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the base piece 11 includes a series of air inlet 113 - 115 The air inlet
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Fig. 12 1s a close up exploded perspective of the recapping mechanism of the preferred embodiment;
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reduces the transi stor ing en5| i ncreasi ng pixel size
However , betqwléasaCdrmawwageldqdrpwavmpm ?fg»apehem% P erSa?éH%ﬁhw f?ndqcs;ﬂ"@ra@a%@rﬁqeﬁa\w t he
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being of a stepper motor type and include a cogged end portion 19, 20 for driving a series of gear wells. A first set of

gear wells is provided for controlling a paper cutter mechanism and a second set is provided for controlling print roll
movement.

Tuming next to Figs. 5 to 7, there is illustrated an ink supply mechanism 40 utilized in the camera system.
Fig. 5 illustrates a back exploded perspective view, Fig. 6 illustrates a back assembled view and Fig. 7 illustrates a
front assembled view. The ink supply mechanism 40 is based around an ink supply cartridge 42 which contains
printer ink and a print head mechanism for printing out pictures on demand. The ink supply cartridge 42 includes a
side alumnjum strip 43 which 1s provided as a shear strip to assist in cutting images from a paper roll.

A dial mechanism 44 is provided for indicating the number of “prints leff”. The dial mechanism 44 is snap
fitted through a corresponding mating portion 46 so as to be freely rotatable.

As shown in Fig. 6, the print head includes a flexible PCB strip 47 which interconnects with the print head
and provides for control of the print head The interconnection between the Flex PCB strip and an image sensor and

print head chip can be via Tape Automated Bonding (TAB) Strips 51, 58 A moulded aspherical lens and aperture
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matri x arfe set out .inf dobresf Y eluwagwb aliffeest. prBUBSEY/FAEE c@BbiiieTon(|Rul e 26)
(RO AU) | ACTUATOR MEGHANKSM ( APPLI ED ONLY TO SELECTED | NK DRQPS)

NozzleSelect[0-4] | Selects one of 32 banks of nozzles for simultaneous actuation 5

ParallelXferClock | Loads the parallel transfer register with the data from the shift registers 1
Total 20

The print head utilized 1s composed of eight identical segments, each 1.25 cm long. There is no connection
between the segments on the print head chip. Any connections required are made in the external TAB bonding film,
which is double sided. The division into eight identical segments is 1o simplify lithography using wafer steppers The
segment width of 1.25 cm fits easily into a stepper field. As the print head chip is long and narrow (10 ¢cm x 0 3 mm),
the stepper field contains a single segment of 32 print head chips. The stepper field is therefore 1.25 cm x 1.6 cm. An

average of four complete print heads are patterned in each wafer step.
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Tuming next to Fig. 22, the assembled unit 90 is then inserted into a front outer case 91 which inciudes

button 4 for activation of printouts

SUBSTITUTE SHEET (Rule 26) (ro/au)



O~0o~o~bnaacO0O0p a_ ac NOYS5 Permanent An el ectronagnet
directly attracts aLow power consunptionConplex fabricationlJ07, |J10magnet
el ectro-permanent magnet, displacing ink andMany ink types can be

usedPer maMEhYMEdneti ¢ materi al suchmagneti ccausi ng drop BFEAUPHISIRar e
eart hFast operationas Neodym um I ron Boronmagnets with a field strength
around 1Hi gh efficiency(NdFeB) requireéf. Tesla can be used. Exanpl es

ar e: Easy extﬁm&igmnwidmsinmgltremlgw i} podded gitr 1 apt-o backgover BdBeaaranciudane Gotsal t
(Saco) ol BAREI AO& ¢l o : b DAGEH ABCBRBR, a0 lREAL sl mqu!,pged%und

usedmat eri e neodym um i ron boronprint headsfor
el ect r otk gretshiERs anhe gﬁmerNdFéB and\ETSPPERIRES, 1P feer By S wamp strip 96 which can

resi sti Minphdid Buitedasetlceubliegsi@nt ed i nks are usual | y| nf ea5| bl eOperati ng
t enperature enper.a aro Sof t

imte np tre (
cor eA sol eno%"aseﬂ‘ﬁ&‘ ci}?jprgh'ffg‘]‘ﬂ%g e r%aid%lgr 1 20w p”c‘)ev\%? ca(r:n §ﬁ%ttqab’ﬂ%dtﬁﬁ)§ex
f abr i catnbtambuln@ imageb dn(dmnankd.] 08 willlbg edifret tiee the orefamggrebadasoffortharepmavaits for aoefleblor
yoke f ap%ﬁ%;s%ﬂ'\mxed' e rd 6502 | D8 iWaedMRlieLie eﬁmmsndqewaédl X Bl EaeM i n

alJ 12 oma ferrous material such asSF
operat i m@wes%fcweg@eﬁanagw Ak Frstridge @diigdo B seienty aptereRtc Bt fosyrss %@ﬁl by sanm Rt Hi gh
ef fi ci eaGyCaNIe@rint@fis plopér® oaerraaorraeqru&h@xed Hd]:r to &;afa))uyaﬁmd}iheﬁebﬁad dr&ys&mctaixé@&secal ly,

theEasy extension from sin currents reg

o | AP BRI eissy P are o et oot HRERLer TR Rk ARRELIY be
usedwhi edfilliag eatian pswglal syeuls @katheaip Hpdn doyiengigariannthe trgnamd Sénoesed ap rirgernal paper count and an
electro 0 t

Feat st GRFLRRLORRY ddfon MGk B QPR k20l SR bt Tt ok 26

r equi reéFHF@i??esaturatl on flux density isrequired (2.0-2.1 T is

achi evabl ew tRniGaNurther rEahJ)) MVRigH @t thdsel RMBled 0 k1R AZ thamec,ﬁoga&tamg cdlbe dhodifidd @ Rlid. oW
tlonFo cts as a. tw

power copsu

S T6Lor Gl Pot KB JFRG R E: PR HASHBET B it S SRRy PHETy SRl pe
usedTy pir@ktteym copsuimpr mefamens tvafousrdthet et ¢2h rez(éld bmmded)qbemtmeamsmbm@ o tingt h
pr ovVi de%rofggﬁ\%hjl n]TJ? Ie)?&mﬁit: laQs@ﬁa 5143&: ﬂ@ﬂﬂ\ﬁ%' lﬁle ohtﬁlt gantbQ pgﬁhﬂdg#ﬂ'o E'reﬁ’!aﬁpﬂ@%f"-the

useful directionsuppl d ext er nal to t print head asy extension
from si P& MipNg fer&aqn @@ﬂ@ﬁﬂ'@mﬁt@a i 1P ara@%afﬁrphlaék fiide oty %tséaw ough a suitable
per rranertbmzmagﬁngta«tgomgemndﬁdﬂmﬂﬁr chpdisa bt grovide® B a8Didhct ob@loUﬁEd!ackriﬁg\ﬂﬁtE s.

t heads f t t t
Phe. our FaiE ©oRrts FRGTH F “RoBe oAl S b R af ap el S ke,
t he pri muptteacdke psividpl thrbugh ngalid idress dmeppingewithanl the addreps engaemt Birth edgy fillerpcanh n
aoo0 bQ utohseaoa.s is 190&/19 inthe fiell tg '}n&e N’ stﬁg‘lo B@&Qee;kgch%& H ﬁ;léso ﬂ:‘i}ﬁr a&gxg%(ﬂfnguses

t he gi ant Many 1 nk types can be UsEdFor ce acts as a tw's

not i onFi bSEFre ﬁ’tﬁ’é’@?&gns Eﬁ‘BF"e Rlagpd Frouslan WHIP PR {1 additiapdo e P’@&‘fm’b?f ’?‘r%Yf"é fhpprty  For
suchFastexsnty, aédaingsyStimtra Abghesk pdligedS Rgter Aparbedificaiiat cah d2rasded @ra ®Rabute( an
al | oy of rblu Easy. ex S|onfroms are re U|re osi um.an
ron dovel bl Hhomlra L FRAeP) runBilh Bl Sl 3 LR U RACHERLERE PRANE

Or dnanc epoﬁ_tatbb rualvd)ng/poswge 9T éle vek oibar print rolh exefeks CHpterr clm sﬂm be atovided fghmmlohv@e

usedFe- Ngh)as f%egeéﬂrlsﬁltdj ét@' FubifeY, klegdbﬁwlogé?fegts()JaQ fe br&lcﬁ?{ %Ju@pid@xfeﬂ enla&nﬂs and
el ectrom grati onact uat or shoul d be pre-stressed tolifetinme and

resi sti vWihralp et o by/pgyidsd é""é‘%hr’é%@i"f‘@fF?ﬁfr""b‘ém?"éhiﬂ?‘? e‘ﬂ@h?‘?‘%@é"‘%% FP§?“I:5 YRk
under poO&Gintrasdn RHASFH TR ekfnpleaderisidedidaedto 0 OBMmpieD MeuREinsOddRAGE i@ Sther special
suppl emept ary force toSilverbrook, EP 0771 658 A2reductionnozzle by surface
tensi on.“'The surfaceSi npl e constructioneffect drop separationand rel ated
pat ent t ensi onlheppetatienalimpide pfhecampracerthbelpeorammedse Nes upovuike deriressinetof thi lakesriRete) & firstie s

speci al ke i !‘thnfpl@@ bAmt mpk&agaet aegnﬁwaém todHirfeehOIndxt CRLSE Rgd i GealnHprured
torequired . in bricationS limted by surfactantegress fromthe

nozzl e. HYH ‘%‘f“i‘% foe e 451b GEJF W‘é@tﬁ??’ '-‘e‘k%“é‘ﬁ%‘P‘&"r?df“f BEFeIRY r“éﬂéipff'ﬁéeq‘ﬂlﬁm"“‘s
pagew dt byforé leing headsovipaeo Sik paper el rmdq,Bn IgBtaSthen ctiv8ed| fara ateliggermieduide during Shithp| e
construc I 0S| | ver

A2r educt {h% ﬁggﬁgsg%f{: g\tﬁ(li Sé);:]ép rreo ns tne a'?ie qbggnt Eogé uttan is gv{g%%ed duruE ?Z }Z gdet@r%x%ed time
mat er i al ipefvil 2 fgher eppogf l@@pm avyyh aﬁw %mralc@m"}s@www% @bm royusy & thg cameesrhac an

be achi eyggt8aht dnbdrd dbuf BRE bedtali PENRE B Ul ERerSREGH Rlul dultKtime as the take button 1s again
vi scosityapplicationselectrothermally with nost inks, butEasy extension

from si nbﬂ“@{ff‘olﬁéﬂ‘st‘pés‘%‘é‘ﬁ‘ia'ﬂ’w?rW@gséé’kpeb"é“’é‘hgl neered for anorzles to

pagew dt hHi gh speed is difficult to achievel00: | viscosity reduction. print
headsRequi res oscillating ink pressure. A high tenperature
difference(typically 80 degrees) is requiredAcousti cCAn acoustic wave is
generated andCan operate w t hoSUBSTUGRPFECSHERT (Ralec?® ¢ROAAY 1993 Hadi ni ogl u et
al, EUPfocussed upon the drop ejection region.nozzle plateConpl ex

fabr| catl on550, 192Low eff| CI ency1993 EI rod et aI EUP 572, 220Poor control
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O Ther noel asti cAn actuator which relies uponLow power consunptionEfficient
aqueous operation requiresiJ03) 1J09, 1J 17, 1J I8bend actuatordifferential
t hermal expansi on uponMany i nk types can be useda thernal insulator on the
hot1J19, WEW0455321 1 J22Joul e heating is used. Sinpl e pl aRGF/AU98/00549
fabricationsidelJ23) 1J24, 1J27, 1J28Smal| chip area required forCorrosion
prevention can bel J29) 1J30, 1J31, 1J32€ach actuatordifficultl133, 1J34,
1335, | JBEFagtingerati onPi gmented inks nay be infeasible,1J37, 1138 ,1J39,
I 140Hi gh ef f i £iGRGY A5 B AP RimPR ikl ol sh%tewva BB bNGbpld R &mm@lk et

vol t agesbend actuatorand currentsStandard MS processescan e used

ext ensi oechpqiepies ©F Hepreffitss sTRodimens ‘Bélﬁ’éﬁﬂ"ﬂ’t“ﬁ‘t?f‘% ik jrederises 430 ogyRcheTyn, prvear éervrcw

W th a vgéypohie@hs maet ik ﬁrleﬁﬁltukue:glbn f mﬁsealalcarlawh@lalgataﬁr@bl&dl%&qulhtrn So BRE Gk s
mat eri al 120t her noel asti cof thermal expansion

( CTE) su%éigégﬁﬁ‘ﬁg“a‘%‘“‘é?‘pc?’afe‘éll’yoféi‘iss ’°"F“’?°e PSNBTFE) 1 321) 1322, 1323,

1J24act uat or pol ytetraf | uoroet hyl ene (PTFE) is used.dielectric
const ant Requi res a PTFE deposition process, 1J27, 1J28,1J29) 1J30As high CTE
materials are usually non-insulation in ULSIwhich is not yet standard
inlJ31 ) 1142, WU43) 1J44conductive, a heater fabricated fromaVery | ow
power ULSI fabsconductive material is incorporated. AconsunptionPTFE
deposition cannot be foll owed50 um | ong PTFE bend actuator w thMany ink
types can be usedwi th high tenperature (abovepolysilicon heater and IS nW
power Si npl e pl anar fabrication350 C) processingi nput can provide 180 1tN
force and 10 feSmall chip area required forPignented i nks may be

i nfeasi bl e)m defl ection. Actuator notions include: each actuatoras pignent
particles may jamthel ) BendFast operationbend actuator2) PushHi gh

ef ficiencyCMOS conpati bl e vol t ages3) Buckl eand currents4) Rotat eEasy
extensi on from singl enozzles to pagew dthprint heads w OO un .. b na C~o
ao 0 0 ~o ~ tn Cto Na O S ConductiveA polyner with a high coefficient
of Hi gh force can be generatedRequires special material sl J24pol ynert her ma
expansi on (such as PTFE) isVery | ow powerdevel opnent (Hi gh

CTEt her noel asti cdoped with conducti ng substances toconsunptionconductive
pol ymer)actuatorincrease its conductivity to about 3Many ink types can be
usedRequi res a PTFE deposition process,orders of nagnitude bel ow t hat

of Si npl e pl anar fabricationwhich is not yet standard incopper. The
conducting polynerSmall chip area required for' ULSI fabsexpands when

resi stively heated. each actuat or PTFE deposition cannot be foll owedExanpl es
of conducting dopants include: Fast operationwith high tenperature
(aboveH gh efficiency350 C) processingl) Carbon nanotubesCMOS conpati bl e
vol t agesEvaporati on and CVD deposition2) Metal fibersand currentstechni ques
cannot be used3) Conductive polyners such as dopedEasy extension from

si ngl ePi gnment ed i nks may be infeasibl e, pol yt hi ophenenozzl es to pagew dt has
pi gnent particles may jamthe4) Carbon granul esprint headsbend

act uat or Shape nenoryA shape nenory alloy such as TiN (alsol-ligh force is
avai |l abl eFatigue |limts maxi mum nunber of 1J26al |l oyknown as Nitinol - Nickel
Titanium al | oy(stresses of hundreds of cycl esdevel oped at the Naval
OrdnanceMPa) Low strain (1% is required toLaboratory) is thermally

swi tchedLarge strain is avail abl eextend fatigue resistancebetween its weak
martensitic state and its(nore than 3% Cycle rate limted by heat
renoval hi gh stiffness austenic state. The shapeH gh corrosion

resi stanceRequi res unusual materials (TiNi)of the actuator inits
martensitic state isSinple constructionThe | atent heat of

transformati ondeforned relative to the austenic shape. Easy extension from
si ngl emust be provi dedThe shape change causes ejection of anozzles to
pagew dt hHi gh current operationdrop.print headsRequires pre-stressing to
distort theLow voltage operationmartensitic statelLinear Magneti cLi near
magneti c actuators include theLinear Magnetic actuatorsRequires unusual

sem conduct or | J12Act uat or Li near | nduction Actuator (LIA), Linearcan be
constructed wthmaterials such as soft magneti cPer manent Magnet
Synchronoushi gh thrust, long travel,alloys (e.g. CoNNFe ( 1 ])Actuator
(LPMBA), Linear Reluctanceand high efficiencySone varieties al so

requi reSynchronous Actuator (LRSA)) Linearusing planarpermanent, magnetic
mat eri al sSw t ched Rel uctance Actuator (LSRA), sem conductorsuch as Neodym um
iron boronand the Linear SteppsusdACtwEE SHEET Haf)26f @Drawat i on

t echni ques(NdFeB) Long actuator travel isRequires conplex multi-phase
driveavail abl ecircuitryMedium force is avail abl eH gh current operationLow
vol t age operatlon w O ~a ~0 0 p. w.. ~nna.a mO 0 ~o BASI C OPERATI ON
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,drop velocUy is greater thanlJ37,

1338, 1339, 1J404.5 nislJ4l,

1342,

1343,

| J44Proximty The drops to be printed are sel ected byVery sinple print
headRequi res close proxinmty betweenSilverbrook) EP 0771 658 A2 andsone

manner (e.Yo
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fiel dA magnetic field is used to accel erate selected drops of magnetic ink
towards the print nmedium Low power Sinple print head constructi onRequires
magneti c i nk Requires strong magnetic fieldSilverbrook, EP 0771 658 A2 and
rel ated pHMOMNO4¥ppl i cati onsCross magneti cThe print head i BCPAHSEWS49n a
const ant Does not require nmagneti cRequires external nagnetl 106, |J

16fi el dmagnetic field. The Lorenz forc&-in amaterials to be integrated

I nCurr W25@zénﬂ ftseﬁlanf%y fA:f‘l'mQél&é&fx&n%hoﬁ%dr%'pﬂgusvmﬁ(ﬁ s tUsed 10 1ove

thet he T }ﬂt LAY |ur | abl. ul | L esSt

el ect r qiizdtar i orlAEt A or a3 pci‘ﬁ’ﬂ‘?“ Yo ﬁﬁpegﬂusrfﬂﬁﬁetl cA pul sed magnetic
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A@tuato§§5§§% actgn@dvantagesl:)lsadvantagesExarrpIesarrpl|f|cat|onl\lonel\lo
actuato nplification |sterat|onaI si nplicityMany actuat or
mechani ss  hEweerh g niagserBuphlicasion miey atilips eadvanged esemcendictoo rfabdicatierc techypiqdesi vethe
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processforce to ef |C|enté rive the 25, 1126ej ection

pr ocess BPITRIER By Tiop A 3R] ‘%(tt?f‘s ‘ﬁ“ﬁfperf‘tfdaﬂe’ee’%g' Eée"i‘?ffr e onProvides greater
travel in aH gh stresses are invol vedPi ezoel ectri cexpansi on bendone side
than on the other. Thereduced print head areaCare nust be taken that the
mat eri al sl 103) 1J09, 1117-1124act uatorexpansi on nmay be ther nal

pi ezoel ectric, The bend actuator converts ado not del am naté€l 127, 1129-1139,
| 142, magnetostrictive) or other nmechanismhigh force | ow trave

act uat or Resi dual bend resulting from highl 143, 1J44mechanismto high

travel ,tenperature or high stress duringl ower force

mechani sm formati onTransi ent bendA trilayer bend actuator where the twoVery
good tenperature stabilityH gh stresses are invol vedl 140,

| 141act uatorout side |l ayers are identical. This cancel sH gh speed, as a new
drop can beCare nust be taken that the material shend due to anbi ent
tenperature andfired before heat dissipatesdo not del am nateresi dual
stress. The actuator onlyCancels residual stress ofresponds to transient
heati ng of one sidefornmationor the other.Actuator stackA series of thin
actuators are stacked. | ncreased travellncreased fabrication conpl exitySone
pi ezoel ectric inl:This can be appropriate where actuatorsReduced drive

vol t agel ncreased possibility of short circuitsjetsrequire high electric
field strength) suchdue to pinhol esl 104as el ectrostatic and

pi ezoel ectricactuators. Multiple actuatorsMultiple snaller actuators are
usedl ncreases the force avail abl eActuator forces may not add linearly, 1112,
113, 1118, 1120sinultaneously to nove the ink. Eachfrom an

actuat orreduci ng efficiencyl122) 1128, 1142, |143actuator need provide only
a portion of Multiple actuators can bethe force required. positioned to
control ink flowaccuratelyLinear SpringA linear spring is used to transform
aMatches tow travel actuator withRequires print head area for thel 115notion
with small travel and high forcehigher travel requirenmentsspringinto a

| onger travel, | ower force notion. Non-contact method of
notiontransformation OO0 ... bna C~0 00 0 0 un MCN ;~1 OYs
Reverse springThe actuator | oads a spring. Wen theBetter coupling to the

i nkFabri cation conplexitylJOS, 1JI lactuator is funmed off, the spring

rel eases. Hgh stress in the springThis can reverse the force/distance
curveof the actuator to make it conpatiblewth the force/tine requirenents
of thedrop ejection.Coiled actuatorA bend actuator is coiled to
provi del ncreases travel Generally restricted to planarl1J17, 1J21, 1134,

| J35greater travel in a reduced chip area. Reduces chip areai npl enentations
due to extrenePl anar inplenentations arefabrication difficulty in
otherrelatively easy to fabricate.orientations. Flexure bendA bend actuat or
has a small| region nearSi npl e neans of increasingCare nust be taken not to
exceed thel J10, 1119, [J33actuatorthe fixture point, which flexes
muchtravel of a bend actuatorelastic limt in the flexure areanore readily
than the remai nder of theStressBIIBITE SHEETRuld ) RerAU)unevenact uat or. The
actuator flexing isDifficult to accurately nodel wtheffectively converted
froman evenfinite el ement analysiscoiling to an angular bend, resulting
|ngreater travel of the actuator tip. CearsGEars can be used to i ncrease
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act uat or smechani sns4, 584, 590Radi al The act uator squeezes an ink
Rel atively easy to fabricatehigh force requiredl1970 Zoltan
USPconstrlctlonforC|ng I nk fron1a constrlcted nozzle 5|ngle nozzles from
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tn ¢ N O Acoustic vibrationThe actuator vibrates at a high~e actuator can
be physicallylLarge area required for efficientl1993 Hadi m oglu

et frequen distant fromthe inkoperation at useful frequenciesal, ELIP
S50, 192Ac8€l%?"1%‘ S8oupl i ng and crosstal k1993 Elrod et al, ERUAIHM4Uri ve
circuitry572, 220Poor control of drop vol une andp05|t|oanbneIn various ink
j et designs the actuatorNo noving parts%hrious ot her tradeoffs are required

t0|Si ! ver PEOOK, BRIGLE1d98 Meh6d of MK Fackld bl WHafe CTNET Whp R (B 0 e d
R/ET% jji;%ﬁgbt a b’ I{F :Z‘{gt ' “}\' RA' the f’o;}/[égufacture of anoﬁmage Creation Apparatus (IJM42) EFLLL

refil | DdBR¥PDt i ofrAdniint ctgéfblbpéﬁddﬁamcmExlanpl@@mmdmmm@ t ensijonAft er
the act yapsgs i S |e0@rgi 268 Methbd e MahiahukWt abhddRl dr cr&tlsry;LﬁwazﬁﬂﬁﬁflJ)her mal

i nkjett T H-e+tySur f ace
tenjsi on H;)g'ﬂ Ty BI "_J‘énl'USHbl éﬂé‘hod éfl\)fapuflcmrei of gn ha% é?ap?n parﬂ.ﬁ (QM hid raturn

sucks in airsmall conpared to act uat or | JOL- IJO? [ J10-1J14t hr ough the
nozzl e openi ng. The inkforcell16, 1J20, | J22-1J45sur face tension at the
nozzl e then exertsLong refill time usuallya small force restoring the

meni scus to adom nates the total m nimum area.repetition rateShutteredlink to
the noul e chanber is provided atH gh speedRequires conmon i nk pressurel J08)
1J 13, 1J 1 5 1J 1 7oscillating inka pressure that oscillates at tw ce

t heLow actuat or energy, as theoscillator1J18, 1J19, 1J21pressuredrop

ej ection frequency. Wien a drop isactuator need only open orMay not be
suitable forto be ejected) the shutter is opened for 3close the shutter,

i nst ead of pi gnmented i nkshalf cycles: drop ejection, actuatorejecting the
ink dropreturn, and refill.Refill actuatorAfter the main actuator has

ej ected aH gh speed, as the nozzle isRequires two i ndependent|J09drop a
second (refill) actuator isactively refilledactuators per nozzl eenergi zed.
The refill actuator pushes inkinto the noule chanber. The refill actuator
returns slowy, to prevent itsreturn fromenptying the chanber
agai n. Positive inkThe ink is held a slight positive pressure. H gh refil
rate, therefore a highSurface spill nust be preventedSilverbrook, EP 0771
6S8 A2pressureAfter the ink drop is ejected, the nozzledrop repetition rate
i sHi ghly hydrophobic print headand rel ated patentchanber fills quickly as
surface tensionpossi bl esurfaces are requiredapplicationsand ink pressure
both operate to refill theAlternative for.noule. 1JOL-1J07, 1JIO1J141J 16,
1320, 1J22-1J45 cn 0 O~o 0 adnaoO0o MVETHQD OF RESTRICTING BACK- FLOW
THROUGH INLET mis N,. Oa 5 Inlet

back- romEEscrlpt|onAdvantagesExsadvantagesExaanesrestrlctlon met hodLong
i nl et channel The ink inlet channel to the nozzl eDesign sinplicityRestricts
refill rateThern~al inkjetchanber is nade |ong and rel ativel yQperati onal
sinplicityMay result in a relatively large chipPiezoel ectric inkjetnarrow,
relying on viscous drag toReduces crosstal kareal J42, 1J43reduce inlet
back-flow. Only partially effectivePositive inkThe ink is under a positive
pressure) soDrop selection and separati onRequires a nethod (such as a
nozzl eSi | ver brook, EP 0771 658pressurethat in the qui escent state sone of
t he inkforces can be reducedri mor effective hydrophobi zing, A2 and rel ated
patentdrop already protrudes fromthe nozzle.Fast refill timor both) to
prevent flooding ofapplications This reduces the pressure in the nozzl ethe
ej ection surface of the printPossible operation of the chanber which is
required to eject ahead.follow ng:certain volunme of ink. The reduction
inl101-1J07, 1J09- I112chanber pressure results in a reduction 1114, 1J16,
1 J20,1)22,in ink pushed out through the inlet.|J23-1J34, .

| J36-1J411 J44Baffl eOne or nore baffles are placed in the~e refill rate is
not as restrictedDesi gn conplexityHP Thermal Ink Jetinlet ink flow Wen
the actuator isas the long inlet nethod. May increase fabrication

conpl exi tyTektroni x pi ezoel ectricenergi zed, the rapid i nk novenment Reduces
crosstal k(e,g. Tektronix hot nmeltink jetcreates eddies which restrict the
fl owPi ezoel ectric print heads).through the inlet. The slower refill process
is unrestricted) and does notresult in eddies.Flexible flapln this nethod
recently disclosed bySignificantly reduces back-fl owNot applicable to nost
i nkj et Canonrestricts inletCanon, the expandi ng actuator (bubble)for
edge-shooter thermal inkconfigurationspushes on a flexible flap that
restricts thejet devicesl ncr eSuBsITTalE SHERTI (Rile BO(RIVAX t yi nl et . I nel astic
deformati on of polyner flapresults in creep over extended uset O~a 0 ww
Vv




bnHacaOA ... mENOalnlet filterAfilter is |ocated between the
ink inletAdditional advantage of inkRestricts refill ratelJO04, 1312, 1J24)

| J27and the nozzl e chanber. The filter has afiltrationMay result in conplex
const ruct i BA%A4551| 330nul titude of small holes or slots, | nkctitssmsary be
fabricated withrestricting ink flow The filter alsono addi ti onal process
stepsrenoves particles which may bl ock #frenozzl e. Small inletThe ink inlet
channel FwidtSMpphhozzl eDesign sinplicityRestricts refill ratelJ02, 1J37,

| J44conpar ed F&ﬁé?&!@ﬁ&ﬁ@:ﬁbﬁﬁh!%& @ﬂtﬁé A Ly de%{'pgj yﬁ{]m bl xﬁj W) hegdeBHljvgry isy@terﬁs
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ef f ect i veetificadhs, thhensqldslrecsfwhmlh £t hesebylintosgoles BCRRIGREMncact uat or control s

t hel ncr gases—speed—e H-—-et-Regqui-~es—separate refill_actuator

and| JOonsN‘f‘Eﬁ‘Ia'bf F'§Pﬂ1’?’t‘%r, cl osi ng of f the “Tiflkpri nt head operat ilondri ve
ci rcui ti|nl & tithe mai n actuator isenergized. The.inlet isThe nethod
avoi ds t o) Ir(:\m of inlethack-flow problemis elimn.natedRequiresj{careful
desi gn tBO‘iﬁOhl ni zel[1BM-91 J03Supaly B%thed 3@ Bbmeas ¢d) behi nd t heback-T1 oW by

arrangi ngogohe I nk- pu§m ot hepsdg@g%ghy@m%gpggg,gﬁquem na—thet o2 —+1i9, 1J11,

| J14i nk- S TTgs T f t actua | 1J22,
1323, 1J ZHTE R §'7nn “"iei%Mc"B"Fé"‘%-’) 1132, 11331334, 1335, 1J36,
| 3391 J40MEMB keghaplogysf t heThe achiator and a wall of the inkSignificant

reducti ons i nFuaae kheSaaerk appl’i@l’ @a&@ uliliZe E@Wcé&s&hxk&ﬁleép@cmklg&g’mecﬁ ﬂxga@echmqu s in
d so that the notionfl ow can be

| J38act u nyves chanb are.

achi evedgilé %nf' exi “Fg{g? or° t"f‘{éet P Stasf‘%?ﬁ@ IR TR ehanicel geshriaugtare deggrbed in the
inlet. Cof?ﬁ%w{!g ftiletﬁlg*wso\fp@@évatﬁh@mrﬂ@h@savcctmmﬁdhémby&mmaemt| gurations of ink
jet, thgre btemtsiNore—+etated—t-o—-hk—back-flow,
onsSi | ver|b A"S‘Eah:a P07 :l""ﬁ?gtcioedr not result inno B%pansion or novenent of
anel im natq\q. QL tii onA2 and re¢l ated patentink back-fl owactuator whijch may
cause i rik han wanpl iga%irnﬁcf hrough the inlet Valve jetTone jetlfJ08, 1J
13, 1J i[P874 ) 17|35-If§?7 1J 19|Afeyms MENMBM .n ~o O UUrr b Y C ~o0 0 0 0
NOZZLE (e@s9 NG VETHODI7~  tti m&chh&M@z)Y Nozzl e
Clearin T PLT gnd Tagest )smnm—ewﬁ—hﬁd-Neﬂaﬁ-l-—ﬁehleAll of
the noss ;‘?@frﬂ IS [ NS T A S N P ol
suf fi ci dBPRPE gy st HERbst niA fevice MEMSORE i 1 | ngbef ore the ink has|a chance
to dry. {YBdrint heldthied i nkbd@deMEM®E) | 109-1J12n0t in use the nozzI es

are seal edgoﬁcappe j;]ll A, 17 rﬁdevaeé %Mgog)dzagal nSt—ai T 1T 123=—1+4134;
| 136- | 1433455, oz l]—,'s Ju!l 1% R s éjauau ‘*“"Ot"j. oF-AeaetH-Rg a-s-pe@a-l-cLeari ng

cycle, a firstifoving the g {HI a cleaningstation. Extra pover
toln sysPRM4S whi ch!hhe7 t he i iievisatMEMSOADE Can be hi ghly ef fectivelif

t heRequi |pe®4hi gher 15ni-ye vol tcu,geevfc@(@mng brook) EP 0771 653f nkfeat er boi |
it under | ] ] .. S, TQ ] —S—a6j aeent—to—thec! DD“LWAZ and
rel at ed Qﬁ%&?plniﬁyﬁﬁbP Aévcem@ﬂﬁlo)nupr nozzl eMay require |4rger
drive trlB2%0%t or s4 P4t i onspbRevidentd MefkodfdBYSY) and boi | i ng | nk att he
nozz| e. RARISTS succdssbarfhe actua&mk(Mthuﬁed In rapld successron. Dges not
require ariv TTven —atyvey—be—used—wi t h: of
act uat or g?f_?fcsl A %Et)\gé:%gch : ﬁﬁe‘h}&aﬁl‘dH%?\O%WEMgféiQIIQPCI rcuits on the prl nt
headupon t he configuration of t hel 101-1107, 1 109- |11lheat build- up at the
nozzl e which boilsCan be readily control | ed andi nkj et nozzlelJ 14, 1J 16,
1J20, 1122the ink, clearing the nozzle. In otherinitiated by digital

| ogi cl 123-1125, 1127-1134situations, it may cause

sufficient1J36-1145vi brations to dislodge clogged nozzl es. Extra power
toWhere an actuator is not nornmally drivenA sinple solution whereNot
suitable where there is a hardvay be used with:ink pushingto the imt of
its notion, nozzle clearingapplicablelimt to actuator novenent1J03, [109,
116, |120actuatormay be assisted by providing anl 123, 1J24, 1125,

| J27enhanced drive signal to the actuator.1129, 1130, 113 t, 1J321139,

1 140, 1J41, 11421143, 1144, 1145 O.0 ~o O pwonaO®O0 tn GN.. O9
-~C-~ AcousticAn ultrasonic wave is applied to the inkA high nozzle
clearing capabilityH gh i npl enentation cost if systenm 108) 1J13, 1J15)

| J17r esonancechanber. This wave is of an appropriatecan be achi eveddoes not
al ready include anl 118, 1J 19, 1J2lanplitude and frequency to causeMay be
inplenented at very towacoustic actuatorsufficient force at the nozzle to
clearcost in systens which a$WE§ﬂmUﬂa3HEEgG&m0Ihngnm§ easi est to achi eve

i finclude acoustic actuatorsthe ultrasonic wave is at a resonantfrequency
of the ink cavity.Nozzle clearingA mcrofabricated plate is pushed
agalnstcan cl ear severely cIoggedAccurate mechani cal allgnnent
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set out in the table below.

The inkjet designs shown here are suitable for a wide range of digital printing systems, from battery powered
one-time use digttal cameras, through to desktop and network printers, and through to commercial printing systems

For ease of manufacture using standard process equipment, the print head is designed to be a monolithic 0.5
micron CMOS chip with MEMS post processing. For color photographic applications, the print head is 100 mm long,
with a width which depends upon the inkjet type. The smallest print head designed is 1J38, which is 0.35 mm wide,
giving a chip area of 35 square mm. The print heads each contain 19,200 nozzles plus data and control circuitry.

Ink is supplied to the back of the print head by injection molded plastic ink channels. The molding requires
50 micron features, which can be created using a lithographically micromachined insert in a standard injection
molding tool. Ink flows through holes etched through the wafer to the nozzle chambers fabricated on the front surface
of the wafer. The print head is connected to the camera circuitry by tape automated bonding

Cross-Referenced Applications

The following table is a guide to recently filed cross-referenced United States patent applications filed

concurrentiy herewith and discussed hereinafter with the reference being utilized in subsequent tables when referring
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'EEGVG | ;IJ{;!'B:J_SL 1J08 Planar Swing Grill Electromagnetic Ink Jet Printer

1J09US 1J0% Pump Action Refil] Ink Jet Printer

J10US 1J10 Pulsed Magnetic Field Ink Jet Printer

U1us Lt Two Plate Reverse Firing Electromagnetic Ink Jet Printer

J12US 12 Linear Stepper Actuator Ink Jet Printer

J13US 113 Gear Driven Shutter Ink Jet Printer

1114US 1114 Tapered Magnetic Pole Electromagnetic Ink Jet Printer

J15Us 115 Linear Spring Electromagnetic Grill Ink Jet Printer

1J16US 16 Lorenz Diaphragm Electromagnetic Ink Jet Printer

1708 U7 PTFE Surface Shooting Shuttered Oscillating Pressure Ink Jet Printer

1J18US 113 Buckle Grip Oscillating Pressure Ink Jet Printer

[J19uUs 119 Shutter Based Ink Jet Printer

[J20US 1320 Curling Calyx Thermoelastic Ink Jet Printer

L21US 121 Thermal Actuated Ink Jet Printer

1J22U8 122 Iris Motion Ink Jet Printer

1J23US 1J23 Direct Firing Thermal Bend Actuator Ink Jet Printer

1124US 1324 Conductive PTFE Ben Activator Vented Ink Jet Printer

1J25US 125 Magnetostrictive Ink Jet Printer

[J26US 1J26 Shape Memory Alloy Ink Jet Printer

127US 1127 Buckie Plate Ink Jet Printer

1J28US 1J28 Thermal Elastic Rotary Impeller Ink Jet Printer

1J29US 1J29 Thermoelastic Bend Actuator Ink Jet Printer

t30US 1J30 Thermoelastic Bend Actuator Using PTFE and Corrugated Copper Ink Jet Printer

H31US 1131 Bend Actuator Direct Ink Supply [nk et Printer

1J32U8 1132 A High Young's Modulus Thermoelastic Ink Jet Printer

1J33US 1J33 Thermally actuated siotted chamber wall ink Jet printer

1J34US 1134 Ink Jet Printer having a thermal actuator comprising an extermnal coiled spring
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gi il? @ }JFMC eH=m A single bend acwator cupped paddle ink jet printing device

JaouUs 1J40 A thermally actuated ink jet printer having a series of thermal actuator units
1J41US 1141 A thermally actuated ink jet printer including a tapered heater element
1J42U8 1342 Radial Back-Curling Thermoelastic Ink Jet

1J43US 1J43 Inverted Radial Back-Curling Thermoelastic Ink Jet

1J44US 1J44 Surface bend actuator vented ink supply mk jet printer

[J45US 1145 Coil Acutuated Magnetic Plate Ink Jet Printer

Tables of Drop-an-Demand Inkjets

Eleven mportant characteristics of the fundamental operation of individual inkjet nozzles have been
identified. These characteristics are largely orthogonal, and so can be elucidated as an eleven dimensional matrix.
Most of the eleven axes of this matrix include entries developed by the present assignee.

The following tables form the axes of an eleven dimensional table of inkjet types.

Actuator mechanism (18 types)

Basic operation mode (7 types)

Auxiliary mechanism (8 types)

Actuator amplification or modification method (17 types)

Actuator motion (19 types)

Nozzle refill method (4 types)

Method of restricting back-flow through inlet (10 types)

Nozzie élearing method (9 types)

Nozzle plate construction (9 types)

Drop ejection direction (5 types)

Ink type (7 types)

The complete eleven dimensional table represented by these axes contains 369 billion possible
configurations of inkjet nozzle. While not all of the possibie combinations resuit in a viable inkjet technology, many
million configurations are viable. It 15 clearly impractical to elucidate all of the possible configurations. Instead,
certain inkjet types have been investigated in detail. These are designated 1J01 to 1J45 above.

Other inkjet configurations can readily be derived from these 45 examples by substituting alternative
configurations along one or more of the 11 axes. Most of the 1J01 to 1J45 examples can be made mto inkjet print
heads with characteristics superior to any currently available inkjet technology.

Where there are prior art examples known to the inventor, one or more of these examples are listed in the

examples column of the tables below. The 1301 to 1J45 seres are also listed i the examples column in some cases, a
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operation:

Description
The drops to be printed are selected by oV

some manner (e.g. thermally induccg S
pressurized ink). Selected drops ar
by contact with the print medium or a
The drops to be printed are selected by
some manner (e.g. thermally induced } —

transfer roller.

surface
surface

BASIC OPERATION MODE

Operational mode
Actuator directly | This

Electrostatic pull

pushes ink
Proximity
on ink
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characteristics
A microemulsion is a stable, self forming

(especially no wicking or cockle). Oil
emulsion of oil, water, and surfactant.
The characteristic drop size is less than
100 nm, and is determined by the
preferred curvature of the surfactant.

offset printing. They have advantages in
soluble dies and pigments are required.

Oil based inks are extensively used in
improved

Microemulsion

Oil
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The claims defining the invention are as follows:
L. A recyclable, one-time use, print on demand, digital camera comprising:
a chassis comprising:-

an image sensor device for sensing an image;

a processing means for processing said sensed image;

a pagewidth print head for printing said sensed image;

an ink supply means for supplying ink to the print head;

a supply of print media on to which said sensed image is printed; and

a casing surrounding and encasing said chassis so that the ink supply means
is unable to be accessed without destruction of the casing.

2. The camera of claim 1 in which the casing comprises two shells, the shells being
bonded together during one of a manufacturing process and a recycling procéss.

3. The camera of claim 1 in which the casing is of a recyclable material.

4. The camera of claim 1 in the ink supply means comprises an ink supply cartridge
which defines a plurality of ink supply channels, each of which is in communication with
the print head and each channel containing a different color ink, in use, for enabling full
color printing to be effected.

5. The camera of claim 4 in which the ink supply cartridge includes an inlet opening
in communication with each channel via which said channel is refilled during recycling
of the camera.

6. The camera of claim 4 in which each channel has a vent associated therewith, the
vent being open during a refilling operation of the channel to allow egress of air from the
channel and the vent being sealed after the refilling operation.

7. The area of claim 6 in which the seal is a replaceable seal to be removed during

the refilling operation and replaced by a new seal after completion of the refilling
operation.



