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MAGNETI CALLY RECORDABLE MEDI A FI ELD OF THE | NVENTI ON 5 The present
invention relates to the field of digital imge caneras and in particul ar,
di scl 0se¥ O2%HMFY and Media for Art Prints or Photos ve¢haMe@agsieal !y
Recordabl e Feature. BACKGROUND OF THE | NVENTI ON 10 The pref erred1

enbodi nent is preferably inplenented through nodification of a hand held
canmera device such as that described in Patent Application USSN 091113, 060,
which clains priority fromAustralian provisional application No. P07991

entitled "I mage PH@mg’mgpﬁIéoﬁm Rﬁé@ﬁi@fi led 15 July,
1997. The aforenentioned patent speci |$‘m MFEYsystem
hereinafter 15 known as an "AREEORD) erein sensed images can
be directly printed out by an Art(gm %ﬁpﬁwa unit. Further, the

af orenmentioned specification discloses means and methods for perform ng

vari ous aTals | captured by the canera sensing device
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cards hereingfder being known as Artcards. The Artca urther hag o
significant "onboard processing power in an Artcam Central Processor unit
(ACP) which is interconnected to a nenory device for the storage of

i npor t ant &aﬁta and i mages. The Artcam canera systemwhich a digital canera
with an | BAGKGROUNS OF BHEGNVENTPONt er . Additional |y, the camera
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i magi ng a® 8N @HOHNC frm aAEﬂ::jabels spoVisieasls aﬁplfcaﬁé@clfqg_s ipasyon g,ﬁﬂgﬁgeﬂn%[%ene
in accor : redeterpin cene_transformation requirenef, a
printer ?%lraef)srsi; %%%M(;%fd“g%%a o&%ggﬁ%@@d@ﬁ@- on print nedia, print
medi a and pri rfhengforakemione® hakdht SnShi abl e modul e i nsj de said
canera system said canera s%atem g%ﬁgrg%t%flngﬁgg%%r BT ST Bsemattg 1501
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st orage dReipedator pedioaning dvariphid Rlabipeilati Fobfdel i the printer,
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phot o out put ?ﬁe%Artcam devi ce. LQ: accordance wth a fir aspect of the
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sensed i gR gomctsggessuréace Rl]:g int media, the print nmedi & 1ncluding a
magneti cal Ty sensitive Nkt eﬁﬁ%‘(j?@?mc recordi ng neans for recording
associ at ed i nlooeakpat RNAHBEn tl I ensi.tive surface. The

associ ated i nformat]i)oﬂ can conp%;ﬁigglg Sgﬁtgllho%}nﬁ% g%r%ﬁ?agﬁo%%rﬁ%%ﬁgé’ée‘}ﬁof kot he
sensed i M Sh & DR Himse procatsanmepuseloe provksing daid SmAdd RERSEChcLIRYSON 2
firs30 sugpfmee p%detégjngﬁesc?ﬁé %@Bdl a and the magnetic recordi ng neans
records the associ ated i nfof BN JreguiE LS Ar Pider d6r phieting iont saddi a.
The pri mroggssidaitoage frens todr BEhioMe&R. | hable, rpll.in the canera
system }n g@jel er&){ogi.rrent, _?%le magﬁ’e ?%ﬁgigﬁisﬁ %ﬁ/g ég 5&%%3*6))5?{1 & iptipgls a
strip affi %ot BCHE Bidssaid pamamse systen, iseidpnineta sysirondfis ASGbRANGE With
a second aspect of the present invention, there is provided a canera
system for recording i mages, said canera system conprising: an electronic

i mge sensor for sensing an inmage; WO 20041001501 PCT/ AU2002/001161 3 a
digital processing neans for processing said sensed inmage in accordance




Preferably, said ink jet print nedia is stored on an internal detachable
roll in said 15 canera system said canera system conprising a hand held
portabl e canera device, said photo width ink j et printer being built into
sai d hantonelddopwit abl e canera devi ce. BRI EF DESCRI PTI GNT@AU206300DEAVW NGS
Not wi t hst andi ng any other forns which fall within the scope of the
present 20 invention, preferred forns of”  the invention will now be

descri bed, by way of exanple only, wth reference to the acconpanying
drawings in which: Fig. | illustrates schematically the canera system

construct Bt FGGR gﬁﬂﬁég f : i siBl Qs inké gisdfat es
schenmat i cg‘ﬁfl;ﬁ% pri éht er %ﬁgﬁli%g%yz%%% a?%aé@%g?ﬁ%ﬁﬁﬂedgﬁg}ﬁ?g%g?dﬁégﬁ 25 y
pr ef er r edownif esid wemera siFstgm v sdid pisaterat es a fornmat of the nmagnetic strip on
t he back of th hqto;, Fig. 4 illustraties a re r device util.ized,to read
data recor ded CHEGTRLY B fetises syoteoh SRUGHeR Bt Rt B he Hofage iS pril Bedpiiod
utilizat 'Dﬁ‘ﬁntﬁfg R RPRAlAMee B tHehGimeetiRs h:ad B 4chali@ Gk Ch&l OF

PREFERRED AND OTHER EMBODI MENTS I'n the pref erred erbodi ment a magnetic
sensi t¥ vesystanmt Fughératheeprentirell cas indludei sneahthanticationechipe containing awtheaticatiodi o
nmessage on .t he back,of an out put .photogr.aph. The .Artca evige i.s. MO, .
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covering a whol e surface of the photograph or alternatively, a magnetic

strip can be Puthrdbe pribier eaminclude adzeme demanddnkjet prinjsoend ginllefing means
phot ograph_i.s magneti cal | nsitive. The Artcam devices are further

provi ded rﬁ%ﬁﬁ%ﬁ%‘f?ﬁ?ﬁ?@%@%? an audi o nessage for later 5 playback.
The pi@ferred wibodidient drsngseddr abiviuldng assyabrROtot BE QBRI s wdoab laficillary
programm n of a hand held canera device such as that described in

Aust r al i afnipmaiiosvathacipewtppiphomesathie at i on No. P07991 USSN 09/ 113, 060)
entitled "I mage Processing Method and Apparatus (Art 01)" filed 15 July,
1997. 10 The aforenenti oned patent specification discloses a camera system
her ei naf t SUMNXRY GBE THE INVEDITON ype canera, wherein sensed i mages can be

directly printed, out by an, Artcam portable canera unit. Further, the
af or ement i onedltsiseay phigel ¢l heqprssqnd devention te papade feg: heguagnstic Jeseing ¢fy

vari o i i i r{?ﬂ? ;b%ﬁ sensing device
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mani pul ati ons Ibaaoedaics withadthst aspee off tigiprseht iexértion, therania provédalalcanasra be
i npl enented through the insertion into the Artcam,of cards_having encoded

t her eon vAYStERdors the creatien ohimnagss, the,eamars PYStAta cOIBRHYRS 2 SeRsgeor Sedngal s

her ei naf t i gg% %ns‘% ol I pgni fi cant
onbo:ard p%%%%%?%&po 1;1% y a%ﬁ%c?%amr%%gﬁiéﬁgf&@régg%é%ﬁd%%?ﬁ ,%\C:D)Iwm chis
i nt er conneeddetbrmmed preyessiyg thquiremerdtsra privdershemma der printingyilor seaned ietga oand

i mage 2Q In the preferred enbodi nent, g Artcam.device i.s sui.t abl
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" provided to Trecord either the surrounding sound environnent™ or a” nessage
associ at edemsitive suifacd. nage. The print nedia or filmis pretreated so as to

ke it Lcally. Ltive i inilar.,. to that ided b
Tape nedi a. Thath augbisgtbmenen futsspiitis AP Ehae At B SRS O
out put phetmed imadd RIINAE pNRe mBanBEGBRELEAPriMs tHeQB8AdiiBsSbi b BirsRYrB& of

provi ded. The recorded audio is stored on the back of the output
phot 08f aptthe prinfanesigeanteic magnetic reperdingroenn regopdsdhe asspeipted énfogmationsothi ghl y

digital regjli f ed. i rovi des e n i
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pl ayback apipbai thedames spsteml. 48 dné embsdiaient, e Doridie senaoaasrfaveitm ntrise
decoding this information.. Turning nowto Fig. 1, there is illustrated, in
schemati c ﬁ%ﬂ%@édﬁﬂ@ﬁéﬁ?léﬁ“faéﬁﬁgﬂiermﬁﬁmfd%i ch includes the arrangenent
as described in the aforenentioned patent specification wherein an inage 2

i s segged via CCD se L.3 an orwarded to an. Art.cam.\WD -004501

b ABB002) 001 1B E B Mt B SpHR of it pr BBt PR R R DR

conput at | %ﬁﬁierdﬁ@t@ﬂfi@E&c@ﬁiﬁ@ﬁﬁ%ebﬁdid dndeRsysehPE@igingned pat ent

speci fication. The Artcam central processor 4 can store the image in

memory 5 whi ch a3eqcEPEISIINagR sEISPLIOE sepsinggn imegesd RAMBUS ( Tr ade Mar k)
interfaced nenory. The Artcamcentral processor 4 is also responsible for
controlling the operation 5. of a printhead 6 for the printing out of ful
col our photographs, eg. 7, so as to provide for instant inages on denand
in addition to the magnetic recording head 16, for recording on the back
of the photo. In the preferred enbodi nent, the canera arrangenent | is also




25 information on the back of print nedia 17. Simlar arrangenments for
printing information on the back of an output photo inmage are described in
USSN 09/\g7é?2 %42@ Art 12) the contents of which are hereby incorporated by
cross ret QP8 BINL . p; ng nowto Fig. 3, there is ill REFAVZM2BH1Iekanp| e
of a magnetic strip 18 formed on the bagk of photo nedia 17, the strip
bei ng recorded on by recording head 16 of Fig. 1 30 or Fig. 2. The

i nformation recorded can include |ocation, date and time data with the

| ocation data being provided by neans of keyboard input or, alternatively,
through the i asligital procodsing peaistfoopiongssitgshitiRnsodGhags ifIRSoflanbd1withi ke.
Fig 4 shows t%ﬁﬁbaﬁk of the inmage 17 on which is also recorded an encoded
form 22 of RS BIG! BIIEIIGIAPEFDCAFe WO 2004/ 001501 6 PCT/ AU2002/ 001161
format of the engafbiowiaa; A¥n ict hi . of the person
skilled in the a?ﬁ. Hc_)wev]en?,%pr eftélﬁgg%ﬂgf%ﬂ%%@%%ﬂ?&%%%%@f%agegnﬁi ghly
faul t tol 8fase of gdnicbpriwnoetia,sgidtiok jet priat mediadnelodiag bhadenety rabide: due t o
use anﬁj h ieng of the print nmedia. The encoding format can be, for
exanple, eed~Sol onon encodi ng of the data to provide for a high 5 degree
of fault tolerangenachefi®idisr I T i Y back"

t he recorded audi o, g;ﬁhe phot%@%#'eg?ssf&f)%éggﬁn%%ﬁ%%% gdf?g%g%o?mé%\??%e 26

whi ch i ncmagedicqyeegdingsuifaess for gui ding the photo 17 past a magnetic
sensor device ferring now.t.o.Fig. 5 there isg il]lustrated in i
schematic for mgfﬁeelja%l é%aé# F“%RC’& dt’ﬂ@m%%o%‘iﬂﬁlﬁ"‘steéé ¢ mfaymationasseaates gyiths
The magnetdid sagsdifiace/ IS i nterconnected to a second Artcam central
processor (ACP) 28 ich is suitably adapted to read and decode the data
storelf on the Besiwably, iseriptrsmesgna phints Shid seesed dmdgaona dirst stufacerifisaid print

stored in . ck via_ a spun rocessjng chip 35 on speaker
29. The s%ﬁ&%@%ﬁ%"%ﬁ% n§§1%a8%re88%ﬁ§?’g 3osiAted FMOTEETIOR R agPCRe ACP
decoder 28urfiek ofisdidh piitit Medine PafORbYNSLE it And 5018 9Q84onsubicaéard c?&'&xffé?

i nput con%ol s. 33, whi ch can include volune controls, rewnd, play and fast
forward cHesiseidert medizan be seen fromthe for egoi ng description of the

preferred enbogy t : .l rovided a syste r,the fomatic
recordi ng of aﬁ{f?%&%l ’s%ztli g:?(@%tr}%x}t ﬁ&gﬁa‘% toﬁff?mf i emgl(ﬁe%schglge b‘ﬁg’sﬂ an
audi ol eceanterasysbarh ataiticamdrid sgstda eb@BHisiaY aMahdheld paRablekadneta (R lelsaid
There is @%‘Pﬁo déltECl osed .an audi 0 reader system for reading an inmage

recor ded ? Radiapl e printer being bpiign ind) heldrpertalbeanzgppdedeat ed by a
person skilled in the art that numerous variations and/or nodifications
any be nmade to the present invention as shown in the specific enbodi nent
wi t hout JBBAEFIDESCRIPTION OIHTHE DRAWINGS of the invention as broadly 25

descri bed. For,exanple, the utilisation of nore conplex audi o recordi ng and
pl ayback tec hNPﬁiU@{@G% agy otheg fgrgnsawi ey fath withi theiseonesof thpreserds ent

enbodigre nfnvkSiont r i i l cts to be
illustrative ar?ap%getqféraefgﬁl? %ﬁegﬁﬁﬂ@@ﬁ%? %rcl%%égbfs%ss&%ﬁgy 8%&%?3’91%” of
t he i nvenvithrefersaceite thekcdostpapyingtdeawingpim wikichce. O course many 30

di fferent deviges,gould be. used. ver presently popular ink jet printing
t echnol ogi es a 1%’ lé:lhﬁ 1] t@?ﬁ"l{eﬂ"ag@aj&o%\?&%a SYREmRoBstrugtehinrsceerdangsrtothe m

wi t h t herpreferied enib@linhegnt;power consunption. This is approxi mately 100 tines
that required for high speed, and stens fromthe energy-inefficient WO
2004/ 001501 PdiigALilbBizaies sdematizalieaprntef mdclmpise) aut feoordinpinechianiéal ¥BEe t he

r api thsboi L] f o0 produce a vapor bubble which expels the ink.
Wat er hasﬂrgfé\grggﬁm\#?gﬁﬁ%at capacity, and nust be superheated in- thermnal

ink jet appli chigi DikustrTieh 8 fbreael of i dbrehil ist‘fiirp%ﬂ%e Bic@f%@ﬂh&o-oz% from
electricity input to drop nomentum (and I ncreased surface are€a) out. 5 The
most si gni fi cafig pilbiiraies areadendeviesaitidized tarend Rata etcordedsimthe bock efist .

Pi ezoel e L I's have a very small deflection at reasonable drive

vol tages,cﬁ]%%@%}%?rugfore require a large area for each nozzle. Al so, each
pi ezoel ectri c Bigt Hiidhstrateyidic mﬁzaml%t@@afaﬁlsio?%é%&%ﬁeﬁieﬂhﬁn&@. a
separate substrate. This is not a significant problemat the current limt
of arbund 300 nozzl es per print head, but is a major inpedinent to the 10

fabricati PRION 2 1 deally, the ink

j et technnt;ilagg?gs usg‘dérﬁr‘eﬂeigti 15@?%@@@%??@11 n-canera digital
col or printi ndndiiprefined dnibodimginla rygnetic géhsiive Pilint hiRMiaGRserifl ik Rhilindl for
applicatigns. To (lr}(eet hhe requirements of digital photography, new ink jet
t echnol ogﬁ%?"ﬂ% SR A0 acsrae onthebackof ga ouipatiphategsaphs cThedricanbdévie ipower
(less than 10 Watts) high resolution capability (1,600 dpi or nore)

phot ographic quality output |ow manufacturing cost small size (pagew dth
tinmes -mnimumcross section) 20 high speed (< 2 seconds per page). Al of
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8 circuitry. Ink is supplied to the back of the print head by injection
nol ded plastic ink channels. The nolding requires 50 mcron features, which
can be created using a lithographically mcromachined insert in a standard
i nj ecti OKORBHAOES t 0ol . Ink flows through hol es et ched PCA/AGR0BUYRIGIhe waf er
to the nozzle chanbers fabricated on the front surface of the wafer. The
print head is connected to the canmera circuitry by tape automated bondi ng.
Tabl es of Drop-on Demand I nk Jets El even inportant characteristics of the
fundanmental operation of individual ink jet nozzles have been identified.

These chaglfgédol Hith Gichadees hagptic Yeodtdih goned whieh dabeomiiiveke atidy ef tapaidiced
as an el even di nensional nmatrix. Mdst of the eleven axes of this matrix
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(8 types)The Atedmideaiogd ark ifaddicr providedmith fhecbility to reedrde ahdio hypeass for later
Actuator nption (19 types) Nozzle refill nethod (4 types) Method of
restrisctiPJ@Y]P?é k flow through inlet (10 types) 20 Nozzle clearing nethod
(9 types) Nozz is R b i ' %&Lﬁ';&]ﬂq (5
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o abls | PPt bR NGO PP s o Do ed iRt Moe e fiehbit il °
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| nst ead, tainink jet types have been investigated in detail. These are
desi gHht ed | JOrhe afoteiddntiobal/prterDspepifidatibn {istloses afcamerassystoms heramafteradi | y be

derived fyomthese 45 e | es by 30 substituting alternative
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to any currently available ink jet technol ogy. ere there are prior art
exanpl es tstheds fop pererniing ¥eriens mapulationson enages chpiared WO IROCIQD IBOiIDE O

PCT/ AU20021Q01161 e | e re ldsted i-p the exanples colyumm of, the tables
bel ow. - ThECTORERE 1o AB POTpR® of Bl ok pBi R et A atotaiomn. 1 n
SONE P3Segre dscRisbd e mkr@xiblesﬁﬁduﬁ@&ﬂ dah 8 iBpRMehied throbBDihe inséhiRdhe it
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rinters,.Short,run.diqgiit rinters nerci-al  print st.ens, Fabrijc
Pr i nt oo, by SRafneleh Mol in s ARIRGE e AR ARVl AL G,
I magi ng, Yskerd plobBking Ppotvet By sn Abeds TRekal Peoddkion it SACPPWHItRAGEI nes,

I ndustrial printing systens, Photocopiers, Photographic mnilabs etc. The
i nf or mat | EHeraeEGeicd teymemony devicefon iestomee of duportant dataanbineages. matrix are

acTude Vecrat SR et eiSed it e M B Bl Rl B 0 R°
Advant age #vidagwdacroplyasidesivelaad addoeiansl rétording ¢édhablogiesn Whenad ietuteisce Hi gh

power Canon Bubbl ej et buhbl eheater heafs the ink to, generated, | nk
carri er 19¥KeR{A% OpporHnilyas dﬁ%rfrq%f@el@@rﬁxe,sunm@w@ quxogigent or a

wat er pat e it \ L gnlf t I .G enc
Xor ox heat s dociited SR RIS BOTRS R b b S S U R A B
et ink. AniagbéficellyFasitiviansimniat maper & thatgwalidelbPy p8 99edif 1 Theickadims and

qui ck + Snpl | chi rearequi r.ed W ett-Packard, forpns, expelling the
equi 3 Fo Do AREr P oA BuFER oE Dlorput 9850 vS gyrrRately ARrEPPiaLY) Usp
4, 490, 728 s Jh&iRfski e ¥ tpa;viaéae THRUSHHIePRRESRSidred b Yhe Bick BT RicSiyItS

required tipl cally less than Large drive 0.05% of the electricaltransistors
ener gy beiphgtogaphtiman encoded femat, thmefcodimgpréfatabhcheing offa highlyutigitdl iresiliént

f th t . - bubbl e f t] L Qrint head
i 1 eul t fom TR Ruordad idio providesdliemancnt prdie FrOrbpssogi i SRS ver y | ar ge
area Kyseigoftspahdib@Bheiogfiohi gﬁyféalua}ﬁlﬂ,@%hysm%ﬂmam% Bﬂﬁﬁid&%’f Sdanning

actuat or 3, 946, 398 lant hanum zjrconate Many ink types Difficult to Zoltan
USP (BQT) theenspéast audiminddesgdingdhigdeformatiogr ate wi t h. 3, 683, 212 acti vat ed,

FEgh_ef f1 o enoy EEgR 0 P 256 dehieal B B ECP R BHR TR Poeifiane: stors
Epson Sty letithopingss U vehitlpinkchrles te, di@apénen o @kdcribed ¥ tBE eotdmentibnedpatefiu |

pagew dt h+ 1104 ., ] . . .
specification wherein an image 2 is sensed via a CCD sensor 3 and forwarded to an Artcam
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print heads inpractical due to actuator size Requires electrical poling in
high field strengths during manufacture Electro-An electric field is Low
power Low maxi mum Sei ko Epson, strictiveused to activate consunptionstrain
(appr ox. WRAEPHH0INN | 3p el ectrostriction in Many ink t \REEOUDISBIRI0L/ 96
rel axor materials such can be used Largegarea 1104 as |ead | anthanum Low
thermal required for actuator zirconate titanate expansiondue to | ow strain
(PLZT) or lead Electric field Response speed magnesi um ni obate strength
requiredis marginal (-' 10 (PWN). (approx. 3.5 V/mIts) can be generated’

H gh vol t eaperalpiobessbr 4ivfHicicimchides siv@ificiaRdpuiional Pefurdl s HEIHbES LMY T ed
electrical_.poling Full pagewi dth print heads inpractical due to actuator
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10 ACP processor 4, The sound chip 10 can be of a standard or specialised form and can, for

example, comprise a DSP processor that takes an analogue input 12 from a sound
microphone 13. Alternatively, with increasing chip complexities (Moore’s Law), the
functionality of sound chip 10 can be incorporated onto the ACP chip 4 which preferably
comprises a leading edge CMOS type integrated circuit chip. It will be readily evident that
15 many other types of arrangements can be provided which fall within the scope of the
' present invention. S
The sound chip 10 converts the analogue input 12 to a corresponding digital form
and forwards it for storage in memory 5. The recording process can be activated by means
of the depressing of a button (not shown) on the camera device, the button being under the
20 control of the ACP processor 4 otherwise it can be substantially automatic when taking a
photo. The recorded data is stored in the memory 5.
Turning now to Fig. 2, the camera arrangement preferably includes a printer device
6 such as an ink jet printer which includes a printhead 6 to print an image on compatible
print media 17 and a magnetic recording head 16. A further printhead can be used to print
25  information on the back of print media 17. Similar arrangmﬁents for printing information
on the back of an output photo image are described in USSN 09/112,741 (Art 12) the
contents of which are hereby incorporated by cross reference.
Turning now to Fig. 3, there is illustrated an example of a magnetic strip 18 formed
on the back of photo media 17, the strip being recorded on by recording head 16 of Fig. 1
30  orFig. 2. The information recorded can include location, date and time data with the
location data being provided by means of keyboard input or, alternatively, through the
inclusion of a positioning systems such as GPS or the like. Fig 4 shows the back of the

image 17 on which is also recorded an encoded form 22 of the audio information. The

H



dielectric (usually air). Upon application of a voltage, the plates
attract each other and displace ink, causing drop ejection. The
conductive plates may be in a conb or honeyconb structure, or stacked to
i ncr easeVORM WM ace area and therefore the force. APRST/AWMWOEIUEEY | c
field is applied to the ink, whereuporgelectrostatic attraction
accelerates the ink towards the print nedium Full pagewdth print
heads are not conpetitive due to actuator size D fficult to operate

el ectrostatic devices in an aqueous environnent The el ectrostatic
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requi red deBTeePtBEIARIPRNEG.o d attracts dust WO 2004/ 001501 12 ACTUATOR
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magnet el ectro- nEgnetic An el ectronagne rectly attracts’a
is passed through a reader device 26 which includes pinch rollers for guiding the photo 17

past a magpetic sensor device 27.
Referring now to Fig. 5, there is illustrated in schematic form the operation of the

10 audio reader device 26 of Fig. 5. The magnetic sensor 27 is interconnected to a second

Artcam central processor (ACP) 28 which is suitably adapted to read and decode the data

stored on the back of the photograph. The decoded andio information is stored in memory

32 for playback via a sound processing chip 35 on speaker 29. The sound processing chip

35 can operate under the control of the ACP decoder 28 which in turn operates under the
15  control of various user input conirols 33 which can include volume controls, rewind, play

and fast forward controls etc. '

It can be seen from the foregoing description of the preferred embodiment that there
is provided a system for the automatic recording of audio associated with an output image
so as to provide an audio record associated with a photograph printed on ink jet media.

20  There is also disclosed an audio reader system for reading an image recorded on the back of
such a photograph.

It would be appreciated by a person skilled in the art that numerous variations
and/or modifications any be made to the present invention as shown in the specific
embodiment without departing from the spirit or scope of the invention as broadly

25  described. For example, the utilisation of more complex audio recording and playback
techniques such as stereo and B-format techniques. The present embodiment is, therefore,
to be considered in all respects to be illustrative and not restrictive.

Ink Jet Technologies

The embodiments of the invention use an ink jet printer type device. Of course many

30  different devices could be used. However presently popular ink jet printing technologies are
unlikely to be suitable.

The most significant problem with thermal ink jet is power consumption. This is

approximately 100 times that required for high speed, and stems from the energy-inefficient



per mmnent magnet, displacing ink and causing drop ejection. Rare earth
magnets with a field strength around 1 Testa can be used. Exanples are:
Samari um Cobalt _(SaCo) and magnetic materials in the neodym umiron
boron a0 eB, NdDyFeBNb, NdDyFeB, etc) Soft RGEHAEZ0Z001d6re

el ectro- magnetic A solenoid induced a wnagnetic field in a soft nmagnetic
core or yoke fabricated froma ferrous material such as electroplated
iron alloys such as CoNiFe [1], CoFe, ooNi Fe alloys. Typically, the

soft magnetic material is in tw parts, which are normally held apart by
a spring. meaheof diep efotiondiids involvas theaapid boiligy 6fwatpetotpsodikbhapés bubble
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consunption Many ink types can be use Fast operation efficiency
therefore require a large area for each nozzle. Also, each piezoelectric actuator must be

connected to its drive circuit on a separate substrate. This is not a significant problem at the
current limit of around 300 nozzles per print head, but is a major impediment to the
10  fabrication of pagewide print heads with 19,200 nozzles.

Ideally, the ink jet technologies used meet the stringent requirements of in-camera
digital color printing and other high quality, high speed, low cost printing applications. To
meet the requirements of digital photography, new ink jet technologies have been created. The
target features include:

15 low power (less than 10 Watts)

high resolution capability (1,600 dpi or more)

photographic quality output

low manufacturing cost

small size (pagewidth times minimum cross section)

20 high speed (< 2 seconds per page).

All of these features can be met or exceeded by the ink jet systems described below
with differing levels of difficulty. 45 differerit ink jet 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

25  below..

The ink jet 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

30 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 ink jet type. The smallest print head designed is 1738, 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



Easy extension fromsingle nozzles to pagew dth print heads

Electroplating is required H gh saturation flux density is required
(2.0-2.1 T is achievable with CoNi Fe [li) Conplex fabrication Materials
not usu¥O2004¥Unt in a OMOS fab such as N Fe, CoNiB@I/ABR0020HI61 ar e
required High local currents required gopper netalization should be used
for long electromgration lifetime and low resistivity Exanples 1J07,
1J10 1J01, 1105, 1J08, 1110, U12, 1J14, 1115, 1J17 WO 2004/001501 13
ACTUATOR MECHAMSM ( APPLI ED ONLY TO SELECTED DROPS) Lorenz force Magnet o-
Strictioncigiitrgace tension reduction Description The Lorenz force acting
on a current carrying wire in a Mgnetic fieldis wutilized., -This al]ows

the nagnetic Mkdp gurrlieddo the hask of gheprid hgad by myertion meolfsd plastisdaly changels.
oo cuth Ry SIHLD 87O ey BONLGH ol b UL N uSppicey

requi r emrenticombtiEnatinsedt i aussadaddhimjectom niolding nedlofikr flows deoughf heled ewhed
materials_ such as Terfenol-D (a | | of terbju dysprosium apd iron
devel obedtipuahheNuafa to BeanzAlt Shambes Aipicpted oncihe dtops sirkice bitie Walts: Tt
ef ficiencyinitiigq M0 RS be e S58that Xx. 8 MPa, Ink
under pos?ﬁlve bs?@%%%{t@f%a?ﬁf{é 0 ?ﬁta 1?5{118 z%peﬁgy guérafbggghgtensi on. The
surface febiss of D-drhBernnkd Tnk Jets

Eleven important characteristics of the fundamental operation of individual ink jet

nozzles have been identified. These characteristics are largely orthogonal, and so can be
10 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 ink jet fypes.
Actuator mechanism (18 types)
Basic operation mode (7 types)
15 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)
20 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
25  billion possible configurations of ink jet nozzle. While not all of the possible combinations
result in a viable ink jet technology, many million configurations are viable. It is clearly
impractical to elucidate all of the possible configurations. Instead, certain ink jet types have
been investigated in detail. These are designated 1J01 to 1745 above.
Other ink jet configurations can readily be derived from these 45 examples by
30 substituting alternative configurations along one or more of the 11 axes. Most of the 101 fo
1745 examples can be made inio ink jet print heads with characteristics superior to any
currently available ink jet technology. |

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



reduced bel ow the bubble threshold, causing the ink to egress fromthe
nozzl e. Advantages Low power consunption Many ink types can be used
Fast operation Hi gh efficiency Easy extension fromsingle nozzles to
pagew dt WOu0P#8015Meads Many ink types can be used Faﬁdéwgﬁ?({ ?M' on  Easy
extension fromsingle nozzles to pagevg’edth print heads g? Bfke is
avai l able Low power consunption Sinpl construction No unusual
materials required in fabrication Hi gh efficiency Easy extension from
single nozzles to pagewidth print heads D sadvantages Force acts as a

twisting ebdp®A ard ¥PLE uarter .af, t sol enoi d | ength
provi des florl(i:ggfiaﬁ a u?(ka#ﬁlﬁyl ex%&péegf‘clo(l) , P#g)ﬁ tf%%}ﬁsa ﬁoquﬂ%Hpﬁ to Edisedes are'
Copper nealsq indhe stemples cdhemniTadofnecadedNpridérgaih A | | fetine
and | ow tgelgi tivittﬁ Pigmented inks are tr}g%ally #%%iﬁp%%@oénggnééts
as a tw strng fotiSeHes ﬂ%@ﬁ%}sﬂcmthmm@a@mmem. Terfenol -D are required
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long _electromgrati grﬁlj gﬁogng??rn% ancﬂ%ftgvg\)ﬁ}oi%%?ss]flf’@a? OIWB%W%@@% ma be
requi Ped neREefkiprioters,Shop! remeligital prifiters; €oninteréibl Hedt sYEtORs I%%H@t‘?ﬂ,b e
Requi res PRES alt i nk surmnts Speed may be I!mted’ by suartactant
properties o prters, Internet printers, Video printers, Medical imaging, Wide format
printers, Notebook PC printers, Fax machines, Industrial printing systems, Photocopiers,
Photographic minilabs etc.

The information associated with the aforementioned 11 dimens; i
. ensional
10 out in the following tables. onal matrix are set
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bends to apply drive transistors ¢ Epson Stytus
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print heads
jmpractical due to
actuator size
¢ Requires
electrical poling in
high field strengths
during manufaciure
Electro- An electric field is + Low power 4 Low maximum ¢  Seiko Epson,
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print heads
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t heactuators can besem conduct or Ac§31atorL| near | nductiond
w thmaterials such as Actuator (LIA), Linearhigh thrust, | ongsoft magnet I C
al | oys Per manent Magnettravel, and high(e.g. CoN Fe) Synchronous

Act Iignrnffi ciency using Sone varieties (LPMSA), Linearplanaralso require

Rel §W€Gﬁ%@rummmnemEmw¢§0@ynun OnotS
Act lat or f abr (ﬁ;&ﬁgnm eriats—stueh—as—(LRSA) - Lineart echni_ quesNeodym umji ron

Swi fThed—Ret et aRbet Long a AfmanGes o on ( NdPte@jnsessuat or La2ipR), andtryvel
i's %,%&P%bl e g frene | hedewsrepper + | WedFdidabiofGE T SCOmgE G 1 THG
Act pat or  ( LSAf; 2% 8 1 ABFephals SOHFTRASI I 1 cuilt wistibg inotivnv Ol tfageisHi gh curT et

opel ati onope %@%ﬁc ODERA?‘EW ExanpTwesallyDescr i pt i on Advant ag¢s
Di shdvant ages,, 0150 °;“L“l; Mian] C OPERAWz@MoMBDE Actjuator directl:

1

pushes i nk Deggl n Thi s % s h@Lfiap| et Solmpidilengti opdration: the

act pat or di rvﬁlglmxﬁcﬁ%ﬁggljles :su - EigiRRey i ng%@smﬁw tlo expel the dfop.
C

Thel drop  MuS&uphRY Sxidns {Ofl 'ﬁ% ?:;e;g%'fs‘&?:i t) &fe®ne |the surface
tensi on. Advpié p@€Bead Rh1TD! € E@Jﬂ@%‘t bt XtE s fiellds required
Satjel lite dr opemplean: RR avcuﬂ rop ’e'f"'ﬁ?f fr legs than 4 m's |Can
be lef fici ent) earthipseseitng ugon the act uat prp LUSET L9 ty Electro- sthtic
pulfl on inkl Wegeetic pulll on ink The drop@ue a5 geml giil nted are sel ectpd by
sone manner |(@ntgthe cirda@r mal )y i nduced surfa&&tgngﬁd teducti on of

prgssuri zed {igakyne wiekaizked drops are sepa{faﬁﬁqnd‘l&gmthe ink in the
nozzl e by ccfﬂ’ilm;?ﬁdqmﬂlelprinthe print mediun assistivifyr ansfer| roller. The oﬁrops
tolbe print/d8ehimrifigiect ed by some mannler @rmentd ddder mal |y i nduced
surface tensiﬁ?ﬁtﬁmlfeduction of "pressurized arevigdally Sel ected drops are

€S i
stnctwn giant magnetostrictive | can be used o ’ t“fil;glrl;en:?tsi‘)f ’ ) Usglschenbwh
effect of materialg ¢  Fast operation +  Unusual * IJz4 i
such as Terffenol-D (an {4  Easy extension materials such as >
alloy of_terbzmn,. from single nozzles Terfenol-D are
dysprosium and iron to pagewidth print required
doevdf;llaol};ed Iitt I’;he Naval | heads ¢  High local
rdnance Laboratory, i i i
hence Ter—Fe-NOL;'.y * ava%gbllleforce ° + Gmgsl St
For best efficiency, the metaliI;p "
actuator should be pre- be usedai?oji —
stressed to approx. § electromic;*a?i%i
MPa, lifetime and low
resistivity
¢+  Pre-stressing
may be required
il:lrsi;z;e Ink unde1: positiYe + qu power + Requir::;ur +  Silverb
! pressure is held in a consumption supplementary force 0771 65 oy
reduction nozz}e by surface 4+ Simple to effect drop related i
tensgon. The m__:rface construction separation li gatent
tension of the ink is 4+ No mmnsual +  Requires special peicarions
reduced below the materials required in ink surfactants
bubb‘le thres_hold, fabrication ¢+ Speed may be
causing the ink to +  High efficiency limited by surfactant
egress from the +  Easy extension propertieé
nozzle. from single nozzles
1o pagewidth print

heads




strop electric field. The drops to be printed are selected by sonme nmanner
(e.g. thermally induced surface tension reduction of pressurized ink).
Sel ected drops are separated fromthe ink in the nozzle by a strong,
magnet i o 2oeidolsacti ng on the magnetic ink. Very sinmpCe/amrooziooitsead
fabrication can be used The drop selection neans does not need to
provide the energy required to séfarate the drop fromthe nozzle Very
sinple print head fabrication can be used The drop selection neans

does not need to provide the energy required to separate the drop from

t hge——nozzl-e—Very—sipl-e—prh head—fabr-cat+onr—ecapr—be—used—TFre—dro

se WASHRWW%MM%?LFWDWP% the energy required to separate
the drop fromedfiptionn0zzl e |DAGagku@at ages m@@vaﬁﬁgg@titidmxaﬁ@kg is usudlly
T AR O anDUR ey KT Z - [ oF OWENERS , TN S| 1 SRRnd T UNTangNt ghved Qi [5E

8 e A erearaivat. S oo R ke Mo L s R P
drop ki net || cl@Nekieerdbiat | seNgnamigled by tdureciaep uat or| +emad@lchi t € diops
ustpial 'y for mdtk efdéiepa vel dciﬁayeﬁhlsreg&iﬁahe sdplradond. 5 i S| pRaigationes cl oge
proximty b(;bmeiwredulstenﬁuni ntfatnesidn and t he pRégnites Beelbla jor transfer rqller
May require|bwohiepdi nt heads Bedyetiensign al t @knatosityr ows qf the inmge
Mohol i t hi c ¢ekarothepnaliywitbh ela demesingle nobizles | ¢ ubtopertRequi res very hi gh
el ¢ctrost at i(eﬂ“tﬁqkélbﬁs?ﬂa]ect riopazewift pfite| ¢l¢ fHichsppedlis nozzl e sizes islabove

ai br eakd )th can be engineered | heads difficult to achieve

for a 100:1 viscosity +  Requires
reduction. oscillating ink

pressure

¢ Ahigh.

temperature

difference (typically

80 degrees) is

reguired

Acoustic An acoustic wave is + Can operate ¢ Complex drive + 1993 Hadimioglu

generated and | without a nozzle circuitry et al, EUP 550,192
focussed upon the plate ¢  Complex ¢+ 1993 Elrod et al,
drop gjection region. fabrication EUP 572,220

¢ Low efficiency
| ¢ Poor control of

drop position
+  Poor control of
drop volume
Thermo- An actuator which + Low power ¢ Efficient aqueous |¢ 1303, 1J09, IT17,
elastic bend | relies upon differential | conswmption " | operation requires g 1718, 1719, 1320,
actuator thermal expansion 4  Many ink types thermal insulator an 121, 1122, 1323,
upon Joule heating is can be used the hot side 1324, 1127, 1728,
used. +  Simple planar ¢ Comosion 1129, 1130, 1131,
fabrication prevention can be 1332, 1133, 1134,
¢  Small chip area difficult 1135, 1136, 1737,
required for each ¢ Pigmented inks 1¥38 1139, 1740,
actuator may be infeasible, 141
¢  Fast operation as pigment particles
+  High efficiency may jam the bend
+ CMOS actuator
compatible voltages
and currents

¢  Standard MEMS
processes can be
used

¢+ Easyextension
from single nozzles
to pagewidth print
heads




Electrostatic field may attract dust + Requires magnetic ink 1Ink colors
other than black are difficult + Requires very high nagnetic fields
PCT/ AU2002/ 001161 Exanpl es + Thermal ink jet Pi ezoelectric ink jet

1101, 110%02004001561J04, |1J05, 1J06, 1107, 1J09, 1J11, ljf:]l%%'l 1 J14, 1J16
1J20, 1J22, LT23, 1J24,1125, 1J26,. U27,1128, 1J29, PPE0146135
1333, LT34, 1J35, 1136, 1J37, 13385 1J39, 1J40,1141, 1J42, 1J43, 1J44
Silverbrook, EP 0771 658 A2 and related patent appl i_cations
Silverbrook, EP 0771 658 A2 and related patent applications Tone-Jet

Si e\[claﬁmkmgﬁ;m““ 6o8—A2—and—+elated patent applications WO
2004/-001501 GPBEPINER 19 SRR K RBOERAT| ON VDDE

Desqripti onAj\Pam‘la(gmsDi sadvam‘amExanpl e<:D§ Wa gr The ou,tl at uiﬁ roves—a{H gh
SPeidoeE Mpwi @R var, S +L L K kokde’ —to_bHoc Miikkiz)

opel diteran  Cc anhighjtbeffRntlof OW [t Bepherald®Z 2 e 'i'ggg‘:é GEFF &109, ylﬁé&ﬁq r¢s

i nk [ plasicpr es s themnal expapsibis edrledUasee hakdal b {4 dyfZititet 332, 5

mul { PgRatorof  { HEEDRugipast | mi Ng CAPE Ripbdich @R @ % €j §hk] very
acclir at enust | pivieniergtyied |f nedudndypmetihe | a uﬁggﬁ retli gyt rgy ¢an
be perypossi pf & TFBVE Sediis erle ditwdcabiabatat or nam&aﬁxﬁ@tuatomw £ Novi n
parfs are4 | Bt CYEmajerials | 8 dengpifidn|(€WDL t ef fabs bl ock i nkgmall travel ca
ber bqui redlllgm‘ﬁjlctl nf"hrougr &Pigypaaling, andus e(w REGVE Bgesitidk {t he nozzle. Th
shuf ter Actuafag S f1 395 FeschEﬂPWﬁH’BI at or prosemetfoleed onl ysmall force]can

\u—
Q_

-

be Friction aébd?t;fé&ﬂa m qui rEt‘ W|dt hugidthighst be cgnsi dered of the
gri|l holes.|High-s8Re ﬁp f?“é §’ kH 7 ) teBpseanig @lonve canpossi bl e be
achj eved Pul sge/bREbsa rrac y PBvmegessires |an 1310
maghet i cfi el ohca.htbrrvaﬁlt s an ] foog eraft i Srementeddnisr nal pul sed pul | pn
i nkjpusher atpolybiﬂcodh&&pgﬁm i e Y6 wffasid ect i on frequency.{An
No fheat Requli SesW spetinpdt a ;uaip;% Q%teg oI s 2AHE %‘%@"é‘l‘ nimterials for bpth
catjch, whi ch % prvadet1Sppbl ¢ rragnla@us at or @%a - i pk pusher from hk
pugher novi ndowhed 1audr op {6 Gaapl Mxanot (t0 be ej ect ed. construction A
XI Ul ARY NMECHARfiSHian( AfRtcr ED| Tfbubbtion NOZZL ES)
Dedcri pti onﬁd‘%‘ﬁ‘ﬁ‘tsa@blé@l sadyentsagksfixagp! §s NoneThe actuator directly
Sinplicity gBeBt op ej ecti op telpirtdfordectj et§, fires the ink drop,
andconst r uct|iPstkener gy nust | baeed udi ng there is no extefnal Sinplicity
of quppl i ed BButldzoel ect ri c|andaft prefatioror gt her oper at i oni hdi vi dual
noZ4zl et her maRobaebbl e. nechihi Shsheigisheyed., Snal | physi cal actuator 1JO 1),
1192, 1303, |sizell04, 1105,*1J¢MOS1709, 1711, 1J12, 1714,{1120, 1122,
compatible voltag&s
and currents
+  Easy extension
from single nozzles
to pagewidth print
Conduct-ive | A pol heads
ve polymer with a hi 4+  High force i :
f];)lymer coefficient of thennflh be geng:rated = ’maﬁ;fl;;r esspecial e 1124
ermo- expansion (such as ¢ Very low power de i
elastic PTFE) is doped with cons:xlzpﬁonp C'I‘;I:giiligggh
actmator co:}ducting substances (¢  Many ink types polymer)
to mcree‘ts? its can be used * Rec_[u.ires aPTEE
conductivity to .about 3 |¢ Simple planar deposition process,
orders of magnitude fabrication which is not yet
below that oj_“ copper. |4  Small chip area standard in ULSI
Iﬁ;mﬂi?x;ﬁgds required for each fabs
=A actuator ¢+ PTFE deposition
1‘:; 1;: C{ES’S“VEIY ¢  Fastoperation cannot be f?ilowed
¢ High efficiency with high
Exanples of + CMOS temperature (above
- ;:'Iid‘&cﬁng dopants compatible voltages 350 °C) processing
G lde: and currents ¢  Evaporation and
Carbon nanotubes +  Easy extension CVD deposition
Metal fibers from single nozzles techniques canmot
Conductive polymers to pagewidth print be used
such as doped heads ¢  Pigmented inks
polythiophene may be infeasible,
Carbon granules as pigment particles
may jam the bend

actuator




U23, 1124, 1J25, 1326, 1127, 1J28, 1J29,1330,1131, 1132,1133,1734, 1135,
1336, 1137, 1J38, 1J39, 1140, 1341, 1342,1143, 1J44 WD 2004/ 001501 19 AtI Xl
7ARY MECHANI SM ( APPLI ED TO ALL NOZZLES) Description Oscillating ink
pressur avo @eoa@bisding acoustic stinmul- ation) Media meamaUdezyoTréanst er
roller The ink pressure oscillateﬁﬁ providing much of the drop ejection
energy. The actuator selects whic drops are to be fired by selectively
bl ocki ng or enabling nozzles. The ink pressure oscillation naybe
achleved by V|brat|ng the prlnt head or preferably by an actuator in

thn ol Tha

. r—ctose—proximty to tiheprint
medi (ﬁ@A@éﬁ ecte SM(%%S! ' mﬁ@%ﬁ“ﬂ@oﬂrﬁﬁ#ﬁ#g print head fuyrther than
unel ect ed dr|apscriptied cont fAcddvinteespr i nt nRididvantaghh e drdﬁkmm@aks into ¥ he
medk e 1 aST COOLOR R M8H$® HiPRrcs@Par afd OFatigdk Bpis ar ¢epriizted to a
trang I@errol |Gk AT @Ad Off stalldbleqitfosstsd t hempuirnmi numbrdi ym A transfer
rol| ey can alisewbs Niserl f or ofimoadedrpiNPar ppofegdpar ati on.| El ectro- statfc
Dirlect magneNitlel Tisnahdlgr 08s Lagegimetisc [+ elldwAmeie(itgtnic field is uped
t o jccel er at|edevelapede tiedNachi ¢ p9vaildhivelmars than he sreavited iosaerdm| A magnetic fipld
is |used to anmmmﬁbwgwmgbleé%%d drops of PEEIFRICE nk |t owar ds the pfint
medj um The jo¢ thermalesrdiched | 81 aBigHogmsieR cofmst Fb“#hgnetlc field. The
Lorfenz for ce| §ehvegn & . ent cé‘f*?‘i‘"ﬁg W re |ﬁo§$ﬂh"f noje the actuatof.
Advpntages [y Es%?gfésﬁ&ng s By ar‘rg)mﬁ tion ¢ Requires unusnal
austenic state. The +  Easy extension materials (TiNi)
shape of the actoator from single nozzles | ¢  The latent heat of
in its martensitic state to pagewidth print transformation must
is deformed relative to heads be provided
the austenic shape. + Lowvoltage + High current
The shape change operation operation
causes gjection of a ¢ Requires pre-
drop. stressing to distort
the martensitic state
Linear Linear magnetic ¢ Lincar Magnetic | Requiresunusual |+ IJI2
Magnetic actuators inclede the actuators can be semiconductor
Actuator Linear Induction constructed with materials such as
Actuator (LIA), Linear | high thrust, long soft magnetic alloys
Permanent Magnet travel, and high (e.g. CoNiFe)
Synchronous Actuator efficiency using + Some varieties
(LPMSA), Linear planar also require
Reluctance semiconductor permanent magnetic
Synchronous Actuator fabrication materials such as
(LRSA), Linear techniques Neodymium iron
Switched Reluctance |4  Long actuator ‘boron (NdFeB)
Actuator (LSRA), and travel is available ¢+ Requires
-the Linear Stepper ¢ Medium force is complex multi-
Actuator (L.SA). available phase drive circuitry
+ Low voltage +  High current
operation operation
BASIC OPERATION MODE
Description Advantages Disadvantages Examples




Gscillating ink Requires external +Silverbrook, EP pressure can provideink

pressure0771 658 A2 and a refill pulse,oscillatorrel ated patent all ow ng

hi gher I nk pressureapplications operating speedphase and anplitude

+1 J0O8, 11"1’954%9_41‘5‘1?'01 The actuatorsnust be carefully, 1J17,.l may
AR o

operate withcontrolled, 1J21 much I@wer energy +Acoust|c
| ensesreflections in the ink can be used to focuschanber nust be the sound

on thedesi gned for nozzles PCT/ AU2002/ 001161 Low power Precision
Si | yechrook EP + Hi gh accuracyassenbly required, 0771 658 A2 and Sinple

pri @Aﬁ@gnpmapemobz bers mayrel ated patent constructioncatse
pr ofT SMSaPPI Gt oms—Eann substrates + High accuracy
W dE 'ta“ ge—6 pgon. oty WAHS be use¢@isadvaktagan be |dixamgies ON the
t r ahdptuator o, g'{ﬁs is t'rBamgpst pe fitsipleaperatioo P EXrof RPELSHIC L[ 16ON Thanldi VETHT 0P,
El ? Y p5amad of tl*iafla:lﬂ?*at éd paedmeal appl | wibs wadly Tekt{honpX, 3ok
. | ac ¢ tI i “ i ]Hiﬁ
pi epDer et i ¢ o Tk tAny offfe eu’l’e‘%erl es lLmitwltqrowed 10 $i gl e print hepd
conktruction A rY'p t?iirPPSheaj KigoHeswavercthis o)« - DS DO 0%, afii r e
rragtet ic mat D{hla D Ih %0 ’Ife g ead mmdujmoamw [
process Fi e| gustd€l 1en{ lgﬂané For S%e Daﬁo‘gjte ﬂm%fmtmll b PRI S npar
or | above ai | veldafeBlk e RGAUL q)s ma nedizi¥ignts, magpetic
figgd Requi rmé:suﬁxde%ﬁlai raghe ' tuP ma) B oar esul ting
in|electronjgration problle %,sle er o,k, For 69 &l 65811%%2 d26s el af ed
patjent applications Tone-Jet Si verbr o) ticdnergy must 1730, g;? ggg
be provided by the 1133, IJ34, 1135,
actuator ’ 1136, 1537, 1138,
+  Satellite drops 1339, 1340, 1741,
usuvally form if drop 042, 1743, 1144
velocity is greater -
Proximity | The dropstob v v
e drops to be - + ery simple print |+ Requires close + Si
printed are selected by | head fabrication can proximity between o077 lﬂgggb;ozcﬂ:n?
some matmer (e.g. be used . the print head and relaied patent
thermally m‘duced ¢+  The diop the print media or applications
surfac;f: tension selection means transfer roller
reductl?n of' does not need to ¢ May require two
| pressurized ink). - provide the energy print heads printing
Selected drops are required fo separaie alternate rows of the
separated from the ink | the drop from the image
in the nozzle by nozzle ithi
coutit ittt prict * -MOIIOIlﬂJlC color
: print heads are
medium or a transfer difficuit
roller.
Electro- The drops to be ¢ Very simple pri i
; : _ prmt | ¢ Requires v i
stai.Jc pull printed are selected by | head fabrication can high e?ecu-ost:triz * 07781112;1,:201:11?
on ink some manner (e.g. be used field related patent
thermally m‘duced ¢ Thedrop ¢  Electrostatic field | applications
surfac? tension selection means for small nozzle + Tone-Jet
reduc‘uc_m of: does noi need to sizes is above air
grelzssm;zzf ink). provide the energy breakdown
elected drops are required to separate |4  Electrostatic fel
Separated from the ink | the drop from the may :;Iaz: du:tﬁeld
in the nozzle by a nozzle
strong electric field.
Magnetic The drops to be +  Very simple pri i
: 1 pieprint {4+ Requires i
pull on jnk | printed are selected by | head fabrication can ma@gi]‘cl:r ink ) 0778111;;?;? I:,nc? g
:",]f:me :ilan{zcr (e.g. be used ¢+ Ink colors other related patent
ermally mfiuced ¢  The drop than black are applications
surfacc? tension selection means difficult
reduction of does not need to ¢ Requires very
pressurized ink), provide the energy high magnetic fields
Selected drops are required to separate
separated from the ink | the drop from the
in the nozzle by a nozzle
strong magnetic ficld
acting on the magnetic
k.




0771 658 A2 and

rel at ed patent

appl i cat

ions 1J06, |J
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PCT/ AU2002/ 001161 AUXI LI ARY MECHANI SM (APPLI ED TO ALL NQOZZLES)
Descri pti onAdvant agesDi sadvant agesExanpl es Pul sedA pul sed magnetic Very | ow

power. Cawhend/op1sont

print head

1 J10 Magneticfield is used tooper atCarli2802093milbl ehead
construction fieldcyclically attract a Snall

Magneti c paddl e,

whi ch pushessi zematerials required in on the ink. A smallprint head
actuator moves a catch, which seletdively prevents the paddl e from Mving.
WD 2004/ 001501 21 ACTUATOR AMPLI FI CATI ON OR MODI FI CATI ON METHOD None

Description No actuator nechanical anplification is used. The actuator
di reetdyy —drives—t-he-drep—efeeton—process—Advanrtages—Cpetrattonal- :
si AAPIGOPERABIONMEDE Nt | al  expansi on _bend act uator Transient bend acthat or
Reyerse sprlipagerpabsiat or  $hacdatadd act uat|apisdadnizbsal eXBadtiSesnor e on fone
ST 4S8N O Tl Gen@lo Rvesa |10 CHDRBSI@F0TE% DRiovin |1 GFBeECcsl C.]
magnet ost ri gty, “oglrockigf?'ue 1B/ BFerkkiodBan THE redagiad act uat pr converts a i gh
forice | ow t rigielio hakdHatRE | MBcdiRiBes dct® |RI gRequir@Mad , | pwer force
meqhani sm A ifudrdsayek phnd| sddcudiefil timdher|e prdserednwdulatot $i de | ayers are
i d@ntical . Thismaepeceftse bend Duptihiog anbi|ent Frttenpdrasrur e and  resi dudy
striess. The'| daptejeaicar onl y | r bsporderate 0 tir amsitentosidesat | Ng of one side pr
t hg ot her. THeqestwat or | oatls Eheagyarng. |WheiStidthels act uator is turned pfd
thd spring rlel eases. This|cereayeipdesayt He pofsiviece/ di st apnce curve of the
actljuator tojmake it _conpati We_w_Lh_,t-he__LgL@e{-LLn:e—Le(M—Le-n%m—s—ei—Lhe
dr dShufteet i qriThe Actwbr mewes of | ¢ hi ACUAPETIRt or | aPEVBEBER &S, ']Tjhlr‘%&%ﬁaﬂb%
1 io block ink small travel can be TEqUIF! 19
apdresifr i at e |[Vhidter . .
flow through a grill to used +  Requires ink
the nozzle. The shutter |4  Actuators with pressure modulator
movement need only small force can be ¢  Friction and wear
be equal to the width used must be considered
of the grill holes. - ¢ Highspeed(>50 | Stictionis
kHz) operation can possible
be achieved
Pulsed A pulsed magnetic + Extremely low ¢ Requires an +« II10
magnetic field attracts an ‘ink energy operation is external pulsed
pull onink | pusher’ at the drop possible magnetic field
pusher ejection frequency, An | ¢ = No heat ¢  Requires special
actator controls a dissipation materials for both
catch, which prevents problems the actuator and the
the ink pusher from ink pusher
moving when a drop is + Complex
not to be ejected. construction
AUXILIARY MECHANISM (APPLIED TO ALL NOZZLES)
Description Advantages Disadvantages Examples
None The actuator directly |+  Simplicity of ¢+  Drop gjection ¢ Most ink jets,
fires the ink drop, and construction energy must be including
there is no external ¢+  Simplicity of supplied by piezoelectric and
field or other operation individual nozzle thermal bubble.
mechanism required. |+  Small physical actuator + 1701, 1302, 1303,
size 1304, 1705, 1307,
1309, 1711, 1712,
- 1714, 1720, 122,
1723, 1724, 1125,
1126, 327, 1328,
1329, 1330, I131,
1332, 1133, 1134,
1135, 1336, 1337,
1138, 1139, 1740,
1J41, 1742, 1143,
1344




actuators require high electric field strength, such as electrostatic

and piezoelectric actuators. Provides greater travel in a reduced print
head area Very good tenperature stability High speed as a new drop can
be fireWOrOPHIMS¢teat di ssi pates Cancels residual iUﬁmm% ration
Better coupling to the ink Increased travel Reduce (éﬁlve dﬁ@a e

Di sadvantages Many actuator nechggi sms have insufficient travel, or
insufficient force, to efficiently drive the drop ejection process High
stresses are involved Care nust be taken that the materials do not
dean1n2fp Residual bend resulting fromhigh tenperature or high stress

dur EF¢¥$¥%E¢%MF%HPQNESHDemmmmumga | nvol Véd — Care must be—taken—thai the
copplexity High stress in {he

naterlals do ﬂ ammatTe bricatienr—conp

sprhyg %&ru ‘ﬂ'ﬁw.mf Wa'ﬁmm exit {Dispdyentasesed  dSwiled i ty of bhort
ci ry ;3smm es RET/ Ruilbtnzign 11 Beaquipt @small Her nediveBeoREe | Nk
jet FA 3’116 81 (7 PEHYE canpgoidle | | igbpressipy ez 0el dc07116558 A2 and

| 3o b 10, FEFFIe 101, | jgliaaryos, | Joqatidra | 29
133 °°'}S Eégmrse ° 113 J136‘ H@WSSHF%B pEficutions] 42, | 143,
?/“8%1501

lS¢
tu
| 34 b aro o el 11 ¢ %mz‘acmatearsezoe e BRI LER o
200 &7 selectively may operate with controlled 1121 ’ | ’
blocking or enabling much lower energy |+  Acoustic
nozzles, The_ ink +  Acoustic lenses reflections in the ink
pressure oseillation can be used to focus chamber must be
may be achieved by the sound on the designed for
vibrating the print nozzles
head, or preferably by
an actuator in the ink
supply.
Media The print head is + Low power +  Precision * i
Proximity placed m close ¢+  High accuracy assembly required 07’75111;56?20201:’:1?
proximity totheprint |4  Simple printhead |¢ Paper fibers may related patent
medium, Selected construction cause problems applications
drops protrude from ¢ Cannot print on
the print head further rough substrates
than unselected drops,

and contact the print
medium. The drop

soaks into the medivm
fast enough to cause
drop separation.
Transfer Drops are printed toa  [¢  High accuracy ¢+ Bulky i
t ! +  Silverbrook, EP
roller transfer roller mstea:id +  Wide range of ¢+  Expensive 0771 658 A2O lac’nd
of stfaxght to the print print substrates can = | ¢ Complex related patent
medium, A transfer be used construction applications
roller can elso beused |{¢ Inkcanbe dried ¢+  Tekironix hot
gor pro;mty drop on the transfer roller melt piezoelectrc
eparation. ink j
ink jet
: ¢+ Anyofthel]
v _ ' : series
ctro An electric field is + Lowpower ¢  TField strength +  Silverbrook, EP
static used fo accelerate 4+  Simple print head required for 0771 658 A2 and
selected dropf; towards | construction separation of small related patent
the print medium, drops is near or applications
above air 4+ Tone-Jet
r— " — breakdown
irec magnetic field is ¢ Lowpower 4+  Requires + Silw
. erb
magnetic used to accelerate ¢+ Simpleprinthead | magnetic ink 0771 65% 2020 lagnfiE ’
field selectetc} dlrgkpi of i construction ¢+ Requires strong related patent
magnetic owar magnetic fiel icati
ot o o eld applications
Cross The print head is +  Does not requi i
_ quite  [¢  Requires external (¢ I
magnetic placed in a constant magnetic materials magngtuu 106116
field magnetic field. The to be integrated in ¢+ Current densities
Lorenz force in a the print head may be high,
current carrying wire manufacturing resulting in
is used to move the Process electromigration

actuator, problems
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Descri pti onAdvant agesDi sadvant agesExanpl es MultipleMultiple smaller

| ncreases the Actuator forces 1J12,1113, 1J18, actuatorsactuators are
usedf or cROoavatdoasie fronmay not addl J20, 1J22, 1J28, sipam/Avseenediel t oan
actuatorlinearly, reducingl142, JJ43 nove the ink. Each Miltipleefficiency
actuat or need provi deactuators cantbe onl y a portion of thepositioned to
control force rired.ink flow accurately LinearA |linear spring is used

Mat ches | ow Requires print 1J15 Springto transforma notiontravel actuator
W tirhead—area_for—the-w-th—siali E%) aver—anaht-gher—travetsprrmg—high—oy ce
i nt d&%ﬁﬁ ﬁéﬂ%f‘r"(ﬁﬁ‘&%@%‘% eiaf ower Non-contact force potion neth of
m)tli on trans|ipusirgitenn Coi | ¢Advdnemek act uat|dbisadsadtspey eases Exampplesl t Generpl |y

X o 38T, TR % msel ShsRho! COMl €dery RwRbw | da Redupesprahi prestrict ed to
pl %5&5 O et iEhecliiloavel il nopadtiags peetineentiaid omsuctiegduced chip area.
Pl grgidlue t o QulchiB Mt ¥l eent sibdliis: headef @br iMagtetion di ffii culty relatively

t oi n ot |hradigwhRkhpahd onssizd abri cat e. [Flmstaricle kqibeddr gact uat or has a
pl e neans| aftheGalt. @ soult he 1310, UL9, U3Zrsdselsnal | regi on near
i i npctuptenmedved t aken not to exceed actuatorfixtdyre point, whicha
benld act uat ofdetsh vadidistic lijmit i.n flexes jnuch norethe fllexure area reaflily
: slecipvelyaicM®Er of thedistributjon is very actiuator. The
actuat or unevigBe B PR is effectively Difficult to convdrted from
aANAGGHH-3 A HEdEL—even—eettrg—to—anwth-Hntte—eterent—angutar—bend;
resul tinganalysis in greater travel of the actuator #p. CatchThe actuator
controls a Very | ow Conplex 1J10 snall catch. The catchactuat or
‘energyconstruction either enables or Very small 4 Requires external disables
novenent ofactuator sizeforce an ink pusher that is Unsuitable for
controlled in a bul kpi gnented i nks manner. GearsCears can be used to Low
force, low Muving parts are 1J13 increase travel at thetravel actuators
canrequi red expense of duration, be used Several actuator Circular gears, -
rack Can be fabricatedcycles are required and pinion, ratchets, using
standard More conpl ex and ot her gearingsurface MEMSdrive el ectronics
nmet hods can be usedprocesses Conpl ex construction t Friction, friction, and
wear are possible . WO 2004/001501 23 ACTUATOR AMPLI FI CATI ON OR
MODI FI CATI ON METHOD Buckl e pl ate Description Advant ages Tapered . magnhetic
pole Lever Rotary inpeller Acoustic |lens Sharp conductive point A
buckl e plate can be wused to change a slow actuator into a fast notion.
It can also convert a high force, lowtravel actuator into a high
travel, E nediumforce notion. A tapered magnetic




pol e can increase

travel

at the expense

used to transforma notion with smal

of force.
travel

A | ever
and high force
can al so reverse

into a

and fulcrumis

notion with |onger travel and |ower force. The |ever

the di rE@2PYOBPLL ravel . The actuator is connected tQWﬁN&@%@ﬂ%uuﬁ npel | er.
A smal |l angul ar deflection of t actuator results in arota of the
I npel |l er vanes, which push the i agai nst stationary vanes and out of

t he nozzl e.

A refractive

or
sound waves.

diffractive (e.qg.
A sharp point

Zzone

is used

pl ate) acoustic |ens
to concentrate

Is _used to concentrate o » |
an | ATestarosdeairicATioN 8k SiopiFR TGN MEpRop TOVETTENt—=achi-evabh-e—kht st he
magretic—foreerdi-stanrce—curve  Matches low. travel actuator with higher
trdvel— requissHlL  Fy) cr Advaategess has DisailvumaigesTOV NP BEampleaNd can He
usddiomer  a |Mowrwaigeal H ph rapehdmalcal advnla&ﬁaeﬁamr' Ne| ¥ atinlflf pdoBlc to
trgvel of thaechagicdat or cah $epliciat ched O nfebt@nisid0avd € [ eliljef €MENLS ty
valyi ng t he | 2 nigfusgdnpel | er  vanes NOlﬂS}lfﬂ‘tlﬂthr@aKtS + Sz $2, mos, |
cofstructi on dly001161 Di sadvant agessu;iicamrfp:ees MGt 1784, Bys, Wt Hi S
Hifata et aldngf liniks of the"An Ir k g efficiepsattiverat privzsl s for | ondUsi ng
Di phragn1d<vF°OHPP?§W1croactuator" %hﬂ§ﬂWE§§%@Proc. | EEE MEMNS,
o hnqusnnmgL_rp juirement +7) 1§,
| Y Wi SdRA0| A1 335 eé*iic’ EHes i 3 b Pt spgsges )3, Piraeleariound |t he
| J2 &xpabiitab! €% 410:%%9% f Ubt&a% Pr gl% & 19RJI09, 1847
ful Co h Bruct f@ abll e nent | 118k7ge |ar ea
o oesam  Cofrg Stfan & HItnEA he 118919, 1720,
requetigtet Oy dBinSiMARLy ok °7r acoustic ink #aﬁe:%at Ticul ‘21 %22, 123,
thermal, piezoelectric, materials do not 1324, 1327, 1329,
magnetostrictive, or delaminate 1730, 1331, 1732,
other mechanism. The ¢  Residual bend 1133, 1134, 1135,
bend actuator converts resulting from high 1336, 1137, 1138,
a high force low travel temperature or high 1739, 1142, 1743,
actuator mechanism to stress during 1144
high travel, lower formation
force mechanism.
Transient A trilayer bend 4 Verygood + Highstressesare |+ 1J40, 1741
bend actuator where the two | temperature stability involved
actuator outside layers are ¢ Highspeed, asa + Care must be
identical. This cancels new drop can be taken that the
bend due to ambient - fired before heat materials do not
temperature and dissipates delaminate
residual siress, The ¢+ Cancels residual
actuator only responds stress of formation
to transient heating of
one side or the other.
Reverse The actuator loadsa | ®  Better coupling +  Fabrication ¢ D05, 1711
spring spring. When the to the ink complexity
actnator is turned off, + High siress in the
the spring releases. spring
This can reverse the
force/distance curve of
the actuator to make it
compatibie with the
force/time
requirements of the
drop ejection.
Actuator A series of thin ¢ Increased travel + Increased + Some
stack actuators are stacked. |+  Reduced drive fabrication piezoelectric ink jets
This can be voltage complexity +  II04
appropriate where 4+ Increased
actuators require high possibility of short
electric field strength, circuiis due to
such. as electrostatic pinholes
and piezoelectric
actuators.




fabricate using
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VLSI

PCT | AU2 02 @ad/naa1 ACTUATOR MOTI ON
Descri pti onAdvant agesDi sadvant agesExanpl es Vol uneThe vol une of the+ Si rrpl e
Hi gh energy is Hew ett-Packard ex$ansi onact uat or- changes, construction in

thetypically required toTher nal

processes for a
el ectrostatic ink j
, EUP550, 192 1993 Elrod et al,

ets
EUP 572,220 Tone jet

1J28 1993

surface ejecting ink

Hadi m oglu et

j et

WO 2004/ 001501 24
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Ink jet pushing the ink in allcase of

" or

t hermal i nkachl eve voI ume+ Canon Bubbl ej et di rectl ons. j et expanS| on. This
| ead ans 003 har m N
i MWWB%AE{W@&M@WEWW?D nmoves in Effl ci ent+ Hi gh fabrl cat| on
1 Jo, 1J02, Ibemﬂ,mglor mal tgavﬁtarg@sctl on nobmva,;t&@pupl I N@xdmprésnkconpl eki ty
LT .Jﬁlhgm L T, SURLERRTIS T ITea SRLS 2t O i0fs, Ts,
ej ,pctugﬁ,fsequq <10 Ao ‘E' evé’ The 2ARad fonl S tﬁ(&'n@@a yynor mal b 1m22, 1128,
th perpend| cgh%nelo&l&b e Iln&&ﬁ&y{facemtlﬁ@argqg@gﬁgt Pgn@luugl toThe
acf uat or NoMRSe BdldkdRle T 08 + Nralgie cat i on] leffledancyl 113, 1715, chi p
suf f acepar ajl dcebtodRed fA&ider I| Nhgdlafisahn Beabr i cat i onconpl exi yU33, , U34, 133p,
hepd sur f acleenhRpopiofrsfthd i ¢nhoédionedjioohtroadn(. may still be+|Stiction normal to
t he_sur f acel foivereuiede An _act inkflow aggibklya [The ef f ective fabricationt+ 19B2
Holkinéds pushiilighr sofispGensadit) ¢ Snidhttims oer of e Raeqtineatrint conpl el yUSP 4, 4p9, 601
ar psering US edtotransforuis hmatiac ¢ nesvet dewatgrovithat orhesd e fatihef f  renbr ane t hat
i shenbr ane bwigenBll friviebandi t y  BBher favebnt act | wiPEke t he i nki ntegration in a} VLS
bcess Rot plgiThrse mtotauat o] EAUSEEM™Rot ary| | evers Devi ce [1105, 1108, 1113| the
rof ati on of | loeaselras lpeerused t]% @xity] J28 el ement, such a grill
or| ncrease tf"fﬁé‘f’u%y havg i“ﬁs ¢ u%‘mSma | chip areafrijction at a pivpt
re4u. refrent-spotat—Bendthetact At ot~ Deias I‘"\ V1Y fre—+ r\cq P70
KygEpiledy g agHEY %ﬁzec’ "E%ﬁaﬁ?fé i ha %%? be* Eyugg} 93‘546 398
aciyat Reduces ¢ d
may*BE Yue | B afte i1 éas cma}gﬁ romat | easi Qﬂ%ﬁ% Sterme di fferent|al
t hgr mal conveeﬁ éd rcg |§j [hct Iayersdueg;exgé;ngP 3,747,120
expansi on, npt1 on. A ve a t he metthGoms ard 10 Osbrdcddon @ffdaiyez0€el ectri cdi ff efence
acfoss thellll9, expansion, aggldﬁaglpgag}?t% 72 %hdrbathtatiom@gnet ostri cti on,
or|131, 1J3B, 1134, other forfalmh&ie rel ati vel J35 di mensi onal change. Sw Vel The
act pRERE SW X6LS 1Aldi@Wss :00@" a8iimdR eRRbf | [é ertardnkdfbear oynd H10; B4, 1133
pi Yednawher e| &R rép@in nbdr G AT|C GidfRbdigarateboft he- fake ndild s&xed@®t ijlon is suitabl eforce
on| hdmetqradd| et peit, Wilichr e |t lbend asmatirs zef othogpbsitieinf orjces Smal | chi p|area
appl i ed to pfipesiicenesui r dment s si des of | t ellpuddiee, e.|g. Lorenz force.
St §ai ght enTheadilgthaather i s+ Can be used wth&tRequires dareful + 1126, §J32
nofnal | y bentemaingmistipe nenor ybal ance of | stiptE@§ends ¥¥¥ aj|ght ens whenal | pys
where theto m@féh?ﬁ&‘?m‘t he energi zed. aust BifYE phase i gqui escent bend]is
pl dnar accur APEmads #901501 PCTI AU2002/ H0 14! “@8 CTYATOR MOTI ON Dodibl e
behd Descri pE9BH=T g dttugtor bends in pnE E}f’ vihen
even coiling To an With emei
angular bend, resulting analysis
in greater travel of the
actuator tip.
Catch The actuator controlsa | ¢ Very low ¢+ Complex + 1010
small catch. The catch actuator energy construction
either enables or +  Very small +  Requires external
disables movement of actuator size force
an ink pusher that is 4+ Unsuitable for
controlled in a bulk pigmented inks
nanmer.
Gears Gears can be used to + Low force, low ¢ Movingpartsare ¢ 1713
increase travel at the travel actuators can required
expense of duration. be used ¢  Several actuator
Circular gears, rack + Can be fabricated cycles are required
and pinion, ratchets, using standard + More complex
and other gearing surface MEMS drive electronics
methods can be used. processes ¢+ Complex
construction
+  Friction, friction,
and wear are
possible .




one element is energized, and bends the other way when another el enent
I's energized. Shear Radial con- striction Coil / uncoil Bow Push-Pull Curl
|nwards‘§gaéy6ﬁg%&grds Iris Energizing the actuator causes a shear notion
in the a St erial . The actuator squeezes an

forcing ink froma constricted nozzle. A coiled actua?anE@%é%&héﬁor coils
nore tightly. The notion of the28ree end of the actuator ejects the ink.
The actuator bows (or buckles) in the mddle when energized. Two
actuators control a shutter. One actuator pulls the shutter, and the

ot ?a$e5—+%__ﬁbsgL_gi_aafunfnrQ curl inwards to reduce the vol une of
i At R AREETINOR MODRIEATIIN MEFHORt or s curl  out war ds, pressurizing] ink

inf a chanbernanﬁﬁﬂundlng A Wantéied UAT OT'S eHngt+rk—frema—mnozzl e
in ﬁlﬂﬁlef)ﬂfénbfﬂu fey %Eio —IviH Dls?&lvirgg? s—endl Ples vol une of
Igt These Sk&H 1&&& WqL @g§ reduc| % ‘%?E%ﬁe Agvﬁggagggﬁ Ong
aqt uat or Camctultfr ibts & Fst O WOW&&wdﬁ N0zZ| 5, JGducet ah v Mot
sqnsitive t&mﬁﬂﬂﬁ&ﬁ%@i@”ﬁeratufe Can i hciGpshs, | oo efif ?WP@UW%%VeI of
piezoel ect risomiatigakel s| Rel atively eany s, fabi catlep T 22| es
frjom gl ass | lwabawipcasionacy oscopi ¢ structu,;a.@;g,,e *sadya [pc ep
Diff ficult tidntrakigh8s6l, |JB7, 1J38 the draps ch&alkads by E il
medium f i . >
um force motion. power requirement | ¢ 1118, 1127
Tapered A tapered magnetic ¢+  Linearizes the + Complex + Iil4
magnetic pole can increase magnetic construction
pole travel at the expense force/distance curve '
of force.
Lever Alever and fulerumis |¢  Matches low ¢+  High stres
used to transform a travel actuator with | aroun%lhthe fui’crum ¢ 1136 1087
motion with small higher travel
travel and high force requirements
into a motion with 4  Fulcrum area has
longer travel and 1o linear movement,
lower force. The lever and can be used for
can also reverse the a fluid seal
direction of travel.
!lotary The actuator is ¢ Highmechanical |e Complex + 1328
impeller connected 1o a rotary advantage construction
impeller. A small ¢ Theratioofforce |  Unsuitable for
angular deflection of to trave] of the pigmented inks
the actuator results in actnator can be
a rotation. of the matched to the
impeller vanes, which nozzle requirements
push the ink against by varying the
stationary vanes and number of impeler
out of the nozzle. vanes
Acoustic A refractive or ¢ Nomovingparts |e Large area ¢ 1993 Hadimioglu
lens diffractive (e.g. zone required et al, EUP 550,192
Ei:tcela)toacousm lens is + Onl'y relevant for [¢ 1993 Elrod et al,
usedt “g?ec;e-mtrate acoustic ink jets EUP 572,220
Sharp A sharp point isused |4  Simple i :
col.zductive 10 concentrate an construztion ' fablr)i:if‘;l: uul;:l(; b Tonedet
point electrostatic field. standard VLSI
processes for a
surface gjecting inl-
jet
4+ Only relevant for
electrostatic ink jets




ot en directions identical. + Asmall efficiency |loss conpared to
equi val ent single bend actuators. Not readily 1985 Fi shbeck applicable to
ot her USP 4, 584,590 actuator nechanisnms Hi gh force 1970 Zoltan USP

requi r ed80@s8®/a13d1 i nef fici ent Difficult to integratremuioiobies
“processes 1J17 Easy to fabricate rDifficult tolJ21 1J34 , as a planar
VLSI fabricate for non-, , 1J35 prqﬁfssplanar devices Small area Poor
out-of -plane required, therefore i ffness | ow cost Can i ncrease the
Maxi mum travel 1J16, 1118, 1J27 speed of travelis constrained Mechanically
Hi gh force rigid --required The structure is Not readily pinned at both

en ng&kugﬂhﬁnaor MKJers 1 TJI8 S0 has a nign odt-of - WAT ch dlrectl
pugh—plane rigiditythe ink Good-fluid flow Design—totheregi-on—bel nd
cofpl exi ty |IBsoiption]42 t he| Adventsgesr | ncr|dbsdvanipes ci encixammissativel y
si ptommeRel atThy ediymdolithge |94 Fimwnst r uct ijen Uighpneggyda H gHewlektiPetkaricy
H drexfaakiod cqtabtoator chabpe) | chi gongiuetion aohmp| gx itpjeally g@fed thop  Ehgimablskiet f or
pi drent ed i flkosshin®UREBA4 g0 1 50%se of thermal ink achieve volume ¢ Canon Bubblejet
’ directions, jet expansion. This
leads to thermal
stress, cavitation,
and kogation in
thermal ink jet
implementations
Linear, The actuator movesin | ¢  Efficient 4 - High fabrication [+ IJ01,1J02, 1J04,
normal to a direction normal to coupling to ink - complexity may be 1307, 1711, 1114
chip surface | the print head surface. | drops ejected required fo achieve
The nozzle is typically | normal to the perpendicular
in the line of surface motion
movement.
Parallel to The actuator moves ¢  Suitable for +  Fabrication ¢ 112,113, 1715,
chip surface | parallel to the print planar fabrication complexity 1133, , 1134, 1135,
head surface. Drop 4  Friction 36
gjection may still be ' ¢  Stiction
normal to the surface. :
Membrane | An actuator witha ¢+  The effective ¢  Fabrication + 1982 Howkins
push high force but small area of the actnator complexity USP 4,459,601
areaisunsed to pusha becomes the +  Actoator size :
stiff membrane that is membrane area + Difficulty of
in contact with the ink. integration in a
VLSI process
Rotary The actnator causes + Rotary levers + Device + 1J05,1108, 1713,
the rotation of some may be used to complexity 1128
element, such a grill or | increase travel ¢ Mayhave
impelier +  Small chip area friction at a pivot
requirements point
Bend The actuafor bends ¢ A verysmall ¢+  Requires the ¢ 1970 Kyseretal
when energized. This change in 1 actuator to be made USP 3,946,398
may be due to dimensions can be from at Jeast two ¢+ 1973 Stemme
differential thermal converted fo a large distinct layers, or to USP 3,747,120
expansion, - _ motion. - have a thermal ¢ 1003,1309, IT10,
piezoelectric difference across the 119, 1323, 1124,
expansion, actnator 1125, 1329, 1130,
magnetostriction, or 1331, 1333, 134,
other form of relative ‘ 17135
dimensional chanpe.
Swivel The actuator swivels ¢ Allows operation |+  Inefficient ¢« 1106
around a central pivot, where the net linear coupling to the ink
This motion is suitable | force on the paddle motion
where there are is zero
opposite forces ¢  Small chip area
applied to opposite requirements
sides of the paddle,
e.g. Lorenz force.
Straighten The actuator is ¢ Canbeusedwith |¢ Requirescareful |e 1J26,1132
normaily bent, and shape memory balance of stresses
siraightens when alloys where the to ensure that the
energized. austenic phase is quiescent bend is
planar accurate
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Descri pti onAdvant agesDi sadvant agesExanpl es AcousticThe actuator vibrates
The actuator can Large area 1993 Hadim oglu vibrationat a high frequency. be
physi cal WQ 280440450ir equi red foret al, EUP 550, 192 from %@hﬁ&f i Ci ent
operation 1993 Elrod et al, at useful frequenci esEUP 5 ege

coupling and crosstal k C0an ex drive circuitry Poor control of drop voI une
and position Noneln various ink jet No noving parts Various other

Si | verbrook, EP designs the actuatortradeoffs are0771 658 A2 and does not
nove. r equi red torel ated patent eli2§ nate novi ngapplications parts Tone-j et
WO 2004/ 001501 27 NOZZLE REFII.L METHOD Surface tension Description This
is the normal way that ink jets are refilled. After the actuator is

engrgi !%%—_()}_{_[_*pj_g,a_ll\l returns rapidly to its normal position. This.
}:g P 1" Bucks in air through the nozzle opening. The ink ™ surfpace

ra e
hao noni g

tefsi on at tmescripga! € the1A§‘)§g{a,e§ a s o force restoriig—the—Aehnislcus
tﬁ;ﬂ%&f@g@ ol s ool i ng

t O} ®oupit N! ) LIS — 10T
in bm@ssumz{g}cﬁ%ﬁﬁng bat oy, o eg;j % £t ‘rfg%‘gﬁf’rréaanOth%HéTinWZIe
chanber is posvddRgidl a prigsass o%&%} ?SBX Wi ce the drog
ej ection f1 eqSRE ind BHRN B (j{lé@;gedcﬁl to be é % he shutter is ogened
fof 3 half C¢yebtswikag e askion, act uatgr ALE and refill. The
shpitter is {bhethecdlasmds t 0| or megaﬁsﬂ;vgﬁ, NOZ ZdsGiency gsrrber enptying durirg the

nekt negat|v@gmedssure Cy GhdieniAiiRfantd 1€ Bdpdeq ACt UAt Of has ejected 3
drpp a secopd (refill) actuator is ener jf z@ﬁeml}hge refjll actuator gushes
| nk—+nato—the—nozzle chanher The refill babudisks returns slowy, tg
pr ¥ i t 5| Ecagiainaths r om elrtpt famigereasdtbe ¢ heaniien ragsi 1. 1| M10250sa5mddE Tk i S
hejd a slig 1't1ctu.ator. canses a shear | effective travel of applicable to other USP 4,584,590
motion in the actuator piezoelectric actoator T
material, actuators mechanisms
Radial con- | The actuator squeezes [+ Relatively eas ¢+ High f
striction an ink reservoir, to fabricate singlg requjrilcll e ) 3 65152,7201%01m vs?
forcing ink from a nozzlesfrom glass | Inefficient ’
constricted nozzle. tubing as ¢ Difficult to
macroscopic integrate with VLSI
‘ structures processes
Coil / uncoil | A coiled actuator ¢ Easytofabricate |+ Difficultto + 11171721, 1134
uncoils or coils more as a planar VLSI fabricate for non- 1135 | ’ ’
tightly. The motion of DBrocess planar devices
the free end of the + Small area ¢  Poor out-of-plane
actuator ejects the ink. required, therefore stiffness
- | low cost
oW The actuatorbows (or |[¢ Canincreasethe |4  Maxinr
buckles) in the middle speed of travel is constrainu; el |+ 16,118, 127
when energized. ¢ Mechanically +  High force
rigid required
Push-Pull Two actnators control |+  The structure is ¢+  Not readily + 1IIi8

a shutter. One actnator | pinned at both ends, suitable for ink jets
pulls the shutter, and 50 has a high out-of- which directly push

the other pushes it. plane rigidity the ink
Curl Asetof actuatorscurl ¢ Goodfluidflow |+ Desi
inwards inwards to reduce the to the region behind complefinty b
volume of ink that the actuator ‘
thev enclose. increases efficiency
Curl Asetofactuatorscurl |¢ Relativelysimple [¢ Relat
outwards outwards, pressurizing COIlStI'thtiOIly i chip ai'zt:?dy fergo 'oue
ink in a chamber
surrounding the
actuators, and
expelling ink from a
nozzle in the chamber.
Iris Multiple vanes enclose |¢ High efficiency + High fabrication ¢+ Ir2
a_volume of ink. These |4  Small chip area complexity
simultaneously rotate, +  Not suitable for
reducing the volume pigmented inks

between the vanes,
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None

In various ink jet
designs the actnator
does not move.

4  No moving paris

Various other
tradeoffs are
required to
eliminate moving

*

parts

+  Silverbrook, EP
0771 658 A2 and
related patent
applications

+  Tone-jet




back-fl ow. effective Positive inkThe ink is under a+ Drop sel ection+

Requi res a+ Sil verbrook,
separatlonnet hod (such as a0771 658 A2 and that
benozz| eVPiAY0MLat ed patent state sone of the

EP pressurepositive pressure,
in the qui escentforces can

PCT/AU2002/](301|1F1

S

oand

I nkr educedef fectiveapplications dragypy al ready protrudes+ Fast

t i mehydr ophobi zi ng,

or+ Possible fromthe nozzle.both) to preventoperation

of the This reduces theflooding of thefollow ng: 1J01- pressure in the
nozyleejection surface o0f1107,1109- 1J12, chanber which isthe print
heaﬁf%%?ﬂREF%H%E“WWZO required to eject alJ22 TJ23-TJ3%, Certarmvohume
of §nk.U36-11L rhe Ted LIUH rm—chaffber—pressure—+results in a
redg [IOF 1T ﬂ&miﬁ§§%§§%UUL.§§?gﬁ A-the i 5?ZTB@9$IeChe Brampiss e _baf f | ds+
The E‘fgs it | I nkt*ar eeded i n o h&hermblaikjat ds
res Felﬁc‘%ne asLQ mlﬁjﬁg?rfh\é\] et i rﬁ%n PBw.  \Wen|t he$ ltesign i njset Picklyctiinmk edse+
Tekfroni x aCtHﬂ%Bhs&%r 'Zi,mo Wﬁd f abpr f ﬂ%ﬁ@Yezoeledtric_ink jet the
rapf d ink+ Regliegsg tly (€.g. novenent égg s sittal BPEROT,ENDX Rot
mel f eddies wﬁmg@uﬁggh&hptFlezoelectrlc pri Iom1thﬂ86 hi6t headd) .
inl pt. The s|masitn TE kbl prjocess is unresirﬁﬁ dded%Ad¥5resul t i|n
edd) es. Fl ex| iohenshilaplaiy t hijs nmet hod recent |yt cantly+ Not appli ¢abl e
t o+ Canon r esthrbghttediosad os€d by Canon,redqué ?ommost ink jet -
i nl ptt he exp@dvaiirg Thedbluat or|f or edge-shoot=rconf|gurat|ons (bubbl e) pushes
on gt her nal |%#mF§F$mvﬁ§meased flexible f{ap thatdevicegfabrication
resgricts thewo %?U%WﬁPeX|ty + I nelastic{deformation off polyner flap
results in cjrt f%??é?s %% ended use WO 2004/ 001501 29 METHOD OF RESTRI CJI NG
BAQK- FLOW TH .Inltet filter Descyription Advantages Small inle
conpar ed tozﬂggéﬁ&ﬁﬂ oseshutter The inlet is located| behind the
|n gm&g&pg &E S AU I} ﬁf? actuatof—apves_to_shut off the infet
S@mﬁi@ “Fg g&d&% a1 & ﬁf‘:n i nk ¢ pREWITE ow A fi#| t B98, ITE3, Iag at pbd
betWﬂQﬂ Hest fggr qgmf aﬁﬁﬁ?f: f||t eMI7.RE8 IHOul t | t ude
of | smal | hcloe@la%atmsae oty i g - 118 il H8 also renoles
parjti cl es widedp efftion Addi t | OB or BEY tag iyﬁj’g “fi Itration Ink filfer
may be fabrjifeqtesy. Whith no| gl isRABdF pro%%§§mmﬁhgps
drop is to be gjected, gjecting the ink drop
the shutter is opened
for 3 half cycles: drop
ejection, actuator
return, and refill. The
shutter is then closed
{o prevent the nozzle
chamber emptying
during the next
negative pressure
cycle,
Refill After the main ¢  High speed, as . :
actuator actuator has ejected a the nozzl?is ¢ indf;;f;ﬁ two ¢ U®
drop a second (refill) actively refilled actuators per nozzle
actuator is energized.
The refill actuator
pushes ink into the
nozzle chamber. The
refill actuator returns
slowly, to prevent its
return from emptying
the chamber again.
Positiveink | Theinkisheldaslight |¢  High refill rate, ¢ Surface spi i
Pressure Ppositive pressure. therefore a high must be p:;,pelilte d ¢ 0773111;?8%:;);?’ :
After the nk drop is drop repetitionrate |+ Highly - related patent
zm%rﬂgl ]smzl?k;d is possible hydrophobic print applications
25 Surfce tens% o8y head surfaces are ¢ Alternative for:,
. on and required 1J01-1307, IJ10-I714
inlk pressure both - 1716, 1720, 1122-1J45
operate to refill the > f -
nozzle,




bl ock the nozzle. The ink inlet channel to the nozzle chanber has a
substantially smaller cross section than that of the nozzle , resulting
in easier ink egress out of the nozzle than out of the inlet. A
secondamo ae@atser controls the position of a shuttePCTAWSMYIBAT the
ink inlet when the main actuator is energized. The nmethod avoi ds the
probl em of inlet back flow by ar r%gi ng the ink pushing surface of the
actuator between the inlet and the nozzle. Design sinplicity |ncreases
speed of the i nk-jet pri nt head operation Back flow problemis

el imgnate e—aei-dat a6 of—the—+ni——echarber—are—ar+anged—so
t hat i *ﬁgﬁ ‘Bfu%ﬁﬁz?’(;%ﬁ%ﬂé)&wgé “Bses off _the inlet. In sone
corff i gur at i Qmescripliod Nk | et | AGVagtagesi S NO |Dianmikaes Or Byt of an
acyhOfmeVN| Clic R Yilet GANRE | 'K TRAEKabpIRN (NI REGRUGERIT N€|d N"Bfermal sk @N1 Tj Cant
I eqUsddn@NS (Mo Baficzle taRWerCRN HeraBGlll eVeq réonpact desi gns piReseiliak | nk
badk flow prokleRmMnssa el i m sﬂﬁﬁ]ﬁdy PCT/ AUZQ02MaP4dfitlin D Sadiant agesExanpl es
Regqtri cts r@frélhtively 38wl J12| e | F2buceat e, 1127lathvdi2QrsbtEp (¢ N2, m@sUlt i
corfpl ex congtrelyieg oroiscouRest [ | @bsstalkef i | | rlataea May result in a relatively
| afjge chip lakgdore@etiplepartial ly effectilwe ORquiielys separate refill
act]uat or _and bagkflope ci r cui Requires carlefeffectivelesign tp ninini ze the
nedaRopities il g Seink isyaderad t he Ipammleeuon Smei*l  Reiresgse i n|¢ f aBiverbrgel, BR
corjresmirey  |osidvemeessuteest t 0 0 SIPAPERRK - f | qwsiRod eabiaat i op 0771 658 A2and
that in the quiescent forces can be nozzle rim or related patent
state some of the ink reduced effective applications
drop already protrades | ¢  Fastrefill time hydrophobizing, or |4 Possible
from the nozzle. both) to prevent operation of the
This reduces the ﬂOOding of the following: 1701~
pressure in the nozzle gjection susrface of 1307, 1309- 1112,
chamber which is the print head. 1114, 1716, 1320, -
required to eject a 1122, , 1123-1134,
certain vohume of ink, 1136- 1J41, 1744
The reduction in
chamber pressure
resuits in a reduction
in ink pushed out
through the inlet.
Baffle One or more baffles 4+  The refill rate is ¢ Design + HP Thermal Ink
are placed in the inlet not as restricted as complexity Jet
ink flow. When the the long inlet + May increase +  Tekironix
actoator is energized, method. fabrication piezoelectric ink jet
the rapid ink ¢ Reduces complexity (e.g.
movement creates crosstalk Tektronix hot melt
eddies which restrict Piezoelectric print
the flow through the heads).
inlet. The slower refill
process is unrestricted,
and does not result in
eddies.
Flexible flap | In this method recently +  Significantly 4 Notapplicableto |¢ Canon
restricts disclosed by Canon, reduces back-flow most ink jet
inlet the expanding actuator | for edge-shooter configurations
(bubble) pushes on a thermal ink jet ¢  TIncreased
flexible flap that devices fabrication
restricts the inlet. complexity
+ Inelastic
deformation of
polymer flap results
in. creep over
extended use




1102, 1337, 1344 1J09 4 1J01, 1J03, 1705, 1706, 1107, 1J10, 111 1, U14,
1J16, 1J22, 1J23,1125, 1128, 1731, 1332, 1333, 1J34,1135, 1136, 1739,
1J40, 1J41 1707, 1J20, 1J26, 1138 Silverbrook, EP 0771658 A2 and

rel at ed WQtZQP&/WléEHpI ications Valve-jet Tone jet WO 2004/ g%%a_ll gg NOZZLE

CLEARI NG METHOD Descri ption Normal .. nozzle firing Al of t € Nnozz
fired periodically, before the i n%has a chance to dry. When not in use

the nozzles are sealed (capped) against air. The nozzle firing is
usually perforned during a special clearing cycle, after first noving

t he WMOMW@M%%OWEWL Bdra—pover to_ink heater Rapid
SUC[CESS-TON hb, actdater— pulses Fxira power to ink pushing act uato I'n
sy si-ers—whichUHERIL; po | nK Adyentagdo not b Dksadvhﬁtaéépder T Bbtes STtuatefs,
nozzﬁ“@tﬁl&ear&ﬁgerMmaiae aghi exedkiday OVEr o POWELI TG 1e ..ef‘lpp‘ and-boiling
in at the rhf?iep@the ihizlegiC | uadventage 8Fifilk r ed| | e T ap| sucdd MIIJ 11 ﬁn“aso e
corffiguratio eP?FiZ]S may ¢aflmtideat bui|d- upyalgthe ngzzle %h bofl's
thg ink, cI TPT’@"eﬁozxfe Ink filter oihi@r  Sidothgled ONS, it [may cause
suflfi ci ent ft o di Spdugéwitichog g\eobowalbﬁs Whgre an actuatorjis
not| nor nal | y f >the ?qd%ﬁ"%alﬁpceﬁsts notion, nozzle clearing may pe
asqdi sted by ig#, grem s =nﬂ%?ﬁced drive | signal to thelactuator.
PCTI AU20021 C(Q,g&@gs % gesDi sadvant ageslExanpl es No agilded May not be|] Most
i ni_j et conplbext tyn®Ret hesufficient tosystens print headdi spl ace dried| ink
| JOSmbl et || ISk jnter P———r— .
compared | 1o ths nozzl; gﬁzgl;elr ¢  Desiga simplicity |+ rateRestncts refill  fe D02, 1737, 044
to nozzle hasa substantially ¢ Mayresultina
. Ei;r cross section relatively large chip
resulﬁaggoiithe:sggzz'ulﬁc area
2 T .
egress out of the ¢ ffon.ly partially
nozzie than out of the : cliective
inlet,
Inlet shutter | A secondary actuator |+ Increases speed i
controls the position of | ofthe ink~jets§rjnt ¢ mﬁ%e:;lgaefoiefnaéate ¢ Dos
a shutter, closing off head operation drive circnit
the ink inlet when the : :
main actuator is
energized.
Theinletis | The method avoidsthe |4 Back-flow ‘ ;
::l‘;?irgth problem of inl{?t back- Pr_oblem is ' desli{gf;l :1;1' mﬁg * IJO?OI;Z)?OI?T ,1 éJOS,
ink-pushing i?]ifsga}nanflﬂng fhe | climinated the negative 11, D14, Ui,
surface e pushing surface of prossure behind the | 1322 1123, 125,
the et paddle 1128, 1031, 132,
nozzle. ) 1133, I134, 1735,
1136, 1139, 1740,
Partof the | The actuator igni : : L)
actuator -wall of the mlacn i * redﬁigtlyc:fsc?;:mck— * fab:s'i?aatlit;?crease T g e 1020, 026,
moves to chamber are arranged flow can be complexi 18
?'hut off the | so that the motion of achieved plextty
Inlet the actuator closes off | ¢  Compact designs
N It:emlet. possible
0zzie some configurations [¢  Ink back- -
::lctuator of ink jet, there is no problem is How * inklgggli-lgi?:feg; ° * 07 Silverbrook, EP
oes not expansion or eliminated actuation 71658 A2 and
result in ink | movement of an related patent
back-flow actuator which may applications
cause ink back-flow ¢ Valveset
through the inlet. ¢ Tone-jet




Can be highly effective if the heater

I's adjacent to

t he nozzl e

Requires higher drive voltage for <clearing My require larger drive
transistors 1J04, 1105, 1J06, 1J07,1309, ITIO 11l 1, 1J12,1J14,
1 J16, 11290 2008A815011123, 1124, 1125, 1J26, 1327, 1J28, PCI2A2004@01611 J31,
1J32,1133, 1J34, 1336, 1337, 1J38 1339, 1J40,, 1741, 1J42,1J43, 1J44"
1J45 Silverbrook, EP 0771 658 A239nd rel ated patent applications Does
not require extra drive circuits on the print head Can be readily
controlled and initiated by digital logic A sinple solution where
applicable Effectiveness depends substantially upon the configuration
of the—inkjet_nozzle _Not suitable where thereis a hard linmt to
act (%A= THORy be used with: 1JOL, 1102, 1J03,1J04, 1J05,
1 JO6, 1J07, 1Y 10 1J1 [ J16, 423, 21329,
| J /N ﬂ&cnptﬂoﬂ 1336—113 fd} AS%ES 3 33, 14 %éf“’hl}tq% ] jf?aml’l‘?sm 1 J39
mm’ﬁ e pgios ey 3¢ NGRQ eltis dy | 163, Megeiet |31,
, |32 T \2% b2 "IJ33 , ?’%‘n 732,| F | 741,
IJ 2, IJ43, &ﬁﬁgmthﬁgml 04/001501 31 Ef RIN& 2 Bus{i c
resjonance Desk inptdtRihos Ullt rasonic wave |s applied to|t :ﬁhanb=r.
Thijs wave i s| arodeated(cappgas oprji ate anplitude and frequencylﬁplﬁgqﬁg
sufffi ci ent fioageiestait. the no@zzle to clear | bl ockages. Thleﬁ§[u0192
The nozzle firing is 1723, 1124, 1725,
usually performed 1726, 1127, 1728,
during a special 1329, 1130, 1131,
clearing cycle, after 1732, 1333, 1734,
first moving the print 1136, 1737, 1138,
head to a cleaning 1139, 1340,, 1741,
station. 142, 1743, 1744,
_ _ 1745
Extra In systems whichheat [¢  Canbe highly ¢+ Requires higher +  Silverbrook, EP
power to the ink, but do not boil effective if the drive voltage for 0771 658 A2 and
ink heater it under normal heater is adjacent to clearing related patent
situations, nozzle the nozzle ¢+  May require applications
clearing can be larger drive
achieved by over- transistors
powering the heater
and boiling ink at the
nozzle.
Rapid The actuator is firedin |¢ Doesnotrequire |4  Effectiveness + May bensed
success-ion | rapid succession. In extra drive circuits depends with: 101, 1702,
of actuator | some configurations, on the print head substantiatly upon 1303, 1104, 1305,
pulses this may cause heat ¢+ Canbe readily the configuration of 1106, 1307, 1109,
build-up at the nozzle controlled and the ink jet nozzle 1710, 1711, 1714,
which boils the ink, initiated by digital 1716, 1720, 1722,
clearing the nozzle. In logic 1323, 1124, 1125,
other situations, it may 1J27, 1128, 1129,
cause sufficient 1730, 1131, 1132,
vibrations to dislodge 133, 1534, 1136,
clogged nozzles. 1737, 1138, 1139,
1740, 1041, 1742,
_ 1J43, 144, 1345
Extra Where an actuatoris |+ A simple 4 Not suitable + Maybeused
power to not normalty driven to solution where where thereis a with: 1703, 1109,
ink pushing | the limit of its motion, applicable hard limit to 1316, 1320, 1123,
actuator nozzle clearing may be : actuator movement 1724, 1125, 1127,
assisted by providing 1729, 1130, 1131,
an enhanced drive 1132, 1739, 1740,
signal to the actuator. 1141, 1142, 1743,
1344, 145




easiest to achieve if the ultrasonic wave is at a resonant frequency of
the ink cavity, Advantages A high nozzle <clearing capability can be
achieved_ Maybe inplenmented at very |ow cost in systenms which already

i ncl ude ﬁ'@&?ﬁ*’?“&SOIact uators Nozzle clearing plate | nkpcﬁggﬁ)%%‘glmlpu' se
Print head wiper Separate ink boidqng heater A mcrofabricat plate is
pushed agai nst the nozzles. The plate has a post for every nozzle. A
post noves through each nozzle, displacing dried ink. The pressure of the
ink—is.tenporarily increased so that ink streans fromall of the

nrru—/lnr] A

noz pNeELLECREARMGMEDROD used | n conj unciion Wt actuator—enrerg
fl eki bl'e Dl ng;: iitf‘ wi-pedTacross—the—print head surface. The bl ade is
usu —f ab Sred N r om a 4‘“’3‘}*?%?% ol_y mPisadvanigges r ubbeExamplesynt het i ¢
el apL U, W%@Wﬁ@at g | & highmozleded | et Hile N0zZl € |eal DO THEE |
nor el alElﬁ”op ‘? fitkechd n|°1§ GEsbilint | r mplemestatioh cosiTHe 1HeafeIHo, do hot
require indip Sae s 4 O3 heaehieved mapyif sysspabesotcan e cl ear ed
si nul t aneous| y. o°p 683 [ rmél nMY & requir pdalreadgansludd amar | severel y cl ogfjed
nozjzl es I\/tayb@e ﬁg vm%? c;bt ERe veryel pisgusticaheer be used Effect|ve
forf planar m,fﬁa{entq tis un f ‘ITE Mosf Can be effedtive where otfer
nozzl e cl eardofige ekH0ds (amgﬂge g.lsbléed Can be inplegented at no
addi tional cldsdckdges. TEORE | NKadt@iors CONTI gur ati ons
easiest to achieve if
the ultrasonic wave is
at a resonant
frequency of the ink
cavity,
Nozzle A microfabricated + Canclear :
clearing plate is pushed against | severely clopged ’ mem ¢ 077Sﬂverbr ook, EP
plate the nozzles. The plate nozzles alignment is o A2 and
has a post for every ' required relat.ed patent
nozzle. A post moves + Movi pplications
through each nozzle OVing parts are
N .  ROZZ'€, required
displacing dried ink, ¢  There is risk of
damage to the
nozzles
+  Accurate
- fabrication is
: required
Ink The pressure of the ink [ May be effective | ¢ qReqtﬁIes ¢ Mayh
pressure is temporarily where other pressare pump or oy ay be us:_ad ‘
pulse increased so that ink methods cannot be other pressm-ef ' W;s Al serles ik
streams froz‘n all ofthe | wsed actuator ¥
E:::I:es - This may be ¢+  Expensive
with ::tizltli?nchon ¢ Wasteful of ink
- energizing, , :
rint head | A flexible ‘blade’ is ¢  Effective for . i ; )
wiper }:&;igded :Ic;-oss the print planar print head pﬁ:ﬁﬁacgl :lfl?f::: i]: ) sysl\té?:y et
surface. The surfaces -
blade is usually ¢ Lowcost E‘:;elm or very
fabricated from a ¢ Requi
equires
flexible polymer, e.g mecharical parts
rubber or synthetic ¢+ Blad P
elastomer. A0S can wear
: out in high volume
print systems
Separate Ascparate heateris |4  Can be effecti ali ,
ink boiling | provided at the nozzle where other noczt;}ree * miaiﬁf; o ¢ Canbe used with
heater although the normal clearing methods P wmany IJ series ink
drop e-ection cannot be used jots
mecl}auism doesnot [e Canbe
require it. The heaters implemented at no
do not require additional cost in
individual drive some ink jet
cirouils, as many configurations
nozzles can be cleared
simultaneonsly, and no
imaging is reguired.
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D sadvantages Hi gh inplenentation cost if system does not already

I ncl ude an acoustic actuator PCTI AU2002/ 001161 Exanples 1J08, 1J13, 1J15,
1J17, 1J18, 1J19, 1J21 Accurate Silverbrook EP nmechanical, 0771658 A2 and
ali i §er20/0080ht ed patent s requiredapplications MPCRAYZEIYWI1EH e
required There is risk of damage to the nozzles Accurate fabrication is
required Requires Maybe used prgssure punp or with all 1J series ink

ot her pressure jets actuator Expensive Wasteful of ink Difficult to use
if print head surface is non planar or very fragile Requires
chanjcal_parts Blade can wear out jn high volune print systens

FaﬂWﬁ@%ﬁ¢mﬂvﬂN§@W§HQR|ty Many ink jet systems Can be used with manyflJ
g es TR | BekhadD 200 e P A O R ! e ETHOD
wdfrfj‘r I’L r;néoﬁﬁ%nglbou GSTUAUTVTUTT “3\/0 al'l[J \vxe ) L\, Ay A mmy ey gy =y g o J m— W T T Y OOOTT .\.ﬂ‘ B
Dgscrip K8Di sadvant agesExanpl es El ectro-A nozzle plate is
Fgbri cati or] ddsatptiblewl et t PAakgukadesl Or medsepisdaimigds Examples
f bRl €091 AR LE LY e ET At UFSica@i0 TheT gl gk | €T ni cel ﬁgvggﬂpackard _
el laeiieal Or MagRL-eR RS Ar ¢ Binglay, and bp b aftli 1 edThemBeget he print
hgadekelhi p. NGt @ecldfadRai M ni num t hi cknessreaRstdeal nts| Differenti al
t Her mal expan&tipad baderth ndi vi dual nozzl e] NequiredstkBonktach {hol e nmust Canop
Bubbl ej et ghhegtriatheatdhipl es |are abl at ed by| aweabplty edbe ifndi vi dual | yt 1p88
Sqgrcel et drilledintense W laser in a Can Béniguint e fagtfornedat, SPIE,
vdl . 998 pdl ymernozzle plate, which is Soﬂ@d@@%Pm@mmgpecialExciner Bepm
typically g pol ymerover nozzle profil eeqih ﬁﬁﬁ¥ﬂ$@qU|redAppIications, pp.
such—as pnl vim rln oris oYt tsibl e S| ow-whe 1083 ol \IQII| nhnnp
I%OP-'Fé*?Jsan( t anabk? r Eaditpledusts [ 81 faemByhbkichol 2| es
"S afet'i'g QSW‘( d5 8, 604be “ﬂh’oduce"t hi%88 Brivet & at| exi t
T E%E‘curafg’g Tuo. pat ScSPEela 08 | ELE
]écc ver no € pro Ig ans %ﬁl&q&g&?m&lﬁmd Applications, pp.
such as polyimide or is possible ¢  Slow where there 76-83
polysulphone 4  Equipment are many thousands |4 1993 Watanabe
required is relatively of nozzles per print etal., USP
low cost head 5,208,604
¢  May produce thin
buzrrs at exit holes _
Silicon A separate nozzle ¢ Hiphaccoracyis |[e Twopart + K Bean, IEEE
micro- plate is attainable construction Transactions on
machined micromachined from + Highcost Electron Devices,
single crystal silicon, ¢ Requires Vol. ED-25, No. 10,
and bonded to the precision alignment 1978, pp 1185-1195
print head wafer. ¢ Nozzles may be + Xerox 1990
clogged by adhesive | Hawkins et al., USP
4,899,181
Glass Fine glass capillaries |¢  No expensive ¢ Verysmall ¢+ 1970 Zoltan USP
capillaries are drawn from glass equipment required nozzle sizes are 3,683,212
tubing. This method +  Simple to make difficutt to form
has been used for single nozzles ¢  Not suited for
making individual mass production
nozzles, but is difficult
1o use for bulk
manufacturing of print
heads with thousands
of nozzles.
Monolithic, | The nozzle plate is ¢  Hipgh accuracy + Requires +  Silverbrook, EP
surface deposited as a layer (<1 pm) sacrificial layer 0771 658 A2 and
micro- using standard VLSI |e¢  Monolithic under the nozzle related patent
machined deposition techniques. {¢ Low cost plate to form the applications
using VLSI | Nozzles are eichedin |{¢  Existing nozzle chamber ¢ 101, 1702, 1304,
litho- the nozzie plate using processes can be +  Surface may be 11,1512, 1017,
graphic VLSI lithography and used fragile to the touch 1018, 1320, 1322,
processes etching. 1124, 1327, 1328,
129, 1330, 1731,
1132, 1133, 1734,
1336, 1737, 1738,
1139, 1740, 1741,
1742, 1743, 144




machi nedxni cromachi ned from H gh costEl ectron Devices, single crystal
silicon, RequiresVol. ED 25, No. 10, and bonded to theprecision
allgnnent1978 pp 1185-1195 print head wafer. Nozzles may be, Xerox 1990

cl ogged W9 28819430 e Havki ns et at, USP 4,899,181 G assFiptqhg{@?%'ﬁmi | laries
No expensive Very small 1970 Zolta@3USP capillariesare drawn from

gl assequi pnent requirednozzl e sizes are3, 683,212 tubing. This nethod Sinple
to makedifficult to formhas been used forsingle nozzles Not suited for
makjpg—ndivi dual mass production _nozzles, but is difficult to use for bulk

man JFO%Z[LEICF‘WMETHW heads with thousands OF hozzies—vonotithi-e; ‘”'.:Jl
ed as

nozgl e pI ate accur T rres—SHverbrook—EP surfacedeposi t

al i/,lg %thé béﬁ%ﬁﬁ R CamaY! ;Yé‘g%r%?. 658 _hDisalyantages r o- udiBxgmpeandard VIS
Mon un > PR PR ASY or| & AgEeent ntcHicasddbposi tieon T s iIREES] Low
cost mt.ﬁ f?rﬁf@%’ﬁ&ﬁ? cat(% usi ng VLStdines es ar e |el®RAINS] M09,

lithcjo4, |4 t Rsauiteea nozz||e IBD.AT18, 1114,
Cofel 711, | IR gr qpBILEVIISITNY,

li thogr aphy |aadusediragl e |fo PhEPEHEh1118, 1320, 1322, | D21,D23,1025,
pr ocesseset clhhifged Frdmdhe bhok2 7, Q’Ti“fﬁm 1 J29, 1830, 1J31, 1J32, Péés, 1 J34, 136,
1337, 1338, (lsik8Qyoztlebdis thduM|1, | 142, 1143, (J44 WO 20041001501
PCT/ AU2002/ QCtchéllin 88 etdiopl £ CLEARI NG METHOD Descri ption|Mnolithic, efched
t hrlough—suhdevent e No _nozzlle plate The nozzle plate is|a buried etch|stop

ot A

i n |¥penozaeaf 6rVaribigreibedsthanber Naozl Qb Ne o NDifRgE f Tont T pf fkfc'ﬁ ﬁ% e and

Jiinl
B Bbioz7) 3 gh i A1 ¢
usi Pgpr ocessiege fafo Qg\e‘gy%ﬁaé

t he R#¥ er i 9 tedvitidaclelimiom { heschacdogesl de.| Nogal @S, ar e the§e1-_:1 [ he
etgh stop Lay®r nozzlﬁapntm!ustormt hods have beemofitidn@étuiaRiye! | 5§ t4q3 ozl es
entlirely, tqP ?%9@?!? nozzle cloggi ng. ThesecCrdssmt ude t her mabs BBl &,
meqhani sns ar“H’ g“é% %ic Lens nechani sng Prablegh Nozzl e Sétlaigupj’yﬁtl@ad of
i ndi vi dual ]E%g’ EPPdrop ej ector hag a trough thrpeghiseydiical 2 paddl e
moyjes.  Thel g.bSic nozzI el plate. The ellimi nation of nhoeup s72h20d es arﬁd
repl acenent c encpnpassi ng rrany actuator positions reduces

Hanishd
noi clo IeT alikdueto ink bsurface waves DROP
a:ﬁnﬁl h %Jﬁ%r %tcnJ >R bd oSSt 4 Drop firing + I35

EJECTI Dl | P T R4 direction is sensitive
w]nch a paddle moves. complemty to wicking,
There is no nozzle + Monolithic
plate, '
PI ozzle slit The elimination of ¢+  Noanozzles to +  Difficult o + 1989 Saito et al
fnSt_ef'd of nozzle holes and become clogged control drop USP 4, 799al 0286 :
individual replacement by a slit : position accurately T
{ nozzles encompassing many ¢ Crosstalk
actuator positions problems

reduces nozzle
clogging, but increases

crosstalk: due to ink
surface waves
DROP EJECTION DIRECTION
— Description Advantages Disadvantages Examples
ze Ink flow is along the |4  Simple +  Nozzles limited
‘ ¢ + C i
(‘edge surfa.me of the chip, consiruction to edge 1979??113(])3 ;:b:fgg
shooter?) and ink drops are . ¢+ Nosilicon +  High resolution patent 2,007,162
:_Iiected from the chip etching required is difficult + Xero;t heéter-in—
pe. ‘- G_rood ]-Jeat ¢ Fasteolor pit 1990 Hawkins et
sinking wa.substrate printing requires al USP 4,899,181
+  Mechanically one print head per ¢  Tone-jet
strong color
¢ Easeof chip
_ handing
Surface Ink flow is along. the (¢ Nobulksilicon ¢ Maximum ink +  Hewlett-Packard
Croof sude_tce of the chip, etching required flow is severely TIJ 1982 Vaught et
shooter?) and ink drops are +  Silicon can make restricted al USP 4,490,728
ejected from the chip an effective heat e 102 fI 11 ’I.T 12
surface, normal to the | sink m20,1122
plane of the chip. +  Mechanical ,
strength




(' edge
drops are
flowis along the
t he chi wo ssp@se; nor mal
D sadvant ages Exanpl es 1J03 Hi gh accuracy Requires long 1J05 1J06 |,
ltmetch tines,
Low cost support wafer,

shoot

er') Ink flow i

ejected fromthe chip

1307,

1315,

surface of the chip,

1 J08,

s along the

edge. Su

surface of the chip,

rface r oof

R

and ink drops are

and i nk
shooter') 1 Ink

ej ected from

J14

to the plane of the chip. ROVAI2002481161
(<1
1 JO9 34bnolithic Requires a, 1J10, 1113, |
1116, 1J19, + No differential 1121,1123, 1125,

expansionl J26 No nozzles to Difficult to Ricoh 1995 becone cl oggedcontrol
dropSekiya et

at

Uusp nnm tion accuratelyb 412, 413 Crosstalk 1993 Hadim

giu

pr odl RRAPEIERIONDURECTEYY, 192 1993 Elrod et al EUP 572,220 Reduced Dr op
flrlng I35 urrng qig s sepn nplexuéxn mncrung
i t : i r@é’%k{i@g O A ﬁ:&églgp 3 J%%Biéiﬁ?é? ’Uc f|3|S bkﬁ&dc
cont r ‘t#‘op 9 15 deough the gmf’ ura &l% B 'ggl
Adv s D saejec AT @; o Jd‘% zf?es [ mtedr b ejfet
con ructlont gﬁg' wEndd §&1 >|I|con H gh resg]g&hgﬂpatentl
706 ~etching requiredis, |ﬁ; Gorbib | * Ker ox heater-iry gonéiheat Fast
coI ﬁﬁﬂﬁ "P990| Hawki ns et sirkbagmgaﬁﬂ@ubst ateprinting reqmuqq&ggm@SP
4,899, 181 chani cal | y one |phierfordiemd per| strong col or |Tone-jet * Eas¢ of
chi p_ handi ng | No bul k si | i cqn ri¥mfichidng dotk Hewl et t - Packar d et chi ng
r eqqﬁ TIBGEdnoW | Bk 86V Brebugl ihd | 298Righaitgby et | ¢+ SiRdg@enwafan Mmakewes tios,aoedal
USP YciD0, 728 aup, eidfiekGirdpy e fJ eat Suitkl®fy | J| | 1thinhidd 2, si nk [* INEARENDGSal 1 J20,
| J22| svearengt h| 42 GO0A/RGD0] PP/ pli2002/ €0 ReGdireDirSixt EJEGOPANCOVRECT| N
(‘down surface of the chip. heads handling during 1714, 1715, 1716, ‘
shooter?) ) + Highnozzle manufacture 1719, 1121, 1123,
packing density 1325,1126
therefore low
manufacturing cost
Through Ink flow is through the |¢  Suitable for ¢ . Pagewidth print ¢  Epson Stylus
actuator actuator, which is not piezoelectric print heads require 4  Tektronix hot
fabricated as part of heads several thousand melt piezoelectric
the same substrate as comnections to drive ink jets
the drive transistors. circuits
« Cannot be
manufactured in
standard CMOS
fabs
¢ Complex
assembly required




Descri pti onAdvant agesDi sadvant agesExanpl es Throughlnk flow is through the

H gh ink flow Requires bulk Silverbrook

Suitable forsilicon etching0771 658 A2 and forwardejected fromthe
f ront pag®R PO Int r el at ed patent (" upsurface of the pCT/AD2002/001161

chi p. headsappl i cati ons shooter') H

densityl J24,

t hrough the High ink flow Requires wafer 1J01
ink drops are Suitable forthinningl706,

nozzle 1J04, 1117,

J18, packing

EP chip,chip, and ink drops are

1 J27-1J45 therefore | ow manufacturin cost Throughlnk flow is

rear pagew dth print Requires speciallJO09,

1 307,

1 303,
1 308,

1310, 1J13,

1 JO5,
reverseejected fromthe
(" downsurface of the

chi p, chi p,

and

chi priReads nandtmg—durtngt3t4-+345—+J316—shooter' ) + Hi gh
nozglemanufacturel 119, 1J21, 1J23, packing densitylJ25, 1126 therefore Jow
manpf act ur i ngPewssiptiskhr ough! inkavih@ws i S T Nr dygla g, T Al E—for —Pagew-e{ h
pri fAqiEpson Sl SasiGAUAEAT AT BatLmentl SIS A - -othepds
reqpdyee Tekt [ opicallyRedaidsabr i [catiadyas par (fhg§§%§W= ral [t*holeshsutise fuk
piezoelectri:wmheﬁaammm&mbsuraNeoaﬁconnect3oqﬁﬁ%9ngiveiQR“? t he dr|ve
trapsi st ors. fhymsgettand Canndt  be manuf act uf gd yn, St aNdAr g 558 koo hpl ex
asspnbly requbipgé- WO 2004/ 01501 35 | NK TYPEsAqugars, qy€ Agusous,
pi girent  Desc| Mpdirink §tlewe Hased ink whi chly t yREGATLEN CONt @b %ss mﬁ%r, dye,
surfactant, |hghedwdntessand bi oci de. Modem i nk dyes have re1fidithent
wat ht faptpeght  f astiness Water based i nk which 1y Rpyfiddkons cont af ns:
wat W ater tosed frdvohizht) ¢ hBrviotneakly  pnd — PIGTERS
adyj in Wgﬁﬁﬁéawmﬁleec,ﬁww@king and |t rdokgdser ough. M@@%&LI& hyl
Ketlone MK) |AFEGHINen ot hansl , Noodor but ano) « H@M&ﬁ&?ers + Phargprosnapge
(hdt melt) NEjg‘cfg‘ga% Iuffieffinty | ¢v oRetineel bleswiol verdogwsails | or i ndwsksd & ari Nk i Ng
on (i fficult] Surfdtes such*asRurwdiitking anPigmbhreahol bhasdetdipnks can| be
usgdd where t éﬁ;ﬂ?:f? st offdimde at | elpgestetar es bel enticatifie freezfi ng
poijnt of wa . @ is in- consyfrerPig idkp i C
t of wvatigly An: EXHI el Tpessisms #rerPighekc
pri[nting. THeiioha 50! id{at room tenpertat fPkles paver jets
- + '.[Thermal ink jets
(with significant
- - restrictions
Methyl MIEK is a highty ¢ Veryfastdrying |e Odorous + ALD selies ink
Ethyl volatile solventused |4  Prints on various |4 Flammab] j ‘
Ketone for i ial printi e Jets
or mdusmal printing substrates such as
(MEK) on difficult surfaces metals and plastics
such as aluminum
cans.
Alcohol Alcokol based inks ¢  TFast drying + Slight
odor ¢ Al ies i
(ethanol, 2~ | can beused where the |4 Operatesatsub- |e Flammable Jets 1 series ink
butanol, printer must operate at | freezing ,
and others) | temperatures below temperatures
the freezing point of ¢ Reduced paper
w.ate:r. An example of cockle
this is in-camera + Lowcost
consymer
photographic printing, : :
Phase The ink is solid at ¢+  No drying time- ¢ High viscosi
© ) gh viscosi ¢ T i
change Toom temperature, and | inkinstantly freezes |4 Printed ik i meltﬁg_:f;feggﬁc
(hot melt) is melted in the print on the print medium typically has a ink jets
head bcfo}'e Jjetting. ¢+  Almost any print ‘waxy’ feel ¢+ 1989 Nowak
Hot melt inks are mediumcanbeused |e  Printed pages USP 4,820,346
us.ually wax baseq, 4+  No paper cockle may ‘block’ + A.ll,IJ se’xie ink
with a melting point ocours ¢ TInk tem ; S
around 80 °C. Afte ki perature | Jots
. ) T ¢+ No wicking may be above the
Jetting the ink freezes occurs curie point of
almost pstanﬂy upon |4  No bleed occurs permanent magnets
contacting the print + Nostrikethrough |4  Ink heaters
medium or a transfer occurs consume power
roller.
¢+ Long warm-up
time




is nelted in the print head before jetting. Hot nelt inks are wusually
wax based, wth a nelting point around 80 C. After jetting the ink
freezes alnost instantly upon contacting the print mediumor a transfer
rol | er. WAOHIAY®E Environnmentally friendly No odor PCEHM206Léant1al | vy
friendly + No odor Reduced bl eed %%duced wi cki ng Reduced stri ket hrough
Very fast drying Prints on various substrates such as netals and

pl astics Fast drying + Qperates at sub- freezing tenperatures Reduced
paper cockle Low cost No drying time- ink instantly freezes on the
prinf metipgm + Al DSt any print_nmedr am can beused No—paper—cockte
0C C UES—No—wi—ekd RGg—OECLHS Nobleed occurs + No striketbhr nugh OCCUI S
Di saflvant ages | Defoipfielr yi ng | &bieptsgssve Bl a disdontageper Feamplsr i ket hr dugh
Cockl &l paper | OBlbasad tikssrang [+ C¥ighosinbiity  PiegnHigh vis@yitye | ODe NQUIAN @festink
Pi gmgnt may c¢eoeshdywadior jrebddan forpeme Cocldlidisa pgoifernt dgewus  Fl ammgbl e
Slight odor pifeetpristiteeThelri gh YFSscosity  Br limitatign fonkseiry pf cal |y has a |
‘waxy' feel PEPEeSEEsyEs My Dopingedeckle || niakigspbietat ure| maybe above tlhe
curi g point of ™FSEdanent nagrd@PE | nk heat|eFEEEREfe pbwer + Long

O

e
warm Up tine paper g(‘specl y41c9 Ollﬁtﬁm‘}?&% * h@ﬁﬂ%ﬂ?ﬂgpﬂﬁ nk

wicking or cockle). multi-branched oils

Oil soluble dies and have a sufficiently

pigments are required. low viscosity.

4+ Slow drying

Micro- A microemulsionisa |¢  Stops ink bieed ¢  Viscosity higher |  All T series ink
emulsion stable, self forming + Highdye than water jets

emulsion of oil, water, | solubility ¢  Cost is slightly

and surfactant. The ¢  Water, oil, and higher than water

characteristic drop size | amphiphilic soluble based ink

is less than 100 nm, dies can be used ¢  High surfactant

and is determined by |¢  Can stabilize concentration

the preferred curvature | pigment required (around

of the surfactant. suspensions 5%)




jets Al 1J series ink jets Silverbrook, EP 0771658 A2 and related
patent applications 1J02,1.104, 1J21, 1J26, 1J27, 1J30 Silverbrook, EP
0771 658 A2 and related patent applications + Piezoelectric ink- jets +
Ther mal WRIRHPHRMS0I(with significant L restrictions) + Ald Ae2008hd6S, | NK
jets Al 1J series ink jets Tektroni xﬂhot melt piezoelectric "ink jets
1989 Nowak USP 4,820,346 All 1J series’ink jets W 2004/001501 36

PCT/ AU2002/ 001161 | NK TYPE Descri pti onAdvant agesDi sadvant agesExanpl es

G 1O | based inks are High solubility H gh viscosity: Al Useries ink
extensively used inmediumfor sonethis is a significantjets offset

printing. Theydygy{ma tation for use in have advantages in Does not
cockleink jets, which inprovedpaperusually require a characteristics on’
Does not w ckl ow viscosity. Some paper (especially nothrough papershort
chain and w ckiln ar COCkPeS‘L mul ti -.branched oils Q| soluble dies andhave a
sufficiently pigheAtSraYserbionreconding fnqges it eamera systwn Mbmprsing:

m cr o€drul si on b cRciebl $mi Q@ngﬁ j & .gher Al U series ink

emul si onstabl e, self fo%lnhgr?;se%%(gﬁ&dyet ﬁhmtl%ﬁ?‘%gr’j ets emul sion of oil,

wat er, sol ubi | i @yigiishprocessig gemalsfoq»mmmgaaﬂaeﬁsedmegé/&ta%mrd&héewﬂpdhi gher

t han wat e Lstic drop. sizeanphiphilic solublebased ink is |ess

t han 100 1.reﬁﬁ%l esiii%(gh{‘%’gssﬁ&ger&qﬁfﬁﬂe %irfactant and is determned by Can

st abi | i zeconcent & ahbRRviilLnR & RIE&E % i r equi,r.ed (around of
the surfact nt.suspensi_onsS?/g)] \%‘2004%8%%%@%?@%%& 883/ 001161
1. A caneﬁuafagygf Bneiprint secdialisnid printigedia isduding aTBigety SBMHEOMRACSI NO: 5
an elgetronic i sor f.or sensi an .image; a djigital processing neans
for processing gglg%ggle SEgoTdfpgBeqng fglg@s?rég%g@és%qtpﬂ mpsica omtisaEd

pr ocessi npagmdicire®i@ing surfacephot o width ink jet printer neans for printing

said processed imge on a surface of ink jet print nedia, said print nedia
i ncl udi ng a negHtEiBeRSygemias¢laimed ardpim 1 (vhareimgaid bisoclaeddhfliatsEans f or

recordin G : | ti.on.on said..magnetic recording surface. 2. A
canera syst gm aésg%ﬁal rre% %@cﬁsﬁ%%ﬁ?‘idvﬁ%ﬁ%‘flﬁmg‘sﬁamasgoci ated infornation
conpri ses audih A cimerayitan ssehoabairdai | WrsRidas @é}xﬁéﬁggﬁng-s /3 canmera
syst(ég]as clai.,med in cJaim]| wherein the printer ans prin sai 15

sensed i mHG¥CIHage PR Adirstsrinesel sgid mrintangsid and thre disgnetitcrettidimp@peisi C
recordin : -Sa| clLated,inf.ormati gn on a _second surface of
| pottadsaid 5%8%% ﬁﬁhﬂaﬁ&?@%h\%"é’nﬂ Irq’léﬁf?f’gd’ islfﬂ‘?ié’i“&? Redianher ei nusai d

said print ned a. canera Sys

print media i o9 cametaeystan as chimsdl clsiet ReRBRIEsSi@blind zﬂgﬁéiis.dst&%ﬂgﬁgvi ce

e caner

system said ner,a, syst.em cqnprising a hand held orta

sai d ph oﬂﬁfewai ?ﬁa- Wf%é‘il 1B SR CATCIRAYRGTh S3ifl cammtacsystaincoonapritintyed Brdtheld
portabl e j : : .3.:SYstem.a | ai jn claim3 wherein
o dri e aeea el (o RSB R DR et i i bandiala pri

medi 80 2portable camera device.

5. A camera system as claimed in claim 3 wherein said first and said second
surfaces are on different faces of said print media.
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