetal, liquid crystal polyner, and so on,
whi ch can be processed well. However, because it is difficult to etch the

resins, though processing with laser is easy therewith, it is preferred to
20 process bottemprrawesmd path portions and novabl e nenbers with | aser

Since the present exanple used the |aser and etching for processjn t he
partition wall 115 can bePakhe olhew hand; ntlfef'lé"?ﬁ‘g‘cﬁ%egﬁsﬁé}%ilo%% The

DL esent 28 o EAead R b g 65 i S, BT
sectional views received the ink, a heat treatment, ultraviolet
5 radiation projection to promote the fixing of the ink,
or a cleaning for removing the process material used
for the pre-treatment and remaining because of no
reaction.
In this embodiment, the head is a full line

10 head, but the present invention is of course applicable
to a serial type wherein the head is moved along a
width of the recording material.
<Head Kit>

Hereinafter, a head kit will be described,

15 which comprises the liquid ejection head in accordance
with the present invention. Fig. 18 is a schematic
view of such a head kit. This head kit is in the form
of a head kit package 501, and contains: a head 510 in
accordance with the present invention, which comprises

20 an ink ejection section 511 for ejecting ink; an ink
container 510, that is, a liquid container which is
separable, or nonseparable, from the head; and ink
filling means 530, which holds the ink to be filled
into the ink container 520.

25 After the ink in the ink container 520 is
completely depleted, the tip 530 (in the form of a

hypodermic needle or the like) of the ink filling means



to show st.eps -for producing the partition wall as an exanple for integrally
formng the side walls of the second path portions and the novabl e nenbers
inthe 5 partition wall by formng the slit portions with | aser and
form ng the second path portions by etchingy Eirst, as shown in Fig. 12A, a
ni ckel plate 129 15 pmthick to becone the partition wall was prepared, and
the SUS substrate 111 was joined to the bottom 10 surface of the nickel
plate 129. After that, for form ng the second path portions on the surface
opposite thereto, a coating of resist 112a 2 pmthick was forned by the
phot ol i t hogr aphy iecimséptgd éntopant aini wgnby53hoob| théotplape9ntRsnesrri ed
out to 15 renove the portions to becone the second path_portions, Then,
as shown in Fig. the jenchien hetweendtbeednkncentaimer ed theksdat &Fy

10 [err] to formthe second_recesses to beco t he second ortipns in
t he exposed porti®nBobe @ﬁélﬁ?ekEFrﬁPSPetEQQEEWhEOQ 1neﬁt&5é£tpﬁ% dQﬂ s

acet one.  The ni ckenkprkbhinobRnatnk FRELEnochbabe B L BRE Ligdrite PE
Then, 25 5108 | eEhlardEE sfeligh At NepnGagD SIS In the wih

When the liquid ejection head, the ink
container, the ink filling means, and the like are
available in the form of a kit contained in the kit
package, the ink can be easily filled into the ink

10 depleted ink container as described above; therefore,
recording can be quickly restarted.

In this embodiment, the head kit contains the
ink filling means. However, it is not mandatory for
the head kit to contain the ink filling means; the kit

15 may contain an exchangeable type ink container filled
with the ink, and a head.

Even though Fig. 32 illustrates only the ink
filling means for filling the printing ink into the ink
container, the head kit may contain means for filling

20 the bubble generation liquid into the bubble generation
liquid container, in addition to the printing ink
refilling means.

The present invention can be applied to the
liquid ejecting heads as described above, including not

25 only the heads of the so-called edge shooter type
having an ejection outlet at one end of the liquid flow

path in the direction along the surface of the heat



slit between the partition wall and the novabl e nenber was | ocated rel ative
to the top surface of the nickel - 61 - plate 129, and thereafter
irradiation with YAG | aser was carried out through the slits in the nask
120 to formthe novabl e nenbers 117 in the7g8anrtil ever beam shape and in the
above slit wdth in the bottomparts 5 of the second recesses in the

ni ckel plate 129. The laser irradiating apparatus used was LULOO avail abl e
fromHi tachi Kenki, and the irradiation was carried out for one second at
the pul se energy of 5 J/[err], the pulse width of 1 ns, and 300_Hz. The
mask 120 used naygbvezating epemeptaledsngbrwef ipi Ekgr &y Rul) glsondbR.
Next, as shown in Fig. 12D, the substrate 111 was stri Bed off fromthe
bott om surface of headsnpékEhepparealied §h§etﬁB°PE§FsF§ €15aving 32op were

emoved to orm LS seond eieaocs bhe LeaRoEOekiR 50 RAY, Hirsartihl
oD g e T Xhh BB biby AjelBnt™s] #5:"cRAREAL OBs"BhbwnSuAce
5 Fig. 19. Namely, the liquid ejecting head of the side
shooter type can also be produced through the
production steps, for example, shown in the foregoing
examples.
The liquid ejecting head of the side shooter
10 type shown in Fig. 19 is similar to the liquid ejecting
head pf the edge shooter type as described above in
that, for each ejection outlet, a first path portion 4
in a bottom surface of which a heat generating element
is positioned is formed on a substrate 1 provided with
15 the heat generating element 2 for giving thermal energy
for generating a bubble to the liquid, a second path
portion 3 in direct fluid communication with the
ejection outlet 9 is formed above it, a partition wall
5 made of a material having elasticity, such as a metal
20 or the like, is provided between the second path
portion 3 and the first path portion 4, and the liquid
in the second path portion 3 is separated from the
liquid in the first path portion 4 by the partition
wall 5.
25 The liquid ejecting head of the side shoéter
type is characterized in that the ejection outlet 9 is

provided in the portion immediately above the heat



for pfoéessing, the partition wall 115 can be easily 20 produced in the
preci se di nension. (Exanple 7) Figs. 13A to 13D are schematic, sectional
views to show steps for producing the partition wall as an exanple for

integrally formng the second liquid flow?2& - paths, the novable nenbers
in the partition wall, and the grooves for positioning the first liquid
fl ow paths by using the matri x and perform ng el ectrof orm ng and - 62 -

| aser processing. First, as shown in Fig. 13A, the matrix 121 produced in
the same nethod as in Exanple 2 was prepared, and then, as shown in Fig.
13B, 5 el ect r cjeReTRgingsetement oin j ¥he ritine miafed & in Exanple 1
to forma nickel plating |ayer 113 approxinmately 5 [err] thick over the top
surface of the m#PFktionedmmbeyR thfcfecend Rafd Fogtiat Jecdh®s. Then

i 121, "and. SErEREleR R Heteder gt aiafhian mPEy & iand WP Gin
heat generating element 2 is provided with a pair of
5 movable members 6 which open like a double-leafed
hinged door. Namely, the two movable members 6 are
formed each in a cantilever beam shape with their free
ends facing each other as being sightly separated by a
slit 8 located immediately below the central portion of

10 the ejection outlet 9 during a period without ejection.
During a period of ejection, the two movable members 6
open to the side of the second path portion by bubble
generation of the liquid in the region B generating the
bubble, as shown by the arrows in Fig. 19. They are

15 closed by contraction of the liquid. This region A is
refilled with the liquid supplied from an ejection
liquid tank described below to get into an ejection-
ready state, theréby preparing for next bubble
generation of the liquid.

20 The second path portion 3, together with the
second path portions of other ejection outlets 9, is in
communication with a tank (not shown) for reserving the
ejection liquid through the second common liquid
chamber 10, while the first path portion 4, together

25 with the first path portions of other ejection outlets
9, is in communication with a tank (not shown) for

reserving the liquid for generating the bubble through



correspondi ng to the width of the slit between the partition wall and the
novabl e nmenber was placed relative to the plating layer 113 of the matrix
121. 15 After that, irradiation with YAG |aser was carried out in the
same manner as in Exanple 5 through the slggs-of the mask 120 to formthe
portions to becone the novable nmenbers in the cantilever beam shape in the
bottom portion of the plating |ayer 113. 20 Formed in this
manner were the second path portions 116, the novabl e nenbers 117 in the
partition wall, and the grooves 119 for positioning the walls of the first
path portions, tHerebfiodt tenmenthiqwidkehamher ell-15 t hat can be used as a
partition wall. 25 Since this exanple uses the matrix simlarly
as in Exanple 2, the nunbBreotiguigseiepting rheataf Wedldeshaakar plate
to becone the partition wall 115 - i oduced by el ectrof Qrm ng,

63 - is pr
the thickness of t¥Re %Y’r‘??oﬂ‘%vaﬁ?mﬁ?wff’%’%ctﬂﬂ PREEEh R | ed.

<5 ection |1 oui d ape Pyl & AERSE AAOD AU HRAP ISP B WL "R nign

5 ejection energy efficiency and high ejection pressure

as improving refilling of the liquid ejected, almost

similarly as the head of the edge shooter type does.



5 .according to the present invention, by the structure having the
novabl e nmenber descri bed above, the |iquid can be-ej ect ed-at hi gher .

ejection force or ejection efficiency than the coTﬁaﬁk'onal | iquid ejecting

head. Wen the same liquid i d f th&1babbl WIJIJMLH Ui
S lquid Is use or o e L sl),”", l'i qui d

and the ejection liquid, it is possible that the
deteriorated, and that deposition on the heat generating el enent ‘due to
heati ng can be reduced. Therefore, a reversible state change is

acconpl i shed by repeating the gassification and condensation. So, 15
Yarlpgsflqu|ds ﬁﬁgguéébgfﬁlﬂﬁibﬁ§‘liquid is the one not deteriorating the
I qui ow passage, novable _ne r Ol Se i I kgt 13N 8 b8 ngAMoNg

TReLd fg%éﬁ?%ﬁhcgggggiglghlh %Pbb% ng’

such liquids, the one ha anAtH? i ngré as us onventi onal “bubbl e

jet device 20 e GANniGiWSPUAS RkACH dullieh FoidejBiuihblul digueali &g

head obt ai ned according to~eit one of the nmethods in the above exanpl es

pernmts use of difler gahelra@iings cAemdhteifdRt aPplliay Eherfads enekulblce
generation quuig and%%éﬁ ejeggﬁthe ej ection %? y Fiquid by the pressure

rai sed w thggenesaligon 1gluid,bubhliguiid tf1ewd pakhe compeiasbdont] aqfiiastw t h
the conventional |iquid ejecting heads, a high-viscosity

path portion in fluid communication with said ejection
outlet and a second path portion disposed below said
first path portion and provided with said heat
generating element in a bottom surface thereof, a

10 partition wall for partitioning said liquid flow path
into said first path portion and second path portion,
and a movable member disposed above said heat
generating element in said partition wall and arranged
as displaceable to a side of the first path portion in

15 accordance with a bubble generated in the liquid by
said thermal energy, in which upon generation of said
bubble the first pafh portion and the second path
portion are in fluid communication with each other and
said pressure is directed toward said ejection outlet

20 by said movable member displaced to eject said liquid
droplet, said method comprising:

a step of preparing a substrate provided with
said heat generating element;
a step of forming a grooved partition wall

25 having said movable member and side walls of said

second path portion; and

a step of joining said grooved partition wall



- 64 .- | i qui d such as pol yethyl ene glycol did not show-suff.icient bubble

generation even with application of heat and had |nsu ci ent ejecti-on
force. In contrast with it, the liquid ejecting head<ﬁw

i nvention can eject such a high-viscosity82quid well @?WEL t hat
t he high-viscosity liquid is supplied to the first I|qU|d ffow'p d a
liquid easy to generate a bubble (a m xture solution of ethanol and water
at 4:6 having the viscosity of 10 approximately 1-2 cP or the Iike) S

supplied as a bubble generation liquid to the second |i u d fl a
Further, since t#e SgigcsubstFatendq | Fdsﬁlgcﬁﬁﬁﬁnﬂeg %lﬁgbsent

invention I nvol ves the effects as explained in the foregoing exanples, the
15 hi gh-vi scosity liquid can be ejected at further high ejection

ef ficiency and high ejec&ion p@g%i cﬁng%%%uﬁﬁﬁﬁ gflgqh gubg Pﬁgggagainst

heat being used, if this Tiqui supp as an ejection | t he

first liquid floygpat %c%%&nlgl Y E1eany 1t0w¥1@re1n9%89.aah%vﬁbb.kébmeﬂlb@i‘d

resistant to heat is supplied to the second liquid flow path, the |iquid
can be ejecked jig formed by providing said partition wall with a slit.

3. A method for producing a liquid ejecting
head according to Claim 2, wherein said slit of said-
movable member is formed by forming said partition wall

10 by electroforming.

4. A method for producing a liquid ejecting
head according to Claim 3, wherein the side walls of
the second path portion in said grooved partition wall

15 are formed by placing a dry film on said partition wall

and patterning said dry film.

5. A method for producing a liquid ejecting
head according to Claim 3, wherein said grooved
20 partition wall is produced by forming a metal film on a
matrix having a recess corresponding to the second path

portion by electroforming.

6. A method for producing a liquid ejecting
25 head according to Claim 3, wherein portions of the side
walls of the second path portion in said grooved

partition wall are formed by etching.



at the high ejection efficiency and high ejection pressULe m#thout
thermal |y damaging the liquid weak against heat

two-fl ow path structure of the present inventi on | s mﬂﬂlm MJHW
ejection liquid and bubbl e generation Iltua -the bu iquid
-65 - having the above-described property is used, nor e partlcularly, t he

exanpl es i ncludes: nethanol, ethanol, n-propyl alcohol | sopropyl al cohol,
n- hexane, n-heptane, n- octane toluene xylene nethylene 5 di chl ori de,
trichl oroethyl ene, Freon TIF, Freon BE, eth et her, di oxane cl ohexane,

met hyl acetate, ethyl acefat e® H@@PSﬂefoﬁegﬁ9Pu€%ﬁ9lak%%%ﬂbd eeFirgnd a
m xture thereof or the | 0 various_| i ds ar
usabl e wi t hout paggﬁé ﬁ?Fgﬁﬁgé %8 Eﬁalﬁeéregh%febﬁ %I%gﬁ ﬁ%?a?f %g%roperty
o cose™ Poore ke cTiEoh 4ol Sl BNEC ROk UEE TGRS gEELopsatl o
change due to heaineak&-HRAPhH&th portion in said grooved partition wall
5 are made of different materials and an etching rate of
the material for forming the portion of the partition
wall is lower than an etching rate of the material for
forming the portions of the side walls of the second
path portion.
10
8. A method for producing a liquid ejecting
head according to Claim 3, wherein portions of the side
walls of the second path portion in said grooved
partition wall are formed by electroforming.
15
| 9. A method for producing a ligquid ejecting
head according to Ciaim 2, wherein the slit of said
movable member is formed by irradiating said partition
wall with laser.
20
10. A method for producing a liquid ejecting
head according to Claim 9, wherein a material for

forming said partition wall is a metal.

25 11. A method for producing a liquid ejecting
head according to Claim 10, wherein said grooved

partition wall is produced by forming a metal film on a



15 ' . However, it is desired that the ejection liquid by itself or
by reaction with the bubble generation Iiquid, doe e the

ej ection, the bubble generation or the operation o %@i[ or
the Iike. 20 The ink of the fotl®hing i njredi & d as t he

recording liquid usable for both of the ejection liquid and the bubble
generation liquid, and the recording operation was carried out. Since the

ej ection speed of the ink is increased, the shot 25 accuracy of the
liquid droplets is inproved . and therefore é% deS|rabIe |na
recorded. Dye ink ™A iR3VIRG R recess gorre Aimgh F e ‘path
3 w. %diethyl ene 10 mﬁ. % Thi o dlglycol

5 wt. % Et hanol éﬂé’éﬁ by electroforming. 3wt %5 Wt er

77 Wwt. % Recording operations were also carried out using the follow ng
conmbi nation of the liquids for the

12. A method for producing a liquid ejecting
5 head according to Claim 10, wherein portions of the
side walls of the second path portion in said grooved

partition wall are formed by etching.

13. A method for producing a liquid ejecting
10 head according to Claim 9, wherein a material for

forming said partition wall is a resin.

14. A method for producing a liquid ejecting
head according to Claim 10, wherein portions of the
15 side walls of the second path portion in said grooved

partition wall are formed by irradiation with laser.

15. A method for producing a liguid ejecting
head according to Claim 1, wherein a portion of the
20 partition wall and portions of the side walls of the
second path portion in said grooved partition wall are

made of different materials.

16. A method for producing a liquid ejecting
25 head according to Claim 1, wherein said grooved |
partition wall has a fitting groove to be fit with a

wall of said first path portion.



bubbl e gene'ration liquid and the ejection liquid. As a result, the liquid

having a ten and several cps 10 viscosity, which was unable to be -

ej ected heretofore, was properly ejected, and even 150025””" |

properly ejected to provide high quality i mag®#5 Bubbl e gm’mmﬂ””’ﬁ 1:
Et hanol 40 Wt . % 15 Witef & w 5018

60 wt. % Bubbl e generation liquid 2: Water 100
wt. % Bubbl e generation liquid 3: Isopropyl alcoholic 10

w. % 20 Wat er

: .90 - %0 E N ,
liquid 1: (Pignent ink appro?-15 %6‘5’“&’% FSF BrRdpeing o 114)‘1@‘16%5'3%%1“9
5w. %Styl - ' I d- | . QX

1 S AR R R 5. e T e

140, wei ght average no
0.25 wt. % is produced by forming a metal film on a matrix having

a recess corresponding to the fitting groove by

5 electroforming.

18. A method for producing a liquid ejecting
head according to Claim 16, wherein said fitting groove
is produced by etching said grooved partition wall.

10

19. A method for producing a liquid ejecting
head having an ejection outlet for ejecting a liquid, a
heat generating element for applying thermal energy to
said liquid, a liquid flow path éomprised of a first

15 path portion in fluid communication with said ejection
outlet and a second path portion disposed below said
first path portion and provided with said heat
generating element in a bottom surface thereof, a
partition wall for partitioning said liquid flow path

20 into gaid first path portion and second path portion,
and a movable member disposed above said heat
generating element in said partition wall and arranged
as displaceable to a side of the first path portion in
accordance with a bubble generated in the liquid by

25 said thermal energy, in which upon generation of said
bubble the first path portion and the second path

portion are in fluid communication with each other and



€] ycer’i N 69 wt. % Thi odi gl ycoI

iGWt75 \%E Ft &agflect ion liquid 2 (55cps): Pol ye'?h\;/\'lt enoe/0 gl ycjulllmlml “m “ “ll

100 wt. % Ejection liquid 3 (150 cps): Pol yeBhytene glycol 600*-

100 wt. % 10 In the case of the liquid which has not been easily
ejected, the ejection speed is low, and therefore, the variation in the
ejection direction is expanded on the recording paper with the result of

poor shot accuracy. Addltlonally, vari, at o] n.15 anpunt  occurs
due to the ej ect i on SPA&: REESEUYe tlﬁug"ﬁfa fjrttﬁﬂgfﬁes?éeo?a?ﬁ*él P ﬂPaﬁeg

qual ity imge.

generation |iquid p§?nF?g %%%% Lﬁeéﬁe ?g P?@é tgngfggﬁgﬁgé?_pﬁggggble
bubbl'e. Thus, the 2@ PPl %Pr%ﬁsgsﬁh bglbhﬁo§gﬂﬁeaﬁgH5@£ylgff&%ﬁe&'ﬂy'd
zati en

dropl et and the sta on o ej ect1on anount can

acconpl i shed, thus b%"v&&hﬁﬁ Lhear %ﬁ?’iﬂ%@.ohnﬁgﬁlqwﬂﬂxt ¥ SERrKAal ¥aidli quid
ej ection head cartridge> 2 he description will be made as to a
l'i quid 5 partition wall is produced by electroforming so as to

form the slit of said movable member.

20. A liquid ejecting head having an ejection
outlet for ejecting a liquid, a heat generating element
10 for applying thermal energy to said liquid, a liquid
flow path comprised of a first path portion in fluid
communication with said ejection outlet and a second
path portion disposed below said first path portion and
provided with said heat generating element in a bottom
15 surface thereof, a partition wall for partitioning said
liquid flow path into said first path portion and
second path portion, and a movable member disposed
above said heat generating element in said partition
. wall and arranged as displaceable to a side of the
20 first path portion in accordance with a bubble
generated in the liquid by said thermal energy, in
which upon generation of said bubble the first path
portion and the second path portion are in fluid
communication with each other and said pressure is
25 directed toward said ejection outlet by said movable
member displaced to eject said liquid droplet,

wherein the partition wall provided with said



ejection‘head cartridge having a liquid ejecting head aecording to an___u

enbodi ment of the present invention. 68 IS a schena

expl oded perspective view of a liquid ejection head caruul Ilm me”“'t he
above-described liquid ejecting head, and-t&é tiquid e

cartridge conprises generally a I|qU|d 5 ej ecting head portlon 200 and a

| iquid container 80. The liquid ejecting head portion 200 conprises an
el enent substrate 1, a separation mall 30, a grooved menber 50, a confining

spring 78, liquid su menber nenber e el enent
substrate 1 10 %‘P %l'ﬂ%‘ﬁbﬁftﬂ“ T‘g? $f£ ? %%?\%’?(gt?% resistors
for supplying heat to t he bubbl e, gener at i uid, as described

her ei nbef ore. ?ﬁﬁﬁﬂ%ﬁg@ﬁ%ra?t ﬂr?if ggd%égage is formed between the

el ement substrate 1 and the separation mall 30 having the 15 novabl e

wal I. By the coupling between the separation wall 30 and the grooved top
plate 50, an ejection flowpat ha(¥Pghoanséetihd Uhdad BB ERig OFo VE1dih he
ejection liquid is formed.
5 20, wherein said partition wall has a slit and said
movable member is formed by the slit in the same member

as the partition wall.

22. A liquid ejecting head according to Claim
10 20, wherein said partition wall and the side walls of
the second path portion are made of different

materials.

23. A liquid ejecting head according to Claim
15 20, wherein said partition wall has a fitting groove to

be fit with a wall of said first path portion.

24. A head cartridge comprising the liquid
ejecting head as set forth in Claim 20, and at least
20 one liquid container for containing a liquid to be

supplied to said liquid ejecting head.

25. A head cartridge according to Claim 24,
wherein said liquid container separately contains a
25 liquid to be supplied to the second path portion and a

liquid to be supplied to the first path portion.



Theiconfinjng spring 78 functions to urge the 20 grooved nenber 50 to
the el enment substrate 1, and is effective to properly inte ﬁmrueathe el enent

substrate 1, separation wall 30, grooved and the sup uﬂ !ﬂmﬂﬂl whi ch
wi |l be described hereinafter. Supporting ®8rer 70 f rt an

25 el ement substrate 1 or the like, and the supportlng member 70 ‘has
thereon a circuit board 71, connected to the element substrate 1, for
supplying the electric - 69 - signal thereto, and contact pads 72 for

electric signal transfer between_the device side whe the ca ge . S
mounted on the apparatus. 2Phe B HFE SHRHEFIIEL §6°O5 39n§° ké eﬁegélon 5

| iquid such as ink toGP%l%yp i,ed t géﬁg?é?*gh ghg%hdn%Fgga$ﬁgﬁqd;he

bubbl e generatlon epar-at out si de of

the 1iquid contal hoy t%qn s%%g:féfbﬂé o005 ISR bfepor L1 on 94 for

nounting a connectlng e er connecting the 11quid ejecting head
with the liquid container and a fixed shaft 95 for fixing the

5 27. A head cartridge according to either one
of Claims 24 to 26, wherein the liquid is refilled into

said liquid container.

28. A liquid ejecting apparatus comprising the
10 liquid ejecting head as set forth in Claim 20, and
driving signal supply means for supplying a driving
signal for ejecting the liquid from said liquid

ejecting head.

15 29. A liquid ejecting apparatus comprising the
liquid ejecting head as set forth in Claim 20, and
recording medium cafrying means for carrying a
recofding medium for receiving the liquid ejected from

said liquid ejecting head.

20
30. A liquid ejecting apparatus according to
Claim 29, wherein said recording medium is a leather
material.
25 31. A liquid ejecting apparatus according to

Claim 29, wherein said recording medium is a plastic

material.



connection:portion. The ejection liquid is supplied to the ejection liquid
supply passage 81 of a liquid supply menber 80 through a supply. passage 81
of the 15 connecting nmenber fromthe ejection liquid supply pass

of the liquid container, and is suppliedt® afirst c \I“m Wﬁb

t hrough the ejection I|qU|d supply passage 83, suppIyT

menbers. The bubble generation liquid is simlarly suppliéd to %0 the
bubbl e generation liquid supply passage 82 of the liquid supply nmenber 80

t hrough the supply passagg, of ecting. nenber fromthe su assage
93 of the liquid containet?: H%hﬁb ;ﬁq%ﬁﬁﬁQgtﬁﬁPﬁﬁﬁﬁﬂﬁiqQQﬁfégﬁ%
t hrough t he bubbl n t| e IS 2 of the
menbers. I n such (gl q%g’(} e‘]ﬁg% %%‘i’n %aeadjdp%%r If(?lélgge "E%qs/igﬁ‘g%’f %1 J%tab%
generation liquid and the ejection liquid - 70 - are different I|qU|ds,
the liquids are supplied in good order. In the case that the ejection
| iquid and the bubbl e gengsat ipmi$] Wil b P Ay a{;ﬁp&aﬂlﬁe Sadydimptto f or
t he bubbl e generation liquid and the ejection

5 Claim 29, wherein said recording medium is a wood.

34. A head kit comprising the liquid ejecting
head as set forth in Claim 20, and liquid filling means
for filling a liquid to be supplied to a first path

10 portion.

35. A head kit comprising the liquid ejecting
head as set forth in Claim 20, and liquid filling means
for filling a liquid to be supplied to a second path

15 portion for generating a bubble.

36. A recorded material having received ink
ejected as a liquid from the liquid ejecting apparafus

as set forth in either one of Claims 28 to 33.

20
37. A method for producing a liquid ejecting
head having an ejection outlet for ejecting a liquid, a
heat generating element for applying thermal energy to
said liquid, a liquid flow path comprised of a first
25 path portion in fluid communication with said ejection

outlet and a second path portion disposed below said

first path portion and provided with said heat



I

5 ILqudrare not necessarily separated. After the liquid is used up, the

| iquid containers nay be supplied with the respectiv eTer
facilitate this supply, the liquid container is desi a ||m j“" m“\}“lh a
an

liquid injection port. The 10 liquid ef &fing hea Lqurd €O ai ner
may be unseparably integral, or may be separable. <Liquid ejecting device>
Fig. 15 is a schematic illustration of a liquid ejecting device used with

the above-described liquid 15 ejecting head. In this enbodinent, the
abpar at Us. The | (AR G | PPN G GO e, AR APB e To Suhi oh t he
head cartridve COMLLY (AR ML S AN ta P05 d A el 19
ocor ding mat er | al N80 SEich A IR Frrvach, 3 PRk oo it L e
recordi ng materialagdd NIRAFAHIY MB@Er dBposed above WaAA &e@did Vi ng signal

is supplied to the liquid ejecting neans on the carriage from unshown

driving signad suppiner@giisy &lundrite dirflisiid ip@ititd tidnewadllednido arranged
as displaceable in accordance with a bubble generated
in the liquid by said thermal energy, wherein said
movable member is formed by providing said partition
wall with a slit and the slit of said movable member is

10 formed by producing said partition wall by

electroforming.

38. A liquid ejection head for producing a

liquid ejecting head having an ejection outlet for

15 ejecting a liquid, a heat generating element for
applying thermal energy to said liquid, a liquid flow
path comprised of a.first path portion in fluid
communication with said ejection outlet and a second
path portion disposed below said first path portion and

20 provided with said heat generating element in a bottom
surface thereof, a partition wall for partitioning said
liquid flow path into said first path portion and
second path portion, and a movable member disposed
above said heat generating element in said partition

25 wall and arranged as displaceable in accordance with a
bubble generated in the liquid by said thermal energy,

wherein said movable member is formed by providing said



- 71 - t'he, recording material fromthe liquid ejecting head-in-response to

t he sfgnal. The liquid ejecting apparatus of this enbodine i a
notor 111 as a driving source 5 for driving the reit"lmﬂmlmmgﬁil
transporting nmeans and the carri age, gearsgilz, 113 f ORMEE =L he

power fromthe driving source to the carriage, and carriage shaft 115 and
so on. By the recording device and the liquid ejecting nethod using this
recordi ng 10 device, good prints can be provided by ejecting the |liquid
to the various recording material.. Fiq. ' hlogkadbz0ha® Eait of
descri bi ng the geR&rHitd oLy XEkdn % tl:h% isé%éej%éléﬁti on recordi ng apparat us
whi ch enploys the lLiquid ejection.nethod ARdpkyed shage.iquid ejection
head, in accordanc'?@l% e bgl'%present i nventi orllj.gé:The recordi ng apparat us
receives printing data in the formof a control signal froma host conputer
300. The printing data is tenporarily stored in an 20 i nput interface
301 of the printing apparatus, and at the sane tine, is converted into
processabl e data to be



i nputted to a CPU 302, which doubles as means for supplying a head driving
signal. The CPU 302 processes the aforenentioned data inputted to the CPU
302, into 25 printable data (imge data), by processing themw th the
use of peripheral units such as RAMs 304-082the |ike, follow ng control
prograns stored in an ROM 303. - 72 - Further, in order_to record the

| mage data onto an appropriate spot on a recordi ng sheetTHi§ EﬁthH,Q@O@EEN
generates driving data for driving a driving notor mhirh nov, h
recording sheet and the recordlng hgad 5 i n synchr oft ; |

data. The i mage 48PaRakd s i} data are transmtted to a head
200 and a driving notor 306 through a head driver 307 and a tor, driver
305, respectively, which ér@eﬁgﬁgrBFPQHCﬁ?tﬁ ?ngbpoﬁéﬁcFFﬁgnggaﬁoPaF6Pﬁ|ng

10 wh | d h
?Rklrgggdhered aft ﬁﬂ?Sﬁng ﬁgggﬁgr%PfheggFéggbd 613%%§ra%3§|?uiﬁcasafhe
one descri bed abo SneIr?%:LB 'Lﬁlé’in%ﬂ gr ?ﬁ*ﬂg&ﬁg tK@HnQE%ﬁQ?S{;%Bf sB3ger;

OHP sheet s; plast er| use npact
5 liquid, a liquid flow path comprised of a first path

portion in fluid communication with said ejection
outlet and a second path portion disposed below said
first path portion and provided with said heat
generating element in a bottom surface thereof, a

10 partition wall for partitioning said liquid flow path
into said first path portion and second path portion,
and a movable member disposed above said heat
generating element in said portion wall and arranged as
displaceable to a side of the first path portion in

15 accordance with a bubble generated in the liquid by
said thermal energy in which upon generation of said
bubble the first path portion and the second path
portion are in fluid communication with each other and
said pressure is directed toward said ejection outlet

20 by said movable member displaced to eject said liquid
droplet. The method comprises a step of preparing a
substrate provided with said heat generating element, a
step of forming a grooved partition wall having said
movable member and side walls of said second path

25 portion, and a step of joining said grooved partition

wall to said substrate to form said second path

poxrtion. e

i



15 . disks, ornamental plates, or the like; fabric; netallic material such
as alum num copper, or the like; leather material such as cow hide, pig

hi de, synthetic leather, or the like; lunber material such as solid wood,

pl ywood, and the like; banboo material; ceram c 20 material such as
tile; and material such as sponge whi gﬁiﬁs a three dinensional structure.
The af orenenti oned recordi ng apparatus/imcludes a printing apparatus for
vari ous sheets of paper or OHP sheet, a recording apparatus for plastic

mat eri al such 25 as plastic material used for form ng a conpact disk or
the like, a recording apparatus for nmetallic plate or the like, a recording
apparatus for |eather material, a 73 - recording apparatus for |unber, a

recordi ng apparatus for ceramc material, a recording apparatus for three
di rensional net-Ilike recording medi umsuch as sponge or the like, a textile
printing apparatus for recording 5 i mages on fabric, and the |ike
recordi ng apparatuses. As for the liquid to be used with these liquid

ej ection apparatuses, any liquid is usable as |long as

FIG. 1




it is conpatible with the enployed recording nedium and the recording
conditions. 10 <Recordi ng Systenr Next, an exenplary ink jet recording
systemw || be described, which records i mages on recordi ng nedi um using,
as the recording head, the liquid ejection head in accordance with the
present invention. 15 Fig. 17 .is a schematic perspective view of
an ink jet recording system enpl oyi ng W Taf or ement i oned liquid ejection
head 201 in accordance with the present invention, and depicts its general
structure. The liquid ejection head in this enbodinent (p.58) is a 20
full-line type head, which conprises plural ejection orifices aligned with
a density of 360 dpi so as to cover the entire recordable range of the
recordi ng medi um 150. It conprises four heads, which are correspondent to
four colors; yellow (Y), nmagenta (M, 25 cyan (C) and black (Bk). These

four heads are fixedly sup hol der 1292, in parallel—to each
other and with predeterm ned i nberv . - 74 -
e =




These heads are driven in response to the signals supplied froma head
driver 307, which constitutes neans for supplying a driving signal to each
head. 5 Each of the four color inks (Y, M C and BK) is supplied
to a correspondent head from an ink container 204a, 204b, 205c or 204d. A
reference nuneral 204e designates a b%gp?? generation liquid container from
whi ch the bubbl e generation liquid is-delfi'vered to each 10 head. Bel ow
each head, a head cap 203a, 203b, 203c or 203d is disposed, which contains
an i nk absorbi ng menber conposed of sponge or the |like. They cover the
ejection orifices of the correspondi ng heads, 15 protecting the heads,
and al so mai ntai ning the head performance, during a non-recording period. A
ref erence nuneral 206 designates a conveyer belt, which constitutes neans
for conveying the various recordi ng nedium such as those described in the
20 precedi ng enbodi nents. The conveyer belt 206 is routed through a
predeterm ned path by various rollers, and is driven by a driver roller
connected to a notor driver 305. The ink jet recording systemin this

enbodi nent




25 - conprises a pre-printing processing apparatus 251 and a postprinting
processi ng apparatus 252, which are di sposed on the upstream and downstream
si des, - 75 - respectively, of the ink jet recordi ng apparatus, along

t he recordi ng medi um conveyance path. These processi ng apparatuses 251 and
252 process the recording mediumin v%;kgqs manners before or after
recording is made, 5 respectively. pre-printing process and the
postprinting process vary depending on the type of recording medium or the
type of ink. For exanple, when recording nedi um conposed of netallic
material, plastic material, 10 ceramic material or the like is enployed,
the recording nediumis exposed to ultra-violet rays and ozone before
printing, activating its surface. In a recording nmaterial tending to
acquire electric charge, such as plastic resin material, the dust tends to
deposit on 15 the surface by statig electricity. The dust may inpede
the desired recording. In such a casf%l[?g ui& is made with ionizer to
renove the static charge of the *

102




recording raterial, thus renoving the dust fromthe recording material.
Wien a textile is a recording 20 material, fromthe standpoint of
feathering prevention and i nprovenent of fixing or the like, a
pre-processing may be effected wherein al kali property substance, water

sol ubl e property substance, conpositiaypelyneric, water soluble property
netal salt, urea, or 25 thiourea is applied to the textile. The
pre-processing is not limted to this, and it nmay be the one to provide the
recording material with the proper -76- tenperature. On the other hand,
the post-processing is a process for inparting, to the recording materi al
havi ng received the ink, a heat treatnent, ultraviolet 5 radi ati on
projection to pronote the fixing of the ink, or a cleaning for renoving the
process material used for the pre-treatnent and renai ni ng because of no
reaction. In this enbodinent, the head is a full line 10 head, but the
present invention is of course applicable

FIG. 5
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to a'serial type wherein the head is noved along a wdth of the recording
material. <Head Kit> Hereinafter, a head kit wll be described, 15 whi ch
conprises the liquid ejection head in accordance with the present

invention. Fig. 18 is a schematic view of such a head kit. This head kit is
in the formof a head kit package 501, ‘aﬁ? contains: a head 510 in
accordance with the present |nvent|on6 ch conprises 20 an ink

ej ection section 511 for ejecting ink; an ink container 510, that is, a

|l iquid container which is separable, or nonseparable, fromthe head; and
ink filling means 530, which holds the ink to be fill4fanto the |nk

cont ai ner 520. 25 After the ink
conpl etely depl et F/G QASSO (in FOT 1 ycMedl e or the
i ke) of the ink a[o] - (=TSt msertee—~Rte—ah--hi r vent 521 of
the ink container, the junction between the ink container and the head, or
a hole drilled through the ink container wall,_ and t
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ink wthin.the ink filling nmeans is filled into the ink 5 cont ai ner
through this tip 531. Wien the liquid ejection head, the ink container, the
ink filling neans, and the |like are available in the formof a kit
contained in the kit package, the ink can be easily filled into the ink 10
depl eted i nk container as described abqu%1therefore, recordi ng can be
quickly restarted. In this enbodi nent, the head kit contains the ink

filling nmeans. However, it is not mandatory for the head kit to contain the
ink filling means; the kit 15 ma tain exchapgeabl e ink
container filled with the ink, and . en t hough Fi g. | lustrates
onlytheinkfilﬁgeagﬁr filling inting ihk intp tHei124
cont ai ner, the héa Pt ont ai njmeans filling 20 t hg bubbl e

generation liquid into the bubble g i n addi tion
to the printing ink refilling means. The present invention can be applied
to the liquid ejecting heads as descri bed above, including not 25 only
t he heads of the so-called edge shooter type having an‘¥fpcti on outlet at

one end of the liguid flow path in t jrecti g the f ace of the
FIG. 76 -
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- 78.- generating element 2 as shown in Fig. 1, but also the heads of the
so-cal l ed side shooter type having an ejection outlet on the side opposite
to the surface of the heat generating el enent 2, for exanple, as shown in 5
Fig. 19. Nanely, the liquid ejecting head of the side shooter type can

al so be produced through the producti gn it eps, for exanple, shown in the
foregoi ng exanples. The liquid ejecti g’ kad of the side shooter 10 type
shown in Fig. 19 is simlar to the liquid ejecting head of the edge shooter
type as described above in that, for each ejection outlet, a first path
portion 4 in a bottomsurface of which a heat generating elenent is
positioned is formed on a substrate 1 provided with 15 t he heat
generating elenent 2 for giving thernmal energy for genﬁm jng a bubble to

the liquid, a seco?g/ h‘B?r ion 3 in digead fluidge cation with the
me

ej ection outlet 9 ove it| a partition wall 5 mpad18f a nateria
havi ng elasticity, such as a netal 20 Or thne fTRe, T35 ovi ded between
the second path
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portioen 3 and the first path portion 4, and the liquid in the second path
portion 3 is separated fromthe liquid in the first path portion 4 by the

partition wall 5. 25 The liquid ejecting head of the side
shooter type is characterized in that the ejection outlet 9 is provided in
the portion i medi ately above the heat - 79 - generating elenent 2, in

the orifice plate 14 positioned above gheisecond path portion 3. The
partition wall 5 between the ejection outlet 9 and the heat generating
elenment 2 is provided with a pair of 5 novabl e menbers 6 which open |ike
a doubl e-1 eaf ed hinged door. Nanely, the two novable nenbers 6 are forned
each in a cantilever beam shape with their free ends facing each other as
bei ng sightly separated by a slit 8 |located i medi atel y bel ow the central
portion of 10 the ejection outlet 9 during a period w thout ejection.
During a period of ejection, the two novabl e nenbers 6 open to the side of
the second path portion by bubble generation of the liquid in tqi region B
generating the 23
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bubbl e, as.shown by the arrows in Fig. 19. They are 15 cl osed by
contraction of the liquid. This region Ais refilled with the liquid
supplied froman ejection liquid tank described below to get into an

ej ection- ready state, thereby preparing for next bubble generation of the
liquid. 20 The second path @@rbhon 3, together with the second
path portions of other ejection outlet 6 is in comrunication with a tank
(not shown) for reserving the ejection liquid through the second common

|l iquid chanmber 10, while the first path portion 4, together 25 with the
first path portions of other ejection outlets 9, is in conmunication with a
tank (not shown) for reserving the liquid for generating the bubble through
- 80 - the first common liquid chanber 11. The liquid ejecting head of the
si de shooter type having the above structure can al so achi eve the excell ent

effect that the liquid can be ejected at high 5 ej ection energy
efficiency and high ejection pressure as inproving refilling of the liquid
ej ect ed, al nost ;
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simlarly,as the head of the edge shooter type does. -81 - WHAT IS
CLAIMED I'S: 1. A nethod for producing a liquid ejecting head havi ng an
ejection outlet for ejecting a liquid, a heat generating el enent for
applying thermal energy to 5 said liquid, a liquid flow path conprised
of a first path portion in fluid connﬂgaﬁation with said ejection outlet
and a second path portion di sposed be said first path portion and
provided with said heat generating elenent in a bottom surface thereof, a
10 partition wall for partitioning said liquid flow path into said first
path portion and second path portion, and a novabl e nenber di sposed above
said heat generating elenent in said partition wall and arranged as

di spl aceable to a side of the first path portion in 15 accordance with a
bubbl e generated in the liquid by said thermal energy, in which upon
generation of said bubble the first path portion and the second path
portion are in fluid comrunication with each other and said pressure is
directed toward said ejection outlet
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20 ' by said novabl e nenber displaced to eject said liquid droplet, said
nmet hod conprising: a step of preparing a substrate provided with said heat
generating elenent; a step of formng a grooved partition wall 25 havi ng
sai d movabl e menber and side walls of said second path portion; and a step
of joining said grooved partition wal 1° 82 - to said substrate to form
said second path portion. 2. A nethodzfa? producing a liquid ejecting head
according to Claim1l, wherein said novabl e nenber 5 is formed by
providing said partition wall with a slit. 3. A nethod for producing a
liquid ejecting head according to Claim2, wherein said slit of said
novabl e nmenber is forned by formng said partition wall 10 by

el ectroform ng. 4. A nethod for producing a liquid ejecting head according
to Caim3, wherein the side walls of the second path portion in said
grooved partition wall 15 are formed by placing a dry filmon said
partition wall
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and patterning said dry film 5. A nmethod for producing a liquid ejecting
head according to Claim3, wherein said grooved 20 partition wall is
produced by formng a netal filmon a matrix having a recess correspondi ng
to the second path portion by electroformng. 6. A nethod for producing a
liquid ejecting 25 head accordi ng ﬁv%ai m 3, wherein portions of the
side walls of the second path portionTh said grooved partition wall are
formed by etching. - 83 - 7. Anethod for producing a liquid ejecting
head according to Caim6, wherein a portion of the partition wall and the
portions of the side walls of the second path portion in said grooved .
partition wall 5 are nade of diffeﬂ t?'als and an etching rate of
the material for formng the portion df It p ftion wall is lower than an
etching rate of the material for formng the portions of the side walls of
t he second path portion. 10

200+




8. A nmethod for producing a liquid ejecting head according to Claim 3,
wherein portions of the side walls of the second path portion in said
grooved partition wall are fornmed by electroformng. 15 9. A nethod for
producing a liquid ejecting head according to Claim2, wherein the slit of
sai d novabl e nenber is fornmed by irragi%}'ﬂg said partition wall with

| aser. 20 10. A nethod for producing A1I% I d ejecting head according to
Claim9, wherein a material for formng said partition wall is a netal. 25
11. A nethod for producing a liquid ejecting head according to C aim 10,
wherein said grooved partition wall is produced by formng a netal filmon
a - 84 - matrix having a recess corresponding to the second path portion
by electroformng. 12. A nethod for prgdaetg a liquid ejecting 5 head
according to Caim 10, wherein portio!




side wall s-of the second path portion in said grooved partition wall are
formed by etching. 13. A nethod for producing a liquid ejecting 10 head
according to Caim9, wherein a material for formng said partition wall is
a resin. 14. A nethod for producing a liquid ejecting head according to
Claim 10, wherein portions of the 15 15;2iie wal | s of the second path
portion in said grooved partition wall formed by irradiation with
| aser. 15. A nethod for producing a liquid ejecting head according to Claim
1, wherein a portion of the 20 partition wall and portions of the side
wal I s of the second path portion in said grooved partition wall are nmade of
different materials. 16. A nethod for producing a liquid ejecting 25
head according to Caim1l1, wherein s oov d partltlon wal | has a
fitting groove to be fit with a wall 6 Z st path portion. -85 -
17. A method for producing a liquid ejec ead according to C aim16,
wherein said fitting groove
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IS produced by formng a netal filmon a matrix having a recess
corresponding to the fitting groove by 5 el ectroform ng. 18. A nethod
for producing a liquid ejecting head according to Claim 16, wherein said
fitting groove is produced by etching said grooved partition wall. 10 19. A
met hod for producing a liquid ejecting gﬁgﬁ havi ng an ejection outlet for
ejecting a liquid, a heat generating P t for applying thermal energy to
said liquid, aliquid flow path conprised of a first 15 path portion in
fluid conmunication with said ejection outlet and a second path portion

di sposed bel ow said first path portion and provided with said heat
generating elenent in a bottomsurface thereof, a partition wall for

partitioning said liquid fl ow path 20 into said first path portion and
second path porti gn, and a novabl e nenber di sposed above said heat
generating el enent ¢ ' - sl aceablle to a
side of the first|{path portion in accordance wth a bubbl ed|in the
liquid by 25 sfild thermal energy, in which upon gener gii d
bubble the first path portion and the second path portion =ty ek
comuni cation w thjeach other and - S 2
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- 86 - said pressure is directed toward said ejection outlet by said
novabl e nmenber displaced to eject said |iquid droplet, wherein said novabl e
menber is forned by providing said partition wall with a slit and said 5

partition wall is produced by electroformng so as to formthe slit of said
novabl e menber. 20. A liquid ejecting m??91haV|ng an ejection outlet for
ejecting a liquid, a heat generating elenent 10 for applying thernal

energy to said liquid, a liquid flow path conprised of a first path portion
in fluid communi cation with said«ﬂf%ll}ﬁnggzzet and a second path portion
di sposed bel ow said first path port nd vided with said heat
generating elenent in a bottom 15 surface thereof, a partition wall for

partitioning said lfiquid flow path into said first path portion |and second
path portion, and @& novabl e nenber di sposed above said heat gendrating
element in said pafjtition wall and arranged as di splaceable to g side of
the 20 first path portlon 1@ accorgﬁnce '1h a bubbl e generatjed in the
liquid by said thefjma energ§
aar:
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whi ch upon generation of said bubble the f
path portion are in fluid conmunication w
is 25 directed toward said ejection out
di spl aced to eject said liquid droplet,
with said - 87 - novabl e nenber an
portion are integrally fornmed. 21. A
Claimb5 20, wherein said partition wall
menber is fornmed by the slit
A liquid ejecting head according to Caim
wal |
materi al s.
said partition wall has a f|tt|n
first path portion. 24. A head#
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q sgﬂe wal | s of the second path
I$dj'd ej ecting head according to

in the sane nenber as the partition wall.

irst path portion and the second
th each other and said pressure

| et by said novabl e nenber
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ejecting head as set forth in Caim20, and at |east 20 one liquid
container for containing a liquid to be supplied to said liquid ejecting
head. 25. A head cartridge according to Caim24, wherein said liquid

cont ai ner separately contains a 25 liquid to be supplied to the second
path portion and a liquid to be suppliﬁg«?i the first path portion. 26.
A head cartridge according to O aim 24; rein said liquid ejecting head

and said liquid container are separable fromeach other. 5 27.
A head cartridge according to either one of Clains 24 to 26, wherein the
liquid is refilled into said liquid container. 28. A liquid ejecting

apparatus conprising the 10 liquid jg;lin ad as set forth i
pIZ
e

20, and driving signal supply neans f g a driving
ejecting the liquid fromsaid |liquid ejecting ad. 15

liquid ejecting apparatus conprising the liquid ejget/
in Caim20, and recordi ng nmedi um carryi ng,meaps
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recording rediumfor receiving the liquid ejected fromsaid |iquid ejecting
head. 20 30. A liquid ejecting apparatus according to Caim 29, wherein

said recording nediumis a | eather material. 25 31. Aliquid

ej ecting apparatus according to Caim29, wherein said recording nediumis
a plastic material. -89 - 32. A liappgogiecting apparatus according to
Claim?29, wherein said recording nediumis a netal. 33. Aliquid ejecting
apparatus according to 5 Claim 29, wherein said recording nediumis a
wood. 34. A head kit conprising the liquid ejecting head as set forth in
Claim?20, and liquid filling neans for filling a liquid to be supplied to a
first path 10 portion. 35. A head kit conprising the liquid ejecting
head as set forth in Aaim20, and liquid filling nmeans for filling a

liquid to be supplied to a second path
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15 _portion for generating a bubble. 36. A recorded material having
received ink ejected as a liquid fromthe |iquid ejecting apparatus as set
forth in either one of Clains 28 to 33. 20 37. A nmethod for producing a
liquid ejecting head having an ejection outlet for e ecting a liquid, a
heat generating el ement for applying EQE;??J energy to said liquid, a
liquid flow path conprised of a first path portion in fluid

comuni cation with said ejection outlet and a second path portion disposed
bel ow said first path portion and provided with said heat - 90
generating elenent in a bottomsurface thereof, a partition wall for
partitioning said liquid flow path into said first path portion and second
path portion, and a novabl e nmenber di sposed above said heat 5 generati ng
element in said partition wall and arranged as displaceable in accordance
with a bubble generated in the I|qU|d Pysa t her mbl energﬁﬁ wherein said
novabl e nmenber is forned by prov artltlon
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wal | {ﬁﬁj e slit of said novable nenmber is 10 HWN
pr odugi n wall by electroformng. 38. Aliquid ejecC
for pfoguci ﬂ!illqu1d ej ecting head having an ejection outlet foryals
eject{ng A0 W7a |ndat generating el engnt for applying ther npk-eHergy™
said tiquid, a liquid fil ow path conprisedof a first path portion in fluid
communpi catton wth said ejection outlet and a second path portion disposed
bel owisaid first.path gortion and 20 provi ded with said heat generating
element in a bottomsurface thereof, a partition wall for partitioning said
liquid flow path imkenssi soki pRODPELRGPOLILUED BAECBERONEERBL ANDOLIHORD and
a novabl e nenber di sposed above said heat generating elenent in said
partition 25 wal | anEIROTING: HEFD MBIAINEINIEY® THE SAME ¢mTHODM th a
bubbl e generated in the liquid by said thermal energy, wherein said novabl e
menber is fornmed by providing said partition wall wth a slit and an end

of the slit of said novable nenber has a tapered shape.
BACKGROUND OF THE INVENTION
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5 Field of the Invention

The present invention relates to a method for
producing a liquid ejecting head for ejecting a desired
liguid by generation of a bubble with application of
thermal energy to the liquid. More particularly, the

10 invention relates to a method for producing a liquid
ejecting head using a movable member arranged to
displace as utilizing generation of a bubble. Further,
the present invention concerns a liquid ejecting head,
a head cartridée using the liquid ejecting head, a

15 liguid ejecting apparatus, and a head kit.

The present invention is applicable to
equipment such as a printer, a copying machine, a

N facsimile machine having a communication system, a word
processor having a printer portion or the like, and an

20 industrial recording device combined with various
processing device or processing devices, in which the
recording is effected on a recording material such as
paper, thread, fiber, textile, leather, metal, plastic
resin material, glass, wood, ceramic and so on.

25 In this specification, "recording" means not
only forming an image of letter, figure or the like

having specific meanings, but also includes forming an
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METHOD FOR PRODUCING LIQUID EJECTING HEAD AND LIQUID
EJECTING HEAD OBTAINED BY THE SAME METHOD

ABSTRACT OF THE DISCLOSURE

A method produces a liquid ejecting head having
an ejection outlet for ejecting a liquid, a heat
generating element for applying thermal energy to said
liquid, a liquid flow path comprised of a first path
portion in fluid communication with said ejection
outlet and a second path portion disposed below said
first path portion and provided with said heat
generating element in a bottom surface thereof, a
partition wall for partitioning said liquid flow path
into said first path portion and second path portion,
and a movable member disposed above said heat
generating element in said portion wall and arranged as
displaceable to a side of the first path portion in
accordance with a bubble generated in the liquid by
said thermal energy in which upon generation of said
bubble the first path portion and the second path
portion are in fluid communication with each other and
said pressure is directed toward said ejection outlet
by said movable member displéced to eject said liquid
droplet. The method comprises a step of preparing a
substrate provided with said heat generating element, a
step of forming a grooved partition wall having said
movable member and side walls of said second path
portion, and a step of joining said grooved partition
wall to said substrate to form said second path

portion.
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