¥ w
1 ' EP 0 373 302 B1 2 Description
nor mal | y sucked in t4hrough the dgpp frgnesayors because their high
capi ITarity retains the air-ink The present invention relates to an ink jet
- pen meni scus agai nst the partial vacuum of the reser- according to the
" fi r st Deswriptiaff claim 1 (US-A- vopmally #uckegl]intB@ygh the drop generators
5 The underpressure required in dbejgusnthaie _highngaplasity friaingt Bp irtinky e
becone VEe prepropinyeationgefates to anrigirief PeY st ens MEAIRCUB @935t AP rpagjal; vacuym\af thegdeserof ¢ o
t hekp2ygeries tanke ffisd tPagpelr eimon &’ﬁd‘thel r "?ﬁ) r| nt - ways.. | n one system
t he ufd¥rdPessure is obt ai ned gual ity unses ?Fs‘”e "?ﬂéﬂ“?d 'S/ dPPAR j et

v n | d
ﬁ;ilgt | ng‘k :grpgr}tptsélﬂe era%ccr)'rTZ\d tHeir hr 26%?;‘ ways Fg? s;ésbslf% ;;ir sgu% Jls é Et’ari?egifs
. S| i gh?ﬁr‘xy ﬁ%pgm %Her vanefy of fnnkljet Pg?ltggl nk J %avrtaE ga%z ﬁ\: ol fﬁth mk r s rvoir, SO qr)r g:t i nu-
t §od, 1SHHEE AR L1 ONI 4 RLadsh ﬂowene@ Q}éﬁ pberonng 'omhle Wk Nk

e

' S del,js gtrrﬁ in nd)l@rs ﬁi@ﬁ Wh r bRssufeS§€r VOI rreshﬁorpﬁtnolaélmy SashPadnleVedtdnBiph¥gd and
pl aceg,NeZi!E5int Kbad tdbrbdike ol 0dUC GevoRItohdiaiftd Bn bttt Rioad deSighY BXemplary
const pRmktSacid bt Y béphrald@ sy lRsibdhto EXENDI QF WisQfavitaibnal dnasibresstie thchnigRna LSt ed
by Vi bifedhl &rurédi&@wﬁich are éhbrgbdiafd @6AVI t at iagyab3snder pressure technique is

US- stéstacaly aéflectod) pltiek So wMptiting aleaiure hatigged  asmdmeative Ctechniques foA\-aghieling, B6 lre-

t r ost at locatdiyctiore fltiec toe dybsequbhascirtde-a pr i Rviredgindapatessure are shéwvn INUSSr4RI0.0622

t echniigu ass-4-oNo. aZ$962v4 ey ilitdwetivecof bis t 0 a agdin ESAH40NT JBR. tie the flrmerspatadt dse nt

reci rowhed.  quired underpressure are shongeriressusismchieved by 0w & blegider g A

No. 3, 5dBa@ihgr inisief Arintingtrpefitopiiermed olpgii s inkgragprvoly whjsh grogregayely oiippsas pstinle
for maproqtﬁgg ey printing ctheyisk jadep printing nozzles 20 is drawn therefrom. The restorative force of the

undﬁwﬁrue@% a?re PiegsuEe g5 foweatWﬁ feaer adgdyie 'P' ﬁeﬁpsa{'rrdffrférf“ Et“ the
stqpéec p Il of d e r eser \;ﬁﬁ or r gpses
S? a:Nn e!;[ﬁp % c n rol \{'}(gdropf:l g'r Ian I:ﬁ'eﬁz? ach edri) ug 99 ﬁ ?eserv ven |
durec n of f ir { c%srL gﬁ te ﬂuﬁif' %a E ow
pOSI t I ntr ?}) iu I( fvol &%%& aﬁ’rj cdufed 'td1

ﬁg s |I'R.r§lf rXetImd into a s o(/m QichbHsRRIpST B- atmdsBIRAE \S%é'ure

S' ' gh“ Ya QWssagfbrlr\ﬁﬁHds téte 13 &nﬂ%em The: HeQieRlAR thd Mrindihd)@Bidh iselsoP@h! S Of
def | eglel 88going, is lﬂbvﬁpesoﬁé‘rdod dombREpdde- A- 4 1ded!B8he tdigvdilN Bk MR FromahLebdrodes
t hat %elnamfsa%ﬁﬂué GhkCi® TNk Gh tﬂiehﬁendétoplmﬁt Svoir, tiBUKtENal Predsulti ot e GesbiyoitialisNThisal
capi | baiby atvdSend prossui@Ndnd ds lepaibd 691 aof T | Iugldrpressdle int@bdes de P &6 djgcd fiom the

desi r amp geddvatort tidedro@ it buib] e gemed.at or, réseatir.i Whemter sederpressirnkrepaet ta ons
on t h@wp piineipairgpctiaacashanistds Sre Bad: det- No.  threshoid tvhlee, iitndrawses emallovoumatof ginén end
and coapbubble ard pigrodeddBPresf@e wavei ihthgst r at jthreughfthe parlanyetutigoend into the reservoir,

over f ltheunat hebbletsastems, @pein filroresisterds ieer st phaseby praenting he prglerpreguee from e¥gtednds,
nor e POpubMeralohds heated andhtcauses %’E"Fﬁ@r As ngbe fresholdialist  whi ch | s aI so._con-
the f G?P@?@P%‘g of 7 smath PRfon oF éneo thedenand pWhitg; the f°f°9°'"%rt°taé’ p main-
reser v*gl;lz5 ?:Zgirgnrgm%{?%ﬁq¥$ I"B‘?ﬁct’?r@" ° Ltf‘;'élsf 'EeFﬁ“é"" ug 8?39 ?“é:’vegj o %% din
t he. | press r f

bel b TR e Jf%rn(’a*é@a"a e&f ed Y™ e:sdE:;:b‘;%%f'" o Efk < Brambl,

i ncr ed%e; SR tr%splez%e&ri% p%sg&e Gdvo &, Q5% Qe dr Opengea@petﬁé""fl&fble Qﬂﬁe foQdPedtits R IcBE, ON
dena Q)iezoelectn elerh Wé&l fo-abr ri 1: % und erlﬂ{sg@ StdfoCthe RETHIESUE ildMRsdR! boNkd pal
ej ect 'ao%lu%cﬁam meaJr@p EA tort Stbtsy t hgof® e o \artp Ufdnorhtér ¢Ah dd8orgerSdrad |

vol ungraaficirdi 4 pr’e&urre'arLav@ whi Sauaéedﬂd%h&lz 06b eGhN ih6refRiint Sitiligritingadéases ith Uili@ed ink

t hr oughatdhp o @Rl dokad. Wstahes2aralisicrér- t he riesarheaildddert The paradestribbdinghespsiee s,

a t hi plafyl df Budhqfidz6didetiic ipfesiuiewave dmp-ob-her ebyrefpreansd Rbplingion sdimilerdie thertesssratee f r om
exceedemahdapstgener at or i s heated and causas a§udgledremes to which it cani fyrgtiantpeop-

t hr eshol Thevarbpien-devaymb tactmidub reqoife Hatsmal | gulpr Edr erample. if fsechi mken iFHignsported in

Wi | e uhdwe abiescen shruigionsnibe ampuHE egnk orso meanreircrafh pabi thet Egsesprlizerio am ROOPAgeb r

di spl aesewoif bk bflevopamiient so thak igh isirplgineces er v otlevalipncRay g Bihqiplereperyalr vl epend in

hi ghl yn et anté hirsiorhg ciselep Bp@ppInbAl  US- Aokimady, & faglo; of appmx'matg'étq"% fhirde bry

and unfi(HEderprespHiRy (o e yaguuny Pré{"@b(errpl af V‘t&i’""s‘hé‘h'“‘ é? P fgan threo
drop Al et rnderprossure it doetpally Bt ey e oo %l"ﬁ’ £t HWQ’ %gg N
ow from the capillary resmzI X‘Olr vent rou e<be d
air's ex an5|0n

ervoir pressure is positive, in tends to escape 65
hirg
| n t hg

“g’ e d’ﬁi %fi%’ SR r‘éﬂgﬁ'ﬁ? ;j:e pi ezo et wee%xé b a

%gn ﬁns (/Qraﬁ tS its Ee}lﬂoﬁ his ﬁétﬁe;rp %tswv&i ﬁﬁmnt
S US to a rup y corrpress apse Sta e, the und er pressure |ncreases

to the a volume of ink in the drop generator, thereby poi nt that the
drop generator can no |onger draw prodicing a pressure wave whi ch causes

ej ection 45 ink therefromand printing ceases with unused ink of a drop
at the nozzle. US-A-3,832,579 is exem |l eft in the bl adder. The pen
described in the above- plary of such piezoelectric pressure wave drop-on-
referenced appllcatlon |s Ilnrted |n the ‘tenperature denand systens.

o " " o o " o v I 1



3 ' EP 0 373 302 B1 4 ing the catchbasin
| arge enough to contain the ink the initial load of ink. in any possible
altitude or tenperatute circum EPO373@RBrinciples of the present
invention can be stance, for exanple, by making the size of the appl i ed

(0,020 el Qb hd Ll cl;ut@hhe ber ofy Gl .aqn,Q@a' @ fully 35 percent the

Sl ze 0 e esgi%e altltédg% n% atur cwW ch the i[!;lgs é'tlzee bgsrenttlmmﬁﬁtci be

reser%rﬁce ‘@%ﬁ%{ §<m§q é‘”si‘z@%f 'th% vol Uf’QBElkhQ@ n¥ with 3n arb@a} Righ AmiE of

r educe gdatrasi iy tast,seaaehtl Mo B! df HPlirk | Nef fnGrhiRR byARRlcH théTlehSisith 380 ARYEitcnOf

I Nkt hedseroild 8Bwévbr, théT8olutdn G VERImewRLIYTE sCarba§®Rbbé reduced to an arbitrarily small vol-

The f oine@aénd endAinfits B Gimblrd BBihk tARja@6ed &, f eatudees The problem of t he pr esent

i nvent a@Rerd Wwiutd can con@idd advant ages of the praseblgdiigvadtddaitiond dojectsSefirey/i de

a vol unetThe qadbleyn ef tHecpreset inmdatignets pen t hahd adwngesedchd Yreagnp aiveribn fwilioba t he

f ol | owpmgjded etvaluinetdcatly efficientdd jehpanethgr obl e meore reddity hapbarerd riromnibke fofiaving defriled

descr i ptercomes thiasec proiperos angidtsat i landeegoer emceiesqupttohewraqhbmroqeac!sl Vith rofareges to the

al tit udsitrgrily i@?}ﬁ!‘ﬁ@?lﬂ' ée"@ﬂ@tyres¢xew§°n8accoma¢pg19 aryind degwingyys. wit h an

ar bi t r &ith anaritrpgly| smathealghbasiei n. ig. Fiigya 52'3"10%3' ey ek tap gitaiet perew

of an i nlﬁcf%?mﬁ“%e@ﬁﬁ“ﬂ inMRgtieny thishrolyr esentac?Q‘R}’?Srf? P'E?rﬁmbPPﬂ“gmﬁf 'Bbpres%'i‘b'ﬂ‘(‘?f‘dl ng

to one'*8hi5RF heg, oy fpim r é‘éé’ﬁ ot pfPen- s acconpli shed g m

Sink j ef‘ccﬁﬁﬁg to thg jnygption, is ofo\e] 9& g #he ' nven{: Ogd {']83'8' é%%!!‘?i’a"% %! é{’a 15
I plu é é%.g h rr] ers sena ){)Fou plsted ondl

er al’l?
%'“ of Fg"”g.swtagve Yor o do St Fig. 2

) Ol'lfl
Chanbee&m@% a4 thgofw;? %&Pq 'e |.espart | bV GBS hefo2iHab o Dome TP
- coupl i Y 0! 6pC§¢-§lera pbﬂ t thee tgm S ) the ink i tH3-second &aﬂbérQ&IhbeéléHbasYd eW Of
- the pepefbe. fal GichBasOMIE Bin¥ath PH 13 bi St FHARE sebtidAal FISRRE aDen of Figld
a teUPehatlobrs Gnd 9 65UBRE B thelEst @XdAdbl iR theSOME  Gterl 4 kenpbraBrotdeRidasdErae lcals8d the ink
posi ti esRs bt didpeulROwithOdTbubble ndrdkds dnn t he &ReMNE thd ddMBEsin © Beh®avimabaek imasi n.
t her eofhe top thamdot.hbasi N ext ends beneath al | wefsetdn@chanider. Fig. 4 is a
sect i onalin wparationf thé piraiig nof Geridily goupBdc hanmber sFigngl shows GodifHrent] "tiostérhe graped,”
chanberchambers Higat camhprises thet mnip dniatesereirdees e asdodiment oandukdresehveir usekie sith theperby a
drop t edednitigily #ll filledhwitiohle Agihésreidcted from  f orofrtbe lpgesentiinydntionc at chbasin to be

dr awn Bedlesticharebet Re opesgiion |9k the gfen’s drop Fig. 6 shows another chamber interconnegtion
second 9¥19EipHelhe PRial oFeuaY ingied t"h’ée"plsur al | taffaWng‘é r"‘ﬁh%[P'P fm{i’lﬂgp@é‘ﬂ‘“s GXt‘FFd’e' 5
shows &ligyed Pér"’é‘n‘ﬂra"‘m 'GPJE‘% %’F‘ es t he

i nk re#‘grsﬁ eﬁ‘ﬁdl RO rese??f?ﬂ' 1'4 °’3re
initial _‘i/'egf'lg'lngtrf’?r é"’}T“ g1 IgB Bk is é}} e?)tf ?"t'°"

i nvent ée e od ctlo |r ubbles bg}eat i on ud 7‘@ mutl- amb reda[in ﬂr“erd 1:/:: here6
Shows. SHOLR %3%5 e, ahmhﬁ m&o&fswepn gen%aaf’n el cmp 'ﬁ;{, e o
therei 'ﬂna‘lysbeco rcﬁaglgm k ?srfme&qm Sﬁdp 09 & { oﬁ&‘cizh or 16 dyey %ﬁlal

i nk dr gflait H{‘r&u&emrofn' the>datchBRMDfHers er neahGpih f.bJ'Eo pEABRAN Ndar th@ﬁot%fs‘%ﬂ
Whi ch kuindrlpFimtingl GRWS ink Abim tHoQBRohdMEhalnBer 0. 3Qid tRFs ih B GoweP pdriiddSof a irsthividiy | NK
j et petntolile MSIGRAY Braws BubbIEESI Wl firbid Shel@dt | al 4 BB Mhb Redoh® ctiaMbérdl 6GNARRAY coup-
I Ng. t O chuABeCHd @i SaEdAl. Farfally, WBenXheSe@6Hd | NVENéd @Nthé dHird evigtbeb Y8 iiex snielircdahiiag i on
of ®id4 cluidbd ixgortiys debieted iohibk, Udter @intingl t ise C hmindec24cid a Inker rpesien voa sech@di diliding
bubbl e sigelyedratsogir bubbles into the first chamber wall 26. conprised of first,
second framdhetsh¢ondl chanbers 14, As printing coRstéending slownwaeiyt frdm therfisst whapesier
even- 16vahgiforegoing esap@mentvevwonemen-f i rst @hiampdmk ‘M‘ 78s thatyappligs [inkclp edrop
depl et &8 entainy, oot iy and inig pt 3By GRS tiBad 3o Ee pi0etipPessd tah@eg THereh PR r
16 by é["%ﬁ'% B agg {filled fither; With iy i@ PFom*t he? Ry fieh §| ‘??“" " and "‘ay
coupl %‘: Slnig R ‘é‘eé’b‘jﬁa%’fet"r"a’}?éﬁ‘“ﬁ‘eﬁi’s"t he bdPlBHe: ‘%f

in 5] pel jet. In

ink fr epe on onlggne rﬁanber s|etor aglef V\% C pr ssFrewv

o ot o I e sy 8&:;&?&@ £
The seq@iigh Eﬁ oo sa £ﬁ5rltxt oo rer,
when t Qﬂc&WRQhe 116G ate® trird2e Hafbdr Geft nber 1 ERYndfg H3Rdalh @l@lmlarh&% ehsaiaes

beconmeshug gt siceslirdbs thdllin a c%ﬁa?&re diglent i Ng catcﬂlgasm@i itfat %8 Roupfbaitthd third WREmber
por t i orhdrbeRpseRP By QLo shvik@medtahkourdr aWs Byl & dRihideess hat s tahubblb fgdherating
chanbeision. Acéddihgly the deh @Mhb PRsHE REIAGoN orifice 38 on its top. The catchbasin is vented to

Ext endicargbel oxamvaiueddywifhr 20 patéhhasind orilys bneC haisth eambiByit prasurb My GQEhinigy A0 loRtBgHIFRUDE |

onl y onhirddiveasize as reduired & the prianlartvibérbby28 t hawardypebin gem ittelbatef thegherop ber

cont ai rinsrepginghthe pen'savoihmplrii officiergnyandgperen ti ne. In oppatiar. dheo thr@0chdimbgosidd8adre t he
bot t ommitfirgr @ere . of Mreopen’Fyelume e be uspddiorf i | | ednitidlly faibrfilled with inkkinghis dilled, cagdifion, 45
generator 30 is conventional in design and nmay sequently, altitude or
pressure changes that cause conprise, §or exanple, a thermal bubble type
ink air in the pen to expand operate on only one of the jet or a

pi ezoel ectric pressure wave type ink jet. Ink three chanbers to drive ink
therefrom since the well 28 may have a filter 32 disposed thereon to

ot hers elther have no alr t hat ~can expand or no. |nk prevent cI ogg| ng of '

o Y



5 ' EP 0 373 302 B1 ' 6 altitude or
temperature excursi gns have subsgpig-gzs ap2 B NOW at atnmosgheric pressure
since there is no tially no effect on tgze pen because there is no air in
air/ink interface at bubble generator orifice 38.) any of the chanbers that
can esttjhain cbr aeropethturey @xdursions havgidubstdnhe t hi rschoghe rdvespherid bresbural diree dherg istrae
coupl fatonovdifest of the wen Bdcause tilereviohaairan | t sel piridioderfact at hieliiplge generator jofifice 3824
bet weasm ot he chaaberadhaberd exiand endediisgler s wi With et thirduipambpar fillad vt et the eoupiifge one
el exphtrefom. Theink valume; itgelf deepdsIshavggyener apiice 29T hetyeas tier yogend 2nd thisd ghamberrst he
pen t Y8t 2ie o despresatue- Jing ong Rlemeti ok hhasi Acts #ssa bubblp @egﬁ‘f"éﬂ&u@é oifie 24 dgvized
pr essif @ {et does foptaip g ofhe by it ed tot°a'?f?ﬂ“é‘hfh° sage B “'@)ﬂff@%?%@’ 8¥0-t he
T o e B S 8P SRS HuBbl ¢ geiE et “'F g zgpemﬁ Theceet is
easi IS’) %gnn pri tm ir_i mtrodu d se uentiall that tée pa;? ? the lz)k cha§1 ers #eﬁq}
~hal f q,f;q# ﬁ' g z),heﬁ%n E g&i ntj ngdoe@ ﬁ‘ o uced sSequenti'al’ly
that g forPl il .rtk' tnd b SERckaibr Falsl éﬁue eaamnoof sldShoh keie GRAHIDET S
Wien DifdaiVabdbeh iR Q! AR chanlbSr 14. s pHRES not msf;a&g@cha%ef%l £8 (Y it WittkaiP¥% hde
~drop Qensr |§tr&i5veaQy GRUGRAngPof replacementONt I NBAH thd IRk BhanBBr @htaihd) ik PAGrebitek @M S€
dr ai nak iRkl st caAbBUIIN the Sddbndflchinider Chamb Biibbibé,. rathéll HarD k.t dréldrawh fro fRCHA
- chanbsy thébbighamél ofifick 128. (SinceMnb lrilier2059 t 13at chamberlotdpice #é rai@dodddud th @riding@wi ng
. of r eypdttad enTBIM sides, it Al iyt 3an fluidrraedirice hanbe ngao Headoyging niifice P @oresf dser bubller | nk
. i nt 0 tioheTHis westtictiod eanbi@r médeambittarily speitond cbemetater and bebbine the presstrerin theafinsti nk,
- are dhvatm useitoh mulliglef drifices il @atalipl.bligjh t he orMbprebthe Pesirédyalve delowamiientf | ce 20
| i's  1gawinghefrifefrom Hersepind chantiseliweisane | ost Fiel. the ip peromay sxharstadeltbmoebot h
| si destauges tft&@@%onéﬁ'l'ay\barsto drap| a gogespenglt r j 29-  firg} Eeglambeftwé B @pN Myef s ropleeed 0
| serye8d a'g'uraembm &omi B tithpiamogis#8 j cti offitn be nade arbitrarily smal |
; gener%l’to 4 2hai nt ai ns t he pressure in thdSfpe f"a' 7 "fhﬁ h%’éheb?ha "? Pl e
orifi cedMeh *%g’? P é‘f”u dhird ch er at f'lleﬂé”" t& th W\?xé'ﬁﬁiént
dr a\M H}ges of water rI?I.Ft e us 6 o@i%n@gt er l czgng\xgan e:n s';f‘::e rﬁ:etolsfo I "J) e | nk
becorfsuﬁ.c.sm u;a a bit#le uﬁ heseco gy ks .ﬁt%r@.%nond-
20 ern§r tcnc 8. 'ﬁﬁg s‘gv‘fre F??{érrﬁg&sﬁve e re%afﬁ:s@ mp Eec'oﬁlgcﬁéﬂl &En:éreo IIeJi rkOM
the t eEnd pnncupally de?endén@tﬁl d. add & I séMed dil @ ahe’third chamber, envi-
As n%@d.a.ﬁé\s.l df Bfifice WtEiRe Asdosiff of tHaanIC hambe fepmarte HINgEs Fiidh daddol thetbir ¥adkpaha i N
t he tiRireGiustiaveipibodiment,thd Bubble Yerlohitok NKso alwiii driksl @ik Addkk the EARE lchdmboP 18 XRrbighi ONS
18 r eqmbess Rastdigndi o 008d weno abatdh one @ebubbidgdnbrator rEivE3T NI @it M6 tcatBi-NCe
t her evac@am3Gmaller thah tHelibile prebduat aré mehes ObaswaBerin itie tiltrated low@ipteqttied pen is
enbodsuifiiatt)tp ovéredn® th Surfacautengiap ainitle and  ddésigeed tolpeti@mtah altitadet exblsians iof up to
suf f i ipi@nintetiage andithus Areainabld telxsdve bibhr ough 89dadedh LAS at altitude, aiDgrepswre i lAEPTPIEN' S
fi r st bigstibroeshdife hybimgdneriglorvhen gener at @r  gwlelyitiree @@rtersTofthat pirsea loygl.sojthy drer med
t he iThgeinfreduetion phan gie bukble BieugtHBP s ar e IPAPPY dy the; thifd ehareber RxRATPR b raés!%'ur e"
and i Rubblp jopneraips 3P ?"dd'é‘ﬁé'r?d ifsh chaipber 18 5 ¢ P‘i%?"é" ?’§p°§t91”?é a@?‘f"t °h by ﬂéacf‘ﬁ ek
l ers anrtlalt té:lharw?er 8?'P‘7| ce amffd't r%g; i §:

jre | e r|| lLc e @t?
ronrre'ﬁ ?ﬂ?ﬁ%% S 'Wﬂ gﬁ‘ﬁ‘g H’é‘f’ %\l r Jo %engo S cio%s
|n i SI uation 1 ol

Cha”b& %’%ﬁ s n@éné *&a%cn% fﬁﬁ fé‘aa o
the  byabLe BERE LM of GF Inlthdfirctiha ,a&qi . nt our. % .ﬁa.*s %&npmawun.t@m nté cdsBan
t he H%l’e@seob@fﬁaﬁ Wi sRE&y dtdls™ printing BehST N 34 thetewduldbel ol iMSth o8 laR¥bn @& iRl cien-t he
pen i &ichUhb iufdefidssir® inOM& i@ BRamibBEosS UT §52.C BasirE S | tiNexddnt th@Ethe third &RkrBlE dodsO
per f ogilmedlin @ kibiclyltsbanddd Cangs bisISthObutkp t O icoHdirbink, itidoésaiof caRin @REhndddisSiirao @
unabl Ble p@ssi¥caWhd tilst and BOGA chattiers A6 t hat catbhbhdirusiesd onb thirp t@S@WMe df healiidr OXi -
bl es kawiewiguldidaicat knishiddssure sine@r tidrois ny chamber is @bre tharabddayatd fir eentajudhet er s
of t heressare deapaactoey the cogpling drificesi 30. dhe | nt Ruidipated ionowefllomh air bubbl e t hr ough
the (A presserppisab onfy pdeerstahitirede ofifisehibr wpandgheby‘htannwfwnebta'bmf@s Gehrequattr 38
and i Weg istiplcontdnp pide ardAirise the piter)  ver sel y cfangpadt the Melimeaghdll irappegrin [ third
factor &f RIREI| Rlines. tthee thisd ohamaper J8cuyum ic ""tbﬁfafe COYATS At Rty to its °’t9H‘P'r d
| f t hevoptugils RPRQEIPH Hod p{thalr '?"Q YRSl d t h&OY R & PRI Pﬁﬂ”ﬂ“\} %ew

h

the

Ir%e[ V\org than

Q,
:

p[err]

until '"'f:o Teﬁfﬁ?é it canno\/EﬁJ mlf H@WPhI rd Pﬂ%r]%r at d k frpmﬁ

of |nr°"é iR °:;B | l°’| '?yd mn '; 'U Bfe f)sreg'{;e o Hf::’b 'Zc?t‘é'ﬁ?fc E%ﬁq B the

expel a%Qes .nik.m?d Thbsallor ariity ot her BUBBIGY TR e cant pued

S'tua E Jh@ blalrred b>éra :{i\cﬂ(ﬂqeﬁi} @l’%ahﬁl&.éf%ﬁ‘d? i Hen the

perio I'C |ntroduct|on of ub- anber Wou y I ncrease by a factor of
|

one bl es, causing the volune of alr in the thlrd chanber third is if it is
conpletely filled with air. In this c4se, to increase. During this "steady
state" printing con- there would be no ink to be driven into the catch-
dition, the underpressure in the third chanber os- 45 basin. To the
extent that the third chanber does cillates in a closely bounded range
about the bub- contaln |nk |t does not contaln expandable alr so a bIe

o —— " 4 o o Y o o o - o o "



7 ' EP 0 373 302 B1 8 third chanber is
full of air, and the gsecond cham gp @47asg gnto the third ghanber 18. This
ink again ber contains both, is simlar. An environnmental pool s until
it blocks the drop generator orifice 38, at change that causes the vol ume
of ai r third chirebes ésciothef air, guidi tihsecpnslechpmrk | s d24 andrinte Wreothigth cliambernt8p This ink gaitc h-
chanberbet goniaisabaih. dif | iraitar. | Mk epifenmentat he s erogis@ntil it blocks fedrep ggneratesypdiice 3h.cat

envi ror’frﬁé‘ﬁ? Hpt ‘E‘bﬁ‘?ﬁlfhﬁl"t’ﬂ‘fﬁe ?fr?ér"ethe &atther , t WG ihis ‘E' tf"° 'bY‘Pf‘P‘téatCZ'ﬂf

nch /ntepambeg to expandagrives, igly gut %{ f‘?‘f&"da t "?"T‘?"t‘ é“‘f‘ °?’§‘i
ety et S R R ‘3 e
VEE 13% Etﬁ%t Ii % e Ved up otﬁé‘thi asm ro the %%?P

o(ar \Qa e he ouc
cat chbagy i st e th E&mﬁ r%'} iécezg
T S BRI il

t NeneOtkitd dnGiBbe?d ik Y8 afioBisolic/prBRGK isS uf f i ClI eRtywil B GEYGHizol Nt MWiFre of the
gener atcOt offodnt firteCohamor is difdctivbibéhiddNeurf i 1 St satbABESANis débendefi€ort (hb faltubd) ad@M- S
| i nK t GheRtifKDSPBE iritcC thaT BIED diiambbiS from thel T Wi | perdie bRGMEHN koz RiEicH @ iped BiuMalinee
of t he sedshd Ghiisesined correspanbliagrivelime Sto eief ect i vidhyand erel vellme fotithe largesttinkddbasben In S
dependeritendremt he thirdl tchambdethaagh the ipubbieherrs | nke dimiplestniwe chambieh embdainredt afitheniver
f r om t generator orificer mtouthe ceicbbrasimels at eprravhi ch t \estiopcassuptinaLdadal Chamber wivmen theoaluses
a cor r eapdingivelyme of inkevasorobdriven into the  t j orumengfchirtthab canodiriyerink Gpmtthrorepeayodes t
i nk ch&abasin, e gditionshink inothe thisd chamberg chan‘beﬁat‘ihﬁ?sﬁug @iwaysdess ipag| half the yolumpe o
si nmpl egoulg \Rb"ed‘l’]&ﬂ'bé‘r COEPRSRI s rarped ihe j n-of '@n@‘r‘%‘t%r (55?"?'1'3’ é’l—i’ ‘ﬁ°Ht“6 of fnk that

cat chbd¥t A° 9 chagiopt, The 9% ”§ ”e §surﬂ’n aa‘r'veeﬁ tﬁ'@""‘?}
Spd{]_dl r’ﬁ C?/%f l fﬂﬁ%k 'gt?ctrerﬂ:ﬁr% onsequen subs g int Ovor[r Z:;:SS :ltl chbasn can %{E
drive igf) sz,rn Grilof 35 VD Sorcnd chelbePaSI 1 ‘%‘ d 3% F
Chanb :Glz qﬂ.o eﬁ"e%rrlt:%real ?*é@éc/iﬁiqt SS thaﬁd sgg{(s) Qﬁ‘ntr\éﬂ i

wor k t%at&%% Q)%E; at || @nbunt E&&%Qhé fdor  Qf  tiHE i SREbER mt dingly!|

vol Une oPfhe kit chahidbr. t hat now seal ed ha”bernum-ggfb nkbnﬁ\](ratelﬁﬁ’fﬁéll cﬁﬁﬁ’ds%‘

can be drwH&Nmé reAvitokmdhtal 8&RIYMRI therbdied Ne Cat CINARShD drégofmE describtdh hhsnlﬂudtraa& ead
to | eavRangbend the hiflrdpbetil @e sebohd ahanid¥s | €S Sonk Nakibolimbrt df ke WRénUSE 1l prndBles
reser - 1b@bntlalte inveninech mataCvabasi B forh&@N S € QU emérbof ,areSaqbaily applicabletiarvagety of other
Conseque el 3aconidhehamioer b agdwa igla fiorl @heONese hadohstiuctahd. \Exahplarpfis thaeink nikardbed sren
fromt lvetciessnAd tobghiter drog tube 86 thelbubi ze. Tiasgemattcdhbyas innFigi & eWidlarin e Figir t her
16 by tbieegenorpenmifiesrd8othe sthal rmplronttiecfioed n f | oavsbodinte® thetreservoie Warcdinided inteamplural-

ar bi t r &f eythisingiiambey gnd freallp jhraugly thegeer~  cat clhirishambersibly yivisling walls| deimaguaerplipg ol s
on t he PlinggRgfice 23@nd infedhe sqeont! ghambaiser voi r i nercegnin £t tor ? the shaepers e in |ag Flyder of

t he t hl r d I‘ﬁ] pe of events is |Ilustrated in Figs. 35 grapes configyrafion, and an mmoaqllgq y

o t% ebetween
the for‘ o ‘8 §%?P" 'la °'H §P?’?‘|%téﬁfg ated heg %"jﬂ o ‘%%?[@T s'l° the
'é\l?h% lg‘st c%ambe I; E% Im on o%grﬁoneg1

second fullﬁd WI a|r gnd e seC ng tcha(l)nber he i n

) e cl ed n s%% d F|g
cont raC\ ScoJuEIn.X& SiEas o RAoblatife r\’s@&l{%m ' f E &q &L R &éﬁr}g %@ orific 2o
appLucadp u'ethE Qocdnd @I{arn%eryex ndQL rivés'l n %ls&s thh te
the  3Rough Qﬁbgﬁ\ﬁ'dlﬁﬁdnmasw E4aRB 1 dhichS t he r,aakatmhame Gividing tHe Rh4ribaRSID 184

t hr oughbatih 84, s @RovinUiR &ig3 6, Whéheth® Whapera- I aNgEME Gy r@%‘é@ubéd’lar% | i@hstrated bnlrdérpleﬂ
t he Fi qure hdidafergaiRe that ik inOth fcackbagB is t he Sorahy ina@dn vam réiendsl t® @rpreferred em-
enbodi reawn vphaed memigh tho itiird WaSnbat stidcback | N O Bodipdetit &ld- se@dral tvlreatidria| thetleo€, hiastbad
and fi riad thy séchndoehginbdree stewn-in Fig.idt y of chantecapparby trelt the thvengion/ah lbs futkhdrimoiding
coupl i ng fkimiky sequerice obevadts gerdrsiwherpbatthe s eclddin Girandement and detail ithdui dermrting n
Fi g. 5 therecand andibirdchampers pre glepleted eftinky of Tivins susk gunsinlee Fof exemelipitvdilg the inven-

| I I ust rAafigeding lpmiErige cagss the fa'lﬂe@e' f'@bnf i gutoatfied heendpserived withy ffesenceyjo an ink

si de

nzbezlto qxp (Z“"gq,l Bgenkgh or P ngresssvolf heomprigade gt  serially ¢ gopRegted Hink g
44 eXt é ‘i resw eql?aml?geﬁ\}g ':L':Br'ﬁ in th@aﬁgﬁﬁﬁ%w%gé%r?%cnaE??? gﬁ%ﬁﬂ?con
14 f| | | gf f kd""?'hém Ftrd’s haénjb(?oupl i n,Qag r“ih% 8™ t'°pé'§iouplm rptg en‘t’ lt:Eﬁe

s m se T/ ce 2
Sese G Al g enpe
chanber";‘k T ){er

a_sin
%§ éa glt %l f'ﬂ
t eNPer i ofarfved ¥5 foree b frorif)'t?;' e % an et i A IthtéP;‘MaF s'"@ g

orifi cagordt khelsBeohdl harECTBhEELANIRE Srifi&X pandsargkicd MoMi8 Soritidalfy impair 6bbratior? thQPen
to flow channels 46, 48 that extend through the third chanber 18 and into

t he catch- beneath the walls d|V|d|§g t he chanbers 14 - 18. basin 34,

as shown in Fig. 3. Wen the tenpera- Hayi ng descri bed and
illustrated the principles ture thereafter falls, the ink in the catchbasin
is of ny invention with reference to a preferred em drawn up and through
the third chanber and back 45 bodi nent and several variations thereof,

It should into the second chanber, as shown in Fig. 4. be apparent

V"n




9 ’ EP0373302B1 10 pen. By using
several orifices operated in parallel, 5. An ink jet pen according to any
preceding the reliability of theEp@8738028Bproved.) Simi®rly, claimin
whi ch said accurrul ator (34) has a while the invention has been described in
of a singl e

ke dEh oy ﬁméaﬁe"fﬁﬁs frerl et o Saé Ao ”b%gpe,f. ki gﬁf g

’reh miléri u to

pens «rh‘?kgJ ger‘ee'rsi t;r: :;e mt c)l- n, el | Qr u qes ﬁ%}_ﬂ% ( ‘J‘VGI’ ed
é?,ig.epﬁp S Gy Gbnli eaurmy pr ece i ng {85) one pr| ead nal |y

whi | €, Bﬂgblé rWﬁUﬁ.lerhk%ﬁs such aChésM 15 whi ch said accurrul ator (34) has a
been %arp%iloﬁﬁnmydeﬂg ifks &8GNEBST N T 06, GBI [nRGét-pon accordiRy WTBnyO hreddding€ast
one- thidhél phimSoalf.OFiRtIE vile tHaGneRidn @%Pel | ed i Ndaim an Wlich &by s0dunfdialdel(34) Mks a
accunsbtibsaiibed ab BEviNG S cathbasiaitdl colfeaber s ( 14ipiuthb of 48dast dneaiiaitipLRIMETRY thee
adoptigglexpalied inkj HSvafisty 6ftdtt@Nink sdéahulatiodl0 as a flargest dflsaid bhaatlele (14, 16, 18).

7. Antedhniugsabay [beradepaivdihia qurcnasigh precedi ng I n view of the w de range of
enbodisradiatige bladder. claimin which s& dini ink iesheembascadifgl 4o, ay6 prede@iingwhi ch
the pri mcyign efsthefvide hengp ok smbadinientdnt | on carrldiye in whighrsaidgnk ehgmbedrs gitZ16, 18)
appl 1 '€HEh the prigeiRies o the eragend isvantienedn bhat  t he eﬂ'ﬁ)@éfﬁua' #i#nt s described and

i | | ustPpiedelt sagnld\hecnpursteasintiat dhe embpdi- g An i nk pen accor di n’g to any

pr ece’ﬂ?’}‘F%d%?r@ﬂd P1d iusirpted showd 5p Ic s%§End ot 8adh in ’?t 3°H ‘éd' y Pfeﬁﬁda m in
whi cheredyfiptrptiyg oply, apdpot §s mMiing thg; %) of t hef Ay "f" "" 'ﬁ} Z (‘ﬂ%‘s !

i nvent! "l?ri""e%m "ﬁ“ﬁ%l'ﬂ’d‘@"e t'°3|‘%‘°¢|’5 ?gured i f"a™% %‘éed é('sl" Y p.

al Si!!op TR SO W thin hey, YRR ! aécas.n ol bl 7 el
9. AnThn err accordl ng to claimyg i lator (34)Si | o ¢S WIklathor
(34‘)~/bl§i ' Zed tO receive a Caimns volume of ink corresponding to one-third of the

vol une of ink corresponding to one-third ofyihnguihebhk mgg.gmr&gwd,.m;v.dea sai d
i Nk 1 £SahV jbt ;gah\Haﬁlﬂjanlmk ARevdiK)et pen hawyngs mmbbrdKink eafbyel I (12), a

by the rwghherathr (30Kcdpiadriarfeto, afd @ generator (30) coupled thereto, and an
accunul atdmulkidd{34)Cupdel shia itkabdnbink fseS@atestansprithe  Pat ent anspr ui che (12)
and venteylatdvealbiteartbign pesurecsaicsakd i nk reservoir (12) is divided into a
pl ur al i trese@éir {1Rkis divided intrt ® piotalitplot ®Ehr ei bdr Tintenstahlschmeiler miteinem Jatepreservoir
chanber shymbérs (14,16, 118) whexpie theifirst ttaen-f i r st cH&fh einem damit ggkpppelignn Erppfengreet-
gekuppelbere (i 4T iso iidigaly fe\wledb@rsa(dld Pis fluidiecdd ymd:@mm et g Jitearegrr gl

ger (30)ensraier 10hane the lest dnkrehamien (18HF es®r voi r(1g e‘ﬁ[é"l"“'éﬂ"ﬂﬁ“’g1 erpulai f3Pneer | 248t | nk
chanber fipi !‘8‘)"V|°§“p'€8’0t° Eale)acc\Y@F'B‘ﬂrn@éhen Akkun'fﬂ‘QfPH}gs ugh yentufiiy, ist, ?Hef F‘i‘le cally

coupl ed h@ractarized ip fnbers 5 }zbd "[efe pigp KT"?P;"
wobei ?’s t‘ﬁ 98) 3 %Paéhﬁ {ll E’ %ﬁ’ 'f‘"r‘f °P‘f?at al I s :%;eéb ng m%d e ?r:f):fe a:‘Z':‘)u{
]Eelnlreze O?ttfb fed of ink onlyo nka mdlll Bt

e %rﬁ esatiall alhﬁn séqusiedl romt unt Fblin% g L it %m lA fafor & )Sétéhe Cammer

led to 5 f H&ﬁd& 14 3 i krlgm sai d h gekennzdichfet, dal simtliche Tinten-
Fl ui dver eﬂﬁ“ E‘d&he £t6} ggnerzeu- bers ltaﬂmiaﬁmg( batsﬁsfnféaf;uch@lsfumm;hdlmone
chamber at 35 ger (30) und die letzte Kamrmﬁe’hghder Rerblindér sindl dni B8ImM
ser\ab.| yaniifk REFBRCREAdIRG B14iME thamich Cham Austraitsh RbriTlbte gusrbetn Takepfanerzeuger
Akkumul akeofuidic3 4gupirigeP®res; Bera4( 2@)2490 t he fi@ot Ticthanwbeoss 6ihel) Kawsner mach ger
dadur ch bgekensaeirkheratpersl B, sietid)i ishe Ti Nt eamderenx reRditedfolge gon deai letztelr Bam-
gener at docaip@@)the bottom of said ink charit@rsrer n (14, 1@er (1B pisami dritangffameter (éf Wstatenund
in Reihe mteinander verbunden sind, um beimli#&ennk jet pen according to
cl ai n#-1 Anniniptigt gien acﬂ&?:""g toAaHt Pfé?%'g'ﬁ v('Pn Ti n.trraterastlﬂs deﬂgn 'rl'ro fenerrzeuqer t he
ul co n 1 ]
fluuducc@@m w'm b idlig- coupling 29, 290 243 T 'Edung 2052%5\542480'66
4

Karmmer qop seig); ipf F*P?R‘bﬁrﬁanbers ( 91‘:“"; glie iy
in Rei héh"f d?g@ \?d"ﬂ "&e‘?"f'? PG RIBRP | ocat ed ?“(ﬁsc e P ema grqg'
chanber enerat mer (18) bis zur ersten Ke me"'fa m[ gssen.
3. An,i r}{( & e0.3GE AiLng 4 Gu@gPr &cedi ng 45 cI aimin whi ch each
Fi ui dic M s %3&8@ oubble 2pnedalt eNSt AL SENEIRRELA A ARTPIeH Warbe- DEI
42, 44, % ip Edlure thiBdhogNANDEr's penden AnspruchWelLe@ WEiReH e Fluidver-
FI ui dver h@me{eggmd% orifftees) #étconfigt4: 16,  L8dduh (284l RK 48 2bfdagewibeeibigty a

bubbl e yred #0have4’ BubB¥ pPdsbiRd) séledd shiant ek ameRtedikdimerd §14, 052 N8)loib Tntendfinung
18) am Badawiddate. Ti Nt enkamer n angeor dnet 5@, welche singit BlasbngeAsratorildétet pen

according to claim 3 which said accunul ator (34) includes a bubble

gener at or 3. Tintenstrahischrei ber nach ei nem der vorange- (38) having
a bubbl e pressure at a threshold henden AnsprUche, bei wel chem die
Fl ui dver- value and wherein said ink grifice(s) are config- bi ndung (20,
24; 42, 44; 20, 24') zwi schen den ured to have a bubble pressure set at
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