LIQurD EJECTI NG. METHOD MYTH NCNABLE NENBER I BACKGROUND OF. THE
JINVENTION -, Freld of the Inventron 5. ' : The present |nventron .
-relates to a. I|qu|d . ejecting head lor ejecting a desiFEQ LLBLPGwE
utilizing - “formation of bubble; a head cartridge using the I|qU|&C1' SR
. ejecting heady a li-qui d- ej.ecting. apparatus aliquid - ogyeihrng nethod

-a recording nethod, and a head ‘used.in. =10 - these’ nethog, 3 I :

- More particul arly; ‘the present .i nvention . - relates to U|d4607513 &
“ejecting method and a kEQWE™| BFECTING Mﬁﬁﬁﬂ@dwﬁgﬁn@OXAPPEuNEMQFgct|ng head.. -
with a novable = " - .menber. arranged t.o be displaceabl'e ngKing use of 15"
generation of *bubble. = - 3 " The. present i.nvention is- applrcable '
to. - - “equipnent ‘such-as a crlnter'. copyi ng; nachrne a. ' -

. facsi mile machi BACKGROUND JOE THE stem a word: processor
--having a printer’ portion or the I ke ‘and an 20 - |ndustr|al recordrng

- devi'ce conbi.ne - t ; -of ~vari ous processing devices, mnth

~whi ch recor di S eff
',-._ftn'lrigad,r;e(_:,o_é. ) g i ber | txkz?.ePf’ég%%g‘gt %R"anrt?‘f’“{@ ﬁﬁagﬁﬁd%%ferﬁa @ paper,

b-eJecting head for ejecting a deSired liquid utilizing

"formation of bubble, a head cartridge uSing the liquid
-f eJecting head a liquid eJecting apparatus, a liquid |
.pejecting method ‘a recording method and a head used 1n:.
-'_p16~tTithese methods. _ o o | o
o More particularly, the present invention -
-a'relates to a liquid ejecting method and a recording
' ”method uSing a liquid eJecting head with a movable :
_bmember arranged to be displaceable making use of .
15 ___'.-.__..generation of bubble. o |
. The present invention.is applicable to-
'”equipment such as a printer, a copying machine .a._"
bfaCSlmlle machine haVing a communication system, a word t
fprocessor haVing a printer portion or the like and an
_20_-_.industrial recording deVice combined With one or more':
:rof various proceSSing deVices With which recording is
.-'effected on a recording medium such as paper thread
fiber textile, 1eather metal plastic material
' glass,:wood ceramic material and so on.1;
: 25 '1-_3ph_ In this speCification "recording. means not
fonly forming an image of letter figure or the 1ike

Y

'haVing specific meaning,_but also forming an image of a ._1:



gl ass, wood, ceraniC'natefiaI- and so on.. 25._.-7.“3l2- I'n this

._spec[fication, "recordi ng" means not: e ~only formn

letter, figure, or t . ' g.an | mRge ot
Tforntng anglnage of ge t|ke: SRy haV|Zg speC|f|c neanlng: but also_

. pattern havi ng.no speC|f|c meani n _T' Relate . R
A conventionally, known.i nk j et’ regordlng et hod 5d ?afza:ﬁgngngrtn mhtch a:-th
 state: of ink is" changed to cause an_ lnstantaneOus vol ume change. - e
“(generatlon.ofprDbre)haVIHQ n§oSB§°P518 BEARLRG - nk through an ejectlon“”'

| outlet by = .- acting force resulted frontthe state change mhereby

- the ink is dep05|ted on the recording ‘medi um t o forman 1077 .i-mEge-

for

exa 1plL e

_'Zheggogzg As’ dlsclosedi3 £ in United R States Patent No'
a I this recording: et hod - usually

comrlses an ajection’ " uilalky el i i okormngiedina p

- conmmun ej ection outlet e
et ST ¢ e Lt B 1o changres éﬁ’msea i
:Tecordlng neth%% 1Ay€¥ht¥ﬁﬂddsyﬁdfﬂﬁé change (generation.of hué%lé?js
S ?so as to eJect the 1nk through an eJection outlet by |
acting force resulted from the state change,:whereby
.f.the 1nk is deposited on the recording medium to form an
'plolup:image thereon.' As disclosed for example, in United
”fStates Patent No. 4 723 129 a recording dev1ce uSLng'
:this recording method usually comprises an ejection'”
| outlet for eJecting the ink an 1nk flow path in fluid_i'
-communication with the ejection outlet and an -
f istf electrothermal transducer as an energy generating.'
' .means, disposed in the 1nk flow path for eJecting the t;f“
| By this recording method a high quality 1mage
'can be recorded at high speed and w1th low noise and
20"1 such ejection outlets for eJecting the 1nk may be
| "arranged in high density 1n a head for performing this
recording method. Therefore, the recording method has-"
R a lot of excellent p01nts, for example,_the dev1ce o
'fcompact in s1ze can obtain an 1mage recorded 1n high o
'f“25l;pnresolut10n and can also readily obtain a color image.ﬁ

fiiBecause_of.it the 1nk Jet recording method is now o

'Ej,ﬁidelyfused'in prlnters copying machines,_fac31mile'fi-



“can ‘be. recorded at hrgh speed and mnth lomrnorse and 20 such EJECtIOH
outlets for ejecting the ink nmay be - e arranged in hrgh density in a
-head -for: performng. this. o recordrag_nethod Therefore, the recordrng
“‘method has .. - alot of excellent poi.nt's; - for exanple the device

- conpact in:size can. obtai n an |nage recorded in high 25 resolutron and“ﬁﬁfh

‘can. al so readily obtain a color i‘mage.  Because - -of:- ‘the ink jet:

“recording. method. is now-- - wi dely-used. in printers, copyrng machi nes, -
‘facsimle =~ machines, or other office equipmenty. and even-llhachlnes or*”

~other office equipnment, and-even in = ° i'ndustrial “systems_such as a .
textile prrntrngddswreélosystems SPﬁ@lﬁﬁ«? textile PrlntlnqN4§V%ﬁﬁEgﬁ of

- use of:the ink- technology in -5 products in w.de frelds ‘a _yarretyri .
of demands des&hy bééke-. ‘bel ow are: |ncreasrng t hese years.. L
For exanpl.e, an. exanple of i nvestj gati-on~ megt. the..de

“inprove the energy use éﬁPr@P@ﬁ@? use °f(ﬁﬂﬁrﬁ95ﬂ4?ﬁ1§ﬁcqqéféﬁ%. -
Oe et o8 1T ReBaats 18 vl gl Setld e RS oty
tr 'an:sf_er -: - be(io];nI %Ir%ng.)hcreaSing gt?x%%r a&%%zls!“ o the li qur d S
| - '_ For example, an example of investigation to a.i
'meet the demand to improve the energy use effiCiency is.
o optimization of the heat generating element such as:;""'i:
,.;olﬁ_:adjustment of the thickness of a protection film. This
B 2ﬁ. technique is . effective to an improvement in transfer .
'i_effiCiency of heat generated into the liquid.“*
| ‘In order to prOVide high-quality images,f'
;proposed were driving conditions for realizing the :
:ls_f-;liquid eJection method or. the like capable of | |
| aperforming good ink eJection based on high-speed
_neJection of ink and stable generation of bubble.' From':...
_the standeint of high—speed recording, proposed was an"
'rimprovement in a configuration of flow passage in order
- 20 to obtain a liquid ejecting head With high filling |
l'h(refilling) speed of the liquid eJected into the .
';iliquid flow path. _ _ o _ | i _
: Among this configuration of llqu1d passage the ;”:.
d':tpublication of Japanese Laid—open Patent Application N
:nl_25-fc'h 63- 199972 or the 1ike describes the flow passage
| _structure as- shown in Figs. lA and 1B. The flow

'-'passage structure and the head producing method



In order to provide high-quality.inmages, . - - proposed mere driviog

condi-tions: fOr
capabl e of -

realrzrng the. . 15 Ilqurd ej ection nethod or-the like
perfornrng good i nk ej4ction based on hrgh speed

" éjection of ink. and stabl e generatron of. bubbl e.. Fron1 ~ . ther

.&t'andpoi nt.- of - hrgh speed . recording; proposed mas an - |nprovenent

~conf.i.gurationof - flow/passage |n or der - 'to obtain a Ilqurd ejecti

‘head . wi-th high

“the Ilqme$dﬁih94mmnrthis publica

Irqurd passage

~Application Zaccomi%@qQM‘Q)rﬂi“heb?‘F]ReW%%%c??‘B‘éﬁr{"H

filling.- o refrllrngg speed of the Irqurd elected,
10n/$ﬁﬁ@?¥%lEh%oh?VﬁﬁFé?Pon of

the -~ publ i cation-of ‘Japanese Lai d-open, gafent

structure as shown in Figs. " The. f1 ow. -
~and the head pr‘?(ﬁﬂﬁ:"l'arﬁq{’gt gbnfje (i.e., the pressure gzﬁééggdsiht’zgq.

- described in this publicatio ooncern e ven I'i shed

';notlng the: baCWQﬁi d&f jon- tg tﬁ£_81£é8€ on t?w%fg H?

- pressure d%rected i
' j ectHHF

~1i qud -camber 1@ squid Géhé%ﬂf%r"?fz? '%ﬂﬁ‘&%&ékiﬁﬁée is knoﬁﬂﬂ?ég}’loggc-éulsé _' v o

t he

is not energy

geneati n o
iS-the pres rected to a

ecion direction

o energy, because it is not energy directed in the -

10

eJection direction. N

The invention shown in Figs. 1A:and“133“

discloses a valve 10 located apart from a bubble'f_

r:generation region formed by a heat generating element 2'

'dfpand on the oppos1te Side to the eJection outlet 11 With'

'respect to the heat generating element 2'1f

15

In Fig. 1B this valve 10 is illustrated as

being produced by the producing method making use of a '

in a

ng:
into

passage f

re’

the =

S equtr%r‘ﬁh&?f&?'ig AL arfegréacr:b‘?ﬁ tovara

gy'plate material or the 1ike, haVing an initial pOSltlon,vil '

-'*where it is stuck to the ceiling of the flow path 3

~ and dropping into the flow path 3 With generation of

20

'bubble. This invention is disclosed as the one for 1.'

athe back wave-. by the valve lO.y

isuppress1ng the energy losses by controlling a part ofilrk

However as apparent from investigation on the' o

fcase where a bubble is generated inSide the flow path 3'”

'as retaining the liquid to be eJected in this |

'pfstructure, to regulate a part of the back wave by the j

h."valve lO is not practical for eJection of liquid.:'f

' The back wave itself originally has no direct



The invention shown in Figs. 1A and 1B : 10 diséldseé a valve. iO'IOCated

~apart fronla_bubble', ©° generation rgglon formed by -a heat generating
~el-ement " 2 . and-on'the oppgsite si '10 the ejectlon outlet 11 mnth L
‘respect. to the heat generatlng el enent .2: oo In Figls th|s;;[f'
‘valve-10.is illustrated as. ‘bei ng- produced by the. produ0|ng nethod
-n&klng use: of a mh. plate naterlal or the like; haV|ng an.initial R
position.. - ereit.js stuck to.the ¢ J|In .0 e flow path s -
and dropplng |mﬁ}QF%QWIWhFQmﬁJF?$HRQ¢1Qﬁa e fprev:Lou bbl%§ This .
“invention:is digclosed as_.the: ne for ih e Idsses S
by control ling *g‘epmi when the jha ‘E}%c"ka\’/'v‘avae"%&g’t[% %8‘9 ba¥n’ D355
However., ppar ent fron1| st.gat a -
bubbl e-i's generseat %%Q“He Jtrheﬂfqeom]/{ l%’at%ﬁ)% ﬁbé%e aqsizr‘ee(tggl&ﬁl %ftéﬁgdl iquid

~to be ejected ' é;f%ti%—h out IdHHHE. grul%lﬁé e.%"@i:?eé’d af‘éa@y tBeegéé% Wave _-

by the = 7 I'S. not_practic eJectlon of lkiquid

- The: back- wave 'éh%e J.idg.{icﬂ'ﬂ?om ycﬁ@Sfi&anéﬁGts... It. is thus cleael ehhen
with. EJECtIOH ssed.previously, - ... . the point when the back -

~ Wave appears i rt& %ddm&aéﬁe back wa'ﬁ’ve,aanéfwvﬁbd:tmrftglletothegpn.aseure |
_dlrectly related : -
In the bubble jet recording method utilizing
bthe bubble generated hy the heat generating element _on
-;-lb.“:{the other hand heating is repeated while the heat
o ilgenerating element is in contact with the ink which
'fforms a depOSit due to scorch of ink on the surface of
"the heat generating element., A large amount of the ;
}?deposit could be formed depending upon the type of ink
blfigq'f_which could result in unstable generation of bubble and ;..5”.
R iwhich could make it difficult to eJect the ink in good |
.horder. It has been deSired to achieve a method for |
.well eJecting the liquid Without changing the property
of the liquid to be eJected even if the liquid to be"
héo.pfueJected is the one eaSily deteriorated by’ heat or even;f:
| if the 1iquid is the one not easy to achieve adequate:f
ff’generation of bubble.;;;:y' B -
| | From this Vieprint anotherlproposal Was madep“h'
.:.to prov1de a method to employ different types of |
”f_ésilfhliquids a liquid (bubble generation liquid) for |
HH.yi-generating ‘a bubble by heat and a liquid (eJection S

l"llqu1d) to be eJected arranged to transmit the

‘a part thereof cannot give a great effect on eJection. . f;_'



to ejectron out of the bubbl e i s already ready to eJect 5 the liquid
~from the’ flom/path 3. It is thus clear that  : " - to regulate t he back
. wave, ‘nore accurately, to regulate [e- 6 . part thereof - cannot . grve a

~great effect on eJ ection.” - - I n-the bubble: Jet ‘recordi ng’ rret hod""-f--._ |

Ut zing - t he' bubbl e’ gener at ed by t he ‘heat" generatr ng el ement ,
.10 - the other hand, heatrng 'S repeated mhrle t'he -heat generatrng
el'enent.is in contact Wi th the ink, whic it due to

d
:iscorch of- ink ?’H-‘er?é“%ﬁu"l‘%b gﬁneratlon t‘-'h'% Wlﬁeﬁ%@gnﬁf%?gﬁﬂt A L
. l.ar ge- amount. t h ld, b d d .
o ?Rka :Jd -- %eﬁd;afﬁm% (B¢ SO G dRE DL Rgo PRt e 1YPE
i'ch cou t t .t REd L
_has been des??&?‘%’@ﬁllﬁsle\%saclr?gﬁﬁetogﬁ jgl?aﬁgé(elﬂa%? g&’%’étl’%& 1. eelrr qu:d
Wi t hout . ¢hangi. pﬂﬁ?ég tﬁb ??4g7tgﬁa|N€UI§5191p¢261@ﬁiegdevenIl

-t he I|qu|d to b €] ected |s ‘the one .easily deteriorated by heat or

even © . %ég %&dts l\ld‘e 4”1@86‘025933%& 0s@Chih 8VeraUeREsse

generatron of ‘Fromthis. viewpoint, another proposal

 was.made- i :Rf@éﬁdl?samlﬁd{tésefﬁé él¢£i@ﬁeniqﬁy@e5sof 25
liquids, a I|qu|d (bubbl-e generatron l'i quid) ?

by heat and'a lpéﬂﬁét:ﬂey %‘épaﬁﬂ‘hted fromIﬂmcbubblbegeneratﬂonaliqugéd to
' transnttthe : - 6- _
' g by a flex1ble film such as silicone rubber sO as to E
1'keep the eJection liquid from directly contacting the o
lb 'jheat generating element and the pressure upon . |
. Eigeneration of bubble in the bubble generation liquid 1s tﬁ.
- transferred to the ejection liquid through deformation
- of the flexible film. By this structure, the method |
'achieved prevention ot the depos1t on the surface of

15"' -the heat generating element -an improvement in freedom .

:'of selection of the eJection liquid and so on.-

SUMMARY OF THE INVENTION
The present 1nvention provides.a novel eJectlng |
'2Q' hjmethod capable of achieving bas1c eJecting properties
| which have never been achieved by the fundamentally
yconventional methods arranged to eJect the 11qu1d aS' d
“:forming a bubble (especially,_a bubble caused by film
":tb01ling) 1n a liquid flow path._y,;f_ f '
'525.7-'.;_-h The present invention provides a llquid
| ?eJecting condition that is effective to adequately

_respond to a disperSion factor in an eJection outlet

generating a bubble_:;”



_.pressure upon generatlon of bubble to the ejectlon f' Cliquid and to
~eject. the ejection |liquid thereby for. _ - “exanple as'dlsclosed in

.Japanese Lald open Patent . - AppIICaplons No. 61- 69467 and- No.. 55- 81172
United:© 5 - States: Patent No.. 4 480, 259, "and. so. on. An these

“publ i cations, the ink as the ejectlon |IQUId s perfectly“separated g

-_Ing;the bubbie generatlon |LQUId .o byra erX|bIe film such as: sili.cone .-

r-so-as to. ... ection fiJ f ting the ..

l%gbbl heat tgﬁnepagsr@nel &*ﬁéﬁ?‘ %gr#d preés?g'uq}réeii ugor&{g. c-_ﬁﬁwééhe%gﬁa%on 8f S

ubbl'e in the hy gneratio | s st h '
- g F?u%ﬂ &@P r 4#ﬂ£idié and thaﬁ s T sl d ard he'

~ejection |iqui ron~- the flexible film By thIS

structure,. the 1L ol ewad Qﬁ*ﬁptl #¥ieposthie on th
ur f aceé Fﬁagﬁ'at generatl FeahlidEs . 0

.“sgrface-of__ ng .el'ement, . an i nprovenent”in freedom .
| lOste' ection: Ogrg@%n% Q.We‘?{tﬂdrﬂlﬂz‘bviﬁes W Difuid ejectirfMEENoMF THE
ENTI.ON he present .i-nvent.ion provi des a novel eJectlng
.20 nethed Ca%%*ﬁe%tqfvea% Gt\ﬂaﬁmithiﬁxfsi&)recﬁammrnp@m@ming a  which
- have never  been.achi eved by:the .fundanmentally - - conventional methods
arranged to eJ%muﬁdridy(Bﬂ(éuth eJectidnwonttptinmnmiqniespe0|aIIy, a .
bubbl e caused by film boiling) in a liquird flow path.

The present i nvention murﬁhhrSéthecprebent invention also prov1des a
| | ”ﬁfliquid eJecting head that can realize more certain and :;"
'%Vmore reliable effects of the eJecting method according
i'lOt”-:to the present invention.:' T : o
_ | This head according to the present invention.is" _
T__the one obtained by technically developing the PR
ﬁl knowledge gained in a prior application, based on a new';.“J'
";standpoint. The summary of this prior application is
.:l5' h'given in the following.__ o h | S
- : ":f As disclosed in the.prior application .a":'
o ?movable member lS provided in a flow path and the :
fulcrum and free end of the movable member.are arrangedi
_nin such a pos1tional relation that the free end 1s |
TliZQ:.J located on the eJection outlet Side, that is, on the |
o 'downstream 51de.; Further the movable member.is
:arranged to face a heat generating element or a bubble-h -
'generation region.. This established the utterly novel
,technology that the bubble is pOSitively controlled by AT
"25pp“nthis arrangement.. S E '
| | Next .lt was found that con51dering the.energy"

- given to eJection by the bubble itself a max1mum



eJeCtlng condltlon that i's effectlve to ade uateI S .
: res
di spersion-factor in an.ejecti.on outlet, q y S pond to a.

=T portlon whi ch' has been ungorved b

, y the conventlonal e

|}QUId e]ectlng prInCIp|e and that can achleve an-. - r-excellent eject,onjzt
efficiency. - particularly, the - present. |nvent|on provides a Ii quid o

~ejecting: method 5 effective to-the dlsperS|0n factor.in produci:ng a

'pluralqty.of such e e tlon outI R
~ present- i nvent FBR8Fs F%S&g hﬂ?’r rlh%%ve hgj ggtﬁcﬁgoﬁe?fﬁﬁgttéamne '

real i.ze- more Certal n Q:'aie accourxti':i:r %f“”al 'd@%'r&t&fé(a‘ﬁpb&dﬁlﬁdl&:mmerﬂg met’ hOd- o

-accordlng 10 WoS; 5% né present 1.nventi.on. .~ Thi's *head -
?ggﬁrdl nlgl to tgﬂa‘. the S%%Hl'evemhl‘a‘&iél'ys ‘it was le&d)mﬂ.aﬁtﬂtedad:hgft the

: " glca y devel oping t : mdedge gained in a prior- appllcatlon S
-1256 on-a. ”ewéﬂ ﬁoﬁ“é%fﬂﬂyéﬁoy aHEEeyﬂuﬂﬂqn(ﬁaténweqﬁlxmpﬁﬁxﬁ BYion |s~fh
,appllggreg |nat e fo Iovmngi : As disclosed.in the priof -~ ..

| , QeffectivElda 1€:.g1ﬁn‘iy3rth§ d:rmaotiem iof ahe clpwsrrean
ful'crum and free end of the novabl e nenber are-arran nguln sgchhg

~posi ti onal rel grciiridaion érﬂee:femh dublgle w
.:outlet si de,’ t%tat |sﬁd10n tpf]tgu ° ulm)l Yer %&W@W%J eCt'?”

direction. This led some of the present inventors to

':[an extremely high technical 1evel as compared With the“':f

;.conventional technical 1evel that the downstream,
-i.10 | grOWing component of the bubble is pOSitively moved to
'h:the free end Side of the movable member. . S
B :' Further, it was found that it was also
i preferred to take account of structural elements such :
as the movable member, the liquid flow path and so on p
| ilsﬁl'irelated to growth of bubble on the downstream Slde in |
: 'tthe heating region for forming the bubble, for example,'
on the downstream Side from the center line paSSing thei-“'
'center of the area of the electrothermal transducer in .
the direction of flow of 1iquid or on the downstream
-:'_.-20 .f'side from the center of the area of a surface ' |
S contributing to bubble generation._ZT?: o
| It was further found that the refilling rate
was able to be greatly improved taking account of the
| location of the movable member and the structure of the
25 liquid supply passage._p - . I
N | ' In particular,.the present invention was h

"50,:accomp1ished noting that variations in an eJection



downstream si.de. Further, the novable nenber . arranged to face a:

“heat generating el ement or a bubble N generatron regron - Thrs
festablrshed ‘the utterly novel: - teghnology that the bubble is. . S
_positively control l-ed by 25 this arrangenent - CNext, it- -

~was’ faund that, consrderrng the energy grven to ejectron by the'

“bubbl'e itself, a maxi mam - factor to considerably -iinprove

the-ej ection PLoDer t'eguﬁag& bé@%ﬁakpdka%?dig %%Pdﬂ f&é&&ws&reantgromrngi A

yconponent nely,; o-¢clarified that the

“‘ejection effic %Rﬁ%ﬁa@%@r ?‘J"?’rcr %chatfggwaq-_lldﬂaw%é&ion utritectively

aligning. the di'f I'on. 0 wnstréam . - grow ng conponent of .the
bubbl e wi th th%h%h?%%bp&nventors th%ﬂﬂ&oﬂeriUEdSﬁhﬁjépﬁﬁh4ﬁakimgpresent

‘lrnventore to . an extrenely high fechnical .l evel, as conpared. with o
the, © CORMRIHARRy ttertiatall ilzey ahe idjaictiion dotets ramnfuriier |
;.gromrng conponent of thé bubble is positively noved to. ~: . the free end::-y

si de  of tBe ”D\iﬂ@r%\iiﬁ!@)&ihe ejection efficidnoy o 111qu.'wh§)§f otakiinthat it
- was:also - - preferred to take account “of structural elenments such-
‘as’ the novabl e gt dfa |namauidrismwgoauertwesam &(ﬂmld@men@@!t@blet 0.

r;gromth of bubbl e on the downstreéamsside in .
o - of the movable member and an angle of a line connecting
T-a fulcrum portion of the movable member With an E

7.intersecting pOint of a center axis of an eJection -

1;16:; ’outlet With a surface (connection surface) of an ;

jection outlet portion connected to a liquid flow path -

.*iand as also utiliZing the epoch—making liquid eJection'
';method and principle in the prior application.“f
) . | Main obJects of the present invention are as
fhiSff-afoilows., .. R o |
” - A first obJect of ‘the present invention is to
dfprOVide a liquid eJecting method a liquid ejecting
"head and so on that can achieve a more stabilized
'ejection state by maintaining in a predetermined range,_'
mh_QO 1W1th respect to the reference at a pos1tion of a
| '_reference surface of the movable member the |
:?i[relationship between the angle of the axis connecting
; p.the fulcrum portion of the movable member With the
.?intersecting pOint of the center aXis of the eJection i
?25\'_;outlet With the surface of the ejection outlet portion
Jrconnected to the liquid flow path and the displacement -

' angle upon max1mum displacement of the movable member.”{



thetheating'regioh for form ng the. bubb[e' fof.ek ve. . ’
ne. ne 19 reg C . anmple, -~ . " -on the :
downstream side fromthe center:line paSS|ng the . - . center of  the area

~of the'electrothermal, transducer in. = 10.-"the direction of flow-of Iqu|d'515

- or  on the downstream .20 .sSide fronlthe center of ‘the:

_ _ area of a surface’
i;contrlbutlng t o bubhl e generatlon S “ic 1t was further -found
“that- the refllllng rate - Cowas”t able to ‘be- greatly |npr0ved t-aki ng.”

3account of the. . - - l.ocatyi on-of the novabl e nme '.ifjf
. the 25 I|Qupﬂovﬂ¢9ﬂywpabsage free end for contpgagépgnd Fh% {yucture of:

ehe present - o

‘invention-was - " acconpli shed ‘noti-ng' t hat. variatl on: %)ln an. EJECtIOH ;:i~_

- ‘genevatedyf the EEQ&&SQfoWa§ gﬁf@ﬁ FCREEST

'_nanufacturlng t he configuratign of e ect outl 1 st
inventors finally derlﬂeﬁeFﬁedeBBéﬁ é 3%3 pre rgbﬁﬁ%m%5§kﬁgl%?gg7ilie |

“the ejection state as further

PN h -
“liqui-d by takPﬁ@Vlde a 1&88&&n?j8f:tlé‘%r% 1::?15)!>rﬁi§h|%p€lbi \Alied; ({jﬁlgiaegggng;t'

angle- oy abl di:ﬁﬁkﬁﬂ '
.' -'af ful cr urr?portPSﬁ of af‘\é 93\9%@’%% %&r 6]% * fﬁc&dée{‘% er sectcaltﬁnjgg‘pm nt
‘of .a center  axi % b a%ni%! Q:?lte' Q.Qqu%.% abd-'\’}ét |1§Ie ‘Mé&t @ﬁgﬁmg aumeatton - E

.surface) of an
- ' as imprOVing the eJection effiCiency and eJection force

Tln addition to the first obJect and that can perform""-
'good 1iquid eJection by decreasing reSidual bubbles
h_lbzn::above the heat generating element._ .”:'"
_ A third obJect of the present invention 1S to |
prOVide a liquid eJecting head etc. enhanced in
.-'refilling frequency and improved in print speed or the';.'”
;-flike by suppreSSing the action of inertial force in the
\l5 ;'doppOSite direction to the liquid supply direction due
| .adto the back wave and decreaSing a meniscus back amount
'rby a valve function of the movable member. H_ | :.'
Additionally, a fourth obJect of the present
invention is. to prOVide a liquid eJecting method a
ZOf, .liquid eJecting head and so on that reduces a depOSit
.'fon the heat generating element that can broaden the
.'application range of the eJection liquid and that can
demonstrate conSiderably high eJection effiCiency and
‘teJection force.r | | |
'25_¥_';f;l73; A fifth obJect of the present invention is toi
.i_fprOVide a liquid ejecting method a liquid eJecting |

"ghead and so on haVing increased degrees of freedom of



- ej ection outIet portlon connected to a |IC]UId flow path S and .as also |

_ut|I|zrng t he epoch maki ng I|qU|d ejectlon ... ‘met-hod and prrncrple in- :
~the prior appllcatlon Sl e JWmln.obJects of the present: |nvent|on7gi"
are as 15 follows. . . .. Afitst object of the present. SR
5|nvent|on isto ... -provide a I|qU|d ej ecting nethod caliquid eJectlng'ﬂﬂ'
“head, "and so-on that’ can achi eve: a mor e stabilized - eJectlon state. byﬂ'ﬁf
nalnta|n|ng i.n a predetermned range, 207 wi-th respect to the- reference S

~at a position eklaction of r@!’eerlemm-%mdm Q)Tethﬁéi_ nmovabl e nenber, .the _
“relationship between. the angl e of the-axis connectin t he fuIcrum -
portion of the novableﬂmmﬁmﬁl\ﬁ3ﬁ$u#3ﬁa°f the PF?ﬁ%ﬁ%ﬁ&ﬁY?ﬁfiﬁﬁrEOBf t-he:

~ center -axi s of.the: ej ection. 25 " qutlet with the surface of-the-e ectlonfflﬁ
"'gut | &t porti omchieving dhenabioye QPIIRES i3k P9 $r.and the J B

: |splacenent . ~~angl.e -upon maxi mum di spl.acement: of novabl e nenber
=10 - . _ provi d@FSR %é:‘traée%?ﬁf“?%r gﬁ?‘? cﬁ”ferén%?a bubble” - -

ST S T 4 apm%d Siesting fpagsoans
ggwﬁgl a?r plnqu,_lf.d ej e%tcltriqlg 11%eua:'fid aég{nﬁplgfhéhat can . Iargel y decrease
o K . using a liquid ejecting head hav1ng an eJection_
outlet portion having an ejection outlet for eJecting o
t'the 1iqu1d a 11qu1d flow path 1n fluid communication'-
5Ql0f;:lwith the ejection outlet portion, a bubble generation..
| 'region for generating a bubble 1n the liquid 'and a |
-_movable member disposed to face the bubble generation_
.hregion and prov;ded w1th a free end closer to the -
'”eJection outlet portion than a fulcrum portion thereof. f“
n.15,f';and displac1ng the movable member by a pressure based
".'fon generation of the bubble from a pOSition of a
reference surface to a position of a max1mum -
_displacement thereby eJecting the liquid
| wherein a relation of 29 - 5° <8 29 + 5°.'
'"sZO | his satisfied where, w1th a reference of the reference ;
{surface, e is an angle of the movable member at the ::-
'pf'max1mum displacement thereof about the fulcrum portion."”'ﬁ
'}and 8, is an angle of an ax1s connecting the fulcrum |
'portion w1th an 1ntersecting p01nt of a center ax1s of
ZSh_'_the eJection outlet with a connecting surface of the
| peJection outlet portion to the liquid flow path and f'

'i'wherein 9 is an acute angle.



of heat in the I|qU|d ‘above the heat generatlng eIenent . as |nprOV|ngf'b

the’ ej ection efficiency .and ejection force:. . in. addltlon to the flrst
.obj ect ‘and. that can perfornt - good—llmu+d ej ection: by decrea5|ng R
resi-dual bubbles. -10 - above the: heat generatlng elenent o _--'Ajﬁ
.third object -of the present |nvent|on is to. - provide a. Iqu|d o
ej ecting head etfc.. enhanced in:. . refllllng frequency and i.nproved in .. .
pri nt speed or. the - . like by .suppressi ng the action of i nertial force”

_in the. 15  opposite " dﬁ¢@@x¢kﬂ9ttpt¢EPFhQM|@SB%%EI9deP%cPFSﬁeHGe
106 the back wave and decreasi ng a neni sc¢. back anp ﬁ aIve
~ function .of ttm}qﬁﬁaﬁﬂprmﬁﬂﬁﬁ. is provi ed a 1iqy |%%3FF§n9am¥8 Pﬁ

- obj ect of the present - invention |s to provide a. liquid ejectlng

et hod,  a- 20 C°W?¥&ﬁtp%]ect|ng head, .and -so on that reduces a deposit ...

.on’'the heat' gener-ating el enent .- § hat n_brpaden t

‘range of . the ejection.|1¥tRY,2 ahbﬁ?ﬂ%te%%ﬁﬁlngeh 3§ﬁgﬁ¥%ngt§8cons§§er§bly

hi gh ej ectd on effi j ect c fi fth
%he F%%fééf rh%/nrlgicfb hatlrinf 519 efé'ctic(r?lévrsta gé for 83 ecti Ia

~ohj ect. of’ a li e] ect

| g}etpgge dgm' l)?“'f’uf‘ﬁf&t 4% 1rst u&t@f& £ 250 aatﬂnlhamga'esﬁaaa&ea@e%ees
' with the eJection outlet portion a second liquid flow
ifpath having a bubble generation region and a movable
_member disposed to face the bubble generation region
‘fgio | gand prOVided With a free end closer to the eJection g
beoutlet portion than a fulcrum portion thereof ,' B
igenerating a bubble in the bubble generation region
", and displacing the movable member by a pressure based
zon generation of the bubble from a pos1tion of a
-1'15__pireference surface to a pos1tion of a maximum |
| "displacement thereby eJecting the liquid
wherein a relation of 26 - 5° e s 26 + 5°
is satisfied where, With a reference of the reference
B ysurface,_e is an angle of the movable member at the iib
:Zb :. maximum displacement thereof about the fulcrum portion
fand e is an angle of an ax1s connecting the fulcrum fyf"
'f'portion With an intersecting point of a center axis of
t'_the eJection outlet With a connecting surface of the
::_eJection outlet portion to the liquid flow path and y;'
.H'Zs't"ywherein 9 is an’ acute angle._ o | |
. | According to another.aspect-of the present

Tinvention there is prOVided a liquid eJecting method



‘selection of the Ii quid to be ejected. . - " Typi cal features of
‘the present |nvent|on for T achleV|ng t he above objects are as
~follows.. - . - . Accordl ng to- a'nléﬁspect of ‘the present 5

_d.nventi on ‘there | s provi ded a liquid. ejecting method = for ejecti ng a

~liquid, - corrpr_l_s; ng:. .- using a |IC]UI d-ej ecti ng head having an '
--ejection 7 outlet port ion haV| ng an ejection outlet. for ejecting -
thelqu|d allqwdflowpathln U|d Comm,nlcatlon 10°- “wi'th the.

~ej ection ottt etfoé‘oﬁt'lle@ﬁln@ BuBHRrig ing:  tegion for gener at i ng. a g

-bubble in the liquid, a g : 1?‘%9@
leajuggtte gene[ i’itlon j.t - i’-n’\gglaor}’?%‘l’d'r% %‘%}a‘g ree J‘P %oser to the .
. i on -outl et rtion than @ﬂgjg
 di spl aci ng the Qrﬁt? ?W%'z?%;ge%%giéd Bﬁiﬂgt. f%l:rLIS%]Je%%r ation of

.the bubble fro a O.Slt n of §m_{@c&m@lé@ﬁ¢non of a
mexi mim gcertdéfnt g yﬂé?{agﬁrgrh?ﬁe liquid, - -

wher &in a5rel awliq{h Q:fhez[eﬁfédtioré ouiil%ftf Jpor¥ion, i &ﬁsbﬁél@&mé\f@tﬂonw tha

~reference™of the tTeferen face, [err] is anangle of--the novabl e-:

nmeiber - at the |
| iqn BB GERCHanl Mbﬁmrﬁoftw@omqmm fathdraim portion -
.and[err] i s an zgtﬁe of- arargnams crog}:tnectlngthefulcrum : _--_'.portlgn wirth

~an intersectingRaigte Qtfen&)éierﬂi%pcisecf € fadks theé hHeubbbetgemenatien wit.h a__ .

‘connecting surface of the ~‘ejection outlet portion to the liquid
-flOM’path andregion and prOVided With a free end closer to the

'eJection outlet portion than a fulcrum portion thereof
“-1p lfand displaCing the movable member by a pressure based
:on generation of the bubble from a position of a
.'.reference surface to a pos1tion of a maximum -
'.:displacement thereby ejecting the liquid |
wherein a relation of 29 - 7° e;-s 26 ; 75:
'15“ .is satisfied where, Wlth a reference of the reference
.surface, e is an angle of the movable member at the"
1max1mum displacement thereof about the fulcrum portion_
'and 6, is an- angle of an aXIS connecting the fulcrum
:l;portion With an- intersecting pOint of a center axis of
ZQll:'the ejection outlet With a connecting surface of the
_;ejection outlet portion to the liquid flow path and
waherein 9, is an. acute angle. o T
| | According to another aspect of the.present
.f;invention there is prOVided a liquid eJecting method
25_t_:compriSing. o ' | | - i |
- uSing'alliquid eJecting head haVing an eJection jrﬁ”

'ioutlet portion haVing an eJection outlet for eJecting a |



-:mherern [err] is an ‘acut e angle. - = - 12 -0 _
According to another. aspect: of the present- rnventron there |s _ -
. provided a'li-quid-ejecting nethod - "'1%0npr|srng : :,-l-usrng a.
“liquid ejecting: ‘head. havi ng.-an EJECtIOH . 5-outlet: portron havrng an. L

ej ection .outlet.-for ejectrng a ... cbiquid, afirst liquid flomrpath lh ﬁff7h

"{Iurddc?rnunrcatron .h:h with the ejectron -outlet portron a second e

I.qul ow . . t e

' rre?rber di spose@-’t%‘lf%cé‘ t%\e‘[ b%é}%??ﬁ%%lgmoﬁfgig ¢o an‘én %g%(é‘R' e e

~with a free end. cl osehr 10, th’{? e’JfECté\f%'Eb%?Eti-%gmé %%gﬁg rf){r &{r&nfito;,ul crum"-_
e . -

portion thereoﬂ”' J t he. gemeration 2
-region, .. i spl acin e SAIr o
generat.oP s e ?%%b% el eaprahoLolioR, Ress U fobaed

-a positien -0 egpnt ifquid, -

. Wherein.a reI a?‘r‘%ﬁﬁo sep oied %err 2 %?é?ﬁe?n&%iéﬁgrigtf?gf ?ed

~where, Wit a rgf 8 dla tvﬂ?tﬂeéeff‘é@eend closé#T@cenéesjéctsonn angle
-of .the anabIe ne er ‘at the 20 - 'mexi mum di spl-acement thereof about the .-

':;E:g;321p9ftt(”butlet péﬁ%&dﬁ”tﬂansaaﬂuﬁﬁﬂuﬂ ﬁérﬁﬂoﬁxtﬁeﬁ@@ﬂﬁctlng the
' 'rtgenerating a bubble 1n the bubble generation region
lV'and displac1ng the movable member by a pressure based
'_on generation of the bubble from a position of a iﬂ.
'flO - reference surface to a position of a maximum
. fdisplacement thereby eJecting the liquid
wherein a relation of 29 - 7° s e 26 + 7°.
";1s satisfied where, with a reference of the reference
"Jsurface, Oy is an angle of the movable member at the
;:15g : max1mum displacement thereof about the fulcrum portionl
| "-and 8, is an angle of an aXis connecting the fulcrum_
o portion w1th an intersecting pOint of a center ax1s of.,'
"vthe eJection outlet With a connecting surface of the |
: ejection outlet portion to the liquid flow path and
'*QOd .iwherein e is an acute angle. | '_' |
| According to another aspect of.the present o
_1nvent10n there 1s prov1ded a liquid eJecting method o
'i“_for eJecting a liquid compr1s1ng. . ' |
_.. using a liquid eJecting head hav1ng an eJection_j:i'tpb_

-;_:252 'foutlet portion haVing an eJection outlet fo eJecting

'”the liquid a 11quid flow path in fluid communication

'7'fw1th the eJection outlet portion a bubble generation'f'.



-_portlon mnth an |ntersect|ng p0|nt of ‘a. center axi s of ~ “the eJectlon‘.

outl et wi'th a connecting surface of the - eJectlon ‘out | et portlon to

the Iqu|d flom/path and -25 wherein- lEr+] I's - an acute angle '
~According to another aspect of the present . |nvent|on there'ls : R
“‘provided-a I|qU|d ej ecting met’hod __t__,,{ '-' S k< P
for ejecting a_liquid, conprising: 713"*’”'-" 'u3|ng a I|qU|d eJectlng o
jhead havi ng*-an ejectlon "+ outl et portion having an_ejection outlet for .
‘ejecting - - wemiongfewm, gtelleaﬁtblngl%\/\bﬁé’a’t’helhang?dléﬁ%ﬂmE‘Q‘Eil 8n 5.

with-the-ejection outlet portion,-a bubble generati

:‘?enerahlng gbhdﬁ%W%P1% @?@P??q@%ﬂpoéﬁ 59 face Hag BPQbh%ngﬁpengﬁ8§ed to o
face: the bubbl.e d h d cl L
tothe ' e eRatRm eraeaf?@t%tﬂ#eﬁ LR A" grBh ﬁ%é“?%tfo% FBSeor 10

~and dlspIaCIng Eﬂﬁ?gqﬁﬁg?ﬁFge QXOS thﬁs rfuPéf&ﬂ rtionO@hgga%Eat'on:::f'

of . the bubbl.e f? reference surface to posi t'i on

of a maxi B a0 ddséfaéfﬁqg‘a@ée 1‘&1@@?69%5&&&8&& nsgt Qe?téggh e based

‘wherein a on o tis ere, -w-t h a
Lreference Of tfﬁhrﬁgﬁﬁfQEEOn of the bubble from a pos1tion of'a

",reference surface to a p031tion of a maximum'f
"gdisplacement thereby ejecting the liquid
wherein a relation of e 20 + 5° is satisfied
'_1Qf fjwhere 'w1th a reference of the reference surface, eu is-t_'
:.an angle of the movable member at the maximum"'l | |
__-displacement thereof about the fulcrum portion and e lS o
- an angle of an axis connecting the fulcrum portion with
:an intersecting point of a center axis of the ejection
;pzlé'.lloutlet with a connecting surface of the eJection outlet_"
” 'i}‘portion to the liquid flow path 'and wherein C™ 1s an o
_.acute angle and is not less than an angle of an axis
.connecting the fulcrum portion w1th an uppermost end of
the eJection outlet portion of the connecting surface. fl”
:a'ZO '_:' _p"' According to another aspect of the present
-'invention there is prov1ded a liquid eJecting method
“for eJecting a liquid compriSing" -
using a 1iquid eJecting head haVing an eJection
:outlet portion haVing an- eJection outlet for eJecting
":jis " the liquid a liquid flow path in fluid communication
| dWith the ejection outlet portion a bubble generation

'Qiregion for generating a bubble 1n the liquid and a



surface [err] is an angle of t he anabIe nenber at the _ - _maxi mum .

dlsplacenent t hereof: about the fulcrun]portron - and [err] is an anglex:fj
~of ‘an- axi s’ connectrng the fulcrum- | - 1@oktion . with an intersecting. pornt,f'-

of . a. center ‘axis of- ‘the. EJECtIOH outlet - with-a connectrng surface of R
~the. - . “ejection outIet portron to the Irqurd fl'ow pat-h, “and- ' R
“wherein-[err] is an acute angle.” - ‘Accordi.ng to another aspectﬁ:-i
.-of the present . “invention, there |s vrded a-liguid ejectrng met hod . -
25 conprrsrrmpovable member dl%@@$@ﬂaﬁ¢r§%¢€ bbecPPhblﬁeﬁﬂnﬁ§§th8nan ' !
- ejectron . outlet-portion having an ejéction outlet for ecting a
14 reg#QRu%PdeP#¢Y%§e¢|Y&W@ ?I%ﬁF%a?ﬁdrﬁl?FﬁFd eoﬁhﬁnrcatron'

‘with the ejection outlét portion, a second 1 ving a’

bubbl e generat .wqfevgcprbrpuaﬂt aP%Va‘PP han'a HhlcteR aersicns BPeelie (he”
- t f d
“ef B0t .eoﬁ_e”:e-.r.ab'asrgrt{ eolreing e r‘gavi'rﬂrC'Pﬁfr#%a?réﬁerﬁéﬁsﬁrgsg bsbd fhe
-generat | t he bubpl di‘spl RS
RN R+ SRR s ﬁt%e%@‘g@iéogr&@ﬁég agition ofl gt h'esﬁugﬁl Qg L
froma pos't'%eoéelaenég sk ELEL %06 % YL 26£0h0f Qoaamumﬁ a.maximm

displacement thereby eJecting the liquid
IR wherein a relation ‘of 29 - 5°:5:9u'$.29 -is.”
;satisfied where w1th a reference.of the reference
loih_:surface, e is. an angle of the movable member at the
o max1mum displacement thereof about the fulcrum portiont
::and e is an angle of an ax1s connecting the fulcrum
| portion with an intersecting point of a center axis ofhf_f'
_ ' the ejection outlet with a connecting surface of the |
'i'lS“ iejection outlet portion to the liquid flow path and ,'
o wherein e is an acute angle and is not less than an_iu
:-iangle of an axis connecting the fulcrum portion w1th anr
"_tuppermost end.of the_eJection.outlet,portion of_the i |
._fconnecting surface._f _ | o . i | |
_20 ' 'tﬁf*'fﬁ According to another aspect of the present
'linvention there 1s provided a liquid eJecting head for:
"eJecting a liquid compr1s1ng., | ' | |
"E an eJection outlet portion haVing an ejection :?
tioutlet for eJecting the 11quid a liquid flow path in
”iﬁjiplfluid communication with the eJection outlet portion a ggfff
o .bubble generation region for generating a. bubble in thei;”

11qu1d and a movable member disposed to face the



'drsplacenent thereby ejectrng the Irqurd : f¥ B mherern a

relation of 2[err]- 7[err] B I satrsfred where, wth-'a reference of
the reference . - - sur-face, [err] |§'dﬁ'angle of “the: novabl-e nenber ‘&t
-~ the 15 naxrnuntdrsplacenent t hereof . about 't he fulcruntportron S and
' [err] Is.an angle-of an.axis- connectrng the fulcrunr. : portron with. an
:rnters?ctrng pprnt o; a’ center axrs ‘of : “. the ejectron outlet with a-= -
connecting surface of the - ctron utl et port:i to )
“path, and” 20 buhké@r&%‘i‘?@r"r’i°’t§ Ot A RIE ‘Peé w"% ngel clo?drlngw

‘t o’ anot her ‘aspecgt. . of: the resent v.en d
I 7duid e ecti ngiRERRFo the ere&tie%‘rrt%e%t‘*qu. 2114 R @

~using a i gui dﬂ% C'tl ¢ é}hg:?'e?qfﬂa\aﬂegrﬁh ely qwsagﬁacﬂ.&glttﬁé REFab e haV| ng

an ejection ou Iquid flow path in-

-Tf|UId connunrcatuﬂgr by a ﬁgéngggagaégarégrggﬁéfgtfgﬁtéfnkh@.ﬂwpbig

gener. at i ng.) a b%mﬁ d %&sﬁﬂdrgl&fj 8:.‘1‘-9.15é"::‘ence sﬁ‘@f@@é etmsﬂtsmseﬂ to -
face the bubbl e generation ... region and provided with a free end closer

to the. ‘Hdéihdﬂ”dfﬁpﬂ&&éméﬁtttﬁﬂejeéﬂlﬁhenlﬂ@uidpn thereof 5 *-ft5
_.and drsplacrng the movabl e nenber hy a pressure.based - o . A
B - a relation of 20 - 5% =< 0, < 20, + 5°"
a”satisfied where, w1th a reference of the reference“rc"'”
'surface, e is an angle of the movable member at the
le' maximum displacement thereof about the fulcrum portion |
-Tfiand 0 1s an angle of an axis connecting the fulcrum e
;portion w1th an intersecting p01nt of a center aXis of”ii'
'h'the eJection outlet with a connecting surface of the o
_-'eJection outlet portion to the 1iqu1d flow path and i
'FIS?r .wherein e is an acute angle.' | n :
L According to another‘aspect of the present .
- invention there is provided a liquid eJecting head
comprising- | - |
_ N an eJection outlet portion haVing.an ejection
' 20 . outlet for eJecting a liquid a first liquid flow path
hin fluid communication with the eJection outlet '
portion a second liquid flow path hav1ng a bubble '
";generation region -and a movable member disposed to
:face the bubble generation region and prov1ded w1th a
_-zs'l;.free end closer to the eJection outlet portion than a
l"fulcrum portion thereof wherein lupon generating a |

ribubble in the bubble generation reglon and displaCing o



on generatron of the- bubble froma posrtron of a- reference surface '
“to a. position of a ‘maxi mum- ~ di'spl acenent,. 't her eby ejectrng the
Aiquid, - : mhereln arelat-dsof “[err] 2[err] + 5[erﬂ
_satrsfred 10 where with a reference of the reference sur face, [err]
~an angl e of the novabi e nmember ‘at the naxi mum . di spl acement thereof
. .about .t he fulcrunlportron and [err] is = - . an'angle of an: axi's
- connecting the fulcrumportion with - °  an-intersecti. oint of a "ff'rc
~center axi s of thieemevehlicoment®r by IRRSSFUHE: é’arﬁ?r%é?lﬂ "surface of the .

:EJECtIOH outlet . .- port to the | d fl Lo Ler:
LS -an ag@ergﬂ@o& aqf:j%rll'@ ?m){bhe:l&;fq{ u e} éﬁ)% aah z(:&ifeeréhégr'r I

- cannecting the fulcrum portian L
9 D Wt h-an gdpper nDIllSutm e(i}l.dspolace'&lent {gle ej ecti on

_-out | ﬁt porti onsyrfage Mrﬁ&q%@ﬂ ccording-to- |
~anot her aspect” of the present. vent her g & @r ovilgd ' d’ o
t%gﬁ |$&%4#muéwcé § &B-ggé ﬂéqm“ S

ej ecting nethoGJec oﬁprrsrn

.using a l'iquid e ect eqa ]}/é nq”ﬁr}l %?éf%ncﬁ Iof %|ﬁéfé>ﬁéﬁ¢@n _

havi ng- an5ej ecthi eJ gct1'ng’ quid, a lLiquid filow:

path in fluid co nrcat Wist Bt e
£ h® b%%hlb@rl%tﬁw a
_bubbl e~ generatr m?Jce' "reargﬁ FOP geﬁergﬁﬁng g%bubble in.the liquid,- and

.a.' ' max1mum displacement theréd? about the fulcrum portion o
_'and 9 1s an angle of an axis connecting the fulcrum o
-portion with an intersecting point of a. center axis of ﬁ

.lbxﬂd-the eJection outlet With a connecting surface of the |
ejection outlet portion to the liquid flow path and
wheréin e is an acute angle. _“
o According to another aspect of the: present
invention, there 1s proVided a 11quid eJecting head for_
_155_--e3ect1ng a liquid compris1ng. - |
. ' an eJection outlet portion hav1ng an eJection '
coutlet for eJecting the liquid a liquid flow path 1n _”
'fluid communication with the eJection outlet portion a'“'
'bubble generation region for generating a bubble in the:.
:20d _liquid and a movable member disposed to face the S
S 'ibubble generation region and prov1ded w1th a free end
rcloser to the eJection outlet portion than a fulcrum
portion thereof =wherein upon displac1ng the movable
hemember by a pressure based on generation of the bubble.”
.Zdjifffrom a pOSition of a reference surface to a pos1tion oft
| f; a maximum displacement to eJect the liquid o

a_relatlon of 29 - 70.5;3 29 + 70-;*



_anabIe nenber dlsposed to face the bubble eneratlon - gi on |
‘provided with.a free end closer to the g ej ection. outletrggfgpoﬁn?hah a
.fuIcrunfportlon thereof .. and d|5p1@c+ng t he ‘novabl e nenber by a
pressure’ based " 5. 0n generatlon of t'he bubble- fronfa position. of a:
-reference. surface to’ a p05|t|on of -a.maximum. - - ~di spl acenent , thereby
_:ejectlng fhe liquid, . -wherein a relatlon of 2[err] - 5[err]:
s .. satisfied mhere with-a reference of the reference: 1 .
surface, [err]satisﬂiedihené,tﬂethuaaﬁﬁﬁeﬁ%ﬂﬁﬁrogt Pﬁeregerenc%aX|nun1=f'
-dlsplacenent t her eof ~about .t he ful crum portion -

_ R ey ‘an angle .
: 8; chgm Zrcg;‘f’gni?%'t%_ ]f?lhq? elﬂﬁegcl;e O° "'ﬁﬁt’?"ﬁ@%? H“%{'iib‘ffu e{r;]sel]c ing. po?nf-. o
: n-o o
:'f/mhgreﬁﬁ . EJ] enaxmuuutif-eplee?'fl%ﬁ FJBGFﬁ@gl Fﬁﬁf‘gﬂ ff‘s-wfég ﬁﬁ‘t g@,qtg%f ace of o
- err].'is an acute angl -
‘axi-s. connect i ngn@h8e {47 c"’?"hrﬁnr?%f? |Cb€ #t%%%lggﬁné %(rallr:trlr%sfu]éﬁgﬁgf et ﬁfe an o

ej ection outlet portio

Accordi ngdt o apgrﬁépnagbggtanipﬁgrsec%QﬂgeﬁbiRQ.3¥rha%%nte%0ax1s of

résen nvention, .there is ..

provi ded a I|q 0 |
_ @ubrifadied o amer
an: eJectlon ou é % gg@gﬁg gﬁtglecfpghéeﬁlﬂg. SUtIet fbr ejecf:gg

LPECL EEN i"‘e'f—'% o Bttt o e Sssummton ey s,
_ bubee in the _ gi on for.generating a
s _ wherein bﬂuig a&”gc@téDaﬁéié nmenber. dlsposed to face the -
| B | | ' According to another aspect of the present
'jlblpL invention, there is prOVided a liquid eJecting head _l”
= hcompriSing.": . s | |
_ | ) an ejection outlet portion having an ejection A
'loutlet for eJecting a: liquid a first liquid flow path
:in fluid communication With the eJection outlet
'i'15'1' portion a second liquid flow path haVing a bubble :
.. f"generation region and a movable member disposed to
face the bubble generation region and prOVided With a_l
.free end closer to the eJection outlet portion than a
"fulcrum portion thereof wherein, upon generating a
'FH20lig bubble in the bubble generation region and displacing
| .'the movable member by a pressure based on the
) generation of the bubble from a pos1tion of a reference
zusurface to a pOSition of a maXimum displacement tolﬁ |
-eJect the liquid a relation of 29 - 7° sﬂ 29 + 7°:fful
'lzs.ﬁ JlS satisfied where, With a reference of the reference L
| surface, e is an angle of the movable member at the

“: maximum displacement thereof about the fulcrum portion'w"l'



- A7- bubbl e generatron regi on and provi ded mnth a free end
closer to the ej-ecti.on outlet portion than a fulcrum =~ .- portion thereof
“wherein, upon--di spl.aci ng-the novable. =20 menber . by a pressure based on f_
. generatron of the bubble 5 ° froma posi'tion of a reference:- surface to a '
‘position of .- . a naxrnunrdrsplacenent to- eJect the: Irqurd :
~a relation of 2[err] ferr] < 2[efr]:+ 5is .. satrsfred mhere

~Wi'th-a feference of the ref erence” T surface, . S e of:the . g
~movabl e menber aRdtheisign armem% &%@%Mn?Mf l%?ogﬁ'lﬁf fulcrum .. ..

- portien . and ferr] is an an Ie of - .an axi g.connecting.the: fulcr m- .
~ portion.with arP‘P?r‘E’é?‘sé’t’:’chga’bd-'h eﬁtt'éﬂtg?lgE Q cegter pRESe gct |'on

BRI DR e GE P R 2 e | re??r‘nrs‘caﬁﬁa%ﬁ RUEkebePehel on (o
A Ui —
-_-pfgf/’f d;gg at |°| 3?;#%#9@??%‘?\8%%%% O(SJ)‘PtPcSES@Bt the 118ui8"9%h05athheéﬁd' s L
‘ej ection qutlet &g{éi&r?qhg\g %q’t a‘ﬂmeéeecédqa_,_rb 20 - “outlet for ejecting a .

~liquid, a. irst? _ |qurd nfluid- comrunrcatron wth the:
e ect .i__°” _Ou“_et . z?@é&f&i‘ngatéewaéhéfqaeae&owpeha Beésaﬁta bubbl e
| S :'_ invention there is provided a liquid eJecting head for

:.eJecting a liquid compr1s1ng°"' | .

“. :_ an eJection outlet portion haVing an. ejection :

"ﬁiQ i:'outlet for eJecting the liquid a liquid flow path in
| "ﬁflUld communication With the eJection outlet portion A'
.bubble generation region for generating a bubble in the
“gfliquid and a movable member disposed to face the __-
'.-bubble generation region and provided With a’ free end
.;i.is frcloser to the ejection outlet portion than a fulcrum '

_ portion thereof in which the movable member is | |
:displaced by a pressure based on generation of a bubble
from a pos1tion of a reference surface to a pos1tion of }
a maXimum displacement to eJect the liquid | ;

-20. ' j_ _ wherein a relation of e 26 + 5°llS satisfied
| | where, with a reference of the reference surface e is

-'an angle of the movable member at the max1mum '

:pdisplacement thereof about the fulcrum portion and e lS_--

7an angle of an aXlS connecting the fulcrum portion With _':" i

"ZSh_ 'an intersecting pOint of a center aXlS of the eJection
-?outlet With a connecting surface of the ejection outlet,'”

:portion to the 1iquid flow path and wherein e is an



generation region, and a novabl e nenber disposed to- }. face the bubblef'f

generation region . and provided with-a 25  free end close
-ejection outlet. portton than-a + . faﬂcruntportlon therebftomhgseln
gghgglgghﬁgatlng a :311 bubble n the bubble generat|on regi on. and R
. : s =18 -
:nenber by a pressure based on the generatlon of the bubblehfrggygble e
- ‘position-of a ref.erence : urfa 610 a, hpg ogaydhan e
_di-spl acenent t@CUte ang}ecﬁnéhés|P8% &esg gga on o f[err] SGﬁ}ﬂr]

2]lerr] + 5[err] ati s %ﬂ dgttdnﬁ of

ref erence congﬁFF&BQ thg, F2 |s ngghgﬁg fﬁeahnva'le'nenber at the _

'.nBX|nun1d|spIac nent thereof Fenie0 idon@ie warth
an’ angl e of an® g JEELASE: O n%litghtt pyﬁé'frdaqmgfu-- rportlc(;:r?nv% tsh an c_ﬁea.r.r]

- intersecting point of ?ﬁ%%%‘ihga’t'os a‘i‘IothE} aspté&ﬂ: @jfeafhieoprmadret Wi t'h a

.conRectlng surface of
‘pat and_ g@s; | [ e
5 aspect Pldde 1% Froal angliguid eJecting headm@@¥d|nq

_tb ﬁhgthe t é present - - invention, there:is prOV|ded a. ..
" q ejectin % I¥§u1d<ﬂdampﬂﬁ;fnngU|d conpr|5|ng v
n: eJectlon outT et portlon having an ejection : outlet for electlng

_ithe L'qu'dt a l'qu'd'ﬂaﬂNdiﬁdtﬂdh outlet portion having an eJection _
- outlet for eJecting the liquid _a liquid flow path in N

fluid communication With the eJection outlet portion ‘a

ejection outlet portion to.the kiquid roWl,~f

'10']]ibubb1e generation region for generating a bubble in the ffff;"'

':-1iquid and a movable member disposed to face the )
bubble generation region and prOVided with a free end.
closer to the ejection outlet portion than a fulcrum
portion thereof in which the movable member is |

'15. 3 displaced by a pressure based on generation of a bubble.
'from a pOSition of a reference surface to a pOSition of';
a maXimum displacement to eJect the liquid | |
| wherein a relation of 23 - 5° s e, < 29 is fl
satisfied where, With a reference of the reference
'_-ZC"; surface, Oy is an angle of the movable member at the :
ﬂtmaXimum displacement thereof about the fulcrum portion'
and 9 is an angle of an aXis connecting the fulcrum o
'portion With an intersecting pOint of a center aXlS cf
:_the eJection outlet With a connecting surface of the :
lzd:i_eeJection outlet portion to the liquid flow path and
| | wherein 6 is an . acute angle and is not less than an :

' iangle of an aX1S connecting the fulcrum portion With an_



f1tid comunication with the ej'ecti on outlet'portion,'af - bubbrep

~generation:region for generating a bubble in the 20" Iqu|d and a
novabl-e. nenber ‘di sposed to face the = = 22 bubbl e. generatlon regi on. and .- . .
_ﬁprovrded mnth a. free end = .. closer . to:the ejection outlet portion thanﬁiv?

cafulerum. . portron t her eof , “wher.ei n,. upon dlspIaC|ng the movabl e

-_nenber by a pressure. based on generatron of the bubble : 25" froma"

-~ posi‘tion.of .a reference surface to a p05|t|on of-. a ﬁﬁXIﬁUﬁ] S

" di spl.acenent. tcnmpermosheemdq@fdthe eJeCtion Outleﬁ P@FE%PBn°SftQFerr]

~T7{err] T[err] i : 19 -

- satisfied mheregomm¢¢¢enge$@r§m@e of the reference Vr.{ surface [err]

an angle of the novabl e menber-at” the Iacenent thereof

3'anu$ }he fulcrunrportr@ﬁpord??gaﬂa T%QF?ersasgegﬁgpg Ehe Bresre connectrng.'-
- the fulcrum 5 I on th ap i ntersectin f t Foo
 the ej ection ou&?%éhV&?%' £ %ﬁ%et?rﬂﬁogﬁg?é g é 8Jegtgg§e§{|gﬁlzu?|et?'}

B PR T ) %&eﬂar ol ks Mpappdbeanndle
.fprOV'dEd a lquId ei@hé ngngegg the abo&&”@ébéb@g and dr1v1ng s1gnal l.'
L supply means. for supplying a driVing signal for - |
':'ejecting the liquid from the liquid eJecting head.
| ”] According to another aspect of the present |
_IO :;'invention there 1s provided a liquid eJecting .i |
- lapparatus having the liquid eJecting head as described B
"in either one of the above aspects, and recording
medium conveying means for conveying a recording medium;
_ .'for receiVing the liquid ejected from the liquid 'd"'“
'li_l5 ' 'eJecting head. o |
o | According to the present invention, the
__ejection state-of the 1iquid was able to be stabilized
;by properly defining the maximum displacement_angle at;
-the time when the movable member for controlling the'
120: leubble generated is displaced at max1mum by generation:r“:
:1of bubble, w1th respect to the angle of the 1ine
.Jconnecting the fulcrum portion of the movable member j
lw1th the 1ntersecting pOint of the center ax1s of |
reJection port ‘or the area center axis w1th the surfacef';
':'25_.7'of the eJection outlet portion connected to the liqu1d :
.'.uflow path. :”.“ B N | o |

B In addition the llqu1d eJecting method head _



" an ejection outlet -portion haV|ng an. eJectlon outlet for ejecting a
“liquid, a first liquid flow path in fluid communication with the .
__ejectlon dbutlet  15.. . portion,.a second28i qui d- flom/path haV|ng a- bubbl e
generat-i onregion, ‘and-a novabl e nenber dlsposed to. .. . face the bubble
gener ation-regi on and- provi ded with a. - “free end cl gser to the =
ej ection outlet portlon ‘thana —~ . fulcrun1port|0n t hereof - mhereln o
upon’ generatlng a’ ‘20 . bubble in the bubble .generation region. and ¢
di'splacing - andtse om\agrerdin®etobihe presenteipdsedien; thésed on -
‘generation of.the bubble froma -position of a reference = surface.to a’
.position of a|ﬁ$@rﬂﬁﬁﬁ|%?ﬂ%ke%¥%¥t%%P Pr1n°18}§ctc?ﬂeaFtE&Pdth§ relation
of 2[err] 7[err] I's satisfied: nce.of -t he .

_reference - SY@EFQ%ﬁE?°[%§fT°?s°5 gpﬂbgietﬂﬁnre gﬁgeaﬂgnﬁeﬁ at ' the

gm0 sl acgre, %“r?%et?f IHsnpasa; herel o8k RBat s Remin, -
- - r n i crum. -
portlon_mn haaggﬁﬂég sect 0|q%¥9£%@ 8§Htﬁé gff%FQEntlgtegeEQSdeJeCt'On |

‘outlet wt i.on 0

et Torgaid %aﬂg%fév#n e
' w1th the conventional ejectlon methods, heads, and so
'1on of the 1nk Jet method. For example, the most | |
*l.preferable form of the present 1nvention achleved a
lﬁ_'lp- '_quantum_leap-of,eJectlon efflcrency two;or_more_tlmes”
llmproved.‘ . o : B | | -_ |
Wlth the characteristlc structures of the r:
.present 1nvent10n 'eJection fallure can be prevented :;t-tl'
o even after long term storage at low temperature or at
'15_1' low m01sture,'or even 1f eJection fallure occurs, the,_p
| 'ihead can be advantageously returned instantaneously ”
7_1nto a normal condltlon only w1th a recovery process
_such as prellminary ejection or suctlon recovery
| | Spec1f1cally, under the long-term storage
20_ -;condltlon to cause ejectlon fallure of almost all of
:eJection outlets 1n the head of the conventlonal 1nk ff'
stet method hav1ng 51xty four ejectlon outlets the head
,of the present 1nvent10n showed eJectlon fallure only
';1n approx1mately half or less of the eJectlon outlets..;
:df25':f For recoverlng these heads by prellmlnarlly eJectlon
| | .;fseveral thousand prelimlnary eJectlons were requlred ,l

for eachﬁeJect;on outlet ;n-the conventlonallhead,

porfion to _ll--



i nvention, there is prOV|ded aliquid ejectlng head for S ejectlng a
‘i qui d, conpr|S|ng ~ ' an ejection outlet portion: haV|ng an
“ej ection 10 - outlet f.or ejectlng the 24quid, a liquid flow path in
fluid comunication with the. EJECtIOH outlet portlon :ag:.ﬁ-_‘ bubble-. -
generation._regi on for generating a bubble ln the. - Ii .qui d, - and a
novabl e menber dlsposed to. face t he" “bubbl e generatlon regi on and L
'prOV|ded with-a free-end 15 closer to the ejection outlet portion than .
~a fulcrum . whqﬂﬁaS(athunﬂnﬂﬂ or (Eqpxel intnami | @) egRhRRs | dere 1
-dlsplaced by a pressure-based on ‘generation of a bubble - = = fronta
position of a reffigHiants kg aR,Q—,CQ‘fﬁ%t 'f)‘é%llt?féﬂll ‘bf the pre%e%m mim-

' dlsplacenent to eject the liquid,: in arelation o

s e][ r]. -2[err] - f 41nsrqrgtzsoa}., sf‘];tycs means W‘I%T' h%vl ?ﬁe%e?"éfJe?‘émiél%n ?ﬁg N -
“reference surfag err. " o
SO RS ndhrearveny il ohe fERTRNER, fodBeR" ff‘é?%] e

maxi mum -
Jan angl e ¢ Laxis, nect the fulc t h i

~inter sect%rft p(}t’rﬁ %’et;e‘?ﬂ e&%‘?(‘f%r%‘f %%%n(g]%écéél)%%ﬁl; 103 Ieltlévm th a _
.connecting surface of -t j ection outlet L portlon to the I|qU|d flow
path, and V\/nereri‘ﬁ“t 9]£‘c|’ss€an . o o= 21 -

_ acute angle and 'S not ﬂé?%&é&fﬁkﬁ? aﬂﬂeestrué%hfﬁssfor 1mprov1ng the o
o 'refllllng characterlstics of the present inventlon
-:'achieved high responsxvity upon contlnuous eJectlon
:’.'lp :'stable growth of bubble, and stabllization of llquld
o .idroplet and reallzed hlgh-speed recordlng or hlgh-
'.quallty recording based on the hlgh-speed liquld |
'..'eJection. | . .. c | ._ . _ .. |
The other effects of the present 1nvent10n w1ll_
';lS' :be understood from the descrlption of the embodlments.
| .. | In the spec1f1catlon the terms'"upstream and
."downstream“ are deflned w1th respect to a general
.{.llquld flow from a llquld supply source through the
c-bubble generatlon reglon (or the movable member) to thei‘“
20 '. eJection outlet or are expressed as express1ons as to .
?the dlrection in this structure._'t |
Further a'“downstream 51de" portion of the'
-Kh_bubble 1tself represents an eJectlon outlet s1de -
}portlon of the bubble whlch dlrectly functlons malnlf
"-Zﬁh.- to eJect a lquld droplet.- More partlcularly, 1t meanse
-h a downstream portlon of the bubble in the above flow ':

"'dlrectlon or in the dlrectlon of the above structure .



- the liquid f1 oW

. connecting the fulcruntportlon wit h-an uppernDst end of : the EJECtIOH
outlet portion of the connecting surface. - - - © .~ :According to -
anot her aspect of: the. present 5 ,4|rnm§grbn there is. prOV|ded a’liquid
‘ejecti-ng head -for - “ejecting a liguid, conprrsrng . an

- ejection outl et portlon having an ejection - . outlet for ejectlng the L

~liqguid, a liquid. flom/path in. . fkuid connunlcatlon wth the: ejectlon '

out et portlon a - 10 - bubbl e generation region for generating a bubble: |n-f:7

“the I i quidcth afe‘sriedmvtadolmermémterircs@m bubb-‘ee;e onea- bUbblebube e
‘generati-on regior and provided with 'a free end- = - closer to 'the. o
ej ecti.on outleﬂagpﬂaringtinuthefdﬂwnsmﬁeam reg¥mntf¥9mtﬁ%$e%$nt?ﬁ aki ch the];-
- novabl e nenber is. 15 displaced by a pressure based on generation of a.
“bubble - fehsmarqoLf the dieat rggnekREing #¥eRP ¥ o a position of

S a naxrnuntdrsplacenent to eject the [iquid,

rel'ation-of 2[err] - '5[%t ths[%ﬁﬁqlﬁﬁQﬁF}°?s ' "Sub3t§ﬁﬁt§¥$%dsﬁﬂe?g mrthjt-i
a reference of the reference 20.. " surf.ac [ er 4 gle,of the
~movabl e ménber shiategenerally BRang, i iéﬂwﬁ#ﬁ ?réhe%?q%b%u?egﬁ%efulcrum
' t L d I f o
BTN it ek bouian 14 ST $rts SR SuSRLO G hb kBT
-outlet with a cq{t}_&ectl n% surf(aCflé){mépgund Zt.she m&g&ié%e'ﬁyéi.%?@&gél on to

ereln[err] 1s.an acute .angle-and is

- not l'ess thaniﬂbtion of éﬂgﬂﬁbégbfgrﬁgﬁﬁéfonnectlng the fulcruntportlon
with an T _

In thlS specification a “partition wall“ may
.;liOihb'mean a wall (which may 1nclude the movable member)
) '1nterposed to separate the region 1n direct fluid N
'communication With the eJection outlet from the bubble gb :
'ogeneration region in a wide sense,_and more f' |
'-specifically means a wall separating the liquid flow
i5 t npath 1ncluding the bubble generation region from the
| '_liquid flow path in direct fluid communication w1th the?-.;:
eJection outlet thereby preventing mixture of the | |
.11quids in the respective liqu1d flow paths in a narrowi'.'
f?sense, : . ' | |
:2°er.n-: ) ; In the specification ca “free end oortion of
:_the movable member means a portion 1ncluding the free
‘end, which is a downstream—side end of the movable
;;member and neighboring regions and also 1nclud1ng a QL]_“
fportion near the downstream corners of the movable _hh:'
25 member. AR
. 'Fnrther, i'“free end.region of the movable f.:

' ﬁmember means the free end 1tse1f at the downstream—side



22 - - upper nost . end of- t he EJECtIOn out | et portlon of the

connectlng sur face. = . . According to another aspect" of the. o
‘present © . |nvent|on ‘there-i's-provided a I|qU|d ejecting. 5 -apparatus -
having-the I|qU|d ej-ecti-ng head as: desc??bed -+ - tn.either one of the -
‘above- aspects, and driving signal S supply neans- f or supplylng a.
f;dr|V|ng S|gnal for . ejecting. the IquId fronlthe Tiquid eJectlng S
~ head. : * Accor di ng -t o .anot her’ aspect . of- the present 10 : L
_lnventlon th ﬂg% j egt the_
#liqui d:-ej ect i ng eadp%rgé/dﬁ,\l%garllbé Hef g fag%ﬁrelr lgﬁéagg %gﬁgb%?\géqg .

-aspects, and Il AGhe freen@quU%EOQV§¥QESnnEﬂB§.uﬁthCQB\tWH:IB@ a -
;recordlng nedlum - tor.recerving the Iiquid ejected fromthe I|qU|d

15 ejectln&fggubﬁd and the side &@stding to the present invention, the'tf

'EJECtIOn state of.the liquid was able.to be stabilized- - by properly

“defining the- naX|nun1cb@mtmsﬁnﬁﬁheahgubcaum portionﬁeoflmhewmewahme nmovabl e 5-5
“nenber .for .controlling the 20 ‘bubbl & generated is di'spl aced- at- HBX|nun1'J-

by gener & i on member s:taberblﬁxeremtmeanspecborderhpoamgbe between iane
connecting the ful erum portion-of - the: nmovabl e menber - . with'the - -
-1ntersect|ng|ﬂmspla¢immepgehign gﬁ|ghgfmovable member and a portion. _p
| ' 'wsubstantially not displaced,“for example -in the case
:.:of the movable member being formed by a slit in the |
_ T'partition wall it corresponds to the end of the cut ofd
..;.io';-.sllt which is the position of the root of the movable _-'“'.ﬁ.
L .‘nmember._ - S
Further ~the "reference surface stated-herein -
"means.a surface including the movable member 31 kept lnt'
Loa natural state Without being displaced as’ being free
15 ﬁfrom the external force. This is substantially |
| :equivalent to defining the reference surface as a plane 1{
including the fulcrum of the movable member and
':connecting the partition wall extending on the
hdownstream side from the fulcrum to the eJection outlet
.20__' With the partition wall extending on the upstream Side _p
| '_oppOSite thereto._ If the movable member is deformed
' the latter can be used as the reference surface._ |
| . Further the “displacement angle of the'
”hmovable memher stated herein means an angle around the :
1e25'.';center of rotation at the fulcrum portion of. the
-'straight line connecting the above mentioned fulcrum_?i

}portion With the free end upon displacement of the i .



rejectron port or the .area center axrs ‘with the surface 25"-'of:the
.ejection outlet -portion connhected. to the- liquid .- - fIOW/path -
.1'n.addition,’ IR

-23-

‘the Irqurd ej.ecting nethod, fead, .
, . -and so-.on according to the- present Jnventron based on .
_the very novel-.

ej ection principle,: can attain:.the - synergrstrc ef

. of the bubbl e generated ‘and the - ‘movabl e nenber di spl aced thereby

that the 14 quid-

'5  near the ejectron outl et can be -efficiently eject

.thereby. rnprovrm@dahieﬂmamberteﬁiuhnrespecc tonpneedeferencempfhthhe

~.conventi onal

t'nethod

ej ecti on net hods, 'heads, -and so: - :  “on of the ink jet -

rect

nmore -

For exammnemantiqnnd referencee$@r§@¢e foEape¢l@héYpr§b§nt
7rnvent|on achreved a 10 - quant.um'.eap. of - -ejection efficiency two or: o
tines rnmaanmmm of this displaggmenthengheriet@pfiped 3cractures of . . .

t he ‘preseit .invention, ejection failure can be: prevented

'Tafterclong ternﬂ?ﬁ&ﬂﬂﬂa@ﬂsHkﬂFQQﬁﬂﬁw%ﬂQ&% %w'at 15 - Iom/nnrsture,l

.19:'

" even if g

:returnedr

“process
15"

20

tion fail be. adyant | F
gt 'aﬁ? ang'ougrr RS %%?ta%r %ﬁh%?tgf %J%ﬁ?égzg  BRYAS ecovery'_."_.

means ‘a rotatlonal ax1s of cyllnder 1n the case of a o

fhcyllndrlcal eJectlon outlet portlon or a stralght llne
reJectlon outlet portlon on the 11qu1d flow path s1de

'5_eJectlon outlet portlon on, the outer surface (face

r'surface) 51de.

even-"'

'7connect1ng the center of 01rcle of the aperture of the "

'_(eJectlon outlet 18) w1th the center of 01rcle of the .

If the eJectlon outlet portlon 1s not clrcular .

the'"center ax1s of ejectlon outlet" or the "center

- llquld flow path s1de w1th the center of the area on

the_face_surface_s;de;

_BRIEF DESCRIPTION OF THE DRAWINGS .'

= Flgs. 1A and lB are a perspectlve v1ew of a’

-“of a llquld flow path of the conventlonal llquld f

'eJectlng head'"ﬁ-.”

Flgs. 2A ZB ZC and 2D are schematlc 1

_fapplled to the present 1nvent10n,

hax1s of the area of eJectlon outlet“ lS deflned as a_"

I.stralght llne connectlng the center of the area on the L

conventlonal llquld eJectlng head and a sectlonal view_l::'

- fsectlonal v1ews of an example of a llquld eJectlng head :



. 'such as prelininary ej ection or suction recovery. ' ' o

- Speci fi-cal Iy, under the | ong- terntstorage 20 - condltlon to cause Lo
“ej ection falture of aInDst all of . - eLectlon outlets in.the head of .
-the conventtonal |nk L jet. nethod %aVIng si-xty:four -ejection. outlets

~the. head B of the present i.nventi on showed EJECtIOH failure only

in apprOX|nater hal f or [-ess of the ej-ection outlets. "25 - For -+

. recovering these- heads’ by prellntnar|ly ‘ejection,. - - -sever al thousand

cprelimnary: ejectlons %@ée éeggléegartly brbnénegebsppetﬁvenvdEWIeE an the.

,conventlonal ‘head, . Whereas aff;ﬂ

-hundred or so. f{@tt&t 856ELyng] ﬁéédoaﬁpwiéd ‘to tneSpfréSenenuntrenrteomer the
head of the pres :

‘can - shorten the pgggvgrysparseﬂema&ﬂcdedesasé boessuref the 5.
“liquid 'due to-recovery, and can greatly lower the =~ . .running cost.

CParticularly, bg?gggﬁgbureSOﬁoa bupbme|dg ahgonventlp@pﬂ|b§ﬁ§
_characteri:stics o

‘upon contgnuous’ ej ecti Biig. $0is at achemgtdet Niew, @GbPFﬁssﬁﬁG'stablIlzatlon
Vef liquid . = dropket ‘and realized high-speed recorq&n% to tﬁi'"
dquallty recordpngphgaedonnfrh@ T beééeéﬂ PqﬁQ9 applie
B present 1nvent10n,_ﬁ--' | 't . : |
| | F1g..6 is a schematlc v1ew of a 11qu1d flow in :.
| 'lthe.ejection.princ1ple applled to the present n_:'-
N ld;”pilnventlon. . .. | -; o | | | |
| - | h Flg. 7 is a partly broken sectlonal v1ew of a"
illthd eJectlng head accordlng to an embodiment of the t*
present 1nvent10n, __ | | | h'
F1g. 8 is a partly broken perspectlve view of a'f
ise- .11qurd eJecting head applied to the present 1nventlon,

o Vf' Figs. 9A QB and QC show a p051tlonal relat10n_f7
betweenhthe heat generating element and the movable"
member; e | |

o hFig;llo is a schematlc drawing tOIShow;a first h
ffégf; ”ggampie'of the relatlon between By and BE,' | .
B ..:-..-'Fig. 11 1s a schematlc drawing to show*afsécpﬁGTJ
.egampiehof the relatlon between e and eg}w;_l_'l |
B ”:,’ 3F1g. 12 1s a schematlc draw1ng tohshow atthirdhq_f:.
_éiAﬁpt; of the relatlon between e and SE,:i ._l |
-':Zét'j:;h' _i”'Flg{ 13 1s a schematlc draw1ng to shéw,aéfonrth_
h_e%ampietof the relatlon between e and Bx,n:; |

'Flgs. 14a and 14B are 1llustrat10ns of an gfﬁ'

I nvention. This means that' the present. |nvent|onf:ff

the present. invention . ° . -achieved. hiigh responS|V|tyflyf



EJECtIOH R - The other effects of the present rnventron mnll 15 .

-be under st ood frontthe descrrptlon of the enbodrnents o L I'n R
t he specrfrcatron ‘the’ terns upstreanf' d_ ! dommstreanf are defrned‘:
.mnth respect to a. general - Irqurd omrfronta liquid- supply source .
through the- bubbl e generatron regron (or-the movabl e menber) - to- t he

.20 - eJectron outlet or -are- expressed as expressrons as toe .. . ‘the .
direction in: this-structure. L Furt her,. a dommstreantsrde o

~portion of the peraudwwealntaaﬁlé GRE@SER S an e ectron out ! et-side-
‘portion of the(hubble which directly functions mainly. 25 -to .eject a

liquid droplet. Mre pqutg'é:ullaszt,y , 188, NERASL5C are -1 osgtsatbans poft | on -of
t he bubble in the .above f oo drrectron or_in the direction of the .~
-above - struct ur gther conflguratlons of the movable memBér; = Wth
“‘respect to the center of -the bubble, or a bubble - ‘appeari'ng i'n the
ndomnstreantregron frcnnaigacXﬂnxs aﬁschematihedaa@an@ft@h%hh@aﬁngeneratrng
- elenment. .. I'n this specification,-a "substantially seal-ed" :
state gene.al | yaxampfs—z mﬁ@lmktmg estwmhffard%g'ﬁeéfylng th?hat when a.
bubble grows, t he: bubbl e does not escape PR _ S
: conditlon of the angle in the present inventlon,t :
Flgs. 17A and 17B are longltudlnal cross R
sectlons of a llquld eJecting head accordlng to an t.”'
_fembodlment of ‘the present 1nvent10n,:”f.
'lb S f-i Flg. 18 is a. schematlc v1ew of a conflguratlon
,of a dr1v1ng pulse, .f' |
-Flg. 19 1s a sectlonal V1ew of a supply passage
- of a llquld eJecting head in an embodlment of the 1'
.r.present 1nvent10n,l,-""' __ .. |
-?_lS u E""s“ Flg. 20 is an exploded perspectlve v1ew of a E |
| _head of an embodlment of the present 1nvent10n,.-_”
- Fig. 21 is an’ exploded perspectlve v1ew of a
fhllquld eJection head cartrldge,j' .
L Fig. 22 is a schematlc 1llustrat10n of a llquld _ E
':520' _:eJectlng dev1ce,
Flg. 23 is a block dlagram of an apparatus,_',
o Flg..24 is a schematlc v1ew of a 11qu1d o
-JeJectlon recordlng system,:and
;F;g. 25 1s a. schematlc view of a head klt.'.i
I257f

.QDESCRIPTION OF THE PREFERRED EMBODIMENTS

'_(Descrlptlon of prlnciple) E{



: through a gap (Sl|t) around t he anabIe nenber before o haniOh of the’
nnvable menber. - - In thi's specification; partltlon Wall‘t'he
enay 10 - rean a mall (whlch nay i ncl udgot he novabl e nenber)
“lnterposed to separate the region’in: dlrect fluid- - connunlcatlon mnth
“'the ejection outlet fromthe bubble . generation region in-a wide -.
- sense, and: nore. - speC|f|caIIy means a wall separating the. Iqu|d ffow
_ﬁ15 path |nclud|ng t he “bubbl e géneration region fromthe . .. |iquid.-
“flow path in direct fluhd pﬁmnumpletoﬁnemecmlpneaPPllcabéFe&ﬂ¢£Peoutlet

_.thereby preventlng m xture of the 7. “liquids.in the respecti Iqu|d
--flom/paths in présenemanventloaewsél bgoexplained ref@ryiRods ﬁﬁ%:

"free end portlon of - . the ‘movabl e - menber - neans a
. ortlon lncludln
.the free . .- drswipg®hich is a domnstrean}3|de end of thepnnvable s g

RS i Ch D e A2 S dotsonas WA
T8 R 5 IS Saong end WA A wegé-- -
end of-the: ”DV%EL;,.EE%R%L, oBeh9L28 WYY 1% Wpatly broken, -
| | perspectlve v1ew of the llquld eJectlng head.a
| The 11qu1d eJectlng head of F1gs._2A to 2D o
_i_comprlses an element substrate 1 a heat generatlng
”fflb-a 'element 2 (a heat generatlng res1stor in the |
.1:c0nflguratlon of 40 um X 105 pm 1n F1g._3) as an'
i?EJthIOn energy generatlng element for supplylng
'f_thermal energy to the liquld to eJect the llquld
"mounted on the element substrate 1 and a 11qu1d flow
'pls-.T.path 10 formed above the element substrate in . -
- Tcorrespondence to the heat generatlng element 2.hhihe:.
'llquld flow path 10 - is in fluid communlcatlon w1th an
| eJection outlet 18 and w1th a common llquld chamber 13 o
'for supplying the llquld to a plurallty of such llquld'
.:20_._”f10w paths 10 S0 that the llquld flow path 10 recelvespﬁtq'
.the llquld 1n an amount equlvalent to the llquld hav1ng l s
.been eJected through the eJection outlet from the | |
common 11qu1d chamber 13°31;' _ .. '
_ Above the element substrate and ln the llquldjf'
f5?25h' 'flow path 10 a movable member 31 of a plate shape ' ”
. 'hav1ng a flat portlon 1s formed in a cantllever form B

'-j;and of a materlal hav1ng elastlclty, such as a metal:'

ation, _““ o



ends of t he free end or a region including both.the. - free end and the.}
- side:ends: - . : "Further, the "ful crum portion"” of the movabl e . .5u-
menber. - stated herern neans a. border portéfn betmeen a .. drsplacrng
“portion of the novable nmenber and-a portion . . substantrally not
“.-di splaced; . “for exanple |n the case =~ .. - of- the rovabl e -menber ‘béing -
“formed by -a slit in the . . partrtron wal |, ‘it corresponds to the ‘end of
-t he cut . of 10 slrt mhrch is the position. of the root of the: novable

Tmenber: . g5 ag to FEMddI%the [A5vE SHERENGReEUREAE CgefibRhEdngeT i n
- means..a surface:including the novable nmenber 31 kept in. .~ :a natural

“state.without heiditet SP acsik asndebH0thé Shovdble méhbErt e €Xkedneb gorce. .

" This is substantially: - equi valent: t'o defining the reference surface as’
~a plane . - ifeindhephd rreslipﬁﬁtrrmeﬁbéhp :mbva:bl theelbke pndvided by L
connect-ing t he. partition wall:extending on the - downstream side: from -
the fuIcrumt()paﬁkeqnxngcnfcnnphmtoéﬁhsitmve rGSLpaonrthenwa&lloextbﬁdrng

~on” t he upstreanrslde . - opposite thereto. If the novable nenber- is ,;.-f”

deforned,.5°  liquisd Iialcnverpe‘em 1@ omeon athe helepentesybstuatace. This
‘Further, the. "drsplacenent angl e"of the - .. novabl-€ menber stated
herein neanszmStﬁEﬁtﬂ%ﬂcﬁ#EPQ#ﬁS the mevekleonepbert aBd genehétertiesram
“portion, of ‘the "~ straight 1ine connecting. the above-nentioned @
-fulcrunr ﬁﬂ*@#%ﬁrQﬁ%*Ff?%aE?%E?%&d %%on drsplacenent of the

ThlS movable member 31 has the fulcrum (fulcrum
_'portion' flxed end) 33 on’ the upstream s1de of a large
pﬁloj'_;flow of the llquld from the common liquld chamber 13
..'=ithrough the movable member 31 toward the ejectlon |
foutlet 18, caused by the eJectlon operatlon of the
:xllquid and has a free end (free end portlon) 32 on the
eidownstream side with respect to this fulcrum 33.__The'
f.lén.'ﬂmovable member 31 1s so pos1tioned that 1t is opposed _
| d:to the heat generatlng element 2 w1th a gap of | |
h_iapprox1mately 15 um therefrom so as to cover the heat
b-generatlng element'z.'_A_bubble generatlon}regron ls _
) defined betWeen.the.heat'generating éiement and:the
'_ZQ"ehmovable member: The type, conflguratlon 'and p051t10n dr;,]_
hof the heat generatlng element or the movable member_:'“
r;:are not 11m1ted to those descrlbed above,_but may be
Jl; arbltrarlly changed as long as the conflguratlon andl
: p051tion are sultable for controlllng the growth of. o
';25”_-ibubble and propagatlon of pressure as dlscussed below.hs
| T_For the convenlence sake of descrlption of the flow of

'the llquld dlscussed herelnafter the llquld flow path ,;f



27 - - rmvble rrenber,, w'th- respect to the reference of the .
.aforenentroned ref erence surface", Epecial 'y, .the . maxi mum of | thi's®
:drsplacenent angle’is defined as.a = 32n&xrnuntd|splacenent angl e [err]
-5 - ‘Eur t her.,." t he “center . axis of .ejection outlet".: -~ neans a-
rotational axis of eyl i nder “in the case of a~ - cyli ndrr cal ejection.

“out'let portion or a strai ght li.ne - " connecting the center of circle- of

“‘the. aperture of ‘the ejectron outlet -portion:-on-the li |d flom/path
si de (etechisodesoriibedl 8F @ividede byc dieemayakiie djem

ej. ectron outIet portion on the outeér 'surface (face' . surface) side.

“1f the eJectronn¢9tW@p E@Bﬂp@ﬁ.ré ﬁbb ﬁ&ﬂ%ﬁ liquid f%QﬂEPQ§9£¥§ 3

~ejection.outlet” or: the "center axis of, t area t tlet®

i's defi-ned as direct leﬁﬁt%ylﬁhﬁe’(ﬁrw r{'h‘é:’ hée&gragg oﬁ )

His of535f7

the - . liquid flow pat, h sr de WM t htf cen.t er: t - .
face.surface ssgeond liguid éh%5q§§§xéigéﬁbratlon the o

| EJI gitr ﬁé %re]gdlg'ﬁtagr’-g"gé&era&%a%\ﬂ iﬁdu‘ivé Sup&bly passéi%'vﬁ“ ional Tiquid =07
'_' Heatlng the heat generatlng element 2, heat 1s_-"-
';?applled to the llquld 1n the bubble generation reglon
'fll between the movable member 31 and the heat |
generatlng element 2 whereby a bubble 1s generated in |
-t-ld-l; the liquld by the f11m b01ling phenomenon as descrlbed |
| | :1n the spe01ficat10n of United States Patent No. |
t4 723 129. The bubble and the pressure ralsed by thelyr
'i'generation of bubble mainly act on the movable member "
_"so that the movable member 31 1s dlsplaced to w1dely
-::15 _ open on the eJectlon outlet s1de about the fulcrum 33
as i shown in Flgs. ZB and ZC or: F1g. 3._pThe- |
fdlsplacement or. the displaced state of the movable-" _
”lumember ‘31 guldes the growth of the bubble 1tse1f or the N
N propagation. of the pressure ra:l.sed w::.th generatJ.on of
.ijQ._ipthe bubble toward the eJectlon outlet._.
| | Here, one of the fundamental eJectlon'_:':
Vprinc1ples applled to the present 1nvent10n w1ll be
.explalned.. One of the most 1mportance pr1n01ples 1n.fi:
_ f_the present 1nventlon is that w1th the pressure of the
B “:25'b "bubble or the bubble 1tself the movable member dlsposedl
o n]'to face the bubble is dlsplaced from a. flrst pos1t10n |

: “1n a statlonary state to a second pos1tlon ina state j'”



- of ‘a | IC]UI d flow path of the conventlonal liquid € ecting head; 25
- Figs. 2A, 2B, 2C, and 2D are schematic” .. . sectional views of an exanple
-’of a. I|qU|d ejectlng head e applle :§o t he present i nvention; - :
- 28 - - Fig. 3isa partly broken perspectlve view of a.
l|qU|d ejectlng head appl i ed . to the. present invention;. : f. F|g 4
.I'S. a schemati c: vi ew .of pressure “.j propagatlon fronta bubble |n a -
convent i onal . head; 5 -~ Filg. .5 i's‘a:schematic¢ V|emrof pressure
~ propagation frg@t@zb@g_@pg_ddédaai@d;r@m{dv%bw ntéitber 31 -gmesent |nvent|on
Fig: 6.is a schefatic view of ‘aliqui-d flowin: . t-he EJeCtIOI‘] o
“principle appl iGaépladdae gﬁﬁ@%ﬁltthel%ubbﬂdl\ﬁﬂfﬁem or the pressure F| g 7
is a-part]y brooken sectional . vi ew of . 1Ti-quid: ejecting head
according to anw&aﬁlbyerﬁua)fgetﬂee:ation oﬂorlmmﬂte |1mmmtd drhe -
Fi.g. 8 is a partly broken perspective .viewof a- 15 urd ej ect | ng head

applied to the dovesairesm sside siere the ejection thg::,letgpl 98 and 9C show e
a pOS|t|onaI reIatlon : betmeen the heat generatlng eIenent and the R

~novable 3 positloned.
R | ThlS pr1nc1p1e w111 be explalned as comparlng
V:Flg. 5 show1ng the present 1nvention w1th Flg. 4:__ |
:schematlcally showing the conventlonal llquld flow path”i
fﬁstructure u51ng no movable member. Here, V’ represents ”
Hi'lbnu3 the dlrection of propagatlon of the pressure toward the;hdh;
-hvhh’?egectlon outlet wh11e V’ the dlrectlon of propagatlon ofzd/
the pressure toward the upstream." - - | '
| The conventional head shown 1n Flg. 4 has.no ;'
tstructure for regulatlng dlrectlons of . propagatlon of'
:'lszn'gthe pressure ralsed by the bubble 40 generated. Thus,_'-
| 'tthe pressure of the bubble 40 propagates in varlous .'
Zdlrectlons normal to the surface of the bubble as shown'f
by Vl V8. Among these components hav1ng the pressure r”
' :propagation d1rect10ns along the dlrectlon V’ most |
B ZO 'feffective to the llquld eJectlon are those hav1ng the
o “dlrections of propagatlon of the pressure 1n the
tportlon of the bubble closer to the ejectlon outlet
;:fdthan the nearly half p01nt i, e.;_VI—V4 whlch is an.fu
'f:.;lmportant portlon dlrectly contrlbutlng to the llquld
'3::t25” fieJection efflclency,_the 11qu1d eJectlon force, the_hrfh
o VeJectlon speed and so on._ Further Vl effectlvely

’acts because belng closest to the eJectlon dlrectlon Vﬁfh_t”



[nenber ' I F|g 10 is a schenatlc dramnng to ShOMla flrst 20.
- exanpl.e of the relatron between [err] and. [err] ~ - Fig. 11 is

~a schematic dramnng to showra second -- 34 -exanple of the relation: betmeen';fﬁ

~[err]. and: [err] - v CFig.” 12 i s a .schematic.drawing to show a

third- - = exanple of the relatlon betmeen [err] and [err];. 25 Firg... 13- =
s a schenatrc dramrng to shomra fourth: - . exanple of. the relatlon ERERNSE

- between-[err] and [err]; . Figs.. 14A and 14B:are.

il lustrations @hdancontrary thereto, V4 1nvolves ‘a relatively small
.operati.on of a movable. nember;: - - - .. Figs. 15A, "15B, and- 15C are’

il lustrations @bmponentndnmeqﬁaﬁ|¥puthq(ﬂ¥rﬂﬁt¥9ﬂa%%V%ble meiber;

"Fig. 16" is a schenatlc drawi ng to showan. 5 exanple of a cellln stopper
for satisfying the . IcGentmast dfiqnte“eng‘lré the (FRSPrekeHe i P 2Bn;

"“Figs.. 17A and 17B ate | ongitudinal_-cross  sections of. a.l uid e ectlng
- head accordrnghﬂYQB$1°n s dithdiig of° trﬁPﬁnqgﬁﬂﬁl?rﬂﬁﬂﬁ?twég é

- Fi 18 is a sch
- .g 5 téﬂgﬁfé:\”ﬁENﬁ?éé%d¥£ﬁ$éggégéé¥5n directionékéfieg gylse

bubble,_otherWise directed in the various directions 1n :ff”
; the case of Fig. 4 toward the downstream s1de (the -
.Nejection outlet 51de) so as to change them into the-”
_-pressure propagation direction of Vh,_thereby making the]]i'
[:1q [f'pressure of bubble 40 contribute directly and ;;. | |
C :“effectively to eJection._ . 1 | -1 _' .:
The grow1ng direction itself of bubble lS.
';”guided to the downstream in the same manner as the_'
"[pressure propagation directions Vl-V4 are,.so that the o
.]'15:: Tbubble grows more on the downstream side than on. the :
_ upstream s1de._ In this manner, the ejection |
'efficiency, the eJection force,.the eJection speed 'and'
so on can ‘be fundamentally improved by controlling the l]_'”
grow1ng direction itself of bubble by the movable"
_20[ member and controlling the pressure propagation
-'directions of bubble.,: N B | s
Now returning to Figs. 2A to 2D the eJection S
'{-operation of the 1iqu1d eJecting head stated above Wlll:'
| be described 1n detail | | | o
25, f[ [” Fig. 2A shows a state before the energy.such as_[f“
.eiectric energy lS applied to the heat generating -

.:element 2 which is, therefore a state before the heat_



Fig 19-is a sectional V|em10f a suppIy passage h of a I|qU|d ejectlng

- head in an enmbodi nent-of the present invention; 15°. - " .Fig. 20"
"i's an ‘expl-oded. perspect|ve V|em10f a o 35 _head of."an enbodlnent of the J‘*”-
;;present invention; 'Fi-g. 21 is an: exploded perspectlve vi.ew of -
an liquid ejection head cartrldge e - Fig. 22 is a’
'schenatlc illustration of a liquid- 20.. eJectlng deV|ce ' : '
‘Fig. 23 is a-‘block" dlagran1of an apparatus e P Flg 24 |s a
"schemat i c- Viewdnerdting tblement gemetates r’elm@rldaarg syzsm etmpantant
. Fig. 25 is a schematic view of a head kit. .25: - - DESCRI PTI ON OF THE
'PREFERRED EI\/BCJﬂd\iEi‘ﬂ' Ss that ttmsmvahle)nneiﬁbemfmblpd;eposuioned -
=30 - .. _The.principle. of ejection applicable to: the -

3pr esent- i nvent |miam1‘re bteo ety dulehile @@mtm@é oY eeat generamagsof | _
“Figs.. 2A to 2D-are schemati ¢ secti-onal -views of -5 - .a qU|d €ej-ect.ing -'.*gj?j
- head, "cut al ongihehehﬁﬁﬁ? é‘ﬁfﬁ%?ﬁ‘éﬁng trlement ?chRﬁdt‘Pll?ﬁ\/%?‘Hse °Ff"§ 3is -~
a. partly broken o e _ .
g _ ___1east the downstream side portion of the bubble. . '
- Namely, in order to 1et the downstream portion of the iff'”
.bubble act on the movable member the liquid flow |
::passage structure is arranged in such a way that the ”
:movable member 31 extends at least up to a pos1tion
Ib'p””downstream of the center 3 of the area of the heat
':denerating element (or downstream of a line paSSing
. through the center 3 of the area of the heat generating'['n
B element and being perpendicular to the 1engthwise
'direction of the flow path) |
q_flS'_.l dcl-'_ Fig. ZB shows a state in which the electric
.energy or the like is applied to the heat generating

felement 2 to heat the heat generating element 2 and the

'heat thus generated heats a part of the liquid filling _

| xinSide of the bubble generation region 11 to generate a’ _:f:w'-

20 _:bubble in accordance With film bOlllng. L
| ._ At this time the movable member 31 is displaced-'ull
’frfrom the first position to the second pos1tion by the
.pressure raised by generation of bubble 40 .SO.. as to
'guide the propagation directions cf the pressure of the;g:ihf -
'1'25'2' bubble into the direction toward the eJection outlet.'-'.
V .fAn important pOint here is as described above that .{

'fdthe free end 32 of the movable member is located on the}b--'



.'perspectlve vi ew of the Iqu|d ejectlng head E '-'5.'. The I|qU|d

_ eJectlng head of ‘Figs. 2A'to 2D -~ - .conprises an elenent substrate 1, a.
< "héat'"generating..10 - ‘el enent - 2. (a- heaiagpneratlng reS|st0r in the’ _
'_conflguratlon of: 40" [err]n1x 2105 [err]lmin Fig.:3) as an S ejectlon
energy generating eIenent for supplylng R thernal energy to the- I|qU|d
~ to eject the I|qU|d S nDunted on the- elenent substrate 1; cand 2.

liquid flow 15 ° ‘path 10 forned above the el enent substrate.in . e
“corr espondencedbqntslteema&.n@ene(mt iog mieemrﬁctaon Thetlet sidd] qzh:dlél ow
~path 10 is-in fluid comuni-catiion.-wirth an =~ - ‘ej.ection outlet 18 and

Wi th-a common: kheuiftilcianba3 th the upsitoressuildd Hepn lon Itheyicpmmon
.plurallty of. such 1iquid :20 flow paths10,. so that the |iquid: f1.ow path- 10

receives, ... ligodd chamben1smdaﬁnanuthanuahﬂlﬂﬂst(ﬁtnﬁ?t|Qﬁu%h%aV|ng
- been eJected t hrough the -ej ectjon outlet. fromthe - common liquid -
chanper - . movable membexh@ay tie: GRRARSS tNG AWMERFSIP BREFIRI d

25° flowpaﬂ110 a‘novabl e .nenber 31 of - a€IMe sha e-' hmnnga.-
fl-at ‘portPon i & f&h@e@eiaﬂ? Q%ﬁqu&% o &he eri aI havi ng. -

eIast|C|t , ‘'such.-as a netal,; . o " -
Y downstream portlon of the bubble. o _' . 31 .

Flg. 2C shows a state 1n whlch the bubble 40
has further grown and the movable member 31 is further _;1”'
uihudlsplaced accordlng to the pressure ralsed by _
_hld""generatlon of bubble 40.- The bubble generated grows
o _more downstream than upstream to expand largely beyond.'h'
~ the first pos1t10n (the positlon of the dotted 11ne) of
ithe movable member._f']' o SR
| It is thus understood that a gradual
:15 "rfdisplacement of the movable member 31 in response to
'1the growth of bubble 40 allows the pressure propagatlon-“
'dlrectlons of bubble 40 to be unlformly d1rected toward'f'
the eJectlon outlet and allows the bubble to grow in a
: dlrectlon in. wh1ch the volume can be readily changed
'20' 'd1 e.,.ln the dlrectlon toward the free end thereby idh
| ."also increa51ng the eJectlon efflciency. When the,b
movable member guldes the bubble and the bubble
'{?generatlon pressure toward the eJectlon outlet
'~g.rarely obstructs the propagatlon and growth and canl:
”h 25:. eff1c1ently control the propagatlon d1rect10ns of the'i'b
| 'ipressure and the growth dlrectlon of the bubble 1n l.:

o ;accordance w1th the magnltude of the pressure o



.so as-to face the -above-nentioned heat ge'nerati ng . .. element 2. One.
-~ end.of the novabl'e menber is flxed to.a - foundatlon {support, menber)
34 or. the 1ike:provided by " ‘pat t-er3w ng of “a phot osensitive resi n-on .
“t-he waII of the 5 I|qU|d f1 Ow- path 10 ar ‘on the. el ement substrate.:
- This. ‘structure ‘supports.the rmvabl e nenber and constitutes a -

- fulcrum (fulerum port ion) 33. . R This m)vabl e’ rrenber 31 ha's' the. e

- ful crum (fulcrum ' portlon fixed- end) 33 on the upstream'side of a.
-large 10 . fmpafgat'd:tmg.l qui-d from'the. conmon- Ilqw d-chanber 13’

~through the novable menber 31-toward the ejeetion - -outlef 18, caused
“by the ejection operatiFdg.of2lt shows a |statel immhigh fd‘q PRI 49ree end - .

-_-portlon) 32 on'the - downstream si-de with respect to this- erum-33.

The 15 = novasontrees wu extingss RIGHRSE (@ 98T dh Tto

~the heat generatl ng el ement. 2- wi'th a 15 pm .
t heref rom'so a@%%@er’-nﬁsd@%é%ﬂe b“bq’alpe g%ﬁé?rat’fl??g%?mle A bubbl e

~‘generation region.is. - - ‘def i ned- bet ween the heat generating el enment and

‘the -20 "2 nov&H aé:er‘?elP&??er type, ‘corfiguration, and p03|t|on C e of

t he heat . generatlng el elgia?[\t or the em\%agles]gq{gﬁg”q Yipghted.to

t hose descri bed above, ange ?ong as the -

~confi urati i i wh
Cof 2% bggblatn ears&cond ga% t%%&ﬁﬂé%%ﬁ@ﬁrﬁ?ﬁép é@ti@ﬁ gro

prop i on. of -pressure as di.scussed bel ow. - . For

ot he conveni enc Al Icgmgﬁfs%u' rbf)fF,t_g?e ii.c}yf{ro.rf'estorlngtf@rééqg' d-

dif scussed here| na | ow path
' resultlng from the spring property of the movable

10 ._member 1tself and the negatlve pressure due to the'l o
.Vfcontraction of the bubble.' Upon collapse of the bubble '
L the 11qu1d flows 1nto the bubble generatlon reglon 11 |
-'1n order to compensate for the volume reductlon of theij'
_”bubble and in order to compensate for the volume of the d.
ﬂ15 'mllquld ejected ‘as 1ndicated by the flows Vm: VD2 from"
- ”:the upstream 51de (B) or. the common llquld chamber 51de
u:and by the “flow V, from the eJectlon outlet s1de._d:
o The foreg01ng explalned the operatlon of the df
_ movable member w1th generatlon of the bubble and the_'
.d20'l ejecting operatlon of the llquld and then the .:.
| ”t_following explalns refilllng of the llquld 1n the ;p':_
.llquld eJectlng head appllcable to the present ”
:t 1nvent10n._f' L .. ~r. ._. ._'-,: |
R After Flg. ZC the bubble 40 experlences a
;a25_ ' state of the max1mum volume and enters a bubble o
| .collaps1ng process.; In the bubble collap51ng process'_.

-”~'a volume of the liquld enough to compensate for the'



- 32 - 10 as descrlbed S d|V|ded by t he anabIe nenber 31
;_|nto two: r.egi ons, i.e.; afirst liquid flowpath 14 in . . _ direct.
_:connunlcatlon wi t.h the ej ection outl et %ﬁgand a . : second I'i qui-d. .l ow.
-path’ 16 haV|ng the bubble generation- :5.- reglon 11 and the Iqu|d supply
_.passage 12. - - . "Heating the heat" generatlng elenent -2, . heat'.
“applied to the I|qU|d in the bubble generatlon region . .- 11 betmeen the

hinovable nmenber” 31 and the heat. ‘generating.. eIenent 2, wher eby a bubble_j?d

Cis‘generated i Rollfhe off Rthd’ Immwlé)mémgildﬁnmpéemgfmmommmhe
- descri bed L in the specification of United States Patent No.:

4,723,129, ' Theupplld geistdtiomrnspioe fmm;ethebyejdzmtion outb%t,esadeon Of_';;f_-f-.;

'fbubble mai‘nl y abt on the novabl e menber, -~ - .. 'so that the novabl e nmenber

317is displaceds a:tw deinst TG quishefilan pakh e}‘éomil@nfml‘eltle s$ti@ea°a6ut t he :

_fulcrun133 .. as:shown'inFigs. 2B:and 2C or-

~ di spl acenent - orthehecapingr aciaphid amteamerh@mﬂam% Sgcond ht‘%tﬁi §i°¥jm des'~". ..

-.the gromth of the bubble-itself or the: propagatlon of ressure .
raised witth gemsthildh ofIn 2the case ‘bﬁbb‘l‘% ‘t’%‘@\?é?'éltt‘h%ajej lﬂ:‘?‘r‘b‘ﬂ {o:g?wet

" Here, one .of the fundanental ej ecti-on -
-present |nvemngﬂ$qﬁgq qﬁ;ucture having no moggbf &éﬁﬁeﬁpﬁi'e ounthe

of the liquid flowing from the eJection outlet Side and
.n.jffrom the common liquid chamber 1nto the bubble o
'_ collapsing p051tion depend upon magnitudes of flow pf.
.lO': 'res1stances in the portions closer to the eJection
i “houtlet and to the common liquid chamber than the bubble |
_generation region (which are based on res1stances of -
- ;‘flow paths and inertia of the liquid). |
o If the flow resistance 1s smaller on the side'
15 'near the eJection outlet the liquid flows more into"t
.'-the bubble collapSing poSition from the eJection outlet.
s1de so as to 1ncrease an amount of retraction of
o meniscus. Particularly,_as the flow res1stance near
;the eJection outlet 1s decreased so as to raise thez
“gczo.'_hegection efficiency,.the retraction of meniscus M-
3 becomes greater upon.collapse of bubble and the period
nof refilling time becomes longer thus becoming a o
'1.;h1ndrance against high—speed printing. | S
In contrast w1th 1t because this structure. -
'25 iiiincludes the movable-member 31 the retraction of :
| :h:meniscus stops when the movable member returns to the-

.lnltlal p051tion upon collapse of bubble and thereafter )



expl ai ned. - One of the nost |rrportance prl nciples in - ~ the p.'re-sent

inventionis that with the pressure of the .25  bubbl-e or the bubble
~itself the movabl e nmenber. dlsposed ;- 39t{)face the bubble IS dlsplaced o
froma first p05|t|on' - " in a statlonary state to.a second -position. in
a‘'state.. ' S - 33 0- 0 ~after - et
;dlsplaced and the nnvable nenber 31 thus ?-; dlsplaced QUIdeS the bubble ".fL“
i tself tor the:pressure: - ".caused by the generation of-bubble tPWﬁid thef”iu
_downst r eam si d&h@hsuppiiye of] &be did eﬁmlécq'f% regnaln%,\fq S

‘Thi-s princi pl Il. b I d
pr esegt ! i nl/gn'?r“\gﬁn\kyt E‘e&%salog‘e theas %gtrgrpérl I?%]ﬁ‘f Ivoélh FNI‘%] E[ shqul ng ! he
.conventional I| , St ruct. har '}If
{—Igre dVE ﬁr r] é'fg‘-' ?ﬁe’l@ecol%eﬂdw &%tﬂgﬁlﬁlvg%)%g{@on ﬁo? the pr essure o
t owar e. .o out et e
e 15 Split ovvar \% ‘%Ieé% ef %ﬂlﬂé%i %yéﬁd the.

pr opagat i on- ofthe

comuent ogal hoad Pk e P dipis menSNEUERY Sl oSgpu 1100
’_ge”er ated. Th”%lume w2 ' t‘i{eessilﬁé & ke ﬁmhbi@ d&é&&@mtﬁgimvarl ous“f'” g
| ' o 11. The retraction of meniscus appeared in the volume |
fequivalent to approximately a half of the Volume W of
:bubble in the conventional structure, whereas the above
10 i-'structure enabled to reduce the retraction of meniscus B
i'i to a smaller volume, specifically, to approx1mately a
.-half of Wi : | | "
Additionally, the liquid supply for the volume
h;.wz can’ be forced using the pressure upon collapse of
'lsz-hpbubble along the surface of the movable member 31 on 'ﬁ“
'_ the heat generating element side and mainlv from the _
aE . upstream s1de (Vn) of the second liquid flow path thus
'rea11z1ng faster refilling. | |
- B A characteristic pOintlhere is as follows..if
"zb, "refilling is carried out us1ng the pressure upon -
| 'collapse of bubble in the conventional head V1bration
'of meniscus 1s so great as to result in deteriorating
the quality of image, whereas, refilling 1n this |
--structure can decrease the v1bration of meniscus to an o
125-_ 1extremely low level because the movable member i
:firestricts flow of the liquid in the region of the first

311quid flow path 14 on the eJection outlet Slde and in

pstream The"-



_directions nernal to the surface of the bubee as shomn e by V1-V8..

Anpng these, conponents havrng the pressure TR pro agati on drrectrons e
lialong the drrectron V[err] nost. 20" - abf ective to. thg ?rqurd ejectron are’. '
~those having the =~ directions of . priopagati‘on- of ‘the: pressure in. the
. portion of rhe bubble cl.oser to. t he: ejectron outl'et . than t he: nearly
~hatf-point, i e., W-V4, whi ch . |s an. oo |nportant portron drrectly TR
J.contrrbutrng ‘to.the liquid 25 ejectron effrcrency, | Jectroh "
_force, the . the reg¢bnonnsmhed63§m¢¥9@-@Nt e#ueema-o f%%#’ ely )

acts- because berng cl osest. to the ejection direction V[err]
- 34 - genean&iooowﬁgapp-ﬂﬁereto V4 |nvolves a relatrvely smal’.

'.-.'.\Z&TEEFE“;LELQF;;E%%?Eiﬂﬁghg%&l&%tf?:dt qtlﬁy&]t[ re a l:r.cab]ﬁ:rt&oéﬁé ?ﬁte o
ST e eSS R PR
: le)jr ggglggtnl fﬁt geﬂlfirla-é) 95 a%ﬂ% q%]n em . nt 0 t’{?g Wﬁ pr es:ﬁ@e (! he. |

bubbl'e 40 ‘cont f Wgcﬁ‘ﬂp@}t{k @ééer@y"fer?#ﬂ%%év%ﬁd tl%%vjl e%ﬁn%mm |

suppre551on of the retraction and v1bratlon of menlscus'r'"

h'-:as d1scussed above, o as to perform hlgh-speed
‘refllling, whereby 1t can reallze stable eJectlon and
L 1Q:fjjit can also realize an 1mprovement in quallty of 1mage
| ?and hlgh-speed recordlng when employed 1n appllcatlons
hof hlgh—speed and repeated eJectlons or 1n the fleld of.'
o recordlng.lf | | '._ _ -_ -
| | The abovelstructure applicable to the present
.15 -lnventlon 1s also prov1ded w1th a further effectlve :.;p
| | E_functlon as. follows._ It 1s to suppress propagatlon of
'the pressure ralsed by generatlon of bubble to the
._upstream 31de (the back wave). The most of the .
’ppressure of the bubble on the sxde of the common lquldj
?Oh_ 'chamber 13 (or on the upstream 51de) among the bubble
“'generated above the heat generatlng element 2 was |
conventlonally the force to push the 11qu1d back to the“i'
:.]upstream s1de (whlch.ls the back wave) ThlS back wave'
rzralsed the upstream pressure and a llquld movement f-"..
Zsf hfamount and caused inertlal force due to movement of the o
llquid Wthh degraded the refilllng of the llquld 1nto“a.

s the llquld flow path and also hlndered hlgh—speed



fThe gromnng d|rect|on |tseIf of bubbl e |s o ‘gui ded to the domnstreant -
~in the same nanner as the - - pressure propagatlon di'rections. V1-V4 o

are, so that the 15 bubble grows npnélqp the ‘downstr eam si de t'han. on j;;f;i
~the .= upstreantslde I'n_thi s -manner;, the ejection - effIC|ency;'-u‘

f’the EJECtIOH force, the- eJectlon speed; _and ,-é'so ‘on- can . be _—
~“fundanentally |nproved by controlllng the . . gr.ow ng’ dlrectlon |tself='¥
~of ~bubbl e by-the nmovable 20 .  nenber and controlllng the pressure

“-propagation. drivitlg eCt’I’lﬁ@ Srivtibte . further improved Nea£ 1 EL itigni ng to

Figs. 2Ato 2D, . the ejection - - . operation .of the.liquid ejecting head ng¢¥

.stated. above\Mddrformancéxaxkﬁubytnnbpreskimglthegé actions to thg. 2A

'shows a state before the:energy such:as . -~ el ectric energy is applled
" to the heat gemgsﬂneam s1de bxﬂth&ﬂmoﬁhbhtnmﬁmher $herefore ‘a state .
béfore the heat- . 35 . '
“generating el enment genmgmi@m are\nfumra@haractem@*@}qt is that ,
- thé novabl e nenber 31-is-positioned . - .~ relative to'the. -bubbl e generated
by heat géheraﬁﬁnVQﬁureS andtﬁﬁf@ﬁ%ﬁ generatlng el emrent’ so as t.o be

0 osed to at .5 - “least the. downst ream si de or on of ubble.
L PR _ - The second llquid flow pag lé the l£gu9

-tsupply passage 12 having an internal wall _whlch 1s T
'tsubstantlally flatly contlnuous from the heat:: |
, sgenerating element 2 (whlch means that the surface of
:10h:;:the heat generatlng element is not stepped down too -
hj:much), on the upstream s1de of the heat generatlng
'-Felement 2. In thls case, the llquld 1s supplled to thefﬂh
.bubble generatlon reglon 11 and the surface of the heat”
'generating element 2 along the surface of the movable :h
”'.315 w3.member 31 nearer to the bubble generatlon reglon 11 as.'
. flndlcated by Vn.. Thls stops stagnation of the llquld
above the surface of the heat generatlng element 2 and
_ ea51ly removes the so-called residual bubbles whlch are
iseparated out from the gas dlssolved 1n the llquld or'f -
h20 :d whlch remain w1thout belng collapsed._ Further the o
heat is prevented from accumulatlng 1n the llquld. o
f”eAccordlngly, stabler generatlon of bubble can be '
'f-repeated at high speed._ Although thls structure was_thu
ftexplalned w1th the llquld supply passage 12 hav1ng the.
'éspiiasubstantlally flat 1nternal wall w1thout hav1ng to be ;j"
= llmlted to thls the llquld supply passage may be any |

”'ff hav1ng a gentle 1nternal wall smoothly ccnnected to thef



‘Namely, in order ‘to let the downstream portron of the. 'bu'bbl'e act o'n

‘the novabl e. menber, ‘the liquid flow:' . - passage: ‘structure is arranged |n;pﬂﬁ

.;such a way that the . novabte nenpei 31 ‘extends at -l east - up to a .
_-posrtron 10 .. downst ream:of the center. 3. of the area of the heat™
.generating el errent (or -downstream-of - a 1'i ne:. passr ng . “t hrough. the -
center 3 of the area of . the heat- generatrng L elenent and bei ng-
perpendrcular to the Iengthmnse - drrectron'of the flom/path

- Fig. 2B shows g sific id¥ V’éhé?fhéale @rwtati:ng elememheagylong &2 %—‘ersr s

~appl i ed ‘to -the. heat- generati ng el ement -2 'to. heat the. heat generatr ng

element 2 and tdiaped so dwaiot s W%‘Bﬂgﬂn’aienaoﬁatheoilﬂﬁbdl iquid .

“filling - |nsrde of the bubble: generation region-11 to generate a. 20 SE

ROVADL e Mot B B S e e 1750 post | on- L, he Second
~posi-tion by t heflow in thessupply HEebigyidenerati-on of  bubbl e 40 S0 as to
“'guide the propagatlon directions of the: pressure f b B
~the directSon toward: t HhefeRERMr D SPRE SUPPLy. 08 ﬁﬂ?n{)bﬁ!}‘éﬂt in rgn]tt LP;O
SRl ea o Bobld endheing regllR B8R E €208’ gg,enera@ gemerer
";.the movable member (through the Sllt 35) In order to; :_"
'f.gulde the pressure upon generatlon of bubble more | =
'effectlvely to the ejectlon outlet such a movable
;lb.y';member as to cover the whole of the bubble generation
| ::ﬂreglon (as to cover the surface of the heat generatlngﬁ
'element), as shown 1n Figs..ZA to 2D may be employed.
..:When the movable member 31 returns to the flrst
;tpositlon 'in that case, the flow res1stance of the
'h15 }r“llquid is so great 1n the bubble generatlon reglon 11 |
:fand 1n the reglon near the eJectlon outlet of the flrst
: 11qu1d flow path 14.' In such cases, the lquld is N
restrlcted from flowlng from V1 as descrlbed above
- toward the bubble generatlon reglon 11._ Slnce the head
26, f'structure 1n thlS structure has the flow VDz for 1 -
h_@ supplylng the llquld to the bubble generatlon reglon
"1t has very hlgh supply performance of the llquld.__{
zz-Thus the supply performance of the lquld can be
'.malntalned even in. the structure w1th 1mproved eJectlon
'25'"f-eff1c1ency in whlch the movable member 31 covers the |

"_bubble generatlon reglon 11._

' Incldentally, the pos1tlonal relatlon between y]'wl



downst ream si de (or on the eJectlon outIet S|de) mhlle . the fulcruh133f.:a

on t he. upstrean13|de (or on the conmon' N
_ i.quid chanber
tﬁd | east a part of the._,-- novabl e Trefdet ‘may. ge opposed tostﬂg) SQ that
._domnstreantportlon 5 " of the. heat generatlng el ement ; "t hat ‘to the '
.ngmhstreantportlon of ‘the bubble - Fig.o 2C shome a state |n' -
_-futfﬂethe_bubblg 40- -~ has. further gromn and the novabl e nember 31'i's’
enerati or lsglaced Sccord' e %hfcg ﬁsgfr%héahéeﬁbmé méﬂber o o
g ation of thebfeegaend He B bFle lﬁera ed.grows. - -- ‘nore doWnStream-

~than upstream'to expand, | atgel y ‘beyo d
SErepoenti a
. position of th%ldbftéﬂftPﬁé)lgfsucx 8 m?ﬂneﬁo§ggﬁekﬁ§nbgfﬁ. nal as (the

ot . o
'{nenhzrtggs|ﬁn?ié%%ﬁgg %ggns%rgaﬁd#alatl5e todichRl Eneuin, Oﬁorhexmmpyg e

“priopagation’ di
‘the ej ecti-on -offl &P °§h3CaI?Q§50B buhgkg éth@tb&eumahoemfuomemgdagd toward”

whi ch the_vol une. ¢2B b
: & e knk® thtlﬁhaaﬁﬁdeffaﬁt ta gurdeltnq“pqgssgﬁq
toward tha fred 8 % thereg . -also increasing the ejection _On_

f
:_gugbf;eUQY “g gﬁtlon d1r@&tabheamaﬂmheggnqﬁangld;nﬁﬂﬁﬂQPeﬂﬁi he

| tion pressure toward the ejection.out]et., ‘it
onrh e gfggay;%. e G T ot

_ i ons of the - ressure

direction Of t %ﬂﬁl@' es mlscussechmm@m “*P ﬁ@?ﬁgn&f Eehgf g{ (t)t\gt h

.pressure _
' ' ”pos1tlonal relatlon achleves not only the functlon and :

.lb_tlaeffect for eJectlon,_but also the effect of hlgh-speed
7'ref1111ng as decreasing the flow res1stance agalnst the
h'llquld flow1ng 1n the llquid flow path 10 upon supply
:of 1iqu1d.' ThlS 1s because,_as shown 1n Flg. 6 the
"_;free end 32 and fulcrum 33 are posmtloned so as not to '

lS:l' resist the flows Sl 52 SS flow1ng 1n the llquld flow.
| path 10 (1nclud1ng the f1rst 11qu1d flow path 14 and
.7fthe second llquid flow path 16) when the menlscus M-atﬁ

.a retracted positlon after eJectlon returns to the
h‘eJect1on outlet 18 because of the caplllary force or l:f:»'”
J'Zd' when the llquld 1s supplled to compensate for the o
collapse of bubble.'f-f' B '
| . Explalnlng 1n further.detall _1n thlS structure'¥3'-
'(Flgs. 2A to ZD) the movable member 31 extends relatlve.
'ti:to the heat generatlng element 2 so that the free end

;255h7 32 thereof lS opposed thereto at a downstream pos1t10n jf;Jsﬂch

%;w1th respect to the area center 3 (the llne pass1ng -

o through the center of the area of the heat generatlng

rowth of bubble 40 allows the pressure.

the -bubbl e to. grow in:a - -di rection in -?;;



37 - : o propagatlng S F|g 2D shome a state. in. mhlch o
the bubble 40 - contracts and extlncts because of a .decrease of - the " .
- pressure, i nside- t'he bubbl ¢ after-the fll@;bolllng 5. .stated preV|oust
. The novabl e menber 31 haV|ng been dlsplaced to .. - the second. posi tion
-returns to the initial position: ‘(the first p05|t|on) of "Fig. 2A by

_restoring force.  ~ resulting frontthe spring. prOperty of t'he novabl e 10ﬂf';
-.menber "itsel f and the.negative préssire due-to the contraction of the

“bubble.” Upon Galéménmacﬁhfdugmntﬁéecentraltpertmqu)dahﬂohelngto the bubble
~generation region. 11 . = in order tq conpensate for.'the vol ume reduction"

of the = bubbl eperpendiculizr to Chepbengtbwise dhzegsioneosf thaeliqedd __-“i-'l

| iqui d- ejected ‘as indicated by the flows V[err] V[errl from - the. .- :

upstream si de’ (f%owwpahm)commmaratkmﬁdtbﬁahﬁét geﬂératlng e&ﬁﬂeﬁ§ ?he flow.

“V[err] fromthe ejection outlet side, .- foregoing .- Lo

“expl-ai'ned the obrkatths wpstream regl°ﬂn@%ﬂlEhﬁeﬁBEPSﬁFFﬁngﬁgﬁﬁProﬁsof the< =
bubble and: the 20 &ectlng operation, of the ﬂ g %g the o

f ol | owi ng. 53Xp| ASICTHRPY | PRV HRUTHE- ll'amﬁ ?ﬁrt‘ﬁge en causes e

movable member 31 to receive the pressure or the bubble.?'%
o occurring downstream of the area center poSition 3 of |
':hthe heat generating element and greatly contributing to _.
-ithe eJection of liquid and to guide the pressure and -
.10' . bubble toward the eJection outlet thus fundamentallyf_fi'
- _improv1ng the ejection effic1ency and the ejection |
"‘.forc;e-.__ P | | |
| Further many effects are attained as also'H
tilizing the upstream portion of the bubble in o
TilS';ﬂ'addition._ It 1s presumed that effective contributionll
| ito the eJection of liquid also results from -
e_instantaneous mechanical displacement of the free.endhj'
of the movable member 31 in this structure.“h
pf(Embodiment 1) | | o |
-a.ZQ-.'l'{SH-' The embodiments of the present invention.w1ll“h'-'
_p;7be explained With reference to the accompanying ff' N
'-pdrawings. - o -
‘The- present embodiment also emplops the same
: _main principle of eJection of liquid as described ﬂ.
25;l_:above : Each embodiment to follow w1ll be explained ;1_
| '1'u51ng a head 1n which the first liquid flow path 14 and

o the second 1iquid flow path 16 are separated by the



_liquid ejecting head, appl i cabl e to.tne present' L |nvent|on

After Fig. .2C -the bubbl e 40 experiences.a 25 - state of the nmax
;jvolune and-enters a-bubble =~ - .- col +apSi ng process. -'In the bubb:gun?
ncﬁllap3|ng process ;_5 o a volune of the liquid enough t'o.-conmpensate for . ..
_L e _ R ©-38-- . . ’volume of -the bubble'gsf
- havi ng coIIapsed foms ynto the = bubble generatlon region f- fron1the
. ejection outlet side .. .. of ‘the flrst UId flow path 14 and f the 5”“?
si de .of - paetivionnwalfusa. eﬁahBthQB 8@19Wén9e &rﬁpﬁﬁl hgﬁ S

:path 16. - In the case of ‘the conventional |% f%

r-structure havi b &8 ngtaél§hﬁ§anFt§?“taHBHﬁg§ e l&P € Ilqﬁﬁﬁ'flomﬁn
fromthe: ejection outlet side and _ q! Gpnber

, igto.the bu?blehe presEe§|Pa§§Pﬁg°Bo§PPuBﬁ &é&éﬁ&r 80%2 gnltJSES of flow .~ -
B - resistances:in the portiops._ cl.os o
Eahthﬁ conngn hﬁaGﬁd18HAH§éP9t%§ﬁttﬁ8 %bﬁb%bhg% %H% ﬁ%ﬂ(ﬁfrﬁ%ﬁpﬁt and.g_f
.quhfd)arg _asgg1321535|stances of . _ flom/paths and inertia-.of the..-

‘néar the ej ectiaon outl t, hg J'ig | -
~col I apsing postion FI Phegeﬁecu%ﬁg‘gﬁa% @a&ldnal view, ddierbubble

along the dlrectlon of flow path of the llquld
_eJectlng head in the present embodiment._ o
| The llquld eJectlng head of the present
.n'flO l;llnvention has an element substrate 1 and a’ heat o
| *l'generatlng element 2 mounted thereon, for supplylng
wj:the thermal energy for generatlng a bubble in the
::llqu1d and above the element substrate 1 there are li
. 'Jprovided a second llquld flow path 16 for bubble o _
?'ldh”;_generation liquid and a flrst liquld flow path 14 for.?
“ l'eJectlon llquld 1n dlrect communicatlon w1th an o
“eJectlon outlet portlon 28 hav1ng an eJectlon outlet o
;“dlsposed above the second llquld flow path.piA'
.:partltion wall 30 made of a materlal hav1n§l
'ﬁ2b.n"elast1c1ty, such as. a metal .1s dlsposed between the :
'flrst llquld flow path 14 and the second llquld flow
”path 16 ‘and . separates the eJectlon llquld 1n51de the'
'vflrst llquld flow path 14 from the bubble generatlon
l 11qu1d 1n the second llquid flow path 16'1 Here a same.
ng_d-llquld may ‘be used as the ejectlon llquld and as the l
| .%n_bubble generatlon 11quid .s1m11arly as 1n the N

;descrlptlon of pr1n01ple stated previously. In that

_g_'. o

- 1f the flom1re3|stance is smaller on the side 15 F-J



side so as.to.increase-an anount of . retractlon of - .. nenlscus _
Particularly; as.the flom/reS|stance near -~ .~ t he eJectlon outlet is-

. decreased so: as to raise the- ejecgﬁon effi'ciency, the retraction otjii?

 meni scus M- becones- greater upon cOl't apse of bubble and. the. perlod

- of - refllllng trne becones Ionger thus becontng a, oo hlndrance agalnstf:ffﬂ

.hlghs peed prlntrng T In contrast mrth i-t, because. thls
structure - |ncludes the novable member- the retractlon -of -

"meni scus stOps er%r a thes W@ﬁ% aBBahe of@iHﬁ”?an Eh@wn) may bei ffb%hed

jp0$|t|on upon apse 0 e and- hereafter.;

39 the suppty18hsthg basti 8£f ehet artetmbni aemotaorreoofth% the _
_nalnly relles on the Tiquid supply fromthe flow V[err]'- - - through the

second flow patfiid6idWaeyeribe vetwaen\VaoOEirst comhenbalilqhadr shapbietr i nto
~the:upper volume W beyond the. 5 " first position of the:novabl e nenberf
“and the lower 15 comhuﬂeawzngnwihh shelefmi:su:hﬂbwbpbehgandrat secondgi on'
11. THe retraction of .meniscus ‘appeared -in the.volume = equi:val ent . to-
“appr oxi nmatgl y acomménoliqhedvohambeﬂvbV communbob&heglw1¢hetb@nﬁeﬁpmdnal
~structure, whereas the above 10 structure enabled to reéduce the o
“tetraction of nEhbecpath 16. -to- a snaller volune speC|f|caIIy to

apprOX|nater a- g
_ The eJection outlet portion 28 has an opening h

r_rfportion of a small diameter (eJection outlet 18) o
h'f through which a liquid droplet is eJected from the headff.
-_lOI_"and an aperture portion of a large diameter as a
| _fgconnecting portion w1th the first liquid flow path 14.
.-The center axis and an extens1on thereof perpendicular
| to the eJection outlet 18 are nearly aligned w1th the"ir
center axis. C along a direction in which the liquid
:"'_15* _.droplet flies after eJected.' Further S represents an
| u-intersecting p01nt between the above center ax1s Cc and_h;
ha surface corresponding to the connecting portion |
:_between the eJection outlet portion 28 and the first
.-liquid £low path 14. | | A
”"20.'_”' -tf Similarly as in the above-description of.yh
| principle, a Sllt aperture portion (a slit see Fig;-
.9A) 35 is formed 1n the partition wall 30 at a portion g
"f,located in a progection space above the surface of heatf:_'”n
generating element (which w1ll be referred to as an
25f:f_e3ection force generating region .1nclud1ng the region ;"
b:'of A and the bubble generation region of B in Fig..7)

:ifThe movable member 31 is provided as being capable of



'haIf of W. - _-pif Addrtronall | | .
y, the Iqu|d supply for the vo
W2 can be f orced, usi ng. t he pressure upon coIIapse of. DESy bubble alggg

the surface of - the movabl e menber 31 an o
. _ - . the heat ‘generating elenent.
si de and narnly fromthe - UpStreaﬁ?srde Vi g nt. .. ...
. pl EI’T Of 1
tihgr/p?th :hus- , realizing faster refrllfng ]) he secogd quUId”f'f
o actéri-stic point- here |s as. follows: if 20 refrllrn .S carr S
, _ |ed o
:3shngtthe pressure upon - “col.l apse of bubble in the cogventlonal heggt'
i ration Subggamgbgg_ys sealsagorhds 82:1tt0 356 S USPeicd Ederddivor eﬁrﬁg
ld e qual ity of "I mage; .whereas, refrlling in this . @ tructure can . e
itﬁgrﬁgigbfgengﬁgbébl@nmghbgensacds eomembeZSShangdriﬂhg'FQQiﬁ R because o
i . : er . restricts.flow-of -the liquidin th SRR
st o irgetind hivawgpat Erbé endt ba @T@cteu@ﬁ:"dg’ﬂ étu‘% elafimch"r‘an ot the
- 40 - - .. -+ -t'he regi-on on the ejectlon outlet sr he ngé
_gen?ratLFn T egi(er bh the downstream side &fo Q{j s
=app icable to the - . —‘present inventio o e
1iqui g int cisded mtdoloel g@eerfa{r%{ﬁeé@%%h%l e}“tﬁveibs forceéj éhin\ﬂéf ng ot the'-

' (15 17) 51de and being rotatable about a fulcrum
'1 portion 33 of the fixed end.; As shown in- the draWing, ':
;'ithe movable member 31 faces the bubble generation'“ o
’fregion B and rotates in the direction of arrow O about-;'
"Jlb_ s the fulcrum portion of the movable member as being :
.-'fpushed up toward the first liquid flow path Side w1th
.:-h;generation of bubble in the bubble generation liquid
' _as described hereinafter. This rotation displaces the
: movable member 31 to the first flow path s1de.'”‘ |
"iilSC “}'.‘ _" Fig. 8 is a perspective v1ew to show the'hth.:'”.
- ;schematic structure of the liquid eJecting head |
.zaccording to the present invention. From this figure.;
it is also understood that the partition wall 30 1s"
t-located through the space constituting the second
';.izb_'- liquid flow path 16 above the substrate 1 prOV1ded w1thfth -
| 'the electrothermal transducer (electrothermal o
'iltransducing element) as a heat generating element 2 andh:
"p_w1r1ng electrode 5 for applying an electric 31gnal to' :
-:.the electrothermal transducer._ f, 55 - :
h.25-.'fj'_t”ﬁ- Figs. 9A to QC are draw1ngs for explaining the
.. ';positional relation between the movable member 31 and

'f the second 1iqu1d flow path 16 as described above,- 'f



_’Iqu|d suppIy passage 12 of the second flom1path 16 and R suppresslon
. of the retraction and vibration :of .meniscus .. " as-discussed above;, so

as-to; perfornthlgh speed o -.ref1IU|¥3.Nmereby it can realize stabl e
ejection-and 10 it canalso realize an. inprovenment-in. quallty of |nage
“and_ high- speed recor ding when enployed in . appllcatlons _owof .
_hlgh speed and- repeated. eJectlons or -inthe field of. R recordlng
The above structure appllcable to the present ” -15 tnventlon I's -al so

. provided. w th’ %h@i‘retl'i‘ﬁrFl@ feptijeea view of wim Inmvaslé oiérdyer 314 is to!
.suppress propagatlon of - - _the:pressure raised by generation of. bubble
to the » | chpeiReanfridie tHdes i lofichies | £irkite flaw matlthl:ﬂ and
__pressure of - the bubbl'e on the side of the comon li.qui chamber -

(or on the upstieames dae)v:am)rtgf time lmssind liquid %é?t'é

fpgeneratlng el'enent -2 was conventlonally t.he force-t sh:the
l'iqui d back-t odbserved fromipfhe sideiok ‘{*Whl%!fFﬁ% Flpw b%R:’RhV\}g €3S This

“back wave - ~rai sed-the upstreantpressure and a |iguid ve 25 -
amount ané caudmkiing:rthie pamiricel iy eralel Ry AN - of F “E’ﬁ'éhqe lm)g' n?gu ﬁ

\FI)\A;![ ﬁhaggg;?ggdmt m#g@%hgol 4 Gl'lxjeln?a‘tl:{'cally show the p JCQOLABWM _" .::
| relatlon between the movable member 31 and the second :
:“llquid flow path 16 in an overlaylng state.i In elther o
_draw1ng the dlrectlon toward the free end 32 of the ;!.
'ffld_.” movable member 31 corresponds to the d1rectlon to the e
::location of the eJection outlet 18.- The fulcrum ___'
. portlon stated above 1s the end of the Sllt 35 for ”f"
$~ihform1ng the movable member (or the root of the movable h
Cmember). o |
'lé_f.ﬁ: t‘; The second llquid flOW'path 16 1s formed 1n'
| hfsuch a chamber (bubble generatlon chamber) structure as‘:‘z
.to have throat portions 19 before and after the heat |
.generatlng element 2 and thereby to restrlct the
.pressure upon generatlon of bubble from escaplng . )
_:QZOpt' through the second 11qu1d flow path 16. In the case of hﬁ
| _'the conventional head us1ng a common flow path serv1ng :
-'-Tfas a flow path for generatlon of bubble and also as, ‘a
"'t_?flow path for eJection of lquld and 1n order to .
.prov1de the head w1th such a throat portlon as toli;i
: 25- l:prevent the propagatlon dlrectlon of the pressurephd-;
| :e;generated on the llquld chamber 51de of the heat

tj;generatlng element from belng dlrected toward therﬂ, a

rE&%ﬂ %ﬁove t he heat'”t;



'dr|V|ng Thi s structure'fUrther |nproved ref|II|ng l'”__ perfornance also

by suppreSS|ng these actions to the '.° - upstream'side by the nmovabl' e
menmber .31. - Next’ explalneﬂ @ge further characteristic. 5' .. "
~structures and effects o o The  second | i-quid: fIOM/path 16 has

- the liquid - . " supply’ passage 12 haV|ng an internal wall; which:is -

'.substantlally flatly continuous frontthe heat - . generatlng elenent 2"
.(whi ch ireans that  the surface of. the. heat ‘gener ati ng elerent.is not'
st epped down t Q@mmon 1iﬁﬁiﬂ chambée spdéreﬁﬁtnaseneoesSerﬁeao gmpépxtlng

el enent 2. In"this case, the lTiquid is:supplied to the- - . bubble

.generation regla)rsﬁﬁuemdre tmotutéanarncbwthhehea@ss sectg@nalaarﬁg @Ifement 2_ L
al ong the surface of the novable 15 “nenber 31 nearer to the bubble -
“gener ati-on reglfloﬁjpatb too muchdinatbe b@rQ@erP?rt#ﬁns §§Bp§9stagnat|on y
. of the liquid - ~above the surface. of the heat generatlng el'ement. 2 and -
easi |y renoves I¢@ubb1@91¢§dth%sluﬂﬁidb%b%FEQthPEﬂ fpel separated out
fromthe gas dissolved in'the I|qU|d or; 20 . which remain w thout' being T
*collapsemi5 FQMQ¢R§1@¢Eat1°n- ‘heat is prevented frontaccunulatlng in- the

Cliquid. ' Accordlngly, st abl-er egeratlon
t hF

et o b S it SRR e

wal |, anthoutpEH¥ éEF gbﬁtrucgure?t%ageﬁge m?ﬁé fi%ﬁgd &a&tﬁEd EE Eﬂg

' pgSfﬁge:nay_pe aqgction liqgidngn tﬂgn% gstnlfﬁﬂgd %@b% ngﬂt@hyaﬁannected h-

' little bubble generation liquid is consumed in the N
llbtp isecond liquid flow path 16 in which the heat generatingh

l:element 2 is provided. Therefore, only a small filling“

: pamount is necessary for supplying the bubble generationJ ffl'f“

:1iquid into the ejection pressure generating portion of'“
the second liquid flow path 16.' In the cases uSing the_f”
| 15 _-'structure of less consumption of the bubble generation'5
"liquid the clearance in the throat portions 19 can be lt
pset to be very narrow, for example several pm to ten -
and several pm, so that the propagation direction of
'i”the pressure upon generation of bubble in the second
pﬁd:.'tliquid flow path 16 can be concentrated toward the '
| _ movable member 31._ As a result the propagation ”'h'-
'direction of the pressure can be guided to the eJection
.::outlet by the movable member 31 thereby achieVing |
'hhigher eJection effiCiency and higher eJection:i;tpfih
.iSt :fpressure.g'“: o | - o .“_ .
It is noted.here that the.configuration of theif_ f:a.

3,second liquid flow path 16 is not limited to the above



42 - T surf ace of the heat . generatlng eIenent as. Iong as it is
~fshaped $0 as: not to cause. st agnation of the liquiid - above the heat |
”generatlng element or. .gr eat turbulent__ 50 -flowin the supply of - i quid.

5 L There occurs some supply:of the Liquid into'the . bubble f:f:

_fgeneratlng reglon frontV[err] through:the side of “ . the. anabIe

~.menber (through the slit 35).- In ordér-to . gutde the pressure upon . -
"geneat i:on_of bubble nore -~ effectlvely ‘to. the ejection outlet, such a
~fovable - lftructerdgrbudsmag. bevanytbenﬁhgheatiohhasbmbhbeagensrat|on

- 'Fegion (as’ to cover the surface of .the heat generating ‘elerent); shown e
in figs. 2A to &an eﬁﬁebtieebYOtsdnsmit tﬂheprEBsunevapbe genbeﬁt3pnreturnsﬂ__-

to the first - position-in that: case, . the flow resistance of the 15
. liquid is so gr@ﬁtbmhbleetbubbEemgunblatmembﬁeglon 11~ _and in the’

- regi.on near the ejectlon outlet of the first = :. - liquid fiow path 14.
In such cases, the Iiq0hg ﬂssplacemeﬂ§sﬁpgé?e8ffFBﬁtFPH@PA& WF%E#WW
descr.i bed-. above = tooward-the hubbl.e generation reglon 11. |nce the

head 20 5 str%%@ﬁ?@ balew; indicatesre ﬁé§Ptﬁ€eFPBW fetPp. FBVa

~Suppl ying the |' the ubbl & generatjon_r it has'very = = .
i ghs supply pePeBP gheeﬁpaf‘i% £6°the e $rancenats Bl y performince

- of the quUIdlcanference surface stated preVlOUSlY-, Let us define 6y

as, a max1mum value of the displacement angle of the ,
movable member and e ‘as an angle of displacement of a'
;Thlo.fxtstraight line (aX1S) D connecting the above | |
| .tiﬁintersecting pOint S With the fulcrum portion 33 of theﬁ7
ihlmovable member With respect to the reference surface of..ﬂ,'
fthe movable member (see Fig. 7).3 | |
A specific example of a method for specifying
-t;l5';:;the displacement angle of the movable member is a | |
| .method for forming the ceiling of the first 1iqu1d flow”f
path of a transparent material or replac1ng it w1th a
' transparent member optically measuring a height of the_
'1ffree end portion when the movable member is displaced
_thf"(a height from a non-displaced p031tion), and
| :“calculating the displacement angle from the pos1tion of
the free end portion and the pos1tion of the fulcrum to:l
.hﬁti specify it. ilt' TR . o
.. | Figr 10 shows a schematic cross section takenl.-”
IJQ_Zs 3 along the direction of flow path of the lquld :h; .
| ”eJecting head of the present embodiment and 1S a.

fpbdraw1ng to show a relation among the max1mum value e of .

err] as -



mai ntai ned even in the struct’ ure W|th i mproved -ej ection 25 EffICI ency

fln mhlch t he novabl e menber 31 covers the -  bubbl e generation reglon L
:ﬁll . Ivicidental ly, 1 he "poSilti-onal rel.ation between : ol
,”-43— . ..+ . the free-‘end. 32 ard the ful crum of: the nnvable nenbersﬁ"”'“'f"
- 31-is-defined i'n such' a manner that ‘the free-end is - -'located |
domnstreanfrelatlve to the fuIcrun1 for exanple -~ as shown'in Flg 6.

fiThls 'structure can eff|C|entIy 2 e
| 1C éybéyuj ect'to -~ .
g:ﬂ' de _the ELgEFgﬁfoltsﬁlaceﬂ%Géﬂlﬁnl ? 08 |g’n aall)lr’f" t"Le gr ovvltﬁ{géc direction -
. : e eject] ut gt 0 t

tH8 B¢9528hR1 19RO thwlgbl e,
“as. dlscussed pPdFP G§FV€ &Hﬁiﬁ}% 8 §s tlongl rgFSFﬁgh g?ﬁleves

—-not.-only. the functlon and .10 - eff t f r R ” f
. u& Jéﬁ%lfﬂl G¥ Sthd he ef f -
~hi gh-'speed he llsé?f"'ﬁrlsiet‘l’d:15'5g FECY gtgy ng trﬁ GW resi stance éagal nst etcffeof'-:

“ 1 qui d flowi ng in gi) e&lS“iFf’f‘%eq’ ‘élﬂé% %aéglf\é& lwrtlfé'%ﬂérence swifdceuof. -

Thi's i's becaus&%. % SR
ree end 32 and- fulcrum33 .-
.ar e’ posi tléo?leg\ﬁh 0 E%r ﬂﬂ tfr%mbleﬁ: é@é |6)c‘"®fStheS&en$iérf Ia;lisngl in-

he sedond g | o %&if%&&éﬁﬂ;{fgf SR =
-droplet With respect to the reference surface of the -
imovable member._ The liquid eJecting head of this |
fembodiment 1s so arranged that the max1mum displacement ff-ﬁ'
: nldff;cangle Oy of the movable member is determined in the |
B _range ‘of 29 —17? é e < 26 T with respect to' the
-'angle ()8 of the straight line D connecting the o '
.'intersecting p01nt S with the fulcrum portion of the o
Efmovable member from the reference surface of the '
15 -fmovable member by adJusting the thickness of the
- nz:movable member or adJusting the height of the ceiling
i of the first liquid flow path. The present embodiment N
-'shows an example in which 0y = 14° and e, is thus”s |
:fbetween 35°.and 21°- - B
ﬂe-Zd_ s fl“3 | In the arrangement shown herein where the )
-movable member is displaced by the pressure based on f_
the bubble generated in the bubble generation region 11”
'1"by the heat generating element 2 and the movable memberi
'.31 guides the pressure toward the ejection outlet |
l'_251_f' is. very 1mportant in respect of the liquid eJection
Hifcharacteristics to efficiently direct the pressure

'}e-based on the bubble from the portion of the free end 321 Lol



a retracted posrtron after EJECtIOH returns to the o "ejection out | et.

18 because of the capillary force-or- - 20 ' mhen the I|qurd I s supplied to;’j;

jfconpensate for the = . . collapse ot_ngbLe " Explai ni'ng

in further. detail:;,.in this structure o (Frgs 2A to ZE» ‘the- nmovabl e ;f~1f
“menber .31 extends relative - - . to.the heat generating el enent: 2 so that, =
~‘the free end - 25 32 thereof is opposed thereto-at a- domnstreantposrtlonfj;f

Wi th respect to the area center 3 (the.line passing. .. - . through-the -
~.center of the adfapbécede bfathgemewabﬂegmember 31 toward the aperture h
C-44- . - elenment (through the .central portion) rand being" .. '
- per pendi cul ar tporheonquthheseJecteonrontdﬁtthé onqrhe side Oﬁﬁﬁ&ﬁ path)
-“separating the heat generating-element 2- i'nto the upstream region
.-and the downstr&insreyianidaloy Paﬁbséﬁhbéé ﬁh@VPo@?lyl‘V%

~causes .the . . novable ‘menber “31 fo receive.the pressure or the bubble
“occurring downsky eiakdngt ascares efntbe pedrtion Pefpween thepe heat.-

~-generating_el ement and greatly" contrrbutrn t he_ej ect.i Irqurdf7~i
~and to guide th@lﬁPE§§8F§n5n§n9}G bﬁBﬁI@%W@%%deFWQeE]Qit thus

fhndamentally opereot RO B The°H1AR LohEl nayt%nthghaasecct'on

n on e connect
hc-llquld flow path 14._.' |
p S Namely, if the relatlon near 9 l- 26' ish 3
.l_'fsatisfled the flow path conflguration of the portion h
-plb:,ufbetween the movable member in the maximum dlsplacement s
i state and the reference surface becomes of llne
'.symmetry w1th respect to a symmetry ax1s of the
:astraight line D so that the central portlon of
".”propagatlon of the pressure by the bubble is directed
illS f rstralght to the center S of the aperture portion of thed“
o ;~ejectlon outlet 18 on the flow path s1de. ThlS o
establlshes propagatlon of the pressure and 1iquid flow’ﬁw'
.:caused thereby w1thout turbulence along the center ax1s-h
C of the eJectlon outlet portlon whereby the d1rect10n :_; o
.u'ZQ' hyof the 11qu1d ejected through the eJectlon outlet 18 1sf.-y_f$
- | malntalned in the very stable dlrectlon along the' o
'dlrectlon of the center ax1s C._ The stablllty of the
“'ﬁeJectlon dlrectlon 1s thus remarkably improved by
:satlsfylng the relatlon near By 295; whereby the shot
.t_id_f'_accuracy is enhanced on a prlntlng sheet and

fidlsturbance of quality Of image 1S greatly reduced._

- Here, the connectlng portlon between the o

hi® FdGan ment'..t



Further, many effects are attained as also .  utilizing the Upstreaht o

“portion of the bubble in 15 addition. :lt-is presuned th

-.contribution .. to the" ej ecti on’ of SBquldaIsg results f?én?ffeCtlye T
" instantaneous nechani cal dlsplacenent of the-free end o of'the anabIe
_gnenber 31 in this structure - (Enbodlnent 1) o The-*ﬂ
ﬁ-enbodlnents of the present |nvent|on wi.l |- be explalned mnth N
‘reference to the acconpanying = “draw n ' esent

S .
~ enbodi nent aIsggempiomsoﬁhbetapertlon angdgithe #PHHP | E16¥ I
}Jqu|d as descrlbed 25 = above. Each enbodlﬁent 5 foilegﬁg Iﬁ&?‘ﬁ
“explained & pustngnaoﬁeadtuhu%ﬁFcHOFﬁéoﬁ (dp F&nﬁﬁgwrﬁtﬁﬁ%if and
the second liquid flow path 16 are separated the N
45 -.. - a Gﬁlin@teﬁa%eﬁFr9é9§§ tHtheafd%Pﬁﬁfﬁgtﬁesdrlptlon but

vemeTon o e FaberSipiPen e gl i e, w
SRl S5 LE ot g pebIE) Bomming the ejectich churee
' "“3,:port10n closest to the llquld flow path out of the )
-rtubular portlon formlng the eJectlon outlet or a R
'portlon near. 1t.':"'“ s | . 3
Taking account of the varlatlons or the like, of S
“hl1Q;:r the configuratlon of the ejectlon outlet when formed byl”
'T1rrad1atlon or the like with laser the condltlon near S
g e,_--ze is determined to 1nc1ude the range of 26 - 7°'
'fds'eats 26 +7° A more preferable conditlon to enhance: B
1hthe effect of the stabllity of the eJectlon dlrectlon ezﬁ
15 dlscussed above 1s 26 . 5° <8, 29 4+ 5°7 | L
In addltlon to the above condltlon, the max1mum:'
dlsplacement angle e of the movable member 1s equal to
S or’ more than the angle of the stralght llne connectlng L
* the fulcrum portlon with the uppermOSt end of the
'i'zdf l;aperture of the’ eJectlon outlet portlon connected to f:
| Hfthe llquld flow path 14 wh1ch is a preferable '
'.condltion for smooth propagatlon of pressure of . the-
':bubble 40 and smooth flow of the llquld caused thereby.l”"
Further e 1s preferably determlned w1th1n thei ;Tt
25 | range of acute angles, cons1der1ng dlstortlon or the
. .::llke of the fulcrum portlon 33 of the movable member

h._31 and more preferably, 1s not more than 35° ' These 3'3?



:'anng the d|rect|on of flom1path of. the I|qU|d 3 ejectlng head in the.“sum

.'present enbodi ment . L . The 1iquid eJectlng head of the pr esent
.10 ‘invention has an el enent substr at .54l -and a heat = - generatl ng -
~ el ement "2, ‘nmount ed t her eon, - for supplylng ‘t he' thernal energy. for:

“generatlng a bubble in the 17 qui dy and above the el ement’ substrate 1Qt7-

;'there are - - provi ded a second I|qU|d flom/path 16 for bubbl.e- 15

< .generation. liquid and a first’ Fiqui.d f|OM/path 14 f or . ' ej.ecti op
Tiquidin d|res&mpmhatﬂonﬁ|qﬁtth6tupﬂer 11mlt69Q§n¢Qﬁt%RW??Hliﬂﬂtl

- having an’ EJECtIOH outlet; . “di sposed, above ‘the:second | i U|dlflow
‘path. A ~  6upareialse. aapllls@ tnadéeopté‘%ﬁétb@ll“‘ﬁ&\ﬁsn&

~elasticity, such as a netal, .i s di sposed - between the . flrst I|qU|d
flow path 14 am@Nﬂu?QﬂﬁRﬂﬁilqu|d flow . - path_ 16-and separates the

-iej-ection |Iqud i nside the . firstoliquid flow path 14 fromthe bubblef o

Zggneratlon » Eﬂ)QQﬁﬂQPtl%?the second liquird flom/path 16. . Here, - a sane -
5 iqui nay e use t-he ej. tlo 1qu bblei '
ega.} %sg.i nl ws Q é escm%‘? épgs sectJ.@H |

generatloﬁ Iqu|d si.m L.on. prlnC|p e

- stated previou that ﬁ@
_case _a connum§§§%9n#¥ﬁﬂq|Eﬂ$(qﬁ)ec?ﬁﬁ%)oﬁa§l%y ?%ﬁ%e Of the llqu

' ' ' eJecting head of the present embodiment and is a__ B
'”:draWing to show a relation among the maximum value e of

wgthe displacement angle of the movable member the

:'__;ld' }jdisplacement angle e of the straight line D connecting‘ j_ﬁﬁfj

'.the fulcrum portion 33 of the movable member w1th the
T intersecting p01nt S w1th respect to the reference:T'.
.._ surface of the movable member, and the angle X of the ;h'
| 'center ax1s Cin the direction of the liquid droplet a
f_lS“ ’flying upon eJection of 11qu1d droplet with respect to__.'
o ;tlthe pos1tion of the reference surface of the movable |
;member. Here the p051t10n of the fulcrum portion 33
?1s located near the cut end of the slit 35 in Figs. 9Aewf
9cC, SLmilarly as’ defined hereinbefore.- |
20 _';::p In thlS embodiment the max1mum.displacement
| | :_angle Oy of the movable member was determined to be 15°
'by forming the movable member 1n the configuratlon |
' :w1dened to the end 1n the fulcrum portion as shown in'el
“Fig. 150 250 um (+5 pm) long, 36 Hm w1de and 5 pm .-
lz.IéS-ad.thick and made of Nl.” Further the height of the first
o :”Vllqu1d flow path 14 was in the range of 40 pm to 60 pm

g .and the height of the second liquid flow path 16 was 15



in -at Ieast a part of’ the partrtron mall 30 SO - that the = Irqurd may -

f1 ow bet ween ‘a first .conmon Irqurd chanber - 15 connunrcatrng W th the _fu”
first-flow path and ‘a second 'j5 connes quurd chanber ~17 commini cating -
l;mrth the second . . romrpath 16 : : - The ejectron outlet
.rportron 28 has an.: openrng - portron of a snall di aneter (ejectron L
.?outlet 18) . t hr ough which a liquid droplet is ejected fromthe. head S
©'10 . and an.aperture portion-of.a.l'arge.-diameter as a_: - nectrng s
. portron mntﬂ t hm inrthelpqasantlembpdﬂWeB¢ HOWGVGTheFE€htéﬂ'é&*@’and an’ . -
-.extension thereof perpendicular:. - tothe ef e |o oyt |- et e
- ali gned Wi t'h 't Ba exampleCént whighi §hé ﬁ‘leéﬂtﬁ“'ao(ﬁ ltl:n ﬁ?!r‘ﬂ atq:ng P?glrjl é
15 droplet flies after ejected. - Further, res ap o
“i.ntersecting peSnﬂObémmeeWhﬁﬁetkﬁoﬁéqg&ﬁ%% 39 e by surface

_-correspondrng to’ the connectrn rtro ”.

" portion 28 andirgadipitipn wit gl \ﬁlﬁﬁ%#ﬁﬁqﬂ;zgﬁfé %:t b@ntﬁ'ét et
.jSlntlarIy as in the aboye-descriptiqg [ ert EEN
portion (& sli € r%ghﬁr é E 0%5' %gq thfeorf#elgf#dh&tcﬁée%glﬁtlﬁ‘{%bnwmlr| u.‘r?)g

at a.portion - . e -
meﬁ\Pe(mrl %hﬁ” ae re erre?p%ﬁf@é‘%‘lﬁxtﬁ&&&éaﬁ? of - heat__._.

generating. ele

-;3222: 118 TERBY D O o B RSP s
as. berng Capabﬁ%ffned w1th1n the range of 5° to 7. 5° (preferably 6° < '
_ _._9 s 6 5 ). and it is formed to satlsfy the relatlons of

o 'Loh,_.e - 29 and 20 < e 26 +. 5.: In this embodlment the |
o "angle 9 of the center axls C 1n the dlrectlon of the |
_ liquid droplet flylng upon eJectlon of droplet w1th
'.respect to the non-dlsplaced p051t10n of the movable
hﬁmember 31 was determlned to be 10° - The dr1v1ng rd.
?'l5_. 'condltlons of the head were the voltage of several V to
i”several ten.V the electrlc current of approx1mately _
le 1 to 0 2 A, and the pulse w1dth of 1.5. to 10 usec,'tiﬁ:'d
' and the length L of the ejectlon outlet portlon Was o
determlned between 30 and 50 um. | o |
._éoi; fhf f. To satlsfy the condltlon near e = 26 is also.a'
dlgvery 1mportant factor for stabillzatlon of egection '
:_dlrectlon 1n the present embodlment s1m11arly as 1n
' the prev1ous embodlment.lt': e o
As a further method\for malntainlng thls state'&-;hr'ﬁ
l:h:25pi_f1n the eJectlon operatlon perlod for a. longer tlme the
o movable member 31 may be operated so as to exceed e |

atlsfylng e = 293. Arranglng to satlsfy the relatlon “'"

t'o .as-.an eJectron fOI’CG



_:47 c substantlally seal i ng thls Sllt 35 SpeC|f|caIIy, the" _
;nnvable menber 31-i's-a nenber shaped -i.-n-a cantilever - form having a

free_end on. the: ejectlon outlet 18. si-de 56 - (or on: the domnstrean15|de ofiigh

the flow of" I|qU|d) anda 5. -fixed end on- the first/second comon-liquid’
ggchanber L (115, - 17) side and bei ng rotatable about- a ful crum- ' o
- portion- 33 of- the fixed end. - As shown in the draWAng S the. nnvable
“menber’ 31.faces t'he bubbl e generation- . . 'region: B, and rotates-in the

direct i.on- of aregpwed) abayt< 20, + it fhis mmgemnbfatt@lmwl e marrber'._.--.

as. being - pushed  up tomard the“first 1iquid flow path: side with _—
- _generation of bmbmbflizatimntmiﬂﬂ}ﬁ@ﬁm@Ma@i@ﬁctiqnlénd stablegs described
herei-nafter. -This rotation: di'spl aces-t'he. ... -rmovable menber::31 to the -
first flow pat hejeafelon 16fficiency. Fugther sthlﬁeﬁéﬁ9cﬂ“9€°§7?@w to show .. -
“the. . 'schemat’i c. structure of the liquid ejectin cor di.ng.
to.the present $?ﬁh#&i%ﬁ¢l°¢WQﬁh?hﬁ§t$?ﬁuﬁﬁate agaipgt ¥a§F§518ﬂ§ePgtood ;

“ that ‘the partition wall 30 is. - _locdted.through: titut .
Lho secont® 20 the) Sem Vg9 18)8REYER REELRReer 5é8§3§§8§?32d'wuthng-

. the electrothermal. transducer (electrothernal ;"_.:1fran5du0|ng elenent)
;as a heat gener%f? %? nt 2 and - e L -

A further preferable.condition 1s to satisfy
the condition near the center of the relation of 20, <.
'_ eM”s 20, + 5 (6° s 0, 6. 5° in the present embodiment)
' "f;iqtihﬁAnother.means for satisfying this relation of 26 = 9
T is- to: provide a part of the wall of the first flow path_
3114 with a control portion 57 of the maximum'_'g
_ldisplacement angle e as shown in Fig. 16. |
f“(Embodiment 3) | _. | |
"l5”l: o Fig. 12 shows a schematic cross section taken :_
-“”T:along the direction of flow path of the liquid
'HeJecting head of the present embodiment similar to
qthose of Embodiments 1 and 2 and 1s a draw1ng to show
_a relation among the maXimum value 9 of the |
fh_zo,ij_displacement angle of the movable member the
| _ displacement angle 6 of the straight line D connecting :
=the fulcrum of the movable member with the 1ntersecting
'-fpoint S w1th respect to the natural p051tion of the.3“
-hfmovable member and the angle 6 of the center axis C ini
J?SJ .ithe direction of the liquid droplet flying upon e
| | ieJection of droplet With respect to the natural

' pOSition of the movable member. The liquid eJecting ﬁe?ﬁ



mnrlng electrode 5 for applyrng an electrrc srgnal to : the -

el ectrothermal* transducer 25 -, .+ Figs.  9A to 9C are dramrngs for
expl aining the . posrtlonal relatroﬁ7betmeen the novable nenber 3. 1
,;and o the second liquid. flom1path 16 as described above,

- 48 L ‘wherein Fig. 9A.is-a viewof the anable nenber 31

-observed frontthe si de. of the fifst flow path 14, and" Frg 9B: a vreW”j;.?

of th d | 5 f f.

i r;teffg\?vogat I ot g @?ﬁ%"ﬂt lb%?t?’f‘?\(gggﬁ)é{:%‘q]ﬁtﬁ awaﬂgrgtpi ner
s b h |

relation betwedtd PSE RN . e A g '83 AISEBERRRR PO

: h- 16 t Lo

D b AN e ny i Waer. 1g AT ISt O

direction to t roximdO&] 'iﬁ“cﬁytégéé+$§£%§ ?Rf§|€he1§h1cﬁhsssuh§rum

portion stated ove:1s the end ormng-t

novabl e ggﬂb tﬁe mo@aﬁfenmémbéfmiﬁWWﬁ@lﬁrev1ous”§ﬂ§8&lment5to 3.

- The seco liquid flow path 16.is formed - .such a chamber (bubble o
generation chanigr) e Ltliisﬁfa@ément angl@ @9\&3 tﬁtré)aétmgn@rnﬂ& ﬁ)efore

'and after ‘the heat
' connectlng the fulcrum of the movable member with the
.'~1ntersect1ng p01nt S w1th respect to the natural L
_ - p031t10n of the movable member 1s determlned w1thin the
E rlom*-trange of 10° to 12 5° (preferably 1l°ls e s 12 ) upon'i -
lfformatlon of eJectlon outlet by the aforementioned if
:'method and it is arranged to satlsfy the relatlon of e :_
= 20, or 26, > ¥ > 29 - 5._ In this embodiment the =
'h;angle e of the center axis C 1n the dlrectlon of the?
”'15f .ddroplet flylng upon ejectlon of droplet w1th respect to f'“':.
H'uthe natural positlon of the movable member was | -
“determlned to be 259 (the value of L 1s the same as. in
h.Embodlment 1). Further the helght of the second
' llquid flow path 16 was the same as ‘in prev1ous
..20'_--Embod1ment 1 and. the helght of the flrst flow path was.'
| ,between 40 pm and 80 um 1n the present embcdlment. hf'“.
*{lHowever Flg. 12 shows an example 1n whlch the helght
E -of the f1rst llquid flow path 14 1s 60 um.i The dr1v1ng
_-condltlons are also the same as those 1n the prev1ous'
25 r.”embodlments.' | B | S
| -'When the.relationEOfLB = 26 1s satisfled 1n

'ithe present embodlment the stablllty of eJection



_generatrng eIenent 2 and thereby to restrrct the . . pressure upon

;fgeneratron of bubbl e fronrescaprng 20 . through the- second li.quid f|0m,_--*'

‘path."16. - In the case of - “the. conv%&tfonal head using a common rowr'f

~path serving~ - gas.a flow path for generation of bubble and al'so as a -

f1ow path_for ejectron of ‘li'quid andin order to ; provrde t he - head
‘Wi th such a throat portion .as to- 25 -prevent the propagatron drrectron
_of the pressure. . - gener ated. on the |iquid. chanber SIdE 8f t he. heat .

. ‘generating eIentnre¢tommbE$n@1%¢rE@E%ﬂV?6mﬁ}B1%ﬁE1Y as in Embodiments.
- 49 - : - ~comon | i quid:-chanber . side, it was: necessary t o- enploy

Ca eructuLe nﬁtltozniFﬁﬁﬁ@t ¥®0ss- sectronal area of - - flow path toozs'hﬁ
~nuch in-the throat portion, -fakjn refilLi t S
“intofull 5 (PR, L3RS case of"Ehb kbgxthnl B PR beheCted

embodi ment i s a gggs' C ras & présent __f?f
__ _.ej eot:ed___i_s t he 4 %daeéﬂq oﬁ?ﬁﬁsﬁe{? 5 rﬁ%&r r&f qu{:%%f!?@&t péa!r ﬂwlg and
e el g elgn UgSessusated Lausde br;ﬁsna%eg%ardzz'd -
j_Theheere Onlytﬁesf?he oflthggconfiguration of ejection outlet as -
| L described preViously.l"_ o R
. A preferable condition to further improve such e
lusﬂfan effect is to satisfy the condition near the center |
. 10 ':__-'of 26, > o, 2 ze - 5°" (11°'< elg < 12°i'm the present :
| ;hembodiment) . Also in the case of the present | -
hembodiment another means for satisfying the relation of
'79 and e is to provide a part of- the wall of the first -

.3_flow path 14 With 'control portion 57 of maximum |

15 :.:displacement angle e as shown in Fig.-16._s'
: | Further e is determined in the range of acute ::
angles, conSidering the fulcrum portion 33 of the
'--movable member 31. Fig. 13 shows an example in which 6,
.'_is 28° and e is l4°. which achieved the same effects as
h"zd-“ 'described above. - N |
. As shown in each embodiment described above
‘ the free end can be smoothly displaced by setting the
.1:¥lheight of the ceiling of the flow path communicating IR
i With the eJection outlet higher on the free end Slde of lw
25.'”.the movable member than on the fulcrum Slde.tJW o
| Each of Embodiments 1 to 3 described above has”f'.

f;the configuration of the bubble generation flow path



anount is necessary for -suppl yi ng the bubble generatlon o I|qU|d i nto

~the: eJectlon pressure. generatlng portlon of - _“the second I|qU|d flow: .:ff
‘path 16." 'I'n-the cases. US|ng the ' 15 .- S8t Fucture of | ess consunption of
- .the bubbl e generation . . - |IC]UId the clearance.in-the throat:. portlons
_ 19 can' be. - . - set to be Very narraw,- “for” exanpl e several pmto ten

~ and severaltpnt s? thhlthe propagatlon dlrectlon of. - ~the pressure

.:upon generation o u e.in the.second. 20° UId flomr at h- '
“concentrat ed 't showe time Figs.. 9%&%@%%@@1 tq" ‘%ﬁn tllggcan be. SRS
- propagation - ' - direction of the )ressure can- be tion .
outlet by the mewzemeddihdhesdin afc AR &ﬂ]“eaeﬁa ion
efficiency and higher ejectlon 25 res%

' is noted-ff:f
_Perettgaz t?ﬁ @ﬁg-- %ﬁaﬁﬂﬂ? <fﬁa%ﬂ;%1#?cﬁﬁﬁﬁttﬁlﬁ is not - -
~lirmted to the above . not- .
S]'E ][ ucture, but %%@W%ﬂeﬁ t[ Ieorupasst eoar% eansd Iancll théQi%vg?]stream :-
- e ect|vely transm t. t.he press ' o -
movabl e’ Brper € %mof trhe secoanr spI acerr?é&p but th kapbbe to the

-5 - stated belom1| f
.W th respect t&q%e re%?ér B atﬁtﬁ?@éﬁ?r&n@ aﬂd‘etﬁ@v&&mstream emmber 31

the Vicinity of the heat generating element 2. A
The heat generating element 2 is an |
”electrothermal transducer in the configuration of 40 x.
'*h_Ldl.'i 05 um and the movable member 31 is pOSitioned so as to
| ”"cover the aforementioned chamber in which the heat -
igenerating element 2 is disposed. The size,.fjiﬁ
configuration and location of the heat generating :id
'.3element 2 or the movable member 31 are not limited to';
_l5.'eathese, but the configuration and location may be
) :'determined Within the range where the pressure upon
Igeneration of hubble can be effectively utilized as an TT
f:eJection pressure. The heat generating element may bel:
l'an element for generating heat when irradiated With '
ﬂfzd* 'laser light as well as the electrothermal transducer.;{
_(Other embodiments) o | |
_ _ In the foreg01ng; the description has been made
;T[“as to the embodiments of the maJor parts of the liquid S
Tf;eJecting head and the liquid eJecting method according
”.c25gf:tto the present invention. Further SpelelC examplesf'fp
B *fpreferably applicable to these embodiments Will be

'explained With reference to the drawings._ Although the -

t.angle of .the novable menber:



_?reference surface stated prevrously Let us defrne [err] L as a .
t_naxrnuntvalue of the displacenent: angle of the - nnvable'nenber ~and
~-[err] as an angle of drsplacenent of & g - strarght l'ine (axis) D.

;cconnectrng t he -above |ntersect|ng pornt S'with the fulcruntportron 331‘:;

cof. the - - nmovabl e nenber Wi th. respect to the. reference surface of:
““the movabl € menber (see Fig, 7). A speci fi.c. exanple of “a

““method for specifying - 15 . -the di spl acenent -angl e of .the movable member . .

s a0 et el Yowidgrendplde will iy é}ipl&tmédrtcithre]irthletl@w
. path of a transparent ‘material or replacing it with a. transparent

'Cnenber optrc&dmbodimantrqfatﬁensﬁngkﬂ fluw—path tymggqmdaportlon mhen fhe;ﬂ:*

.;anabIe member is.-displaced 20 (a hei-ght. from a non-di splaced"
© positi on) ‘and embodimerst caff althergtwmeflcmr;me@eme Argeribed t he position:
of - the free end portion and the position-of the fulcrumto

'specrfy it.. . previously, i#gthuidﬂhﬁwPQ$%ﬁﬁﬁhﬁﬁ|EP%Yd§§ns€%t?BﬂllF§ken_;_~:H

25 anng ‘the direction of. flow path, of. the |iquid jecting: head'ff't
cof the pré%entﬁgnihﬁrRQﬁ -amRpdiments. “nleﬁﬁeﬂﬁhﬁFWtF%Hﬁﬁ?Ees
: the maxinmumval ue [err]- - : - B1--

_the displ a:cene-rﬁMoquJ@dre'tkr?errﬁ%mer%m W%U T ol
: S ' Figs. 15A ISB and 15C are. plan Views to showff{f
. iuother configurations of the movable member 31 wherein

_reference numeral 35 de31gnates the slit formed in the.,f
f?lO _.-partition wa11 and this slit forms the movable member IR
_“31._ Fig. 15A illustrates ‘a rectangular configuration R

';'Fig. 1SB a configuration narrowed on the fulcrum side '

frto facilitate the operation of the movable member and

elatron annnga:_f

zFig. 1SC a configuration widened on the fulcrum s1de to"_;nffﬁ'

g]:15f :.enhance the durability of the movable member.i The_

- Jl-configuration of. the movable member may be any . d
_.configuration readily operable and excellent in the:
i;durability._ | o

- In the foreg01ng embodiments, the plate movable.-”'
.e_ZD_ -:member 31 and the partition wall 30 hav1ng this movableih
o ' member were made of nickel in the thickness of 5 pm
”“but _Without having to be limited to this, the f
-:;materials for the movable member and the partition wallf_*t.
'may be selected from those haVing anti solvent property:”'
"25. iagainst the bubble generation liquid and the eJection_
.m"_;liquid hav1ng elasticity for assuring the satisfactorjdf]””

uoperation of the movable member _and permitting -



-dr spl acerrent angl e [err] of the straight- I|ne D connectr ng- . the:
intersecting por nt S wth the fuIcrumof the -~  :novable" menber with
_respect to the reference. surface of 5 gthe novabl e menber, and.an angl e
_lerr].of -the: center ‘axis Co - Lin: the directi.on of -the dropI et flying
~-.upon. ej ection of - droplet-wth respect to the reference sur.face of- the
movabl e nenber. The Irqur d ej ecti ng head of ‘thi-s .* © ~enbodinment -is so
-.'arranged that- the maxi.mum-di spl acenent: 10 - angl e [err] of . the movabl e . .
...menber-is det- erﬁmmai:iton td®' fine sl:.t.ange of - 2[err] -, 7[err] “with respect
~to the - -~ angle [.err]. of ‘the straight Tine D connecting the -
intersecting point ‘S wiRteferahlg @XARDRY | oh Bie hterial fomvERe e menber
“fromthe reference surface. of the 15 . novabl e nenber by adj ust.i ngﬁt he R

t hi ckness' of tn@vable m@ﬂh@bl@%ﬁﬁrd‘b‘ra@cﬁ JateRia R h%‘?ﬁh?x%?‘p

cceiling’ - of the first: uj.d fl ow pat present o¢i ment -
'shows' an exarrpI“l;"“?ar?-s'trrlrﬁ‘tfﬂ1 [3F rg}q'- ‘ﬁ?['errr'}‘ﬁ‘a‘?tﬂ' f‘f' |Jsr W gtitaniumy, . yeepn

- 35[err] and 21 e arr ‘herein-: Where R
‘the - .3 éﬁl"é’llr%’rﬂyerp]r%t’d?‘gp'l a%ae‘bt %J g%%g o . the

~ bubbl e generat I n.the bub e rati regio o
..generating el er?g’rﬁ p?%c}) %%e'gf%yﬂe ere@f rkégjiﬁ mat%xé:gé(l%é pressure

'.tovvardthe eject tl th spect of th
~.Liquid ejecti on ’4 %loeu 1Sf?gtr aéct er‘?ﬁHc %%’ {%ﬁ;.}@%ﬁ%é&t Ee pr essurg
_ based on the. b%dﬂﬂ?fl@ Qﬁitéﬁbﬁg or‘estyfé‘néndtﬁ’gse hav:t.ng the

..'tr;flo_l,icarboxyl group such as polycarbonate, those hav1ng the
: rJaldehyde group such as polyacetal those hav1ng the
':fsulfone group such as polysulfone, those such as 11qu1d
_gcrystal polymers and chemlcal compounds thereof° and
: materlals hav1ng durabillty agalnst the 1nk for |
Sdl5’_h"example, metals such as gold tungsten tantalum,..
o ;jnlckel ,stainless steel t1tan1um alloys thereof
f_materlals coated with such a metal res1n materlals
hav1ng the amlde group such as polyamlde resin o
materlals hav1ng the aldehyde group such as polyacetal
.26_'2 res1n materlals hav1ng the ketone group such as y'
.ipolyetheretherketone, res1n materlals hav1ng the 1m1de

'fgroup such as polylmide,:re31n materlals hav1ng the -

'_hydroxyl group such as phenollc res1ns res1n materlals_.. 1_1'

o hav1ng the ethyl group such as polyethylene _res1n
[ 25d"y materlals hav1ng the alkyl group such as polypropylene '
”j're51n materlals hav1ng the epoxy group such as epoxy '

o res;ns, resln,mater;als.haVLng the,amide group.such_as:'.-y



- 52 - _': ) dlsplaced of the anabIe nenber 31 tomard t he aperture-
-;portron of the eJectron outlet- 18 on the side of the = - -first liquid:
—flow pat-h- 14, "as shown by Vi-V4 in Flg- 82 - by t aki ng’ account of the

- relation between the 5. .displacenent angle of the novabl e : nenber 31 andf:“'“n

the - ' aperture. portion on.the si.de connected -to"the: first. = .-
1.iquid: flom/path 14. _ -Nanely, if the relation. near [err]

- 2[err] ~ _ satisfied, the flom/path conflguratlon of - t he ortlon'
,betmeen the nnﬂﬁ&éﬂ*ﬁ#ﬁ%ﬁsimﬁtr@eﬁ%R|%%ﬁ¢€+§bFaﬁéﬁkh9 the metegépé and the

- reference surface beconmes of 'line - - - symetr th res to.a
L .symmetry axis cﬁrQ#RaS“Ch ass¥¥%?ﬁﬁtr??h%SE)°§3m¥ﬁ%i ?ﬂepeﬁﬂﬁﬁar portron of..
- propagati-on of. the ssure b t he . bul bi g irecte g;*l ight .t.0 the
center ‘S.of thet ? reC?EﬁT ormaFerfals Suc BPelt 6ﬁ°8u?f8§1§§ Sink :

“flow path side. propagatlon of the pressure and

:'Irqurd flow - hemr%&%é%pm%%u%és %#%ﬁ%é? t ur-bul ence along.the center axis-
( Cof the gjection outlehppitigile 2REnBPs" 98 PhechbtaRiatOror. Rl e

liquid ejected through e ejectron ou narntarneg in. the

oy ffg?' gfd' r@&ttf&éﬁ%&ﬁ hfnclude rgsiﬁcfnat?ér%lshﬁa@ﬁﬁbefuéh' s C The'
B . --heat res1stance high anti solvent property,_and good ' .
f:moldabllity, typified by recent engineering plastics,_._q”l' .
__:'such as polyethylene, polypropylene, polyamide,d" _ y
.,10fg':polyethy1ene terephthalate melamine resins phenolic_-fit.ﬁ
.':.-yres1ns, epoxy res1ns, polybutadiene,'"'": o | _H'
'lpolyetheretherketone, polyether sulfone, polyallylate,:wf.
zpolyimide polysulfone, liquid crystal polymers (LCPs);
,hchemical compounds thereof s1licon diox1de, s1licon_
:ls'lipnitride metals such as nickel gold or stainless.
hijfsteel alloys thereof chem1cal compounds thereof or
materials coated w1th titanlum or gold.””" |
| The thickness of the partition wall may be'_“
"Jdetermlned depending upon the material and '
':"20 '.configuration from such standp01nts as.to achieve the .
.zlpfstrength as a partitlon wall and to well operate as a.
'movable member 'and a des1rable range thereof 1s
approx1mately between 0 5 um and 10 um.._y;'l
' The w1dth of the Sllt 35 for forming the
725-d:_movable member 31 1s determined to be 2 pm | 1n the.
:.present embodlment.: In the cases where the bubble e

bhgeneratlon lquld and the eJection 11qu1d are mutually



_'ejectlon dlrectlon |s t hus renarkably |nproved by satisfying the -
~-relation near. [err] [err] wher eby t he shot . 25 accuracy i s- enhanced on:a
_printing sheet. and - _ -di.st.ur bance.. efsguairty of .image is greatly - '
‘reduced. . - - Here,  the connecting. portlon bét-ween-'t he - y

-- .53 - . e EJeCtIOH outlet portion and ‘the-liquid flom1path means ’

:*a portron of a tubul ar portion: (|n the- confrguratron of . al cylrndrrcar o

. st'rai.ght tube, a tapered tube, ca .. curved tapered t ube, mhlch\MII
"“be referred to distEarert 1rqmrd$omn@umistuperisonyewentﬁ@ bﬁtWePECthgn
~outlet ™ - portion closeést to'the l'iguid flow path out of the -
“.tubular portrcntWinnngdﬁe dhecslbh Bidthimaprbe determhgedlgﬁ heap it
. Taking account of _the-variations.or the. | i ke of. the confi uratlon.of
“the ejectlonrmﬁlQﬂr@%ﬁﬁrﬁ%rﬁ@%Wb? menlscu?r?ﬁﬂWﬁ?Poﬁh%rtWﬂe1+9R dgi R .-
- |l aser,- the condi.ti-on near %i = err% 5 de% & |n§Iude:“
the range of 2[&F r§o _ayoid °°mmT ?Tt %r? tyeonethe T gub 8t er-&Bfe
*}condltlon o enhan of ‘the stabillt f. the ecti.on
o o 4 9 S o then e TS5 e hohBERELAR it‘[lérﬁ] 18"4 PAGG
“1I'n addltlon t g? Ve, con ? angle _' ks
h-[err of therﬂﬁﬁﬁﬁn 5ﬁ§%6sf 6 aﬂgétnyncP (cent9p39s3§§ngﬂh R
I _,the eJectlon llquid 1s a llquld hav1ng the v1scos1ty of' S
=5100 or more cP a Sllt of approx1mately 5 um 1s enough |
@'to prevent the mlxture of the llqulds, but a des1rab1e
.hiQ;i“?sllt is 3 or less pm | o
. In the present invention the movable member 1s
r“lntended to have a thickness of the pm order (t um),
but 1s not 1ntended to have a thlckness of the cm B
torder.d For the movable member 1n the thlckness of the
: _'15fh:fum order 1t is desirable to take account of the _ |
*t"varlatlons in fabrlcation to some extent when the Sllt
lw1dth of the pm order (w pm) is. targeted. -
' The slit of such several pm order 1s surer to_
'-accompllsh the "substantially sealed state 1n the f;h:]
20 5';present 1nvent10n._' o |
In the case of the funct10nal separatlon 1nto
the bubble generatlon liquld and the eJectlon lquld as |
cidescrlbed above the movable member 1s a substantlally ;l'
o separatlng member for separatlng them. When th1s _pt{l
25 pmovable member moves w1th generatlon of bubble, a small

'c'“amount of the bubble generatlon lquld appears m1x1ng

1nto the eJectlon llquld.- Cons1der1ng that the



s.or more than the angle of the stralght I|ne connectrng . “the fuIcrunt. :
~portion with the. uppernost end of the: 20 - aperture of t he eJectlon R
:Toutlet portion connected to * - . t'he: b4qu1d flow path 14, which is. a
_;preferable ~ .-+ condition for “snooth -propagation of. pressure of the
“bubbl e 40 and snDoth fl.ow of ‘the-liquid caused thereby - o
Further Lerr] is preferably deterntned Mthin the 25 range of acute

.angl es,. -consi dering distortion or-the: - ~ like of- the fuIcruntport|on'f:t..

33 0f the mvabbecmasher.uquld for3]E,omidlngrE :rme@‘eer:sblqsualslmanemre than '
_35[err] - These . - B4 L o
sti pul ati ons ohabhagumperddwoentmatndnadﬁmﬂ91QHnng mgterial qQRQHnQue also e
applied to the other enbodinents fromthe - ' same feasons: - S
~ (Enbodi.ment . 2) approximatelyed $ Ricg.5 Bl ighdile £agshafarthe clrfB%sJ%‘éct i on,

‘taken along the direction of flow path, of theliquid, head e
“of the presentrembmdnnﬁntaamiaaiz?hange 14“9%&rﬁ?QQ?QﬁﬁﬁﬁﬁPQeﬁéii '

"t he .max I Coothe Ldi
oo TR ibe’ roguied. even Shqhe T eana S fglr#qhtﬁﬁ‘)”%b &

) 'C:C_)r:]"n_e_Ct i. ng '. conttar::.%efdu II%r l‘Jl:hep C:::'ratrlgaen 031:3 ﬁ; drh e.l.ess aéjlﬁx '?'H’Pépﬂé{ hof he
| o _hthe ejectlon llqu1d.* Therefore, the present 1nvent10n_ |
rls 1ntended to involve mlxture ‘of the llgUldS between
_hthe bubble generatlon liquld and the eJectlon liquld as
:ngifilong as the mlxture is llmlted withln 20 % of the w' '
'7_Trbubble generatlon llquld in the droplet of the eJectlon j"_"'L
"'1lqu1d. : _ : _ R : e
| In carrylng out the above structural examples,_h""
h _:the mlxture was at most 15 % of the bubble generatlon_i'
.Jrllslh.'llquld even w1th changes of the v15c051ty, and w1th the
-:'bubble generatlon llquld of 5 or less cP the mlxture :_.
r; rate ‘was at most approx1mately 10 % though dependlng __:_;
upon the dr1v1ng frequency._ | S o .
. Partlcularly, as the v150051ty of the eJectlon__”j'
-h72d5:1111qu1d 1s decreased below 20 cP the mlxture of the
'”_tllqulds can be decreased more (for example down to 5 _.""h
--or-less %)- . | : |
(Element substrate)
Next explalned is. the conflguratlon of the_"
”Zhés_:::element substrate ln whlch the heat generatlng element
.. j?for supplylng heat to the llquld 1s mounted.;" |

F1gsl_17A and 17B show longltudlnal sect10nal ff3

mong. .



‘i ntersecting point - S with respect to the reference .. 5urface”0f ‘the

- movabl e menber, and the angle.[err] of the. ©. - center axis.C.in the_-'
_direction:of- the Iqu|d droplet 15 . -fﬁﬁlng upon‘'ej ection of I|qU|d
.- dropl et mnth respect to . the position of the reference: sur face of the
~novable - : - ‘nenber. ~Here, the p05|t|on of. the. fulcruntportlon 33 '
.S Iocated near the cut end-.of the slit. 35 |n Figs. 9A-: - - .9C . ..
-similarly as defined her ei nbef ore. 20" . ln‘this enbodlnent the ;
nBX|nun1d|spIacen%ms of thangi@u}@reyeﬁtlﬁﬂehﬁﬁdﬁbﬁﬁcﬁﬁﬁb§g ﬁ@stH@terntned '

. to be 15[ err] K by form:ng the novabl'e renber in the conL ration =~ -

r\[M de]ned(to t he wemtthevmte@nm YSB?F%H Fig- sPchnSPﬂWS the ﬁga % 250 -
f[errlm{(5[err]m-|ong; 36-pmwi de, 3 il ck an ,w :
'Further, the hefgh¥o C‘Ehenfﬁ%‘t‘ as etatﬁaf}u F?E;%aga'?ﬁ Tﬂgv\gggl n {7

- .range of 40 'pm t0- 60 nd_th ht _of t.he: second Iqu|d flow
pat h 16. was 15 t the. hegg1w1thout a pro%ecglgn flim. 55 [err]ntln

"~ the prese enbodi ment . . Howe 1; )l e in-which |
" the helghtgof t he flrstAP?g %ﬁ?heféﬂ9“% g gg gFr %1t§Ee ? €-.ejection.

QRS O TR B en TR SRR AR EB%%%‘%%W""‘ oE’ f
nenber mnth thewafleﬁéecthagfffsetl§gﬁ&ﬁhf18§pﬁﬁthtQ4 land a grooved t SR
| SR 'member 50 hav1ng a. groove for formlng the f1rst 11qu1d _
'hhflow path | h‘ h - | | _ | |
a;';io _f iﬁi! The element substrate i has patterned w1ring.
- 'Ffelectrodes (0 2- 1 0 um thlck) of alumlnum (Al) and
;uftpatterned electrlc res1stance 1ayer 105 (0 01 0 2 um |
'.-thJ.ck) of hafn:l.um boride (HfBz), tantalum nltride (TaN),'-
tantalum alumlnum (TaAl) or the 11ke constltutlng the
'tlSd:giheat generatlng elements on a sillcon ox1de fllm or iﬁ'
hl.51llcon n1tr1de fllm 106 for electrlc 1nsu1at10n and”
: thermal accumulatlon formed on the substrate 107 of
':s1llcon or. the llke as shown 1n F1g. 8._ Thet |
'.l re51stance layer generates heat when a voltage 1s.
.Tt20;'_.app11ed to the res1stance 1ayer 105 through the two “
..;Trw1r1ng electrodes 104 so as to let an electrlc current )
."flow in the res1stance layer.. A protectlon layer of.
"fsloz,.slN or the llke O 1 2. 0 um thick is prov1ded on -
the re51stance 1ayer between the w1r1ng electrodes,gand
‘]i_25hi jln addltlon _an ant1-cav1tatlon 1ayer of tantalum or:
“ 5?f1the llke (0 1 0 6 um thlck) 1s formed thereon to S

.zh_protect the re51stance 1ayer 105 from varlous 11qu1ds o



" the reference’surface of the movable nenber 31 |s”'°'. defined within the -
“rangewof 5, -to 7.5[err] (preferably 6lerr]. [err] 6.5) and it is;: -
- forned to'satlsfy the relations of- 10~ Gbepr] 2[err] and 2[err] <[err '

“2lerr] ‘I'n this enbodiment the” - angle [err]: of. the center axrs'C'“i;

;Iﬂ the. dlrectlon of ‘the - I|qU|d droplet flying upon ejection of = . = .
- dropl et with respect to the non- di spl aced posrtron of the nnvable R
- menber 31 was deternined to be 10[-err] ‘The driving. -15.. .~ conditions of |
-fthe head were- tHBChoaSagekof several V:to. - -several ‘ten V, the - -
oL foc‘iérfgr]"2eippégi'tfﬁfxi%metpsng»er#s%%a% and g?w&deﬁ T
‘portion was de%ernrned be%gien 30 and % kolla Q - 'r”]tﬁj
~satisfy the-condPRPEATREaPPPRr PRRDIS gEPE ngd PSEAF | ﬁbortant_,;.
B e i
er et ot [RGAREALS' Bl 1%l Btbonty. %e?%wr%rsdzg;sfgzt ;3“
-: .'? rS] et (r) eF)_z;tC ?gg [eTfllarefore,_ ga}m'e%g)i' ngtgﬁfira]l su‘gher Q tgﬁrtra@uﬂi r(ﬁ'at)o o'iat ' Sf y
| o the like is used as a- material for the anti caVitation
:ilayer.' | _' - _ | |
'_' The protection layer stated above may be--
;:f’lq'il'omitted depending upon the combination of liquid
-'igﬁ liquid flow path structure, and res1stance material an,'
'Tiexample of which is shown in Fig. 17B.f The material
.;for the resistance 1ayer not requiring the protection p
. layer may be for example, an iridium—tantalum-aluminum
:-lS_].:(Ir Ta-Al) alloy or the like. | .
L Thus the structure of the heat generating
element in each of the foreQOing embodiments may
' include only the reSistance layer (heat generating
' portion) between the electrodes as described or_mayr
:bf'zo_;' include a protection layer for protecting the ff'-
u:reSistance layer.. | S | “
In this embodiment the heat generating element'
.-has a heat generation portion haVing the reSistance H
.layer which generates heat in response to the electric:::
'prZS TVJSignal.. Without haVing to be limited to this any |

: means well suffices if it creates a bubble enough to :;by

"'T'eJect the eJection liquid 'in the bubble generation '



E

- of 2[err] <[err] 2[err] + 5[err] thIS arrangenent attalned _

. stabilization of. ejeéction d|rect|on and stabler =~ - eJectlon eff|C|ency

-'Further “this also i mproved . - stablllzatlon of ejectlon state . agalnst
variations of -5 the conflguratlon of ejggtion outlet as: dlscussed

“previously. . " - Afurther preférable condition is to satisfy, R
" the. condltlon near the center of the relatlon of ~ 2[err] < :v,g_ [err].

~2[err] + 5 (6[err] '6.5[err] in the present enbodlnent) 10 Another.'
“‘means for satisfying this relation-of 2[err] = [err}], . isto provie.

“apart of ‘the maﬂhqﬁ1dtmaFmrsexamnﬁepathe heat gqnenathoa E@ﬁti@ﬂ partion.
57 of the maxinum -~ . di spl acenent. angle. [err] as .shown in Fig. 16. '

(Enbodi ment. 3) b in the form . a1Eh@h@VBe§m§thEﬁ§P$€u€?Bs§h§€ tion,

“taken . .~ along.the di recti on. of: flow path,_ of the I'jiqu

“ej ecting head(ﬁgqnﬁ?atﬁ%§@%@teﬂﬁbﬂtﬁ%ﬁ?lV%P911é9hFos“°h as tﬁﬁ?E'oPr a

.. Enmbodi ment's 1 and 2, and ‘s a.dra 1.0, show rel ation,anmong .t he.:
maxi mim val-ue- [ 193t cﬂe‘[‘q’i'éat'?@g eﬁ%@%?ﬁc‘éﬂ‘éwgaﬁﬁ?eh‘ﬁ?ttﬁﬁnﬁﬁegbf)g ngnber

- the : dlsplacenent traight lLine.D. ¢ ctin S

“the ful crum of tltfer%%b n%%?e%\?gﬁstﬁ%a n’t‘%?lge% ‘.’%ﬁ"igg RQB oi nth with
~ respect to. thezﬁgturqé on ‘of. the »‘]x-_nnvable menber; and the = -

~angle [err] of t ST “Cin . . . the-direction of the Iqu|d R

‘droplet flying upon- ngtfat ggeﬂ%negogtst 4618 teansebebe, tae natural -
_ I-qur ejectlng - -

p05|t|on of the anabIe ne
' B diode, a latch a shift register and so on for_

'_selectively dr1v1ng the electrothermal transducer may.ﬁ
:*f;lor-.:also be 1ntegrally built 1n the aforementioned element7
l. '_substrate 1 by the semiconductor fabrication process “
_in addition to the electrothermal transducer comprisedh”_f
'of the res1stance 1ayer 105 constituting the heat _;"
generating element and the wiring electrodes 104 for: :
7_f 15 :supplying the electric s1gnal to the resistance layer.tl
| In order to drive the heat generation portion )
_.of the electrothermal transducer on the above described
felement substrate 1 so as to eJect the liquid

f'rectangular pulse as shown 1n Fig._18 is applied

S 20 through the wiring electrodes 104 to the aforementioned T:'t"“u

dreSistance 1ayer 105 to quickly heat the resistance
'layer 105 between the wiring electrodes.#.with the:“
np[heads of the foregoing embodiments the electric signal
was applied to each at the voltage 24 V the pulse | :
"3_;25_.:;width 7 usec, the electric current 150 mA and theiﬁ o
. rfrequency 6 kHz to drive the heat generating element

R Twhereby the 1nk as a liquid was eJected through the



57 - .. 7 - head of this enbodrnent has t he structure si-m | ar to :
'.that of. ' Embodi ment . 1, ~but the naxrnuntdrsplacenent : : angle QNIof the
.novabl-e nenber ‘i s deternined to.be gpproxrnately 20[err] by
“decreasing - only the thrckness of .5 thg novabl'e nmenmber <in the: prevrous
enbodi nentto 3. 5 ‘[errm  .The drsplacenent angl e [err] of the

" straight line:-D 1f, connecti ng the:fulcrum of the ‘novabl-e. nenber. mnth the;,;f
=.|ntersect|ng pornt 'S'with respect to-the natural position of ‘the :

(preferanl y 11} %E%ﬁéferrf}&ttthsedeonI?he 5?Q9§t9 nlgégérlbhﬁ 12. 5[érr]ihnw

- “(preferably" ll[e apon on of ~efection.outlet by .-
‘the aforenmenti Ortfsbve. é'Pd tﬁ&dcbﬁdiéléﬁs adﬁeéhéodf’il{rlﬁ&)’sipﬁ
“felation of [err 2lert] - 2ferr] > - 2[err] -. =
enbodi-ment the are no@rtgirﬁ’lt@drtoothéhﬁbéeét epuBxafiy Carivihg gligaalion of
the. 15 . droplet" flying upon ejection of- droplet W th respect.to . .-
the natural pmyﬁaynbéﬁugém anﬂbI@aﬁepbepemey generatdeaebubbed i hbhe

"~ 25[err](the value of L-i's the sane'as:in =~ Enbodi-nent 1) ;" Further, the
-herght oftsuasenﬁmme generationdligewdpat h 16 was the same as in prevrous.l;_
20.  Enbodi nent_.1-and the height of-the first flow path was -. ~ ‘bet ween:-- -

40 pm.and 80 [ er(gjmctiamel presdnandnbotbhengeneration bigvid) Fi g 12
_”shoms an exanple |n mhrch t-he hei ght - ' . :
L _ Slnce the present 1nventlon employs the
tructure having the aforementloned movable member as
.discussed 1n the prev1ous embodlments, the 11qu1d -
fildh__jeJecting head according to the present 1nventlon can.
feJect the 11qu1d at hlgher eJection power .at hlgher T
:’_eJectlon eff1c1ency, and at hlgher speed than the .'
”?conventional llquld eJecting heads can.. In the caSes:'-'
:'l“of the same llquid belng used for the bubble generatlon_

'_ISyp:rllquld and the eJectlon llquld in the present

.embodlment the llquid may be selected from varlous' h

'“llqulds as long as it 1s unlikely to be deterlorated by '_ e

'the heat applled by the heat generatlng element 1t is:-r
'unllkely to form a depos1t on the heat generating ”
'20rhhfelement w1th appllcatlon of heat 1t 1s capable of
| nundergoing revers1ble state changes between : .
begasrfication and condensatlon w1th applicatlon of heat
.:?t and 1t is unllkely to deteriorate the llquld flow
_ hpaths the movable member the partitlon wall and so
”]25_'g7bn;’*' .. _ ..; : | r . _ : .
R Among such llqulds the llquid used for.y __h

"'recording (recordlng llquld) may be one of the 1nk



“of the first liquid flow path 14 i's 60 [err]nt The dr|V|ng -

- condi.tions are al'so the- sane ‘as those i:n:the preV|ous 256 - enbodinEnts'

. \When the. relatlon of [err]: 2[err] i's. sagbsfled in.. the present :
;'enbodlnent ‘the stablllty of ejection- : L
4358 - dlrectlon IS also |nproved SIntlarIy as |nEnbod|nets o
12 stated above - : A'so’ in‘the case of the.relationof -~ . . -
;2[err]> [err] . . 2[err] 5. belng satisfied, .the ‘effect . is attained to . - .-
-5 .stabilize thflqﬁi&§t6fnc§mﬁé§1€§§ﬁ§dug¥dVihlﬁheoﬁﬁneéntlonal bubdle ke .
~of* the configurati-on of -ejection outlet'as - .- dESCFIbEd previously. . - .-
. Apreferable confliti @gvigeburther inprove.such - . - .an effect is toh.f'-

- satisfy.the condition near the.center .-10- " of 2[err] > {err] inthe

 present . errbodl ment fhen LR twot-iﬂmowapatnf sthacpuesentf the present
_-enbodlnent anot her neans for satisfyi'ng the relation of. - [efr],. and.

ferr] isto prov1mheﬂtpemtlsfusaé wakh: thet hgettion 1iqu1dfﬁﬂﬂ G@@h 14 mAthJ1;;

" a control_portlon 57 of maxinum 15~ di spl.acenment angle [err] -as- shown".in
. Fig: 16, .5 . bubble génerhblppellpu1ﬁsOéeﬂéfﬁ?ﬁéﬂtl%1ﬂﬁéd§an§@eof acute
'_angles -'consi derifg. the ful crum-portion-33 of. the % bl e me 31
. F|g 13 shoms ahb@bhbeegﬁﬂeﬁﬁtéﬁn[é#ﬂ?ld may be the 1iQUld aving t

above-mentloned propertles, spec1fica11y, 1t may be
';selected from methanol ethanol n-propanol
"“1sopropanol n—hexane,_n-heptane, n-octane,_toluene,p'
ﬁfpiOLti-xylene .methylene d1chlor1de, trlchlene, Freon TF )
H.ﬂFreon BF ethyl ether dioxane,.cyclohexane .methyl.
.a.acetate, ethyl acetate, acetone, methyl ethyl ketone,_g'
ueﬁwater and mlxtures thereof | | . |
| | The eJection liquld may-be selected from
'iSt:h-varlous llqulds, free from possess1on of bubble
“;“generatlon property and thermal property thereof..y
'Further the eJectlon llquid may be selected from
_11qu1ds w1th 1ow bubble generatlon property,-eJectlon
rtnof which was difflcult by the conventlonal heads,
.:fIZO ji_llquids 1ike1y to be modifled or deterlorated by heat N
B 'iand llquids w1th high v1scos1ty. | | _ | . -
. _' _i However the ejection llquld is preferably a"
fliquld not to. hinder eJection of liquld generatlon of
bubble,_the operatlon of the movable member and 80 on'“.
y25.3y'because of the eJection 1iquid 1tse1f or because of a
ﬁjreactlon thereof w1th the bubble generatlon 11qu1d.,

For example,'a hlgh-v1scos1ty 1nk may be used



-.is 28[err]- _and [err] S 14[err] mhrch achreved the sane effects as 20
.descri bed above. . ~ "As shown in each enbodi ment described -
: above, -+ . the free end can be snoot-hlF0O i spl aced- by setting the

hei ght -of the cei'ling of- the flow path connunrcatrng . with-the

- ej ection outlet. higher on the free.end side of ~25° ‘t'he “novabl e nenber_fﬂfd“}

1-than .on:the fulcruntsrde S S "Each of Enbodrnents 1 to 3.
-"descrrbed.above has .-. - the confrguratron of the. bubbl e generatrong flow.

'-path - . 'as the eJectlon llquid for5gecord1ng Oghgmmegﬁctp@§ 9A - tOis't

- 9C where the throat’ portions 19 © - "~ narrowed in: the dj rection og
“arrangenent of dqﬂuﬂdﬁ|Q3Pllcab1%fltﬁkﬁﬁ%sg%h@?%@$dﬁe?¥oﬁgﬁa?ﬁ§ Fﬁgnged
din parallel. . . ar€ positioned near_the st ream end nd the downstream ' -
5. end of the s@&UsHY 35 RIAFMIGRIBEERL B{Rél&h % %%r umes: | ocated near.
-t he. upst ream end - and the domnstreanten c nrtgso% %hgegeat

geénerating element 2.7 T the PresenﬁT&PYﬁﬁﬁlﬁ@ﬁﬁ?%?¥ 58l 8 N
_eIectrothe&pgle(ﬂbnsduper #ggtigkcfﬁﬁ%%&so |9Q Ofoffbéln%o omp&%§kggﬁlm .

and-thé no It

-atorementioned ¢h ”befeé&mimg&i&eeéable fnggrggrﬁ&tﬁgeﬁéeeﬁah 2_I_s

di sposed. The:ﬁ ur-at1 on,.. and I on of heat
.generatlng - :11qu1d and bubble generatlon llquld. Slnce the

. eJection speed of 1nk 1s 1ncreased by an 1mprovement.1n f

| the eJectlon power the shot accuracy of 1iqu1d
-rib_nf;droplets 1s 1mproved Wthh enables to obtaln very good

f_recordlng 1mages. e | - o |

Compos1t10n of dye 1nk (visc051ty 2 cP) ty*;fflf-

'(c. 1. hood black 2) dye e Baes RIS
_ | - Dlethylene glycolf__ 5 '?1;5_ ;75ttfy““iQIWt%
-fy15 = :.”,.'tThlo dlglycol W_ﬁ-d'h.,nf f"t?a_]f_';f.r$tWt% B
| e | t'Ethanol .:_hfrdt""' ttd“”dl.a:t t*h;";fs:wf%?hf”
hWater :g ;_f:;“ff' = ;;.'y ;:i:;jf:fﬁitwiéfd’“

Further recordlng was also carrled out w1th RN

i comhlnatlons of llquids in the follow1ng compos1t10ns -
_'iZO' | for the bubble generation lquld and the eJectlon _
{crillquid. As a result the head of the present 1nventlon
.ﬂwas able to well eject not only the llquld w1th the o
::v1scos1ty of ten and several cP Wthh was not eJected
.by the conventlonal heads, but also even a lquld w1th
:e:25f.t'a very hlgh visc051ty of 150 cP thus obtalnlng hlgh-J
“ :“tquallty recorded objects. f.iff. o

Comp051t10n of bubble generatlon llquld 1



‘elenent 2 or the novabl e nember 31'are nbt linmited to 15 - theSe but the -

: conflguratlon ‘and | ocation may. be . . :det‘ermi ned ‘wi.t.hi n"t he range where"
“the pressure upon . f. .generation of buBbIe can be effectrvely utilized:

‘as an_- - ejection- pressure - The - heat’ ‘gener at i-ng- elenent may -be. o .
C-an’ elenent for generating heat mhen |rradrated ‘wi t-h - 20. | aser Irght as“[~

- wel'l as the el ectrothermal. transducer. = . (Ot her. enbodlnents) o

" 1nthe foregoing, the descrlptlon has ‘been- nade SRR s tqthe - BRI,
_.enbodi nents of ‘the najof ﬁ%ﬁ?@ of the liquid eJ 2&“%%'head and the:T”

uliquicd ejectlng met hod according 25- . -to the. presentg |n%%pt|on Furtherl"rd

specific exanples : W?ﬁ%ferably appllcable to.thes enbodlnents mAII be:“ri
-‘expl ai ned- with ref ence .1 e gr t 2 L e
- 60- CJQQRW?FE%&QHD?eéﬂhﬁgé 8 E%%%?ﬁe&g%Pﬁﬁ ther an

c’enbodlnent of the- srnglew%£%¥rpath type or.an . - qmﬁpqhggnt of the:
"t wo- flowpath type descri - prevrously ‘it should-be noted that

_ they can be; appl i ed:oméos:.t?oﬁthbBﬁBbQEb%h@%@t&o%le&%l@ er wi sestated.

~(Movabl e ‘nenber: and partiti-on wal . Figs.I3A,. 15B,. and 150
'fare plan V|e“5 t.o Shoml Isopropyl alcohol ;..-_"g g 10 wt% S
| Water_.ff'i,ej”y",.ffEVf 90-wt%

Comp031tlon of plgment 1nk of eJectlon llquld l
_ _ (ylsc051ty approx1mate1y 15 cP) | o
.-}H;10i i:gg“ S Carbon black '[lj; irtﬂj'fytg; 5 wt%
- o '; Styrene acryllc ac1d-ethyl acrylate copolymer_-
| | | S wt% e
(ac1d.value 140 and welght average molecular i'fh'

--_welght 8000)

"dldha;.f,'ff:f”Monoethanol amlne ”? rfg.fhﬁ”hzo 25 wt %
. :..::Glycerlne f"_'f}_'i,f'.'_fftfssg wt%
; Thlo dlglycol _T_Th.f: ": ].Hs‘wt%~fl
.';'Water,;".}”tff'tif S .',16'7§'w£%?"
'=20 i:t]: Comp031tlon of eJectlon llquld 2 (v1scos1ty 55-cP)
| | Polyethylene glycol 200 ff 100 wt% o

Compos1tlon of eJectlon llquld 3 (v1sc031ty 150 cP)
o Polyethylene glycol 600 | ‘: 100 wt% i
h. Incldentally, w1th the llqulds conventlonally
:_25f. ;cons1dered as not readlly be eJected as descrlbed |
| -{above the shot accuracy of dots was poor on the

'recordlng sheet because of the low eJection speed and . j"



[other conflguratlons of the anabIe nenber 31 mhereln .;' referencef L .
nuneral 35 designates: the slit forned inthe 10 ' partition wall and this =

slit.forms the anabIe nenber 0 T3k o ‘15A" |IIustrates a rectangul ar- -
'conflguratlon .. ~-.Fig. 15B a-confj.guration: narrowed on. the fulcruntsldefl
“to facilitate the operatlon of the novabl e- nenber cand. ‘Fig: 15C a. ‘
.configuration w dened on the- ful crum-side to’ 15 - enhance the durablllty

‘of 't he novabl € nember. . The . configuration of 't he. anabIe ‘menber. hay

- be any - cmn&r@asehtwaﬂraﬂidns(metﬁeee@edtbaneﬂieettmonaﬂety, BRI
durability.- : - ln the foregoing enbodi nents; the plate novable -

-~ 20.  nenber 31 and uhsnmhmetejnctmdn dﬁu&eﬂlwgrihtsonavaﬁleJeCtlon-nenber

were -made of nickel in the thickness of 5 - but,  wi'thotit * havi ng toj'"ﬁ

be limted to thmeuntise which maderitldif C@he h@v@bt@lﬁeﬁbgp'&M§kqﬁ¥
partltlon wal | -~ . may be sel'ected. from t hose havi'ng antt-solvent -
Cproperty’ 25 . imgaesot @w@ﬂﬂﬂﬂﬂ%$(ﬁﬁkﬁa??%HCFVﬁ%FdoﬁthFhé eV&cti on’

{hguhgvagﬁél28n§§%§a£a¥ﬁ%§:¥ééﬁ§%g rﬁ%tlsf§3%$§§a§£8 ¥table generétlon__

61 - ofra?’é‘g?’; O;l}.tcﬁqr{gl;l Sbubble generat:.on lJ.q S.f er%hllj_%

exanples of t he

resulted 1n an 1mprovement 1n the shot accuracy of
.droplets and stablllzatlon of 1nk eJectlon amounts
"thereby remarkably 1mprov1ng the quallty of recordlng '
thz-._lmages. o l | : e hm.-.e t S :
| | '(Structure of head of two—flow-path type) 3
. .-"'Flg. 19 and Flg. 20 are a sectional V1ew and an o
.:fexploded perspectlve v1ew,.respect1vely, to show the B
_“structure of the whole of the head of the two flow-path l
'{15 ph'type out of the llquld ejecting heads of the present
| _ 1nventlon. o |
o The aforementioned element substrate 1 1s
mounted on a support 70 of alumlnum or the llke. ;Qnﬁ
h“the substrate there are prov1ded walls 16a of the N |
- 200 second llquld flow path 16 and walls l7a of the second :I“'
| .': common llquld chamber 17 on wh1ch the partltlon wall
30 hav1ng the mcvable member 31 is mounted.ﬁ On thls:p.
'ii_partltlon wall 30 there 1s prov1ded a grooved member 50
‘?hav1ng a plurallty of grooves constltutlng the flrst.
;2S}l lquld flow paths 14 the flrst common llquid-chamber':ﬁl.
- iﬁ15 .a supply passage 20 for supplying the flrst llquld

o to the first common lquld chamber 15 and a supply ;”

tion etiit'



_novabl e nenber include durable naterials for exanple - netals such asl,:v

‘sil'ver, nickel, gord irOn titani um. ~ al.um num platlnun1 tantalum
.-stalnless steel or- . phosphor bronzeT aIons t her eof , reS|n naterlals e
~for exanple t hose haV|ng t he nrtryl group .such as :
~acrylonitrile, butadiene, or styrene, -those havnng the” - an1de _
group:. such as pol yani de, those: havi ng- the 10. ¢arboxyl group such as’
‘pol.ycar bonate, those having:the = "' al dehyde.group such as polyaceta
- those having thgagsage ?P'f&f‘es@ﬂ%ﬁg'cﬁhéssé@éﬂéuii@@ﬂd tdogResuch as

Tiquid, - crystal polyners, and-cheni cal conpounds™thereof; and -
. materials havi nséwrﬁialddxﬁwmagmqtsidt&teammr ipr- ke l:.@uxfapéjsecﬂﬁhgl s
“-such as gol.d, tungsten; tantalum = ..~ - ni ckel, stainless steel, tltanlunj“
al L oys thereof, head of ntﬂiertvada-sfma-tmith\n typeum constrmuctedsin thierials -

_:haV|ng t he an1de .group such.-as: polyan1de ‘resin-: - - materials having the,y'f
-al dehyde group s@totuciugel yacetal, 20 . .resin materials haV|ng the ketone-.

~group such as N polyetheretherketone resin naterlals haV|ng the |n1de
group such Sas pdlf-yuqmdb ejectionmdesd am%rhﬁwg\%)t he - ~hydr oxyI group
~such as' phenolic-resins, resin materidls - ng the eth

~ as_pol yet hyl éne,. .resin ‘Next e%ﬁ&%#?%@ss¢kﬁm§ﬁﬂ??%4¥1k?lag}B%BXguch as R
-polypropylene . . resin. materia hayi ng -t he epoxy, gr o such as epoxy s
resins,. reS|n|ﬂﬂQQQQﬂQPfﬁﬁﬂqmF?¥EFL§H%elﬁ?8ﬁ% Eﬁﬁﬁn%stﬁe ffq 1d | L
L eJecting head according to the above embodiment. o o

Fig..21 1s a schematically exploded

gr oup. suchafﬁf

S 10 ”perspective View of the liquid ejection head cartridge_:yfjijﬁi

d_zincorporating the liquid ejecting head as described
'fabove. ‘The liquid eJection head cartridge is generally
__y:composed mainly of a liquid eJecting head portion 200 '
fand a 1iqu1d container 90.” y _' o | _ :
.pisnﬂ:’:- 1'- The liqud eJecting head portion 200 comprises
o an element substrate 1 a partition wall 30 a grooved f_g;
'member 50 a presser bar spring 60 a. liquid supply |
' member 80 and a support member 70.1 The element
;'substrate 1 1s prov1ded With a plurality of arrayed f”
f:2d': heat generating resistors for supplying heat to the o
m;bubble generation liquid as described previously._
'“dFurther there are prov1ded a plurality of function.1“
1elements for selectively dr1v1ng the heat generating:p'
:3iresistors.' Bubble generation liquid passages are
| 255 jtformed betmeen the element substrate 1 and the |
:.aforementioned partition wall 30 having the movable.:'

'f'walls thereby allow1ng the bubble generation liquid t0' |



- 62- S el ani ne re5|ns reSin naterials_having'the nethyLo
-pgroup such as xyl ene resins, chenlcal conpounds o thereof, ceranmic
material s-such as silicon dIOXIde and- = 74 - chen1ca| conpounds t her eof .
- I Preferabl e exanples of the material for the. = partltlon
“wal | ‘i'ncl ude resi.n material s. haV|ng hirgh .-~ heat-resistance, high =
Tgantl-solvent ‘property, and good. . nnldablllty typlfled by recent -

‘engineeri-ng plastics, = - such as- pol-yet hyl'en propyl ene, -

pol yanmide, 10 flmWytheyeene t@héﬁhpﬁﬁtatéonnﬁﬁéﬁis ¥§sﬂﬁ§neﬂhgﬁdplc _ o
~.resins;. ‘epoxy resins, pol ybutadjene;: : ol yet her et her ket on ether’ﬁj,
-”su:fone ?o|yag|9m%¢@rooved mepbeylﬁpdéo ﬁersﬁgeFGﬁen FiawlgaEﬁﬁsﬁgﬁ% e
.polymers (LCPs 3 hem cal . coppounds .t her.eof., .si.li.c I-oXl '
Usilicon .1 rﬁ@?W@é theekgh @Btﬁha§hﬁ|§ﬂ@FtiBBIaquFd %8|ﬁﬁe$§e°*ed

st eel, aIons ther eof, chemi cal .- conpounds t her-eof ... .- materials

““coated with tltaﬁ}%mfor gold.. . The thlckhess of the: partltlonf;7:

TS0 1o o SATHSURRRECHAR, IBEERRLRG A s

- configurat [o]e torac

et o el Lo ek oS ecticd orce, O exerulghentc o
[err]”"Hf.”s-:isubstrate 1 on the grooved member 50 and this urging o
: | :'force properly incorporates the element substrate 1 .h_
.ﬁithe partition wall 30 the grooved member 50 and the .
.:lﬁlbhihisupport member 70 detailed below._.' _' e '
RS The support member 70 is a. member for.{:_“”'
{fsupporting the element substrate 1 etc.h Mounted.on
this support member 70 are a Circuit board 71 connected'
'lrto the element substrate 1 to supply an electric Signall'
:ﬁ.lslg 'thereto,'and contact pads 72 connected to the apparatus:
) .1hSlde to effect communication of electric signals With B
ﬂ.the apparatus Side.__. . o o
. _ The liquid container 90 separately contains the'
'eJection liquid such as ink to be supplied to the ._
2201'_iliquid ejecting head and the bubble generation liquid 3
-_ifor generation of bubble inside., OutSide the liquid
'_container 90 there are a pQSitioning portion 94 for -
.::apos1tioning a connecting member for connecting the .
"1iquid ejecting head With the liquid container, and a
-ZZ,ZSg.thixed shaft 95 for fixing the connection portion.' Thé;j-:ﬂl"
| "seJection liquid is supplied from an ejection liquid |

";_supply passage 92 of the 1iquid container through a'_

‘stréength as. a e

tween 0.5 [err]mand. io tfm”"



'The mndth of the sI|t 35 f.or. forntng the 25 novabl e nenber 3lis
:jdeterntned to be 2[err]nt|n the - ‘present erbodinment..  In-the cases
. where the bubble. -~ generatlon I|CHU($5and the ejectlon I|qU|d are
;nutually 2 o - 63 - S different
“liquids and m-xture is prevented betmeen the 'f_ two. Iqu|ds the slit-

. ‘width nmay"be deter”‘ned_to be-a .~ . clearance to.forma meniscus bet ween = .-
. the two- I|qU|ds so. - ' “as to-avoi.d’-comruni cation betweeii 't he two I|qU|dsl}iﬁ,

- For -5 exanpl guppfagnp‘alssa@daldﬁ ugﬂnmmmmﬂngqmeuhhes: &d iajuiejection
gzhaV|ng the viscosity of about 2.¢P (centipoises) and the ejection . .
~liguid is-a I|qﬁuduﬂdvsmppﬂxapasaagﬁt%l(ﬁf the lIEN}QNSqHP¥¥cNBmQ?§I$? of .o
;ﬁapprOX|nater [errImis enough ° to prevent the mxture.of the= "~ . -
I qui ds, but .a aadi thieine 1s] Guppldiad thrayigh ejeation figuid. supply ~©  yp
" the: present "invention the nmovabl e -menber. i § I nt ended t o -haye 3
thi.ckness of -t hpagergegeB4 .t 6Im 20 of re%ﬁﬁ°?¥¥9uﬂeW9ﬁ§§uﬁﬂj%hpt%mﬁsﬁ

o e eS| é?%p%m@qqﬁ g oty TS BBl et lhokgess
e ;?zgsnfvtgn; ST T WS WS g L,
~Jorder 'S surer & quid container through a supply passage of the L L
” | '_connecting member to a bubble generation 1iquid supply o
."passage 82 of the liquid supply member 80 and then 1S:
'”L;;lbf‘_}supplied through bubble generation liquid supply o
o passages’ 84 61 21 of respective members to the secondu_"
ﬂtliquid chamber.r S .. . | | | B
| . The above liquid ejection head cartridge was fh_
-hexplained With the supply mode and liquid container ;}t'
'isdf' permitting supply of different liquids of the bubble f
- .generation liquid and the ejection liquid but lf the'
:ejection liquid and the bubble generation liquid are ofhh
hthe same 11quid there 1s no need to separate the S
_ lfsupply passages and container for the bubble generatione;
'ZO_l'”liquid and the ejection liquid. d _ - . _....-
S This liquid container may be refilled With a pf-
tpliquid after either liquid 1s used up. For this B
- purpose, the liquid container is desirably prov1ded -
_with a. liquid inJection port. The liquid eJecting head“f
hZSih Pmay be arranged as integral w1th or separable from the'
l..“_liquid container.':u- | ) o

Tf.(Liquid ejecting dev1ce)



: acconpllsh the VSUbstantlaIIy sealed state" in the 20 present inventionr

In. the case of the functional separatlon into “the bubble generatlon. ij

l'i qui d and t he’ ej ection I|qU|d as dgscrlbed above the: novable
- nmenber.-is-a- substantlally e separatlng nenber. -f or’ separatlng t hem -
When.thi's .25. novabl e member anes ‘W th generatlon of bubbl-e, a snall"
“anmount * of. t he bubbl e generation: Liquid- appears n1X|ng 5,¢" lnto the
fejectlon liquid. -Considering that the - - T e
Y ejectlothgquzd showsothengchemaMagestsua¢uaHjpﬂmﬁhe ' '
~ having the concentration of coloring faterial ranging: - apprOX|nater 3
- % to 5%in the chsgudd ebectmhgjdev1ce 1nce€ppuaﬁgngat@ﬁeéﬂqyﬁéhge in the
-;concentratlon will not be resulted even.if the bubbl.e generation.
liquidis . .- . emecamgdhendt Aescapbedopreyionsiyss FPPnPESF B et of -
. the ejectlon Iqu|d ‘Theref ore, the present inventi |s ln ended to
“invol ve mxture embpﬁémenauwaélbBemeéﬁlalned eFReGER 8&8 gaﬂ%t i‘qui d _
and. the -ejlection |iquid as 10 ni; Xt ur, mnth|n 20"ﬁf-
?6of the S ﬁaﬁﬁFéoﬁeﬁéngpéﬁglPQgPEatHStH§18905$ 8% gﬁé ectlon .
tiquid. . : o
',9; - heJection 1iqu1d.- A carriage HC of the liquid eJecting
dev1ce carries a head cartridge on Wthh a liquid tank
.portion 90 containing the ink and a liquid eJection
" 'head portion 200 are detachably mounted and |
};iQ?3f'rec1procally moves Widthwise of a recording medium 150
h'f-hsuch as a recording sheet conveyed by a recording
ﬁimedium conveying means. | : _ ‘ |
. When a driving Signal is supplied from a'
'udriving signal supply means not shown to the liquid
"LS.mo”eJecting means on the carriage, the recording liquid 1s
'7eJected from the liquid eJecting head to the recording -
medium in response to this signal T hg o
The 1iquid ejecting apparatus of the present :
gembodiment has a motor 111 as a driv1ng source for .
'j20”7-:driving the recording medium conveying means and the
'carriage, and gears 112 113 and a carriage shaft 115
'for transmitting the power from the driving source to
'; the carriage._ By this recording apparatus and 1iqu1d '
“-,ejecting method therewith recorded articles With goodp
-25i; .images were able to be attained by ejecting the liquidaflﬁﬂnhv

'to various recording media.'

' Fig. 23 is a block diagram of the entire



~In carrylng out t he above structural exanples T the ntxture was at :
. most - 15 % of the bubbl e generation” 15 = .liquid even.with changes of the
viscosity, -and with the . - .bubble" ge@eratlon Ii qui d of 5-or |ess cP the a
~mxture . .rate was at- nDst approxlnately 10 % - though dependlng R
" upon the dr|V|ng frequency, . L Partlcularly, as: the viscosity-

-, of .the_ ejection 20 liquid- |s decreased bel ow.20 cP, the m xt ure:.of the.’

- the 25 . elene

I|qU|ds can be decreased.nore (for exanple down to'5 . . orless’ 9@

- (Bl ement substrg h?)aratus for operaﬁ!@igt t@féohﬂld‘@jéc&i&ige aypafnagwsatt@n of LT
substrate in which the heat generating-elenent . =

- for suppl yi ng hggtcho thiae 1liigguiad agedmwgt &dathod and 1iquid eaegscmgA and FE

-.17B Show | ongi tudi nal- sectional = - 65--
Vviews of the |igead ejfethecpriecett ammrrhm taret }applled. present . S

i'nvention, wherein Fig. 17A shows the head . with:® . . a protection: fllntas'f .

_detalled herelnafter and'hiei grecb#ding apganamnademeﬂﬂﬁﬁ Rrigyeingt i on, film.

. 5. Above the el ement substrates 1there are .- provi ded: the second .-

1i quid floﬁl pat Anformaftdopaas @ mntrol amnalstfrqrm@ thstt qqnta}t 1F| ow

ipath 14 and a grooved -
B 300._ The printing information is temporarily stored in :

“.an input interface 301 1n31de a printing apparatus,“
3;:and at the same time, lS converted 1nto data B
;gprocessable in the recording apparatus._ This data is h
.TflO .siinput to a CPU 302 also serv1ng as a head driving
| T_Signal supply means.g The CPU 302 processes the data o
'fthus received using peripheral units such as RAM 304
-::based on a control program stored 1n ROM 303 in order
- to convert the data into printing data (1mage data).e
.hlSZa .p L In order to record the 1mage data at an a -
H-appropriate p051tion on. a recording sheet the CPU 302
'-generates driv1ng data for driving the driving motor |
:for mov1ng the recording sheet and recording head 1n
'synchronization with the 1mage data. The image data '
20'_atand motor driving data 1s transmitted each through a.jf;
-...'head driver 307 and a motor driver 305 to a head and aj:°
HT77"dr1ve motor 306 respectively, which are driven at ef'“
-i'respective controlled timings to form an image.:f..
Examples of the recording media applicable to
fZS ' the above recording apparatus and recorded w1th the |
: liquid such as ink include the following* various types flﬁﬂﬁ

of Paper, OHP sheets, plastics used f°r °°mpact dlsks, t_m



nenber 50 havrng a groove for fornrng the. frrst Irqurd L flomrpath 10 -7
-~ The elenent substrate 1 has patterned mrrrng . electrodes (0.2-1.0 - - -
as[err]nrthrck) of - al umi num (Al') and: - terned electric: resrstance
“layer 105 (0.01-.0.2 [err]m.. S thrck) " hafnium boride (HB[err]),
~tantalumnitride (TaN) - tantalunralunrnunr(TaAl) or the like: -~

'.constrtutrng the - 15° heat - generatrng el enent s on. a s|I|con oxi de- frlnrora'7t

-sificon nitride: f|In1106 for electricinsulationand .~ . . thermal -
-accunul ati on for HEﬁaﬂBnE:BQ iﬂﬁ?del’sat @rl(i:he)fl:.ke, faba:rﬂoec;ormecha]l&sdclkeas as

;sshomn in-Fig-:8 The -~ .- resi stance |ayér- generates--heat when a voltage ;;
s 20 - applredlhmihbm aﬁareb@@ea-laeathh&SmHtenyyislsydhmas cowhldexrng;g_ﬁ

el ectrodes 104 -so as to |-t an electric.current. - flow-in the . -

. resi stance Iayerpigskpnotandrswnwmpmlqﬂleather, QNQP@EKFaﬁﬁniakﬁ queh i ke o
©0.1-2.0 ferr]mthick .is provided on . - . the resistance: Iayer bet.ween: t'he
~W-Ting electrodess sndid2wood Bnda@dWMQﬁ@waPﬁmh9°4&QEQEﬁﬁ nqgﬁﬁ51Qﬁ o
~tantalum-or . ‘the 1ike:(0. 1~ O 6 pm:thick). is formed thereon t :
protect the5resr§U§hcéSI§9éﬁ 1@9 ﬁ&ﬁaﬁmQ¥mﬂPﬁHQ$§%k§tru°tures such as

66 - . - . such as ink. L Partlcularlyr the pressure and

shock wave . Sponge-“ _ ;'“ 'j'~f R oo o . _ _
- o o | ' The aforementioned recording apparatus 1ncludes o
-:_a printer apparatus for recording on various types of
paper and OHP sheet a plastic recording apparatus for
'iinio';frrecording on a plastic material such as a compact disk ”
'a metal recording apparatus for recording on a metal
r'plate, a leather recording apparatus for recording on a_7
ileather material a wood recording apparatus for f_[
'Wrecording on wood _a ceramic recording apparatus for f_i'
115hg-”record1ng on a ceramic material a recording apparatus r”'
gffor recording on a three-dimenSional network structure 3
- such as sponge, a textile printing apparatus for
R recording on a fabric and so on.’
- - The ejection 1iqu1d used in these liquid .

: ZOy:. ejecting apparatus may be properly selected as a 1iquid"ﬂ'
_matching with the recording medium and recording o
.,conditions employed.._'

-3-(Recording system)
| _ Next explained is an example of the ink jet o
B 25 _‘recording system using the liquid eJecting head ‘of the JiV
- present invention as a recording head and performing

::recording on a recording medium.gyi



generat ed upon bube e generatlon and coI I apse s sov . strong that the

;_durablllty of t he. oxi de fllnthard and 5 ° - relatively fraglle is
. consi derabl y- deterlorated o Theretovg -a.netal material - such as'

tantalum (Ta) or L the. I|ke rs used as a-material for.the- e S
vtantr-cavrtatlon S Iayer SRR . The protectlon Iayer stated aboveii'*r
‘may be-. -10. . omitted. dependrng :upon-: the conbrnatron of I|qU|d R
f-IJqU|d flom/path structure and- resi-stance .material, an . - exanple of L
-whj-ch is shown in Fig. #I§. zlhesnatechematic draMgpgtH@rrgﬁpgﬁaﬁgéuzayer' =
-“not- requrrrng ‘the protecti-on - “layer may.be, for-exanple, an =" ;o
-;|r|d|unttantaluﬁhelstruaturéSof “ther ink det aﬁF@FddPQtHQSWQHEUS1ng the
" Thus, the structure of the heat generating - - - . elenment.in. each of " the -

~foregoing errbodlrirqut.d sgpcting headcROde ofnther Rresents dRYenYy Wer (heat.

. generating : por.tion). between:-the el ectrodes .as ?es |be or rray . 20--_.-":".---- ;

include. a protede$§ﬁlb§9eﬁbPUﬁ -pr Fbec ilegich @Jectlng ayer

~:In thi's- enbodi ment’, the .heat. eneratln I P 'fi%t
- gﬁnreggltor on5p?rtf§ﬁsﬁ|&% tﬁ@‘bpﬂég'ﬁé’éﬁ gef'e ﬁmilnq AS?&d vt\}rt%%h%geﬁgr ates. heat . .
5 orise  to the -electri o

“this, any. HEQFr&tX/e §5FF|‘°& g1““qt]tatcsr ga %g‘ g_\fLr{-]Q,(aé eﬁréggsgﬂhﬁinéfd,to

.heject the eJectth pguso asnt%h%dwgyﬂtiéyaﬁtfye(Fecordable range of ,”'

| the recording medium 150._ The liquid ejecting head _

omprises four head units corresponding to four colors '*)”

:E'flof_ifof yellow (Y), magenta (M), cyan (C), and black (Bk),;_r_”

'WhLCh are fixedly supported in parallel with each other'f B

h and at predetermined intervals in the X direction.'
A head driver 307 constituting a driVing Signal_“'

'f;supply means supplies a Signal to each of these head

t_ish:j'units to. drive each’ head unit based ‘on this Signal. RS

The four color inks of Y M C and Bk are

- rsupplied as the eJection liquid to the associated heads_

from corresponding ink containers 204a-204d._ Reference. o

numeral 204e designates a bubble generation liquid fn'-
;.Zd-'-fcontainer containing the bubble generation liquid from_"
which the bubble generation 1iquid is supplied to each”
'(head unit. o - '1 ___' e
) o Disposed below each head is a'head cap 203a _
.:203b 2030, or 203d containing an ink absorbing member.ﬂl
.7'25 if comprised of sponge or the 1ike inSide. The head caps_('“

o cover the eJection outlets of the respective heads 'eh

"during non—recording periods so as to protect and



- 67 - Irqurd For exanple the heat -generafion portion nay -
~‘be inthe formof a photothernal transducer mhrch '.-l gener ates heat
. upon receiving Ilght such ‘as | aser. a,~ - - heat generatlng eIenent
;havrng t-he heat- generatron 5 portron%ﬂnch generates heat. upon - -
receiving. high.. - frequency wave. ' Functlon eIenents such
~-as a transistor, a. ..~ diode, a Iatch a shrft regrster and so -on for
. selectively drrvrng the el ectrothermal” transducer may - 10.- .al-so be '

“integrally built t he Elr |dyy¥gelenent N substrate 1 by the.
'seni conduct or fQSF 1Pb%:8?ocess .. in addrtron to the eIectrothernaI'

- transducer: corrprr sed R ﬂn&é‘%&rﬁfﬁaﬁ!%deﬁéﬂfesl% d‘d&ﬂﬁéyérltb@l:ltt he
heat . = .. "~ generating e enent and -the wiring el ectrodes 104 for . 15

supplying-the elgpritutiigipla ddvsy IR imdans edmymnveying a In
-order.to drive the heat generation-portion ...~ . of the electrothefmal

~transducer on thecah@ie:gdefsamhecbelected efrorerthes uimxiou® types a8fto e ect

“the-liquid,. - rectangul ar pul-se as showy in’ Fig. 18-is. appl i ed

" through-theg mnrmﬁ@uﬂ(aﬁrexh%aiﬁhﬂtxnttheeﬂn&@ﬁdﬂﬂg dlmentsfesTQ?ance
layer 105.to quickly heat the resistance: - layer 105 between: t-he

fm1r|ng eIectrodemnvé&erthékt 206 isrﬂﬁuﬁﬁdﬁlﬂrﬁaH?ﬁQQEﬁ?EF%ﬂ%dﬂ?h%ana the
el ectric srgnal :
I various rollers and lS driven by a driVing roller

- connected to a motor driver 305. | I
:r The 1nk jet recording system of this embodiment
'5ii19 yypcomprises a pre-process1ng apparatus 251 and a post—,
| ?f:lprocessing apparatus 252 disposed upstream and _
,downstream, respectively, of the recording medium
'conveying path for effecting various processes on the_
_recording medium before and after recording.'_,' - |
15:"':“-“ - The pre—processing and post-process1n§-may.
| .'rinclude different processing contents depending upon '_::_'
.the type of recording medium and the type of ink used
:fin recording.g For example,_when the recording medium
'-. 1S one selected from metals; plastics, and ceramics
bzd' _the pre-processing may be exposure to ultraviolet rays_”
T.and ozone to activate the surface thereof thereby
'-p'improving adhe51on of 1nk B If the recording medium lS
n-one likely to have static electricity such as plastics,ijjuﬂ
_ 'dust is easy to attach to the surface because of thell
"25 f.:static electricity, and this dust sometimes hinders'l -
..ff'good recording. :In that case, the pre-process1ng may.

5 be elimination of static electricity in the recording



"mas applled to each at the voItage 24 V the pulse 25' mndth 7 psec he',"

electri.c-current. 150 M, and t he. - frequency 6 kHz .to drive the heat .
;_generatlng elenent A mhereby the-lmh as a- I|qU|d mas ejected through
- the - = G- 68- .. . -cgjection outlet,
;based on the operatron descrrbed Lo above ' Fbmever “the -conditions of
~.the driving si-gnal . . are not l'imted to the above but ‘any drrvrng J
~.signal . . - may be used if it can: properiy generate a b

. uhbl e
bbbl e generatrmadhuquusing an " iopfizeat,i AT | R I %ﬁﬁ%rgf %n

Aliquid) .- Si nce the present |nvent|on | oys o
~structur e havi nghehsespsddngnMesdew -no 4££) IlYeaiu“&h]s‘%ussed rn.fﬁ

‘the previous enbodi nent's, the-liquid: 10 ctln he. orging.to th
present -invent i EAPEAR, the Pﬁ%ﬂ&ﬁPqﬂﬁ§HQQmﬂ 3??#%%%%%1%% pgmer a?

Comventi onal 1} 8ERe 3°%@3§>F%§fﬁ%§§et%%%alaf il %“’ L e
liquidin- B%euégﬁe‘é&%ﬂ%@%rb‘t S detfe %E*bté“lﬁ%é |y he et lon
various o poifhlds® da%-%%l&blé rdé’éalk%lanﬁ@ heralef ean@ra&edubea._.;}
) R | -':to the fabric in order to prevent blot and to. 1mprove dﬁ
d_ the depos1tion rate._ The pre-proceSSing does not have'.-" -
'“h.to be limited to these, but may be any process1ng, for
~.{f1dg.]*example process1ng to adJust the temperature of the -
.:recording medium to a temperature suitable for:“ |
:‘grecording._;j_ .” | _ .”. L
| On the other hand the post-process1ng may be,
” for example, heat processing of the recording medium f_
"ffis | With the ink deposited fixing processing for promotingfi:f:
. L_; fixation of the 1nk by irradiation With ultraViolet |
. rays or the 1ike, processing for washing away a
: .treatment agent given in the pre-proce851ng andl
j_remaining Without reacting.pt;_- S L
",20h7';;f “f-' The present embodiment was explained us1ng the_ -
qull line head as . the eJecting head but Without
L haVing to be limited to this, the head may be a compact_gd
_head for effecting recording as mov1ng 1n the w1dthw1sel'
: V'direction of the recording medium, as described ”
'tu25gr= preViously.:' ' | N
(Head kit)

:' Next explained is an ink Jet head kit haVing



'_the heat applled by the heat generatlng eIenent it '- o unllkely to

~form:a deposlt on -t he heat generatlng 20 elenent mnth appl.ication of

. heat, it is capable of = . undergmnu;g versi bl-e.state changes between"
gasi-fi cation and condensation wth appllcéflon of heat, -~ and it _

~unlikely to deteriorate the I|qU|d flow. - . paths ‘the novabl e. nenber s

“the partition wall, and so. 25 . on. * ! - Armmong such | i-quids, o
che I|qU|d used for . recordlng (recordlng I|qU|d) may be. one of the -

ik ' . the ink jet head of the gidsent inventidnxnumﬁgofzs is
conp05|t|ons used in thé conventional bubble- . . j et -devices.

- \When the two- f|QWsI&hbh1a&:tirdJ®1ﬂHvﬁ.r@‘ gdiehnesanth an ink i jeerheadh kstused
':mnth the’ ejection li.quid and the-- 5 -bubble generation lLiquid of . - -
Cdifferent.liqui d‘h,ist Hek jet hdadbtiet gemarompased iafuian nknk hiet H@Eqnﬂqw d .

_ haV|ng the - above-nentioned: propertles 'specifically, it nmy be-
-sel ected fron1n§ﬂ@amd thalpm&ﬂent1anﬁnﬁﬂ9n having ﬂQmﬁﬂ%mﬁﬂﬁﬁtlﬂnhexane
n- heptane ‘n-octane; toluéene,. .10 --xylene, net hyl ene .di chl orj.de,
trichl ene, 5F-F60@°m1°n 511 ﬁmecﬁﬂemtiltq Hhe difer any; ik RENEZHRSH eﬁgaﬂe
-meth il - -acetate, ethy |- acet
o Y - as a liqui contaiaigeer iarft(:aetgoip e]. Wi'élt]yolr estehp/aralfbelg nEi'om

:the head and an. ink filling means 530 containing the_a
.flnk to fill the ink in the ink container housed in a.
_ f kit container 501..,5";' .h_. - | :
Tﬁ3“;dl _k_f’:' After the ink is used up,_a part of an o
B .inJection portion (hypodermic needle or the like) 531
- of the ink filling means 530 is inserted into an air
;vent 521 of. the ink container ‘a connecting portion to.i'
”e;the ink jet head or a hole perforated through an wallhfi
- lS _ of the ink container, and the ink in the ink filling
| hdfmeans is filled into the ink container through the -
_dinJection portion. : _ .. _ | | _
| _ Employing the arrangement of the kit houSing
.‘the ink Jet head of the present invention and the ink
_ZO-S-hcontainer and ink filling means in a single kit . |
:i; ontainer in this manner, the ink can be readily filled
-nghin the ink container soon after the ink is used up, and
'::recording is restarted quickly..f -'. - ._ i' |
| : Although the ink Jet head kit of the present ; :
;25: ;3embodiment was explained as an ink Jet head kit
.'t“'including the ink filling means, it may be constructed X

fwithout the ink filling means in an arrangement of thef



mater;.andfnixtUres thereof . -. AR The EJECtIOn Irqurd may be

. selected from 15  various.liquids, free fronrpossessron of . bubble .

- generation. property and t her mal , property é@ereof . _Further, the
~ejection liquid may be. selected fronr o |rqurds with- Iomrbubble

- -generation property, - gj-ection. i - of mhrch was. difficult by fhe

_ conventronal heads,” - 20 - Irqurds Ilkely to be: nndrfred or - deterrorated by
“.heat, -~ . and I|qU|ds wi th hi-gh.viscosity. - ‘However; the
ej ection, || qui dueeqoraef&-rt&id Virkk containeruwfl moeeparableietyxeeeﬁilbedof o

~1igquid, generation of’ . bubbl e, “t he operat.ion.of the ‘nmovable: nenber
~and-so on - 25 w:lﬁx:amle d'fouseﬁ eﬁ,mcthemitmrdta:trsetfﬂﬁ because of - a

~ reaction thereof-with t he bubbl e generat.ion. li-quid. : s For
”exanple a hi gh- vi-scosi tRig.nkkreshayes @ty the ink filllng means. for
=70 - . as the ejection liquid for- recordlng O her ectlon R
C1iquids appl.i cafiidLing ddes imlmru%om iRjpisRAtERT, but %’{R Co

" phar neceut i.cal products- and -perfu [ese '..;agj

‘i nvent i on Pecor dieRd el MY @lFo QPV%uR QEP?&Ft$EP?F&t+$€ufﬂq?h the R
Foll oW ng COMPOY Ry meand A HIFLLAG UL B Fe ' Sn thechohhghgehion
- | yh into the bubble generation liquid container, in the kit;

;container as well as the ink container._lﬁl' : |

_ 'The present invention accomplished the further_ﬁ

:-.;;lb;lp_more stabilized eJection state of 1iquid by properly T
l-ff:speCifying the maximum displacement angle when the';
-'“i.movable member,_fundamentally controlling the bubble
:generated in the liquid flow path is displaced at :_
”:maximum by generation of bubble With respect to thel:

'515“”;5angle of the. straight line connecting the fulcrum
.f”portion of the movable member With the intersecting :
”pOint of the center axis of ejection outlet With the :_“~3';

surface of the eJection outlet connected to the liquid

:'flow path from ‘the reference of the standby position off”ifzi"

']zd 'rthe movable member. Particularly, the present
| 7~:invention solved the problem of variations of eJection‘
state due to variations of configuration of ejection o
“'_outlet between heads or between nozzles caused by the B
factor of manufacturing variations in forming the r:
25 feJection outlet With laser or the like, thereby
.'yachieVing very high stability. | A

- In addition to the above-described effects, the:';='



liquid and bubbl e generation Ii qu'i'.d'.- ‘Since.the :  eject i.on"._s_',pee,d _'of' ik

";|s increased by an.inprovenent in: the-ej ection power,. the shot’

t;accuracy of -liquid 10 droplets |s |qprgyed whi ch enables to obtain very‘*g;

.good - . - recordlng |nages S CbnpOS|t|on of dye |nk (VISCOSIty 2.
_-cP) . - (C I hood black 2) dye - : 3wt %

D ethylene glycol B 10 mt@b 15 - "Thio dlglycol
5wt % Lo Ethanol _i_ 5 mt@bu R vater .

- 77 W% 1,_qu,_ng5bb,Qr1n aRAHSA)J Heasd, alasd Ear ruredacmslirdmrtgt to. .
,pconblnatlons of. I'ilqui ds.in the follomnng conpositions 20 ‘for the bubbleii-'
~‘generati-on | i quicHeapdesentejitwtenyion, basdd @ the movel (ﬁ:lﬁqthrhe head of . -
;;the present invention . was .able to wel |l ejeéect not. only the liquid - SO
“with the: . priincdpiliey usfingerthen dovabler alembRr \Hath a«ilﬁ?’ﬁbt té‘f ect ed
by the conventlonal -heads, - but..al so-even a:liquid.with 25 .a very. high

.viscosity of- 15syuérgu.lm<z)lafaﬁeﬂmg>ﬂ'n‘§'l¢ bUbb e (ﬁl?dlel’-tif:qde@lﬂ"%jeﬁ"%bj ects.

?.COnposltlon of bubble generatlon | i quid - -
71 ‘h 5 movable n@mﬁ@ﬁb|1sp&§qu%thereby, 80 that the liquid , :;.

. f_near the eJection outlet can ‘be efficiently eJected
.Htthereby imprOVing the ejection effic1ency as compared '
ywith the conventional ejection methods, heads, and ‘so -

:on of the bubble Jet method. | L j |
tlbfl;h nf ;n” With ‘the- characteristic structures of the_lf
| l:”a'present invention eJection failure can be prevented
feven after long—term storage at low temperature or at

'”'Lflow mOisture, or,_even if eJection failure occurs, thel:t'b

.“fhead can ‘be advantageously returned instantly into a_l
15'_l normal condition only w1th a recovery process such as.

. ipreliminary eJection or suction recovery." With this -
”advantage, the 1nvention can reduce the recovery time |
f'and losses of ‘the liquid due to recovery, and thus canlcu

L greatly decrease the running cost. B ' .- -
-.20_ll g't: : Especially, the structures of the present
- 1:}invention improv1ng the refilling characteristics -
_iattained 1mprovements in responsivity upon continuous'
eJection, stable growth of bubble,.and stability of
“liquid droplet thereby enabling high—speed recording -'-“.
25:Ft,or high—quality recording based on high—speed liquid
-ejection._:. L ' '

In the head of the two-flow path structure the



Water .~ -60. W% .. . - Cbnp05|t|on of bubble generatlon I|qU|d 2

;pvater T o 100 % 5 -  Conposition of” bubble generatlonﬂf '
{;|IQUId 3 .~ . [Isoptopyl. alcohol 510 wo% . - vater ' e
90 wt% - . - ' Composition of plgnent of -ej ection Liquid 1

(y|5005|ty apprOX|nate|y 15 cP) - _' Carbon black -
SS W% . St yrene- acryllc aC|d et.hyl. acrylate copolyner
j_-1 w%. - .- .(aci.d 'val ue- 140.-and welght -average nmolecular . - .70 C
el ght -8000) . 1%reedom of m:ﬂ@rﬁ]%f Méleegection lig@i@swas %ised o
;(Hycerlne_ o 9 W% .. -~ Thi.o  di gl ycol .. .
5wt % - - becdﬂéé”%he bubble generation liqhﬂdgapplled was a  \Mter.:

16. 75 wt % 20 . Conposition of ejection{iquid 2-(viscosity.55 cP) '
. Pol yet hyl ene gIynnhrﬂﬂﬂlikeH@OtmwQenerate a bmh@kenwrom b*qE}éCPpbﬁkPFHU|d

;J3 (vi scosity 150 - cP) " Polyethyl ene gl ycol 100 Wt 9%
‘I:nci dent al 1y, vmtd1fdmmIaq@emﬁsbbnvﬁﬂQ#@ha9¥yth2511k%bn%PdE?§dh§§ not -

.-readily be ejected as-.described above, -t he sho SR
_poor on.théi” gen&xﬁwtmmge%ﬁ@%@tbecégsga%f0?“€1¥%ﬁ§ E gﬁ¥ gggg %d“?S“r i
L R hathe two-flow path structure was able to well eJect even e
'tthe liquid that the conventional heads failed to eJect
lh'iﬁ the conventional bubble Jet eJection method for
o example a high-Viscos1ty liquid unlikely to generate a
ﬁiflo_'rrbubble,_a liquid 1ikely to form a deposit on the heat pf.
| Hl'hgenerating element an so on.f" i . i" | :. S
| g Further it was, confirmed that the head of the
.'itwo-flow path structure was able to eject even a 11qu1d
weak against heat or the like w1thout causing a :
"fiéi '.negative effect on. the eJection liquid. s
.. o : When the liquid eJecting head of the present
"”inwention was used as a liquid eJection recording head.f )
'.for recording, further higher—quality recording was -
5 .'.achieved. _ . |
r-?b ;;f“g: t' The invention prov1ded the liquid eJecting
- tapparatus, recording system, and so on further 1mproved‘ _:if;
51n the eJection efficiency of liquid or the like, us1ng o
:ffthe liquid eJecting head of the present 1nvention.
o S _ Use or reuse of the head can be readily |
ifzé..':achieved using the head cartridge or the head kit of

-the present invention.y':'



I ncreased vari ati ons-in the eJ ect i on d| rect [ onal [ ty,

_and un bIe e ection caused vari.ations of eJectlon o anounts mhlch

.:__made &1 mmmu bt ai n h| gh- qual [ t_y 86 - . inmages. - Agai nst the

..st ruc ‘enbodi nent’s realized satisfact ory.. and stabl e
generation Sof bubble u5|ng t'he bubbl € generatlon I|qU|d “This-

esresulted i'n.-an inprovenent in the shot .accuracy. of - droplets and-

stabilization of .ink-ejection anounts, . vfz' thereby renarkably |nprOV|ng

‘the quality of . mq-rqsn LA:![@IED |]_Jm es. _' - (Structure of. head of

162’ -

- two- f|OMFpath type_._ . Fig. 19 and Fig: 20 are a sectional V|emr*
‘and an- . - " expl oded, mermpdd.tquiel jagting pedthode |for @jedfevpg .
“structure -of the whol'e of- the Head of the tmo flow path 15 type outvof-'”““7

the I'iquid eJecﬂuqmiﬂeadmeTHSmagpresent ~ .invention. S L
~-The-af orénentioned. el ement substrate 1 is. -mount ed, on a {.70 of -
.aL umhnum or the. like; ©Fing a 11{%’@-%%@%‘@ tt'fﬁ-ﬁ‘e hawing cﬁﬁoeeggﬁélr '

of the © second.- I|qU|d flow path-16 and wal s 17aof the sec

comon | i q§| d ceaet. PP%%F@Y’N% %ﬁquwlt/\eﬂ‘t]tlet for ﬁ%%g ‘gr% the..

- novabl e nenber 31 is nounte -
S the liquid (% f%géid flow path in fluid communication )

'”With the eJection outlet portion 'a bubble generation
.region for generating a bubble in the 1iquid and a
:-:movable member disposed to face the bubble generation
';le} iregion and prov1ded with a free end closer to said |
:';i'egection outlet portion than a fulcrum portion thereof';
' and displaCing said movable member by a pressure based:
"Ion generation of the bubble from a pOSition of a. -
'-_reference surface to a p051tion of a max1mum
-'_;lSL ffdisplacement thereby eJecting the 1iquid
| wherein a relation of 29 - 5°gsfeggs”26 '4.5°-::
_iis satisfied where, w1th a reference of said reference_:f
'surface, e is an angle of said movable member at said :
maximum displacement thereof about said fulcrum portion o
'-ZOH_t and e is an angle of an ax1s connecting said fulcrum o
. .'portion w1th an intersecting p01nt of a center ax1s of Jf.lu
tsaid ejection outlet with a connecting surface of said
heJection outlet portion to said liquid flow Path and
_ therein e lS an acute angle. | o |
'_Zbiff ; .: .‘.__ : : ..
o b_:ZJh A 11quid ejecting method according to Claim'lb-

"Vﬁt 1 wherein the angle 9, of said movable member at the o



30 t here—s provided a . grooved member 50 - . having a

g partltl -
pIurallwg@) ﬂﬂm stltutlngtheflrst - 25: '-I|qU|deowpaths 14, :

- the firs nﬂpchanber A a_supply. passage .20 for : _‘

_:supplylng the fﬂtsﬁ rqurd L to the §7rst conmon.. I|qU|d chanber 15,

_and a supply o " S =73 passage- 21

- for supplying t he second I|qU|d to the ﬂ' - second conmon I|qU|d chanber
217, © The~ I|qU|d ejectlng ‘head . of ‘t he. t wo- f1 owpath type is

1:constructed in this (£ O d e n dagartri
_ t 8tetbkgnthnaadaga tridge
Next. expl ai ned é@ﬁ%%ﬁ&m %l%éig&éﬂéﬁt lé se ° H%J%Ctlon head ca?trldge g )

incorporating thg, i gue a Line ébﬁﬁébﬁﬂnaeaﬂlacfﬁldrﬁﬂ ‘porthénabaeh an

‘enbodi nent . Fi g. 1S a schematically exploded, 10 S
‘perspective V'ewuﬁﬁefﬁﬁatlauadofr éléﬂebeidnceutledgportion ofnsaudoratrng '
“the liquid ejecting head as described. ' above. The liquid. ejection C
‘head cartridge’ lébﬁﬁ@@fﬁhgysurface ﬁﬂﬁhosedpeatntp thearbfquedcelectlng

head: por tiion 200 - - - and a’liquid cantainer 90. 15- . .. . The ' .

| iqui.d ej esding @@ﬁﬂa@@rtron 200 conprlses . .an el erent substrate 1y a
partition wall 30, a grooved e nenber 50, a presser bar sprlng 60 a
_I|qU|d supply B _ :

_i3; ‘A liquid eJecting method according to Claim h
'thl wherein the angle e of the movable member at the"
i _f:.max1mum displacement is set to be 29 S BH. -
) _ . ﬁ4: A liquid eJecting method according to ;.
l._either one of Claim 1 Claim 2 and Claim 3, wherein bylifr
H'displacement of the movable member said bubble is’ :
.?'expanded more downstream than upstream in a direction
telsj:f_directed toward the eJection outlet thereby eJecting -

dthe liquid. -

h5,_ A liquid.eJecting method compr1s1ng"
. .using a liquid eJecting head having an’ eJection5
. éb'_ outlet portion hav1ng an eJection outlet for eJecting a_?L't
.'hfliquid a first 11qu1d flow path in fluid communicationt_fh'ﬁ
”jw1th said eJection outlet portion, a second liquid flow -
.path hav1ng a bubble generation region iand a movable't
i'{hmember disposed to face said bubble generation region EE
'h25'l and prov1ded w1th a free end closer to the eJection _”2
.:'. outlet portion than a fulcrum portion thereof

generating a bubble in said bubble generation region



e nd a support nenber 70. - The elenent Co substrate 1 i's _

_,provrde ”ﬂtﬂﬂly of arrayed 20 - heat generating resjstors for -
-suppl yi - bubbl-e gener tion liquid, as described" L
prevrously Eurther, -there -are préf ded. a’ pluralrty of function -

" elenents. for selectively: drrvrng the heat gener ati ng. - “resistors.

* Bubbl e generatron 1iquid passages are 25 . .forned betmeen t he: elenent

_gsuberate 1_and the . aforenentroned partrtron wal | 30 havrng the.

" novable. = I MR Tol| f 0
T et@ S pEAEY AP HOe i 10 e maded

the grooved MemBr Ga0e GRS AHd SLHIRY AR Eition oBhoW) through

- whi ch the ejectron Irqur to. be ejected

~The presser_:fwf

bar spring - 60 igrarBREREUMER:E to a ;ﬁféiacitdh Qﬁerat nerxwtgn ng force toward -

“the.elFement - -~ “substrate 1 on the grooved nenber 50, -and ithis-urging
force properly d&%@u&@@ﬁeﬂttlﬁhéﬁébﬁﬁéjenﬂxngzﬂhe]liquid the partition.

~wal | 30, the grooved menber 50,. and the . - support nmenber' 70 detarled
~below. 5. - Thﬂmaqipora naalrdie:rorvmf 526% nfeﬁt‘iers ﬁ9r< 20, + 5° -
PR :fh 1s satisfied where,,w1th a reference of said reference 7_i
_surface e 1s an angle of said movable member at said S
_ max1mum displacement thereof about said fulcrum portion
:fand 6 lS an angle of an aXlS connecting said fulcrum
':flaff fportion With an intersecting pOint of a center aXlS of J
't:said eJection outlet with a connecting surface of said -

.eJection outlet portion to said liquid flow path and

.Wherein-eu.iS-an;acute_angle. i B

b_;lé_.f- -”f_ 6. A liquid ejecting method according to Claim
| -:i:5 wherein the angle 0y of said movable member at the :
.tlmax1mum displacement 1S set to be not less than an
:angle of a line connecting said fulcrum portion With an
"iuppermost end of the ejection outlet portion of said
20 ST connecting surface with respect to the reference'al :

.'fusurface.;'
B i7: A liquid eJecting method according to Claim ;:..
ff_.5 wherein the angle e of the movable member at the'

f25'..'max1mum displacement is set to be 29E S_GM.

'EEB;g}A liquid”ejecting'method'according.tb“iil'-"



supporttng—the—eLeﬁeﬂL_substrate 1 etc. ‘Mounted on . . - this support

}-nenbe a circuit board. 71" Connected o ‘'to the el enent. substtate.mf._
_.,.got?h Hmﬁ l"lc si gnal - 15 th.ergago_. and cont act pads 72 cornnect ed"..
- Ex .

_ side to- effect connunlcatlon of -electric S|gnals
wth the apparatus s|de S : o The Tiquid ‘contai ner. 90
,separately contains the = eJectlon I|qU|d such-as”inkito be- supplled
to t he T I|qU|d ejecting. head and the bubble generatlon liquid R
for generatlon %flﬂ?i&blcﬁxérsfctﬂalmsrmmewm;moclam 7, comerednr 90
.there are a positioning portion 94 for.- =~ positi‘oning :a connecting-

- menber” fof connegid rreatdtmsed in éammieepmtemcteaww Fhauk@ Pyquid -
a-contatner and a ‘25 - fixed shaft 95 for fixi ng the connection’ portlon
~The. =~ = ' ej ecidapanding tsaid supppledidre dernsyeean oFPWq‘ﬁP%tream in ..
suppgy passage 92 of the 1iquid container through:a

‘a @mqaqmmmroftmeemmlmtmw %Sla%a‘e‘?‘é‘%t‘l on

-I|qU|d supply passage 81 of the liquid. suppIy ‘nenber- 80 . . and then is

- suppl i.ed t i ouglofejtha |1%9V41P36ﬁu@|e‘§}€$5 y.. . passages 84, 61, 20 of
respective nmenbers to the first- -5 connon 1iquid chanber. The bubble S
?ﬁneratlon I|qU|d |s L jS|ntIarIy supplled from.a: supply passage 93 of fgri

':j9. A liquid eJecting method for eJecting a
| liquid comprising. S | - o
- u51ng a liquid eJecting head haVing an eJection"
f:afldf:mjoutlet portion hav1ng an ejection outlet for eJecting;_
::the liquid a 11qu1d flow path in fluid communication."'
hh_With the eJection outlet portion, a bubble generation
iiregion for generating a bubble in the liquid and a
fmovable member disposed to face the bubble generation; e
_ftlls"'"region and prov1ded with a free end closer to said -
neJection outlet portion than a fulcrum portion thereof :i3:;“'
:.and displaC1ng said movable member by a pressure based
on generation of the bubble from a pos1tion of a |
'ureference surface to a pos1tion of a max1mum'ef:f
._aZQ ',;displacement thereby eJecting the lquld _.
- "wherein a relation of 26 _- 7°"s e 29 + 7°
, is.satisfied where,.with a reference of said reference f':“
:”ﬁlsurface, e is an angle of said movable member at said '
maximum displacement thereof about said fulcrum portion.
'tiZSfd” and e is an angle of an axis connecting said fulcrum h
E lportion.with an 1ntersecting p01nt of a center axis of

g”said ejection outlet With a connecting surface of said f.'



: I|qurd—contarner—thrpugh-a suppIy passage of the o connectlng menber. toaﬁ_:

- a: bubb U|d_supply o passage 82 of the I|qU|d supply s

- menbeér |ﬁﬂﬁ ﬁlﬂm B ' Suppl ied thr &qh bubbl e genération |iqui d: _' :

- suppl y' ' 4 61 21 of respective menbers to.the second .~
Tiquid chanber _ The: above. I|qU|d ejectlon head’ cartrldge mas:*

explalned with f he. supply npde and I|qU|d ‘container . 15  ‘perm tting supply{;::

:;of different. Iqu|ds of . the bubbl " 3.ﬂf-y generatlon Ilquld and the -
ejection liquidg Ettu.ohf oﬂﬂﬁet port:l.‘adrle | Qaild qlitﬁ.li@i"cfﬂdw gudb) eéand -

~ generation I|qU| are he sane liquid, there is no need to. o
- separate the heregup@lylgagﬁaggﬁtgngngggtalner for t he bubbl e generatlon”
20 liquid- ang the eje tlon liquid. - . - Thisliquid Contalner
-y be refilled mnth a .o Tiguird after elther I|qU|d i s used up.: For '
‘thi's - .. purpose the” Iqu|d contai ner is desirably prOV|ded o
~with a“liquid inject i on 10ar t:A IBmild mﬂetmjr@ma@dﬂbmmmslnmy be . -
~arranged .as integral with: or'separable fromthe. . - liquid container. .
(LIqU|d ejsct|ng deV|cepsing a liquid eJecting head haVing an7qgection_

outlet portion having an eJection outlet for eJecting a_f’”' Bt

J"liquid a first 1iquid flow path 1n fluid communication:
:W1th said eJection outlet portion ‘a second liquid flow
fepath haVing a bubble generation region, and a movable o
hyﬁlgigi"member disposed to face said bubble generation region_ifr
.3'and provided With a free end closer to the ejection :'l
;outlet portion than a fulcrum portion thereof
'generating a bubble in said bubble generation-region
'and displac1ng said movable member by a pressure based"
'ldj;' on generation of the bubble from a p031tion of a o
'reference surface to a positibn of a maximum ”
-pdisplacement thereby ejecting ‘the liquid H
_ wherein a relation of 29 - 7°'s'e s 26, * 7°'
r.lS satisfied where, with a reference of said referencelp'
'.1 20i c;surface, Oy is an angle of said movable member at said _
maximum displacement thereof about said fulcrum portionli
-and 9 is .an angle of an axis connecting said fulcrum _fa'
"'jportion with an intersecting pOint of a center ax1s of
?said eJection outlet with a connecting surface of said
-.'i2$-_;5e3ection outlet portion to said liquid flow path and l S

o _wherein e 1S an acute angle.-p'""'



he scherratlc structure of the |IC]UId ej ecti ng deV| ce o
_ _| ncor mi' I |mt : ejecting head described’ previously. ~The' . . -
nt will -f-*'

prese be ‘expl am@j_ especially wth-an ink -5 -

. ejection recordl ng apparat us -using the ink asthe . .ejection liquid.- _
carri age HC of the liquid ej ecting .- -device carries a-head cartridge. onf'_j}_-_
whi.ch a: I|qU|d tank - .. - por ti.on 90 cont ai ni.ng the"ink: ‘and a I|qU|d _ L

“ejection’ ‘head- portlon 200 dre detachably nounted; and. 10 ., .= ..
“reciprocal Ly rmves wi dt Rwi se ppflla;dler@jhmxfgadtetrhddi(hccording;utdn as a o
reecordi ng sheet conveyed by.a recording - medi um conveyi ng ‘freans. . -

When a'driving eiledal 105 shepldiad o rlomqeid supplidd. Vgl retTStppl y. n'eans---’-‘"

_not shovvn to the liquid 15 ejrecting means on.the.carriage, the-recording . -
liquidiis o liejudeX efdldw (pattrheand mthﬁte}dacemmgliﬁsbdﬂt OSQJPFE Feeordi ng o
edium in response to this signal. " _The 1iquid ejecti ng R
.. appar at us- of thdlmuesierﬁlow path eﬁm’ﬁ)cﬁ rﬁ,’#ﬂe Ha?sq‘h‘-%t or 111 as a driving
“soufce for .20 - drivi ng the recordl ng nedi um- conveyl ng means and it hie .
.carriage, §nd gears 112; 113 and. a carrlage shaft. 115" “for-. L

transmtting the power fromthe dri urce to r{:bage By

this. (rjegordl ngI appar at\u s%md & ]q’tﬂ VA neg egt’e‘}%é‘t‘?ﬂbod n%?‘h%ﬁst'lﬁgr &With, .
‘recorded artic es W|t < cl_t%rw %u@a‘ﬂéjz%\r/\%?e\%fpég {8 legtﬁﬂged by e

€] ectlng 't he . I|
23 'S a bl OCk d' a'% Oglovpepaetﬁ afd a liquid supplied to said second
o - '_ liquid flow path are different liquids.;j
N d.,ié; A 1iquid eJeCtlng method according to._'i |
"”'either one of Claim 9, Claim 10 Clalm 11 _and Cla1m f_
' --"'12 where:l.n the angle e of said movable member at the

:I max:.mum displacement is set to be not less than an. ..
“_315 Tangle of a line connecting said fulcrum portion With an

. -_uppermost end of the eJection outlet portion of said

-connecting surface with respect to the reference -

surface.

20 R 14. A lJ.qu:.d eJectJ.ng method according to
-'either one of Claim 9 Claim 10 Claim 11 and Claim
K 12 wherein the angle e of the movable member at the '

: max:Lmum _displa_cement -is__set -.to_b,e 2_.62_ < '.9._:«_- C

| :E:ZS'f ﬂ';u'ﬁ“:ils.i A 11qu1d eJecting method according to
-.e_either one of Claim 9 Claim 10 Claim 11 and Claim-"'

'12 -wherein by dlsplacement of the movable member said: iyif*



- —_§§--h§“‘~aﬁﬁaratus for operatlng the |nk ejectlng apparatus to
R vvm C r!muw]ﬂﬂﬂ Elml ng net hod and | i'qui.d eJ ecting - ~head of the -
- prese applied. - - Z.gg -  The recordlng appar at.us

receives prlntlng 5 |nfornat|on ‘as-a control - S|gnal froma host ol
conputer’ 300.. The prlntlng information i's tenporarlly stored in .
an input- |nterface 301- insi-de a printing apparatus e and, "at- the sane
time, i's converteéd into data. -~ -+ processable in the recordlng ‘appar at us. -

- This data is 1%ub51@ltts tekpadddd ral denseEvdly tham Westreanvinga
- .signal supply neans. The' CPU 302 processes the data’ -~ . thus recei ved,

~using-peri pheraldl%dﬁ&umﬁcwwﬂard the. ejm\etbmmw:tb@‘nt r‘ohezpebgram -

c'stored in ROM'303 in order ~. - -to convert the data into printing data
(i mage data). khjecting the liquidkﬂ to record the- lnage data-at an . |
appropri at e position on a'recording sheet, the CPU 302" o generates
_dr|V|ng data for driving the .driving motor- -~ ‘for noving the recordlng
‘sheet and. recording head in ..~ " %nchronlzatlon W'th the |nag

The image dta - 20 andiGwot d Hrauideirching ‘F‘i“é‘i‘@% f‘PEde%%‘EF ’t’ﬂrﬁugh a
head driver 307 ‘and a_ notar driyver 305-to a head and a *', dr|ve nDtor

- 306; respectlva%#QWﬂﬁ(ﬁPQREF%ﬁ%W%n at : ST

'uSing a liquid eJecting head haVing an eJection f.f~-'”

J-_outlet portion haVing an eJection outlet for eJecting-;
Tthe liquid a liquid flow path in fluid communication
h’ldf:._With the eJection outlet portion, a . bubble generationtﬁf
| 'f'region for: generating a bubble inlthe liquid and a :':
: movable member disposed to face the bubble generation
l,_region and prov1ded with a free end closer to said o
k’eJection outlet portion than a fulcrum portion thereof
f'lS ":and displaCing said movable member by a pressure based
| 1on generation of the bubble from a pos1tion of a |
-f reference surface to a pOSition of a maXimum ”3
'Zdisplacement thereby eJecting the liquid
wherein a relation of e s 20, + 5° is satisfied '
:20 '_mhere, With a reference of said reference surface, e 1S::'
| _an angle of said movable member at said maximum |
- displacement thereof about said fulcrum portion and e
'ilS an angle of an ax1s connecting said fulcrum portion :
.“With an intersecting point of a center axis of said
;25.::'e3ection outlet With a connecting surface of said
feJection outlet portion to said liquid flow path and _fg

wherein 6 is an acute angle and is not less than an



.prespecfrvp controlled t|n1ngs to form an. i mage. EEE Exanpl es: of
t he. recordrnﬂ"nedra aﬁﬁlrcable to 25 the- above recording apparatus and -

: _recordeﬂ“ﬂl' ' Hul Ilo—rl qui d such as |§§<’. i ncl ude the follow ng: var| ous
__types P sheets; plastlcs used for- conpact di-sks, - -

- ornanental plates of- t'he like; fabrics; netals such as .
_aluntnuntand copper |'eat her naterrals such as comhrde o prgskrn and
synthetic - Ieather 1 unber - naterlals such: = as .sofi-d -wood -and" pl'ywood; -

" banboo: mat er i al ;4 ALAB £S5 fzaxlét&ihﬁcti:t@ sndl £l &eani pertionaii th
structures such as : .sponge. ...~ 'The. af or.enenti oned -

- recording appar Miligitaios end of attpe|etj@¢tﬁqnpamwtletfmrte@lor@f-n§aeﬂ

1_var|ous types of . paper .and OHP:sheet, a plastic recording apparatus C
~for . 10 . recordtm@mxigr&mfa@enaterlal such as a conpact di sk, = a .

-metal recording .apparatus-for recording-ona netal. . - .plate, -a- Ieather
recordi ng- apparatus for. recordrng on‘a . Ieather mat érial, ‘a wood "

recording apparatus fof = - recordlgggon wood, a ceram<c.recording . -
_apparatus-fr 15 recokWi ngA ohiauier eting gpethod f‘PEc‘éi‘ﬁ‘Fﬁbnngar atus.

-for recordrng on a three-di mensional netmork structure
. ' liquid compr151ng°-- _

' uSing a liquid eJecting head hav1ng an eJection't o
'-.outlet portion hav1ng an eJection outlet for eJecting. |
the liquid _a liquid flow path in fluid communication_
};lefpﬁwith the eJection outlet portion -a bubble generation?pf
- region for generating a bubble in the liquid and a o
fmovable member disposed to face the bubble generationp_ip
| region and prov1ded w1th a free end closer to said
"teJection outlet portion than a fulcrum portion thereof
| lSﬂc and displacing said movable member by a pressure based
| on generation of the bubble from a p051tion of a_.
reference surface to a p051tion of a max1mum |
'displacement thereby ejecting the 1iquid |
. wherein a relation of 26 - 5° s_enfs'ze .isl'.
'3.20 1-gsatisfied where, With a reference of said reference
| T_ surface, 0, is an angle of said movable member at said :'
pmaXimum displacement thereof about said fulcrum portion
hiand e 'is an angle of an axis connecting said fulcrum"
;portion w1th an 1ntersect1ng point of a center axis ofi
.f25éhpisa1d eJection outlet W1th a connecting surface of saidp o
.-eJection outlet portion to said liquid flow path and

'-f:wherein 6 is ‘an acute angle and is not less than an



_such as sponge a textlle prlntlng apparatus for: _ recordlng on a

AN o, e i 23 5 T

,3natch|ng with thée recordlng medi um and. recordi:ng - ;--.condltlons enployed
-~ ‘(Recording system .. . =~ - ~ Next ‘explained. is an exanple of the ink .
jet .25  ~ recording systen1u3|ng the-liquid ejecting head: of ‘the :
. present invention as a recordlng head..and performing - ... recordlng ona

“recording medi UBngle of an axis connecting said fulcrum 7fortion with

Fige 24.0s a schenat|c drawi ng for. explaining “““the structure of the =

-ink .jet recordl@m:npﬁéﬁmdsmrehdruf the ejecﬁﬁohegu¥1¢¢mp¢m%mp209fo$a%ﬂe .
.present invention -- - ‘described ‘above.. “The’ liquid ejecting head.in the )
5- .. present. eMmmhnaouing;suﬂia¢eJ|ne head haV|ng a’ plurallty of
:ejectlon outlets aligned in the" den5|ty of - 360 dpi - .$0 as. to’ covers:'°'

.the entire recordable range of - ‘the recordlng nedlun1150 The liquid .

-erectlng head , conprlses f our head uni t's- correspondin o fpur colors

10 f of d?/a | ow (Y) ‘mageht a & Miquid ieeying et ~whi ch
are:fixe support ed
_ y ppe:l.theer Ionnep ac;fa lcllfelnms eg?\ Ch Ot he& 10, wherein 8 height L

'n-of a ceiling of the liquid flow path in fluid jff
”;communication With said eJection outlet portion above
"said free end lS higher than that above said fulcrum

_ldﬁ'whportion.i_':.

.":lQ; A liquid ejecting method according to
g_ieither one of Claims l 5 9 and 10 wherein a heat.
l.:generating element for generating a bubble lS disposedh

-15lf”-on a Slde opposed to said movable member and a space
‘-abetween the movable member and the heat generating

'element is the bubble generation region.a

e _20‘ A llquid ejecting head for eJecting.a .
h:..zde.__liquid comprising° o SRR
| . -: an ejection outlet portion having an'ejection

-routlet for eJecting the liquid a liquid flow path in _

i fluid communication w1th said ejection outlet portion_j- .

a bubble generation region for generating a bubble 1n.ﬁ'
;‘25 3~jthe liquid and a movable member disposed to face the
ddlbubble generation region and provided with a free end

: f'closer to said eJection outlet portion than a fulcrum



*and at predeterm ned |ntervals in- the X—dlrectlon SRR A head '

- driver a‘driving signal = supply means. supplles a 'ff:'h,
__-'SJ gnal mﬁmﬂmmu"muul head 15. - uni t§5to drive each head unit, based On S
_this signafF. L - Thefour-colorinks of Y, M C and Bk are -
"~ suppl ired as the e] ectlon liquid to the associated heads " from ¢

-1correspond|ng i nk cont ai ners 204a- 204d. Reference Lo nuneral -204e -

--desi-gnates a: ‘bubbl e generati-on |iquid-. 20 - contai ner containing the .
~bubbl'e. ‘'gener at i gartigi Ehelreod, whereinwmu@bnt Id&slpillah:liaggsrm.tdatmmbleqw d.
- b8 suppl ied to each - head uni-t'. - Disposed bel ow each"
head is a head memba23by a pressa&ebbaeeacpmgematcm afithe énubhﬂe -

- absoerbing menber 25 . conpri sed of ‘sponge. of the |ike inside. .. The head

caps . coveromha’ epedttion oft e re ferencer @s@‘é@ﬁ%é%@ad%)ﬂtlon Qﬁjrl ng'
. non-recording perlods so as.to praotect. and .
_-'56688.- " a makdnginn dillsp Lecgmendt 9. eJeCt the 11QU1ﬁbference nuneral
. enotes a conveyer belt . . constltutlng conveyin ans for - IR
~conveying & recoréiﬁ@lﬁﬁdﬁﬁhﬁge@@bteds?rﬁn?mhe ?g geﬂﬁbes of 5. s
g nedla as. explalned in the. pr ecedln% enbodl nts E’ . o
. s W ere, h ence o said reference

_satisfied |
g,surface, e is an angle of said movable member at said
.'maXimum displacement thereof about said fulcrum portion'
'iand e is an angle of an axis connecting said fulcrum ”_f.'

ﬁfhlol viportion with an intersecting pOint of a center aXlS of
o isaid eJection outlet With a connecting surface of said i o
' eJection outlet portion to said liquid flow path and

-wherein,e is an acute angle.'

15 . f:,h 2l;' A liquidlejecting head compriSingi-”
: | an eJection outlet portion haVing an eJection _"
' ;outlet for eJecting a liquid a first 1iquid flow path
o  in fluid communication With the ejection outlet | 0
: portion, a second 1iquid flow path haVing a bubble ;
:20"f.5generation region, and a movable member disposed to :
| iliface the bubble generation region and prOVided With a 1-”‘
'jfree end closer to the ejection outlet portion than a
Vhffulcrum portion thereof :wherein upon generating a
”f_ bubble in said bubble generation region and displacing o
_25ﬂ,j said movable member by a pressure based on the - -
”c,lgeneration of the bubble from a position of a reference

' surface to a pOSition of a maXimum displacement to



conveyer belt. 206 s routed in‘a predeterntned path vi.a - Jvarious

':roIIers and is driven by a driving roller connected to a mot'or- driverf_"

_ 3 /
- corp IMIDUMAMITI " e 52" S5 et e”bg?gg‘;g;, b
=rapparatus d'spbsed upstream and: - downstream respectlvely, of

~the recordi-ng medium - - conveying path for -effecting varlous processes_p"

~on the . - recordlng medi um before -and after recordi ng. 15

The preprocessin %qg 19'95 ‘_pf&ss&nlgefg.ymn of 26/ ncl Lgiedlg‘fer ggt + 5°

- processing’ conte S depen he" type of recor.di ng medi um-and -

_the type of ink usedy;. fied'tﬁhéf‘éorvﬁ'iﬂﬂ a f@feﬁéﬁd@@f sbeq togerenceding
- medi um.. ~ -isone sé?ected fromnetals, pl astics, and ceramics, 20

" the pre- processigig- fBie Do, iR @riglalds @did eiovable member @i wihe {0 L
-activate. the surface ther eof , t her eby. . inproving adhesion- of " ink. If.::"_.'

“the recording MmagHsiuin’ dlspiacmtlméyeoﬁ aboet ssaidcfelerumi pprionch
as plastlcs ' dust.-i's easy to -.attach to the surface because of- the:
25 - stat |5: el emd g tiys, amncriglies afusn Sotist omneating said ful@ﬁ&&l

~recording. . 1n that case, the pre: processing my - ‘be.el'i mi-nation of

statlc eIectn(ﬂﬂgttiomtmntbo@mdtmgerseCtlng POlnt Of a center axis of _ gy -

fsaid ejection outlet With a connecting surface of said o
iejection outlet portion to said liquid flow path 'and ;.
-i_wherein .0y is’ an acute angle.f,-" ' o
| {;22;' A liquid ejecting head for ejecting a :
| 1iquid compriSing._; | '
'_' an ejectionloutlet portion having an ejection
foutlet for ejecting the 1iquid a liquid flow path in |
hldi:" fluid communication With said ejection outlet portion
'n-:;a bubble generation region for generating a. bubble in _:
ihthe liquid and a movable member disposed to face the
.1ibubb1e generation region and provided With a free end -
fcloser to said ejection outlet portion than a fulcrum.
zZOi_'_portion thereof wherein, upon displacing said movable
| :”member by a pressure based on generation of the bubble.lt:ff
.from a. pos1tion of a reference surface to a pos1tion of .
.lia maximum displacement to eject the 1iquid _'
a relation of 20, - 7° < e e 26 + 7°7'
-25__'psatisfied where With a reference of said reference :
. fsurface, e is ‘an" angle of said movable member at said

'fimaXimum displacement thereof about said fulcrum portion



: ned[un1usin an ionizer t hereby renDVIng t he dust fron1 o ‘t he . recordlngili
nedi umw u“u)um:lﬁl | ng mediumis a - .. fabric, the’ preproceSS| ng may s
bé a appl i cation..of agqaterlal selected fron1a|kallne 5.;1'

- 'subst ances, wat'er “sof ubl e subst-ances, synthetic. - . polyners _

wat er - sol ubl e netal ‘salts, urea, and: thiourea - to the fabric in. order

- to prevent. blot and to inprove' - the dep05|t|on rate. . The

pre- proceSS|ng does not.‘have - B to be limted to these, but my be any
-processi ng,: foranéoe SPRTER Garpgmeéﬁlm am@dd:cbtsmwhmgesaﬁdafulerum the
recording nedlun1to A tenpérature suitable for - - ‘recording. " - Lo
On the other - rti6f Resh- photaseiresgotingbepint of af gendeanBids . m-;fat [

- processing of t e recording nedium 15 W th the ink deposited, f|X|ng
processing for gabdvejegtion outfletawish ef conpeckingy Siwrrf@dieatqforﬁ%q h
ultraviolet - rays or the like, processing for-washing away a '
t reatment agentegecenonnouhéepr90§¢5@95§Pn§a&ﬁd11QUid flowa bRty ﬁFF%out
“reacting. 20 _ The present enmbodi ment was "expl ai ned. using- the-
~full-line Bead ﬂberﬁenepec¥$r@PkﬂQMFeb®?9 @ thout - having to be
limted to this, the head nmay-be-a conpact ~ . 'head for effecting::
~recording:as nmoving in .the mﬁdthmnse . direction of the recordlng

medi um as descri bed 2 prexkﬁ# iﬁ ﬁaeCtln&H%%%dkcBhpr151ng' ,7 ! : Nexpf;;*l

.explalned I'S. an i nk- Jet Read
' an eJection outlet portion hav1ng an eJection'

outlet for eJecting a liquid ‘a first liquid flow path H';ﬂ

:.th.?f:in fluid communication w1th the eJection outlet fﬂt_n
:portion a second liquid flow path having a bubble e
-generation region and a movable—member disposed to
':face the bubble generation region and provided wrth a
ffree end closer to ‘the ejection outlet portion than a fﬁﬁ:

"15”'--fulcrum portion thereof _Wherein, upon generating a ?“ti
"fl bubble in said bubble generation region and displac1ng
_ said movable member by a pressure based on the
generation of the bubble from a position of a reference _Tc':'
surface to a pos1tion of a maximum displacement to T
21291:_.eject the 1iqu1d a relation of 20 - 7° < 8y s ze + 7°'w
. .lS satisfied where With a reference of said reference |
-surface 6 is an angle of said movable member at said
fmax1mum displacement thereof about said fulcrum portion
‘and e is an’ angle of an axis connecting said fulcrum |

:_.25 -'tportion with an intersecting pOint of a center axis of fl?gft

“said eJection outlet With a connecting surface of said ”

5e3ection Outlet portion to Sald 1iqu1d flow path and “.f'



=82 = the ink jet head df the present - inventibn,' Fig. 25'is

'.a_sch ' show-such ‘an ink jet. head Kit. Co “This ink j et o
head mmﬁf an ink jet head .gg _ 510 of the present invention ~

_.haV|ng*anc| @ edtion 5 portion 511 for- ejectlng the i.nk, -an i nk. ,
ﬂcontalner 520 - - .. as a I|qU|d cont-ai ner. integral- with or separable from:
the head, and an. ink filling means 530 containing the -. ' ink to fill

- the ink i'n the ink container, housed:in a.. -~ . kit container 501." - 10 - S
~After the ink i Hé%%idﬂb ispahta@htéﬂan 1e, i njection portlon (hypodern1c L

~needl e or the like) 531 . of the. |nk f||||ng means 530 is inserted- .
into an air - - . vent 521 of -the ink .contai.ner, -a connectlng portionto

- the ink: Jet ‘head, - or a-hol e perforated through an wal | . ~of the ink
‘contai ner,, -and the |nk|241tnA|1iquidlej@pt1ng hem@aﬁ3r|%J¢¢ti@ﬂ anto the

ik contalner through the - “injection portion. -

_ Enploylng the arldsngelyemomprisindd t housing - - the lnk Jet head of the
_priesent i nvention and the ink .20 : .container and ink filling geans.in a

~.single’ k|_t__5___ .- cont ali-’r{erejeptiﬁ% %HI%'F P?l?l‘él‘?%kh%‘a%’P%ea?e%d?F‘y'l?Pl ] ed
- B 'doutlet for eJecting the liquid -a 11quid flOW Path in

fluid communication w1th said eJection outlet portion
f'a bubble generation region for generating a bubble in SR
.-fthe liquid and a movable member disposed to face the
:C{lqﬁdafbubble generation region and prov1ded w1th a: free end
.l-.fﬁcloser to said ejection outlet portion than a fulcrum'
;portion thereof 1n which said movable member is |
_.displaced by a’ pressure based on generation of a bubble'”
:ﬁ;from a pos1tion of a reference surface to a pos1tion of
tlS;f a max1mum displacement to eJect ‘the 11qu1d
. '.'wherein a relation of e 29 + 5° is satisfiedi
i_-where, w1th a reference of said reference surface; Oy is
,,an angle of said movable member at said max1mum -
fh:displacement thereof about said fulcrum portion and e
_20de }1s an angle of an axis connecting said fulcrum portion
'with an 1ntersecting p01nt of a center axis of said '
eJection outlet With a connecting surface of sa1d
ieJection outlet portion to said 11qu1d flow path and
b_wherein 0, is an acute angle and is not 1ess than an-
a'25__-'ang1e of an axis connecting said fulcrum portion with
| *an uppermost end of the eJection outlet portion of sald

-connecting surface. L



“in the*tnK contalner soon after the |nk is used up, 'and'* S record|ng_f'

~is rest : ‘Al'though-the ink jet head kit. of the
“-presend I “ _ H“Mu t wes explalned &9 an .ink jet. head kit . _
. n '

. i-ncl.udi e L Bl 11 ng means - may be constructed o mwthout the S
_|nk f||||ng means in an arrangenent of the- ' s
=83 - head and the ink: contalner ‘of a separable type f|||ed. c
“with ink, housed in.the kit container. 510. 25 shoms
only the |nk filling nmedfs férllQU1d eiqqﬁan%;hﬁﬁg.ﬁﬂ?.%ﬂﬁ?ﬁﬁh?

~ container, but another . 5. ° head kit may also have a-bubble generatlon
liquid - Ligpidy HQER§lﬁ&nQIII|ng t he -bubbl e generatlon liquid
into the bubble. generatlon 'E%'f%d“%ﬂ%ié%”boféﬁéd“iASi an e eé{{gﬁtner

as well -as. the.ink cont & rese I nvention .

“acconpl i shed the %;?izh%?rnggeﬁt% ﬁ{éztti gfacerretqﬁra St Eggtwﬂw d by' -

properly I mum angl e when t

movabl e megber. ¢ aARRARA 'gact%gt%ﬂweauae D18 on outlet Qg%!ﬂf:@éﬁd in

) the liquid flow pa ace .- nmaxi mum by generation of - -
~- bubble with resgegipi9el G%nerla'iclorﬁ%ﬁ&t fd¥e qéreratiing iaousbhecinng the
fulcrunt -~ portion of the nmovable menber with the intersecting. 3 .

- the liquid and a movable member disposed to face the
bubble generation region and provided w1th a free end .
' closer to said eJection outlet portion than a fulcrum
V.lO:i portion thereof lin which said movable member is _11f |
'-tdisplaced by a pressure based on generation of a bubble
ffrom a pos1tion of a reference surface to a pos1tion of."
ra maximum displacement to eject the liquid |
wherein a relation of 26, - 5° s-en's 20, is"h
lSif .satisfied where, With a reference of said reference.
- surface, e is an angle of said movable member at said
max1mum displacement thereof about said fulcrum portion
_ and e 1s an angle of an axis connecting said fulcrum ;h
jportion with an 1ntersecting point of a center axis of .i
,:20.f 'said ejection outlet with a connecting surface of said.
k eJection outlet portion to said liquid flow path and
wherein e is an acute angle and 1s not less than an
:angle of an . axis connecting said fulcrum portion ‘with
'-an uppermost end of the eJection outlet portion of said

- 25 - connecting surface.

. 26. Ajliguid ejecting'head7according to either



“poi nt f EJECtIOH outlet with the =~ surface of the .

: eJectlo dtothe. I|qU|d .. flow-path.fromthe
- referen “iim Hm m position of ~2Qgg the novable member.
'Partlcu s |nvent|on sol ved ‘'t he probl em of e
vari ations of ejection . state due to -variations of configuration of
ej ection _ “outl et between heads -or between nozzles caused by the-
factor of manufacturing variations in formng the 25 ejection outIet'
with |aser or tBgel bifecluimselzp, 21, 22,ad8 e@%gal@rﬁﬂn gthemesin Iaty

-I'n addition t'o the above-described effects t he:

-84 heighrtqurfdaejced.tlmmg ot e THamdd eﬁi@vscpaﬂth a?éboﬁjdﬁf& to
.-the present |nvent|on ' based on thé novel ejection “principle using
t he novabl e nenbemmunamammnm wittie said eJeQ§ﬁQ91$Qﬁ¥QFeQQQ§ﬁ°QﬁaW£ ebubble

. generated and. .the" . 5 novable nenber displaced ereb that the -
liquid = - medd freeciedd ilsh Mghedt than gdad B %leﬁl"ci "bf% -

~ thereby-inproving the ejection efficiency as: conpared 7 7 with the.-
.conventi onal ejﬁ@Fﬁéﬁnﬁethods heads, and so- .- ~on of -the. bubbl e Jet
- met hod. o _10_..f- Wth the characterlstlc, structures of the .

_ . .ﬁ27;_ A liquid eJecting head according to eitherl.
b lone of. Claims 20, 21 22 23, 24 and 25 wherein a'
'pheat generating element is disposed on a side opposed _
'lb"; to said movable member and a space between the movable
“imember and the heat generating element is the bubble |

-'generation region.

. 28. A liquid’ éj’edfirig apparatus for ejecting a )
15:' liquid by generation of a bubble, compriSing. o
the 1iquid eJecting head as set forth in either
| ~ one of Claims 20 21 22 - 23, 24 _and 25; and
) driving Signal supply means for supplying a
'”der1ng Signal for ejecting the liquid from said liquid

20 _'feJecting head. -

_ 'h*29 A liquid eJecting apparatus for ejecting-ad
_-liquid by generation of a bubble, compriSing- h
_ _”_. _‘.. the liquid eJecting head as set forth in either_”
.25 irone of Claims 20 21 22 23 24 and 25,.and | =
" | | recording medium conveying means for conveying
a recording medium for receiVing the liquid eJected

“-ﬂfrom said_liquid-egecting head. -



presenmvctlon faiture can be prevented - even after

-1 ong- This Stest HY MGER. ow terrperat_ure ‘or at’ _ |'ow moi'st ur e, or, even .
i f eje curs ‘the . - = hmﬁd.can be advantageously returned'i
|nstan ”Hw nor. rral condi tion- onIy W|th a recovery process such E
y ej'ection or-sucti.on reg '
advant age, .the invention can reduce the-recov rTWﬁ |5M§ET HAé Bt‘é“;m I;o_sses. of E

the Iiquid due - to. recovery, and thus-can ~. - |- grBEPwﬁﬁﬂecrea‘e ‘the
runping cost. ' ABSTRACT OF Tw he .STTUCTTUTES Of the present
invention inproving thé refilling characteristics ™~ . - -attained -

i nprovenents in responsivildguigoeiesihingugeshod for eJ(%C&}tf}Q)rﬁ ]s’t%b’r%

.. grow h- of. bubbl e, and stability of I|qU|d dropl et t hereby - o
enabl | ng - hi gh- speBRTises: disigy a éé-q‘udoreJ@iCd’ﬂ-%é!qa(dy haé’mu% based on |

T?ughffgﬁfgathqgégEEF&PQ pwglet portion having an egeétion odgfﬂtcg Lhe

~freed f-_sel ect, ft t | the
bubbl o gendr at | ASFE4R . 5&1 g0 o 1 B o 1 obééﬁzfite Z |
bubbl e or a li q%bmégll | ke:ll%n w th[% fe?j ﬁo%e%(?ﬁ:'fltet(négﬁrﬁfbrpr d'he lTike)

‘on the heat atl ng € Wwas -conftir at the head of
" bubble generation region for generating a bubble in the_s

liquid and a movable member disposed to face the _
'lvbubble generation region and prov1ded w1th a free end
:;ulQ'T"closer to the eJection outlet portion than a fulcrum
..nportion thereof and displaCing the movable member by a.f_bn
sz pressure based on generation of the bubble from a |
fffpos1tion of a reference surface to a position of a.:
"flmaximum displacement thereby eJecting the 11quid |
lhllS:--lwherein a relation of 26 —'7° '.Bu < 29 + 7°': |
':rsatisfied where, With a reference of the reference )
_surface '9 1s an angle of the movable member at the i
-:_bmaXimum displacement thereof about the . fulcrum portion_
'-fand g is an angle of an axis connecting the fulcrum. ff“
7sﬁfzo tjlportion w1th an 1ntersect1ng point of a center aXlS of_”:h'
=_:the eJection outlet with a connecting surface of the
'peJection outlet portion to the liquid flow path and

:'-fjwherein By 1s an acute angle. -



the two-flow path structure was able to well eject even the liquid
that the conventional heads failed to eject in the conventiona
bubbl e jet ejection nethod, for exanpl e, a high-viscosity liquid
~unlikely to generate a 10 bubble, a liquid likely to forma deposit on
t he heat generating el enent, an so on. Further, it
was confirmed that the head of the 1/17 two-flow path structure was able
to eject even a liquid weak agai nst heat or the |ike w thout causing
a 15 negative effect on the ejection |iquid. When t he
liquid ejecting head of the present i nvention was used as a liquid
ej ection recording head for recording, further higher-quality
recordi ng was achieved 20 The invention provided the

liquid ejecting ordi on further
i nproved in the ej ﬁm efkal GHRR]@R] dﬁm l'i ke, using
the liquid ejecting head of the present invention. Use or

reuse of the head can be readiljg 25 3 hleved usi ng the head cartridge
or the head kit of Se” | : - 86 -

FIG. 1B PRIOR ART

W///////////ﬁ




VWHAT | S CLAI MED | S: . , 1. Aliquid ejecting nethod for

ejecting a - | i quid, conprising: using a liquid
ej ecting head having an ejection 5 outl et. portion having an ej ection
outlet for ejecting ‘the liquid, a liquid flow path in fluid
communi-cati on with the E]ECtI2 9ut|et portion, a bubble
generation regi on for generat ﬁa a bubble in the liquid, and a
novabl e nmenber di sposed to face the bubble generation 10 regi on and
provided with a free end closer to said ej ection outlet portion
than a ful crum portion thereof, and di spl aci ng said novabl e
menber by a pressure based on generatldﬂ oﬂAthe bubble from a
position of a reference surfac8d%t 32 fos tign o33 a naxi num 15
di spl acenent, thereby ejecting the || qu ddein a

rel ation of 2[err] - 5 [err] lla atﬁ;p(ed wher e,
wth a reference |d erence urlace r] i-s" an angl e of
sai d novabl e ne gq di olace nt thereof @out
sai d fulcrunrportron and Ae rﬂ/ : e—of-~anaxi s connecting
said ful crum portion with arr% :.-:;-:———i--i-—a-i a—eenter axis
of : said ejection outlet W th—a~corH N-fcg—of said
ejection outlet portion to said Iiquid flow1oath anq6 : wher ei n
[err] is an acute angle. 25 Ircﬂgd ej ecting .
met hod according to Claim 1, wherein ghe angle [err] of said

novabl e nenber at the

FIG. 2B :
B
ie\ ! i /
X 35 7 ) o vor
FIG. 2D sl AP
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- 87 - maxi mum di spl acenent is set to be not | ess than an angl e
of a line connecting said fulcrumportion with an upper nost end of
the ejection outlet portion of said connecting surface with respect.
to the reference 5 surface. 3.Aliquid ejecting

met hod according to Claim 1, wherein the angle [err]of the novable
menber at the naxinun1disp|acen3ﬁﬂ7is set to be 2[err]

4, A liquid ejecting nmethod according to ~ either one of Claimal,
Claim 2, and Caim3, wherein by - di spl acenent of the novabl e nenber
said bubble is expanded nore downstreamthan upstreamin a direction
15 directed toward the ejection outlet, thereby ejecting t he '

i qui d. 5. A quuig:yZ§bti net hod conpri si,ng; ,//
using a liquid ejecting head having &n’&fect+bn 20 o0 A/ S A havi ng

2 7 0
an ejection outlet for ejecting a " liquid, a fiyg 44?‘“C%;¢z‘pad@'i”
fluid conmuni cati on _ wth said ejec) WV EX BE7 Y K O 4 second
liquid flow pat h havi ng a bubbl e ggp¢ y nmovigbl e

FIG. 4

/.
] Va V3 Ve Vs Vs _L.
V2 \ V7 .
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menber di sposed to face said bubble generation region 25 and provi ded
with a free end closer to the ejection outlet portion than a

ful crum portion thereof, generating a bubble in said bubble
generatin region, : - 88 - and di splacing said
novabl e mermber by pressure based ? generation of the bubble froma
position of a reference surface #6124 position of a maxi mum

di spl acenent, thereby ejecting the liquid, 5 wherein a relation
of 2[err] -5[err] [err] . is satisfied where, with a reference of said
reference surface, [err] is an angle of said novable nenber at said
maxi mum di spl acement thereof about said ful crum portion and-[err] is
an angle of an axis connecting said fulcrum 10 portion with an
intersecting point of a center axis of said ejection outlet with a
connecting surface of said ejection outlet portion to said |liquid
fl ow path, and wherein [err] is an acute angle. 15 6.
A liquid ejecting nethod according C?%u -5, wherein, the angle
[err] of said nmovable nenber at tth%V EEQX|nun1d|splacenent is set to
be not | ess than an

] ' S 12 | {
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angle of a line connecting said fulcfun1portion w th an | upper nost
end of the ejection outlet portion of said 20 connecting surface with

respect to the reference . surface. . _ 7. Aliquid

ej ecting nethod according to Claim - 5, wherein the angle [err] of the
nmovabl e nenber at the 25 naxinun1di§%Hacenent Is set to be 2[err]

8. Aliquid ejecting nethod according ei ther one of
Caim5, Caim6, and Claim7, wherein t he head used in said nethod
ejects the liquid by expandi ng- sai d bubbl e nore downstream t han
upstreamin a direction toward the ejection outlet by displacenent.

5. of the novabl e nenber. 9. Aliquid ejecting nethod
for ejecting a | i quid, conprising: using a liquid

ej ecting head having an ejection 10 ¢

outlet for ejecting
comruni cati on




region for generating a bubble inthe liquid, and a novabl e menber

di sposed to face the bubble generation 15 region and provided with a
free end closet to said ej ection outlet portion than a ful crum
portion thereof, and di spl aci ng said novabl e nenber by a pressure
based : on generation of the bubﬁéz] roma position of a
reference.surface to a position of a ifum 20 di spl acenent, thereby
ejecting the liquid, wherein a relation of 2[err]-7[err]
2[err] + 7 is satisfied where, with areference of said reference

surface , [err] i angle ,of said npvabl e nenber at said maxi num
di spl acenent therF Q

o9 e 95 &, EIG 90 =

angl e of an axis con _
i ntersecting point of a cent%i axi s of said ejection outlet with a
33 ejection outfet pdrtion to

connecting surface of said__,

said liquid fl ow g&th,—arg whereiln [erf] is an ac _anglie
10. A liquid eject\\ng od conpri si My using a id cting head
havi ng an ej ection utlet portion hajing an ejecti ou t_ f9or
ejecting a 19 16
| 161
™35 35
/—\,31 1T 2 -1 \\,2

32




liquid,a first liquid flow path in fluid comunication with said
ejection outlet portion, a second liquid flow pat h having a bubbl e
generation region, and a novable 10 menber di sposed to face said bubbl e
generation region and provided with a free end closer to the

ej ection outl et portion than aﬁéytfrun1portion t her eof

generating a bubble in said bubble genferdtion region, and di spl aci ng
sai d novabl e nenber by a pressure based 15 on generation of the bubble

froma position of a reference surface to a position of a maxi mum
di spl acenent, thereby ejecting the |iquid, wherein a
relation of 2[err] 7 [err] 2[err] + 7 is satisfied where, with a
reference of said reference 20 surface, [err] is an angle of said
movabl e nmenber at said maxi mum di spl acenment thereof about said

ful crum portion and [err] is an angle of an axis connecting said
ful crum portion with an intersecting point of a center axis of

sai'd ejection outlet with a connecti Aﬁrfgq of said 25 ej ection
outlet portion to said liquid flow pgatfihd«an wherein [err] is an

acute angl e. - 0e275° -91- 11.
A liquid ejectingngtruﬂﬁ agcbrdj ng“tp ™ OM215° -
fc=10 D 50
: S [ o 31 % 30
< e\ s
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Claim 10, wherein a liquid supplied to said first liquid flow path

and a liquid supplied to said second liquid flow path are a sane

| i quid. 12. A liquid ejecting nethod according to,
Claim10, wherein a liquid supplied to said first liquid fl ow path
and a liquid supplied to sald second liquid flow path are different
liquids. 10 A ||§dﬂa ej ecting nmethod according to
either one of Claim?9, Claintlo Claim1l, and daim 12, wherein the
angle [err] of said novable nmenber at the - maxi mum di spl acenent is
set to be not less than an 15 angle of a line connecting said ful crum
portion with an uppernost end of the ejection outlet portion of said
connecting surface with respect to the reference surface.

20 14. Al I i’ ting method according to ei ther one of Claim
9, daim 10/ and d ailéh - 12, wherein the angle [err] of the

novabl e nmenber at the

25 15. A lig
of Jdaim9, Caim1l10, daA
di spl acenent of the novdbl

ntdisplacenent i's set to be 2 [err]
i ! oshaccQrdipg t . ei t her one
Bm ba mhereln by

6c = 45°
15
----- SRR T2 1
/
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35
1
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G. 144 %‘T" v
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-92 - bubbl e i s expanded nore downstream t han upstrean1in a

direction directed toward the ejection outlet, thereby ej ecting
the liquid. 5 16. A liquid ejecting method for ejecting a

| i quid, conprising: - ‘using a liquid ejecting head having
an ejection outl et portion B?%?ng an ejection outlet for ejecting
the liquid, aliquid flow path in flui onmuni cati on 10 with the

ej ection outlet portion, a bubble generation ' region for
generating a bubble in the liquid, and a novabl e menber di sposed
to face the bubbl e generation _ region and provided with a free
end closer to said ejection outlet portion than-a ful crum
portion thereof, 15 and di spl aci ng said novabl e nenber by a pressure
based on generation of the bubble froma position of a

reference surfa a i tj on of i mu | spl nt,

thereby ejecti nFIG | ?ﬁgﬂ FZG( iS@v\/ﬂerﬁé relégéﬁ of [err]

2[err] + 5 is satisftied 20 where; with T refefle *of ( -

reference surfaceff [err] i an gl e of i d novabl e mepber at

sai d maxi mum di{placeneni¢lkere about sy d fulcrumpgftion and
I

[err] _ ifs an anglle- an axf|s conpecting sa\\d ful crum gortion

| 35 135
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with an intersecting point of a center axis of said 25 ejection

outlet with a connecting surface of said ej ection outlet portion
~to'said liquid flow path, and wherein [err] is an acute angle
and is not |ess than an - 93 - angl e of an axis
- connecting said fulcrumportion with 49 /47 an uppernost end of the
ejection outlet portion of said connecting surface. 5
17. A liquid ejecting method for ejecting a | i quid, conprising:
using a liquid ejecting head having an ejection outlet portion
havi ng an ejection outlet for ejecting : the liquid, aliquid flow
path in fluid comuni cation with the ejection outlet portion, a
bubbl e generation reglon fogf%éﬂi? bubble in the liquid, and
a novabl e menber di sposed t th bl e generation

i th

regi on and provi ded
portion than a fulcr
menber by a pressur
position of a

. o vlrre
() O
di spl acenent, thl%re ' ol /o

ction outl et
g said novabl e
ble om a

a maxi num

free end ¢l os p/;o aj d

el
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— . c
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wherein a relation of 2[err]- 5[err] 2[err]is 20 satisfied where,

with a reference of said reference . surface, [err] "is an angle of
sai d novabl e nenber at said maxi mum di spl acenent thereof about
said ful crum portion and [err] is an angle of an axis connecting
said ful crum portion with an1t?azrsecting point of a center axis
of 25 said ejection outlet with nnecting surface of said
ejection outlet portion to said liquid flow path, and wherein
[err] is an acute angle and is not |ess than an - - 94-

angle of an axis connecting said fulcrumportion with an
uppernost end of the ejection outlet portion of said connecti ng

surface. 5 18. A Liguid ejpecting nmethod according to
either one of Cains 1, 5, 9 and 10, eiﬁ? hei ght of a
ceiling of the liquid flow path in fldigd® conmmuni cation with said

ej ection outlet portiyn above said free end is higher than that
above said ful crum 10 por.tion. 19, Aliquid
ej ecting method according to either one of Clainms 1, 5, 9, and

10, wherein a heat

S RN N




generating elenent for generating a bubble is di sposed | 15 on a side

opposed to said novabl e nenber and a space bet ween the novabl e
menber and the heat generating el ement is the bubble generation
regi on. 20. A liquid ejecting head for ejecting a

20 | i quid, conprising: an ejection outlet portion
havi ng an ej ection out |l et ﬂ8/1giecting the liquid, a liquid flow
path in . fluid conmunication with said ejection outlet portion

a bubbl e generation region for generating a bubble in 25 the liquid,

- and a novabl e menber di sposed to face the bubbl e generation
region and provided with a free end closer to said ejection
outlet portion than a ful crum - 95 - portion thereof,
wher ei n, upon displacing said novabl e menber by a pressure based
on generation of the bubble froma position of a reference surface
to a position of a maxi num di spl acenent to eject the |iquid, 5

a relation of 2[err] - 5[err] 2 err; +5is satisfied where,
with a reference of said reference Ai{ nigKZace,.[err] is an angl e of
sai d novabl e nenber at said . pl acenent thereof about said
ful crum portion '




and [err] is an angle of an axis connecting said fulcrum 10 portion
with an intersecting point-of a center axis of , said ejection outlet
with a connecting surface of said ejection outlet portion to said
liquid fl ow path, and wherein [err] is an acute angle. 15 _
21.. Aliquid ejecting head conprisingq?/17 an ejection outl et
portion having an ejection outlet for ejecting a liquid, a first
liquid fl ow path in fluid communi cation with the ejection outl et
portion, a second liquid flow path having a bubble 20 generation

regi on, and a novabl e nmenber di sposed to face the bubbl e generation
region and provided with a f d er to the ejection outlet
portion than a ' ful crum porti en%?, wherein, upon generating a
bubbl e in said bubble generation regi on-and “@i spl acing  25. sai d novabl e
menber by a pressure based on the generation of the bubble froma
position of a reference surdacegg 0 a position of a maxinmum

di spl acenent to. - 96- eject the liquid, a relation of
2[err] - 5 [err] ﬁ6&[eﬁk] isfi ?Oere, with a reference of
said reference urface, | ngl e of said novabl e nenber
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maxi mum di spl acenent thereof about said fulcrumportion . 5 and [err]
is an angle of an axis connecting said ful crum portion with an
intersecting point of a center axis of said ejection outlet with a
connecting surface of said ' ejection outlet portion to said liquid
fl ow path, and wherein [errf LSy an acute angl e. 10 '

22. Aliquid ejecting head for ejecthﬁa a | i quid, conprising:

an ejection outlet portion having an ejection outlet for ejecting
the liquid, a liquid flow path in 15 . fluid comunication with said
ejection outlet portion, a bubbl e generation region for generating a
bubbl e in the liquid, and a novable nenber disposed to face the
bubbl e generation region and provided with a free end closer to
said ejection outlet portion than a fulcrum 20 portion thereof,
wher ei n, upon displacing said nova menber by a pressure based
on generation of the bubble position of a reference surface
to a position of a maxi ent to eject the liquid,
arelation of 2[err] - 7 [err] 2] ' 25 satisfied where,
with a reference of said referengy {ace [err] is an angle of
sai d novabl e nenber at said i §pl acenent thereof about
said ful crumportion Qer eof about said ful crum
portion '




and [err] is an angle of an axis connecting said ful crum portion with

an intersecting point of a center axis of . said ejection outlet with a
connecting surface of said ej ection outlet portion to said |iquid
flow path, and 5 wherein [err] is an acute angle. 23. A
liquid ejecting head conprising: an ejection outlet portion
havi ng an ejection outlet for é?él?ing aliquid, afirst liquid flow
path 10 in fluid communi cation with the ejection outl et portion,
a second liquid flow path having a bubble | generation region, and a
novabl e nmenber di sposed to face the bubble generation region and
provided with a free end closer to the ejection outlet portion than
a 15 ful crum portion thereof, wherein, upon generating a bubbl e
in said bubble generation region and di spl aci ng sai d novabl e nenber
by a pressure based on the generation of the bubble froma position
of a reference surface to a position of a maxi mum di spl acenent to
20 eject the liquid, arelation o rr] err] 2[err] + 7 is
satisfied where, with a reference osté&. rZQgence surface, [err]
is an angle of said novable nenber at said maxi mum di spl acenent
t her eof about said ful crum portion and [err] _is an angle of an axis
connecting said fpulcrum
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25 portion with an intersecting point of a center axis of - said

ejection outlet with a connecting surface of said ej ection outl et
portion to said liquid flow path, and ' wherein [err]is an
acute angl e. 24. A liquid ejecting head for ejecting a
liquid, conprising: 5 an ejectiﬁﬁéq?tlet portion having an ejection
outlet for ejecting the liquid, aligqg |l ow path in - fluid

.communi cation'with said ejection outlet portion, - a bubbl e generation
region for generating a bubble in - the liquid, and a novabl e nenber
di sposed to face the . 10 bubbl e generation region and provided with a
free end loser to said ejection outlet portion than a ful crum
portion thereof,] in which said novabl e nmenber is di spl aced by Ja
pressure based gqngenerationmof—a bubbte froma—post+thon of 3§
reference. surfgcp to.a position of 15 a maxi mum di s§il acgne tq eject
the Iiquid, wherein a relation of [err] err]| + erlr] is
satisfied Where, with a reference of said [ ef er eNncC emshi-g bl [ ]
S an andl e of said novabl e nenber at said maxi num

DRVR

305

/\/

MT
DRVR

FIG. 24




di spl acenent thereof about said fulcrumportion and [err] 20 is an
angl e of an axis connecting said ful crum portion with an
intersecting point of a center axis of said ejection outlet with a
connecting surface of said ejection outlet portion to said |iquid
fl ow path, and wherein [err] i§ 9q7acute angle and is not |less than
an 25 angl e of an axi s connecting Zaid ful crumportion with an
uppernost end of the ejection outlet portion of said connecti ng
surface. - 99 - - 25. Aliquid ejecting head for
ejecting a | i quid, conprising: an ejection outlet
portion having an ejection - outlet for ejecting the liquid, a liquid
flow path in 5 fluid conmmunication with said ejection outlet portion,
a bubbl e generation region for generating a bubble in the liquid, and
a novabl e nenber disposed to face the bubbl e generati on regi on and
provided with a free end closer to said ejection outlet portion than
a fulcrum 10 portion thereof, in which said novable nmenber is

di spl aced by a pressure based on generation of a bubble froma

position of.a reference surface to a_pqsjitio a maxi mum
di spl acenent to eject the liquid, ngdi ?
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V\,nereln a relation of 2[err] - 5 < [er

sai d maXi mum BEBIFAC&Dement t hereof about sal d

{1 tisfied wh
a i SifeamﬁeB@ﬁRTcdi ref erence fHIS sﬁ‘}‘fﬁgﬁf\% al Issa&%EBWEeI&lgPﬂT SHEET

sa|d~an

fuI crum mmm and [err] is an—anglre of an axi s conngetiHg—sa+d
ortion with an intersecting point of a centef BEF@QEMENIOSHEET

sald eJectlon outl et with a connecting Syrdace of said

outlet portion to said liquid flow path, and wherein [je ”17505@1996

acute angle and is not less than an angl e of an axis ¢ofnecting said

ful crum porti Qn&\##éﬂ? EJECT CW@%I@%WMIJEMR onlo

~of said 25 sur Ilquid ejecting

giad agCO'fzgl nahAb@mAU‘IebF THE DISCLOSURE one of C ains 20,
an erern a hei ght of a ceiling of thelqwdflow Path

in fluird comuni caf ildrmuAid lejesitdrg mesthiosh fort legeqigmd éh
said free end is higher than that above said fulcrum_ 5  portion.

27. Aliquid ej ecmprdsesadsingradiligivisl @idatring heabhawing @i ns 20, 21,
22, 23, 24, and 25, wherein a
eJectlon outlet portion having an ejection outlet for

5 ejecting the liquid, a liquid flow path in fluid
communication with the ejection outlet portion, a
bubble generation region for generating a bubb;e in the
liquid, and a movable member disposed to face the
bubble generation region and provided'with a free end

10 closer to the ejection'outlet portion rhan a fulcrum-
portion thereof,-and dieplacing the mowvable member'by a
pressure based on generation of the bubble from a
position of a reference surface to a position of a
maximum displacement, thereby ejecting the liquid,

15 wherein a relation of 28, - 7° < 6, 5.26B + 7° is
satisfied where, with a reference of the reference
surface, 6, is an angle of the movable member at the
maximum displacement thereof about the fulcrum portion
and 6, is an angle of an axis connecting the fulcrum

20  portion with an intereecting point of a center axis of
the ejection outlet with a connecting surface of the
ejection outlet portlon to the llquld flow path, and

wherein 6, is an acute angle.
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; 'hea/-t'.'gen_e'rati ng el'enent. is dis

nmov
gen
28.

H

awer' agEARmEREP&ﬁE t hgpl%t&ggﬁempmd nmenber ;gd's? Ihg heat

e | ement is the bubble - generati-on region.

il qui d ejecting’apparatus flor efectipg—a—I1I5 et
. 1988 eotrtT Ty A LJ 1 L]UI U Uy,

and
dr

el

ej ¢
andl
a
ej ¢

gg TE&?EW%WTCOWWJSLW: - .the liquid ejecting head
| set forthip—eithet onme—of—Crai ns 20, 21, 22, 23, 24, and 25;

_ driving signal su i
\él ng signal for ejecti ?tg t_'ﬁe l'i qui gp:‘ ?/Ogeggisdf Firqaiugpl glong aej ecting
uid by generat |E@Lﬂﬂ5ﬁm \,ngﬁ‘g’.‘i .J%OWé‘mtwtﬁ{aelc't I n_gda
cting head as set forth in either 25 . one of & aaTe. 20 nid quu!&s, 24,
; Adifhid ejecting method for gjetingdi liqyidheamprises B0 i 1331% g]hS?d l&y -
ecOr geB Biict Bhitith (28Feivitigg tjbetidn apuleti (18) don gepting the b o 9,
CUingath r{f@din fluid communication with the ejection outlet portion, a bubble generation region
(8) for generating a bubble in the liquid, and a movable member (31) disposed to face the
~ bubble generation region and provided with a free end (32) closer to the ejection outlet portion
than a fulcrum portion (33) thereof, and displacing the movable member by a pressure based
on generation of the bubble from a position of a reference surface to.a position of a maximum
displacement, thereby ejection the liquid, wherein a relation of 20 - 7° < Oy < 20 + 7° is
satisﬁed where, with a reference of the reference surface, Oy is an angle of the movable
member at the maximum displacement thereof about the fulcrum portion (33) and g is an
angle of an axis (O) connecting the fulcrum portion with an intersection point (S) of a center
axis (C) of the ejection outlet (18) with a connecting surface of the ejection outlet portion (28)
to the liquid flow path (10), and wherein By is an acute angle. : .
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