;e3e7al $7M #6($T| $n ARRANGEMENT OF INK I N A LOW COST CAMERA SYSTEM Fi el d
of the I nvention The tion relates to an image processing

met hod and appar at us qm mmwn|mmcul ar, discloses a Digital Instant Canera
with | neye 9H0é¥8ssi ng The resent i nvention fuPEHADIS/@ISét es to
the field of digital carrera echnol ogy; _and particularly, discloses a
digital canera haV| ng, an |nteral color printer. Backround of the

| nvention Traditi ofARRANGEMENTQIUNKINALONCOSHEAMERA SYS relied upon the
provi ﬂdlil’bf@rfelrﬁfhu@ptl cal processi ng system whi ch reI ies on a negative of an
| rage WY Ol e BRSLESLELA0L S AR ORA0RLAS Eol LR Sl hagaent Y
pri nt Pigiel htanpFagdacdtt Indge BcessingiCoptbidiey- t he ori ginal image. Such an inmage

processi ng ﬂre&b@allmy&m Rl RUEH ol e RRABE agep&ﬁe,a estinBiBglahd parﬁﬁmlpelsusgew y
conpl ex, expensi ve and difficult technol ogies are involved in full color

proces’sﬁ“ﬂéa“@)ef“ aypgAndnteerl QU PTIYIEr. g it al cameras have becone avail abl e
These Backypuaiof mefnvedtiby rely upon the utilization of a charged coupl ed
devi ce ( r I l,y_includes

st or age me IadEt na?ga';lﬁg tc??rg)?) )t’ﬂag% ﬁnarﬂ/ é'rrzg%%léeggpogr él'gé gg{s?rh &% rTr?cal%rocetssmg Sys et
connecithish refigryon g fegative ahafimgee cvyfuclil iRgissted anto PEYpRORsiting filgpexhick & sehsequantipsequent
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t hat alllmae%lglust be store a and printed | at er
t

st age CBH RS O i G PR A oS P e A oy BEPED { f
st or i regpendivermud diffipllgechmingies araingqlved dhckull ¢odm adobegsingtohigages.eRecartily,tdipdal caumseas davaust
have agGasSvalifbid xﬁégpaﬁgragr&mﬁ@ PERMIEH vt AOR SrQnat 1 pzr@&@%'cegwgfsens&e

i mages and printin a conputer printer or
Pol ar gigfquar image, cThe ﬁ%‘t%i‘ri‘?“’&’&h*é?‘%‘?s fhoaees ms@éﬁ’r e HpPesiSf e Ferd Seveineddion i ch
al | ow cofifectbriier tiRMm@nbte bf iiigeOb abcb]ﬁiuﬁfﬂevrbdfmgﬁsseqlﬂ&miﬁ@ﬂatloﬁ zh)l:lsjrlﬁtl‘yi@@.ltOf canera

has limte ul’g c!el | tymepgr{gghlﬁll{rp vemen nthéml Lmagers) mu%ge st réﬁ%g %caant?eﬁa anggr}/nteg outTaJ
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phot ogeaphtsr srﬁge d@e@dthtf craoxmatnhése/etsgfmt tdrage awlass fomeemorms plmepltiplevinagessindin d

ot her JqFRERIY APL 32 tid ©dheFuSRust Havedcdebs t@@suge@eﬁt%&k,ﬁter Ystlif forll BovknRadihl Jr B! Y
deal with aydi o and ot her environnental information when taking a picture.
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specially p ar.ed There is ener, far bein ble to
produce hi gYE{E‘?' U3iRg Cfef”yesg‘fde?t@b‘?@%erf?‘ifmle ﬁ‘ﬁg&?t ﬁLﬁ‘g ﬂlatoe{’ﬁﬁblfﬁ gﬁﬁi’ il ar for
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pre-paj 0%131 eo%-tu leﬂirgagnegll c%orc (gldarge S bcgi.eentlg'rlul ?wrthREe images rmall on ng.s ec1 nor e
and nofe popular | et of ograp IC repro ucdt ?écehﬁﬁ €s' to
pr oducesedatsa gesgesand Ionger panoramc views of a inmage. These inmages can be
produced o nmm; p@ﬁ@@ e P ea@grabraro produmlgﬂ%%ﬁs@;leof’gﬁé bORRAR andin

especi al | t he refurbi shnent is done nterfeiter wishing to
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where the Ciﬁﬂzﬁé}rﬁ%ou‘(& telhigh g@&irv&%nm HPa &H&a ﬁfgﬂrﬂ ?é ;gr&ﬁnl':zhfn?ystc&%s RieQduehd on
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qual I ty assgr gll(,%]lcy’ become more angmore popuqar%respectc% plP togra 1c reprochtlon tecgmques to

produce longer and longer panoramic” views of a image. These images can be produced on photographic paper or
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In the field of photography) three inportant effects are of great
rel evance. The first is the distinction between col our and bl ack and white.
A significant portion of photography now utilises colour, however a

non-i nsi gWa 9%Medl porti on of photography still is steepedPCWAtUIﬂ&m(fSn!el d of
bl ack and white photography Additionally, sepia tones have been generally
utilised in traditional camera photography and are still highly popular for

t he prodspetialigrvhet the rdidbithimen &l dofea ki cmgnedataewmrrghob@gwfatph@rﬁm@ectbeaakg loye ofititeh
weddi ng .phot s hen to
readily 8r \7‘|gdeﬁ;?¥h'5r ?c{ah‘se?ma tﬁo\é}%g et weg bg%ﬁﬁ‘g@ﬁﬁﬁ gp'ht?rfo grroge{}rgltt tyghees of
out put s Cs'tferhebe!Paddy biyeertheomaguipcad far the groflycilagef eﬁtyanotferwheowtfefee thepgh touaY pejt

f or mat S.pe Fdbdab@dctiret  fadiS  desi raEI e to provi dedas versa’ltol le a olnle ri marrbuse f
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different spdctldi %ﬁvreﬁarﬁett%& 9 YT P S “Ef’e’ﬁ‘ﬁ'r‘[@ ProgiT B R A Eh }Sj‘,“‘tf?f these
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cOMPexi'ty, a8 RERR) B dPafch b Al 2Ll A0 RBNE T S LELIEN 3 ot 1
conpl exi dipuraasd plesksnd it fy Slatjﬁﬁatt |pem°ft<z§ PRAtaatPlEYi nay ufilses celofri kawevst a aquansignifiesn!
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substanti al cost desirable to
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nunber  oOlbokirtgeartpredhbtbgrapasisecitlly with weddiag alfors erviritke. dneehidaherdimg@riesirible t be aneud d
be furth t t t f. the
sub corp Suup A BIRE BB e Ao e S A BE EOPISERIAN 4B o
a caner aansyéfb@edtffeﬁa\numg‘f%ﬂa‘ef f ective color cor rectl on or ganut remapping

capabi | i ti es. pbd Qnd atnratnetowoway@ herems ¥ S luss ctntekaeysyemta@ pdEbIYso Rt ICQRShaeCt ed
at a substantial cos be desirabl e to provide for a nore

i nexpens??PBS‘Q“B"}”H‘BTE’”%%’?%{W{ Sa?ﬁﬂ%?déﬁ%‘?s’ts‘é?hy\ﬂ}l’ﬁeﬁ‘h" mai ntai ns a substanti al
nunber of t heUgeahdidy oresiiposhise @iners, h:es defiablewprlidon dob adegresng @neindal coplenyud d
be furth t he
sub comp ﬁSétﬂg %&#tggggﬁﬁn@%ﬁg& Wart r!:%‘? %E fIB tit% ‘?;Eefct f% e\é&sabn$ ﬁg I‘Er{(sl’é‘ﬂxﬁcag #9%\%% bl
parts w tdqi Wﬂ%%a‘@@v&@y@k@rﬁﬁd'@%‘ tq/midﬂlglffeefﬁﬂ?“t ¢pamptiondvant ageous to provi de

fF or th he eff eCUhﬂs{rﬁmété])t QUK OHREE s IR t©bnlyt R QorStlRieL R maeﬂan Soletftd RAwS RS rsyess em
urt her

oposed_uti|.ising such a nmechani
di spos abP'@‘”H“a’f‘iﬂh’é?' ‘“8 FEPa °§S‘/§’{‘Eﬁ‘[“ SrYP™ é‘%'@@t&? ébs%‘aldt‘ﬁ% tﬂ‘f Yritan
extrenel yspeasexpesigemetidalamngémane- cappi ng mechani sm t hat can be utilised i n
AN A nSPenst Vi ool B RhaCLRBORERL & FAUPLP e el RELHLF PG IGRIEARIE, | O
provide for a sinplified dut 5 prcture countin |sposa
camera syxtegadysitnf ort unately, such a system is likely to onI y be
constructed at vaug Wbsdvaidgtaal wGside 27d chrherdV@thdl hivihg AR Stfdedld| cBlort RrridtieVdr G@midt OF
a nore inexpensi ve. formof instant camera system which nmaintains a
subst ant FEPPHMGIRARISE t he quality SUBSTI TUTE SHEET (Rule 20 (RO ALL) WO
991 04551 3 as peltawy, stche sysikmisriikelt to oriptk canstaed epuittantiglepsiend yt wofld bewesirable to
I nventio roegf]oé y%?t{e(?rgé)%l%wl: Tfo f ?%Panpgl'ng\rggys@& %Dﬁm%&ﬁ@%b&a%ﬁﬂﬁb&% Phg quahty
provi de or t ficrent an ctive one tune use di sposabl e camer
syst em | AsPERC PERprEBeniRrehaateeBdpect of the present invention, there Is

provi ded a hamdhﬁidctecﬁmnaram&ygstuem &@'H@%r&heﬂﬁeoﬂv&n%x@onﬁé’w&%f&e s toiPdfents of a
cartrldge unit incl tjdl n% an é fﬁgdp %I Rl untt, the ink

cartri dg& Tt P BLA " BpaRTEg rRe Ve §§a§?¥ "ét °81“f’a8’ft°'?)r| nt media
rotatably rmurhtt\exdldtbetﬁuwend\emdzemmt provids fafihet difectiehiassongsetidnivd thp stndombarerds afni t
bei ng adaphed g, prtnt on the print nedia; a platten unit including mounted
bel ow the print head unit; inmage sensor and control circuitr

i nt er connect ed RS esiEis pPROFAd URliSIE sugh? fe-campie AdRpRiIEdn £ §isnoeAls dang l%/fldl CATRgjRSYRIE, it
printing Jay bé Hb@lraBlE Im;tro»mead ahl BltrernelRinexpehsiOd fofRsA rb Chppif m&R@lsiA Hal@n bdr@ilicdasHi S,
ink cartr.idge .u fgl rlarr]11tr nmedi a, the platten unit and the CrCUtCy

Pr ef er abl §¥PTHE %"é’r?ers osalt55% @F™f urt her conprises a cutting unit adapted to
traverse the prwautd beéathan dspabieso providsdgarsatpifiet iem pf Jumatedplénae tonttog siepispatbe

i mges. ThgeLULEhNg unit can be nounted on the platten unit and the platten
unit can further include a print head recapping unit for capping the print
head when not YnfPriywasly. sppie l@éfﬁet‘é‘elsif’sct‘b‘ﬁf EORTTUFErot hwbsiapiishqoptiaadgt wouldde esigablsfo

pi nch r ol gr&lide férQrmosteidpdnieFornl e intrit REmermBGlitat wilidh NGk d b udvintidoeRoff it dull@r
aspect of the present invention, there is provided in a canera system
conprising an i nmage sensor devisgesTIoUTS SHERETRRulas) (REMYE), a processi ng neans
for processing the sensed inmage; a print nedia supply neans provided for
the storage of print nedia; a print head for printing the sensed image on
the pr| nt rredla stored |nternaIIy to the canera system a portable power
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of the prlnthead adjacent the first surface thereof; and a series of

t apered separators separating the chanbers fromone another) the tapered
separators being tapered into an end strip running along the first surface
al ong sub¥@G488lly the | ength of the printhead. The unit PCRAUIBNGSHEr
include a series of regularly spaced structural support nenbers for
supporting the tapered separators ma peedeterm ned rel ationship to one
anot her .aspbhteoftha plmRatof@pAingdns can be forned in a single el ection nol ded
unit with a vvag Iof the unit abutting the printhead. The tapered separators
taper toX e abut a slot In the wall of the unit, the slot being
adapt ed for tihear siger dfitigrprasdnt inkhatiqurto ptovide fadthe Figent adteftecsive d:uretlmc)nstdismsab@d
fromtwo,plastic | njection noul ded portions wel ded together. The | ong

col umar chanbers can be filled with a sponge like material to aid usage.
Preferably) théccprint Wite e sHer Shths pagsent dneon, fiege's SOKEsdat bandhsidoragert gystefhe
provi si oRgmesink Wl dore GRds@y: arDMIE m:thdgte mgﬁaudﬂgl%mwm&a Etﬂeﬁﬂdllt&hezlﬁk) aEnFé@éM

WO 99/ 04551 PCT/ A 8/&)0 l f %[1 d qerves g qg annel s
communi c%t"8 8KV R L& A 1’Hé° Eﬁ‘a‘rﬂf ‘Fé“% YH“"&W &er“ﬁ’él POLIORS; %4 i © isﬁﬁ e e,
the air lehhmnnedg abapted pEraton e prak mediavapigen unng:cpandwnduntwbeaw ttepdnt baminiregt | ng
with the - el

2l 50 pr o SPaar g el Sl SR RORRG bl s AT EBhi o TRPA T (f B ANATAT
The chanrrist heehiittza Owarrﬁasr"&é?w%m%ﬁhf Fhassp gpkie@deaunit Hanial madidtha-riangmuni asldled
surface wahigh i1s subsequently seal ed by neans of an adhesive surface bei ng
attached to t urt her | defi ne
T val ¢ heodii b e BaPR b g PP e sREeh e BB a e i
chanber spdrdte thepkintimedia eoerdan derges Tha cating wnit daebe rempeidn thefplattdnainipang ge platten unit

| v ent | Ofh, ol TiBludeS ol B4l e Bt ER LapHRAR ithes WRRI LT viherel n one a
portion oF unit 1 ncludes a series of air channels defined therein for
communi cat i onThSFa"@&é}‘f‘eﬁ‘fca't fughen@pset Snsiot HinchiR!iesderdeqydine haminepadisat nospher e,
the air channgh&obiavd i@ a&ﬂth&lh{p&it bﬂzhe\m@aamemgn titelis praveed laacaaiad sﬁﬁmtﬁuﬁlaél ng
wi th the chanber tg.an e onnect i ng 1 i.ent at Fﬁp | n_accor ance
with a fft e Se'B%r B¢ 18t Se‘isﬂé ThIEERAP ceﬁi/‘éd‘ief‘“érﬁ "PERENE PeIT W%fe%lpré{“ g4

syst em ceompgy msanngoafnd ifamehg etorsgres print aedia; p POT 8BS fon gnndavthe@enséct)masem e popt andia
processi g&e@lgterlnmg@me @am@r’é S)Q»Iemn?ﬁyn%lesﬂéggl s){ppm&mm;tm% %@ gruft(ﬂgad tﬂ%eé&rcﬁﬁ@ﬂg of
print nedia; a print printing the sensed i nmage print medi a
stored i mogeﬁswarnpvs ?@e'ﬁ‘?i’é’f eraw’évgaf%tvsqffaﬁwe storpge 9f e g Biedinsape th&merpsmefég@ffﬁ@g
devi ce Cabitgths bdv@r @pSy lﬁgEéﬂtrd]lmo%d’daivﬁfdmﬁdera%lllo1fth@;hrlnﬂ'nddﬁc| udi ng the follow ng
i nterconnecte

0 nents. .a processi unit for, c ing.th ration
o Cheloaee: SheERTR RS Beaithnl i BERT T 3 Sistrelst? e Baaue Btat O FfRRE B
active piheastmerasagen. eSO médrcas bnsiantyg t¢ rv@temnalgiethe mwmnmyywm the emﬁeorsymrom ng

| mages aeﬁmﬁ@@%&h Dbk 3. dRkid; mé péf@slb s&vepzupgrpm leoflfrlsé e 1Y bR b8RA ng
i ncludin drive transistors driving of external mechanical

system oP’efeﬁ‘E‘Y 6“&1?@#&”%‘%’@@&?“&’??&“?%‘ ‘f?f“°r?é‘éahelbﬁt°é‘fsfﬁ@é‘\ﬁﬁipf bagtggies- dr i vi ng t he
print head f ofnapdoidarict REh mntfempe&amﬁe&eskmg@uonﬂﬁeea‘ le;srabdeya prtnhleadmt fpplythnit ¥o2
A ot QUL e ooy PO 0 B B 2l BilaF Ol LS L SR AL S ¢
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further cE\GrkMFiéﬂarﬁbeH%rfstB%'aﬁ‘ﬂk H:Pbl& ohe¥br e%'oﬁ&@%l&%e&%bé@ﬂm s!ﬂﬂ@ﬂn@lly dRlgth
correspondi ng bi-1evel pixel ement s printing out by t i nt head.
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hal ft oni n ﬁﬁfqge tifpn, In accordance with a further aspect of the present
i nventi on% e s provi ded a system for authentication of the refill of a
caner a syst emihawiitregn fwrhdr fnclidazberipsndd reauipthl spacad sfrugprairsippae ahiembefsofor supeerting the
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WD 99/ 04551 PCT/ AU98/ 00549 -5Upon a determ nation of the authenticity of
the refill station) the canera systeminterrogati on neans can resets the
value of a print counter indicating the nunber of prints left for output by
the caner ¥@&9H48Th I n accordance with a further aspect of PREAVIHSH
invention, there is provided a handhel d canera system conprising an i nmge
sensor device for sensing an inmage; a pProcessing neans for processing the
sensed i rrageTheamstcmr iadp@e ABARS off arr ch&hOy édﬁ@uhnmgesf dathCof PifeOy&ingtiaB whiblan external
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the swi SWFFaLpthyseried Rymepoe axghep h"e“‘?"éﬁgeé‘éa‘f"ﬁ’ﬁﬂ;%’“ier‘tg'éccor dance with the switch
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accordanq.ﬁ W!h Q}at&re ﬁwﬂ\tch state. Preferably, the processing neans is

adapt ed "0 Ut pat at 1'east two i mages fromthe group of: digitally enhanced
st andard col mac‘roma'ges”th s plicnaspag] af the ipreeentarventigh.ditske raprelvideih b trent herd gekssuppb vate k

and wWhi 48R BeS oMb &F i uROcIed D@ doid ch@RGs delMtl tHereRAG SRR InicRISP QAP e
i mages, sketch simulated i nakag%%?habordered i es, panoram c images) inages

with addfmbgharh @ piFmah rbiens G585 Bk e ""?gn"égﬂt'-i'%“c "BPoeety B B0t e d

I mages. cdirGunpog @8ishadamiean s eaichniching swahiod canptee. cr eat ed on a single
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al so conmeeseesoaandetoafeslmabtvee BRstetg arh*amcqﬁgngpn wedpqlmmmrmpty@nammtm fasthef ace

t her eof ongd G&ihtvifedlf a Erﬂ?hetayﬁﬁpMmfifhg Qhed ithdde BF Frk FhE Kord hibinAy tcmaé BGkra
aspect of the present I1nvention ere is provided in a canera stem
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_t2_be inserted in the ink refill holes and the ink reservoirs filled with
ink with the air flowing out of the air outlets 1 13 1 I5. Subsequent |y,

t he adhesive tape portion 117 and plug 121 are attached and the printhead
tested f oWCO @A i on capabilities. Subsequently, the ink BOPppUYs/@ass dge 42
can be readily renoved for refilling by nmeans of renoving the ink supply
cam dge, perform ng a washing cycle, ané-then utilising the holes for the
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bl ue pixel m eac I'xel groups in the
i magi ng array’ Fig.6isa srde perspecuve of the assembled form of the ik supply mechamsm of the preferred embodiment;

Fig. 7 1s a front perspective view of the assembled form of the ink supply mechanism of the preferred
embodiment,

Fig. 8 is an exploded perspective of the platten unit of the preferred embodiment;

Fig. 9 1s a side perspective view of the assembled form of the platten unit;

Fig 10 is also a perspective view of the assembled form of the platten unit;

Fig. 11 is an exploded perspective unit of the printhead recapping mechanism of the preferred embodiment;

Fig 1215 a close up exploded perspective of the recapping mechanism of the preferred embodiment;

Fig. 13 is an exploded perspective of the ink supply cartridge of the preferred embodiment;
F

g. 14 is a close up perspectivg, parly.in secion of the yernal ppruons of the ik supply cartridge 1n an

assembled form,
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The | atest advances in the field of inmage sensing and CMOS i mage sensing in
particul ar can be found in the Cctober) 1997 issue of | EEE Transactions on
El ectron Devices and, in particular, pages 1689 to L968. Further, a
specific WI¥HEHt ation simlar to that disclosed in the BEEAYAS/00549
application is disclosed in Wng et. al, "CMOS Active Pixel |Imge Sensors
Fabricated Using a 1.8V, 0.25 ~tm CMOS ®fechnol ogy", | EDM 1996) page 915 The
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voltage for the coI um ADCs The peak det ector |s ‘reset at the begi nni ng of
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operation, the wite address is determned by the order of the data read
fromthe CMOS i mage sensor 20l. This will typically be a sinple raster
format. However, the data can be read fromthe sensor 20l in any order, if
mat chi ng W0 994043&dr esses to the DRAM are generated. The r @aW/Ad08i80549 r om t he
DRAM 210 will normally sinply match the requirenments of a col or
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sanpl es. The sharpening filter five functions: To Inprove the col or
i nt er pol &MPHE MEFHHHTT PRvided FPéé{F‘“P"ﬁ"c“é‘r 55| 2oteandhpld G3MSTR) AP 19yPS tchRrovids| feyy printhead re-
i nt er pol aﬁgprngofta@ma,echhﬂseed approxi mation of a sinc interpolation. - To
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phot ographi ¢ products, the processing can natch e npst popul ar settings,
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frequencym@smrtdh;msd:hm-}oummhl) noi se. The function is simlar to the "unsharp

mask' process SUBS&I'%;I’%J;EE §§'861§zef 3‘%%3 ﬁ%@ﬁg 78, V¥R899/ &%SSlmovﬁ%le 94 iso
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is 56 mllion nmulti er second, This can be provided by a single
mul ti pli &PX SupgPyyFidg %@g SHo0eHBPPIES stk e bt &“%Eil!ﬁhF"éd‘k supply cartridge 42

In the quiescent position a elastomer spring units §7, 88 act to resiliently deform the elastomer seal 79 against the
surface of the ink supply unit 42,

When it is desired to operate the printhead unit, upon the insertion of paper, the solenoid coil 75 is activated
5o as to cause the arm 78 to move down to be adjacent to the end plate 76. The arm 78 is held against end plate 76
while the printhead is printing by means of a small “keeper current” in coil 77. Simulation results indicate that the
keeper current can be significantly less than the actuation current. Subsequently, after photo printing, the paper is
guillotined by the cutting mechanism 63 of Fig 8 acting against Aluminium Strip 43 of Fig. 5, and rewound so as to
clear the area of the re-capping mechanism 88. Subsequently, the current is turned off and springs 87, 88 return the

arm 78 so that the elastomer seal is again resting against the printhead ink supply cartridge
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A color ALU 1 13 conbines the functions of col or conpensati on and col or
space conversion into the one matrix nmultiplication, which is applied to
every pixel of the frame As with sharpening, the color correction should
mat ch t heW@oM04§dpul ar settings, rather than the npbst accBETAYIFSH or
conpensation circuit of the color ALU provides conpensation for the
lighting of the photo. The vast mmjori-ty of photographs are substantially
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t hree di nensij onaIJ arbitrar tranig;ormt ble. This can effectively match any
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pixel rate is low (less than 1 MiXxeUsec) these operations can share a
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and | essthedminelobithitzhepoandi@ccur at e than “unsharp mask' filtering perfornmed
in the contong . t 000, )
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using a si Wp'ﬁnﬁ@mﬂﬁﬁd sgmh&&mamsﬁaa@a@l@et@ esﬁemm.émtphr@ﬁmfsscﬂm thib&h BRAM 21 O
and the cotent% g%ghe dé g trix ?}ﬁftoneugrocess t he
resol ut i YAPHPTHIRR Hhge 3 vaen By %ﬁ‘“c es AL SPTT PR EFSESHT one
i mage t olohes, lptﬁﬂmcldsppplyoﬁk tb Kiferpt portians] ofi thmgek sudﬁacdsf pOithd 102 whiciX @tludesa series of
converteg, SUBSTI TUTE SHEET (Rule 2Q
(RO AY) g’ &&esgglﬁnggmggﬁl %\gﬁ%@f@ {g%%%%gg#ﬁe 1CP incorporates an 16 bit

m crocont r ol | B iNEPEppEomE inplides thp guirly Walkiel 244 196 avhicnsratstiesthe avieys dnkf digeders gfflsare
such as faﬁb?ddluﬂg art b pbretbid ﬂﬂﬁng momcsaldfthegmm&ed 00t Othe gk el 80 Qinkks ,me&@rtl&almg

up the hardwa d aut e the refjll t|o The processin

requi reds"B'gfmf Eﬁﬂfr PRIy gaﬁz(g wi'cb\frﬁlglac\?‘g lreé'f?"lﬁwaﬁraléﬁgéges'ﬁﬁgthg’f)‘g

can be usrintheadAsppiynmit.e kel bnoek @Ptidnqomgaaam spa&ee aymrtibrsaivseato $hbck oREMh2&2002 for bgr am
conpatib sions is not inportant, as no external
program;lﬂ{')i‘JF%af){nrk%t]lwgﬁerbaé;‘i%%E".61}53\5@%ﬂr Kbyt e) program and data ROM 220 is i ncl uded
on chi p Most bfe pripthegd Ws'p'aé@refesabéw@e frerl 2ty tichas Alagtig injegipn |monld apd Bip Mowd
and font gedeots, BPECHFER 1) Ynap BABHASFound ME sRAR Ple@MNJ7EMY EBEBRLS, AlyfngltypOlcvice RS
single nost conplex task is the encrypted authentication of the ref 11
station. The ROM requires a SUBSIEUTH SHENTSROE 20p@O/A0E . A Fl ash nenory 221
may be used to store a 128 bit authentication code. This provides higher
security than storage of the authent~cauon code in ROV as reverse
englneerlng can be nade essentlally |np055|ble The Flash menmory |s
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The followng is a table of external connections to the print head

i nterface: ConnectionFuncti onPnsDat aBits[0-7]1ndependent serial data to the
ei ght segnments of the print head8BitC ockMain data clock for the print
head1Col oMM 8IM48§10- 2] | ndependent enabl e signals for the CORT&AMIHHM? s)
allowing different pulse tines for each col or. ~3BankEnable[0-1 ]Al Il ows

ei ther simultaneous or interleaved actd&tion of two banks of nozzles. This
al | ows bevasedddfid @¢ @tefipiioles bnd SHp ek AésprONe fillad Ouits R Pith Baar ﬂowmg out of the air outlets 113 -

tradeof f 52 l.ec | 12 K
si mul t angso:?gga ] nﬁgtt?eotﬁ%g ap§%erﬁ§?f %Imgpcl%mgé Q‘?ﬂ] Fuld arlhé"{l ﬁ%ﬁ a‘?ré%er?q?r gperation
r egi st erapgliilities. Shiseadentiy the wbmp?lh@reﬁeﬁ% cap agfiesliheica T Bl SSURBT P TUTENSHEET

(Rul e 2\ sk cMge pe%ﬂﬂgé Qﬂsﬁxﬁé—cy@l@&nd’ tﬁ&ll&hl[sﬁg th@-h(ﬁésrﬂgkh@ kiR S Sk syRL i Rt .
PCT/ AUQ8/ 0 penory ?2 Tg/u&wgﬁ;use or e a |28 bit

aut hent "8k B’ﬁreﬁlB‘&éhe '“Ikl‘ff‘aé"bffrb&@m&ee‘g“ u%’g(‘fiﬂn %"‘7‘ P& %t or age of the

aut hent i cat i oEmieDhe t Pig REVberedsshovav@res@npeiaybut eBhid Inggecasturb endrPed@si@ssaddral |y
i npossi Qhle. The Flash nmenory is conpletely covered by third | evel netal,
maki ng the data inpossible to extract using scanning probe mcroscopes or
el ect r ofhbleageCaptThandKreedsemsithip4d provideewee i s stored in the chip when

manuf actyp (e drecrdhic hﬁé@ﬁah&%@:h@'fchﬂa Wteehedddotish R JrROMhd 8. frﬁtrchtph@ is a highly
aut henti cati on rocesgﬂﬁ%g%é whi ch | ocks out

it hent ISt BB dEcom B CATIS i SAate A i CREor R i - is. RRAM

refil | edwofaye, ROMaud hdeetldngas @atrat ffdubds irstsaple dip. The fl ash nenory can al so be

used to storqrff SOlLE &'b?ﬂoﬂ@ﬁﬁn&%ﬁm%i‘e imaging array Additionally, a
00

phase | ocked resea araneter 1s stored is provided for scaling the
cl ocki ngdeagipggdes & 1§ magrond i “é(f\%s reFeyebe chip v apiest e greRk samewbpy eiCoakoEa. not
require oaf iy 3dnhateB6F W CROY afiivOIFilel Bso &ta9 26 URLIAIRNS 1A P (o dnglR PixelsTPp@ich MeNat €
the cost_of a crystal, an on chip oscillator wmth a phase | ocked roop | 24

i s used.YTEEYYHEY r equency of an on-chip oscillator is highly variable from
chip to chip,Tht tep @rnmmdermyos BEiE,0n OVI0$ Inag© Seisdot, IDRIAGY, abdOanblbyg cifebitry. i/s vesly ghalial | y
trimed durin

Thi s ai 1Dk PRk o F8} b ek W breRb B0 Tiubd o AR ICIRN it
suf fi ci enginegdngur acy. A scratchpad SRAMis a small static RAM 222 vvlth a 6T

cell. The scrpa&xahm}d mpltcs:pvohdrzﬂn)t R @indb WOIRIRE: Ynel et thetdMOS mﬁgutgiaimmwmelam%
byt es |s ade i f or mg dat a

uat e. din erface 2 orrectly
e % he B ISTE R PR SF i DA SAF P oY S e R0 e o i Sl
ti m ng siCynathsextregttiof @ckaging ahh@nqbpadratea s emaiwhaltaeeied by the rdpcslitgs hafer anm yequiangy
dependi e, the nunber of dots printed sinultaneously, the
print n&%ég%ﬁ\#@ﬁpﬁ%ﬁ%{ roll, and the dye density of the ink in the print
roll. ThB‘ei’QﬂH"%S%Mbﬂg°fl‘%“sél‘ef°§b‘1“égféff°“@iternal connections to the print head
i nterface: ConnectionFuncti onPnsDat aBits[0-7]1ndependent serial data to the
ei ght segnments of the—print-he in data clock for the print
head1Col or Enabl e[ 0- 35P¥t®pendent enabl e signals for the CMY actuators,

al | owi ng different [JulSkegipBmageednsoeach coljor . 3BankEnabl e[ 0-1 JAI | ows
ei t her simultaneous n of two banks of noizles. This
all ows two different ﬁS??ﬁg’g"é'ﬁe"éﬁ?"ﬁovver cons’urrptl on

tradeof f S2Nozzl eSel dainigosefjoSmlumstigodene of 3J2 banks of noziles for

si nul t aneous act uat |WW&%?S the parallel transfer

regi ster with the dg i h I ft reqgisfterslTotal 20 The print head

utilized is conposed Ashlogup piftigittidemeisomlADERglment s, each |.25 cmlong. There
IS no connection bet - S print head chip. Any
connections required_are made in the external TAB bonding film which is
doubl e sided. The dijAuwiesesirnt o ei ght i dentj cal segnments is to sinplify

| i t hogr aphy usi ng VR FBREMS - 1me segment width of | .25 cmfits easily
into a stepper field-As _the print head chiplis long and narrow (10 cmx 0 3
m), the stepper fidlRRADOAIESTEG2 ngl e segnent of 32 print head chips.
The stepper field i §ddEhRipdke: 1. 30 CMX L.p cm An average of four

conpl ete print heads i haf er step. SUBSTI TU T' E SHEET
(Rule 26) ( RO AU) | “HN9“§9| 04551 PCT/ AU98/ P0549 -tO9never driven at the

same time as the i nggisansor 1S used. Thislis to avoid voltage
fluctuations and hg%w&w%—aage quality. Further) the
transistors are | ocalad aa " art away fromthge sensor as possible. A standard

JTAG (Joint Test Action Goup) interface 228 is included in the ICP for
testing purposes and for intSUBIYRITESHERY (Ruke2oy @OVAY) station. Due to the
conplexity of the chip, a variety of testing techniques are required,
including BIST (Built In Self Test) and functional block isolation. An
overhead of 10%| n chip area |s assurred for chlp testl ng CII‘CUItI‘y for the
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Next, as illustrated in Fig. 20) the assenbled platten unit is then
inserted between the print roll 85 and al um nium cutting bl ade 43. Turning
nowto Fig. 21, by way of illumnation, there is illustrated the

el ectri caWIOy99¥0r1|i’t5ér active conponents of the canmera system PEEAHOR/WE49
previously, the components are based around a Fl ex PCB board and include a
TAB film58 which interconnects the primthead 102 with the i mage sensor and
processing chip 51. TREWRL TS SupptTed—by tho AA type batteries 83, 84 and a
paper drive stepper|lmnfor 16 is provided i addition to a rotary guillotine
notor 20. An opti cal PBraME#I"81 i s provided for snapping into a top portion
of the chassis 12. [TBg: Rl nfeddce €1 enent 31 ilncl udes portions defining an
optical view finder|32—33-which are slottged into mating portions 35, 36 in
vi ew finder channel | 8% “A €% provi ded mthd optical element 31 is a tensing
system 38 for nagni {peghhROMOT the prints Tleft nunber in addition to an
optical pipe el enent—39—+or—pip-ng—tlight—Fqomthe LED 5 for external

di splay. Turning ne fl&tﬁ@ef—“?% 22) the assernbled unit 90 is then inserted
into a front outer ¢agachfdd SRAMch | ncl udes hutton 4 for activation of
printouts SUBSTI T f] !ﬁ.'?r,alﬁ'—l'r'ﬁ;.';ce’(%'be 26——Rq/ AtJ ) W O 99304551

PCT/ AU98/ 00549 -20Tdr ni ng now ?o Fi g. 23 next, the unit 92 is provi ded

wi th a snap-on back wwedrlvgﬁanmrs(li) includeg a slot 6 and copy print button
7. A wapper |abel ¢eptpgmng—tnstruetionsqand advertising (not shown) is
then wrapped aroundithe outer surface of thHe canera system and pinch

cl anped to the cover JWW&WQ”aCef cl | anp strijp 96 which can conprise a
flexible plastic or FgbEL=StTT P~ Subseq tly) the preferred enbodi nent is
ready for use as a Qqne tine use canera systlemthat provides for instant

out put images on defd4¥e It will be evident| that the preferred enbodi nent
further provides follBnd@esl ITablre camera sylstem A used canera can be
collected and it outler_plastic cases remvead and recycl ed. A new paper roll
and batteries can be added and the ink cartridge refilled. A series of

aut onat i cI t eSthe COULDRIAS I1fR8 seBJ’c)f:,‘ ROWS FiGsh nfem6iél, Fardfel tnerfeasme intefatt arIdh’EDCFHéll Bt er

i s proper op tion n order to. ensure o aut

refi il %ﬂ*%"e 7 68 T R bRk B 15 Ol PR R MR et R
program iqndtnmbk@/eé(emnawosiuch that the canera authenti cat es the
refilling staiqs M3}l o FaySR EHRE 16 9 Ofihie HPRUOAMKDARNHE Ablifi ymi B, GREPT 8
can reset an i1nternal papér count and an external case can ted on the
camera s§EHUERS Hpune 8% r‘?gW Ghip &2 | Tisdmaging ety ddMfOH A dRIsier ativg Peml d5pemtithican

t hen th akesqﬁlnacat 50 x Maob | ntaena‘yuant&aerwdsdaadtht yonwilddamtnfg@atrbrh@&ms Igiebr pR@is,| |0ﬁ:.c t he
art that the proar for.a variety o
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phot ogr aphs opteilatisiaddndepin ﬂmﬁFlﬁ sftimega nanguerod FHPS pragé Brsie dergrticulearan bufourdtihtby

nodel s C@&oﬁe?@% iduedR (EHEOMAERGhE B Bkteth PRIE A& WPhRARLATTLA 68l 1458 PEAL AM
ROM For exanple, a sepia classic aold fashion style output can be 8row ded

t hr ough éPef‘B‘rfﬁ’B'ﬁP“r‘i‘&"%‘fS‘"t“ﬁfé° By disdnsedinpppresent FRRH‘ii‘t“i“d‘i“F‘“'ﬂ?ef Elr“f‘ﬁé?‘ ah ['EMPH AtV e
i's tO proikidgagt SernsdmlFamkataindmg\m 8\& oompxﬁmmosmainaogmnmtghlm, psgusvtsabl e col our
of | Col our +o” ubtng o e 4 e €n? e 5Bl B Bl P gy e "
tradi ti omned thepefarseaet, th@mexylsemflpzés thbuidtte aamilwztselcmmtheschnﬂwytamw)e péithsgor t

phot 0 OUlRHdfsoCRN RS pRE 9&&@@&&@3 asozeg.h,eéw mglaﬁlc%gq,teesaﬁ ThiS BRAPL REFuliphbiaRa t he
addr ess generat ors.” Further, lters Can be utilised as I's known In

the fiel @B Ay p%wléé*gw‘ﬁ& %Phﬁwataﬁ’e%be%@eetféﬂabavetthesdm%@ timgt 9f i, It is

cl assi c wBddivingzddasclenca Qe gﬂa&ixgmammnﬁdgaeea tha dibfhxtdn a:nn Bl%tﬁhkinzcbnfﬁa@\e in
2‘?31 tel 22 r\r/%rgca cpr%ctnﬁ sOI\B”th%;DCQSQ tt?e&; éc?s!t%\z/u?‘ eLsge%!ﬁle as"i1r Orxair:ng me’ﬁta élte c%n be aPlg)\t/og% %
so as to Pﬂ’ﬂtdwmmdtqtfle chygegk moduptionriieyies g pherisapsof. or mat of inmages. Furt her a

postcard styl gnOfdirRdtsis©R re lB?ckeWa@M\' ‘deglage HERH B 4 D&anBidr Rleiol % Mbw mt&ﬁmm
i ncl udi nq postage on the back of print roll surface. Further, cliparts

can be priSAPBEY® g seRECTS| ’edé?FéH‘F §a’§'t§‘8“ri’a%{%“gtqa‘ls'|‘>’oﬁ}\té‘é‘ﬁ increTinecixypsize ét"c‘f’e"” the
Furt her, aktaemgimamhg:zh@a‘,ftr&mbrﬂmmasrgréaer:Mnm\éls.dﬂldiectramm&h(@dteks@ss remapp| ngs
and wild colo ef an b vi.ded 't hr qugh renma

| ookup tabl e. ans'&trsnﬁsog *6F e 191};; sw*‘é°§|'se{?“g a'g °3’é{‘n"%ljro"§tl§r @a‘ﬁ°°ssé'e§}”8‘vtyd§’ *f or
exanpl e, *@&ms?nascrqdeél frem @uwn esngtihef 0(118ym°mnds9 dm'vlewit oféd-3p merronathises toiimprong tiend
ot her special events. The operational node of the canera can be programred
so that upon the depressing sUBStieUTREREERThRIO2@ (HO/ABE | mage i s sanpl ed by
the sensor array to determine irrelevant paraneters. Next a second inmage is
again captured which is utilised for the output. The captured imge is then
mani pul ated in accordance with any speci aI reqw rerrents bef ore bei ng
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The print head utilized is 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 to 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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printrel ated patent applicationssurface tension reduction of'the drop

sel ection neansnmedia or transfer rollerpressurized ink). Selected drops
aredoes not need to provideMay require two print headsseparated fromthe
ink in the noul ethe energy required toprinting alternate rows of theby
contact with the print nediumor aseparate the drop from rmagetransfer
roller.the nozzleMonolithic color print heads aredifficultEl ectrostatic
pul | The drops to be printed are selected byVery sinple print headRequires
very high electrostaticSilverbrook, EP 0771 658 A2 andon inksonme manner
(e.g. thermally inducedfabrication can be usedftel drel ated patent
applicationssurface tension reduction of The drop sel ection

meansEl ectrostatic field for small Tone-Jetpressurized ink). Selected drops
aredoes not need to providenozzle sizes is above airseparated fromthe ink
in the nozzl ethe energy required tobreakdownby a strong electric

field. separate the drop fronEl ectrostatic field my amactthe nozzl edust .a
0O0O~0o~00awu, v, bn-j a0b®0 CO00 -~re GNOa Magnetic pull onThe
drops to be printed are selected byVery sinple print headRequires magnetic
i nkSi | ver brook, EP 0771 658 A2 andi nksonme manner (e.g. thermally

i nducedf abri cati on can be usedlnk colors other than black arerel ated patent
applicationssurface tension reduction of The drop sel ection
meansdi fficul t pressurized ink). Selected drops aredoes not need to

provi deRequires very high magneticseparated fromthe ink in the noul et he
energy required tofieldsby a strong nagnetic field acting onseparate the
drop fronthe magnetic ink.the nozzl eShutterThe actuator noves a shutter to
bl ockH gh speed (>50 KHz) Mbving parts are requiredlJ 13, 1117, 1J21link fl ow
to the nozzle. The inkoperation can beRequires ink pressure
nodul at orpressure is pulsed at a nultiple of theachieved due to
reducedFriction and wear nust bedrop ejection frequency.refil

ti meconsi deredDrop timng can be veryStiction is possibleaccurateThe
actuator energy can bevery |lowShuttered grill The actuator noves a shutter
to bl ockActuators with small travel Moving parts are requiredl JO8, [J15,
1J18) 1J19ink flow through a grill to the nozzle.can be usedRequires ink
pressure nodul at or The shutter novenent need only beActuators wth small
forceFriction and wear nust beequal to the wdth of the grill holes.can be
usedconsi der edH gh speed (>50 KHz) Stiction is possibl eoperation can

beachi evedPul sed magneti cA pul sed magnetic field amacts anExtrenely | ow
energyRequires an external pulsedlJ 10pull on ink pusher ink pusher' at the
drop ejectionoperation is possiblemagnetic fieldfrequency. An actuator
controls aNo heat dissipationRequires special materials forcatch, which
prevents the ink pusherprobl ensboth the actuator and the inkfrom novi ng
when a drop is not to bepusherejected. Conpl ex construction O~o0 ~0 0 U U rr
bnHacaO AUXILIARY ALECIi ANl SM (APPLI ED TO ALL NOZZLES) t7d ma N Gl
O Y s AuxiliaryDescriptionAdvant agesDi sadvant agesExanpl esMechani smNoneThe
actuator directly fires the ink drop,Sinplicity of constructionDrop

ej ection energy nust beMst inkjets, includingand there is no external
field or otherSinplicity of opgrgdrrfiRsiRieraeidd) iRodiyi dual pi ezoel ectric
and t her mal mechani smrequired. Smal | physical sizenozzle

act uat or bubbl e. 1 JO1- 1J07, 1J09, 1J111J 1 2, 1J 14, 1120,

IJ22IJ23 IJ45CEC|IIat|ng |nkThe |nk pressure OSC|IIates
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CO M-~Gi91J G- Direct magnetic fiel dA
magnetic field is used to accel erate sel ected drops of magnetic ink towards
the print nedium Low power Sinple print head constructi onRequires magnetic

g magnetic fiel dSilverbrooh) EP 0771 658p&faamsioossd at ed

pat ent applicati onsCross magneticThe print head is placed in a constant Does

not

requi re magneti cRequi res external

magnet | J06

I J16fi el dmagnetlc field.
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in -~ N.r O-JC~ Reverse springThe actuator | oads a spring. \Wen
theBetter coupling to the inkFabrication conplexitylJOS, |JI lactuator is
fumed off) the spring rel eases. High stress in the springThis can reverse

t he forcemd&v@fsle curveof the actuator to nake it conpat iPiresioshosahe
force/tine requirenents of thedrop ejection.Coiled actuatorA bend actuator
is coiled to providel ncreases traveIGbneraIIy restricted to planarlJi7,

1J21, | 92 Swfarsg LT[R ﬁ{\a}gé &e&oﬁ El(éltHLde:ind EE aal%tu%i 1faby fabri lg

ar eai np t i pRs—due—t tion
di ffi culPP35%% n_ot ReMaethat i vimage Sraaion Mathedand Aepars diient at i ons. Fl exur e bendA
bend acfrembor hap-lan-s3ral | nﬁgeommmeamﬁmmmaemﬁnangmmf |ncreaS|pgcare must be
taken niibsdsp EXCHET, 1T I Wlagl dbn MIGFRY HARARE {J5] TXTUTE POT T, Wahi ch

fl exes poeht+ravel—od H-exur-e eanor e
readi | y[PPI4R t helor8t nder |Teee PigRiep Metiod agd &prariit4dh i s very
unevenalPprims or . Pwemabtuat@W%£Cemmmghmsﬁmﬁﬁmmmmtamo)accurately nodel
Wi t hef f ECTTVETy converted froman evenirnite erenent analystscolting to an
angul ar bends rgsultlng ingreater travel of the actuator tip.GearsGears can
be used &g! ! ravel atLow force, |low travel actuatorsMyving parts
are requi r edFinh&3tiive prescpespsi@atoh rkyr atireo AadvarCdr saricandugeafabricatan trénigise diSewer al
act uat or, %x&t &Sof e dn l& Ynﬁ‘j'& %}fcrsar%lt&l %aglrﬁ"ac lﬁ‘é &&ﬁhl?es al‘léragcr?ogch%r 110% g
fabricate usi ng standardMoie conpl ex drive ec ronicsgearing net can
be used.Arfidee Y ENME RGeS QENCHRmoEsed bwtcroemfpremrzr iction) friction, and
wear arepossi bl eCatchThe actuator controls a small catch. TheVery Iow
actuat or energyConpl ex constructionlJ10catch either enabl es or disabl esVery
smal | actuator sizeRequires external forcenmovenent of an ink pusher that

i sUnsui table for pignented inkscontrolled in a bul k manner.Buckl e pl at eA
buckl e plate can be used to change aVery fast novenent achi evabl eMist stay
within elastic limts of theS. Hirata et at, "An Inlk-slow actuator into a
fast nmotion. It canmaterials for long device lifejet Head ...", Proc.al so
convert a high force, |low travel H gh stresses invol vedf EEE MENS,

Fcbactuator into a high travel) nmediumforceGenerally high power

requi renent 1996) pp 418-423.notion.1J18, |1J27Tapered nagneti cA tapered
magneti c pol e can increaseLinearizes the magneti cConpl ex

const nacti onl J14pol etravel at the expense of force.force/distance curve O
~0 0 Pu bnYC~0o00U Cnn NGL Lever ,Alever and fulcrumis used
to transformvatches |ow travel actuator withl |ligh stress around the

ful crum J32, 1J36) [J37a nmotion with small travel and high forcehigher
travel requirementsinto a notion with I onger travel andFul crum area has no
| i nearl ower force. The |l ever can al so reversenovenent, and can be usedthe
direction of travel.for a fluid seal.Rotary inpellerThe actuator is
connected to a rotaryH gh nmechani cal advant ageConpl ex

constructionl J28inpeller. A small angul ar deflection of The ratio of force
to travel of theUnsuitable for pignmented i nksthe actuator results in a
rotation of theactuator can be matched toi npeller vanes, which push the

i nkt he nozzl e requirenents byagai nst stationary vanes and out of thevarying
t he nunber of nozzl e.inpeller vanesAcoustic |ensA refractive or diffractive
(e.g. zoneNo noving partsLarge area requi red1993 Hadi moglu et al,plate)
acoustic lens is used to concentrateOnly rel evant for acoustic ink jetsEUP
550, t92sound waves. 1993 Elrod et al, EUP572,220Sharp conductiveA sharp
point is used to concentrate anS~ple constructionDifficult to fabricate
usi ng standardTone jetpointelectrostatic field.VLSI processes for a
surfaceejecting ink jetOnly relevant for electrostatic inkjets O,a ~0 0 w
V,o"CnHacO0O0O ACTUATOR MOTION NH a is NO b C Actuator

not i onDescri pti onAdvant agesDi sadvant agesExanpl esVol une expansi onThe vol une
of the actuator changes, Sinple construction in the casehigh energy is
typically required toHew ett-Packard Thernal pushing the ink in al
directions.of thermal ink jetachieve volune expansion. Thislnkjetleads to
thermal stress, cavitation)Canon Bubbl ej etand kogation in thermal ink
jetinplenentationslinear) normal toThe actuator noves in a direction

nor mal E~ci ent coupling io ink dropsH gh fabrication conplexity may bel JOL,
1J02, 1J04, 1J07chip surfaceto the print head surface. The nozile isejected
normal to the surfacerequired to achieve perpendicularll | I, 1114typically
in the line of novenent. noti orusee&UTE Rl (Rat 24) WeUACt uat or noves
parallel to the printSuitable for planar fabricationFabrication
conplexitylJd 12, 1J 13) 1J 15, 1133, chip surfacehead surface. Drop ejection
may st|II beFrlctlonI134 IJ35, 1136normal to the surface StictionMenbrane
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,aW0O0O~0~00VbnHaCO0Oul ~i1~-D a-~ tnacND n OAcoustic
vi brationThe actuator vibrates at a highThe actuator can be physicallylLarge
area required for efficient1993 Hadi m oglu etfrequency.distant fromthe
i nkoper at i 8YP 8¥045%lef ul frequenci esa(, EUP 550) |92Acousti ¢ peauilospesssnd
crosstal kt 993 Elrod et al, EUPConplex drive circuitry572,220Poor control of
drop vol une andpositi onNoneI n vari ous i nk2j et desi gns the act uat or No novi ng

partsvari pUuss el Flih@FROJ TS are requrred tosnt qu brook—EP—87F-geesy not
nove. el i m pakgiondVi Ng part s658 A2 and rel at edpatent applicationsTonejjet O

~0 ~0 0 V} Numkernfa a O NOZZLE REFI LL IVETHCD to -~t~mHc Oa Jf.
Nozzl e refd=5{%S ALV atdvaptagesbExanpl-esret-hodSurface]
t ensi onAf ey bfhfl ‘IEH-BL?* ﬁe{h“&é Nr\’"f‘“}‘ia rejo ‘15'] e Cipption 4 Prarans (NG ) yLow
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5 I nlet back-fl owDescriptionAdvant agesD sadvant agesExanpl esrestriction

nmet hodLong i nl et channel The ink inlet channel
sinplicityRestricts refill
rel ati vel WH&HFFlonal
chi pPi ezoel ectric inkjetnarrow,
crosst al kareal J42,

effecti
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| 143r

to the nozzl eDesi gn
rat eTher nmal
nplicityMay result
relying on viscous drag toReduces
educe inlet backeflow Only partially
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i nkj et chanber is made | ong and
in a rel ativel yCrantgg00549

el ection
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r eady
i ng

protrud R Medhod of Mdnhhdrurd Mrmmag@@rtmn Agba,EYRAL) TT 004

of a i cla et (AL
O 2 D A e L T e e D A
i nk. The reduction inlJO1-1J07, 1J09-

ahead.follomnng.certaln vol une of

| 112chanber pressure results in a reductionlJ 14) 1116, 1J20, 1J22,in ink
pushed out through the inlet.1J23-1J34, 1J36- 1J411J44Baffl eOne or nore
baffles are placed in the~e refill rate is not as restrictedDesign

conpl exityHP Thermal Ink Jetinlet ink flow Wen the actuator isas the |ong
inlet method. May increase fabrication conpl exityTektronix

pi ezoel ectricenergi zed, the rapid i nk novenent Reduces crosstal k(e. g.
Tektroni x hot meltink jetcreates eddies which restrict the

fl owPi ezoel ectric print heads).through the inlet. The slower refillprocess
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 deviceslncreased fabrication conplexityinlet.Inelastic
deformati on of polynmer flapresults in creep over extended use O ~0 ~0 0 b n

surf ace

anptﬁc

.~c 00 Cmrn NOalnlet filterAfilter is |ocated between the ink
i nl et Addi ti onal advantage of inkRestricts refill ratel104, 1112, (J24)
| 127and the nozile chanber. The filter has afiltrationMay result in conplex

constructionl |29, f130nultitude of small holes or slots,Ink filter
fabricated withrestricting ink flow. The filter alsono additional
st epsrenoves particles which may bl ock thenozzle. Small inletThe ink inlet
channel to the nozzl eDesign sinplicityRestricts refill ratel 102, 1137,

| 144conpared tochanber has a substantially smaller crossMay result in a
relatively | arge chipnozzl esection than that of the nozzle ,

resul tingareain easier ink egress out of the nozzle thanOnly partially
effectiveout of the inlet.Inlet shutterA secondary actuator controls

t hel ncreases speed of the ink jetRequires separate refill actuator

andl 109position of a shutter, closing off the inkprint head operationdrive
circuitinlet when the nmain actuator isenergized. The inlet isThe nethod
avoi ds the problem of inletBack-flow problemis elimnatedRequires careful
design to mnimzelJG, 1103, 1J05, 1106l ocated behind theback-fl ow by
arrangi ng the ink-pushi ngthe negative pressure behind thel 107, 1110, 1111)
| 114i nk- pushi ngsurface of the actuator between the inletpaddleill6, 1122,
1123, 1125surfaceand the nozzle.l128, 1131, 1132, 11331134) 1135, 1136,
| 1391140, 1141Part of theThe actuator and a wall of the inkSignificant
reductions in back-Small increase in fabricationl107) 1120, 1126,

| 138act uat or noves tochanber are arranged so that the notionfl ow can be
achi evedconpl exi tyshut off the inletof the actuator closes off the

i nl et. Conpact desi gns possi bl eNozzl e actuatorln some configurations of
jet, there islnk back-flow problemisNone related to ink back-fl ow

onSi | ver brook) EP 0771 658does not result inno expansion or novenent of
anel i m nat edact uati onA2 and rel ated pat enti nk back-fl owactuat or whi ch may
cause i nk back-fl owapplicationsthrough the inlet.Valve-jetTone jetl 108, |
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Cl eari ngDescri pti onAdvant agesDi sadvant agesExanpl esnmet hodNor mal nozzl eAl | of

the nozzles are fired periodically, No added conplexity on theMay not be
sufficient to displaceMst ink jet systensfiringbefore the ink has a chance
to dry. Wenprint headdried i n§UBRITFUTERBEET (RIB26) ROM2Not in use the nozzles
are sealed (capped)!J 14, 1J 16, 1J20, |J22against air.1J23- 1J34,

| J36-1J45The noule firing is usually perfornmedduring a special clearing
cycle) after flrstnDV|ng the print head to a cleaningstation. Extra power
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clearing capabilityH gh i npl enentation cost if systemJO08, [J 13, 1J 15, 1J
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precision alignment ED-25, No. 10, 1978, ppwafer.Nozzles may be cl ogged
by1185- 1195adhesi veXerox 1990 Hawkins et al., USP 4,899, 181d ass
capillariesFine glass capillaries are drawn fronNo expensive equi pnent Very
smal | nozzle sizes arel970 Zoltan USP 3, 683, 21 2gl ass tubi ng. This net hod
has been usedrequireddifficult to fornfor naking individual nozzles) but

i sSinple to make single nozzlesNot suited for nmass productiondifficult to
use for bul k manufacturing ofprint heads wth thousands of nozzles. O ~0 ~o
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under Si | ver br ook, EP 0771 658 A2surface m cro-using standard VLSI
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andExi sting processes can be usedSurface may be fragile to thelJOL, 1102)
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N O Ej ectionDescri pti onAdvant agesDi sadvant agesExanpl esdi recti onEdgel nk fl ow
is along the surface of the chip)Sinple constructionNozzles limted to
edgeCanon Bubbl ej et 1979 Endo et al (' edge shooter')~d ink drops are ejected
fromthe cWPFPE4511i con etching requiredH gh resol ution i spclizAtidsmobioGB
patent 2,007, 162edge. Good heat sinking via substratefast color printing
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high speed (< 2 seconds per page).

All of these features can be met or exceeded by the inkjet systems described below with differing levels of
difficulty. 45 different inkjet technologies have been developed by the Assignee to give a wide range of choices for
high volume manufacture. These technologies form part of separate applications assigned to the present Assignee as
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 digital 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

concurrently herewith and discussed hereinafier with the reference being utilized in subsequent tables when referring
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I O#10%R' )U_O@JS 1J06 Paddle Type Ink Jet Printer
[JO7US 1307 Permanent Magnet Electromagnetic Ink Jet Printer
1JO8US 1J08 Planar Swing Grill Electromagnetic Ink Jet Printer
1J09US 1J09 Pump Action Refill Ink Jet Printer
1J10US 1J10 Pulsed Magnetic Field Ink Jet Printer
11us it Two Plate Reverse Firing Electromagnetic Ink Jet Prnter
12US 1J12 Linear Stepper Actuator Ink Jet Printer
1J13US 1J13 Gear Driven Shutter Ink Jet Printer
J14US 1J14 Tapered Magnetic Pole Electromagnetic Ink Jet Printer
1J15US 115 Linear Spring Electromagnetic Grill Ink Jet Printer
J16US 1J16 Lorenz Diaphragm Electromagnetic Ink Jet Printer
[J17US 17 PTFE Surface Shooting Shuttered Oscillating Pressure Ink Jet Printer
D18US 118 Buckle Grip Oscillating Pressure Ink Jet Printer
[J19US 119 Shutter Based Ink Jet Printer
120US 1J20 Curling Calyx Thermoelastic Ink Jet Printer
L21US 21 Thermal Actuated Ink Jet Printer
[J22US8 22 Iris Motion Ink Jet Printer
[J23US 1J23 Direct Firing Thermal Bend Actuator Ink Jet Printer
1J24US 1J24 Conductive PTFE Ben Activator Vented Ink Jet Printer
[J25US 1J25 Magnetostrictive Ink Jet Printer
[J126US 126 Shape Memory Alloy Ink Jet Printer
127US 1127 Buckle Plate Ink Jet Printer
1J28US 1128 Thermal Elastic Rotary Impeller Ink Jet Printer
1J29US 1329 Thermoelastic Bend Actuator Ink Jet Printer
1J30US 1130 Thermoelastic Bend Actuator Using PTFE and Corrugated Copper Ink Jet Printer
H31US 1131 Bend Actuator Direct Ink Supply Ink Jet Printer
[J132US 1J32 A High Young's Modulus Thermoelastic ink Jet Printer
[J33US 1J33 Thermally actuated slotted chamber wall ink jet printer
1J34US 1J34 Ink Jet Printer having a thermal actuator comprising an external coiled spring
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1J45U8 1345 Coil Acutuated Magnetic Plate Ink Jet Printer

Tables of Drop-on-Demand Inkjets

Eleven important characteristics of the fundamental operation of indiidual 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 foliowing 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)

Nozzie refill method (4 types)

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

Nozzle clearing 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 36.9 billion possible
configurations of inkjet nozzle. While not all of the possible combinations result in a viable inkjet technology, many
million configurations are viable. It 1s clearly impractical to elucidate all of the possible configurations. Instead.
certain inkjet types have been investigated in detail. These are designated 1JO! 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 1JO1 to 1J45 examples can be made into 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 1J01 to 1J45 series are also listed in the examples column. In some cases, a
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High solubility medium for so

dyes
Does not cockle paper

Does not wick through paper
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and amphiphi
pigm

oil,
soluble dies can be used
stabilize

High dye solubility
Can

Stops ink bleed
Water,
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suspensions
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Qil based inks are extensively used in

paper

on

characteristics
(especially no wicking or cockle). Oil

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

improved

A microemulsion is a stable, self forming
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.

Oil

Microemulsion
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The claims defining the invention are as follows:

1. A recyclable, one time use, print on demand, digital camera comprising:
a chassis carrying:-

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 supply of print
media 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 process.

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

4. The camera of claim 1 in the supply of print media is carried via a holder on the
chassis and the holder is releasably supported on the chassis to facilitate its removal from
the chassis to be replaced by a new supply of print media upon recycling of the camera.

5. The camera of claim 4 in which the ink supply means is refilled and a power
supply means of the camera is replaced at the same time as the supply of print media is
replaced during said recycling of the camera,

6. The camera of claim 5 in which the power supply means is accommodated within
the supply of print media.



